
  

Memorandum 
 
To: Frances Mizuno, San Luis & Delta-Mendota Water Authority 
  Pablo Arroyave, San Luis & Delta-Mendota Water Authority   
  Russ Grimes, Bureau of Reclamation 
  
From: CDM Smith 
 
Date: April 9, 2020 
 
Subject: Responses to Comments Received on the 2019 Final EIS/EIR 
 

In November 2019, the Long-Term Water Transfers Final Environmental Impact 
Statement/Environmental Impact Report (2019 Final EIS/EIR) was provided to all commenting 
public agencies. Several entities submitted further comments on the 2019 Final EIS/EIR. This 
memorandum includes a summary of the comments and responses to those comments.  Following 
these responses are copies of the individual comment letters (see Attachment A of this 
memorandum).  Many of these comments were duplicative of those raised in earlier comments and 
comprehensive responsive responses were provided in the 2019 Final EIS/EIR.   

The format of the 2019 Final EIS/EIR and approach to public review in response to the District 
Court’s ruling and changes to the project and its circumstances fully comply with the requirements 
of the National Environmental Policy Act (NEPA) and California Environmental Quality Act (CEQA), 
as described in Common Response 1 in Appendix S, Comments and Responses to the Revised Draft 
EIR/Supplemental Draft EIS (RDEIR/SDEIS).  Furthermore, in addition to responding to the District 
Court’s ruling and changes to the project and its circumstances, the format of the EIS/EIR and 
approach to public review reflect and promote the goal of meaningful public participation.   

CEQA does not require any public comment period on the Final EIR.  Rather, CEQA requires that the 
agency preparing an EIR provide responses to comments submitted by public agencies at least ten 
days before making a decision on the project.  While CEQA does not require written responses to 
comments received on the Final EIR, the Lead Agencies have done so.  Most of the comments 
repeated issues that have already been addressed, but all of them have been reviewed carefully and 
the 2019 Final EIS/EIR has been clarified where appropriate as a result.  A summary of text changes 
to the 2019 Final EIS/EIR in response to comments received are presented below: 

• The groundwater dependent vegetation mitigation under Mitigation Measure GW-1 has 
been clarified to note replanting of lost vegetation would occur at the location of loss. This 
clarification to the mitigation measure makes it more stringent and does not warrant 
recirculation of the document under NEPA or CEQA. 

• The 1:1 replanting ratio of groundwater dependent vegetation under Mitigation Measure 
GW-1 has also been clarified to note “if 12-inch dbh [diameter breast height] of oak is lost 
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then the seller would have to plant twelve 15-gallon oak saplings at around 1-inch dbh 
each”. This clarification to the mitigation measure does not change the intent of the measure 
and does not warrant recirculation of the document under NEPA or CEQA. 

• References to the biological opinions (BOs) on coordinated operations of the CVP/SWP have 
been updated to the BOs finalized by U.S. Fish and Wildlife Service (USFWS) and the 
National Oceanic and Atmospheric Administration Fisheries Services (NOAA Fisheries) in 
October 2019. Updates to the BOs do not change the Proposed Action discussed in the 2019 
Final EIS/EIR; annual transfers would not exceed 250,000 acre-feet under the Proposed 
Action and through-Delta transfers would be limited to between July and September. This 
revision did not change the impact determinations discussed in the 2019 Final EIS/EIR. 

• In response to comments received from the Delta Stewardship Council, all references to 
multi-year transfers have been removed from the 2019 Final EIS/EIR. As noted in response 
to their comments, multi-year transfers were not proposed as part of Proposed Action in 
the 2019 Final EIS/EIR. This change is only a clarification and does not change the impact 
determinations discussed in the 2019 Final EIS/EIR. 

All changes discussed above have been documented in Appendix Q, Revisions to 2014 Draft 
EIS/EIR, RDEIR/SDEIS, and 2019 Final EIS/EIR. The changes are documented as errata in Appendix 
Q of the 2020 Final EIS/EIR.  

Commenters on the 2019 Final EIS/EIR included: 

 AquAlliance, the California Sportfishing Protection Alliance, and the California Water Impact 
Network represented by the Aqua Terra Aeris Law Group 

 Soluri Meserve Law Group on behalf of Central Delta Water Agency, South Delta Water 
Agency, and Local Agencies of the North Delta 

 Delta Stewardship Council 

 Mohan, Harris, Ruiz & Rubino, LLP on behalf of the South Delta Water Agency and the Central 
Delta Water Agency 

1. AquAlliance, California Sportfishing Protection Alliance, the 
California Water Impact Network, and Aqua Terra Aeris Law Group 

AquAlliance, California Sportfishing Protection Alliance, and the California Water Impact Network 
represented by Aqua Terra Aeris Law Group submitted one comment letter and one additional 
letter from Kit Custis on behalf of AquAlliance. The following comments and responses are 
summarized to San Luis & Delta-Mendota Water Authority (SLDMWA) before a decision is made on 
long-term water transfers. Both letters discussed several issues previously addressed in the 
comments and responses to the 2014 Draft EIS/EIR and the RDEIR/SDEIS. Therefore, several 
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responses below reference comment responses in Appendix Q and Appendix S of the 2019 Final 
EIS/EIR. 

1.1 AquAlliance Main Letter 

 The lead agency failed to circulate an informationally adequate EIR 

Comment: The commenters asserted that the 2019 Final EIS/EIR triggered recirculation 
since the 2019 Final EIS/EIR is an “amalgamation of the 2014 Draft EIS/EIR, revised 
portions of the 2014 Draft EIS/EIR as were presented in the vacated 2015 FEIS/R and not 
recirculated for public comments, the 2019 Revised Draft EIR/Supplemental Draft EIS and 
changes to the 2019 Revised Draft EIR/ Supplemental Draft EIS”.  

Response: Common Response 1 in Appendix S of the 2019 Final EIS/EIR addresses the 
standards for recirculation of the document and the application of those standards to the 
present circumstances.  As explained in detail in Appendix S, recirculation of the document 
is not required. 

 The FEIS/R fails to analyze or consider the extent to which the Proposed Action will 
exacerbate climate change effects 

Comment: The commenter asserted that the 2019 Final EIS/EIR only analyzes effects of 
climate change to the amount of water available for transfer and does not analyze how the 
Proposed Action will exacerbate climate change impact to fisheries, groundwater, 
vegetation, third parties, and local and regional economies. 

Response: Responses 2-12 to 2-15 in Appendix S of the 2019 Final EIS/EIR address the 
appropriate scope and adequacy of the climate change analysis in the 2019 Final EIS/EIR. 

 The FEIS/R arbitrarily, and without explanation, disregards hot-dry climate 
projections 

Comment: The commenter asserted that the RDEIR/ SDEIS and the 2019 Final EIS/EIR do 
not assess the effects of the “Hot-Dry” climate change scenario and focus the analysis on the 
“Central Tendency” scenario. 

Response: Section 3.6, Climate Change, analyzes impacts of climate change using the 
CalLite-CV model. The analysis in the 2019 Final EIS/EIR used three representative climate 
future scenarios: (1) Central Tendency, (2) Hot-Dry, and (3) Warm-Wet. As noted in Section 
3.6, the Hot-Dry and Warm-Wet scenarios serve as the bookends to the climate change 
analysis and reflect a longer climate change horizon than the next six years (i.e., the 
Proposed Action’s timeline).  
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 New mitigation measure for tree loss is inadequate 

Comment: The commenter asserted that GW-1 (Shallow Groundwater Level Monitoring for 
Deep Rooted Vegetation) is inadequate due to the following: (1) revegetation efforts under 
the measure requiring replacement of a mature live oak with a 1-inch sapling is not in-kind 
mitigation, (2) replacement vegetation under GW-1 is not required to be planted at or near 
the location of loss, (3) half mile radius for GW-1 monitoring for potentially affected 
vegetation is inadequate. 

The commenter also asserted that GW-1 fails to mitigate impacts to certain special status 
species and other migratory birds and does not provide any measures or performance 
criteria to ensure that nesting, forage, and roosting habitat for special status species or 
migratory birds will occur. 

Response: Mitigation Measure GW-1 states, in pertinent part: “If adverse impacts to deep-
rooted vegetation occur, the seller will perform restoration activities by replanting similar 
vegetation at a 1:1 ratio (for every 1 inch diameter at breast height (dbh) lost, 1 inch in dbh 
will be planted.” In other words, if 12-inch dbh of oak is lost, then the seller would have to 
plant twelve (12) 15-gallon oak saplings at around 1-inch dbh each. Therefore, when the 
tress mature, the number of replanted trees would exceed the number lost.  The 
revegetation will be considered successful, if 75% of the plants survive at the end of the 
three-year monitoring period i.e. replanting 9 trees for 1 lost tree. 

As noted, GW-1 requires replanting at a 1:1 ratio; therefore, several saplings matching the 
dbh of the lost mature tree would be replanted if adverse impacts to deep-rooted vegetation 
occur. Additionally, GW-1 requires “replanting” of similar vegetation to “replace the losses”, 
which implies replanting at the location the loss occurs. Mitigation Measure GW-1 has been 
clarified to note expressly that replanting must occur in the location of vegetation loss. 

As it relates to the comment regarding GW-1 mitigating impacts to special status species, 
the commenter apparently misunderstands the purpose of GW-1. Mitigation Measure GW-1 
mitigates impacts from groundwater drawdown to deep-rooted vegetation. Mitigation 
Measure VEG and WILD-1, described in Section 3.8 of the 2019 Final EIS/EIR, mitigates 
impacts to special status species and other migratory birds’ habitat. 

 The FEIS/R fails to respond to Michael Billiou’s comments  

Comment: The 2019 Final EIS/EIR presents groundwater pumping data but does not 
explain how the data disproves Michael Billiou’s third party impact claims.  

Response: As noted by the commenter, the response letter from Glenn-Colusa Irrigation 
District (GCID) referenced in Appendix S of the 2019 Final EIS/EIR was summarized but 
was not itself included in the document. However, the letter was sent to Michael Billiou on 
April 29, 2019 via certified mail. The letter, included as Attachment B of this memorandum, 
provides a detailed explanation as to why groundwater drawdown at Michael Billiou’s 
property was not due to GCID’s transfer pumping in 2015.  
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 Updated groundwater data requested by AquAlliance and Department of Water 

Resources (DWR) necessitates recirculation 

Comment: The commenter asserted that updates to the Affected Environment/Existing 
Conditions discussion in Section 3.3, Groundwater Resources, necessitates recirculation. 

Response: Common Response 1 in Appendix S of the 2019 Final EIS/EIR addresses the 
standards for recirculation of the document and the application of those standards to the 
present circumstances.  As explained in detail in Appendix S, recirculation of the document 
is not required.  Specifically, updates to the existing conditions discussion of the 
Groundwater Resources chapter in the response to comments do not change the 
conclusions of the 2014 Draft EIS/EIR or the RDEIR/SDEIS (CEQA Guidelines, § 15088.5.). 
Those updates do not result in any new significant impacts in addition to those already 
disclosed in the 2014 Draft EIS/EIR and the RDEIR/SDEIS or a substantial increase in the 
severity of those previously disclosed significant impacts. As such, recirculation is not 
required. 

 Effects to yellow-billed cuckoo were not analyzed 

Comment: The commenter asserted that the assessment related to yellow-billed cuckoo in 
the 2019 Final EIS/EIR is not properly substantiated. 

Response: Response 7-24 in Appendix S of the 2019 Final EIS/EIR addresses the 
commenter’s concerns regarding effects to the yellow-billed cuckoo. 

 The FEIS/R fails to consider foreseeable cumulative impacts 

Comment: The cumulative analysis should include additional recent projects. 

Response: Response 2-7 in Appendix S of the 2019 Final EIS/EIR addresses the 
commenter’s concerns regarding the appropriate scope of the cumulative impacts analysis. 

 Continued reliance on the 2017 CEQA Addendum is inappropriate 

Comment: Lead Agencies cannot rely on the 2017 Addendum as it was an addendum to 
vacated 2015 Final EIS/EIR, not to the 2014 Draft EIS/EIR; and such, must be deemed 
vacated.  

Second, an Addendum could not legally satisfy SLDMWA’s duty under CEQA to evaluate new 
sellers with new effects, since. as the California Supreme Court explained in San Mateo 
Gardens, subsequent CEQA review provisions “can apply only if the project has been subject 
to initial review; they can have no application if the agency has proposed a new project that 
has not previously been subject to review.” 

Response: The RDEIR/SDEIS revised and clarified previous analyses as required in 
response to the District Court’s ruling.  In so doing, the RDEIR/SDEIS included relevant 
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updated project information and analysis, some of which had previously been reflected in 
the 2017 Addendum.  The 2017 Addendum, in and of itself, no longer has legal relevance 
and the agencies are not relying on it for any potential water transfer activities.   

 The 2019 Final EIS/EIR fails to assess groundwater quality effects 

Comment: The 2019 Final EIS/EIR does not disclose recent groundwater quality 
information in the Sacramento Valley. There is also no discussion of whether the increased 
groundwater extraction proposed by the project may mobilize some of the PCE and TCE 
plumes under Chico since the pressurized condition of the down-gradient portion of the 
Tuscan formation, which underlies Glenn Colusa Irrigations District’s wells, benefits from 
recharge waters in the foothills and mountains to the east and north of Chico. 

Response: Section 3.3, Groundwater Resources of the 2019 Final EIS/EIR provides a 
summary of groundwater quality in the Sacramento Valley, including active Geotracker 
cleanup sites in the Sacramento Valley as of August 2018. Additionally, as discussed in 
Section 3.3, inducing movement of reduced quality groundwater is unlikely since the 
Proposed Action would be limited to short-term withdrawals during the irrigation season.  

 Streamflow losses remain significant, unmonitored, and unmitigated 

Comment: Streamflow monitoring should be a required mitigation as streamflow depletion 
impacts could be significant.  

Response: Section 3.2 of the 2014 Draft EIS/EIR analyzed streamflow depletion impacts 
and determined these impacts to be less than significant. 

 Coordinated Operations Agreement (COA) must be included and evaluated 

Comment: COA must be evaluated as a cumulative project. 

Response: Response 2-7 in Appendix S of the 2019 Final EIS/EIR addresses the 
commenter’s concerns regarding the appropriate scope of the cumulative impacts analysis.



  

1.2 AquAlliance letter from Kit Custis 

 Application of the 2019 Final EIS/EIR to the 2014 Sustainable Groundwater 
Management Act (SGMA) 

Comment: The monitoring protocols for the Final EIR/EIS transfer projects should be 
designed to comply with SGMA and provide the Groundwater Sustainability Agency (GSA) 
with the “best available information” for sustainable management of the transfer well’s 
basin and adjacent basins. The Proposed Action should require the transfer seller to 
develop a transfer permit application that allows a GSA to utilize the transfer seller’s 
analyses, monitoring, and mitigation in the development and implementation of a 
Groundwater Sustainability Plan (GSP). The transfer project’s monitoring data and 
mitigation measures should be consistent with achieving the groundwater basin’s 
sustainability goals. 

Response: Neither SLDMWA nor Reclamation has the authority to require sellers to develop 
a transfer permit application. However, as discussed in Mitigation Measure GW-1, the seller 
must submit a transfer proposal as part of the transfer review process. The transfer 
proposal must be consistent with the most current version of the DRAFT Technical 
Information for Preparing Water Transfer Proposal (Reclamation and DWR 2019). 
Additionally, Mitigation Measure GW-1 takes SGMA into consideration. As noted in 
Mitigation Measure GW-1, “As GSPs are developed by Groundwater Sustainability Agencies, 
potential sellers must confirm that the proposed pumping and the following Monitoring 
Program and Mitigation Plan verified by Reclamation is compatible with applicable GSP.” 

 Inadequacy of historic lowest groundwater level to prevent environmental impacts 
and undesirable results 

Comment: The 2019 Final EIS/EIR does not establish a correlation between historic lowest 
groundwater levels and impacts to streamflow, groundwater dependent ecosystem, shallow 
vegetation, terrestrial species, water quality, or any SGMA undesirable results. 

Response: In areas where quantitative best management objectives (BMOs) do not exist, 
Mitigation Measure GW-1 establishes groundwater level triggers equal to the historic 
lowest groundwater.  Most of the quantitative BMOs within the Seller Service Area are tied 
to historic low groundwater levels. Therefore, the use of historic low groundwater levels in 
areas without quantitative BMOs is consistent with the approach for areas with quantitative 
BMOs.   

The objective of Mitigation Measure GW-1 is to avoid potentially significant adverse 
environmental effects from groundwater level declines such as (1) impacts to other legal 
users of water; (2) land subsidence; (3) adverse effects to groundwater-dependent 
vegetation; and/or (4) migration of reduced quality groundwater. Each transfer proposal 
would include the planned monitoring activities as required by GW-1. Reclamation has the 
authority to deny, or request modifications to a proposal, if the monitoring plan is deemed 
insufficient to meet the objective. 
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Under GW-1, potential sellers also have the responsibility to ensure that the proposed 
pumping and the planned Monitoring Program and Mitigation Plan is compatible with the 
applicable GSP that will be developed by GSA pursuant to the SGMA. Metrics related to 
sustainability and SGMA’s undesirable results should be described in the applicable GSP, 
when it is developed. 

 Limitation of monitoring network wells to a 2-mile radius 

Comment: The 2-mile radius monitoring limitation appears to assume that the lowest 
historic groundwater level within a 2-mile radius is protective against all potential 
environmental impacts, including SGMA undesirable results. 

Response: Response 9-86 in Appendix S of the 2019 Final EIS/EIR addresses the 
commenter’s concerns regarding appropriateness of the 2-mile radius to adequately avoid 
and substantially lessen impacts from groundwater level declines. 

 Monitoring stream depletion using Mitigation WS-1 and GW-1 

Comment: During the public draft comment period, California Department of Fish and 
Wildlife (CDFW) identified inadequacies in Mitigation Measure GW-1. Both Mitigation 
Measures GW-1 and WS-1 did not adequately address CDFW’s concerns, and the measures 
do not require that actual changes in river or streamflow be documented and reported to 
local and regulatory agencies, such as CDFW, when a detrimental change in flow or stream 
conditions is identified. 

Response: Response 10-8 in Appendix S of the 2019 Final EIS/EIR responds to CDFW’s 
comments on streamflow monitoring. 

 Inadequacy of Mitigation Measure GW-1 for monitoring and mitigating shallow 
groundwater-dependent vegetation 

Comment: Mitigation Measure GW-1 is limited to deep rooted vegetation and does not 
require monitoring and mitigation of shallow-rooted groundwater dependent vegetation. 

Response: Response 9-200 in Appendix S of the 2019 Final EIS/EIR addresses the 
commenter’s concerns regarding impacts to shallow-rooted, groundwater-dependent 
vegetation. 

 Insufficient groundwater quality analysis and monitoring 

Comment: The 2019 Final EIS/EIR concludes that the Proposed Action’s pumping cannot 
significantly impact groundwater quality, and therefore only minimal water quality 
monitoring is required, without any apparent water quality mitigation measures. 

Response: Section 3.3, Groundwater Resources, analyzes impacts to groundwater quality 
due to groundwater substitution pumping. Groundwater substitution pumping under the 
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Proposed Action would be limited to short-term withdrawals during the irrigation season. 
Therefore, effects from the migration of reduced groundwater quality would be less than 
significant. CEQA Guidelines, § 15126.4 requires lead agencies to include feasible mitigation 
measures which could minimize significant adverse impacts.  

Mitigation Measure GW-1 specifies groundwater quality monitoring for participating 
sellers. Municipal sellers will be subjected to comprehensive water quality testing 
requirements of Title 22. Agricultural sellers are required to measure specific conductance 
from participating production well. Samples shall be collected when the seller first initiates 
pumping, monthly during transfer pumping period, and at the termination of transfer 
pumping.  

2. Soluri Meserve Law Group on behalf of Central Delta Water Agency, 
South Delta Water Agency, and Local Agencies of the North Delta 

 Reduction in annual transfer volume is a mitigation measure and must be evaluated 
as such 

Comment: The 250,000 acre-feet transfer limit should be included as a mitigation measure 
in the 2019 Final EIS/EIR. Since it is not included as a mitigation measure, the limit is 
unenforceable. 

The commenter also asserted that the biological opinion limits transfers to two out of the 
six years of transfers. 

Response: Common Response 2 in Appendix S of the 2019 Final EIS/EIR addresses the 
commenter’s concerns regarding the upper limit of transfers. As noted in Common 
Response 2, the Proposed Action under the 2019 Final EIS/EIR limits transfers to an upper 
limit of 250,000 acre-feet as part of the project definition.  It is a characteristic inherent in 
the Proposed Action and is fully enforceable as such. 

The commenter also mischaracterized assumptions in the long-term water transfers 
biological opinions. The biological opinions do not limit transfers to two out of the six years. 
The biological opinions limit the annual transfer quantity to 600,000 acre-feet. 

 Voluntary Settlement Agreement is a reasonably foreseeable cumulative project 
under NEPA and CEQA 

Comment: The Voluntary Settlement Agreement is a reasonably foreseeable project and 
should be treated as such in the 2019 Final EIS/EIR. 

Response: Response 2-7 in Appendix S of the 2019 Final EIS/EIR addresses the 
commenter’s concerns regarding the appropriate scope of the cumulative impacts analysis.  
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 2019 Final EIS/EIR failed to include a threshold of significance for cumulative 

impacts of reductions in Delta outflow 

Comment: The commenter asserts that the District Court’s ruling found SLDMWA failed to 
include a threshold of significance for cumulative water quality impacts. 

Response: Response 2-16 in Appendix S of the 2019 Final EIS/EIR addresses the 
commenter’s concerns regarding the District Court’s ruling on cumulative water quality 
impacts. 

 2019 Final EIS/EIR fails to address why recirculation is not needed 

Comment: The significant new information included in the 2019 Final EIS/EIR and changed 
existing conditions warrant recirculation of a 2019 Final EIS/EIR under NEPA and further 
recirculation under CEQA. 

Response: Common Response 1 in Appendix S of the 2019 Final EIS/EIR addresses the 
commenter’s concerns regarding recirculation of the document. 

 2019 Final EIS/EIR mischaracterizes the District Court’s climate change impacts 
ruling 

Comment: The commenter asserts the 2019 Final EIS/EIR only analyzes climate change 
impacts on water supply, specifically quantity of transfer supply, and ignores other climate 
change impacts. 

Response: Response 2-14 in Appendix S of the 2019 Final EIS/EIR addresses the 
commenter’s concerns regarding scope of the climate change analysis. 

 The analysis and proposed mitigation for giant garter snake (GGS) is deficient under 
both NEPA and CEQA 

Comment: The Commenter asserts that effectiveness of Mitigation Measure VEG and WILD-
1 cannot be assessed and is therefore deficient. 

The commenter also excerpted text from the Long-Term Water Transfers Revised Biological 
Opinion to further assert ineffectiveness of the measure. 

Response:  Mitigation Measure VEG and WILD-1 will avoid and substantially reduce 
potential impacts to a less-than-significant level by (1) avoiding cropland idling actions in 
areas where they could result in the substantial loss or degradation of habitats supporting 
important GGS populations, and (2) by maintaining water levels in drainage canals to 
ensure provision of adequate GGS habitat.  The GGS habitat requirements, particularly for 
rice-growing regions, were established based on the U.S. Fish and Wildlife Services (USFWS) 
2017 Recovery Plan for GGS. Implementation of Mitigation Measure VEG and WILD-1  
protects GGS and other species from potential reductions in emergent wetland communities 
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and open water that provide habitat for them, and thus avoid or substantially reduce 
potential impacts to less than significant.   

Mitigation Measure VEG and WILD-1 also includes preparation of an annual monitoring 
report by Reclamation to assess the previous years’ cropland idling/shifting actions. The 
report would include recent scientific literature and USGS study results, and Reclamation’s 
monitoring efforts. The annual monitoring report would confirm the effectiveness of the 
currently implemented mitigation measures.  Mitigation Measure VEG and WILD-1 requires 
that the monitoring report be provided to USFWS and other relevant agencies for their 
review, followed by a meeting to discuss the results of the annual review and a discussion of 
the measure’s effectiveness, prior to the next transfer year.  

The commenter mischaracterized excerpted text from the long-term water transfers 
biological opinion. The biological opinion notes that Reclamation has funded U.S. Geological 
Survey research to assess the effectiveness of the long-term water transfer conservation 
measure (i.e., Mitigation Measure VEG and WILD-1). This work is ongoing and continues in 
years without transfers. The conservation measures in Mitigation Measure VEG and WILD-1 
accurately represent current scientific data and are effective in reducing impacts. As data is 
updated by ongoing and future GGS studies, the conservation measures will be revised 
accordingly. In addition, the biological opinion does not indicate the mitigation measure is 
deficient. 

 The 2019 Final EIS/EIR failed to disclose and analyze the Delta Stewardship Council’s 
jurisdiction over the project 

Comment: The comment asserts that the 2019 Final EIS/EIR does not respond to the Delta 
Stewardship Council’s comments adequately. 

Response: This comment was previously addressed in Response to Comment 4-1 in 
Appendix S of the 2019 Final EIS/EIR.  

The regulatory settings sections of the 2019 Final EIS/EIR only discuss regulations and 
policies governing Proposed Action. As noted in Response to Comment 4-1 in Appendix S of 
the 2019 Final EIS/EIR, single year water transfers are considered exempt under the Delta 
Plan.  As is explained in the 2019 Final EIS/EIR, all potential transfers within the range 
studied as part of the Proposed Action must be reviewed and approved on an annual basis 
and are thus single year water transfers. Accordingly, the Delta Stewardship Council does 
not have jurisdiction over potential transfer actions discussed under Proposed Action. 
Therefore, the Delta Plan and the scope of the Delta Stewardship Council’s jurisdiction were 
not discussed in the 2019 Final EIS/EIR.  The Lead Agencies recognize that if they proposed 
to enter into a multi-year transfer agreement in the future, they would be required to assess 
the adequacy of the analysis in the 2019 Final EIS/EIR for that purpose and file for a 
Certification of Consistency with the Delta Stewardship Council. 
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3. Delta Stewardship Council 

Comment: This letter from the Delta Stewardship Council made the following comments: 

1. While single-year water transfers are exempt from Delta Plan covered action 
requirements, the project description does not solely anticipate single-year 
transfers. 

2. The council agrees that a Certification of Consistency with the Delta Plan will be 
necessary for a potential multi-year transfer project, and we encourage SLDMWA to 
further clarify that matter in the record prior to certifying the 2019 Final EIS/EIR. 

3. Mitigation Measure WS-1 addresses the initial streamflow depletion, but it does not 
address cumulative impacts from multiple multi-year water transfers on 
streamflow. The measure should be updated to address conditions during various 
water year types and the cumulative effects of multi-year water transfers from 
groundwater pumping. 

Response: The project description does, in fact, solely anticipate single-year transfers. As 
noted in Response to Comment 4-1 in Appendix S of the 2019 Final EIS/EIR, the Lead 
Agencies are not managing a bank or program. The participating potential willing buyers 
and sellers will continue to negotiate and propose individual water transfers, including the 
transfer quantity, method, and use.  All potential transfers within the range studied in the 
2019 Final EIS/EIR as part of the Proposed Action are single year transfers; they must be 
proposed, reviewed, and potentially approved on an annual basis.  In other words, the Lead 
Agencies are not proposing or entering into any multi-year transfer agreement under this 
2019 Final EIS/EIR. To clarify this information, the Lead Agencies have removed all 
discussions of multi-year transfers from the 2019 Final EIS/EIR because none of the 
potential transfer activities described in the Proposed Action can be effectuated without 
annual proposal, review, and potential approval. 

The Lead Agencies recognize that if they proposed to enter into a multi-year transfer 
agreement in the future, they would be required to assess the adequacy of the analysis in 
the 2019 Final EIS/EIR for that purpose, determine whether subsequent or supplemental 
environmental review is required, and file for a Certification of Consistency with the Delta 
Stewardship Council. 

Regarding the Council’s comment on Mitigation Measure WS-1, as noted above, the Lead 
Agencies are not proposing or entering into a multi-year agreement under this Final 
EIS/EIR. As noted under Mitigation Measure WS-1, the minimum streamflow depletion 
factor of 13 percent could be adjusted annually based on additional information on local 
conditions. 
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4. Mohan, Harris, Ruiz & Rubino, LLP on behalf of the South Delta 

Water Agency and the Central Delta Water Agency 

Comment: This letter on behalf of the South Delta Water Agency and the Central Delta Water 
Agency made the following comments: 

1. Groundwater substitution is inconsistent with the Central Valley Project 
Improvement Act (CVPIA) 3405(a)(1)(I) and 3403 (f). 

2. California Water Code section 1220 precludes groundwater for export. 

3. Water Code limits transfer to the amount of water that has been consumptively used 
or stored by the permittee or licensee. 

Response: The comments made above were submitted to the Lead Agencies during public 
review of the 2014 Draft EIS/EIR. Responses LA12-1, NG06-6, and LA12-56 in Appendix R 
of the 2019 Final EIS/EIR addressed the commenter’s concerns. 
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November 12, 2019 
 
 
Mr. Russell Grimes 
United States Bureau of Reclamation 
2800 Cottage Way, MP-410 
Sacramento, CA 95825 
rwgrimes@usbr.gov 

Ms. Frances Mizuno 
San Luis & Delta Mendota Water Authority 
842 6th Street 
Los Banos, CA 93635 
frances.mizuno@sldmwa.org 

 
 
Re: Comments on the Final Environmental Impact Statement/ Environmental Impact Report for the 
Long-Term North-to-South Water Transfer Program (2019-2024) 
 
Dear Mr. Grimes: 
 
AquAlliance, the California Sportfishing Protection Alliance, and the California Water Impact 
Network (hereinafter “AquAlliance”), represented by the Aqua Terra Aeris Law Group, submit the 
following comments and questions for the Bureau of Reclamation (“Reclamation”) and the San Luis 
Delta Mendota Water Authority (“SLDMWA”) (“Lead Agencies”) on the Final Environmental 
Impact Statement/ Environmental Impact Report (“FEIS/R”) for the Long-Term North-to-South 
Water Transfer Program (2019-2024) (“Project” or “2019/2024 Water Transfer Program”). In 
addition, we submit as though fully stated herein more comments on the FEIS written by Kit Custis 
for AquAlliance as Exhibit A.  
 
I. The Lead Agency Failed to Circulate an Informationally Adequate EIR. 

The wholly inaccessible disorganization of the publicly released FEIS/R proves our earlier 
comment that “CEQA does not permit a project to proceed based upon a cobbling together of a  
previously invalidated final EIR and a new and very narrowly focused RDEIS/RDEIS,” which 
process “thwarts CEQA’s purpose of meaningful public participation to improve informed 
environmental decision-making. CEQA requires that EIRs should be organized and written in a 
manner that will make them ‘meaningful and useful to decision-makers and to the public.’ Pub Res 
Code § 21003(b).” (FEIS/R at S-71 to S-72.) This FEIS/R fails these standards. The 2019 FEIS/R 
appears to consist of an amalgamation of portions of the 2014 DEIS/R, revised portions of the 2014 
DEIS/R as were presented in the vacated 2015 FEIS/R, isolated and disconnected sections from the 
2015 FEIS/R that were recirculated in the 2019 RDEIS/R, and further revisions to that document 
presented in exhibits Q, R, and S to the 2019 FEIS/R. ““[I]nformation ‘scattered here and there in 
EIR appendices,’ or a report ‘buried in an appendix,’ is not a substitute for ‘a good faith reasoned 



AquAlliance et al. 
FEIS/R Comments 

Page 2 of 19 
 
analysis … .’ (Vineyard Area Citizens for Responsible Growth, Inc. v. City of Rancho 
Cordova (2007) 40 Cal.4th 412, 442.; see also Sierra Club v. Flowers, 423 F.Supp.2d 1273, 1329 
(S.D. Fla. 2006)[agency violated NEPA by “failing to provide the public with ‘sufficient 
information to . . . generate meaningful comment’” quoting 33 C.F.R. § 325.3(a)]; 40 C.F.R. §§ 
15001.(b), 1500.2, 1506.6.) The FEIS/R does not put Humpty together again. 
 
“A reader of the FEIR could not reasonably be expected to ferret out an unreferenced discussion . . 
., interpret that discussion's unexplained figures without assistance, and spontaneously incorporate 
them into the FEIR's own discussion of total projected supply and demand.” (Vineyard Area 
Citizens for Responsible Growth, Inc. v. City of Rancho Cordova (2007) 40 Cal.4th 412, 442.) But 
the examples of such incomplete presentation of information are too many to recite, here. As one, 
the RDEIS/R recirculated the 2014 DEIS/R Section 3.2 by including only section 3.2.4 Cumulative 
Effects regarding water quality. (RDEIS/R at 3.2-1.) Now, however, we see that the FEIS/R has 
made extensive revisions throughout the remainder of the 2014 DEIS/R’s Chapter 3.2, including but 
not limited to adding “Water Acceptance Criteria” for “constituents of concern that would affect 
downstream users” (FEIS/R at Q-40); and revising the 2014 DEIS/R Chapter 3.2 to include a new 
discussion of the “Sustainable Groundwater Management Act” (FEIS/R at Q-40.) The FEIS/R also 
and inexplicably makes 2019 revisions to the 2014 DEIS/R baseline water quality sample results. 
(Q-40 to Q-41.) The FEIS/R makes numerous revisions to 2014 DEIS/R dam storage data, and 
stream flow data, without explanation. (Q-45 to Q-70.) Again, these extensive, thirty pages of 
revisions to water quality, dam storage, and stream flow data, were all made to sections of the 2014 
DEIS/R that were not recirculated for public comment in the 2019 RDEIS/R. It defies logic, good 
public policy, or the law, for the agency to provide itself an opportunity to review and revise the 
2014 DEIS/R, but preclude the public from doing so. These appear to be significant revisions, 
bearing upon issues of known public controversy, but the FEIS/R fails to even present sufficient 
information to evaluate their environmental implications. (See Mountain Lion Coalition v. Fish & 
Game Comm’n (1989) 214 Cal.App.3d 1043; CEQA Guidelines § 15088.5(a); Vineyard Area 
Citizens, supra, 40 Cal.4th 412, 449, 40 C.F.R. §§ 1502.9(a), 1502.9(c)(1).) 
 
Similarly, FEIS/R revisions to the 2014 DEIS/R not recirculated add that “Water transfers could 
change reservoir storage in San Luis Reservoir and could result in water quality impacts.” (FEIS/R 
at Q-70.) The new revisions simply conclude that, based on modeling, this impact will not be 
significant, but the public has had no opportunity to review and comment on the underlying 
modeling (not included in the FEIS/R revision). 
 
The FEIS/R revised the 2014 DEIS/R to acknowledge that “Changes in streamflows in the 
Sacramento and San Joaquin Rivers and their tributaries as a result of water transfers could result 
in increased soil erosion.” (FEIS/R at Q-79.) This new information should have been circulated as 
part of the whole RDEIS/R, for example, so the public and agencies could consider whether this 
newly-acknowledged soil erosion could exacerbate any climate-change related effects to soil, such 
as under the Hot-Dry climate scenario disclosed for the first time in the RDEIS/R. 
 
The FEIS/R changes the 2014 DEIS/R to add that “A portion of refuge transfers could come from 
cropland idling transfers in the San Joaquin Valley near the Buyers Service Area. Idling fields for 
these transfers could affect soils on agricultural fields, but these changes would be very small and 
not directly within the Buyers Service Area.” (FEIS/R at Q-81.) There is no information or analysis 
to go with this potentially significant revision, which was not circulated for public comment, thus 
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undercutting any opportunity for meaningful public review. This assertion conflicts directly with the 
2014 DEIS/R responses to comments that expressly excluded refuge transfers from part of the 
whole of the project, stating: “Several commenters suggested that the action alternatives should 
include transfers to refuges. Reclamation, however, views refuge-related water purchases and 
transfers as a separate federal action having independent utility from all other potential voluntary 
water transfers.” (FEIS/R at R-20.) This shifting and unstable project description requires 
recirculation. 
 
The FEIS/R deletes Seven Mile Creek, Wilson Creek, and Spring Valley Creek from among those 
in which “there is no evidence of the presence of special-status fish species,” begging the question 
of what special-status fish species may or may not be present. (FEIS/R. at Q-86.) 
 
The reams of data added at FEIS/R Q-159 through Q-536 are particularly confusing. Many of these 
charts show information only up to year 2014, suggesting they were revisions to the 2014 DEIS/R 
in the 2015 FEIS/R. But the 2015 FEIS/R was vacated entirely, and any updates the agency 
determined were necessary to the 2014 DEIS/R must be made with data through the present, not 
arbitrarily stopping new data in 2014.  
 
It is impossible to discern which revisions were made to the document as a result of comments in 
2014 versus 2015. (FEIS/R at Appx. Q.) 
 
Appendix Q purports to add new groundwater figures, stating that “The following figures have been 
added to Appendix E, Groundwater Existing Conditions of the  RDEIS/RDEIS” (FEIS/R at Q-547) 
followed only by a blank page stating “<Insert Appendix E- Groundwater Existing Conditions”; and 
stating that “The following figures have been added to Appendix F, Groundwater Modeling Results 
of the RDEIS/RDEIS,” but no figures follow, instead including a blank page that states “<Insert 
Figures>” (FEIS/R at Q-549). The public and decision makers have no way to know what 
potentially critical groundwater existing condition and modeling figures are being considered here. 
 
The list goes on and on, and the new revisions are simply too many to document in this letter. Due 
to the piecemealed nature of the Lead Agencies’ environmental document, it is entirely impossible 
and impracticable to determine whether these revisions were made in responses to: 

1. 2014 comments on the 2014 DEIS/R; 
2. 2019 comments offered on the 2014 DEIS/R by members of the public concerned that it 

should have been recirculated, by the agencies’ own initiative without explanation;  
3. Some scattered combination of the above.  

The proper and required method of curing and avoiding these irregularities is for the Lead Agencies 
to circulate an entire and current draft EIS/R for the project. 
 
The FEIS/R next includes comments and responses to comments from the 2014 DEIS/R. (FEIS/R at 
R-1.) These responses to comments appear to be identical to the responses to comments included as 
Appendix J to the 2015 FEIS/R that was set aside by the Court. The agencies should not be 
permitted to simply readopt documents that have been invalidated by the Court. Moreover, the 
RDEIS/R directed the public not to comment on the 2014 DEIS/R that was not being recirculated, 
and then simply re-appended the 2015 responses to comments that were vacated by the court. To the 
extent that 2019 FEIS/R represents these responses to comments as though they are being newly 
adopted, or renewed by the agencies, this approach leads to even more confusion since the 
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responses to the 2014 comments routinely show strikethrough and underline revisions made from 
the 2014 draft to the FEIS/R, but it is unclear whether these revisions are or are not actually 
included in the 2019 FEIS/R.   
 
Responses to 2019 RDEIS/R comments also refer readers to the 2014 DEIS/R (e.g. FEIS/R at S-
78), the Appendix R 2015 FEIS/R responses to comments (e.g. FEIS/R at S-71), the RDEIS/R itself 
(e.g. FEIS/R at S-74), a newly disclosed Addendum to the 2014 DEIS/R (FEIS/R at S-75), the 
Appendix S common responses to comments in the FEIS/R, and even an attachment to Appendix S 
of the 2019 FEIS/R that was not actually attached (FEIS/R at S-35 to S-40). (See, Vineyard Area 
Citizens, supra, 40 Cal.4th at 442 [“[I]nformation ‘scattered here and there in EIR appendices,’ or a 
report ‘buried in an appendix,’ is not a substitute for ‘a good faith reasoned analysis”].) Addressing 
climate change related effects, a key deficiency found by the court, the FEIS/R confusingly says 
that “The CalLite-CV model does evaluate climate change impacts to groundwater supplies 
available for transfer. The methodology and assumptions are described in Section J.5.6 (Section 
K.5.6) and the results are presented in Section J.6 (Section K.6) in Appendix J of the RDEIS/REIS 
(renamed to Appendix K).” (FEIS/R at S-18.) Good luck following that. 
 
The piecemealed FEIS/R is virtually impossible to track as an informational document to 
meaningfully inform public participation and agency decision-making. The vacated 2015 project 
and FEIS/R, the significant changes to the regulatory and environmental baseline conditions since 
then—including worsening climate change effects and one of the worst multi-year droughts of 
California history—and the overall inaccessibility of the EIS/R as an informational document as a 
whole, all dictate that the entire EIS/R was and is required to be revised and recirculated, in its 
entirety, to fulfill CEQA and NEPA requirements, as well as the District Court’s rulings. 
 
The FEIS/R offers an inadequate and disingenuous explanation that, “[b]ecause the court vacated 
the 2015 Final EIS/EIR, the agencies could not simply supplement or revise the 2015 document. 
Instead, the agencies revised/supplemented the 2014 Draft EIS/EIR.” (FEIS/R at 1-3.) This logic 
breaks down many ways. First, as noted above, the 2019 FEIS/R simply reincorporates significant 
portions of the vacated 2015 FEIS/R in several ways: by readopting the same responses to 
comments, verbatim, that existed only in the vacated 2015 FEIS/R; by readopting revisions to the 
2014 DEIS/R, verbatim, that also existed only in the vacated 2015 FEIS/R; and by virtue of the fact 
that the vacated 2015 FEIS/R itself expressly included the 2014 DEIS/R as part of the FEIS/R, thus 
vacating the DEIS/R equally. (See CEQA Guidelines, § 15132, “[t]he Final EIR shall consist of: (a) 
the draft EIR . . .” among other items.) Once the 2015 FEIS/R, which included the 2014 DEIS/R, 
responses to 2014 DEIS/R comments, and revisions to the 2014 DEIS/R, were fully vacated by the 
Court, the only viable option for the agencies to comply with CEQA and NEPA was to circulate a 
new and complete draft EIS/R, since no portion of the 2014 DEIS/R underwent an entire public 
review and certification process that was not invalidated by the Court. 
 
II. The EIS/R Assessment of Climate-Related Effects Is Wholly Deficient. 

The FEIS/R completely fails to evaluate the extent to which the Proposed Action will exacerbate 
adverse effects of climate change on resource values in the project area, including but not limited to 
fisheries, groundwater, and vegetation. In response to comments noting this failure, the FEIS/R 
attempts to bootstrap its analysis of the impacts of climate change on the Proposed Action found in 
Section 3.6 and Appendix K. The climate change analysis in those portions of the FEIS/R, however, 
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only considers the quantity of water available for transfers. Nowhere does the FEIS/R consider new 
climate data and resulting effects outside the context of water availability for transfers, nor analyze 
how the Proposed Action will exacerbate climate change effects on any resource. Finally, the 
FEIS/R arbitrarily disregards, without explanation, the “Hot-Dry” climate change scenario, and 
other similar scenarios, provided by the CalLite-CV climate model in its analysis of climate impacts 
to the project.  
 

A. The FEIS/R Fails to Analyze or Consider the Extent to Which the Proposed 
Action Will Exacerbate Climate Change Effects.  

CEQA requires that the EIR evaluate the effects of the Proposed Action on the environment. (Cal. 
Pub. Res. Code §§ 21100, 21061). This requirement extends to analyzing both direct and indirect 
effects, as well as how and to what extent the Proposed Action will exacerbate existing hazards or 
conditions that may result in significant effects to the environment. (CEQA Guidelines, § 15126.2; 
California Building Industry Assn. v. Bay Area Air Quality Management Dist. (2015) 62 Cal.4th 
369, 392). The FEIS/R impermissibly narrows its climate change analysis to focus on how climate 
change will impact the amount of water available for transfer and fails to analyze how the Proposed 
Action will exacerbate climate change impacts to other resources.  
 

1. The analysis of climate change impacts in the FEIS/R is limited to considering 
the effects of climate change on the quantity of water available for transfer. 

The FEIS/R examines the impacts of climate change on the availability of water for transfer of the 
Proposed Action. (FEIS/R at 3.6-1). The FEIS/R purports to analyze climate impacts by evaluating 
potential future climate conditions under three scenarios, the Central Tendency, Hot-Dry, and 
Warm-Wet scenarios. (Id. at 3.6-16). These scenarios were produced from the “CalLite-CV” 
climate model and are used to calculate the baseline for the “with climate change” analysis of the 
FEIS/R. (Id.). Under the Central Tendency scenario, the FEIS/R estimates that there will be no 
significant difference in the amount of water available for transfer when compared with existing 
conditions; while the Hot-Dry scenario results in approximately double the average annual transfer 
demand and supply when compared with existing conditions. (Id. at 3.6-22). Notably, the FEIS/R’s 
analysis in this section is limited to the question how climate change will impact the availability of 
water for transfer.  
 
In response to public comment expressing concerns that the project fails to consider climate impacts 
beyond effects to transfers, the EIS/R reiterates that “[t]he project is…a water supply project. 
Therefore, to comply with NEPA, the RDEIR/RDEIS evaluated the impacts of climate change 
scenarios on the quantity of water potentially available for transfer” (S-17, Comment 2-14). 
Throughout the FEIS/R and in response to public comment, however, the SLDWMA attempts to 
rely on Section 3.6 or Appendix K of the FEIS/R, which are narrowly tailored to the discrete issue 
of climate change impacts to water availability to address climate change impacts to other 
resources. An analysis of climate impacts on water availability for transfer does not provide 
substantial evidence for conclusions about the exacerbating effects of the Proposed Action on other 
resources that will be impacted by climate change.  
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2. The FEIS/R fails to consider the exacerbating effects of the Proposed Action on 
climate change impacts to any resource, including fisheries, groundwater, 
vegetation, third-parties, and local and regional economies.  

The flawed approach taken by the FEIS/R is apparent in Section 3.7 of the FEIS/R, which discusses 
impacts to fisheries Although the FEIS/R recognizes that the Proposed Action will generally cause 
flows in rivers and creeks to be lower than under the No Project Alternative, including a ten percent 
reduction in mean monthly flows for the Sacramento, Feather, Yuba, and American Rivers. But the 
FEIS/R does not make the logical next step of connecting those projected reductions with impacts to 
in-stream flows associated with the climate scenarios utilized in Section 3.6. (Id. at 3.7-22).  
 
The discussion in Section 3.7 of impacts of the No Action / No Project Alternative includes a 
cursory analysis of climate impacts with reference to Section 3.6, “[f]uture climate change is not 
expected to alter conditions in any river or creek under the No Action / No Project Alternative 
because there will be limited climate change predicted over the ten year project duration (see 
Section 3.6, Climate Change / Greenhouse Gas).” (Id. at 3.7-21). The EIS/R reliance on the climate 
analysis within section 3.6 is inappropriate because the analysis included therein is limited to 
evaluating the potential effect of climate change on water availability only, and does not examine 
the extent to which the Proposed Action will exacerbate impacts and stresses specifically on 
fisheries resources and special status fish species as a result of climate change.  
 
This is especially concerning as fisheries resources and special status fish species will be subject to 
increased pressure from the Proposed Action, which when combined with future climate change 
impacts, is likely to result in a significant impact on those resources. As one commenter highlights, 
“six creeks monitored would have a greater than 10 percent reduction in flow during certain year 
classes….[and] that it would be possible that Cache Creek could have up to 31 percent lower water 
in critical years during November. Stoney Creek could see slows reduced by 10 Percent during 
October in Critical water years.” (S-63, Comment 7-23). The FEIS/R foregoes any analysis of how 
these impacts will exacerbate projected flow reductions resulting from climate change. For 
example, Appendix K of the FEIS/R notes that under the Hot-Dry climate scenario, total runoff in 
the Sacramento River basin is predicted to decrease by nearly 4 million-acre feet when compared 
with the No Climate Change scenario. (Id. at K-11).   
  
Recent studies, furthermore, indicate that climate change will result in increasingly sharp 
seasonality of the California wet season.1 Specifically, while certain climate models project an 
increase in winter mean precipitation, mean precipitation during autumn (September – November) 
and especially spring (March – May) months is expected to decrease.2 The general effect is a sharp 
decrease in mean precipitation for the months immediately prior to and following the winter wet 
season.  

A similar trend is highlighted by Section 3.6 and Appendix K of the FEIS/R, which notes that under 
the Central Tendency scenario, in-stream flows in the Sacramento and San Joaquin River basins 
will experience a decrease from March through May and July through October. (FEIS/R at K-13, 
15-16). The FEIS/R further notes that that water transfers are likely to occur from July through 
                                                 
1 Swain, D.L., Langenbrunner, B., Neelin, J.D. et al. Increasing precipitation volatility in twenty-first-century 
California. Nature Clim Change 8, 427–433 (2018) doi:10.1038/s41558-018-0140-y. 
2 Id. 
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September. (Id. at 3.7-13). From July through September, then, water transfers facilitated by the 
Proposed Action have the potential to exacerbate climate change impacts to stream flow and 
precipitation. The FEIS/R, however, does not analyze how or to what extent the Proposed Action 
will exacerbate the effects of climate change by transferring water resources out of the project area 
at times when those water resources are already stressed by climate change, and needed for other 
resources such as aquatic species, vegetation, irrigation, or recreation.   

For example, the FEIS/R notes that Spring Chinook migration occurs from March through 
September. (Id. at 3.7-13). This timing generally corresponds with months that Appendix K predicts 
will experience decreases in-stream flows under the Central Tendency scenario and during which 
water transfers will occur, specifically July through September. (Id. at 3.7-13 & K-13). Average 
precipitation in September, furthermore, is projected to experience decreased precipitation under the 
Swain et al. study referenced above as well. The FEIS/R fails to consider how monthly variations to 
in-stream flow and precipitation caused by climate change are exacerbated by water transfers 
facilitated by the Proposed Action, including potential adverse effects to Spring Chinook, other  
fisheries resources or special status fish species, wildlife and vegetation, recreation, third-parties, 
and local and regional economies. 
 
Further, comments by AquAlliance highlight the general failure of the FEIS/R to consider how the 
proposed project will exacerbate climate change impacts, including increased drought, reduced 
snowpack and runoff, and rising temperatures. (S-136 to 138, Comments 9-103 to 9-106). In 
response to each comment by AquAlliance, which identify discrete climate effects that will be 
exacerbated by the Proposed Action, the FEIS/R responds by referencing the climate modeling and 
analysis at Section 3.6 and Appendix K of the FEIS/R. The responses tout the wide range of climate 
scenarios considered in the CalLite Model, implying that the analysis is sufficient to account for 
climate impacts identified by the comments. Again, however, Section 3.6 and Appendix K limit the 
analysis of the model results to impacts to the amount of water available for transfer and do not look 
at how the Proposed Action will exacerbate climate impacts, or how resources other than water 
available for transfer will be affected.  
 
Additional comments by AquAlliance further highlight the failure of the FEIS/R to evaluate the 
exacerbating effects of the Proposed Action. Comment 9-109 at page 138 of Appendix S stresses 
that “ground subsidence from groundwater pumping is linked to climate change as more 
groundwater is pumped during droughts, yet groundwater pumping by the project could exacerbate 
these impacts…the RDEIR/SDEIS fails to meaningfully address climate change impacts to and 
from proposed groundwater pumping.” Similarly, comment 9-110 points out that the Proposed 
Action’s impacts to deep-rooted vegetation as a result of decreased streamflow will exacerbate 
stresses on those species from warmer temperatures, including increased evapotranspiration, and 
decreased and less predictable water availability caused by climate change. In response to both 
comments, the EIS/R either directly relies on analysis contained in Section 3.6 and Appendix K of 
the FEIS/R, or references responses to other comments that rely on that analysis. (S-139 to 140). 
Again, and for the reasons stated above, the analysis conducted in Section 3.6 and Appendix K does 
not provide substantial evidence to support any conclusions about the extent to which the Proposed 
Action will exacerbate impacts to these resources caused by climate change. Indeed, comment 9-
109 is not concerned with impacts to groundwater supplies available for transfer, but is instead 
focused on impacts to ground subsidence resulting from the cumulative effect of climate change and 
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the Proposed Action. The same is true for comment 9-110, which is concerned about how and to 
what extent the project will exacerbate climate change impacts to vegetation.  
 
In sum, as noted in numerous comments, the interrelated effects of climate change and the Proposed 
Action are widespread, but ignored by the EIS/R. The Proposed Action would have adverse effects 
to fisheries, soils, vegetation, water quality, and other environmental conditions; while increased 
temperatures from climate change will increase water demands, decrease supplies, increase soil and 
vegetation evaporation, and warm water quality; each of which shows that the Proposed Action 
would exacerbate effects of climate change. The FEIS/R completely foregoes any analysis of the 
potential exacerbating effects that the Proposed Action will have on climate change impacts in the 
project area. The FEIS/R’s reliance on the climate analysis in Section 3.6 and Appendix K is 
misplaced as those portions of the FEIS/R simply focus on the impact of climate change on the 
Proposed Action and limit the analysis to the impact on the availability of water for transfer. The 
complete failure to analyze how and to what extent the Proposed Action will exacerbate climate 
impacts to any environmental resource analyzed in the FEIS/R, including but not limited to the 
resources detailed above, constitutes a failure to consider an important aspect of the problem.  
 

B. The FEIS/R Arbitrarily, and Without Explanation, Disregards Hot-Dry 
Climate Projections. 

The analysis of climate change impacts in the FEIS/R is also flawed because it arbitrarily ignores 
potential impacts presented by the Hot-Dry scenario. In its discussion of the impact of climate 
change on water availability for transfer, the FEIS/R states that: 

 
Transfer demands and supplies are substantially higher under the Hot-Dry 
scenario…in comparison to the without climate change scenario…While the changes 
described under the Hot-Dry scenario reflect changes of a greater magnitude, this is a 
bookend scenario and reflects a longer climate change horizon than the next six 
years…the effects are more likely to be similar to those described under the Central 
Tendency scenario…Therefore, impacts to the Proposed Action from climate change 
would be less than significant, since the annual demands, supplied, and frequency of 
transfers do not change much under the without climate change and [Central 
Tendency] scenarios. 

 
(3.6-22). The FEIS/R gives no explanation as to why the Central Tendency scenario is more likely 
to reflect expected changes in the next six years than the Hot-Dry scenario, which was produced by 
the same model as the Central Tendency scenario (e.g. the CalLite-CV model). Nor does the 
FEIS/R explain why, even if the Central Tendency scenario is more consistent with expected trends 
over the life of the Proposed Action, it would be appropriate to completely ignore the effects of the 
Hot-Dry scenario, which may occur in discrete years over the life of the Proposed Action.  
 
The complete and unexplained disregard of the Hot-Dry scenario is especially problematic when 
one examines the FEIS/R responses to public comments related the failure of the FEIS/R to 
adequately consider climate change impacts and the potential exacerbating effects of the Project on 
climate change. In response to public comment on the potential impact exacerbating impacts of the 
Proposed Action on climate change, and on the failure of the FEIS/R to adequately consider climate 
impacts generally, the FEIS/R assures the public that the results of the Wet-Warm, Central 
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Tendency, and Hoy-Dry scenarios used to analyze climate impacts represents a “wide range of 
potential climate conditions” sufficient to account for potential climate change effects of the 
Proposed Action.3 The FEIS/R relies on the analysis contained in Section 3.6 and Appendix K, and 
the supposedly wide range of climate impacts analyzed therein. At the same time, however, the 
EIS/R disregards potential impacts under the Hot-Dry scenario when reaching the less than 
significant determination in Section 3.6. The FEIS/R cannot simultaneously tout the virtues of the 
wide range of climate projections analyzed in Section 3.6, only to turn around and disregard the 
more damming results of that modeling in order to reach a less than significant result.  
 
In reaching the less than significant impact conclusion in Section 3.6, the FEIS/R fails to explain 
why it completely fails to assess the effects of the Hot-Dry climate scenario in favor focusing 
exclusively on the Central Tendency. In response to public comment, the EIS/R relies on the wide-
ranging climate projections, which include the Hot-Dry scenarios, but ignores and/or disregards 
those higher-end climate change projections throughout the remainder of the FEIS/R. This 
constitutes a failure to consider an important impact of the project. An adequate FEIS/R will need to 
evaluate climate impacts to the Proposed Action, as well as how the Proposed Action will 
exacerbate climate impacts, using the entire range of climate possibilities presented by the three 
scenarios in the EIS/R.  
 
III. New Mitigation Measures for Tree Loss is Inadequate. 

Buried at page 77 of Appendix Q the FEIS/R reveals significant revisions to GW-1 to address 
potentially significant loss of vegetation supported by groundwater pumped out for substitution. The 
FEIS/R adds new provisions requiring, among other things, that “If adverse impacts to deep-rooted 
vegetation occur, the seller will perform restoration activities by replanting similar vegetation at a 
1:1 ratio (for every 1 inch diameter at breast height (dbh) lost, 1 inch in dbh will be planted. For 
example if 12-inch dbh of oak is lost then the seller would have to plant 12 gallon oak sapling at 
around 1-inch dbh. Therefore, the seller would plant more trees than lost.).” (FEIS/R at Q-76.) 
Clearly replacing a mature live oak of say, 21-inch DBH with 21, 1-inch saplings is not in-kind 
mitigation for any habitat or aesthetic impact values. Moreover, it could easily be infeasible to 
ensure 21 oaks have sufficient space to reach maturity. 
 
The FEIS/R attempts to rely in GW-1 to address impacts to a variety of vegetation and wildlife 
resources. The FEIS/R’s reliance here, however, is misplaced as GW-1 either on its face fails to 
actually account for impacts to vegetation and wildlife, or because the mitigation measures 
themselves are do not address adverse effects identified by the FEIS/R. 
 
In its summary of impacts to Vegetation and Wildlife, for example, the FEIS/R relies in part on 
GW-1 to mitigate impacts to stream flows supporting natural communities in small streams, 
wetlands that provide habitat for special status plant species, giant garter snake and Pacific pond 
turtle populations, and to special status bird species and migratory birds. (FEIS/R at E-19 to E-22). 
The FEIS/R’s reliance here is misplaced and unwarranted. GW-1 provides a general monitoring 
plan to track and evaluate water levels in potentially affected areas, and ostensibly requires the 
restoration of lost deep-rooted vegetation. (FEIS/R at 3.3-25, 3.3-30). Nowhere, however, does 

                                                 
3 See SLDWMA responses to Public Comments 2-13, 2-14, 2-15, 9-103, 9-104, 9-105, 9-106 
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GW-1 detail or explain how the measures it prescribes are adequate to mitigate impacts to special 
status species, wetlands, or migratory birds.  
 
Additionally, while GW-1 requires monitoring of groundwater levels within 2 miles of participating 
pumping wells, it provides no evidence that groundwater pumping short of its “groundwater level 
triggers” will not result in significant impacts to vegetation or wildlife resources identified in 
Section 3.8. (FEIS/R at 3.3-26). Indeed, and as noted in the discussion above on the restoration 
measures prescribed by GW-1, the FEIS/R contemplates that monitoring will not completely 
prevent significant adverse effects to deep rooted vegetation. Moreover, historic low groundwater 
levels are not likely to ensure adverse effects are avoided when combined with the exacerbating 
effects of climate change, for example, under the Hot Dry climate scenario that the EIS/R fails to 
assess. 
 
The FEIS/R notes that groundwater pumping in the Proposed Action could result in impacts to 
certain special-status species and other migratory birds by reducing available nesting, forage, and 
roosting habitat. (FEIS/R at 3.8-21). The FEIS/R notes that the “reduction in suitable nesting habitat 
for rare birds within riparian habitats, a limited nesting resource[], is considered potentially 
significant. Implementation of Mitigation Measure GW-1… that would monitor groundwater 
fluctuations and implement a revegetation plan for substantial vegetation loss would reduce this 
impact to less than significant. (FEIS/R at 3.8-22) (emphasis added). Revegetation prescribed by 
GW-1, however, will not mitigate impacts to or replace lost riparian nesting resources.  Here, the 
revegetation plan / restoration efforts prescribed by GW-1 assumes that mature and fully developed 
riparian habitats will be lost due to ground water substitutions. GW-1 “replaces” those lost 
resources with saplings that are likely not suitable for nesting. Even if one assumes that after years 
of growth, the saplings planted pursuant to GW-1 provide suitable riparian nesting habitat, the 
mitigation measure does nothing to address added pressure on rare or special status bird species 
during the intervening years, during which those species will have less access to the already 
“limited” nesting resource. Nothing in GW-1 provides any measures or performance criteria to 
ensure that nesting, forage, and roosting habitat for special status species or migratory birds will 
occur. 
 
GW-1 does not require that replacement vegetation be planted at or near the location where the 
vegetation loss occurs. In the event of lost riparian nesting habitat, for example, GW-1 does not 
mandate that replacement vegetation be located in a riparian area. Here, the FEIS/R improperly 
relies on GW-1 to mitigate impacts to specific habitats (e.g. wetlands, natural communities in small 
streams, and riparian nesting habitat), even though it does not mandate the replacement or 
restoration of vegetation of the same or similar type, or in the same or similar location.    
 
In addition, the mitigation measure for tree loss only looks to existing vegetation within ½ mile of 
the transfer well, while the EIS/R admits effects could occur up to two miles away, and expert 
comments supported by hard data show that effects can reach farther. Therefore, the ½ mile radius 
for GW-1 monitoring for potentially affected vegetation is unduly small and inadequate. 
 
In sum, the FEIS/R’s claims that GW-1 is sufficient to mitigate the Vegetation and Wildlife impacts 
detailed above are not supported by substantial evidence. 
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Moreover, understanding how direct and indirect impacts from groundwater substitution transfers 
will be detected is absent from the FEIS/R. Unfortunately, available tools that could be used for this 
purpose are not considered or planned here. For example, the 2007 Sacramento Valley Water 
Resource Monitoring, Data Collection and Evaluation Framework (“Framework”) was developed 
for by participants in the Sacramento Valley Integrated Regional Water Management Plan and 
referenced in the Glenn County groundwater management plan. Unfortunately, the Framework has 
not been implemented. The failure to complete this prerequisite habitat monitoring step prior to 
continuing with groundwater substitution transfers is irresponsible and may lead to permanent 
degradation of habitat such as valley oak groves as has occurred in the southern portions of the 
Central Valley where ~400 square miles of valley oak woodlands have disappeared due in part to 
greatly lowered water tables. According to the USDA Valley Oak Trees are resistant to short-term 
drought; mature trees suffer drought damage only when a series of dry seasons lower water tables to 
extreme depths.4 The monitoring networks for the Project do not include a program-specific 
network of shallow monitor monitoring wells to detect changes in water levels over the shallowest 
portion of the aquifer as recommended by the Framework. In addition, DWR has a groundwater 
dependent ecosystem GIS system to identify the location of shallow-rooted vegetation or develop a 
monitoring network to prevent impacts, which should be incorporated and considered. 
 
IV. The FEIR Fails to Respond to Comments of Michael Billiou. 

Mr. Billiou presented compelling facts demonstrating that groundwater pumping from the Glenn-
Colusa Irrigation District had significantly and adversely impacted his farm supply wells over 
recent years. (FEIS/R at S-35 to S-40.) In response, the FEIS/R presents groundwater pumping data, 
but fails to explain how this data disproves Mr. Billiou’s well-documented claim. The FEIS/R does 
note that the Lead Agency requested a specific response from GCID, which it purports to attach as 
Attachment 1 to Appendix S, but we have been unable to locate this attachment anywhere. 
Regardless, “a report buried in an appendix, is not a substitute for a good faith reasoned analysis.” 
(Vineyard Area Citizens for Responsible Growth, Inc. v. City of Rancho Cordova (2007) 40 Cal.4th 
412, 442 [cites and quotes omitted].) 
 
V. Updated Groundwater Data Requested by AquAlliance and DWR Necessitates 

Recirculation. 

AquAlliance and DWR asserted in comments on the SDEIS/RDEIR that disclosure of the existing 
conditions for groundwater in the Sacramento Valley was inadequate. The response found in the 
FEIS/R brings some information to light that has been available for years and should have been 
included to inform public participation in the first instance, yet the FEIS/R presents the data using 
average declines to obscure significant change in variation in groundwater levels in the Sacramento 
Valley. For example, the FEIS/R states on p. 3.3-5 that, “On average, in the shallow, intermediate, 
and deep aquifer zones, groundwater levels have declined 4.8, 9.3, and 10.6 feet, respectively (see 
Plates Figure F-46, Figure F-49, and Figure F-52 in Appendix F).”  
 
To underscore the first problem with the quote above, one must consider what is omitted from the 
text, such as the maximum declines throughout the Sacramento Valley and the locations. 

                                                 
4 http://www.fs.fed.us/database/feis/plants/tree/quelob/all.html. 
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In addition, while it is helpful for a reader to have figures in Appendix F to review, which forces the 
reader to locate what the FEIS/R text references, it remains notable that the FEIS/R text fails to 
describe or disclose the most unfavorable evidence of groundwater declines and the locations. For 
example: 
 

 Figure F-46 mentioned in the FEIS quote above is a DWR groundwater elevation map for 
shallow wells from spring 2004-2017. What is found in the appendix map, but is not 
mentioned in the FEIS/R, is that there were maximum groundwater elevation (“GWE”) 
decreases of -60.2 feet in Glenn County, -49.7 feet in Colusa County, -29.9 feet in Tehama 
County, -18.7 feet in Butte County, and -8.5 feet in Shasta County.  

 Figure F-49 is another DWR groundwater elevation map, but for intermediate wells from 
spring 2004-2017. More significant declines are found in the map, but not the FEIS/R text. 
There were maximum GWE decreases of -64.3 feet in Glenn County, -58.3 feet in Colusa 
County, -21.4 feet in Butte County, -17.2 feet in Tehama County, and -8.4 feet in Shasta 
County.  

 Figure F-52 is another DWR groundwater elevation map, but for deep wells from spring 
2004-2017. Again, more significant declines are found in the map, but not the FEIS/R text. 
There were maximum GWE decreases of -51.7 feet in Colusa County, -42.8 feet in Glenn 
County, -15.3 feet in Tehama County, and -11.3 feet in Butte County. No declines were 
noted for Shasta County. 

 
When the material pulled from the maps is considered with AquAlliance’s Table 1 that shows 
serious declines from fall 2004-2016 and 2004-2017 in deep, intermediate, and shallow wells (data 
all come from DWR’s maps5), a gloomy picture is revealed – something that averages conceal. 
These data collectively actually illustrate the extremes that provide valuable information to the 
public and policy makers and contradict the FEIS/R conclusion: “Past groundwater trends are 
indicative of groundwater levels declining during extended droughts and recovering to pre-drought 
levels after subsequent wet periods” (p. 3.3-6). 
 
Added to the factual obfuscation of GWE declines is a significant error is found in Figure 3.3-3, 
Cumulative Annual Change in Storage as simulated by DWR’s California Central Valley 
Groundwater-Surface Water Simulation Model: the Sacramento River Basin line is incorrect. Our 
assertion is based on Table 10 in the paper by Brush, et al. (2013) that is used by the Lead Agencies 
and discussed in the 2014 comments by Kit Custis.6 The 2014 Custis Exhibit 6.3a submitted by 
AquAlliance is a table that shows the ranking of the C2VSim simulated 1922 to 2009 average 
annual total groundwater storage change for the Sacramento Valley versus the other hydrologic 
regions.7 
 

1. Sacramento River Valley = -163,417 AFY 

                                                 
5 https://data.cnra.ca.gov/dataset/northern-sacramento-valley-groundwater-elevation-change-maps. 
 
6 Custis, Kit 2014. Comments on the draft 2014 EIS/EIR for the Long Term Water Transfer Program. p. 32-33. 
7 DWR. Table 10. Average Annual Central Valley Basin Flows from the C2VSim model for Water Years 1922-2009. 
Extracted from Model Development C2VSim, Version 3.02-CG Results & Discussion. p. 115. (Exhibit B) 
http://baydeltaoffice.water.ca.gov/modeling/hydrology/C2VSim/download/C2VSim_Model_Report_Final.pdf 
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2. Sacramento-San Joaquin Delta = -24,828 AFY 
3. Eastside Streams =  -135,304 AFY 
4. San Joaquin Valley =  -166,251 AFY 
5. Tulare Basin =  -1,471,284 AFY8 

 
Despite the Lead Agencies using the same material by Brush et al, in Figure 3.3-3 the Sacramento 
Valley hydrologic area, which ranks third in average annual groundwater storage loss (figures 
above), is in the positive when the others are plotted below the zero line. In addition, it is 
noteworthy that the average annual loss in the Sacramento Valley hydrologic region is nearly the 
same as in the San Joaquin Valley. While the loss per unit area is less because there is more area in 
the Sacramento Valley, the Figure 3.3-3 y-axis units are "Millions of Acre Feet" of total volume 
withdrawn (lost) or recovered (gained), not the unit volume change. Clearly Figure 3.3-3 lacks 
credibility and must be corrected. 
 
The FEIS/R also continues to use antiquated data for urban groundwater use, such as: “Urban 
pumping in the Sacramento Valley increased from approximately 250,000 acre-feet annually in 
1961 to more than 800,000 acre-feet annually in 2003 (Faunt 2009)” (p. 3.3-3).  Using figures that 
are 16 years old is yet another example of the Project’s attempt to obscure existing conditions as 
well as demand. 
 
For each of these reasons and others, the FEIS/R needs to be recirculated with accurate data 
reflecting existing environmental conditions that would be impacted by the project. 
 
VI. Effects to Yellow Cuckoo Were Not Analyzed. 

The ESA listed the western DPS of the Yellow-Billed Cuckoo as threatened on October 3, 2014, 
and the 2019 BA lists the critical habitat along the Sacramento River south of Red Bluff in Tehama 
County to Colusa, California. Current threats include alterations to hydrology. (FEIS/R at S-64.) 
This significant new information necessitates recirculated environmental review. However, the 
FEIS/R instead adds a wholly conclusory assessment: “Within the Sellers Service Area dense 
riparian forests represent suitable nesting habitat for Yellow-Billed Cuckoo. However, Proposed 
Action would not substantially alter flows within these larger river systems that would attribute to 
loss of these extensive riparian habitats.” (FEIS/R at S-65.) This FEIR/S fails to substantiate this 
conclusion, which is at odds with other conclusions in the EIS/R, for example, that the Proposed 
Action could result in the loss of riparian habitat resulting from groundwater drawdown. 
 
VII. The FEIS/R Fails to Consider Foreseeable Cumulative Impacts. 

The following projects are not addressed by the FEIS/R but may have cumulative effects that should 
be assessed and disclosed: 
 

 Five-Year Warren Act Contracts for Conveyance of Groundwater in the Tehama-Colusa and 
Corning Canals – Contract Years 2018 through 2023. (March 2018 through February 2023).  

                                                 
8 Id. 
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“The contracts will convey up to 86,200 acre-feet of groundwater per contract year in the 
Tehama-Colusa Canal to downstream users.”9  

 
 Table 4-1 incorrectly states the upper limit of transfers from Richvale ID and Western Canal 

WD as cumulatively 42,000 af instead of 60,000 af.  
 

 Continued Surface Water Discharges from the Grasslands Bypass Project (GBP)10 and 
implementing changes described in Notice of Availability (SCH No. 2007121110), draft 
Addendum to the 2009 GBP EIR/EIS and CEQA Initial Study Long-Term Storm Water 
Management Plan (GBP Storm Water Plan), 2020-2045.11  The Tentative WDRs would 
authorize continued discharges of stormwater commingled with selenium-laden agricultural 
drainage into the San Luis Drain and to Mud Slough (North) and the San Joaquin River from 
January 1, 2020 through December 31, 2045. 

 
 A CVP permanent contract for Westlands WD for 1.15 million acre-feet of water a year is 

moving forward and will be exempt from acreage limitations. "WIIN Act Section 4011 
Repayment Contract Negotiations Mr.  Birmingham reported the District completed 
negotiations necessary to convert  its principal water service contract to a repayment 
contract and that Reclamation expected to release that contract for a 60-day public review 
period prior to the end of the month. District staff expects to bring the contract to the Board 
for approval in October. Assuming the contract  does  not  change  based on comments  
received  during  the  public  review period, it would be executed prior to the end of the 
calendar year and will go into effect beginning March 1, 2020."12 Examples of the related 
effects that should be considered in this EIS/R are attached here as Exhibit C (Group 
Comments, January 12, 2018). 
 

 A contract for a 27-year long-term Warren Act water transfer of 29,000 af annually from 
Placer County Water Agency “PCWA”) to Sacramento Suburban Water District (“SSWD”) 
could likely be used to support further transfers from SSWD as a seller. 
 

 Added to these undisclosed impacts, the FEIS/R Table 4.1 misstates the upper limit of 
transfers from Richvale ID and Western Canal WD as cumulatively 42,000 af. Between 
2018-2022, Western Canal and Richvale may transfer up to 60,000 af per year to south of 

                                                 
9 https://www.usbr.gov/newsroom/newsrelease/detail.cfm?RecordID=61729 
 
10 Available at these links: 
https://www.waterboards.ca.gov/centralvalley/board_decisions/tentative_orders/grassland/r5-2015-0094-
01_tent_wdr.pdf 
https://www.waterboards.ca.gov/centralvalley/board_decisions/tentative_orders/grassland/r5-2015-0094-
01_tentwdr_noph.pdf 
11 Available at these links: 
http://sldmwa.org/grasslandbypass/NOA_CEQA_GBP%20Addendum%2008-14-19.pdf  
http://sldmwa.org/grasslandbypass/LTSWMP%20Initial%20Study%20080519.pdf  
http://www.sldmwa.org/grasslandbypass/LTSWMP%20Addendum%20080519.pdf  
 
12 https://wwd.ca.gov/wp-content/uploads/2019/10/september-board-minutes.pdf p. 4. 
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the Delta though fallowing.[1] An additional 18,000 af raises the number of acres of 
cumulative loss of available rice foraging habitat for the GGS. 
 

 The U.S. Bureau of Reclamation’s (USBR) Proposed Fall Habitat Action for Delta smelt 
habitat in Water Year 2019. (See CSPA et al., August 19, 2019, Exhibit D.) 

 
VIII. Continued Reliance on the 2017 CEQA Addendum is Inappropriate. 

AquAlliance and other commented that the DEIS/R should be recirculated to evaluate and disclose 
the effects associated with adding new seller agencies since the 2014 DEIS/R was circulated. (E.g., 
FEIR/S at S-74.) In response, the FEIS/R states that “The Final EIS/EIR does not include new 
buyers. East Bay MUD and Contra Costa WD were analyzed under NEPA in the 2014 Draft 
EIS/EIR and in the Addendum to the 2014 Draft EIS/EIR. Neither potential buyer was specifically 
evaluated under CEQA in the 2014 Draft EIS/EIR or the Addendum to the 2014 Draft EIS/EIR.” 
(FEIS/R at S-75.) This is ineffective for at least two reasons. First, the 2014 Addendum was an 
Addendum to the 2015 FEIR/S, not to the 2014 DEIR/S; and as such, must be deemed vacated by 
the District Court; or, at a minimum, itself null and void as it was based on a document now 
invalidated by the court. Second, an Addendum could not legally satisfy SLDMWA’s duty under 
CEQA to evaluate new sellers with new effects, since.  as the California Supreme Court explained 
in San Mateo Gardens, subsequent CEQA review provisions “can apply only if the project has been 
subject to initial review; they can have no application if the agency has proposed a new project that 
has not previously been subject to review.” (Friends of Coll. of San Mateo Gardens v. San Mateo 
County Cmty. Coll. Dist. (“San Mateo Gardens”) (2016) 1 Cal.5th 937, 950.) For each of these 
reasons, the Lead Agencies cannot now rely on the 2017 Addendum to disclose and evaluate effects 
associated with new seller agencies, and instead, this shifting project description is unstable and 
requires review in a single recirculated DEIR/S. 
 
IX. The FEIS/R Fails to Assess Water Quality Effects. 

The FEIS/R failed to disclose the existence or extent of all the hazardous waste plumes in the 
Tuscan and Tehama groundwater basins in Butte and Glenn counties. (See e.g. San Joaquin 
Raptor/Wildlife Rescue Ctr. v. County of Stanislaus (1994) 27 Cal.App.4th 713.) For example, the 
Orland dry cleaners plume is certainly within the incremental drawdown forecast. There is also no 
discussion of whether the increased groundwater extraction proposed by the Project may mobilize 
some of the PCE and TCE plumes under Chico since the pressurized condition of the down-gradient 
portion of the Tuscan formation, which underlies Glenn Colusa Irrigations District’s wells, benefits 
from recharge waters in the foothills and mountains to the east and north of Chico.13  
 
Toccoy Dudley et al support this finding of a pressurized lower Tuscan aquifer across the 
Sacramento River from GCID. “It is interesting to note that groundwater elevations up gradient of 
the Butte Basin, in the lower Tuscan aquifer system, are higher than the ground surface elevations 
in the south-central portion of Butte Basin. This creates an artesian flow condition when wells in the 

                                                 
[1] Western Canal/Richvale ID, 2018. Western Canal Water District and Richvale Irrigation District Water Transfers 
from 2018 to 2022 Environmental Impact Report, Final. p. 2-1. 
13 DWR, 2009. Glenn-Colusa Irrigation District Test-Production Well Installation and Aquifer Testing, pp. 25-26. 
Exhibit E. 
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central Butte Basin are drilled into the lower Tuscan aquifer.” 14 The artesian pressure indicates 
recharge is occurring in the up-gradient portions of the aquifer located along the eastern margin of 
the Sacramento Valley many miles into Butte County. This indicates that flow moves through the 
Chico plume areas toward the down-gradient portion of the Tuscan Aquifer where existing GCID 
wells are located. 
 
In addition, the FEIS/R failed to describe a significant saline portion of the aquifer stratigraphy of 
the project area. According to Toccoy Dudley, former Groundwater Geologist with the Department 
of Water Resources and former director of the Butte County Water and Resources Department, 
saline groundwater aquifer systems of marine origin underlie the various freshwater strata. The 
approximate contact between fresh and saline groundwater occurs at a depth ranging from 1,500 to 
3,000 feet.15  
 
More recent research has documented threats of contamination. “The BFW [base of fresh water] 
boundary occurs primarily in late Tertiary to Quaternary unconsolidated sediments at depths near 
land surface to more than 3,500 feet below ground surface. The BFW is an uneven boundary that in 
some places reflects the major geologic structures underlying the Sacramento Valley, and in other 
areas, transgresses underlying geologic structures. In some areas, the BFW boundary is well above 
the base of post-Eocene marine strata. This is most likely caused by high artesian pressures and 
upward vertical gradients in deep aquifers in the Sacramento Valley, which have been documented 
in DWR monitoring wells. This suggests that migration of poor quality water into continental 
sediments that previously contained freshwater has occurred over geologic time. This finding has 
implications for brackish and saline water upconing beneath areas of prolonged groundwater 
pumping in the Sacramento Valley.”16  
 
Certainly the public has no idea of or ability to comment on the important water quality conditions 
not presented in the DEIR, which fails the full-disclosure mandate in CEQA. The 10-Wells Project 
must either be withdrawn or full disclosure must be presented in a recirculated DEIR. (See, e.g., 
Laurel Heights Improvement Ass’n v Regents of Univ. of Cal. (1993) 6 Cal.4th 1112; 14 Cal Code 
Regs., § 15088.5(a); 40 C.F.R. § 1502.9(c); California v. Block (9th Cir. 1982) 690 F.2d 753, 770.) 
 
X. Streamflow Losses Remain Significant, Unmonitored, and Unmitigated. 

The FEIS/R continues to ignore the long-term implications of surface water capture including, the 
increase in stream seepage caused by lowering the water table. Long-term impacts from lowering 
groundwater levels beneath streams and the effect on reducing surface water flows aren’t 
considered in the document or mitigated. Streamflow monitoring is not a requirement of the Project, 
which is unfathomable.  
 

                                                 
14 Dudley, Toccoy 2005. Seeking an Understanding of the Groundwater Aquifer Systems in the Northern Sacramento 
Valley: An Update. 
15 Id. 
16 Springhorn, Steven T., el al, May 2013. Base of Fresh Groundwater in the Sacramento Valley, California, Geological 
Society of America Abstracts with Programs. Vol. 45, No. 6, p.51. 
https://gsa.confex.com/gsa/2013CD/webprogram/Paper219191.html 
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Monitoring of flow on streams associated with the Lower Tuscan Formation, that underlies Butte, 
Glenn, and parts of Tehama and Colusa counties, is particularly important to the survival of 
Chinook salmon which use small streams to spawn and where salmon fry rear. Increased 
groundwater pumping will lower water table elevations near these streams of interest, decreasing 
surface flows, and therefore reducing salmon spawning and rearing habitat through dewatering of 
stream channels in the Sacramento Valley. 
 
Many important streams, such as Mud Creek, are located in the sellers hydrologic reach and flow 
through probable Tuscan recharge zones, yet are not mentioned in the EIS/R. While a charged 
aquifer is likely to add to base flow of this stream, a de-watered aquifer would pull water from the 
stream. According to research conducted by Dr. Paul Maslin, Mud Creek provides advantageous 
rearing habitat for out-migrating Chinook salmon.17 Salmon fry feeding in Mud Creek grew at over 
twice the rate by length as did fry feeding in the main stem of the Sacramento River.18  
 
A similar effect has been observed in the Cosumnes River in the Sacramento basin, where 
“[d]eclining fall flows are limiting the ability of the Cosumnes River to support large fall runs of 
Chinook salmon,”19 This is a river that historically supported a large fall run of Chinook Salmon. 
Indeed, “[a]n early study by the California Department of Fish and Game . . . estimated that the 
river could support up to 17,000 returning salmon under suitable flow conditions.”20 citing CDFG 
1957 & USFWS 1995. But “[o]ver the past 40 years fall runs ranged from 0 to 5,000 fish according 
to fish counts by the CDFG (USFWS 1995),” and “[i]n recent years, estimated fall runs have 
consistently been below 600 fish, according to Keith Whitener,”21 Indeed, “[f]all flows in the 
Cosumnes have been so low in recent years that the entire lower river has frequently been 
completely dry throughout most of the salmon migration period (October to December).”22 
 
Research indicates that “groundwater overdraft in the basin has converted the [Cosumnes River] to 
a predominantly losing stream, practically eliminating base flows….”23 And “investigations of 
stream-aquifer interactions along the lower Cosumnes River suggest that loss of base flow support 
as a result of groundwater overdraft is at least partly responsible for the decline in fall flows.”24. 
Increased groundwater withdrawals in the Sacramento basin since the 1950s have substantially 
lowered groundwater levels throughout the county.”25 
  
It is abundantly clear that the sole interest in crafting mitigation for streamflow losses with the 
Project is to monitor water supply. As Custis notes, “[r]esponses to 9-167 and 9-170 state that WS-1 
has no purpose other than mitigating reduction in water supply to Central Valley Project (CVP) and 

                                                 
17 Maslin, Paul, et al., 1996. Intermittent Streams as Rearing Habitat for Sacramento River Chinook Salmon (Exhibit F) 
18 Id. 
19 Flekenstein, Jan, et al 2004. Managing Surface Water-Groundwater to Restore Fall Flows in the Cosumnes River. p. 
1. (Exhibit G) 
20 Id. 
21 Id. 
22 Id. 
23 Id. 
24 Id. 
25 Id. 
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State Water Project (SWP) water users.”26 As discussed above, flora, fauna, and third-parties are 
ignored. 
 
Regarding small tributaries to the Sacramento River, the FEIS/R concludes that, “The groundwater 
model results indicate that the effects of groundwater substitution on stream flow would be most 
pronounced during July through September when special-status fish species are unlikely to occur in 
the streams.” (p. 3.7-41). This assertion is without a basis. First, the effects from extra groundwater 
withdrawals due to transfers do not end when the actual pumping may stop, but places a demand on 
the hydrology for what could be many months depending on the hydrology. Second, many fry and 
juvenile fish are moving downstream in the Sacramento River during the July-September period 
when the “effects of groundwater substitution on stream flow would be most pronounced.” Recent 
monitoring results from the Red Bluff Diversion Dam27 contradict the FEIS/R’s assertion: 
 

 Juvenile, federally endangered winter-run Chinook salmon may move downstream starting 
in August and have significant number of migrating fish in September and October. (pdf  
p. 3).  

 Juvenile, federally threatened anadromous rainbow trout/steelhead  (Oncorhynchus mykiss) 
are definitely in the Sacramento River during the July through September period and had 
significant numbers during July-September in 2013. (pdf p. 5). 

 
The less than significant impact conclusion in Section 3.7, Fisheries (p.3.7-50), is based on the 
failure to present accurate data let alone analyze it properly. Considering that special-status species, 
particularly fish, are reeling from the existence and operation of the CVP and SWP, the failure to 
consider such an important and reverberating impact of the Project is inexcusable. An adequate 
FEIS/R will need to properly evaluate primary impacts to streamflow and all the secondary impacts 
to species and third parties from the Proposed Action. Here the EIS/R fails to satisfy CEQA and 
NEPA’s fundamental purposes to analyze and take a hard look at the proposed project’s 
environmental effects, and to mitigate or avoid these effects where feasible. (See, Native 
Ecosystems Council v. Weldon, 697 F.3d 1043, 1051 (9th Cir. 2012); Lotus v. Dept. of 
Transportation (2014) 223 Cal.App.4th 645, 653; Save Cuyama Valley v. County of Santa 
Barbara, 213 Cal. App. 4th 1059, 1070-71 (2013); Save Panoche Valley v. San Benito Cnty., 217 
Cal. App. 4th 503, 524-26 (2013); City of Hayward v. Cal. State Univ., 242 Cal. App. 4th 833, 854-
55 (2015); CEQA Guidelines § 15091.) 
 
XI. Coordinated Operations Agreement Must be Included and Evaluated. 

Numerous commenters, including the California Department of Fish and Wildlife, commented that 
“The Coordinated Operations Agreement (COA) was renegotiated and has recently been 
implemented. It is unclear if the analysis provided accounts for this change and it is unlikely that the 
change was incorporated in this RDEIR/SDEIS. . . . . The potential impact is that the analysis 
provided does not rely on current operations of the SWP and the CVP Why impact would occur: 
The entire analysis could be incorrect. Potential changes could be significant with subsequent 
significant species impacts.” (FEIS/R at S-220.) The FEIR/S fails to adequately respond to this 
comment, and AquAlliance attaches hereto relevant comments submitted on the COA further 

                                                 
26 Custis, Kit 2019. Comment Letter on the LTWT FEIS/R. p. 6. 
27 USFWS 2019. Biweekly report (October 8, 2019 – October 21, 2019). (Exhibit H) 
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describing the interrelated effects of the projects that should be considered in a revised and 
recirculated FEIS/R. (See CSPA et al., September 3, 2019 [Exhibit I]; AquAlliance et al., 
September 3, 2019 [Exhibit J].) 
 
The AquAlliance coalition respectfully requests notification of any meetings or actions that address 
the Project. 
 
Sincerely, 
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1), groundwater (GW-1), and vegetation and wildlife (VEG & WILD-1) need significant revision 
to be used with a GSP. 
 
The 2019 FEIR/EIS states that the San Luis & Delta-Mendota Water Authority (SLDMWA) will 
use the document’s environmental analyses for decisions on whether to implement water 
transfers through 2024 (Section 1.4).  SLDMWA assumes that in the future when a Lead Agency 
and/or Responsible Agencies approve a specific water transfer they will rely on the environmental 
impact analyses in the 2019 FEIR/EIS, provided the proposed transfer was analyzed in the 
document.  If the proposed project hasn’t been evaluated or there have been significant changes, 
presumably in the project design and/or the environmental setting, the Lead Agencies may need 
to supplement the 2019 FEIR/EIS.  The determination that the 2019 FEIR/EIS doesn’t have to 
address the project’s potential impacts to achieve the SGMA management goals may trigger the 
need to re-evaluate and possibly require preparation of a supplemental EIR/EIS.  
 
1.   Application of the 2019 FEIR/EIS to the 2014 Sustainable Groundwater Management Act. 

 
The responses to several AquAlliance comments including 9-175 and 9-223 and comments of 
others, such as comment 7-8, state that the transfer sellers’ groundwater basins do not need 
to be managed under a SGMA GSP until January 31, 2022 because the required GSPs aren’t 
developed at this time for the transfer sellers’ Sacramento Valley basins.  This seems to be 
the reason that BoR and SLDMWA take the approach with the environmental analysis, 
monitoring and mitigation measures that the 2019 FEIR/EIS doesn’t have to address potential 
impacts from all of the SGMA undesirable results caused by groundwater substitution 
transfers until the GSPs are approved.   
 
The transfers proposed in the 2019 FEIR/EIS occur within the sellers’ groundwater basins that 
have been rank by the California Department of Water Resources (DWR) as medium- to 
high-priority under Bulletin 118 criteria.  This suggests that groundwater supply is not 
currently sustainable (WC §10721(w)) and that one or more of the SGMA undesirable results 
have occurred (WC §10721(x)).  The groundwater users in these transfer sellers’ basins, 
through the GSAs, have to create GSPs that sustainably manage the groundwater basins and 
prevent undesirable results (WC §10720.1; WC §10721(u), (v) and (x)).  The GSPs have to 
address current and historical groundwater conditions that occur on or after January 1, 2015 
(Title 23 (T23) California Code of Regulations (CCR) §354.16) and may address uncorrected 
conditions that occurred prior to that date (WC §10727.2(b)(4)).  This suggests that the 
environmental impacts that occur during the 2019 FEIR/EIS project’s years 2019 to 2024 must 
be addressed in the implementation and management of the GSP in the sellers’ area.  Although 
the 2019 FEIR/EIS says that the seller must demonstrate compliance with SGMA once the 
GPS is available (comments 7-8 and 9-223), the monitoring and mitigation measures don’t 



 3 

appear to require that the monitoring protocols be designed to generate the minimum 
information that SGMA requires for a GSP.   
 
For example, a groundwater substitution transfer is a voluntary project that results in 
additional local pumping drawdown stress to the groundwater system in one and possibly 
more SGMA subbasins.  The goal of a SGMA GSP monitoring network and minimum 
thresholds is achieving groundwater basin water resource sustainability.  Minimum thresholds 
have to protect the interests of beneficial uses and users of groundwater or land uses and 
property interests (T23 CCR §354.28(b)(4)) using a monitoring network that is capable of 
collecting sufficient data to demonstrate short-term, seasonal, and long-term trends in 
groundwater and related surface conditions, and yield representative information about 
groundwater conditions (T23 CCR §354.34(a)).   
 
The groundwater monitoring requirements of mitigation GW-1 are designed to measure the 
changes in groundwater level within only a 2-mile radius of a pumping transfer well and only 
in the same Bulletin 118 subbasin.  Mitigation GW-1 requires transfer pumping to cease when 
a groundwater threshold level is reached.  The groundwater level measured in a transfer 
monitoring well is the cumulative drawdown for all pumping wells in the area.  Mitigation 
GW-1 doesn’t require the seller to test, document and provide the GSA actual drawdown 
characteristics for an individual the transfer well.  As discussed below in no. 3 and documented 
in the report cited in footnote 4, individual pumping tests for a large supply well can provide 
the well’s drawdown-distance characteristics.  Without hydraulic and drawdown information 
specific to an individual transfer well, the GSA or other permitting agency can’t evaluate how 
the proposed transfer pumping will add to the normal seasonal and long-term drawdown and 
whether transfer-caused drawdown is detrimental to other water users or increases impacts 
on beneficial uses and the environment.  Well specific data will likely be needed by a GSA or 
other permitting agency to ensure that the transfer pumping won’t require that third parties 
cease pumping prematurely, won’t affect adjacent GSAs and won’t be detrimental to basin 
sustainability.   

 
Therefore, the deficiencies in the monitoring measures raise the question of whether the 
GSAs can rely on the transfer monitoring data to make a valid assessment of the project’s 
impacts starting from January 1, 2015.  Monitoring and mitigation measures as currently 
designed will likely result in the GSAs having to rely on an incomplete record of the 
environmental impacts from transfers.  
 
Requiring that the transfer sellers to wait until January 31, 2022, and the development of a 
GSP to confirm that their transfer pumping is compatible to the GSP, doesn’t make up for 
the lack of post-January 1, 2015 monitoring and other analyses and data needed to evaluate 
the transfer project’s impacts.  The scope of SGMA GSP monitoring requirements is known.  
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The SGMA statues1, regulations2 and many of the management BMPs3 are in place today to 
guide the proponents of a transfer in developing monitoring requirements and thresholds that 
would to be “compatible” with the requirements of GSPs.  Requiring that transfer applications 
prepared under this 2019 FEIR/EIS comply with the known SGMA goals and monitoring 
requirements isn’t unreasonable, and consistency with SGMA requirements can and should 
be evaluated in the 2019 FEIR/EIS now.   
 
The monitoring protocols for the 2019 FEIR/EIS transfer projects should be designed to 
comply with SGMA and provide the GSA with the “best available information” for sustainable 
management of the transfer well’s basin and adjacent basins (T23 CCR §354.16).  SGMA 
requires that monitoring protocols be designed to generate information that promotes the 
efficient and effective groundwater management (WC §10727.2(f)).  Because the SGMA 
standards for monitoring protocols are in place as of completion of this 2019 FEIR/EIS, the 
transfer protocols can and should be designed to at least meet those minimum standards.   

 
2.   Inadequacy of Historic Lowest Groundwater Level to Prevent Environmental Impacts and 

Undesirable Results. 
 

The 2019 FEIR/EIS proposes to use historic lowest groundwater levels in implementing 
mitigation GW-1 for multiple types of impacts from transfers.  The historic lowest 
groundwater levels have often been used by local water agencies in developing local Basin 
Management Objectives (BMOs) to mitigate subsidence, however this threshold is likely not 
appropriate for other environmental impacts or as a sustainability indicator to prevent SGMA 
undesirable results.  While SGMA allows the use of groundwater elevation as a proxy for a 
minimum threshold of a sustainability indicator for one or all undesirable results (November 
2017 Draft Sustainable Management Criteria Best Management Practices3, page 17), a 
“significant correlation” must exist between the groundwater elevation threshold and each 
sustainability indicator such that it is “…a reasonable proxy for multiple individual minimum 
thresholds as supported by adequate evidence.” (T23 CCR §354.28(d))    
 
The 2019 FEIR/EIS doesn’t appear to establish the “significant correlation” between historic 
lowest groundwater levels and impacts to stream flows, groundwater dependent ecosystems, 
shallow vegetation, terrestrial species, water quality, or any SGMA undesirable results, except 

 
1   https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/Groundwater-Management/Sustainable-
Groundwater-Management/Files/2014-Sustainable-Groundwater-Management-Legislation-with-2015-amends-1-
15-2016.pdf?la=en&hash=ADB3455047A2863D029146E9A820AC7DE16B5CB1  
2  
https://govt.westlaw.com/calregs/Browse/Home/California/CaliforniaCodeofRegulations?guid=I74F39D13C76F49
7DB40E93C75FC716AA&originationContext=documenttoc&transitionType=Default&contextData=(sc.Default)  
3   https://water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management/Best-
Management-Practices-and-Guidance-Documents  
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to state that it has been historically used to mitigate land subsidence.  For the potential 
impacts and SGMA undesirables (WC §10721(x)), the 2019 FEIR/EIS fails to require that the 
seller in the transfer proposal provide data or analysis that there is a “significant correlation” 
between the lowest historic groundwater level and the sustainability indicators for preventing 
significant impacts or preventing SGMA undesirable results such as the reduction in surface 
water beneficial uses, reduction groundwater storage, degradation of water quality, or 
chronic lowering of groundwater level.   
 

Although the GSA is responsible for development of minimum thresholds in the GSP, the 
transfer seller should be required to provide the GSA with information on how the transfer 
pumping will alter the drawdown and flow patterns in the aquifers surrounding the transfer 
well(s), see comments above in no. 1.  The GSA will likely need this information in establishing 
sustainable minimal thresholds because the transfer pumping is a potential additional 
“projected water use in the basin” and this added use may need to be considered in establishing 
sustainable minimal thresholds for chronic lowering of groundwater levels (T23 CCR 
§354.28(c)(1)(A) and reduction in groundwater storage (T23 CCR §354.28(c)(2)).  Transfer 
pumping could alter groundwater flow patterns that cause migration of contaminant plumes 
(T23 CCR §354.28(c)(4)), or the rate, volume, location and timing of stream depletion (T23 
CCR §354.28(c)(6)).  

 
3.   Limitation of Monitoring Network Wells to a 2-mile Radius. 
 

The response to comments 9-86, 9-177, 9-178, and 9-199 on limiting the mitigation GW-1 
monitoring wells to a 2-mile radius from a transfer well seems to assume that the trigger for 
potential impacts from lowering the groundwater levels are the same inside and outside the 
2-mile radius.  The justification for the 2-mile limit on monitoring well distance is the general 
fact that groundwater levels closer to a well will become lower sooner and therefore reach 
the lowest historic groundwater level trigger before resources outside the 2-mile radius are 
impacted.  The 2019 FEIR/EIS doesn’t document nor require in mitigation GW-1 that the 
transfer seller demonstrate that there is a “significant correlation” between the groundwater 
level trigger necessary to protect all of the resources within a 2-miles radius and that the 
same trigger is also appropriate for resources outside of a 2-mile radius.  Mitigation GW-1 
doesn’t require that the transfer seller document whether there are potential drawdown 
impacts outside the 2-mile radius.  The 2-mile radius monitoring limitation appears to assume 
that the lowest historic groundwater level within a 2-mile radius is protective against all 
potential environmental impacts including the SGMA undesirable results. The 2-mile radius 
limit also appears to be too limiting based on recent aquifer testing of production wells by 
Glenn-Colusa Irrigation District4.  Analysis of stable oxygen isotopes data suggests that the 

 
4  Glenn-Colusa Irrigation District Test-Production Well Installation and Aquifer Testing, March 2009, Prepared by 
the California Department of Water Resources Northern District Groundwater Section in cooperation with Glenn-
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source of the water pumped by the test-production well was from the foothills and mountains 
to the east and north, a distance of 10-plus miles.   In addition, the last sentence in the 
response to comment 9-178 appears to assume that establishing monitoring outside a 2-mile 
radius would invalidate the results of monitoring within a 2-mile radius or somehow require 
exclusion of monitoring within the 2-mile radius.  There is no reason to assume this based on 
my comment.  Comment 9-178 was intended to identify the need for additional monitoring 
and impacts analysis to allow for notification of third parties that might be affected by transfer 
pumping, in particular when they are outside the arbitrary 2-mile radius limit.  The 2019 
FEIR/EIS mitigation GW-1 fails to require that the transfer seller analyze and demonstrate the 
relationship between groundwater levels and potential pumping effect from individual transfer 
wells in sufficient detail to allow permit approval agencies and potentially affected third parties 
to adequately evaluate the potential pumping impacts and require effective mitigation 
measures.  
 

4.   Monitoring Stream Depletion Using Mitigations WS-1 and GW-1. 
 
The responses to comments 9-167 to 9-170 discuss the role of Water Supply mitigation WS-
1 in responding to the potential impacts of stream flow depletion from groundwater 
substitution transfers.  The 2019 FEIR/EIS states that WS-1 is required to ensure that transfers 
don’t violate the “no injury” rule of California WCs §1702, §1706 and §1725.  Note that the 
projects analyzed in 2019 FEIR/EIS are considered long-term transfers by WC §1735, which 
likely makes the no injury requirements of WC §1736 also applicable, but the 2019 FEIR/EIS 
does not disclose or evaluate this law in mitigation WS-1.  The response to comment 9-168 
states that stream depletion for groundwater substitution transfer pumping during dry 
conditions has the “potential to affect water supply and the ability to meet flow and water quality 
criteria” and that those potential impacts were considered in developing the 13 percent Stream 
Depletion Factor (SDF) in mitigation WS-1.  However, responses to 9-167 and 9-170 state 
that WS-1 has no purpose other than mitigating reduction in water supply to Central Valley 
Project (CVP) and State Water Project (SWP) water users.  The 2019 FEIR/EIS doesn’t 
provide any specifics on when, where or how the 13 percent SDF will be used or from where 
it will be stored and released.  
 
Information on where, when and how the 13 percent SDF will be utilized is important for 
managing the sustainability of the streams affected by transfer pumping.  SGMA (T23 CCR 
§354.34(c)(6)) requires that the GSP monitoring network characterize numerous stream flow 
conditions and temporal changes in conditions due to variations in stream discharge and 
regional groundwater extraction and other factors that may be necessary to identify adverse 

 
Colusa Irrigation District, 30 pages and Appendices; https://www.buttecounty.net/Portals/26/Tuscan/AppendixA-
2.pdf   
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impacts on beneficial uses of the surface water.  The SGMA stream monitoring requirement 
would also help demonstrate that the transfers are complying with the “no injury rule” to 
stream flows and other beneficial uses.  The 13 percent SDF should be considered one of the 
other monitoring factors because when, where and how it’s used will likely have a significant 
effect on stream flow characteristics and therefore should be addressed in the transfer 
mitigation monitoring measures. 
 
Therefore, mitigation WS-1 doesn’t appear to address how groundwater substitution 
transfers will be monitored and mitigated to not “unreasonably affect fish, wildlife, or other 
instream beneficial uses” as required by the no injury rules in WC §1725 and §1736.  Instead, 
mitigations GW-1, and VEG and WILD-1 are listed in Table ES-4 as the mitigation measures 
to reduce to less-than-significant streamflow losses from groundwater substitution transfers 
that support natural communities.  Mitigation VEG and WILD-1 is described as addressing 
the impacts to terrestrial species associated with cropland idling transfers, not groundwater 
substitution transfers, see Section 3.8.4.  Therefore, mitigation GW-1 is apparently the only 
mitigation that addresses impacts of streamflow depletion from groundwater substitution 
transfers.   
 
Mitigation GW-1 lists four environmental effects as the objective of the mitigation: (1) impacts 
to other legal users of water; (2) land subsidence; (3) adverse effects to groundwater-dependent 
vegetation and or (4) migration of reduced quality groundwater.  None of these objectives directly 
addresses impacts to “fish and wildlife or other instream beneficial uses” (WC §1725 and §1736) 
caused by a reduction of instream flow from stream depletion due to groundwater 
substitution transfers, see Section 3.3.4.  
 
SGMA requires monitoring of interconnected surface water “…to characterize the spatial and 
temporal exchanges between surface water and groundwater, and to calibrate and apply the tools 
and methods necessary to calculate depletions of surface water caused by groundwater extractions” 
(T23 CCR §354.34(c)(6)).  For example, SGMA requires monitoring of surface water 
discharges, surface water head, and baseflow contributions (T23 CCR §354.34(c)(6)(A)) and 
changes due to variations in stream discharge and regional groundwater extractions (T23 
CCR §354.34(c)(6)(C)).  SGMA also requires monitoring network be able to characterize the 
approximate date and location where ephemeral or intermittent streams cease to flow (T23 
CCR §354.34(c)(6)(B), and other factors necessary to identify adverse impacts to beneficial 
use (T23 CCR §354.34(c)(6)(D)).   
 
Mitigation GW-1 doesn’t address monitoring or mitigating these surface water characteristics, 
and mitigation WS-1 is limited to mitigating reductions in water supply to CVP and SWP 
water users using a default 13 percent stream depletion factor.  Neither mitigation requires 
the transfer seller provide monitoring or mitigations of physical changes in stream flow 
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characteristics from groundwater substitution transfer pumping.  Apparently, the 2019 
FEIR/EIS assumes that each GSA is solely responsible for developing the transfer pumping 
relevant stream depletion data and implementing stream depletion monitoring and mitigation 
measures as part of its GSP management duties at some later date.  
 
The monitoring measures and threshold triggers in mitigation GW-1 rely primarily on 
measurement of groundwater levels.  The trigger for groundwater levels is the identified 
historic low groundwater level or the local Basin Management Objectives (BMO).  GW-1 
notes that most of the BMOs within the transfer seller’s service areas are tied to historic low 
groundwater levels.  Generally, the historical use of lowest groundwater level triggers has 
been linked to land subsidence.  As discussed above in no. 2, mitigation GW-1 doesn’t require 
any quantitative analysis to document the “significant correlation” between the historic lowest 
groundwater level and prevention of significant impacts to other legal users of water, 
presumably both surface water and groundwater, all groundwater dependent vegetation and 
terrestrial species, fisheries and instream habitats, or water quality.   
 
The response to comments gives a qualitative discussion that groundwater drawdown and 
flow patterns during transfer pumping are short-term and not expected to cause significant 
impacts.  Reference is made to the SACFEM2013 modeling that concluded that groundwater 
transfer pumping resulted in an instream flow loss of less than 1 cubic feet per second (cfs), 
and less than 10% reduction in flow.  However, that modeling exercise apparently also 
determined that a SDF of 13 percent of the transfer volume was needed to maintain the 
water rights of CVP and SWP users.  The 2019 FEIR/EIS doesn’t document where the 13 
percent SDF actually occurs, if it is a valley-wide average depletion, and how it relates to 
depletion loses in the tributary streams.  The modeled 1 cfs and less than 10% flow loss in 
tributary streams may also be affected by the SACFEM2013 model simplified procedure that 
de-couples the stream from the underlying water table whenever the groundwater elevation 
is below the stream bottom.  When the stream de-couples from the underlying groundwater, 
the leakage rate from the river to the aquifer becomes constant, see Section 3.2.4.1 in 
Appendix H.  This model procedure can underestimate stream seepage losses as 
demonstrated in some studies that have found that seepage losses can continue to increase 
up to the point when the depth to the water table is two times the wetted width of stream 
before seepage becomes constant5  Reliance on a simplified regional model to predict stream 
depletion rates, and also the use of the model results as justification for not requiring actual 
monitoring of stream flow, will likely result in impacts to fisheries, aquatic habitats and other 
instream beneficial uses.   

 
5   H. Bouwer, and T. III Maddock, Making sense of the interactions between groundwater and streamflow: Lessons 
for water masters and adjudicators: Rivers [RIVERS]. Vol. 6, no. 1, pp. 19-31. Jan 1997; 
https://pubag.nal.usda.gov/pubag/downloadPDF.xhtml?id=54815&content=PDF  
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The California Department of Fish and Wildlife (CDFW) in comment 10-8 identified 
inadequacies in mitigation GW-1 at protecting habitat and preventing species loss, and the 
lack of accurate predictive relationships between groundwater pumping and local impacts to 
surface water and wetlands.  CDFW commented that the assumption that less than 10 
percent reduction is protective isn’t valid for all streams and species.  The 2019 FEIR/EIS 
response to CDFW’s comment included that:  (1) BoR and DWR already track changes in 
river flow and that unexpected changes attract attention quickly; (2) this monitoring is 
protective of surface flows and wetlands for habitats and species; and (3) the 10 percent flow 
reduction threshold is the standard in other legally certified environmental documents.  
Neither mitigation GW-1 nor WS-1 requires that actual changes in river or stream flows be 
documented and reported to local and regulatory agencies, such as CDFW, when a 
detrimental change in flow or stream conditions is identified.   
 
Mitigation GW-1 is still deficient because the monitoring network doesn’t require that sellers 
demonstrate, for their individual transfer wells, the impacts to stream flow or shallow 
vegetation, and doesn’t require any monitoring of stream flows to demonstrate that streams 
can withstand a loss in flow without causing impacts to beneficial uses (T23 CRR 354.34(c)(6)).  
The normal permitting process requires that a proponent of a project provide documentation 
of a project’s impacts and make recommendations for mitigation measures to the local and 
responsible agencies during permit review and approval.  The failure of the 2019 FEIR/EIS to 
require actual measurements and monitoring of stream flows and the lack of demonstrating 
that the lowest historic groundwater level, or any other level, has a “significant correlation” to 
prevention of impacts from groundwater substitution transfers to the instream resources of  
“fish and wildlife or other instream beneficial uses” suggests that the project could result in 
significant impacts.  The requirement for demonstrating a “significant correlation” between 
groundwater level and instream flows is also required by SGMA to document that the project 
transfers will be sustainable (T23 CCR §354.36(b)(1)).   

 
5.   Inadequacy of Mitigation GW-1 for Monitoring and Mitigating Shallow Groundwater 

Dependent Vegetation. 
 

The responses to comments 9-199 to 9-204 discuss the lack of requiring identification, 
monitoring and mitigation of shallow-rooted groundwater dependent vegetation and 
ecosystems for impacts from groundwater substitution transfer pumping.  Mitigation GW-1 
is limited to deep-rooted vegetation where the tap root is 10 feet or longer.  Mitigation VEG-
1 and WILD-1 deals only with cropland idling transfers.  Mitigation GW-1 doesn’t require 
that the transfer seller utilize DWR’s groundwater dependent ecosystem GIS system to 
identify the location of shallow-rooted vegetation or develop a monitoring network to 
prevent impacts.  Mitigation GW-1 requires that only deep-rooted vegetation be identified 
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and mitigated.  The response to comment 9-200 is lacking on the issue of using the GIS system 
because it seems to assume that the GIS system can only be used to identify locations of 
either shallow-rooted vegetation or deep-rooted vegetation, but not both.  No additional 
data or analysis is provided as to why shallow-rooted vegetation and ecosystems can’t be 
harmed by the transfer pumping, except for a qualitative discussion in a new 2019 FEIR/EIS 
Appendix P.   
 
The new Appendix P, titled Methods for Assessing Impacts on Natural Communities and Special 
Status and Wildlife, provides a qualitative discussion on impacts from groundwater substitution 
transfer pumping.  Appendix P and the response to comments continue to state that based 
the SACFEM2013 model simulation, shallow groundwater is generally deeper than 15 feet 
(page P-3, lines 6 to 8), therefore a change in groundwater levels can’t harm overlying 
terrestrial resources.  Appendix P and the response to comments didn’t respond to comment 
9-201 or my Exhibits 13a to 13c where Spring 2018 groundwater contour maps from DWR 
show large areas of the Sacramento Valley have groundwater depths less than 15 feet.   
Appendix P and the response to comments also seem to ignore that eight out of the ten 
shallow well hydrographs in 2019 FEIR/EIS Appendix F have recent depths to groundwater at 
or less than 15 feet (see Appendix F Figures F-10, F-11, F-12, F-13, F-15, F-16, F-17, F-19 and 
F-20).   

 
Appendix P also introduces a definition for “sustained depletion” from groundwater 
substitution transfers as occurring only when there is no recharge from one year to the next.  
This definition is then used as a condition for considering potential significant impacts to 
natural communities where groundwater is less than 15 feet deep.  Impacts are considered 
only if there was consistent, sustained depletion of water levels (page P-4 lines 1 to 5).  The 
assumption of no impacts if recharge occurs is too restrictive because there is generally some 
amount of recharge to shallow groundwater even if water levels don’t recover sufficient to 
maintain shallow vegetation, see Figures 3.3-5 to 3.3-9.  This 2019 FEIR/EIS definition of 
“sustained depletion” seems to be say that any recharge cancels the possibility of potentially 
significant impacts from lowered groundwater levels by groundwater substitution transfer 
pumping and, therefore, mitigation GW-1 doesn’t have to address impacts to shallow-rooted 
vegetation.  This reasoning for assuming no significant impacts seems arbitrary and doesn’t 
address the questions of: (1) where shallow-rooted vegetation occurs; (2) the normal depth 
to groundwater beneath shallow-rooted vegetation; (3) how deep groundwater levels decline 
as a result of transfer pumping; and (4) whether this decline affects the health of the 
vegetation. 
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6.   Insufficient Water Quality Analysis and Monitoring. 
 
The responses to comments 9-190 to 9-198 discuss the reasoning for deciding to minimize 
the analysis of groundwater substitution transfer pumping on groundwater water quality and 
require only minimal monitoring with mitigation GW-1.  The response to comments indicates 
that 2019 FEIR/EIS takes a “qualitative approach” to analyzing the potential impacts from the 
groundwater substitution transfer pumping to changes in water quality (response 9-190).  The 
analysis and conclusions use the concept that because the transfer pumping is short-term, the 
changes in groundwater levels and/or flow patterns won’t be substantially altered over a long 
period of time, which appears to suggest that all sources of recharge water for the 
groundwater being pumped are nearby.  The 2019 FEIR/EIS therefore concludes that the 
project’s pumping can’t significantly impact groundwater quality and therefore only minimal 
water quality monitoring is required, without any apparent water quality mitigation measures.   

 
This “qualitative approach” to environmental analysis fails in protecting water quality because: 
(1) there is no requirement that the transfer proposal actually document the spatial 
relationship between the proposed transfer well and the current areas and aquifers of poor 
water quality as required by SGMA in a monitoring network (T23 CRR §354.34(c)(4)) and to 
set a minimum water quality threshold (T23 CRR §354.28(c)(4)); (2) there is no requirement 
to demonstrate that changes to groundwater flow patterns from transfer pumping won’t draw 
poor quality water into the capture zone6 of a transfer well, regardless of the duration of 
pumping; (3) mitigation monitoring measure GW-1 doesn’t require expansion of water quality 
testing for agricultural transfer wells based on potential for capturing poor quality water or a 
contaminant plume; (4) the assumption that all transfers are short-term conflicts with the 
long-term title of the 2019 FEIR/EIS, and the results of simulated changes in groundwater 
levels shown in the hydrographs in Figures 3.3-5 to 3.3-9 in Section 3.3.2.2 that show that a 
progressive decline in groundwater elevation occurs with repeated short-term pumping, as 
exhibited in the 1988 to 1995 period; and (5) the conclusions of the “qualitative approach” are 
in conflict with the technical requirements of the Department of Water Resources 2015 Draft 
Technical Information for Preparing Water Transfer Proposals (DWR 2015) cited in the response 
to comments. 
 
The response to comment 9-196 references the DWR 2015 document and mitigation GW-
1 as requiring “comprehensive” groundwater quality monitoring.  The DWR 2015 document 
states that a transfer “…mitigation plan is needed to ensure that groundwater substitution transfer 
pumping is conducted in a manner that does not injure other legal users of water or unreasonably 

 
6   A Systematic Approach for Evaluation of Capture Zones at Pump and Treat Systems, EPA/600/R-08/003, January 
2008, U.S. Environmental Protection Agency, 35 pages and appendices, 
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryId=187788 
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affect the environment and economy of the county from which water is being transferred.”  The only 
water quality monitoring requirements of mitigation GW-1 are that participating municipal 
wells take Title 22 samples that are sufficient for the water transfer program, and agricultural 
wells have to measure only specific conductance.  The municipal well Title 22 sampling is 
comprehensive because it has to comply with the Domestic Water Quality and Monitoring 
Regulations in Title 22, Division 4, Chapter 15, which includes sampling for the known 
pollutants in the vicinity of the municipal well.  However, the GW-1 monitoring requirement 
for agricultural well sampling isn’t “comprehensive” because it requires measurement of only 
one parameter, specific conductance, and doesn’t require any investigation to determine if 
areas of known poor groundwater quality are within the capture zone of the well.   
 
The groundwater quality sampling requirements for agricultural transfer wells in mitigation 
GW-1 doesn’t provide the “comprehensive” sampling required in the groundwater quality 
section of the Monitoring Program Elements of Section 3.5.2 in DWR 2015 which states that:  
 

“Some wells may require more comprehensive water quality testing. These include wells in 
areas with known groundwater quality problems, municipal wells producing water exceeding 
specific conductance of 900 microSiemens/centimeter (µS/cm), (California Secondary 
Maximum Contaminant Level [Recommended]) or agricultural wells producing water 
exceeding specific conductance of 700 µS/cm (Water Quality for Agricultural). Where 
applicable, transfer proponents should provide a brief discussion of local groundwater quality 
issues to Project Agencies. Project Agencies and the seller will determine the appropriate level 
of groundwater quality monitoring prior to the start of transfer pumping in these areas.” 

 
These DWR 2015 transfer proposal sampling requirements suggest that transfer proponents 
have a responsibility to determine if there are any local groundwater quality issues and 
provide that information to the local agencies approving the project, such as the GSA, and 
then conduct the appropriate types of water quality monitoring.   As discussed above in the 
comment no. 3 on the 2-mile monitoring radius, water samples analyzes for stable oxygen 
isotopes concluded that the source of the water captured by a by Glenn-Colusa Irrigation 
District test-production well was from as far away as the foothills and mountains to the east 
and north, a distance we calculate at a minimum of over 10-plus miles.  This suggests that the 
capture zones for the transfer wells extend much farther than the 2-mile radius assumed by 
mitigation GW-1.  The FEIR/EIS didn’t and mitigation GW-1 doesn’t require any investigation 
to identify areas of known groundwater quality problems or modification of the sampling 
program for potential poor quality water that might be captured by pumping the transfer well, 
see the Other Monitoring section of mitigation GW-1.  The failure to require agricultural well 
transfers to investigate surrounding areas for poor groundwater quality and then sample for 
any identified pollutants could result in the project agencies and the GSAs improperly 
approving a transfer project that could potentially cause harm to other local users and 
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beneficial uses of groundwater and/or the environment, and possibly negatively impact surface 
water resources depending on the points of discharge for the groundwater irrigation return 
flow.   

 
In addition to the potential to allow for the expansion of areas of poor water quality, the 
“qualitative approach“ of the 2019 FEIR/EIS’s water quality impact assessment effectively 
requires that the local agencies, in particular the GSAs bear the burden during the permit 
approval process of: (1) documenting areas of potential poor groundwater quality that might 
be affected by pumping of wells used for groundwater substitution transfers; (2) documenting 
the “significant correlation” between the mitigation GW-1 groundwater elevation thresholds 
for the transfer projects and sustainability of water quality; and (3) quantifying for the project 
proponent the potential impacts from the transfer projects.  Although mitigation GW-1 
requires confirmation that the transfer pumping projects and associated monitoring programs 
are compatible with the sustainability goals of the GSPs, there is no requirement in mitigation 
GW-1 to provide the GSAs with the monitoring or project data needed to evaluate the water 
quality sustainability of the transfer project’s pumping or validate the correlation between 
groundwater level and water quality.  This 2019 FEIR/EIS “qualitative approach” to water 
quality in developing mitigation GW-1 contradicts the monitoring program requirements in 
SGMA and the DWR 2015 document and effectively makes the local agency, the GSAs, 
responsible for developing the data to evaluate the environmental impacts and development 
of monitoring thresholds for the transfer projects.  This approach is unusual in that the normal 
procedure for a permit application is that the proponent of the project provides the data 
necessary to evaluate the project’s impacts to the local agency, the GSA, not the other way 
around.  
 

If the proponent of a groundwater substitution transfer isn’t able to determine the areas of 
potential poor water quality surrounding the transfer well(s), or determine the minimum 
threshold(s) for those pollutants, then the transfer should be delayed until the GSP for the 
respective basin and any potentially affected adjacent basins can provide to the GSA the 
information as required by SGMA regulations (T23 CCR §354.16(d) and §354.28(c)(4)) and 
establish the proper monitoring and sampling requirements for the transfer. 



 
 
 
 
 

Exhibit 6 
 
 
 

6.1a to c – Figure 81A to C (a, b, c), Simulated average annual subsurface 
flows between subregions from Brush and others, 2013a 

6.2 – Figure 39, Simulated net annual subsurface flow between hydrologic 
regions for water years 2000-2009 from Brush and others, 2013b 

6.3a to d – Tables 10 to 13 (a, b, c, d), Central Valley basin flows from the 
C2VSim model from Brush and others, 2013a 
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Figure 81A. Simulated average annual subsurface flows between subregions, 1922-1929.
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Figure 81B. Simulated average annual subsurface flows between subregions, 1960-1969.
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Figure 81C. Simulated average annual subsurface flows between subregions, 2000-2009.
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January 12, 2018 
 
Brenda Burman 
Commissioner 
Bureau of Reclamation 
1849 C Street NW 
Washington DC 20240-0001 
email:bburman@usbr.gov 
 

David Murillo, Regional Director 
Mid Pacific Regional Office 
 Federal Office Building 
 2800 Cottage Way 
 Sacramento CA 95825-1898 
email: dmurillo@usbr.gov 

Quentin Branch &  
Kate Connor  
Bureau of Reclamation,  
2800 Cottage Way, MP-440, Sacramento,  
CA 95825-1898 
email: qbranch@usbr.gov 
kconnor@usbr.gov 
 
Re:  Interim Renewal Contract for Central Valley Project Water Contracts for Westlands Water District 
(EA17-021& FONSI-15-023A1  )--An abuse of discretion and failure to comply with federal law. 
 
Dear Ms. Burman: 
 
 For more than 20 years, Reclamation’s Mid-Pacific Region has circumvented federal law by 
serial issuance of "Interim Renewal" water service contracts, each lasting approximately two years.  The 

                                                           
1 https://www.usbr.gov/mp/nepa/includes/documentShow.php?Doc_ID=30703: EA for WWD interim water service 
contract &  FONSI-15-023A:  https://www.usbr.gov/mp/nepa/includes/documentShow.php?Doc_ID=28023  
& Westlands' contracts see:  https://www.usbr.gov/mp/cvpia/3404c/lt_contracts/2018-int-cts/index.html  
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undersigned groups have previously called attention to the serious legal deficiencies of this pattern and 
practice.  Legal challenge to this serial renewal of water service contracts resulted in a recent 9th Circuit 
Court ruling,2  whereby Reclamation's interim contract renewal and circumvention of the NEPA process 
was determined an abuse of discretion. The court ordered a rejection of Reclamation's premise that the 
interim contracts merely continued the status quo. Unfortunately, Reclamation repeats these same 
mistakes under the proposed contract renewals. [PCFFA, 655 Fed. Appx. at 598-599.]  PCFFA et. al on 
December 22, 20173 again attempted to gain Reclamation compliance with federal law, including analysis 
of significant public health and environmental impacts from more than 20 years of serial renewals.4    
 
 Despite the 2016, 9th Circuit Court ruling, Reclamation continues to abuse its discretion  in 
issuing interim water service contracts for Westlands Water District (Westlands).   Issuance of the newly 
proposed two year interim contracts to Westlands and other San Luis Unit federal contractors would 
violate Congressional direction and federal law.  Much of the agricultural land serviced by Westlands and 
other federal contractors is contaminated with selenium and other pollutants that are carried into ground 
and surface waters and pollute the San Joaquin river and Delta Estuary when the lands are irrigated with 
these water deliveries.   There is no legal requirement that this interim water service contract be renewed, 
yet Reclamation seems determined to do whatever it takes, legal or not, to renew these contracts.  
 
 Proceeding to renew these water supply contracts, in addition to not complying with NEPA, 
violates the Administrative Procedures Act, Central Valley Project Improvement Act [PL 102-575], the 
Reclamation Reform Act of 1982 [PL 97-293], the Coordinated Operations Act of 1986 [PL 99-546], and 
other federal statutes. Reclamation would be committing these additional illegal actions if it issues the 
proposed Westlands' interim water service contracts: 
 
I.  Issuing a contract for water service contrary to Congressional authorization is illegal: 
 

The authorization for the San Luis Unit, Central Valley Project5 limits the  
gross service area to 500,000 acres of land and refers to the feasibility report6, which includes a 
map7 that clearly describes the location, size, and elevation of that service area. Subtracting out 

                                                           
2 Ninth Circuit’s Amended Memorandum in Pacific Coast Federation of Fishermen’s Associations v. Bureau of 
Reclamation (“PCFFA”), 655 Fed. Appx. 595 (9th Cir. 2016) 
 
3 Case 1:16-cv-00307-LJO-MJS Document 64 Filed 09/28/17: & Case 1:16-cv-00307-LJO-MJS Document 71 Filed 
12/22/17-- North Coast Rivers Alliance, California Sportfishing Protection Association, Pacific Coast Federation of 
Fishermen’s Associations, et. al. 
 
4 These shortcomings in the proposed Interim Contract Renewal project (Project) for Westlands Water District were 
filed with the court:  (1) approving the Project may affect public health and safety, (2) the Project’s water diversions 
from the Delta may affect the unique environment of the Delta – the largest estuary on the West Coast of North 
America; (3) the Project’s impacts are highly controversial and uncertain; (4) defendants’ serial approval of short-
term interim contracts “establish[es] a precedent for future actions with significant effects”; (5) the Project may have 
potentially significant cumulative impacts; and (6) the Project may have a significant impact on endangered species, 
which have significant scientific value. FAC ¶ 58; 40 C.F.R §1508.27(b); see also 40 C.F.R. § 1508.7 (defining 
cumulative impacts). 
 
5  In 1960, Congress passed the San Luis Act, Pub.L. No. 86–488, 74 Stat. 156 (1960). Section 1(a) of the San Luis 
Act authorized Reclamation to“construct, operate, and maintain the San Luis unit as an integral part of the Central 
Valley Project,” in accordance with the 1956 Feasibility Study for the purpose of irrigating only 500,000 acres in 
the entire San Luis Unit in three counties—Merced, Fresno, and Kings. 
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acreage for San Luis Water District and Panoche Water District, leaves roughly 400,000 acres of 
eligible land in Westlands according to the federal authorization and confirmed in the Special 
Task Force Report on the San Luis Unit [PL 94-46].  Subtract the roughly 100,000 acres that has 
already been retired and largely put to other industrial uses and that leaves approximately 300,000 
acres eligible for CVP water allocation.8   Yet, the proposed interim water service contract 
renewal proposes to irrigate over 600,000 acres in Westlands Water District alone. The additional 
unauthorized allocation of water to lands not authorized to receive federal CVP water represents a 
taking of water from other CVP contractors, communities, and the environment.  
The inflation of acreage and water deliveries is further shown by the  map provided in the Draft 
EA for the Interim Contract.  This map expands the acreage beyond what was Congressionally 
authorized..9  Any water supply contract would be invalid to the extent that it provides for 
delivery contrary to  limitations Congress clearly specified in the authorizing legislation and the 
referenced feasibility report.   

 
II. Issuing the proposed Interim Water Service Contracts would violate Reclamation Law: 
   

A.  Congressional Intent is Clear --Water Service Contracts are to guard against land monopoly 
and excess profits. 

1. One of the 1902 Reclamation Act's purposes was to promote living on the land, and the 
distribution of the Act's benefits was limited accordingly in the original statute.10  Later 
statutory amendments were added to prevent speculative profits from the sale of "excess" 
lands and allocated water rights.11  The Omnibus Adjustment Act of 1926 expressly 
restricted the sale price for such excess land to a dryland valuation (e.g., as though the 

                                                                                                                                                                                           
6 U.S. Dept Of The Interior, Feasibility Report (approved by President Roosevelt, December 2, 1935), reprinted in 
House Committee On Interior & Insular Affairs, Central Valley Project Documents-Part One: Authorizing 
Documents, H.R. Doc. No. 416, 84th Cong., 2d Sess. 563 (1956). 
 
7 Ibid. See the Feasibility Report page 36 and attachment #1. 

8 Special Task Force Report on San Luis Unit 1978 available online [see pages 18 and 20 for the finding of 500,000 
gross acres authorized for all three districts finding an unauthorized expansion of more than 100,000 acres or 30%.] 
http://babel.hathitrust.org/cgi/pt?id=umn.31951002836772c;view=1up;seq=35.  Also see Lloyd Carter's law review 
http://sjc.ca.lwvnet.org/files/REAPING_RICHES_IN_A_WRETCHED_-Golden_Gate_Law_review_1_.pdf  And 
Friends of the Trinity water rights testimony before the State Water Resources Control Board. 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/FO
TR/for_94.pdf  
 

9 The 1956 Feasibility Report can be found online:  
http://cdm15911.contentdm.oclc.org/cdm/ref/collection/p15911coll10/id/2106 

10 The Act limited land acquisition.  No one could acquire land without living on it for five years. Congress sought 
to limit speculation or monopoly, because, in addition to the five years' residence, no homesteader can take more 
than 160 acres, and in many cases he can take no more than 40 to 80 acres. These provisions have since changed to 
960 acres and residency requirements were not enforced.  See 
https://digitalcommons.law.ggu.edu/gguelj/vol3/iss1/3/ 
 
11 The Reclamation Extension Act of 1914  required the owners of large, private holdings adjacent to projects to 
dispose of "excess" land before project construction. The Omnibus Adjustment Act of 1926  expressly restricted the 
sale price for such excess land to a dryland level (e.g., as though the project were not planned or built) and also 
regulated later sales of formerly excess land.  See also the Reclamation Act of 1902 32 Stat 388 43 USC. 
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project were not planned or built) and also regulates later sales of formerly excess land.  
The Reclamation Reform Act of 1982 largely reconfirms this policy by requiring that, 
henceforth, project water be delivered to excess land only at full cost and limited the size 
to 960 acres.  

2. Despite these federal protections against excessive profits and speculation, Westlands has 
proceeded to sell or lease tens of thousands of acres for solar farms, while still claiming 
2.6 acre feet per acre of water for these lands under the existing interim water service 
contract.12  Reportedly WWD has received tens of millions of dollars for these municipal 
and industrial leases, while still receiving subsidized water for these lands courtesy of the 
American taxpayer.13  The EA mentions solar farms and suggests a water need, but 
provides no information, data, or contract approvals sanctioning this land use change. The 
EA does not show how the federal government has complied with Reclamation law—and 
specifically the 1960 San Luis Act—while  allowing these lands to be inappropriately 
included in the acreage for determining water supply allocation. 

 
B.  Municipal Water Service contracts must be approved by Reclamation, interest must be 
charged on capital and construction costs, and they must adhere to specified repayment 
provisions--the proposed Westlands interim contract renewal does not meet these requirements: 
 

1. No approvals or analysis of water shifted to municipal and industrial uses by Westlands 
are provided, nor is this water identified separately in the Reclamation water needs 
assessment.  The Reclamation Project Act requires that every contract for water delivery 
include provisions for repayment of specified costs of construction, operation, and 
maintenance.14 Any conveyance of project water to an M&I customer must be approved 
by Reclamation.  Westlands disclosed in their 2008 debt filing15 that a portion of the 

                                                           
12 See this 2016 overview of transmission lines, towers and land conversion maps for Westlands WD: 
http://docketpublic.energy.ca.gov/PublicDocuments/15-RETI 
02/TN210903_20160330T140735_Daniel_Kim_Comments_WSP_comments_to_RETI_20_plenary_group_meeti.p
df  & http://web.energyacuity.com/REProject.aspx?id=16887  Westlands Solar Park is a public-private effort to 
master plan renewable development and infrastructure for large scale solar projects in California's central valley. 
The Westlands Solar Park study area includes approximately 24,000 acres ...within the Westlands Water District, 
located in western Fresno and Kings Counties..... Initial development planning estimates that phased projects 
totaling upwards of 2.4 GWs of solar power could be developed before 2025. Early Phase 1 projects are expected to 
begin operation as early as 2013-2015."  See also Conditional Use Permit (UCUP) Application Nos. 3451 
through 3458 for the Tranquillity Solar Generating Facility Project, Westlands Water District 3,732 acres, 39 
parcels: October 9, 2014: Tranquillity LLC, RE Tranquillity 2 LLC, Tranquillity 3 LLC, RE Tranquillity 4 LLC, 
Tranquillity 5 LLC, RE Tranquillity 6 LLC, Tranquillity 7 LLC, RE Tranquillity 8 LLC 
 
13 See http://articles.latimes.com/2002/dec/20/local/me-settlement20 LA Times Mark Arax  Four Families to Split 
Big Share of Farm Deal. 

14 Under the Reclamation Project Act: No water may be delivered for irrigation of lands in connection with any new 
project, new division of a project, or supplemental works on a project until an organization, satisfactory in form and 
powers to the Secretary, has entered into a repayment contract with the United States, in form satisfactory to the 
Secretary ....43 U.S.C. § 485h(d) (1982). 
 
15 See WWD 2008 Bond Debt Statement:  30,065,000 Westlands Water Districtadjustable Rate Refunding Revenue 
Certificates Of Participation, Series 2008a _ Westlands Water District Notes To Financial Statements Years Ended 
FEBRUARY 28, 2007 AND 2006 @ page 31: "In February and March 2005, the District acquired approximately 
8,750 acres of land within the Broadview Water District, which is substantially all of Broadview’s irrigable 
acreage. In conjunction with the acquisition, the District initiated the process to annex all of Broadview’s lands and 
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Broadview Water District water would be shifted to M&I.  This change in use, required 
changes to repayment provisions, and contract modifications could not be located in any 
of the proposed Reclamation interim water supply service contracts for Westlands.  
 

2. No such contract or changes in capital obligation repayments (e.g. interest or other 
changes) were identified in either the contract or environmental assessment. 
 

3. Westlands also disclosed that less expensive CVP water, previously destined for the 
Lemoore Naval Air Station, would be shifted to Westlands' agricultural users and more 
expensive water would be purchased for the Navy. 16    And yet, in 2015 Westlands 
sought additional supplies for the Lemoore NAS after shifting those supplies to other 
users, thereby claiming municipal priority and augmenting Westlands' water allocation 
during drought shortages. Westlands charged the Navy a land-based rate for the water 
and required the Navy to repay Westlands debt and a surcharge per every acre foot. . No 
records or data were provided regarding this "enhanced" municipal and industrial supply 
nor were the environmental impacts of these shifts from agricultural use to industrial use 
analyzed.17 

 
III.  The conclusions of the draft EA and FONSI are in conflict with the facts and the law and 
an EIS is required. 
   

Without NEPA compliance, the proposed interim contract, if signed, would be illegal.  We 
include by reference the comments filed with Reclamation on behalf of PCFFA et. al. on January 
5, 2018, by Steve Volker.  Additionally, the FONSI and EA brush aside, without facts or data, the 
Westlands' interim water supply contract impacts to the following: 
 
A. The San Francisco Bay-Sacramento and San Joaquin River Delta Estuary. There have 
been repeated violations of the Clean Water Act standards18 and Endangered Species Act 

                                                                                                                                                                                           
will seek a permanent assignment of Broadview’s Central Valley Project Water Contract totaling 27,000 acre-feet 
to the District from the Bureau of Reclamation. Of this water supply, the District plans to annually make available 
6,000 acre-feet of entitlement to the Naval Air Station – Lemoore pursuant to the Supplemental Water Allocation 
Agreement between the District and NASL."      
 
16 Ibid. Westlands charges Lemoore NAS both a thirty year surcharge to recover Westlands' debt with interest  
[more than $30 million ] in addition to a land base charge per acre.  Despite federal rules and regulations, it is not 
clear whether Westlands is reaping the sole benefits of these "extra" charges, mortgage debt, interest and operation 
charges or whether Reclamation has a separate contract and charge for this M& I assignment collecting additional 
revenue per Reclamation rules and regulations.  The impacts including irrigating selenium laden lands and 
Lemoore's resulting discharges into wastewater ponds was not analyzed in the Reclamation EA on interim contracts.  
See page 101 of 2008 A Financial Statements.  For discussion of Lemoore NAS wastewater pond impacts and 
elevated selenium discharges see:  
https://wwwrcamnl.wr.usgs.gov/Selenium/Library_articles/Moore_etal_1990_selections.pdf 
 
17 https://www.usbr.gov/mp/nepa/includes/documentShow.php?Doc_ID=30703 EA @ pages 20,21, 26 and 40. 

18 Of particular note, the SWRCB, referencing WR Order 90-05, stated in WR 92-02 at page 9: The State Water 
Board also has advised the USBR that decisions on water deliveries are subject to the availability of water, and that 
water should not be considered available for delivery if it is needed as carryover to maintain an adequate cold 
water pool for the fishery. SWRCB warned against USBR decisions to maximize water deliveries in the initial years 
of a drought and failing to maintain sufficient carryover storage to protect fisheries and public trust resources. 
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requirements under the Reasonable and Prudent Alternatives.  CVP operations and the exports of 
water pursuant to this interim contract have consistently violated the Coordinated Operation Act 
of 1986 requiring adherence to Delta Water Quality Standards contained in D-1485 and 
subsequent water quality standards. 
 
B. Indian Trust Assets.  The Yurok and Hoopa Tribe’s fishing and associated water rights in the 
Trinity River are Indian Trust Assets. Without data or analysis, Reclamation claims there will be 
no physical changes to existing facilities, no new facilities, and that continued delivery of CVP 
water to the contractors listed under the interim renewal contract will not affect any Indian Trust 
Assets.  As the Hoopa Tribe commented as far back as 2010, the CVP water diversions to 
Westlands and other west side San Luis Unit, significantly impact their Indian Trust Assets:  
 
"..It is irrelevant to the environmental review that the Tribe’s reservation is not in the vicinity of 
the Proposed Action Area. The water to which the Tribe has a right and whose use is essential to 
its fishery resources is being delivered and will continue to be delivered pursuant to the proposed 
federal action from the vicinity of the reservation to the contractors’ area by CVP facilities that 
divert water from the Tribe’s watershed." 19 
 
C.  Water transfers, exchanges, and non-project water diverted from various watersheds, 
rivers, and the S.F. Bay-Delta Estuary. These diversions and downstream impacts are major. In 
2015 alone, more than 533,000 AF was diverted to Westlands.  Impacts from these diversions 
were not analyzed in the EA.   The majority of the water diverted came at the expense of flows, 
water quality, and temperatures in the American River, the Yuba River, and the Delta Estuary.  
The impacts to imperiled fisheries facing extinction have been severe, but the EA does not 
analyze these impacts or include new information.20 

                                                           
19 See January 29, 2010 Letter to Rain Healer, USBR from Joseph  Membrino Re Draft Environmental Assessment 
and Finding of No Significant Impact for the San Luis Unit Water Service Interim Renewal Contracts. pg 3. 
 
20  See pages 7& 8 of the EA.  Both the Coordinated Operation Act and Central Valley Project Improvement Act 
place limitations on the operations of  the Central Valley Project to ensure water quality standards are met and fish 
and wildlife resources are protected and restored to specified levels.  On 3 June 2015, The California Sportfishing 
Protection Alliance (CSPA), California Water Impact Network (C-WIN), AquAlliance and Restore the Delta (RTD), 
collectively “Petitioners,” filed a complaint for declaratory and injunctive relief, under the Administrative 
Procedures Act, and a Petition for Writ of Mandate, under California Code of Civil Procedure, in federal District 
Court for the Eastern District of California. Natural production of Sacramento winter-run and spring-run Chinook 
salmon have decline by 98.2 and 99.3%, respectively, and are only at 5.5 and 1.2 percent of doubling levels 
mandated by the Central Valley Project Improvement Act, California Water Code and California Fish & Game 
Code. Toxic algal blooms like Microcystis pose a serious risk to drinking water quality and human health in the 
Delta; these are the type that shut down the water supply for the city of Toledo, Ohio in 2014, and that have caused 
the death of at least three dogs that jumped into northern California's waterways this year. The State predicts that 
toxic algal blooms will get worse in a climate-changed future if we don't take action now to address the problem.  
 
'USBR  is presently violating water quality standards protecting fish & wildlife and agricultural beneficial uses. 
USBR  has failed to comply with the SWRCB 2010 Cease & Desist Order. CSPA additionally alleges that, USBR 
failed to comply with their responsibilities and obligations under the ESA, Public Trust Doctrine and Article X of 
the California Constitution.  Violations of salinity standards at Three-mile Slough and Jersey Point have occurred in 
2015 and are continuing. USBR and DWR are now in violation of WR Order 2010-0002 and the southern Delta 
salinity objectives at Old River Near Tracy, Old River near Middle River and San Joaquin River at Brandt Bridge. 
Further, the Vernalis salinity objective was violated on 5 days in July 2015.  Significant because a key to Delta 
smelt abundance, X2, is determined by the concentration of salinity and not by flow.' 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/docs/tucp/2015/cspa_jennings072215.p
df  
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D.  Retaining the full historic water quantities under the proposed contract without 
analyzing reduction of maximum contract quantities.  Outdated, inaccurate data, and bias, 
renders the Water Needs Assessment insufficient in addressing shortcomings indentified by the 
9th Circuit Court.  The PCFFA case held that Reclamation's previous assessment relied on "stale 
water needs data."  Reclamation once again acts unreasonably and fails to use current data. [See 
Attachment 1 Central Valley Project (CVP) Water Needs Assessments (WNA): Purpose And 
Methodology]: 
 
1. Without data or analysis, the WNA claims that the acreage in Westlands requiring drainage is 

reduced by 2/3 in just over 10 years, going from 298,000 acres in 2006 to just 100,000 acres 
in 2017. No water quality data, depth to shallow groundwater assessment, or monitoring of 
salt and selenium is provided to support this arbitrary conclusion.   The EA mentions the 
Federal Settlement Agreement21, but this is of marginal relevance because the Agreement has 
not been approved by Congress, much less complied with NEPA, the Endangered Species 
Act, the Federal Clean Water Act, nor State of California law as required under Section 8 of 
the Reclamation Reform Act of 1982.22 

 
2. The WNA announces, without data or analysis, that productive acreage in Westlands is 

560,700 acres from 2011 to 2050 and in 2051 shrinks to 460,700 acres.  As mentioned earlier 
for the entire San Luis Unit, Congress specifically authorized only 500,000 acres across all 
districts and three counties.  Even Westlands' recent documents do not inflate eligible CVP 
acreage as much as Reclamation.  Westlands' 2017 Engineer Study23 relying on data from 
1988 to 2016, identifies only 453,466 acres that are eligible for CVP water @ pg 5-2.  The 
figures used in the EA and the WNA appear arbitrary, inflated, and biased in order to justify 
avoiding the accurate Water Needs Assessment ordered by the court.  
 

3. Reclamation references in the EA the 1963 Water Supply Contract with Westlands, which 
includes the following requirement in the contract @ pg 24 : 

 
DRAINAGE STUDIES AND SOLUTIONS [lines 10 to 18 see page 24] To aid in determining 
the source and solution of future potential drainage problems the District shall, in a manner 
satisfactory to the Contracting Officer, initiate and maintain a program of ground-water 
observation in order to delineate shallow water table areas and shall furnish annually to the 
Contracting Officer, during the period of this contract and any renewal thereof, records and 
analyses of such  observations as  they relate to potential drainage problems. The District 

                                                                                                                                                                                           
The U.S. Supreme Court observed that a lowering of quantity or flow could destroy all of the beneficial uses of a 
river, and specifically that “… there is recognition in the Clean Water Act itself that reduced stream flow, i.e., 
diminishment of water quantity, can constitute water pollution.” PUD No. 1 of Jefferson County v. Washington 
Department of Ecology, (1994), 511 U.S. 700, 17. 
 
21 See USBR Drainage Settlement September 15,  2015 with Westlands Water District, April 2017 San Luis 
Agreement and proposed Northerly District Agreements https://www.usbr.gov/mp/wds.html 

22 See Friends of the River letter to Justice, June 24, 2015, Drainage Settlement Fails to Comply with NEPA and 
Endangered Species Act--George Wright FOR Counsel to Stephen M. Macfarlene et. al. adopted here by reference. 
 
23 http://wwd.ca.gov/wp-content/uploads/2017/07/WWD_Engineers_Rpt_revised-7-21-17.compressed.pdf    
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shall construct such drainage works as are necessary to protect the irrigability of lands 
within the District. (emphasis added) 

 
No such data was provided in the EA or Appendices.  Nor is this provision included in the 
proposed contract.  There is no analysis of the polluted ground water being pumped into the 
California Aqueduct despite records showing elevated levels of selenium, arsenic, and boron 
are present.  The DWR monthly monitoring shows levels of concern for selenium in the water 
for fish and wildlife.   The 50 ppb drinking water Se objective in the aqueduct is not 
protective of fish and wildlife resources downstream.  Kern NWR receives their refuge water 
supplies from the California Aqueduct. Endangered species, such as the Buena Vista Lake 
Shrew, are likely to be impacted from cumulative levels of selenium in this source water 
contaminated by Westlands’ groundwater discharges.   The once-a-month water quality 
sampling is insufficient to capture selenium spikes that accumulate downstream, or to assess 
the bio-accumulation in the food chain.24 

  
4. Federal and State law prohibit degradation of the waters of the State and Nation.  Without 

data or analysis, Reclamation has continued to deliver water known to create pollution when 
applied to irrigate these soils, deform fish and wildlife, and create reproductive failure and 
impacts to endangered species.  Continued delivery of water to these soils, as contemplated 
by this contract renewal, will degrade the waters of the State and Nation.  Reclamation has 
promoted treatment solutions that have been going on for more than two decades with 
repeated treatment failures. 
 

5. There is currently an investigation by the Inspector General25 into the failure of the current 
San Luis Unit treatment facility that has relied upon federal funding and a federal contract. 
The Inspector General recently warned of fraud, indicating that "work at the “pilot” drainage 
treatment plant found: “invalid single audits, conflicts of interest with key personnel, a 
general absence of project oversight, and questionable use of a cooperative agreement as the 
legal instrument.” The IG also raised federal fraudulent funding issues, stating:“We also 
question how and why the project grew from a pilot-scale $15 million demonstration and 
research and development plant to a full-size $37 million plant. Further, we have been told 

                                                           
24 Selenium & Arsenic concentrations in the California Aqueduct, downstream of where groundwater has been 
pumped into the canal, have increased markedly in 2015 and in the case of Arsenic are approaching the Maximum 
Contaminant Level for drinking water of 0.010 mg/L. 
See http://www.water.ca.gov/waterdatalibrary/waterquality/station_group/index.cfm 
 

25  One of the primary methods proposed by WWD and other San Luis Unit federal contractors for disposing of 
high-selenium drainage water is to irrigate designated areas of salt tolerant crops with polluted drainage water, as 
has been tested since 2002 as part of the San Joaquin River Quality Improvement Project (SJRIP).  The 2015 
Wildlife Monitoring Report for the SJRIP, however, shows that unacceptably high levels of selenium in avian eggs 
in both the project area and the mitigation area:  “Nearly all analyzed eggs contained at least partially elevated 
selenium concentrations. The geometric mean egg- selenium concentrations on the project site in 2015 were 18.7 
parts per million (ppm) for killdeer and 7.5 ppm for red-winged blackbirds. The geometric mean selenium 
concentration of recurvirostrid eggs from the mitigation site was 11.9 ppm.”  An environmental setting in which 
avian eggs exceed 5 ppm Se is an area of concern and selenium levels in both the project area (drainage water 
irrigation) and the mitigation area exceed this level of concern. These findings show that it is unlikely that this 
management approach will result in adequately controlled contaminant levels and would be a risky experiment 
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that the costs to operate and maintain the plant could outweigh the benefits of the treated 
water produced.” 26  
 
Represented by David Bernhardt et.al., Westlands sued in 2012, claiming the federal 
government had breached a contractual obligation to provide drainage service. But in a ruling 
Jan. 15, 2013, Judge Emily C. Hewitt concluded that Westlands “failed to show that drainage 
service was a bargained-for benefit of any of these contracts” and dismissed the suit.27   
 

6. Federal courts and reclamation law require a drainage plan.  There is no plan.  There is an 
unauthorized settlement agreement, as mentioned in the EA, whereby Reclamation suggests 
implementation would occur in 2051.  Westlands would be required to contain all drainage 
within their district.   As pointed out, this promise is one of a long line of promises broken by 
Westlands, designed to get a contract for water without an effective drainage plan.28    

 
 We conclude that continuing to renew interim water supply contracts, as presently proposed by 
Reclamation, would violate NEPA, the Administrative Procedures Act, Central Valley Project 
Improvement Act, the Reclamation Reform Act and other federal statutes.  We urge Reclamation not to 
renew the interim contracts unless and until there is full compliance with laws and Congressional 
directive.  Using 'stale water needs assessment data' and delivering water outside of the Congressionally 
authorized area under the San Luis Act of 1960, inflates Westlands' water allocation.  The proposed 
"interim water service contract" perpetuates these inflated water export amounts.  These excessive exports 
have significant impact upon the communities from where these excessive amounts of water are exported 
and the environment.  We recommend these contracting flaws be remedied before proceeding with 
renewal.   
 
 Thank you for considering our comments.  Please make sure the undersigned are included in any 
future Reclamation actions with regard to CVP water exports from the San Francisco Bay-Delta Estuary 
and/or the CVP San Luis Unit contractors.  Despite repeated comments many of the undersigned did not 
receive notice of the proposed interim contract renewals and environmental assessment. 
 
      Regards, 

      
Jonas Minton      Noah Oppenheim 
Senior Water Policy Advisor    Executive Director 
Planning and Conservation League   Pacific Coast Federation of Fishermen’s Asso. 
jminton@pcl.org      noah@ifrfish.org

                                                           
26 See  https://www.doioig.gov/sites/doioig.gov/files/ManagementAdvisory_ProposedModification_112717.pdf 

27 “Because (Westlands) failed to show that drainage service was a bargained-for benefit of any of these contracts, 
(Westlands) has not shown that drainage service is a ‘fruit’ of any of the contracts,” she reasoned. 
https://www.courtlistener.com/opinion/816096/westlands-water-district-v-united-states/ 
 
28 Taxpayers in 2002, paid roughly $140 million dollars in a previous settlements to “solve” the drainage problem 
where four families reportedly reaped most of the financial gains and Westlands got the land and the water.  Also 
see http://www.lloydgcarter.com/content/120329554_how-westlands-was-won-a-two-part-series-part-one 
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Carolee Krieger  
Executive Director  
California Water Impact Network 
caroleekrieger7@gmail.com 

 
Barbara Barrigan-Parrilla 
Executive Director 
Restore the Delta 
Barbara@restorethedelta.org

 

      
Conner Everts       Caleen Sisk 
Executive Director       Chief and Spiritual Leader of the 
Southern California Watershed Alliance     Winnemem Wintu Tribe 
Environmental Water Caucus                    caleenwintu@gmail.com  
connere@gmail.com 

          
Bill Jennings        Barbara Vlamis,  
Chairman Executive Director      Executive Director 
California Sportfishing Protection      AquAlliance 
deltakeep@me.com        barbarav@aqualliance.net  
 

      
Stephen Green           Eric Wesselman 
President                Executive Director 
Save the American River Association            Friends of the River 
gsg444@sbcglobal.net              Eric@friendsoftheriver.org  
 
  

        
John McManus          Larry Collins       
Executive Director            President     
Golden Gate Salmon Association        Crab Boat Owners Association  
john@goldengatesalmon.org         papaduck8@gmail.com 
 
 
Jacky Douglas         Frank Egger       
Captain Wacky Jacky         President         
Board of Directors        North Coast Rivers Alliance    
Golden Gate Fishermen's Association       fegger@pacbell.net 
ladyfisher33@gmail.com          
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Attachments: 
1.  Solar Industrial Map Westlands Water District Solar Development  March 16, 2016, Source: 
http://docketpublic.energy.ca.gov/PublicDocuments/15-RETI 
02/TN210903_20160330T140735_Daniel_Kim_Comments_WSP_comments_to_RETI_20_plenary_group_meeti.p
df 
 
2.  Westlands' Map of Retired Lands 2008 
 
3.  San Luis Service Area Map Authorized by Congress from the 1956 Feasibility Study-- Plate I 
Central Valley West San Joaquin Project -Ultimate Plan Div . San Luis Unit-Calif. Service Area 805-208-
14. pg 36. 
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Westlands Water District
and Solar Developments

February 2016
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Lands Non-Solar
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Westlands Water
District Boundary
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 WESTLANDS WATER DISTRICT
3130 N. FRESNO ST.

FRESNO, CALIFORNIA 93703
559.224.1523  FAX 559.241.6277

Solar ID Solar Development Company Capacity

1 Adams East Recurrent Energy 19 MW
2 Cantua Solar Station PG&E 20 MW
3 Citizen Solar B Citizen Solar B LLC 5 MW
4 Citizen Solar E Citizen Solar B LLC 5 MW
5 Fivepoints Solar Station PG&E 15 MW
6 Giffen Solar Station PG&E 10 MW
7 Huron Solar Station PG&E 20 MW
8 Kent South Kent South 20 MW
9 Mustang LLC Mustang LLC 160 MW

10 North Light First Solar 60 MW
11 Sano Farms 0.5 MW*
12 Stroud Solar Station PG&E 20 MW
13 Tranquill ity Recurrent Energy 200 MW
14 West Gates Solar Station PG&E 10 MW
15 Westside Solar Farms, LLC Boyce Land Company 19.7 MW
16 Westside Solar Station PG&E 15 MW
17 Woolf Family 0.7 MW*

600 MW

18 Aspiration Solar LLC Phase 1 Equinox Solar LLC/Silverado Power 9 MW
19 Aspiration Solar LLC Phase 2 Equinox Solar LLC/Silverado Power 9 MW*
20 Citizen Solar F Citizen Solar B LLC/SPower 60 MW
21 Gridtide Gridtide 4 MW
22 Little Bear 1 First Solar 20 MW
23 Little Bear 2 First Solar 20 MW
24 Little Bear 3 First Solar 20 MW
25 Little Bear 4 First Solar 20 MW
26 Patriot Solar LLC Phase 1 Equinox Solar LLC/Silverado Power 40 MW
27 Patriot Solar LLC Phase 2 Equinox Solar LLC/Silverado Power 40 MW*
28 Scarlett Recurrent Energy 425 MW*
29 SunPower SunPower 120 MW*
30 Tranquill ity 2 Recurrent Energy 15 MW
31 Tranquill ity 3 Recurrent Energy 15 MW
32 Tranquill ity 4 Recurrent Energy 35 MW
33 Tranquill ity 5 Recurrent Energy 40 MW
34 Tranquill ity 6 Recurrent Energy 35 MW
35 Tranquill ity 7 Recurrent Energy 20 MW
36 Tranquill ity 8 Recurrent Energy 40 MW
37 Westlands Solar Park, LLC Westside Holdings 2,400 MW
38 GWF GWF 125 MW
39 Orion Orion LLC 20 MW
40 Westside Assets Westside Assets 22 MW
41 Whitney Point Solar Whitney Point Solar LLC 40 MW

3,594 MW

42 WWD Owned Lands 6,500 MW

Projects on Ground

Planned Development

Potential Solar Developments

*Estimated capacity determined by lot acres.

Total

Total
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Map of retired lands in Westlands Water District Source:  Westside Resource Conservation 
District 

 

Map of 77,130 acres of retired land in Westlands Water District, including 33, 864 acres from the Sumner 
Peck settlement, 3,100 acres from the Britz settlement, 38022 acres acquired by Westlands as part of the 
Sagouspe settlement, and 2,144 acres retired through the CVPIA land retirement program 
From S.E. Phillips, Draft Environmental Baseline of the San Luis Unit, Fresno, Kings, and Merced 
Counties. 



Aquired under Britz/Peck Settlement (36,000 acres)
District owned Sagouspe Settlement (~44,000 acres as of 2/14/08)
200,000 acre land retirement boundary
District-acquired Broadview Water District (9,300 acres)

Westlands Water District boundary
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19 August 2019 
 
Michael Hendrick 
U.S. Bureau of Reclamation 
mhendrick@usbr.gov 
 
Subject:  Comment Letter – Delta Smelt Fall Habitat Action in 2019 
 
Dear Mr. Hendrick: 
 
The California Sportfishing Protection Alliance, California Water Impact Network and 
AquAlliance (collectively, CSPA et al.) have reviewed the relevant documents and respectively 
submit the following comments on the U.S. Bureau of Reclamation’s (USBR) Proposed Fall 
Habitat Action for Delta smelt habitat in Water Year 2019 (Proposed Action).  Incorporated into 
this submission are the comments of CSPA fisheries consultant Tom Cannon, attached as Fall 
X2 Effects Analysis and EA Fall Habitat Action and Fall X2 EA (with appendix charts). 
 
The Environmental Assessment (EA) of the Delta Smelt Fall Action in 2019 and Effects 
Analysis for the Delta Smelt Fall Habitat Action in 2019 (Effects Analysis) are little more than 
an omelet of distortion and half-truth crafted to support a predetermined conclusion.  As such, 
they fail to meet NEPA requirements for fair disclosure and objectivity.  The need for the 
Proposed Action is not justified.  California has experienced its second wet year in the past three 
and the state’s major reservoir storage is significantly above historical average. 
http://cdec.water.ca.gov/resapp/RescondMain 
  
The affected area is seriously degraded and habitat to an increasing number of species listed as 
endangered, threatened or special concern pursuant to state and federal endangered species 
statues.  These include: Delta smelt (Hypomesus transpacificus), state endangered, federal 
threatened; Longfin smelt (Spirinchus thaleichthys), state threatened federal candidate; Central 
Valley steelhead (Oncorhynchus mykiss), federal threatened; Sacramento winter-run Chinook 
salmon (Oncorhynchus tshawytscha), state endangered, federal endangered; Central Valley 
spring-run Chinook salmon (Oncorhynchus tshawytscha), state threatened, federal threatened; 
Central Valley fall/late-fall-run Chinook salmon (Oncorhynchus tshawytscha), federal species of 
concern, state species of special concern; Southern DPS green sturgeon (Acipenser medirostris), 
federal threatened, candidate for federal endangered; Sacramento splittail (Pogonichthys 
macrolepedotus), state species of special concern; Pacific lamprey (Entosphenus tridentate), 
federal species of concern and river lamprey (Lampetra ayresi), state species of special concern. 
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The Effects Analysis acknowledges that the California Department of Fish and Wildlife’s 
(CDFW) Delta smelt survey indices have been dismal.  The 2018 20-mm survey index was 
incalculable due to low catch; the Summer Townet Survey index for 2017 was 0.2, the third 
lowest on record following two years in which the index was zero; the FMWT 2018 index was 
zero; and the 2019 Spring Kodiak Trawl index was 0.4, the lowest index on record. Effects 
Analysis, p. 7.  While the Effects Analysis admits that Delta smelt are at particular risk, it fails to 
describe the magnitude of the decline or the fact that numerous additional species are also at risk 
and in serious decline.   
 
For example, the California Department of Fish and Wildlife’s (CDFW) Fall Midwater Trawl 
(FMWT) indices establishes that, between 1967-1971 and 2014-2018, populations of striped 
bass, Delta smelt, longfin smelt, American shad, splittail and threadfin shad have declined 98.5, 
99.4, 99.9, 52.6, 98.6 and 93.3 percent, respectively. CDFW Monthly Abundance Indices, 
http://www.dfg.ca.gov/delta/data/fmwt/indices.asp.  While Delta smelt are particularly at risk, 
having lost more than 99% of its historical population, other species in the project area are also at 
high risk.  These include striped bass, longfin smelt and splittail.  Additionally, Bay species that 
benefit from higher Delta outflow are ignored in the EA and Effects Analysis. 
 
Under the pretense of adaptive management, the Environmental Assessment’s (EA) proposed 
alternative would store or export water by reducing Delta outflow in September and October and 
move the Low Salinity Zone (LSZ) eastward from 74 km to 80 km west of the Golden Gate.  
Delta outflow in September and October would be reduced by approximately 32% and 17%, 
respectively.  EA, p. 22. 
 
The EA only analyzed the impacts of the project on Delta smelt, Central Valley spring-run 
Chinook salmon, Sacramento River winter-run Chinook salmon and Central Valley steelhead.  It 
ignored impacts to federal candidate species and species of concern, as well as all state listed 
species and pelagic species that have experienced dramatic population declines but are not yet 
listed.  Nor did the EA evaluate impacts to Central Valley fall-run Chinook salmon despite 
September/October being peak months for migration.  The action would adversely affect adults 
and subsequent reproductive success.  These omissions, alone, render the document as seriously 
inadequate for purposes of evaluating the Proposed Action’s impacts on the environment. 
 
The EA states, with respect to Delta smelt; “The Proposed Action would adversely affect Delta 
Smelt critical habitat, specifically river flow affecting the extent and salinity influencing the location 
and extent of the LSZ (DS-PCE4).” EA, p. 33.  The EA admits that the Proposed Action would 
adversely affect Delta Smelt critical habitat. 
 
The EA also states, “An X2 location of 80 km would be approximately 21% less LSZ area than 74 
km” and “Compared to 74 km, an X2 of 80 km would give an approximately 27% lower abiotic 
habitat index.” EA, p. 34.  The EA acknowledges that the Proposed Action would significantly 
reduce available habitat. 
 
The EA further states, “The Proposed Action would adversely affect Delta Smelt critical habitat, 
specifically river flow affecting the extent and salinity influencing the location and extent of the LSZ. 
Therefore, the Proposed Action could affect the critical habitat currently being occupied by a large 
proportion of the Delta Smelt population by reducing the area of the LSZ, and its overlap with areas 
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of relatively high turbidity and low current speed.” EA, p. 36.  The EA concedes that the Proposed 
Project would adversely affect Delta Smelt critical habitat and could affect a large percentage of the 
population by reducing the area of the LSZ. 
 
The EA further observes, “As described above, the Proposed Action compared to the No Action 
Alternative would temporarily affect Delta outflow which could reduce adult migration cues into the 
Delta and potentially delay subsequent movement upstream.” EA, p. 36.  The EA concedes that the 
Proposed Action would reduce adult migration cues and potentially delay upstream movement.  
 
The EA states that the FLaSH conceptual model suggests that Delta Smelt habitat should include 
temperatures below 23ºC (73.4ºF). EA, p. 17.  It suggests that “Based on results presented as part 
of the Delta Smelt Fall Outflow Environmental Assessment in 2017 (Reclamation 2017), 
available CDEC data suggests Fall X2 has little potential influence on mean water temperature in 
September, October, or November at various Delta stations.” EA, p. 24.  However, the EA is 
highly misleading, as it fails to address whether moving X2 eastward would place Delta smelt in 
areas where higher temperature would be detrimental. 
 
The Effects Analysis for the Delta Smelt Fall Habitat Action in 2019 (Effects Analysis) 
observes, “In 2017, a Fall X2 adaptive management action was implemented. The results of the 
2017 monitoring program were evaluated in the IEP”s 2019 draft FLOAT-MAST, which 
concluded that summer water temperatures were a major factor in the condition of Delta Smelt in 
2017, stating at p. 102: Given the long periods in July and August >22ºC we are confident that 
water temperature had a major negative effect on Delta Smelt in 2017 and is likely a primary 
factor in the lack of response of the Delta Smelt population to the high flows.” The Effects 
Analysis further states, “Reclamation’s draft synthesis of results of the 2017 habitat action are 
consistent with the draft results from the FLOAT-MAST, finding at p. 342 that: Preliminary 
evidence suggests that water temperature, especially in the land regions of the study area, 
approached or passed levels (>22-23ºC) where physiological stress has been shown to occur 
(Komoroske et al. 2015) and was primarily responsible for the mortality.”  Effects Analysis, p. 3.  
Note: 22-23ºC is equivalent to 71.6-73.4ºF.  
  
The Effects Analysis further states, “As has been the observed in the recent wet years of 2006, 
2011 and 2017, water temperatures are expected to be a significant factor impacting smelt habitat 
in 2019. Water temperatures had been relatively cool through June 2019 but, in July 
temperatures appear to be increasing compared to 2018 edging closer to 2017.” Effects Analysis, 
p. 71.  Data from AccuWeather demonstrates that temperatures from August 4 to August 18 
2019 were significantly greater than temperatures during the same period in 2018 and forecasts 
are for significantly higher temperatures in the remaining days of the month.  
https://www.accuweather.com/en/us/stockton-ca/95202/month/327149?monyr=8/01/2019   
Moreover, NOAA’s National Weather Service Climate Prediction Center’s 15 August 2019 one-
month and three-month forecasts predict that California temperatures have a 40-50% probability 
of being higher than average in September through November 2019.  
https://www.cpc.ncep.noaa.gov/products/predictions/long_range/seasonal.php?lead=1  The 
discussion regarding temperature in the Effects Analysis is out of date and misleading.   
 
The Effects Analysis claims, “The water temperatures in the western Delta and Suisun Marsh are 
not expected to be affected by the proposed fall X2 operations.  Effects Analysis, p. 17.  
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However, the Proposed Action would significantly reduce outflow and flow can have a 
substantial effect on temperature.  For example, between August 10 and 17, 2019 Delta outflow 
was reduced from about 18,000 cfs to approximately 10,000 cfs.  Temperatures at Mallard 
Island, Collinsville, Antioch and Emmaton significantly increased during the same period to 
levels (>75-77ºF) identified in the literature as harmful to Delta smelt.  

 

 
Delta Outflow, CDEC, Retrieved 18 August 2019 
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Mallard Island Temperature, CDEC, Retrieved 18 August 2019 
 

 
Collinsville Temperature, CDEC, Retrieved 18 August 2019 

 

 
Antioch Temperature, CDEC, Retrieved 18 August 2019 
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Emmaton Temperature, CDEC, Retrieved 18 August 2019 

 
There is no defensible and reasonable rationale for reducing Delta outflow and moving X2 
eastward from 74 km to 80 km thereby reducing habitat area and suitability for Delta smelt and 
potentially exposing them to stressful/lethal temperatures: especially as Delta smelt are an 
endangered species clinging to existence by a thread.  Nor is there a defensible rationale for 
reducing salmonid adult migration cues and delaying subsequent movement upstream.   
 
Given the precarious status of the Delta’s pelagic and salmonid species, the fact that 2018 was 
the second wet year in the past three and the state’s major reservoirs are significantly above 
historic storage averages, the Proposed Action is unneeded, reckless and irresponsible.  Prudence 
and common sense dictate that benefit of doubt must be accorded to species listed pursuant to 
state and federal endangered species acts.  The Proposed Action must be abandoned and Fall X2 
must proceed as envisioned in the BiOp.  Thank you for the opportunity to comment on the Delta 
Smelt Fall Habitat Action in 2019. 
 

 
Bill Jennings 
Executive Director 
California Sportfishing Protection Alliance 
 

 
Chris Shutes 
Water Rights Advocate, FERC Project Director 
California Sportfishing Protection Alliance 
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Michael B. Jackson 
Attorney Representing CSPA et al. 
 
Attachments: Cannon, Fall X2 Effects Analysis 
 Cannon, EA Fall Habitat Action 
 Cannon, Fall X2 EA Appendix 
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Introduction 
This report documents the drilling, construction, and aquifer testing of the Glenn-Colusa 

Irrigation District’s (GCID) test-production well (State Well Number: 22N02W02J001M) 
installed near the GCID main pump station facility north of Hamilton City, California. The 
three-year project started with the drilling and installation of the test-production well in 
November, 2005, and concluded with a 28-day constant-discharge aquifer test in 2007. This 
report also summarizes the installation and construction of a quadruple-completion observation 
well (State Well Numbers: 22N02W01N001M through 22N02W01N004M) which was installed 
about 1,580 feet to the south of the test-production well. Figure 1 shows the location of the 
pump station, test-production well, and the observation well, adjacent to County Road 203 in 
Glenn County. Over-sight and technical support for these activities were provided by the 
California Department of Water Resources (DWR) personnel. 

The purpose of this project was to further characterize the lower aquifer system and 
provide recommendations for future investigations. The project consisted of analyzing geologic 
cuttings and geophysical surveys from the test-hole drilling, designing and constructing the test-
production well and nearby multi-completion observation well appropriately for lower aquifer 
testing, performance testing the test-production well design, and characterizing the aquifer 
properties by conducting a 28-day constant-discharge aquifer test. In addition, the GCID test-
production well and the nearby quadruple-completion observation well were monitored for 
water quality. Also, groundwater levels were monitored in surrounding wells for potential 
impacts. Aquifer testing and baseline data collection programs such as this are important to 
further understand the Sacramento Valley aquifer systems and to identify the potential for 
integrated regional water management.  

This report is presented in three parts: a summary of the well drilling and construction, a 
description of the hydrogeologic formations that were encountered during drilling, and a 
presentation of the results from well and aquifer testing.  

Data collected as part of this project are provided in the appendices:  
• Appendix A contains the lithology logs, the geophysical logs, and the as-built drawings 

for the test-production well, 22N02W02J001M and the nearby quadruple-completion 
observation wells, 22N02W01N001M through 22N02W01N004M,  

• Appendix B contains the data analyses associated with the well and aquifer testing, 
• Appendix C includes the groundwater level hydrographs of the above-mentioned wells, as 

well as additional wells that were monitored during aquifer testing, and 
• Appendix D contains the water quality test results from samples that were taken during 

testing from the test-production well, 22N02W02J001M, and the nearby quadruple-
completion observation wells, 22N02W01N001M through 22N02W01N004M. 
 



Glenn-Colusa Irrigation District Test-Production Well Installation and Aquifer Testing 

 

 2 

Figure 1. Location of the GCID main pump station, test-production well, and quadruple-
completion observation wells. 
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Scope of Work 
This project consisted of three main phases: 
1. Designing, drilling, constructing, and pump testing the test-production well; pump 

testing included a 12-hour step-drawdown test and a 24-hour constant-discharge 
aquifer test (2005) 

2. Designing, drilling, and constructing the quadruple-completion observation well 
(2006)  

3. Performing a 28-day constant-discharge aquifer test, collecting groundwater level 
measurements, and collecting water quality samples (2007) 

A preliminary small-diameter test-hole for the test-production well was drilled to a depth 
of 1,500 feet, in November 2005. Lithologic cutting samples were collected and logged during 
test-hole drilling, and a geophysical log was run in the borehole upon completion. Based on the 
test-hole cuttings and geophysical data, the test-production well was designed to isolate 
production within the lower portion of the aquifer system and to minimize drawdown impacts 
within the upper aquifer systems. A larger diameter borehole was then reamed out to a depth of 
1,380 feet and the test-production well was constructed, as shown in Appendix A, Figure A-1. 
After the test-production well was constructed, a temporary pump was installed, and two tests 
were performed: 12-hour step-drawdown test and a 24-hour constant-discharge aquifer test. 
Data collected during these tests were used for finalizing the pump design and for estimating 
preliminary aquifer parameters. 

In March 2006, a quadruple-completion observation well was drilled to a depth of 
1,100 feet, as shown in Appendix A, Figure A-2. It was designed and constructed to monitor 
changes in groundwater levels in four different aquifer zones, the lowest of which was screened 
across the same aquifer-bearing sediments as the test-production well. Lithologic data collected 
during drilling were used to further define the local geology and hydrogeology. In addition, data 
collected from the quadruple-completion observation well during the 28-day constant-discharge 
aquifer test were used to calculate hydrogeologic parameters. 

A 28-day constant-discharge aquifer test was performed in 2007 to better estimate the 
local hydrogeologic characteristics of the lower aquifer system. Groundwater level data were 
collected from the test-production well and the quadruple-completion observation well before, 
during, and after testing. The groundwater level data from both wells were used to estimate 
hydrogeologic characteristics; in addition, groundwater level data from the quadruple-
completion observation well were analyzed for changes in groundwater levels due to operation 
of the test-production well. Groundwater levels were also measured in surrounding wells to 
estimate potential groundwater level impacts from the pumping well. The groundwater levels 
were measured periodically by manual measurement, and most were measured continuously by 
dataloggers installed in the wells. Groundwater samples were also taken from the test-
production well and the quadruple-completion observation well to monitor water quality 
changes during testing, as well.  

The data collected before, during and after testing are available through DWR’s Water 
Data Library website at: http://www.wdl.water.ca.gov. Groundwater level data that are collected 
manually can be accessed using the Groundwater Data link. Groundwater level hydrographs 
and associated data can then be accessed through either the Form or the Map Interface link 
and can be exported using the Data Download link. Measurements from the dataloggers can be 
accessed and exported using the Continuous Groundwater Level Data link. Water quality 
data is available through the Water Quality Data link, and the Form or the Map Interface 
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link can be used to view and download data. Groundwater level and water quality data are 
identified by the State Well Number assigned to the well, as described in the following 
paragraph. 

State Well Numbers (SWN), which are assigned by DWR, are used to identify the wells 
monitored in this study. The SWN identifies each well by its location according to the township, 
range, section, lot, sequence, and meridian used in the Public Land Survey System. For 
instance, the test-production well has been assigned a SWN of 22N02W02J001M, which 
corresponds to Township 22 North, Range 02 West, Section 2, Lot J, Sequence 001, Mt. Diablo 
Meridian, as shown in Figure 2. 

Figure 2. State well numbering system 
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Results 
Drilling and Well Installation 

Test-Production Well 
In November 2005, an 8-inch diameter test hole was drilled to a depth of 1,500 feet below 

ground surface (ft-bgs) by Eaton Drilling Company, Inc., of Woodland, CA. DWR geologists 
provided oversight for the well drilling and construction operations. Lithologic cutting samples 
were taken and logged at 10-foot intervals. A downhole geophysical survey was conducted to 
confirm the lithology (description and classification of rock) of the cuttings at the test-
production well site and to delineate the thickness and depth of the water-bearing aquifer zones. 
A sieve analysis was performed on selected aquifer zone samples to determine the screen and 
gravel pack size.  

The test-production well was designed to facilitate testing of the lower aquifer system and 
to minimize or avoid groundwater drawdown-related impacts to nearby domestic and irrigation 
wells. A search of the Northern District Well Completion Report database showed that the 
majority of production wells within about a 10-mile radius are screened-in aquifer zones above 
700 ft-bgs. The final design of the test-production well restricted production to aquifer zones 
deeper than 700 ft-bgs to avoid impacts to the surrounding wells. 

Eaton Drilling Company, Inc. drilled the test-production borehole in December 2005. The 
8-inch diameter test hole was enlarged to a 36-inch diameter hole to a depth of 350 ft-bgs, and 
from 350 ft-bgs to the total depth of 1,380 ft-bgs, the borehole was enlarged to a diameter of 
32 inches. The larger diameter of the upper hole was designed to accommodate the potential 
need for a 24-inch pump chamber. The test-production well was constructed using 24-inch 
Roscoe Moss, non-copper bearing, blank steel casing to 350 ft-bgs and 20-inch Roscoe Moss, 
copper-bearing, blank steel casing to 800 ft-bgs. The production section of the well was 
constructed using 420-feet of Roscoe Moss high-strength, low alloy, Ful-Flow screen from 
800 to 1,300 ft-bgs, with blank casing intervals placed at 820 to 840 ft-bgs, 870 to 900 ft-bgs, 
1,240 to 1,270 ft-bgs, and 1,300 to 1,320 ft-bgs.  

The gravel pack interval consisted of SRI #8 graded sand placed from 776 to 1,380 ft-bgs. 
A 10-foot bentonite chip seal was placed directly above the gravel pack, followed by gravel fill 
and then a sand-cement sanitary seal from 52 ft-bgs to ground surface. The test-production well 
was developed by Roadrunner Drilling of Woodland, CA, after the well construction was 
completed by using surging and suctioning methods. Well development and surge blocking are 
mechanical processes used to clean out a well after drilling and construction has taken place. 
The well was developed in 2-foot sections of screen over the entire 420-foot length until the 
discharge of water from each section flowed clear. The SWN for the test-production well is 
22N02W02J001M. Appendix A, Figure A-1 shows the as-built drawing for the test-production 
well, along with the lithologic and geophysical logs.  

Quadruple-Completion Observation Well 
A quadruple-completion observation well (SWNs 22N02W01N001M through 

22N02W01N004M) was drilled and constructed by Eaton Drilling Company, Inc., in March 
2006. This quadruple-completion observation well is located about 1,580 feet south of the test-
production well. A quadruple-completion monitoring well is a single borehole that has four 
solitary completions, or individual wells, constructed in it; each completion is constructed so 
that groundwater levels in an isolated aquifer zone can be measured. 
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Table 1. Quadruple-completion observation well information 
State Well Number Zone Screened interval 

22N02W01N001M Deep 813 ft-bgs to 823 ft-bgs and 1,040 ft-bgs to 1,050 ft-bgs 
22N02W01N002M Lower-intermediate zone 699 ft-bgs to 709 ft-bgs 
22N02W01N003M Upper-intermediate zone 209 ft-bgs to 219 ft-bgs and 358 ft-bgs to 368 ft-bgs 
22N02W01N004M Shallow 71 ft-bgs to 81 ft-bgs 

In this case, a single borehole was drilled to a total depth of 1,100 ft-bgs. The first part of 
the borehole was drilled from the ground surface to 718 ft-bgs with a 14-inch diameter drill bit. 
The drillers then changed drill bits and continued to drill a smaller 8.5 inch diameter borehole 
from 718 ft-bgs to 1,100 ft-bgs. The wider diameter borehole was drilled to accommodate the 
lower-intermediate, upper-intermediate, and shallow wells which were designed to monitor 
possible groundwater impacts to surrounding surface water systems and domestic and irrigation 
wells. The lower, smaller diameter borehole was drilled to house the deepest well which was 
designed to monitor impacts directly attributed to pumping the test-production well. Each well 
was constructed using 2.5-inch Schedule 80 PVC blank pipe and screen. A gravel pack was 
placed across the screened interval and bentonite chips were placed above and below the gravel 
pack to seal off and isolate the individual wells. Table 1 shows the State Well Number, aquifer 
zone, and screened interval for each of the well completions. 

The quadruple-completion observation wells were developed after well construction was 
completed by Roadrunner Drilling, of Woodland, CA. Each well was surge-blocked over their 
respective screened intervals until discharge of water flowed clear. Well development and surge 
blocking are mechanical processes used to clean out the wells after drilling and construction has 
taken place. 

The as-built drawing illustrating the lithology descriptions, geophysical log and  
well construction for the quadruple-completion observation well is shown in Appendix A, 
Figure A-2. 

Hydrogeology of the Region 
Three main aquifer-bearing geologic formations were logged in the test-production and 

observation boreholes: the Tuscan Formation, the Tehama Formation, and the Stony Creek Fan 
alluvium. Domestic, irrigation, and observation wells in the area are screened in one or more of 
these zones. The fresh-to-brackish Upper Princeton Valley fill underlies the Tuscan and Tehama 
formations in the study area. Figure 3 shows the surface and approximate subsurface extent of 
the Tuscan Formation, the Tehama Formation, and the Stony Creek Fan alluvium in the 
Sacramento Valley. 
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Figure 3. Surface and subsurface extent of the Tuscan Formation,  
the Tehama Formation, and the Stony Creek Fan alluvium  
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Upper Princeton Valley Fill 
The older Miocene-age Upper Princeton Valley fill is not exposed at the surface and is 

only encountered in drill holes underlying the Tuscan and Tehama formations in the 
Sacramento Valley. It consists of non-marine fluvial sediments composed mostly of sandstone, 
but includes frequent interbeds of pelite and occasional conglomerate and conglomeratic 
sandstone. Water contained within the Upper Princeton Valley fill ranges from fresh to 
brackish.  

Tuscan Formation  
The Pliocene-age Tuscan Formation is exposed in the Cascade Range and along the 

eastern side of the Sacramento Valley from about Oroville to Redding. It extends below the 
surface west of the Sacramento River, where it is encountered in bore holes from about 200 ft-
bgs to about 1,300 ft-bgs. The source area for the Tuscan Formation is the Cascade Range; 
sediments are composed of unconsolidated volcanic sand and gravel, as well as consolidated 
lahar material. Over time, ancient streams and rivers eroded channels into the lahars and were 
filled with transported and reworked volcanic erosional material. Subsequent lahars flowed over 
these areas, providing confining layers for the volcanic sand and gravel deposits. The majority 
of wells on the east side of the Sacramento Valley are screened in, and derive their water from, 
these confined, channelized aquifer zones.  

Tehama Formation  
The Tehama Formation is exposed on the west side of the Sacramento Valley, from 

Redding south to Vacaville, and east to the Sacramento River. Pliocene-age metamorphic sand, 
gravel, sandstone, and clay make up the sediments of the formation. The Tehama Formation 
consists of sediments that eroded and were transported from the Coast Range and Klamath 
Mountains to the west and north. These coarse- and fine-grained sediments were transported 
and deposited mainly by water during respective wet and mild climatic cycles. As such, gravel 
and sand lenses are generally discontinuous throughout the Tehama Formation and are 
separated by thick layers of clay. Water within these lenses is the primary source of water for 
wells in the western and central portions of the northern Sacramento Valley. 

Interlayering between Tuscan and Tehama Sediments 
Evidence of the interlayering of Tuscan and Tehama Formation sediments has been seen 

in lithologic cuttings from exploratory boreholes drilled in Glenn County as far west as Road P, 
about 8 miles west of the Sacramento River. In general, interlayering of the Tuscan and Tehama 
sediments occurs more frequently near the Sacramento River; to the west, Tuscan sediments 
typically underlie Tehama sediments until the Tuscan is eventually pinched out. Where 
interlayering does occur, there are also zones where Tuscan and Tehama sediments intermix. 
Lithologically, these areas of intermixing make it difficult to label the sediments with one 
formation name or the other. However, the aquifer zones within these areas are usually good 
water producers.  

Stony Creek Fan Alluvium 
The Stony Creek Fan alluvium in Glenn County extends generally from the Glenn-

Tehama County Line in the north to around Road 30 in the south and from the Orland Buttes at 
Black Butte Reservoir east to the Sacramento River. The Quaternary-aged alluvium is 
composed mainly of metamorphic gravel and sand with lenses of clay, indicating a Coast Range 
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source area. Sediments were deposited primarily during flood and storm events. Many domestic 
and shallow irrigation wells pump water from the water-bearing sediments of this unconfined 
aquifer.  

Lithology of the Test-Production Well  
The lithologic log for the test-hole shown in Appendix A, Figure A-1 is a good example of 

the intermixing and interlayering relationship of the Tuscan and Tehama Formation sediments. 
Starting at ground surface, Stony Creek Fan alluvial sediments were logged in the top 100 feet 
of the borehole. Tehama Formation sediments containing metamorphic and sedimentary clasts 
were logged below the Stony Creek Fan alluvium from 100 ft-bgs to 220 ft-bgs. Between 
220 ft-bgs and 320 ft-bgs the lithology change; volcanic sediments were logged along with 
metamorphic sediments, providing evidence of the intermixing of the Tuscan and Tehama 
formations. From 320 ft-bgs to 530 ft-bgs, cuttings indicated that the metamorphic sediments 
were of the Tehama Formation only. Both volcanic and metamorphic sediments were logged 
from the cuttings from 530 ft-bgs to 1,000 ft-bgs, indicating another area of intermixing of the 
Tuscan and Tehama formations. Only Tuscan Formation sediments were logged between 
1,000 ft-bgs and 1,300 ft-bgs. Sediments of the Upper Princeton Valley fill were recorded from 
1,300 ft-bgs to the bottom of the test hole at 1,500 ft-bgs.  

The test-production well is screened from 800 to 820 ft-bgs, from 840 to 870 ft-bgs, from 
900 to 1,240 ft-bgs, and from 1,270 to 1,300 ft-bgs. This means that the upper portion of screen, 
from 800 to 1,000 ft-bgs, is across the intermixing sediments of both the Tehama and Tuscan 
Formations, while the remainder of the screen, from 1,000 to 1,300 ft-bgs, is screened across 
Tuscan sediments only. 

Lithology of the Quadruple-Completion Observation Well  
As mentioned previously, the quadruple-completion observation well was constructed to 

monitor four main aquifer zones: a deep zone, a lower-intermediate zone, an upper-intermediate 
zone, and a shallow zone, as shown on Appendix A, Figure A-2. The deepest zone is screened 
in two areas: across an area of intermixed Tehama and Tuscan sediments from 813 to 823 ft-
bgs, and across an area of Tuscan sediments from 1,040 to 1,050 ft-bgs. The lower-intermediate 
zone is screened from 699 to 709 ft-bgs and is a zone where the Tehama and Tuscan sediments 
intermix. The upper intermediate zone is screened across Tehama Formation sediments that 
have some intermixing of Tuscan sediments, from 209 to 219 ft-bgs and from 358 to 368 ft-bgs. 
The upper zone is screened in the Stony Creek Fan alluvium from 71 to 81 ft-bgs.  

Well and Aquifer Testing 
Three tests were performed on the GCID test-production well: a 12-hour step-drawdown 

test and a 24-hour constant-discharge well and aquifer test were performed in December 2005, 
and a 28-day constant-discharge aquifer test was performed in April and May 2007. The 
purpose of the 12-hour step-drawdown test and the 24-hour constant-discharge well and aquifer 
test was to determine the highest flow rate at which the test-production well could operate 
efficiently and also to determine the appropriate size of motor for the permanent pump. A 
temporary pump capable of operating at 8,000 gallons per minute (gpm) was installed for both 
the 12-hour step-drawdown test and the 24-hour constant-discharge test. After analyzing the 
results from the two short-term tests, a permanent turbine pump capable of pumping 4,000 gpm 
was installed, with the top of the pump bowls set at 280 feet below ground surface. (A turbine 
pump assembly has three main parts: the head assembly, the shaft and column assembly, and 
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the pump bowl assembly. The pump bowl assembly is set below the pumping groundwater level 
and houses the impellers which bring groundwater to the surface). 

Data from the step-drawdown test were also used to calculate the specific capacity of the 
well at differing flow rates, and to determine the well efficiency. In addition, a projected trend 
line of the drawdown over each stepped rate provided a theoretical drawdown of groundwater 
levels over longer specified time periods (for example, 30, 60, and 120 days). Data from the 24-
hour constant-discharge aquifer test were used to monitor the groundwater level decline, or 
drawdown, in the pumping well over a 24-hour period. The data were also used to calculate a 
preliminary estimate of aquifer transmissivity (how well the aquifer produces water) and to 
develop a trend line that would project the theoretical drawdown over a longer pumping period. 
Specific capacity, well efficiency, and aquifer properties were also estimated using the 24-hour 
test data. The 28-day constant-discharge aquifer test was performed to more accurately 
determine the hydrogeologic properties of the underlying aquifer, to measure the influence of 
pumping on surrounding wells, and to estimate a radius of influence. The specific capacity of 
the well was also calculated using the 28-day test data. 

Aquifer parameters such as transmissivity, hydraulic conductivity, storativity, and specific 
storage were calculated using the Jacob Straight-Line method for time-drawdown series data. 
These calculations require the following assumptions: the pumping well fully penetrates the 
aquifer, the aquifer is uniform and homogeneous, laminar flow exists throughout the aquifer, the 
pumping rate is assumed constant throughout testing, and the potentiometric surface has no 
slope. Lithologic samples indicate that the test-production well fully penetrates the lower 
portion of the Tehama and Tuscan aquifer system (see Appendix A, Figure A-1). In addition, 
limitations of hydraulic conductivity estimates are based on the assumption that the saturated 
aquifer thickness is equal to the screened interval of the pumping well, which in this case is 
480 feet. However, because the size and composition of the geologic sediments vary over the 
screened interval, hydraulic conductivity estimates may represent the more productive zones in 
the test-production well. Storativity and specific storage were calculated using data collected 
from the quadruple-completion observation well during operation of the test-production well; 
they can not be calculated from data collected in the pumping well itself. 

The 12-Hour Step-Drawdown Test 
A step-drawdown test was performed in December 2005 using a temporary test pump 

capable of pumping 8,000 gpm. This type of test is performed to evaluate the most efficient 
operating capacity for a well by measuring the groundwater level drawdown in the pumping 
well at varying discharge rates, and calculating the specific capacity (gallons per minute per 
foot of drawdown: gpm/ft-dd) at each discharge rate. For this test, the pump was operated at a 
discharge rate of 1,500 gpm, 3,000 gpm, 4,000 gpm, 5,000 gpm, and 6,000 gpm for 2 hours at 
each rate. The specific capacity of the test production well ranged from a high of 33.6 gpm/ft-dd 
at a flow rate of 1,500 gpm, to a low of 27.2 gpm/ft-dd at a flow rate of 6,000 gpm. Table 2 
summarizes the flow rate, depth to water, drawdown, and specific capacity for each step. 
Appendix B, Figure B-1 graphs the specific capacity versus the discharge data. The graph 
indicates that the specific capacity decreases as discharge increases, and that at flow rates over 
about 3,000 gpm, the difference in specific capacity decreases by about half.  
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Table 2. Results for the 12-hour step-drawdown test  
12-Hour step-drawdown test 

Flow rate 
(gpm) 

Depth to 
water  

(ft) 
Drawdown 

(ft) 

Specific 
capacity 

(gpm/ft-dd) 

Difference in specific 
capacity (gpm/ft-dd) from 
previous flow rate (gpm) 

0 23.4 0.0 N/A N/A 

1500 68.0 44.6 33.6 N/A 

3000 120.2 96.8 31.0 2.6 

4000 157.3 133.9 29.8 1.2 

5000 198.8 175.4 28.5 1.3 

6000 244.1 220.7 27.2 1.3 
 

Appendix B, Figure B-2 shows the measured rate of groundwater level decline for each 
flow rate. Using the measured rate of groundwater level decline, a series of dashed trend lines 
were developed to estimate the projected future decline associated operating the pump at each 
flow rate. The trend lines indicate that at a pumping rate of 1,500 gpm it would take almost two 
years for groundwater levels to drop to 110 ft-bgs (87 ft-dd), and at a rate of 3,000 gpm it would 
take almost two years for groundwater levels to drop to 245 ft-bgs (222 ft-dd). 

However, with increased pumping capacity, the projected long-term groundwater 
pumping levels decline substantially. At 4,000 gpm, the projected groundwater level in the test-
production well drops to the pump bowl setting of 280 feet in about 208 days. At 5,000 gpm, it 
would take about 28 days for the pumping level to drop to 280 feet, and at 6,000 gpm it would 
takes just about a day. Since the pump will not operate if the groundwater level drops below the 
pump bowl setting, these projections are beneficial in determining the appropriate size and 
discharge capacity for the permanent pump. In addition, although the long-term pumping level 
projections are extrapolated based on data from a short test period, they provide a general 
estimate of what might be expected during long-term operation at various production rates.  

The 24-Hour Constant-Discharge Aquifer Test  
The 24-hour constant-discharge aquifer test was initiated within 24 hours of the December 

2005 step-drawdown test, at a pumping rate of 5,000 gpm. Because the nearby quadruple-
completion monitoring well had not yet been installed, groundwater level monitoring was 
conducted only in the test-production well. Appendix B, Figure B-3 is a time-drawdown graph 
that shows the calculated estimates of transmissivity, hydraulic conductivity, and specific 
capacity associated with the 24-hour test. The results indicate a transmissivity of 40,000 gpd/ft 
(gallons per day per foot), suggesting an aquifer yield sufficient for irrigation purposes, and a 
hydraulic conductivity of 82 gpd/ft2 (gallons per day per square foot) which are typical values 
for silty to clean sand. The specific capacity of the pumping well from the 24-hour test was 
22 gpm/ft-dd. This represents a decline of about 25 percent from the 12-hour step-drawdown, 
when the pump was operated at the same speed. Well efficiency was calculated to be 
98.9 percent. A summary of the results from the 24-hour constant-discharge aquifer test is 
shown in Table 3. 
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Table 3. Time-drawdown data for the 24-hour constant-discharge aquifer test  
Time-drawdown data for 

well 22N02W02J001M 

Transmissivity 40,000 gpd/ft 

Storativity n/a 

Hydraulic conductivity 82 gpd/ft2 

Specific storage n/a 

Specific capacity 22 gpm/ft dd 

Well efficiency 98.9% 

n/a: not applicable. Storativity and specific storage can not 
be calculated in a pumping well. 

 
Appendix B, Figure B-4 shows the drawdown and groundwater levels plotted over the 24-

hour test period, along with a trend line projecting how long it might take for groundwater 
levels to drop to the pump bowl setting at 280 ft-bgs. The 24-hour aquifer test data suggests that 
it would take about 63 days at a pumping rate of 5,000 gpm for groundwater levels to drop to 
the pump bowl setting. The difference between the drawdown projections from the 12-hour 
step-drawdown test and the 24-hour constant-discharge aquifer test illustrates the importance of 
longer-term testing, which would allow for pumping level stabilization. The data also indicate 
that a lower discharge rate would be preferable for longer pumping periods. 

The 28-Day Constant-Discharge Aquifer Test  
The 28-day constant-discharge aquifer test was performed to better estimate the 

hydrogeologic properties of the deep aquifer system, evaluate aquifer interconnection, and 
identify possible aquifer boundary conditions. The test was conducted from April 18, 2007, at 
9:30 a.m. to May 16, 2007, at 9:25 a.m. Groundwater level drawdown, flow rate, and discharge 
volumes in the test-production well were recorded throughout the 28-day pumping period. After 
the pumping ended, groundwater levels were recorded throughout the 90-day recovery period to 
monitor how long it takes for groundwater levels to return to the elevation before pumping 
started. 

Groundwater levels were recorded by two methods: manually by water level sounder 
measurement and digitally by continuous datalogger measurement. A datalogger was installed 
in the test-production well and calibrated to the manual groundwater level measurement. The 
datalogger was then programmed to record measurements every minute from the start of the test 
on April 18, 2007, until May 18, 2007, two days after the pump was turned off. At that time, it 
was recalibrated and set to record measurements every ten minutes through May 30, 2007, and 
then recalibrated and set to record measurements every hour until the end of the recovery period 
on August 16, 2007. The static groundwater level prior to the beginning of the test was 15.7 ft-
bgs and the lowest pumping groundwater level at the end of the test was 210.7 ft-bgs, for a 
maximum drawdown of 195.0 feet. 

Groundwater levels were also monitored in 44 observation wells and two production wells 
during the test and recovery period. The wells are located within about a 10-mile radius of the 
test-production well. Groundwater levels were measured in the 46 wells using a water level 
sounder periodically throughout the test and recovery period. Dataloggers were installed in the 
majority of these wells to record hourly groundwater level measurements throughout testing. A 
groundwater level data summary is presented in the section entitled “Groundwater Levels and 
Impacts.”  
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The accuracy of groundwater level measurements varies between recording methods; 
measurements using the water level sounder were recorded to the 1/100th of a foot, while 
calibrated datalogger measurements recorded water level depths to the 1/1,000th of a foot. 
However, recorded measurements have been rounded to the nearest 1/10th of a foot because of 
inaccuracies due to well access, plumbness of the well, and expansion or contraction of water 
level sounder tape due to ambient air temperature, etc. 

The flow rate was regulated by a butterfly valve installed in the discharge pipe that 
conveyed the extracted water approximately 20 feet to the main GCID canal. A McCrometer 
flow meter mounted on the discharge pipe displayed the flow rate in gallons per minute and 
measured the volume of water extracted in acre-feet. The flow rate was read and adjusted three 
times a day if necessary to maintain an average flow rate of 3,500 gpm. The volume of water 
extracted was recorded throughout testing; the total volume of water extracted or discharged 
over the 28-day test period was 428 acre-feet. 

Initially, the pump was scheduled to be operated at 3,000 gpm based on findings from the 
step-drawdown test and the 24-hour constant-discharge aquifer test. A pre-test operation check 
was conducted on April 17, 2007. Adjustments to the anti-siphon valve were made and the 
aquifer was allowed to recover for 24 hours. The 28-day constant-discharge aquifer test started 
at 9:30 a.m. on April 18, 2007, at a pumping rate of 3,000 gpm. Despite the pre-testing pump 
operation check, cavitation1 started to occur through the discharge pipe about 20 minutes after 
the start of the test, most likely due to the butterfly valve being in a ¾-closed position to 
regulate discharge flow. The discharge was then increased in 100 gpm increments until 
cavitation ceased at about 3,500 gpm (10:30 a.m. on April 18, 2007); the pump was operated at 
approximately 3,500 gpm throughout the 28-day test. An exception occurred on April 23, 2007, 
when the pump was off for 50 minutes due to a power outage at 8:50 a.m. Pumping resumed 
immediately upon power being restored at 9:39 a.m. at the previous rate of 3,500 gpm. The data 
summary for the 28-day constant-discharge aquifer test is shown in Table 4. 

Data from ten wells screened in aquifer zones similar to the test-production well, as well 
as data from the test-production well itself, were used to estimate aquifer parameters. 
Observation wells screened in higher aquifer zones were used to estimate potential aquifer 
interaction. Time-drawdown data were used to calculate transmissivity, storativity, hydraulic 
conductivity, and specific storage parameters for the aquifer. Transmissivity and storativity 
values were calculated using the Jacob Straight-Line method for time-drawdown series data. 
Hydraulic conductivity was determined from the transmissivity and saturated thickness of the 
aquifer; specific storage was determined from the storativity and saturated thickness of the 
aquifer. The distance-drawdown data were analyzed to provide estimates of transmissivity and 
storativity, as well as the radius of influence. The data were also used to estimate the specific 
capacity and the projected groundwater level drawdown in the test-production well over time.  

                                                           
1 Cavitation occurs when air bubbles in a liquid rapidly collapse or oscillate in size, producing a shock 
wave or causing turbulent flow within the pipe. Cavitation can pit metal surfaces and quickly cause damage 
to the pump bowls and discharge assembly. 
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Table 4. Data for the 28-day constant-discharge aquifer test 
Test parameters 

Start test: 4/18/2007, 9:30 a.m. 

End test: 5/16/2007, 9:25 a.m. 

Average pumping rate: 3,500 gpm 

Volume pumped: 429 acre-feet 

Static groundwater level: 15.7 ft-bgs 

Lowest pumping groundwater level: 210.7 ft-bgs 

Maximum drawdown: 195.0 ft. 

Table 5. Well data for the 28-day constant-discharge aquifer test  

State Well 
Number Well use 

Total 
depth 

(ft-bgs) 

Top of 
screen 
(ft-bgs) 

Bottom of 
screen 
(ft-bgs) 

Ground 
surface 

elevation 
(ft-msl) 

Distancea 
from 

pumping well
(ft) 

22N02W02J001M Test-Production 1,500 800 1,300 159.0 0 

22N02W01N001M Observation 1,060 813 1,050 159.0 1,580 

22N02W15C002M Observation 880 760 781 189.4 11,620 

22N02W18C001M Observation 1,049 989 1,029 221.0 25,340 

22N02W30H002M Observation 930 850 880 202.0 28,790 

22N03W24E001M Observation 850 800 820 230.5 33,210 

24N02W27G001M Observation 1,000 939 949 180.0 45,940 

21N01W24B001M Observation 1,018 800 820 124.7 57,550 

21N02W33M001M Observation 974 869 890 145.0 60,960 
24N01W04M001M Inactive Irrigation 960 620 920 310.0 65,470 

21N03W34Q002M Observation 1,200 929 959 166.2 70,220 
a. The distance is accurate to within +/- 40 feet. 

 
Table 5 lists the identifying SWN, well use, total depth of the well in ft-bgs, the screened 

interval depth in ft-bgs, the ground surface elevation in feet above mean sea level (ft-msl), and 
the distance in feet (ft) from the test-production well to each observation well. The ground 
surface elevation was determined through a differential level survey and is accurate to the 
nearest 1/10th of a foot. A hand-held Global Positioning Survey (GPS) device that is accurate to 
+/- 20 feet was used to locate the position of each well. The well coordinates were imported into 
Geographical Information Software (GIS) and the distance between the test-production well and 
each observation well location was measured, translating to a distance accuracy of +/-40 feet. 

Transmissivity  
Transmissivity characterizes the ability of an aquifer to produce water. It is defined as the 

rate at which water is transmitted through a unit width of an aquifer under a unit hydraulic 
gradient. It is often expressed in the units of gallons per day per foot (gpd/ft). Typically, 
transmissivity values of less than 1,000 gpd/ft will supply only enough water for domestic wells 
or other low-yield purposes. In wells with transmissivity values greater than 10,000 gpd/ft, the 
production yields are typically sufficient for industrial, municipal, or irrigation use. 

Appendix B, Figures B-5 and B-6 show the time-drawdown analysis of transmissivity 
using the test-production well (22N02W02J001M) and the closest observation well 
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(22N02W01N001M) whose screened interval is across the same aquifer sediments as the test-
production well. Time-drawdown analysis of this data provides transmissivity estimates of 
around 37,000 gpd/ft for the test-production well and 30,000 gpd/ft for the observation well. 
Appendix B, Figure B-7 shows distance-drawdown analysis of transmissivity using data from 
the three nearest observation wells (22N02W01N001M, 22N02W15C002M, and 
22N02W18C001M) at about 40,000 minutes (28 days) into the aquifer test. Transmissivity from 
the distance-drawdown analysis is estimated at about 32,000 gpd/ft. 

Hydraulic Conductivity  
Hydraulic conductivity is the rate at which water can move through a porous medium. It is 

calculated by dividing the transmissivity by the saturated thickness of the aquifer. Estimates of 
hydraulic conductivity were calculated at 75 gpd/ft2 in the test-production well 
22N02W02J001M and 86 gpd/ft2 in observation well 22N02W01N00M, as shown in 
Appendix B, Figures B-5 and B-6. Hydraulic conductivity values in the 70-80 gpd/ft2 range are 
characteristic of the silty sand and clean sand materials that were logged when these two wells 
were drilled; lithology logs for these materials are shown in Appendix A, Figures A-1 and A-2.  

Specific Storage  
Specific storage is the amount of groundwater that can be stored or released from a 

confined aquifer due to the compressibility of the aquifer and the expansion of the groundwater. 
Specific storage is defined in terms of change in storage per unit volume per unit change in 
head. Specific storage values are typically less than 1x10-4/foot. The specific storage for 
observation well 22N02W01N001M was 1.2x10-6/foot (see Appendix B, Figure B-6). 

Storativity  
Storativity is calculated to determine how much groundwater can be stored in or released 

from a confined aquifer. Specifically, it is defined as the volume of water an aquifer releases 
from or takes into storage, per unit surface area per change in head. Storativity is calculated by 
multiplying specific storage by aquifer thickness. The units of storativity cancel out and values 
are reported as dimensionless. In an unconfined aquifer, storativity is equivalent to the specific 
yield or storage coefficient. Values of storativity for a confined aquifer generally range from 
1x10-3 to 1x10-5. Using the time-drawdown data, the storativity for observation well 
22N02W01N001M was about 4x10-4, suggesting that the aquifer is confined. The distance-
drawdown analysis suggests a more highly confined aquifer with a storativity of about 7x10-5 
(see Appendix B, Figures B-6 and B-7).  

Specific Capacity  
Data from the 28-day constant-discharge aquifer test were also used to calculate the 

specific capacity of the well. As mentioned previously, the specific capacity of a well is 
calculated by dividing the discharge rate by the drawdown. The specific capacity of the test-
production well slowly declined throughout aquifer test, dropping from 20.2 gpm/ft-dd at day 1 
to 17.9 gpm/ft-dd at day 28 (end of test). The average specific capacity for the 28-day test was 
18.7 gpm/ft-dd. A graph of the specific capacity over time is shown in Appendix B, Figure B-8. 
A summary of the transmissivity, storativity, hydraulic conductivity, specific storage, and 
specific capacity values is shown in Table 6. 
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Table 6. Results summary for the 28-day constant-discharge aquifer test 
Time-Drawdown Data 

22N02W02J001M (Test-Production Well) 

Transmissivity 36,960 gpd/ft 

Hydraulic Conductivity 75 gpd/ft2 

Specific Storage n/a 

Storativity n/a 

Specific Capacity 17.9 gpm/ft-dd 

    
22N02W01N001M (Observation Well) 

Transmissivity 29,806 gpd/ft 

Hydraulic Conductivity 86 gpd/ft2 

Specific Storage 1.2x10-6/foot  

Storativity 4x10-4 

Specific Capacity n/a 

    
Distance-Drawdown Data 

22N02W01N001M, 22N02W15C002M, 
22N02W18C001M (Observation Wells) 

Transmissivity 31,862 gpd/ft 

Hydraulic Conductivity n/a 

Specific Storage n/a 

Storativity 7.6x10-5 

Specific Capacity n/a 

n/a: not applicable   

Long-Term Projection of Pumping Levels in the Test-Production Well  
Drawdown and groundwater levels from the 28-day constant-discharge aquifer test were 

used to develop a trend line and projection of how groundwater levels might decline if pumping 
continued past the 28-day test period. The graph in Appendix B, Figure B-9 shows the actual 
groundwater level, or depth to water below ground surface, during the 28-day test period, along 
with a trend line projecting groundwater levels out to 694 days (1,000,000 minutes). The 
measured data indicates an initial groundwater pumping level of 138 ft-bgs after 70 minutes of 
pumping and a level of 211 ft-bgs just before the pump was turned off at 28 days. The projected 
trend line estimates that groundwater pumping levels would be 217 ft-bgs at 30 days, 225 ft-bgs 
at 60 days, 235 ft-bgs at 120 days, and 251 ft-bgs at 694 days. Although the projection indicates 
that groundwater levels would still be almost 30 feet above the pump bowl setting at 694 days, 
it is important to understand that these estimates assume no significant change in aquifer 
properties or demand on the lower aquifer system as the radius of pumping influence expands 
over almost two years.  

Radius of Influence  
Two methods were used to determine the radius of influence: by measuring the radius of 

influence and by estimating the radius of influence. In the first method, the groundwater level 
hydrographs of observation wells were analyzed to determine which wells showed a direct 
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response to pumping and recovery. Two wells screened in similar aquifer zones and one well 
screened about 100 feet higher than the top-most screen of the test-production well showed an 
apparent response to pumping and recovery levels during testing. Hydrographs of the three 
wells—22N02W01N001M, 22N02W01N002M and 22N02W15C002M—are shown in 
Appendix C, Figures C-4, C-5, and C-8; these wells are 0.3 miles, 0.3 miles, and 2.2 miles, 
respectively, from the test-production well. The hydrograph of the next farthest observation 
well—22N02W18C001M, which is 4.8 miles from the test-production well—shows no 
observable response to pumping and recovery (Appendix C, Figure C-12), which means it is 
likely that the radius of influence becomes negligible between 2.2 and 4.8 miles from the test-
production well. Groundwater level hydrographs are explained in more detail in the next section 
entitled “Groundwater Levels and Impacts.” 

In the second method, groundwater level drawdown data from observation wells screened 
in similar aquifer zones as the test-production well were plotted against the distance from the 
test-production well to each observation well on a distance-drawdown graph, as shown in 
Appendix C, Figures B-7 and B-10. After analyzing the data on these graphs, the estimated 
radius of influence is about 26,000 feet, or about 5 miles. Theoretically, wells screened in 
similar aquifer zones, and within about a 5-mile radius from the pumping well, would show a 
groundwater level drawdown correlation to the pumping in the test-production well, while wells 
screened in similar zones beyond the 5-mile radius would show no influence from pumping in 
the test-production well.  

Groundwater Levels and Impacts  
Groundwater levels in a well are typically summarized on a hydrograph, which is a 

graphical depiction of groundwater levels in a well over time. The trend of groundwater levels 
on a well hydrograph can show evidence of seasonal variations of inflow and outflow to a well. 
Examples of inflow include recharge from precipitation and surface water irrigation, seepage 
from surface water, and groundwater underflow into the aquifer. Examples of outflow include 
evapotranspiration, seepage to surface water, groundwater underflow away from the aquifer, 
and groundwater pumping.  

For example, many hydrographs show a correlation between seasonal precipitation and 
groundwater levels. This trend is most apparent in areas of groundwater pumping; in areas 
where surface water is available for recharge, the precipitation-groundwater trend is not as 
prominent. The northern Sacramento Valley has a Mediterranean-type climate, which is 
characterized by hot, dry summers and cool, wet winters. The majority of precipitation falls in 
the winter months, while summer months are hot and dry with no significant rainfall. The 
average annual rainfall for the study area is about 21 inches, with 90 percent falling from 
October to April. Typical precipitation from May through September is less than 2 inches. 
Because the study location is an area of groundwater pumping with little surface water recharge 
from irrigation, groundwater level hydrographs of the wells monitored during testing show a 
correlation between lack of precipitation and declining groundwater levels in the late spring and 
summer months. 

Significant amounts of groundwater are extracted for agricultural use from the area 
surrounding the test-production well. On average, groundwater levels decline from March 
through July. Figure 4 is a hydrograph from a nearby dedicated single-completion and triple-
completion monitoring well (located within ten feet of each other). The hydrograph illustrates 
the typical seasonal fluctuation within the shallow, upper-mid, lower-mid, and deep portions of 
the aquifer. The largest fluctuation in groundwater levels typically corresponds to when wells 
pump from the 100- to 500-foot portion of the aquifer system. The seasonal change in shallow 
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wells is generally less and corresponds to fluctuations in Stony Creek and the surrounding 
surface water systems. The deeper portion of the aquifer systems (greater than 600 feet) are 
subject to less demand and typically experience only small seasonal fluctuations in groundwater 
levels. Figure 4 also shows that the typical seasonal decline during the aquifer test monitoring 
period (April through August) is about 11 feet, 50 feet, 56 feet and 16 feet, in the respective 
shallow, upper-mid, lower-mid, and deep aquifer zones. 

In addition to the test-production well, groundwater levels were measured in 46 wells 
within a 10-mile radius of the test-production well. Forty-four of the monitoring wells were 
dedicated observation wells, one was an inactive irrigation well, and one was an active 
irrigation well. The active irrigation well, 21N03W01R003M, was in operation from March 
2007 until September 2007. Ten of the monitoring wells were screened within the same aquifer 
zones as the test-production well, and 36 of the monitoring wells were screened in aquifer zones 
that were shallower than the test-production well. The majority of the wells have dataloggers 
installed in them that record hourly groundwater levels over time. Measurements were taken 
manually in the study wells prior to and throughout the 28-day test and 90-day recovery period. 
Appendix C, Figure C-1 shows the location of the wells monitored during the aquifer test. 
Table 7 summarizes the SWN, well use, screened interval, well depth, distance from the test-
production well, and the ground surface elevation data for each well. 
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Table 7. Observation and production well data: 28-day constant-discharge aquifer test  
Observation and Production Well Data 

State well number Well use 

Total 
depth 

(ft-bgs) 

Top of 
screen 
(ft-bgs) 

Bottom of 
screen  
(ft-bgs) 

Distance from 
pumping well 

(ft) 

Distance from 
pumping well  

(mi) 

Ground 
surface 

elevation 
(ft-msl) 

22N02W02J001M Test-Production 1,500 800 1,300 0 0.0 159.0 
22N02W01N001M Observation 1,060 813 1,050 1,580 0.3 159.0 
22N02W01N002M Observation 730 699 709 1,580 0.3 159.0 
22N02W01N003M Observation 440 210 268 1,580 0.3 159.0 
22N02W01N004M Observation 108 71 81 1,580 0.3 159.0 
22N02W15C002M Observation 880 760 781 11,620 2.2 189.4 
22N02W15C003M Observation 444 370 380 11,620 2.2 189.4 
22N02W15C004M Observation 240 210 220 11,620 2.2 189.4 
22N02W15C005M Observation 90 60 70 11,620 2.2 189.4 
22N02W18C001M Observation 1,049 989 1,029 25,340 4.8 221.0 
22N02W18C002M Observation 455 414 434 25,340 4.8 221.0 
22N02W18C003M Observation 185 165 175 25,340 4.8 221.0 
22N02W18C004M Observation 75 55 65 25,340 4.8 221.0 
22N03W01R001M Observation 490 470 480 26,290 5.0 226.0 
22N03W01R002M Observation 290 270 280 26,290 5.0 226.0 
22N03W01R003M Observation 80 60 70 26,290 5.0 226.0 
22N02W30H002M Observation 930 850 880 28,790 5.5 202.0 
22N02W30H003M Observation 291 130 260 28,790 5.5 202.0 
22N02W30H004M Observation 88 45 70 28,790 5.5 202.0 
21N02W01F001M Observation 578 547 557 31,150 5.9 161.8 
21N02W01F002M Observation 318 297 207 31,150 5.9 161.8 
21N02W01F003M Observation 124 109 119 31,150 5.9 161.8 
21N02W01F004M Observation 75 55 65 31,150 5.9 161.8 
21N02W04G002M Observation 1,200 928 938 33,130 6.3 176.0 
21N02W04G003M Observation 713 674 704 33,130 6.3 176.0 
21N02W04G004M Observation 289 269 279 33,130 6.3 176.0 
21N02W04G005M Observation 77 57 67 33,130 6.3 176.0 
22N03W24E001M Observation 850 800 820 33,210 6.3 230.5 
22N03W24E002M Observation 225 128 178 33,210 6.3 230.5 
22N03W24E003M Observation 81 49 59 33,210 6.3 230.5 
23N01W10M001M Observation 220 90 200 33,990 6.4 185.0 
21N03W01R002M Observation 1,520 235 245 41,890 7.9 199.0 
21N03W01R003M Active Irrigation 1,360 590 1,310 41,890 7.9 199.0 
24N02W29N003M Observation 310 200 210 45,120 8.5 212.5 
24N02W29N004M Observation 730 590 650 45,120 8.5 212.5 
24N02W27G001M Observation 1,000 939 949 45,940 8.7 180.0 
24N02W27G002M Observation 510 495 505 45,940 8.7 180.0 
24N02W27G003M Observation 183 168 178 45,940 8.7 180.0 
24N02W27G004M Observation 74 59 69 45,940 8.7 180.0 
21N01W24B001M Observation 1,018 800 820 57,550 10.9 124.7 
21N02W33M001M Observation 974 869 890 60,960 11.5 145.0 
21N02W33M002M Observation 571 540 550 60,960 11.5 145.0 
21N02W33M003M Observation 171 140 150 60,960 11.5 145.0 
24N01W04M001M Inactive Irrigation 960 620 920 65,470 12.4 310.0 
21N03W34Q002M Observation 1,200 929 959 70,220 13.3 166.2 
21N03W34Q003M Observation 721 620 690 70,220 13.3 166.2 
21N03W34Q004M Observation 108 58 68 70,220 13.3 166.2 
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Groundwater Levels in the Test Production Well. The hydrographs for the test-
production well (22N02W02J001M) are shown in Appendix C, Figures C-2 and C-3. The 
hydrographs show that groundwater levels in the test-production well declined by about 
195 feet over the 28-day aquifer test. The starting groundwater elevation (GWE) on April 18, 
2007, was 146.64 ft-msl, and the ending groundwater elevation just prior to turning off the well 
on May 16, 2007, was -48.34 ft-msl. Groundwater levels in the test-production well recovered 
to about 91 percent of the starting elevation within 15 days of turning off the well, and 
continued a slow recovery to a maximum of 93 percent at day 41. The highest point of recovery 
remained about 13 feet below the starting groundwater level. The majority of the unfulfilled 
recovery is likely attributed to the steady regional decline of groundwater levels in the lower 
aquifer during the test period. A smaller portion of the unfulfilled recovery may be attributed to 
dewatering or depressurizing of the confined aquifer system.  

Groundwater Levels in the Monitoring Wells. The three closest monitoring wells, 
which are screened within the same aquifer interval as the test-production well, are 
22N02W01N001M, 22N02W15C002M, and 22N02W18C001M. Groundwater level data from 
the two closest wells, 22N02W01N001M and 22N02W15C002M, show clear evidence of 
groundwater level drawdown impacts associated with the 28-day aquifer test. Data from the 
third well, 22N02W18C001M, shows no groundwater level drawdown in response to aquifer 
testing. Appendix C, Figure C-2, is a multiple well hydrograph that shows the change in 
groundwater levels for the test-production well (22N02W02J001M) and the observation wells 
(22N02W01N001M, 22N02W15C002M, and 22N02W18C001M) during the aquifer test 
monitoring period. Appendix C, Figures C-4, C-8, and C-12 show detailed individual 
hydrographs for wells 22N02W01N001M, 22N02W15C002M, and 22N02W18C001M. 
Following is a short description of the groundwater level response for these wells.  

Well 22N02W01N001M is in the deepest zone of the quadruple-completion observation 
well that is approximately 1,580 feet from the test-production well. The hydrograph in 
Appendix C, Figure C-4, shows a groundwater level decline of approximately 70 feet over the 
28-day test period, from a GWE of 145 ft-msl at the start of the test to a GWE of 75 ft-msl at 
the end of the test. Groundwater drawdown in the well recovered to about 76 percent of the 
starting elevation within 15 days of turning off the well, and it continued to recover slowly to a 
maximum of 82 percent at day 41. Like the test-production well, the highest point of recovery 
remained about 13 feet below the starting groundwater level. The majority of the unfulfilled 
recovery is likely attributed to the steady decline of groundwater levels in the lower aquifer 
during the test period. A smaller portion of the unfulfilled recovery may be attributed to 
dewatering or depressurizing of the confined aquifer system.  

Well 22N02W15C002M is a single-completion observation well located approximately 
11,610 feet from the test-production well. The hydrograph in Appendix C, Figure C-8 shows a 
groundwater level decline of approximately 20 feet over the 28-day test period, from a GWE of 
140 ft-msl at the start of the test to a GWE of 120 ft-msl at the end of the test. Groundwater 
levels in 22N02W15C002M recovered to about 22 percent of the starting elevation within 
15 days of turning off the well, and continued to recover slowly to a maximum of 37 percent at 
day 41. Like the test-production well and 22N02W01N001M, the highest point of recovery 
remained about 13 feet below the starting groundwater level. The majority of the unfulfilled 
recovery is likely attributed to the steady decline of groundwater levels in the lower aquifer 
during the test period. A smaller portion of the unfulfilled recovery may be attributed to 
dewatering or depressurizing of the confined aquifer system.  

Well 22N02W18C001M is in the deepest zone of a quadruple-completion observation 
well located approximately 25,300 feet (5 miles) from the test production well. The hydrograph 
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in Appendix C, Figure C-12 shows no drawdown of groundwater levels in response to operation 
of the test-production well and no groundwater recovery response at the close of the 28-day 
pumping period. Although the groundwater level data for 22N02W18C001M does show several 
feet of groundwater level decline during the aquifer test, this slow decline appears to be 
consistent with the typical seasonal decline for this area.  

Analysis of the groundwater level response in aquifers shallower than the production well 
was also examined. The monitoring data indicates that only well 22N02W01N002M showed a 
small but definitive change in groundwater levels in response to the 28-day aquifer test. Well 
22N02W01N002M is part of the nested quadruple-completion observation well located about 
1,580 feet from the test-production well. Well 22N02W01N002M is screened from 699 to 
709 ft-bgs in the aquifer zone immediately above the test-production well. The hydrograph in 
Appendix C, Figure C-5 shows a correlation between the decline and recovery of groundwater 
levels in 22N02W01N002M and the start and stop of pump operation in the test-production 
well. Appendix C, Figure C-5 also shows a 25-foot steady decline in groundwater levels, along 
with periodic fluctuations during the 28-day aquifer test period. The periodic fluctuation in 
groundwater levels may be a response to other nearby irrigation wells which also operate within 
the middle portion of the aquifer. The steady decline in groundwater levels may be largely 
attributed to normal seasonal fluctuations within the middle aquifer in this area. The 2007 
spring to summer change in groundwater levels showed declines of 20 to 30 feet for the middle 
portion of the aquifer in this area.  

Individual hydrographs were developed and are presented in Appendix C for the 
remaining 42 aquifer test monitoring wells. The hydrographs are shown in order by distance 
from the test-production well (closest wells first) and SWN. When the groundwater level data 
and hydrographs for the remaining monitoring wells were analyzed, they showed no direct 
relationship between the pumping of 22N02W02J001M and a change in groundwater levels, 
regardless of the screened interval.  

Groundwater fluctuations in these wells are most likely due to seasonal variations or 
nearby pumping of irrigation and domestic wells within the shallow to middle portion of the 
aquifer. In general, most of the hydrographs from wells constructed with top perforations above 
500 feet (shallow-middle aquifer) show a steady seasonal decline in groundwater levels in 
addition to periodic declines associated with nearby pumping interference. In contrast, 
hydrographs from wells with top perforations below 500 feet (deep aquifer) show a mostly 
steady seasonal decline in groundwater levels. For example, middle-aquifer hydrographs for 
observation wells 22N02W01N003M, 22N02W15C003M, 22N02W30H003M, and 
22N03W24E002M (Appendix C, Figures C-6, C-9, C-20, and C-31) show seasonal declines as 
well as periodic influence from nearby pumping wells, while deep aquifer hydrographs for wells 
22N02W15C005M and 22N02W18C001M (Appendix C, Figures C-11 and C-12) show a 
predominantly steady seasonal decline in groundwater levels. In the one active pumping well 
(21N03W01R003M) that was monitored during the aquifer test, the change in groundwater 
levels appear to be solely due to the long-term pumping operations of the well itself. 

Water Quality 
As part of the 28-day constant-discharge aquifer testing, water quality samples were 

collected from the test-production well (22N02W02J001M) and the nearby quadruple-
completion observation wells (22N02W01N001M through 22N02W01N004M). The samples 
were collected by DWR and analyzed by Bryte and Zymex Laboratories which are State-
certified water quality laboratories. Parameter analysis focused on physical parameters such as 
temperature, electrical conductivity and pH, as well as minor elements, nutrients, minerals, and 
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stable oxygen isotopes. Water quality sampling was conducted in the test-production well after 
it was constructed and developed in December 2005 and at the beginning and end of the 
constant-discharge aquifer test in April and May 2007. Samples were also collected from each 
of the nested quadruple-completion observation wells in August 2006 and at the end of the 
constant-discharge aquifer test in May 2007. 

The samples were collected using standard well purging and collection procedures. To 
ensure that aquifer water rather than standing water in the well casing was sampled for water 
quality analyses, the wells were pumped until three well volumes of water had been extracted 
from the well. After the well was purged, samples were collected, and water temperature, pH, 
conductance, and turbidity field parameters were measured every 5 minutes. When the field 
parameters were stable for three consecutive measurements, the results were noted and water 
samples were collected.  

Physical Parameters, Minor Elements, Nutrients, Minerals 
State and federal agencies have developed multiple criteria to evaluate water quality data. 

Some of the more commonly used water quality criteria and goals are provided in Appendix D, 
Tables D-1 to D-4. The criteria include the California Department of Public Health (CDPH) and 
the United States Environmental Protection Agency (EPA) Primary and Secondary Maximum 
Contaminant Levels (MCL), as well as the CDPH Notification Levels and Agricultural Water 
Quality Goals. For an in-depth listing of all potentially applicable criteria and goals, please refer 
to the California Regional Water Quality Control Board Central Valley Region documents: 
Water Quality Control Plan (Basin Plan) for the Sacramento River Basin and the San Joaquin 
River Basin (1998) and A Compilation of Water Quality Goals (2003). The following is a 
descriptive summary of the water quality sampling results. Detailed water quality results are 
provided in Appendix D, Tables D-1 to D-4. 

Water Quality Test Results. Overall, the water quality test results indicate that the 
groundwater samples from all wells are of generally excellent quality. Water quality character 
in the wells varies from calcium/magnesium bicarbonate in the shallower zones to sodium 
bicarbonate in the deeper zones. Conductivity is slightly higher in the shallower zones, while 
pH is typically lower. The pH values in the shallower zones range from 7.3 to 7.6, while the 
deeper zones range from 8.2 to 8.5. The following provides a detailed description of the water 
quality results from each well. 

Results for Test Production Wells. The test-production well, 22N02W02J001M, is 
screened in the lower aquifer from 800 ft-bgs to 1,300 ft-bgs. The water character from this well 
is sodium bicarbonate. Sodium levels ranged from 74 to 91 mg/L, which exceeds the CDPH 
Agricultural Water Quality Goal of 69 mg/L. The calculated Sodium Adsorption Ratio (SAR) 
from this well ranged from 4.6 to 6.3. SAR values from 6 to 12 could be a cause for concern 
with extended use as irrigation water on light-textured soils. Historic water quality sampling 
results from GCID’s main canal indicate the surface water to be typically low in sodium. 
Mixing the test-production well groundwater with low sodium surface water from a surface 
water source would drop the groundwater SAR value to an acceptable range for most beneficial 
uses. Metals and nutrients are generally low in concentration and exceed none of the listed 
criteria. 

When the groundwater quality samples taken from the test-production well at the 
beginning of the 28-day aquifer test were compared with the samples taken at the end of the 
test, there was a significant change in quality. Groundwater quality results from the end of the 
aquifer test showed that conductivity increased 17 percent, iron decreased 75 percent, sulfate 
decreased 50 percent, and chloride increased 75 percent from the sample results taken 28 days 
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earlier. While the results from these two sampling periods represent large changes, water quality 
changes were expected over the 28 days of pump operation and they may indicate seasonal 
changes or recharge. 

Observation Well Test Results. Observation well 22N02W01N001M is screened in the 
deep aquifer, from 813 to 823 ft-bgs and from 1,040 to 1,050 ft-bgs. The water from this well is 
sodium bicarbonate in character. The pH value of 8.5 measured during the August 2006 
sampling is slightly outside of the CDPH Agricultural Water Quality Goal range of 6.5 to 8.4. 
Metals and nutrients from this well are generally low in concentration and exceed none of the 
listed criteria, with the exception of aluminum. The August 2006 sampling results detected a 
total aluminum concentration of 76.9 µg/L, which exceeds the EPA’s Secondary MCL range of 
50 to 200 µg/L, but does not exceed the CDPH’s Secondary MCL of 200 µg/L. The May 2007 
sampling results detected total aluminum at a concentration of 13.5 µg/L, which is well below 
the criteria. The higher aluminum results from the first sampling could possibly be due to a 
limited well development following well construction. 

Observation well 22N02W01N002M is screened in the lower-mid aquifer from 699 to 
709 ft-bgs. The water from this well is sodium bicarbonate in character. Metals and nutrients 
from this well are generally low in concentration and exceed none of the listed criteria. 

Observation Well 22N02W01N003M is screened in the upper-mid aquifer from 209 to 
219 ft-bgs and 358 to 368 ft-bgs. The water from this well represents a mixed 
calcium/magnesium bicarbonate character. Sampling during May 2007 detected a turbidity 
concentration of 1.15 Nephelometric Turbidity Units (NTU), which exceeds both the CDPH and 
EPA Primary MCL of 1 NTU for treated water, but did not exceed the Primary and Secondary 
MCL of 5 NTU for untreated water. The primary criteria, however, were established for post-
treatment waters and they were not specifically applied to natural water conditions. Metals and 
nutrients from this well are generally low in concentration and exceed none of the listed criteria. 

Observation Well 22N02W01N004M is screened in the shallow aquifer, from 71 to 81 ft-
bgs. The water from this well represents a mixed calcium/magnesium bicarbonate character. 
Sampling from both the 2006 and 2007 sample periods detected a turbidity concentration of 
1.1 NTU, which exceeds both the CDPH and EPA Primary MCL of 1 NTU for treated water, 
but did not exceed the Primary and Secondary MCL of 5 NTU for untreated water. The primary 
criteria, however, were established for post-treatment waters, and they are not specifically 
applied to natural water conditions. Metals and nutrients from this well are generally low in 
concentration and exceed none of the listed criteria. 

Stable Oxygen Isotopes 
The samples were also analyzed for stable oxygen isotopes, which provide a useful means 

to help identify the possible source area or origin of water produced from wells. The oxygen 
isotope composition of fresh water is expressed in comparison to the oxygen isotope 
composition of ocean water, and is termed Standard Mean Ocean Water (SMOW). The units are 
reported using the delta notation (δ) along with the O18 to O16 oxygen isotope ratio (δ18O) and 
are typically expressed as “per mille” (‰) instead of “percent” (per mille means per thousand). 

Background. Most water vapor begins as evaporation from the ocean. As the water vapor 
migrates, condenses, and falls as precipitation, the precipitation has a higher percentage of the 
water molecules containing the heavier O18 isotope, while the remaining atmospheric moisture 
becomes increasingly depleted in O18 and comparatively enriched in O16. Elevation, 
evaporation, and temperature also affect the ratio of O18 and O16 within the precipitation and 
atmospheric moisture. In general, the farther inland or higher the elevation that precipitation 
occurs, the more depleted, or negative, the oxygen isotope values become. Thus, analysis of 
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oxygen isotope ratios in groundwater can help delineate the source areas associated with natural 
recharge or the recharge associated with applied water that has been transported from outside 
source areas.  

Once a sufficient number of surface water and groundwater locations have been sampled 
and analyzed for the relative proportion of O18 to O16 isotopes, a regional trend, or O18 to O16 
signature, may be established to help interpret future sampling results. Accurate identification of 
potential groundwater source areas—through analysis of stable oxygen isotopes—requires a 
sufficient set of baseline data and a solid understanding of the existing surface water distribution 
systems and the hydrogeologic setting. Additional oxygen isotope sampling of surface water 
and groundwater in key locations will help expand baseline data coverage, refine regional trend 
development, and further define oxygen isotope signatures in previously sampled areas.  

As part of the California Groundwater Ambient Monitoring Assessment (GAMA) 
Program, Lawrence Livermore National Laboratory (LLNL), in cooperation with DWR and 
local entities, has analyzed stable oxygen isotope samples throughout the Sacramento Valley 
counties of Butte, Colusa, Glenn, and Tehama, and within the volcanic regions of Modoc, 
Shasta, Siskiyou, and Plumas counties. In 2005, LLNL published the study California GAMA 
Program: Groundwater Ambient Monitoring and Assessment Results for the Sacramento Valley 
and Volcanic Provinces of Northern California (Moran 2005). Some of the LLNL findings and 
information, with respect to regional stable oxygen isotopes values, are listed below. 
• In California, the oxygen isotope (δ18O) signature for precipitation varies from about  

-4‰ along the Pacific coast to about -15‰ in the Sierra Nevada mountains.  
• The δ18O values for northern California rivers are all significantly depleted (larger 

negative values) year-round in upstream as well as downstream reaches because most of 
the water is from high elevation runoff. 

• The Coast Range δ18O signature is somewhat depleted, while the high elevation volcanic 
regions to the north and east of the Sacramento Valley have strongly depleted ratios, 
which is evidence for recharge by locally derived precipitation.  

• Groundwater samples associated with recharge from local precipitation (within the 
Sacramento Valley) have δ18O values in the range of -7.5‰ to -8.5‰. 

• The δ18O values for water sampled from the Sacramento Valley wells ranged from a high 
of -8.5‰ to a low, or more depleted value, of -10.3‰.  

• The δ18O values from north and east mountainous areas were notably more depleted, 
ranging from -12.2‰ to -12.8‰. 

• Sacramento River surface water δ18O values ranged from -9.47‰ to -11.33‰. 
• The δ18O values from shallow wells on the west side of the valley ranged from -8.0‰ to  

-9.4‰.  
Results of Aquifer Tests for Oxygen Isotopes. Descriptions of the aquifer test-related 

oxygen isotope sampling results are presented in the following paragraphs. The oxygen isotope 
test results are presented in Appendix D, Table D-4. Despite fairly extensive stable oxygen 
isotope data throughout the Glenn and Butte counties, there are currently no stable isotope data 
from deep wells on the west side of the valley. Further sampling and analysis is necessary 
before the contribution of recharge from the west side of the Sacramento Valley can be 
evaluated. 

The test-production well 22N02W02J001M was sampled at the beginning and end of the 
constant-discharge aquifer test. The isotope data in Appendix D, Table D-4 shows that the δ18O 
values from the April and May 2007 sampling were -12.3‰ and -12.1‰, respectively. 
Comparison of the test-production well values with data from the stable isotope analysis in the 
LLNL/GAMA study suggests that the source of water to the aquifer zones screened in the test-
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production well is most likely from the foothills and mountains to the east and north. Both of 
these areas have isotopically lighter, or more depleted, δ18O values than water associated with 
precipitation within the valley or from surface water sources in this region of the valley. 
Because of the lack of oxygen isotope data, the potential contribution to recharge from the west 
side is unknown at this time. 

The quadruple-completion observation wells were sampled in August 2006 and again in 
May 2007. The two deeper observation wells, 22N02W01N001M and 22N02W01N002M, also 
showed depleted δ18O values of -12.1‰ and -12.3‰, respectively, suggesting a recharge source 
from the foothills and mountains to the east and north. Because of the lack of oxygen isotope 
data, the potential contribution to recharge from the west side is unknown at this time. The δ18O 
values for the upper-mid observation well, 22N02W01N003M, were -10.5‰ and -10.8‰ for 
the August 2006 and May 2007 sampling, respectively; while the δ18O values for the shallowest 
observation well, 22N02W01N004M, were -11.6‰ and -11.5‰ for the 2006 and 2007 samples. 
Isotope data from these two shallower observation wells suggests the Sacramento River as a 
possible source of recharge.  
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Summary  
Geologic and hydrogeologic data, collected and analyzed during the drilling and operation 

of the GCID test-production well, have provided valuable information to help understand the 
aquifer systems in this area. Aquifer test programs designed to pump and monitor discrete 
aquifer intervals over multiple locations are one of the few methods available to accurately 
identify the potential benefits, impacts, and economics of operating deep-aquifer wells on a 
regional scale. Additional aquifer testing and baseline data collection programs are needed to 
further our understanding of the Sacramento Valley aquifer systems and to identify the potential 
for true integrated regional water management.  

Evaluation of the lithologic cuttings and geophysical logs in the test-production well and 
nearby observation wells indicates that the underlying geologic sediments that comprise the 
aquifer systems are derived from the Stony Creek Fan alluvium, the Tuscan Formation, the 
Tehama Formation, and the Upper Princeton Valley fill. The local aquifer system is complex, 
and multiple aquifer zones have been identified; in places, the aquifer zones are associated with 
distinct formations, and in other places they are associated with intermixed formation deposits. 
The test-production well is screened primarily across intermixed zones of the Tehama and 
Tuscan Formation sediments, with the bottom portion of the well screened across Tuscan 
sediments only. 

Transmissivity values range from 29,806 to 36,960 gpd/ft; they were estimated from the 
time-drawdown and distance-drawdown data associated with the 28-day constant-discharge 
aquifer test. Aquifers with transmissivity values in this range are generally considered good and 
are capable of yielding sufficient quantities of water for irrigation purposes. Hydraulic 
conductivity values ranged from 75 to 86 gpd/ft2, which are typical values for silty sand and 
clean sand. Storativity values suggest that the aquifer is confined and range from 1.2 x 10-6 to 
7.6 x 10-6. 

Groundwater levels in the test-production well recovered to about 91 percent of the 
starting elevation within 15 days of turning off the pump, and continued a slow recovery to a 
maximum of 93 percent at day 41. The highest point of recovery remained about 13 feet below 
the starting groundwater level. The majority of the unfulfilled recovery is likely attributed to the 
steady regional decline of groundwater levels in the lower aquifer during the test period.  

Test-production well operations and testing indicates that the well had a specific capacity 
of 17.9 gpm/ft-dd, at a flow rate of 3,500 gpm. The volume of water discharged over the 28-day 
test period was 429 acre-feet. 

Groundwater level data from the monitoring wells during the 28-day aquifer test indicate 
that wells screened in the same aquifer zone showed test-related drawdown of about 70 feet at 
0.3 miles, 20 feet at 2.2 miles, and 0 feet at 4.8 miles. Distance-drawdown analysis indicates a 
28-day radius of influence (point of zero drawdown) at about 5 miles.  

The nearby observation well (22N02W01N002M), which has a screened interval about 
100 feet above the test-production well, showed a potential test-related drawdown of as much as 
25 feet at a distance of 0.3 miles from the test-production well.  

None of the remaining 43 monitoring wells showed any sign of drawdown related to the 
test-production well pumping. However, many of the monitoring wells screened within the 
middle aquifer zone showed a steady decline in groundwater levels, along with periodic 
fluctuations, during the 28-day test period. The periodic fluctuations in groundwater levels are 
interpreted to be in response to other irrigation wells nearby, which also operate within the 
middle portion of the aquifer. The steady decline in groundwater levels is considered to be 
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largely attributed to the normal seasonal fluctuations within the middle aquifer in this area. The 
2007 spring to summer change in groundwater levels for the middle portion of the aquifer in 
this area showed declines of 20 to 30 feet. 

Laboratory results from water quality sampling indicates that the water is of good quality 
in the test-production well and in each of the nearby nested set of quadruple-completion 
observation wells. 

Stable oxygen isotope analysis indicates that the high O18 depletion values for the deep 
aquifer wells suggests that the source area for groundwater recharge is most likely from the 
mountains to the north or the foothills to the east. For the two shallower observation wells, the 
recharge source appears to be local. The potential contribution to recharge from the west side is 
unknown at this time due to the lack of oxygen isotope data. 
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Recommendations 
• Use the test-production well to conduct another constant-discharge aquifer test during the 

winter season, when aquifer conditions are more stable.  

It was difficult to interpret groundwater fluctuations within the middle and upper 
aquifers because of the April and May groundwater level drawdown associated with 
nearby pumping and normal seasonal variation. Conducting a winter aquifer test 
would largely eliminate outside pumping interference and help facilitate data 
interpretation. Assuming a test period of about four weeks and a recovery time of 
about six weeks, it would be recommended to start the aquifer test prior to 
January 15, 2009.  

• Increase monitoring of dedicated observation wells and deep agricultural wells within a 
10-mile radius of the test-production well, ideally within about a 3- to 5-mile radius.  

• Install a multi-completion observation well in eastern Butte County. 

There is sufficient coverage of observation wells in Glenn County and adequate 
coverage in Tehama County with the recent installation of a quadruple-completion 
observation well about 7 miles north of the test-production well in Tehama County. 
However, coverage by multi-completion observation wells is practically non-
existent east of the test-production well in Butte County. Placement of a multi-
completion observation well, or wells, in this portion of Butte County would be a 
priority. 

• Operate the test-production well at higher discharge rate during a constant-discharge 
aquifer test to determine the full capability of the well.  

Conduct a constant-discharge aquifer test and operate the test-production well at 
4,000 gpm over a four-week period. Data from this test would be analyzed each 
week to monitor any impacts to surrounding wells and to monitor groundwater level 
decline in the test-production well. If at any time it is determined that the effect of 
pumping may be detrimental to either nearby wells or the test-production well itself, 
the discharge could then be backed off to a lower “step” or discharge rate for the 
remainder of the test, or as data analysis deems fit. 
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Appendix A. As-Built Drawings for Production and 
Observation Wells 
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Figure A-2. As-built for the quadruple-completion observation well. State well numbers: 
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Figure C-1. GCID 28-day constant-discharge aquifer test:  Monitoring grid location map 
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Figure A-1. As-built for the test production well.  State well number: 22N02W02J001M 
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0-20': (SC/SP)  Tan silty clay with fine to coarse sand, sub-angular to
sub-rounded metamorphic (mm) gravels - blk., brn., red, wht. and quartz.

100-150': (SC) Tan silty-clay, low plasticity.  Gravels are sub-angular, mm clasts
that range in size from 1-3 in.  Coarse grained sands are sub-angular and consist
of mm and sandstone (ss) clasts.  Medium grained sands are sub-angular and
composed of mm.

260-320':  (GC) Poorly sorted tan gravely clay.  Gravels are comprised of
sub-angular to sub-rounded mm clasts.  Medium and fine grained clasts are
sub-angular to sub-rounded mm and volcanic sands (rhyolite).

(300-320': Gravels  increase from 30% to 40%)

320-340': (SM)  Poorly graded silty sand with 15% gravels and 15% coarse
grained mm, sub-rounded clasts.

530-540': (SM/CL)  Poorly graded medium to coarse sand.  Mm and sandstone
fragments, sub-angular to sub-rounded, with tan-brown silty clay (low plasticity)

1000-1050': (SM) Well-graded volcanic sands with minor amounts of ashy
matrix.

20-30': (SP/GP) Silty gravels, poorly sorted sand, fine to medium grained angular
to sub-angular mm clasts with 10% sub-rounded gravels.
30-40': (SP/SC) Clay rich, tan silty clay.  Poorly sorted with 10% gravels.  Clasts
are angular to sub-angular, metamorphic in composition.
40-50': (SC) Tan silty clay, with 40% sub-angualr to angular mm gravels. Clay
has medium plasticity.
50-100': (GP)  Poorly graded , angular to sub-angular gravel size clasts.
Metamorphic gravels increase to 85% at 100'.  Clasts are 2-3 in. and range in
color from black, grey, red, green and white.

190-200': (SC)  Poorly sorted sandy clay.  Clasts consist of mm and are angular to
sub-angular (color varies from red, white, green and black). Fine grained clasts
consist of sand lithics and mud.
200-260': (SP) Poorly sorted sands, few fine grained clasts.  Medium and coarse
grains consist of mm sub-angular to angular clasts.  Gravels are less than 2 inches
in size and increase in % to 260'.

150-170': (SM) Tan silty clay, medium grained sand, angular to sub-angular, mm
clasts consisting of black, green, red and white clasts.  Fine grained sands are
sub-angular and consist of the same mm clasts.  Very little coarse and gravel size
clasts.
170-190': (SP) Poorly sorted sands, approx. 30% medium, 60% coarse, <5%
gravels.  Very few fines.  Clasts are sub-angular and are mm and quartz.

Tt
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340-380': (SP)  Poorly graded sand, with little fine grained clasts.  Gravels are
approx. 2-3 in. and are sub-rounded to sub-ang. and are comprised of mm clasts.
Coarse and medium grained clasts are sub-rounded mm clasts.  Gravel %
decreases from 340-380 (from 50% to 10%).

380-390': (SM)  Silty-sands with 5% gravels.  Gravels are angular and are mm.
Coarse, medium and fine grain clasts are angular to sub-ang. and are mm (red,
green, black) and chert.

390-430': (CL/SM)  Bluish sandy clay with 5% gravels. Gravels are sub-rounded
to angular and are mm in composition.  Coarse and fine clasts are angular mm
fragments.

430-480': (CL/SP)  Tan-reddish brown clay.  Medium plasticity with medium to
coarse grained sand with mm clasts.  Sand and gravel are angular to sub-rounded.
Sand % increases from 45% to 80%.

480-520': (CL/SP)  Brown to blue clay, low plasticity.  Medium to coarse grain
clasts are angular to sub-rounded mm. (~35% sands, 65% clay)

540-620': (CL/SM)  Interbedded tan-brown silty clay with medium to coarse
grained silty sand.  Mm and volcanic clasts.

620-680': (CL/SM)  Tan, silty sandy-clay, low plasticity with mostly fine to
medium grained volcanic fragments, with lenses of coarser grained clasts
around 650'.

680-720': (SM)  Tan silty-sand with medium to coarse grained volcanic and
metamorphic fragments.  Small amount of clay with low plasticity.

720-740': (SP)  Medium to coarse grained, poorly sorted sand with very little fine
grained clasts.  Clasts are metamorphic and volcanic and are sub-angular to sub-
rounded.

520-530': (CL/SM)  Sandy, silty blue clay with low plasticity.  Medium to coarse
grained sand, angualr to sub-angular metamorphic and sandstone fragments

740-800': (SM/CL)  Tan silty-clay, fine to medium size clasts, metamorphic in
composition.  Clasts are angular to sub-angular.
@ 790-800', dark brown organic clay rich layer (60% Cl, 40% Lithics)

800-820': (SP)  Moderately graded sands, medium grained with ~ 10% gravels,
composed of rounded metamorphic clasts (20% organic rich clay w/ low
plasticity.  ( 20% Cl, 80% Lithics)

820- 850' (SC) Poorly sorted, silty clay.  Fine to coarse grained sand predominant.
Clasts are angular to sub-rounded and are composed of metamorphic and volcanic
fragments. (30% Cl, 70% Lithics)

850-880 (SM) Silty-sand with 30% clay. Medium grained sand (~70% of sample)
with volcanic and metamorphic clasts.  Rounded to sub-rounded clasts, clay has
low plasticity.

900-950': (SM) Silty sand with 20% low plasticity tan clay.  Medium grained
(~50% of sample) angular to sub-angular metamorphic and volcanic clasts.

880-900': (SP) Medium grained sand with 20% clay, tannish in color with low
plasticity.  Metamorphic and volcanic clasts that are sub-angular.

950-1000': (SP) Poorly graded, medium grained volcanic and metamorphic sands.
Clasts are sub-angular to rounded

1050-1100': (SP) Fine to medium grained volcanic sands which include a
pinkish-tan fine grains of lahar like material.  Clasts comprised of mostly basalt,
olivine, "brick-red" sands.  Lahar like material decreasing in % from 1050' to
1100' interval.
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WELL PRODUCTION: WELL-SITE GEOLOGIST:
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LITHOLOGY

Test-Production Well

Glenn-Colusa Irrigation District Drilling
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Figure A-2. As-built for the quadruple-completion observation well. State well numbers: 22N02W001N001M, 2N02W01N002M, 
22N02W01N003M and 22N02W01N004M 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

900

800

700

600

500

400

300

200

100

ELECTRIC LOG

NA, Monitoring Well

DEPARTMENT OF WATER RESOURCES. DIVISION OF LOCAL ASSISTANCE
NORTHERN DISTRICT

OBSERVATION  WELL CONSTRUCTION LOG

UTM COORDINATES :

FEATURE:

LOCATION:

PROJECT: DATE (START-STOP):

WELL PRODUCTION: WELL-SITE GEOLOGIST:

DRILL FOREMAN :

CONTRACTOR : Eaton Drilling
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0-20': (SC/SP)  Tan silty clay with fine to coarse sand, sub-angular to
sub-rounded metamorphic (mm) gravels - blk., brn., red, wht. and quartz.

90-150': (SC) Tan silty-clay, low plasticity.  Gravels are sub-angular, mm clasts
that range in size from 1-3 in.  Coarse grained sands are sub-angular and consist
of mm and sandstone (ss) clasts.  Medium grained sands are sub-angular and
composed of mm.

250-320':  (GC) Poorly sorted tan gravely clay.  Gravels are comprised of
sub-angular to sub-rounded mm clasts.  Medium and fine grained clasts are
sub-angular to sub-rounded mm and volcanic sands (rhyolite).

(300-320': Gravels  increase from 30% to 40%)

320-340': (SM)  Poorly graded silty sand with 15% gravels and 15% coarse
grained mm, sub-rounded clasts.

530-540': (SM/CL)  Poorly graded medium to coarse sand.  Mm and sandstone
fragments, sub-angular to sub-rounded, with tan-brown silty clay (low plasticity)

1000-1050': (SM) Well-graded volcanic sands with minor amounts of ashy
matrix.

20-30': (SP/GP) Silty gravels, poorly sorted sand, fine to medium grained angular
to sub-angular mm clasts with 10% sub-rounded gravels.
30-40': (SP/SC) Clay rich, tan silty clay.  Poorly sorted with 10% gravels.  Clasts
are angular to sub-angular, metamorphic in composition.
40-50': (SC) Tan silty clay, with 40% sub-angualr to angular mm gravels. Clay
has medium plasticity.
50-90': (GP)  Poorly graded , angular to sub-angular gravel size clasts.
Metamorphic gravels increase to 85% at 100'.  Clasts are 2-3 in. and range in
color from black, grey, red, green and white.

190-200': (SC)  Poorly sorted sandy clay.  Clasts consist of mm and are angular to
sub-angular (color varies from red, white, green and black). Fine grained clasts
consist of sand lithics and mud.
200-250': (SP) Poorly sorted sands, few fine grained clasts.  Medium and coarse
grains consist of mm sub-angular to angular clasts.  Gravels are less than 2 inches
in size and increase in % to 260'.

150-170': (SM) Tan silty clay, medium grained sand, angular to sub-angular, mm
clasts consisting of black, green, red and white clasts.  Fine grained sands are
sub-angular and consist of the same mm clasts.  Very little coarse and gravel size
clasts.
170-190': (SP) Poorly sorted sands, approx. 30% medium, 60% coarse, <5%
gravels.  Very few fines.  Clasts are sub-angular and are mm and quartz.
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340-380': (SP)  Poorly graded sand, with little fine grained clasts.  Gravels are
approx. 2-3 in. and are sub-rounded to sub-ang. and are comprised of mm clasts.
Coarse and medium grained clasts are sub-rounded mm clasts.  Gravel %
decreases from 340-380 (from 50% to 10%).

380-390': (SM)  Silty-sands with 5% gravels.  Gravels are angular and are mm.
Coarse, medium and fine grain clasts are angular to sub-ang. and are mm (red,
green, black) and chert.

390-420': (CL/SM)  Bluish sandy clay with 5% gravels. Gravels are sub-rounded
to angular and are mm in composition.  Coarse and fine clasts are angular mm
fragments.

420-480': (CL/SP)  Tan-reddish brown clay.  Medium plasticity with medium to
coarse grained sand with mm clasts.  Sand and gravel are angular to sub-rounded.
Sand % increases from 45% to 80%.

480-500': (CL/SP)  Brown to blue clay, low plasticity.  Medium to coarse grain
clasts are angular to sub-rounded mm. (~35% sands, 65% clay)

540-600': (CL/SM)  Interbedded tan-brown silty clay with medium to coarse
grained silty sand.  Mm and volcanic clasts.

600-680': (CL/SM)  Tan, silty sandy-clay, low plasticity with mostly fine to
medium grained volcanic fragments, with lenses of coarser grained clasts
around 650'.

680-720': (SM)  Tan silty-sand with medium to coarse grained volcanic and
metamorphic fragments.  Small amount of clay with low plasticity.

720-740': (SP)  Medium to coarse grained, poorly sorted sand with very little fine
grained clasts.  Clasts are metamorphic and volcanic and are sub-angular to sub-
rounded.

500-530': (CL/SM)  Sandy, silty blue clay with low plasticity.  Medium to coarse
grained sand, angualr to sub-angular metamorphic and sandstone fragments

740-780': (SM/CL)  Tan silty-clay, fine to medium size clasts, metamorphic in
composition.  Clasts are angular to sub-angular.
@ 790-800', dark brown organic clay rich layer (60% Cl, 40% Lithics)

780-830': (SP)  Moderately graded sands, medium grained with ~ 10% gravels,
composed of rounded metamorphic clasts (20% organic rich clay w/ low
plasticity.  ( 20% Cl, 80% Lithics)

830- 850' (SP/SC)  Fine to coarse grained sand predominant, with poorly sorted,
silty clay. Clasts are angular to sub-rounded and are composed of metamorphic
and volcanic fragments. (30% Cl, 70% Lithics)

850-880 (SM) Silty-sand with 30% clay. Medium grained sand (~70% of sample)
with volcanic and metamorphic clasts.  Rounded to sub-rounded clasts, clay has
low plasticity.

900-940': (SM) Silty sand with 20% low plasticity tan clay.  Medium grained
(~50% of sample) angular to sub-angular metamorphic and volcanic clasts.

880-900': (SP) Medium grained sand with 20% clay, tannish in color with low
plasticity.  Metamorphic and volcanic clasts that are sub-angular.

940-1000': (SP) Poorly graded, medium grained volcanic and metamorphic sands.
Clasts are sub-angular to rounded

1050-1100': (SP) Fine to medium grained volcanic sands which include a
pinkish-tan fine grains of lahar like material.  Clasts comprised of mostly basalt,
olivine, "brick-red" sands.  Lahar like material decreasing in % from 1050' to
1100' interval.
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581674, 4404172  UTM NAD83 Zone 10

Geologic  Legend

          :  Stony Creek Fan           :  Tehama FormationTte

Tt          :  Tuscan Formation

Qscf

          :  Tehama Formation and Tuscan FormationTte/Tt?
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Abstract

Nonnatal rearing of juvenile d~i~ook salmon (~_~~ ~’.~’

w,a~ documented in several intermittent tributaries to the ~,ICI’AIIIOll[O River,

~ondition lactors and length measurements ot juvenile chinook captured in the

intermittent tributaries were compared with t!xose captut’ed i~ the mait~stem

Sact’amento River. The dicta suggests that juvenile chinook rearing in the

tributaries grew faster and were heavier for their length than those rearing in tee

mainstem. Faster growing fish smolt ea~’lier, and may enter the delta ea~’lier in the

veal" [~e/oi’e ~ow xv,~ter and pumpin~ twgradc tt,~i~n¢, habitat. Optimal

co~dit~ons in the tributaries exist from approximately December throt~gh Nlarch.

Apri!, conditions may be less favorable as temperatt~rcs rise to intolerable level~,

and piscivorous fishes enter tributaries to spawn. Juvenile ctiin~k entering

tributaries early in the year, such as winter and spring run, probably deriv~ the

benefit from triDutary rearing. Fall run, and especially the ~ate-fall run, may be

exposed to warmer than optimal temperatures, predation, and stranding.

Documentation of nonnatal rearing is important for management of declining

Sacramento ~ver salmon populations. Actions may be necessary to protect

intermittent stream habitat, and ensure adequate flows and habitat conditions for

rearing.
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I n!rod uction

The Sacramento River produces four distinct races of chinook salmon

(O_n¢orhy~ L¢.h_~_w_y_L~213.,!) : fall, late fall, winter, and spring. All races have

declined substantially. The winter run was listed as "endangered" by the State of

California in 1989 and by the National Marine Fisheries Service in 1994. The spring

run, once the most abundant chinook in the Central Valley (Reynolds ~ al. 1’)90),

persists at dangerously low numbers in a few tributaries and is the object of a cun’ent

petition for inclusion on the endangered list. In an effort to reverse the decline ot

chinook salmon stocks, natural resource managers have iocused on the

maintenence and restoration of habitat in the Sacramento River and its lar~er

tributaries (Upper Sacramento River Fisheries and P, dparian Habitat Aovisorv

Counci!, 1989). Small, intermittent tributaries have generally been overlooked by

fishery resotu:ce managers. ~hile few of these tributaries serve as¯ "spa~ rang habitat

for chinook salmon, our research suggests they provide important rearing habitat,

particularly for the imperiled winter and spring runs.

Rearing of juvenile chinook in nonnatal tributaries has been reported in other

rive_" systems. Murray and Rosenau (1989) suggest that the dispersal and migratory

patterns of young chinook salmon increase the use of available rearing areas, and

that movements of young salmonids from spawning areas to rearing areas consist of

complex local migrations (upstream, downstream, or both), that are genetically and

environmentally controlled. Scrivener ~ al. 1~1994), concluded that seasonally high

sediment levels and cold temperatures in the Fraser River may induce juvenile

chinook to move into small, nonnatal tributaries to feed and clear their ~ills of

sediment.

3
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Researchers from California Slate University, Chloe, have consistently captured

~vild and hatchery origin chinook salmon juveniles in small, intermittent

tributaries of the Sacramento River where there are no records of spawning adults.

Juvenile chincu.)k may migrate into the tributaries to exploit food resources

(Williams, 1987); and to escape unfavorable environmental conditions which occur

periodically in the mainstem, such as high turbidity and cold temperatures (t!pper

Sacramento River Fisheries and Riparian t tabitat Advisory Council, 1989).

The objective of this study was to document various aspects of nonnatal

rea~’ing in intermittent tributaries of the Sacramento River. We estimated the

spatial and temporal extent of no[matat rearing. We also calculated the race

distribution and growth rate of juvenile chinook rearing in tributaries.

Additionally, the condition factors of juvenile chinook caught in tributaries were

compared with those caught in the mainstem.

Methods

Sample sites were established on a number of intermittent tributaries: Mud

Creek, Rock Creek, and Kusai Slough in Butte County; Stony Creek in Glenn county;

and Toomes Creek, Thomes Creek, Red Bank Creek, Dibble Creek, and Blue Tent

Creek in Tehama County. Two sample sites were established on the Sacramento

tLiver; one near the Red Bluff Diversion Dam in Tehama County, and one near

Chico Landing in Butte County.

A 30 foot x 6 foot seine with 1/4 inch mesh was used to to capture fish.

Juvenile chinook captured by seine were transferred to five-gallon buckets of clean

v,,at~,r !~r immediate processing. Fish were anesthesized with tricane
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methanesulfonate (MS 222, brand name Finquel from Argent Chemical Company),

measured on a plexiglass measuring board to the nearest 1.0 mm,.and weighed to

the nearest 0.1 gram on an Ohaus field balance. A chamois cloth was used to blot

and hold fish for weighing, as suggested by Anderson and Gutret,ter (1983). After

weighing, fish were placed in clean water and released immediately upon recovery

from the affects of the anesthetic. Condition factors were calculated from the

formula:

CF= 100,000 x weight in grams /(fork length in ram)3.

Adipose clipped fish were sacrificed and returned to the U.S. Fish and Wildlife

Service for coded wire tag recovery and analysis. The daitv lengtt’~ tableg~ectcrat~

the California Department of Water Resources Environmental Services office (R. R.

Johnson, e_.t a!l., !992), was used to identify run membership of juvenile chinook.

Water temperature at all sites was measured with, a mercury thermometer

during each sampling period. Onset "’Datalogger" thermographs were established

in Blue Tent, Dibble, and Red Bank Creeks. Turbidity was also measured in I~lue

Tent, Dibble, and Red Bank Creeks. Temperature and turbidity data for the

Sacramento River at Red Bluff Diversion Dam were obtained from the Bureau

Reclamation Red Bluff Office.

Results

Extent and durotion of non-natal r~aring

Table 1 lists tributaries in which juvenile chinook were captured. Every

tributary sampled contained juvenile chinook. Juveniles which entered tributaries

apparently remained there for some time. Three lines of evidence support Ibis

conclusion: 1. Juvenile chinook were collected quite a distance upstream frown IIw

river (Thomes Creek - 11.5 km; Mud Creek - 13.1 kin; Rock Creek - 17.4 kin; Pine
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Creek - 22.1 kin). 2. When several sites in one tributary were sampled on the same

day, the smallest juveniles were consistently found nearest the river , and juvenile

size distribution upstream in the tributaries was quite different from that in or nea~"

the river (Fig. 1). 3. Modes of samples taken at the same site could be followed ov¢,r

time, as the juveniles grew until they reached 80 - 100 ram, the size at which most

chinook smolt (Reimers and Loeffel, 1967; Ewing ~ t979; J.W. Johnson, ~.

1992). Juvenile chinook larger than 100 mm were not present, except in rare cases

when they were trapped in the tributary by low water.

Race I)ist~’ibt:tion

According to the daily length table, all four races of Sacramento River

were captured in nonnatal, intermittent tributaries at variot:s times during

season (approx~ately December to May). Coded wire tags provided positive

that winter and fa!l rtm were present (Table 1). Spring r~. and winter run were

disproportionately abundant considering their scarcity in the Sacramento Pdver

system (see Fig. 5). ~ some cases, fish identified as sprip.g r,mn by the daiiy length

table may ac~ally have been fall run. The daily length table was developed f~’om

growth data collected in the Sacramento ~ver, and fish may have grown faster in

the tributaries than in the mainstem. For example, t~ee juveNle cNn~k captured

~n Kusal slough identified as fall r~ by coded wire tag were categorized as spring

run by the daily length table (Table 1). The apparent spring run juveniles observed

in Thomes Creek on April 3, 1995 (Fig. 2) were probably fast growing fal! run.

However, in most cases (see examples in figures 3 and 4), misidentification of race

due to faster growth in tributaries cannot explain the numbers of spring and winter

run observed, as fall run have could not have grown fast enough from hatching

t~ntil capturr, dates to to be misidenfified as wint~r or spring r~m. Two additional

I,~ct~rs suggest that m~st of the juvenile chin~)k ~dentif~ec~ as spr~ng run were               ,

6
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probably true spring run and not fast growing fall run. First, spring run were

captured in greater numbers in tributaries located downstream of major spring run

spawning streams (Fig. 5). Also, the proportion of spring run juveniles captured in

tributaries decreased as the season advanced, as would be expected due to smolting

and outmigration of true spring run fish (Fig. 6). If the apparent spring run fish were

just fast-growing fall run, their proportion should have increased over the season as

more growth time was available. Figure 7 summarizes race categories of juvenile

chinook captured in nonnatal intermittent tributaries from 1990 to 1995. Relatively

fewer spring and winter run were captured in 1990, 1991, and 1~93, probably because

sampling was ix~tiated later in the season; atter most winter and spring run had

migrated out of the system.

Relative Condition

The condition factor reflects the nutritional state or "well being" of an

individual fish. During periods when fish have high energy’ intake, the growth of

tissues and the storage of energy in the muscle and liver can cause an individual to

have a greater-than-usual weight for a given length (Busacker, e__t al. 1990).

Condition factors varied a great deal throughout the 1995 season, probably as a result

of the enormous variation in flow volume and turbidity. High flows may have

scoured out food resources (C.S.U. Chico Biology 359, unpublished class data, 1995).

High turbidity may have affected feeding ability (see discussion for further details).

However, with a few exceptions, fish in the tributaries were in as good or better

condition than comparable-sized fish in the Sacramento River (Fig.8).

7
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Grm~: ttLI~..Lc6

Estimates of growth rates calculated for the Sacramento River using modal

shirts correspond closely with the daily length table (s~, previous section). Growth

rates estimated for Mud Creek, Kusal Slough, and Blue Tent Creek in 1995 were

consistently higher than those estimated for the Sacramento River (Fig. 9). Growth

rates estimated for juveniles captured in tributaries in previous years (Table 3) were

comparable to the 1995 rates, except for Sto~w Creek in 1994; when fish were trapped

in isolated pools. Coded wire tag data provides an independent confirmation of

faste: growth observed ic~ tributaries. As mentioned previously, three marked fall

,"tin chinook captured in KusaI Slough oct 3/10/95 ,,,,’ere large enough to be classified

as sp:’ing rtm (see Table 2).

Discussion

Faster growth and better condition of juvenile chin,>,_~k rearing in tributaries

may be explained by several physical and biological characteristics of intermittent

tributaries, including relatively warm temperatures, diel temperature fluctuations,

low turbidity, and lack of established predator populations.

Warmer temperatures earlier in the year may induce juvenile chinook to enler

tributaries, and enhance the growth of those which remain for all or part of their

rearing phase. Brett (t952) observed that growth of juvenile chinook was much

better at 15 degrees C than at lower temperatures. Optimum growth at 15 C was also

observed during temperature tolerance experiments conducted by the U.S. Fish and

Wildlife Service in 1992 (Kurt Brown, personal communication). Tributary

temperatures were closer to optimum for juvenile chinook than temperatures in

11~{’ m,~i~st~.rn from February through April (Fig. 10). However, by late April or
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May, average tributary temperatures were warmer than the reported optimum.

Juvenile chinook which enter tributaries early in the year, such as winter and spring

run, would encounter the most favorable temperatures.

The greater diel temperature fluctuations observed in small streams may also

enhance the growth of juvenile chinook. Hokanson, et at. (1977) studied growth

rates of rainbow trout at constant and fluctuating temperatures. Maximum growth

was achieved with temperatures fluctuating four degrees C arour~d a mean of 15

degrees C. Spigarelli et al.. (1982) studied the growth of browr~ trout in three

different temperature regimes. Octc group was ,’eared with a dail\, regular cycle of ._"

nine to 18 degrees C (mean of 12.5 degrees C), the second was reared at a constant 1,3

degrees C, and third group was maintained in an arrhvthmic temperature regime of

daily fluctuations and a gradual increase of daily mean temperatures (range four to

1! degrees C; 57 day mean 7.7 degrees C). The mean food consumption and weight

gain per individual reared in the nine to 18 degrees C cycle were by far the best.

Similar results have been reported for sockeye salmon (Brett, 1971; Biette and Geen,

!980), and various cyprinoids (Konstantinov and Zdanovich, 1986). Evidently,

diurnally fluctuating temperatures promote more efficient conversion of

temperature units to growth than do constant temperatures, presumably by

stimulating greater food consumption (Behnke, 1992). The affects of diel

temperature fluctuations on juvenile chinook have not been documented.

However, diel fluctuations of tributary temperatures averaged about eight degree;, el,

and were similar to the fluctuations in Spigarelli’s study (cited above) that produced

the best fish growth. Diel temperature fluctuations in the mainstem Sacramento
I

River averaged about two degrees C. (~e Fig. 10).

Turbidity data were collected from January to May in Blue Tent, Dibble, and              .

Red Bank Creeks. These tributaries were usually less turbid than the mainstem on
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tile dales sampled (Fig. 11). No turbidity samples were taken in Mud Creek, Themes

Creek, or Kusal slough, but these tribu,aries also appeared to be less turbid than the

mainstem Sacramento river, and to clear up faster after storm events, l+ower

turbidity inthe tributaries should be advantageous to iuveni~e chinook. Salm~nids

are sight feeders, and moderate levels of turbidity (24 Nephelotometric Turbidity

Units for chinook salmon) are known to reduce feeding efficiency (Chapman and

Bjornn, 19o9). Scrivener, ~M. (1994) concluded that stress from high sediment

levels in the Fraser river during spring floods may induce ~t~venile chinook to

move temporarily into Hawks Creek, a small, ~onnatal tributary, in order to feed

¢~nd c~ear their gills of sediment. ~im~lar behavior mavoccur in Sacramento R~ver

chinook.

Because they are dr)" for months at a time, intermittent tributaries lack resident

pop,clarions of large, piscivorous fishes. Thi.s is an oL~\ious ~dvantage to iuven:de

c!~nook, tf !ess energy is expended on preclator avoidance, more wi!! be availabie

for feeding and growth. However, later in the season (usua!’~y in April), adult

squawfish move into tributaries to spawn, and may prey on juvenile chJ.nook.

Interface predators such as mergansers, egrets, herocus, otters, and raccoons prey on

fish in the shallow water of receding streams. Juvenile chinook which enter

intermittent streams early (winter and spring run) and smelt before wate: levels

~’ecede have a better chance of avoiding predators.

Historically, juvenile chinook may have found favorable rearing conditions in

shallow, protected backwaters and side channels once characteristic of the

Sacramento River (Thompson, 1961). Although a few river reaches remain

relatively natural, large sections have been rip-rapped and devegetated for erosion

c,~ntr¢)l and irrigation purposes, depleting chir~ook r,,arir~g hat>itat. While f~lrthr.r

.’,tk~dies are needed to detail the magnitude of triDutary rearing, it seems evid¢.nt t!dal
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small, intermittent streams contribute to the overall habitat complexity of the river

system,-and need to be considered in efforts to protect threatened species.
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[Table Captions]

"Fable 1. Tributaries in which juvenile chinc, v~k were observed. Coded wire tagged

fish were recovered In those marked with an ,~.~t,~,,-~ ~*).

Table 2. Data from coded wire tagged juvenile chinook in 1995.

Table 3. Growth rates estimated for juve~zile chinook ....i ~.¢ ....n~ in Sacramento River
Tributaries in former ),ears.
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[Figure Captionsi

Figure 1. Selected examples of juvenile chinook size distribution at different sites
within the same creek on the same date.

Figure 2. Juvenile chinook observed in Thomes Creek on April 3, 1905.

Figure 3. Juvenile chirtook observed in Kusal Slough on April 3, 1995.

Figure 4. Juvenile chinook observed in Mud Creek on February 2, 1995.

Figure 5. Percent of winter, spring and fall chinook juveniles observed at twe sit,.,>
in the Sacramento River and in tributaries entering the river abo\e and below Red
Bluff.                                                                                         :

:

Figure 6. Temporal distribution of chinook races observe3 in intermittent
tributaries entering the Sacramento River between Red Bluff and Willows.

Figure 7. A breakdown into races of chinook juveniles observed in different vea:s.
(Lower numbers of spring and winter chinooks captured prior to 1994 can be
attributed to a sampling regime which started later in the season, thereby, missing
most representatives of these races).

Figure 8. Condition factors for juvenile chinook in 1995. Each symbol represents
the mean of two or more fish within a 10 mm size range. Open circles indicate

Sacramento River sites; dots indicate tributary sites.

Figure 9. Growth rate estimates for juvenile chinook rearing in the Sacramento
River and intermittent tributaries in 1995.Table 4. Growth rates estimated for
juvenile chinook rearing in Sacramento River Tributaries in former years.

Figure 10. Examples of tributary temperature fluctuation with comparable data from
the river.

Figure 11. Turbidities measured on selected dates in 1995.
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WEST SIDE OF RIVER t~,I.ST SIDE OF RIVEI,I.

CRliEK [IS(;S QUAD CRFEK

Stony* Chico Big Chico* Chico

Tho rues* V i na Mud* Chico

Elder* Los Molinos Rock* Chico

Red Bank Red Bluff East Pine"

Reeds lx~ d Bltlff East T<~,mes* V ina

Brickyard Red Bluff Fast Dye

Blue Tent* Red Bluff East Asia Bali’s Ferry

Dibble Red Bluff East

.~de~en Bali’s Ferry
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Table 2.

Race
Capture Release Fork Known Based

Date Date Capture Site Release Site I,ength Tag Code Race on Siz,

2/~/95 112o/9~ Dibble Creek Bonnyview Boat Ramp ~3 5111004 \V \V

2/23/95 1/26/95 Dibble Creek Bonnyview Boat Ramp 73 5111(X)9 W S

2/~3/95 ~ /’~~, ,:ra; .~ Dibble Creek Bonnvview Boat Ramp q3 5111202 W \V

3/5/95 1/2o,,"45 Stony Crt~.,k Bonnvviev¢ Boat Ramp 91 5111115 W \\’

3/5/95 1/2o/95 Stony Creek Bonnyview Boat Ramp lt~ 5111015 \\’ \\’

3/26,’¢15 3 .’ l0 ,MS Mud Creek Red Bluff Diversion Dam cq 5111205 1: F

3/2o/95 3, 10/95 b.lud Creek Red Bluff Diversion Dam o7 511 I205 F

4/3/95 1 ;20.~05 Thomes Creek Bonnvview Boat Ramp 102 5111010 W ~,\

4/17/95 3/!0/95 Kusal Slough Red Bluff Diversion Dam 86 5111205 F

4/17/95 3/10/95 Kusal Slough Red Bluff Diversion Dam ~ 5111204 F S

4/17/95 3/10/95 Kusal Slough Red Bluff Diversion Dam $3 5111205 F S

5/7/95 4/24,’95 Ttx)mes Creek Battle Creek 68 5111208 F F

5/7/95 4/24/95 Kusal Slough Battle Creek 78 5111208 F F

5/7/95 4/24,/95 Kusal Slough Battle Creek 81 5111208 F F

5/7/95 4/24/95 Kusal Slough Battle Creek 73 5111204 F F
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Table 3.

Rate
S i t e Pe riod ( m m I d a y)

Kusal Slough at W. Sac. Mid March,

Mud Croak at W. Sac. Mid March,

Mud Creek at W. Sac. Mar 23- Apt

Chico Creek near Mud Mar 25 - Apt

Mud Creek at W. Sac. l.ate March,

Mud Creek at \\’. Sac. Early ..\pri!, ’h~ 1.4

Mud Cro,,k at W. Sac. Mid April, "k) 0,7

Stony Creek at TNC ,".tar 2 - A[~r 10, cq 0.41
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Figure 1. t9
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Managing Surface Water-Groundwater to Restore Fall Flows
in the Cosumnes River

Jan Fleckenstein1; Michael Anderson2; Graham Fogg3; and Jeffrey Mount4

Abstract: Declining fall flows are limiting the ability of the Cosumnes River to support large fall runs of Chinook salmon. Mana
scenarios linking surface water and groundwater alternatives to provide sufficient fall flows are examined using groundwate
channel routing models. Results show that groundwater overdraft in the basin has converted the river to a predominantly los
practically eliminating base flows. Management alternatives to increase net recharge~for example, pumping reductions!were examine
along with surface water augmentation options. Using a minimum depth standard for fish passage, average surface water fl
were computed for the migration period of Chinook salmon. Groundwater deficits were evaluated by comparing simulate
groundwater conditions with conditions under various scenarios. Increases in net recharge on the order of 200 to 300 millio3/year
would be required to reconnect the regional aquifer with the channel and in turn reestablish perennial base flows. Options th
surface water augmentation with groundwater management are most likely to ensure sufficient river flows in the short term and
long-term restoration of regional groundwater levels.

DOI: 10.1061/~ASCE!0733-9496~2004!130:4~301!

CE Database subject headings: Surface waters; Ground water; Restoration; California; Rivers; Base flow.
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Introduction
The Cosumnes River in Sacramento County, California, has
torically supported a large fall run of Chinook salmon~the word
‘‘Cosumnes’’ derives from the Miwok word for salmon!. An early
study by the California Department of Fish and Game~CDFG!
@1957, cited in USFWS~1995!#, estimated that the river cou
support up to 17,000 returning salmon under suitable flow co
tions. Over the past 40 years fall runs ranged from 0 to 5,000
according to fish counts by the CDFG~USFWS 1995!. In recen
years, estimated fall runs have consistently been below 60
~Keith Whitener, researcher, Nature Conservancy of Califo
personal communication!. Declines in fall flows have been i
tified as a major inhibitor of successful Chinook salmon spaw
in the Cosumnes~TNC 1997! and in other California river
~Drake et al. 2000!. Fall flows in the Cosumnes have been s
in recent years that the entire lower river has frequently
completely dry throughout most of the salmon migration pe
~October to December!. Previous investigations of stream-aq
interactions along the lower Cosumnes River~river-km 0–58!
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suggest that loss of base flow support as a result of ground
overdraft is at least partly responsible for the decline in fall fl
~Fleckenstein et al. 2001!. Increased groundwater withdraw
the Sacramento basin since the 1950s have substantially lo
groundwater levels throughout the county. Major cones of de
sion in the water table have formed north and south of the
sumnes River with groundwater levels as low as 24 m b
mean sea level at their center. Management strategies that a
existing groundwater and surface water deficits are needed t
mote Chinook salmon fall runs. This study quantifies these
cits by means of numerical simulations of groundwater and
face water flow, investigates potential remedies for extended
flow conditions in the Cosumnes River, and identifies, additi
analysis needs.

Related Work on Groundwater–Surface-Water
Interactions

Although early work in hydrology emphasized the linkages
tween surface water and groundwater~Theis 1941; Rorabaug
1964!, water managers have long looked at groundwater an
face water as two separate entities. With increasing develop
of land and water resources, however, the understanding th
velopment of either of these resources will affect the quantity
quality of the other has gained importance~Winter et al. 1999!
This understanding has resulted in a large body of literatur
groundwater-surface water interactions and their ecological,
nomic, and legal implications. Comprehensive reviews of
literature are given by Winter~1995!, Woessner~2000!, and
Sophocleous~2002!, Bouwer and Maddock~1997! outline some
of the legal ramifications of groundwater-surface water inte
tions; Glennon~2002! describes a series of case studies w
groundwater use has negatively affected surface water; and
retical considerations of river-aquifer interactions and their m
ematical formulation are discussed in Kaleris~1998!and Rushto

and Tomlinson~1979!.
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Groundwater discharge to streams, or base flow, often co
tutes the major source of stream flow during dry periods. Du
these periods groundwater use is usually highest and min
flow requirements can be violated if base flows are reduced.
dolf et al. ~1987!described the impacts of groundwater pump
on stream flows in a case study of the Carmel River in Califo
Groundwater withdrawal locally decreased or even elimin
base flows and inhibited steelhead migration. Quantity and ti
of base flows were identified as very important for fish migrat
Along the Mojave River in California, increasing groundwa
pumping has caused seasonal and long-term stream flow
tion ~Lines 1996!. Chen and Soulsby~1997! used a numerica
model to assess impacts of proposed groundwater develo
on stream flow in a nearby stream that was important for sa
nids. In their study changes in stream stage caused by the
posed development were small and were found to have only
mal impacts on fish habitat. Ramireddygari et al.~2000! used a
numerical groundwater and surface water model to investiga
effects of irrigation practices and stream diversions on river fl
and water levels in an environmentally important wetland in K
sas. They found that stream flows were most sensitive to ch
in groundwater pumping for irrigation. Under increasing pres
to meet water demands and yet comply with environmental
dards, numerical models that include stream-aquifer interac
have become indispensable tools for water management in
parts of the world~Pelka and Horst 1989; Pucci and Pope 19
Nobi and Das Gupta 1997; Perkins and Sophocleous 1
Sophocleous and Perkins 2000!.

Cosumnes River Watershed

The Cosumnes River is located on the western side of the S

Fig. 1. Location map and groundwater model mesh~THB5Thornto
Bar!
Nevada in Amador, El Dorado, and Sacramento counties, Califor-

302 / JOURNAL OF WATER RESOURCES PLANNING AND MANAGEMENT
-

t

nia ~Fig. 1!. The basin covers an area of approximately 3,3002

and ranges in elevation from 2,400 m at the headwaters to
sea level at its outlet in the Sacramento/San Joaquin Delta.
upper basin the Cosumnes River consists of three forks, w
join near Michigan Bar~MHB!. From MHB the river extend
another 58 km before it flows into the Mokelumne River~Fig. 1!.
The only reservoir on the Cosumnes River is a small irriga
reservoir~Sly Park! in the upper basin. Weather conditions
characterized by a mediterranean-type climate with strong se
ality in rainfall. About 75% of the annual precipitation occ
between November and March~PWA 1997!. Flows in the Co
sumnes River range from no flow in late summer and fall du
dry to moderate years to a peak flow of 2,650 m3/s passing MHB
during the 1997 flood.

In the alluvial lower basin~downstream of MHB!the river
flows through the groundwater-bearing sedimentary depos
the Central Valley of California. Current groundwater conditi
in this part of the basin are characterized by two major con
depression in the water table to the north and south of the
~Fig. 1!. These cones have formed over the last six decade
result of intensive pumping of groundwater for agricultural
municipal use~MW 1993a!. Isotopic composition of groundwa
and surface water in southern Sacramento County indicate
the Cosumnes River recharges groundwater~Criss and Davisso
1996!.

The annual fall run of Chinook salmon on the Cosumnes R
occurs from early October through late December, with a pe
November. A moderate historical run ranges from 0 to 5,000
while the basin has been estimated to have a capacity to h
runs of up to 17,000 fish~USFWS 1995; TNC 1997!. Durin
1997–2001 Chinook salmon runs of 100 to 580 fish have
estimated based on carcass counts~Keith Whitener, personal com

ge, MCC5McConnell, FSC5Folsom South Canal, MHB5Michigan
n Brid
munication!. Field analyses indicate the need for a minimum river

© ASCE / JULY/AUGUST 2004
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stage of 18 cm to allow fish migration to the spawning ha
around and just downstream of MHB~Keith Whitener, persona
communication!. Based on rating tables from the McCon
gauge~MCC!, this water depth corresponds to a flow of appr
mately 0.57 m3/s at MCC. This threshold flow will subsequen
be referred to as the minimum flow requirement at MCC.

Methods

Two methods were used to investigate declines in fall flow
the Cosumnes River. First, river flows and groundwater leve
the basin from historical records and recent groundwater mo
ing were analyzed to quantify linkages between groundwater
ditions and river flows. In a second step, numerical mode
groundwater and surface water flow were used to describ
hydrologic conditions in the lower Cosumnes basin and to s
late stream-aquifer interactions and channel flows under cu
and scenario conditions. Scenario simulations explored ma
ment strategies to sustain fall river flows and promote Chin
salmon fall runs. Two numerical models were used: a
dimensional~1D! channel routing model that incorporates vert
seepage and a quasi three-dimensional~3D! finite-element re
gional groundwater flow code that also simulates stream-aq
interactions and mean monthly river flows. The 1D routing m
was used to estimate a target flow at MHB that would be req
to maintain the minimum flow requirement at MCC under cur
conditions. The 3D regional groundwater model was employe
quantify annual amounts of groundwater required to esta
base flows to the river and meet minimum flow requirement
salmon migration. Various management options for restoratio
fall flows were evaluated by means of scenario simulations.

Analysis of Stream Flows and Groundwater Levels

Mean daily flow data from a gauge at MHB, where the r
enters its alluvial lower basin, and from the MCC gauge abou
km downstream of MHB were used. At MCC flows were o
recorded between 1941 and 1981; the MHB record extends
1908 to the present. These data constitute the only flow reco
the lower basin. Changes in fall flows in the alluvial lower ba
were assessed by determining the frequency of days at MCC
flows below the minimum flow requirement during October
November over the 1941–1981 record. Changes in the re
frequency of these days between MCC and MHB were quan
by calculating the difference in the number of days for wh
flows were below the threshold. Seasonal groundwater-level
ings from a set of monitoring wells in Sacramento County
weekly to monthly readings from a network of 33 municipal
agricultural wells in the vicinity of the river were analyzed
trends in groundwater levels.

Channel Routing Model

To calculate the target flow rate at MHB corresponding to th
cm depth requirement at MCC, the routine DIFWAVE~Anderson
1993! was employed, which solves the diffusion wave appr
mation to the momentum equation. Based on measured gr
water levels in the vicinity of the river it was inferred that
river is seepage dominated and does not receive signi
groundwater discharge between MHB and MCC from Octob
December. To simulate seepage losses through the riverb

Green and Ampt infiltration routine was added to DIFWAVE. For

JOURNAL OF WATER RESOURCES P
a detailed description of the model, see Anderson et al.~2004!.
The channel flow model was calibrated to observed flows in
channel at MCC. Peak stage at the downstream node~MCC! and
total volume were matched. Peak stage was matched to wi
mm or 2%, and total volume was matched to within 2.5%.
Nash–Sutcliffe coefficient R2 for the calibration run was 0.97
~Nash and Sutcliffe 1970!. For the verification run, the total
ume was overestimated by 5%. Peak stage was matched
1%, although the timing of the peak flow in the numerical si
lation was early by 5 h. The Nash Sutcliffe coefficient for
verification run was 0.777. Once the model was calibrated
verified, a target flow at MHB was estimated with DIFWAV
such that the downstream stage at MCC was greater than or
to the 18 cm target depth. Comparing the target flow with his
cal flows at MHB, surface water deficits could be determined
respect to the minimum flow requirement at MCC in wet, dry,
average years for the fall months October to December.

Simulations of Regional Groundwater Flow

Numerical Groundwater Model
A groundwater model for Sacramento County~SCM!, which had
previously been calibrated to 1969–1990 groundwater level
mean monthly stream flows~MW 1993a!, was obtained from t
Sacramento County Water Agency. The model is based o
numerical finite-element code IGSM~Integrated Groundwat
Surface Water Model!, Version 3.1~MW 1993b!. IGSM simulate
quasi-3D groundwater flow in multiple aquifers that can be s
rated by aquitards. The SCM represents a system of three
fers, which consist of the sedimentary deposits of the late Te
Mehrten and Quaternary Laguna and Riverbank formations.
flows in the model are calculated based on a monthly wate
ance over individual river reaches, including direct runoff
stream-aquifer interactions. Exchange between surface wate
the upper aquifer per unit area of a river reach is calculated a
product of the hydraulic gradient and a conductance term, r
senting hydraulic connection between the river and the subsu
below the streambed. Recharge to the aquifer is calculated
model as deep percolation based on a two-compartment mo
the unsaturated zone representing a water balance in the roo
and deep vadose zone~MW 1993b!. Flows below the root zo
depend on land use and cropping patterns.

The geometry of the finite element mesh of the SCM
slightly modified to better represent the course of the Cosu
River. Riverbed elevations in the Cosumnes River, as repres
in the SCM, were found to be inaccurate and were adjusted
on a recent detailed survey of the river channel~Guay et al
1998!. The modified model was run for the 1969–1990 cal
tion period and another 5 years for corraboration~1990–1995!
Simulated groundwater levels in the upper two aquifers ove
entire 26-year simulation period were compared to obse
groundwater levels at 43 wells throughout Sacramento Co
Simulated groundwater levels were found to be in reason
agreement with observed values~Fig. 2!. Comparison of simu
lated mean monthly river flows at MCC with observed flo
yielded a Nash-Sutcliffe R2 of 0.984 ~0.983 in the unmodifie
model!.~Nash and Sutcliffe 1970!.

During the course of this investigation an independent re
of the IGSM source code~LaBolle et al. 2003!revealed limita
tions of the code in handling nonlinear groundwater surface w
interactions. Errors in simulated heads and stream flows can
in the case of direct hydraulic contact between the stream

aquifer in time steps over which stream flows or groundwater
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Table 1. Groundwater Scenarios

Parameter/variable
Scenario 1
~baseline!

Scenario 2
~no pumping!

Scenario 3
~flow augmentation!

Scenario 4~pumping
reductions upstream!

Scenario 5~pumping
reductions downstream!

Scenario 6
~S3 combined with S4!

General

Simulation period 15 years 15 years 15 years 15 years 15 years 15 years

Initial conditions 1995 September
GW levels

1995 September GW levels 1995 September GW levels 1995 September GW levels 1995 September GW levels 1995 September GW levels

Static
over years

Land-use 1993 land-use survey 1993 land-use survey 1993 land-use survey 1993 land-use survey 1993 land-use survey 1993 land-use survey

GW pumpage
~time variant
within year!

1994 pump rates No pumping in
all 35 subregions

of model

1994 pump rates Pumping reduced by 205
million m3 with emphasis

on upstream reaches

Pumping reduced by 308
million m3 with

emphasis on
downstream reaches

Pumping reduced by 205
million m3 with

emphasis on upstream
reaches

SW diversions
and Imports
~time variant
within year!

1994 diversions
and imports

1994 diversions
and imports

1994 diversions and
imports plus 1.42 m3/s flow

augmentation from FSC
from September to

December

1994 diversions and
imports

1994 diversions
and imports

1994 diversions and
imports plus 1.42 m3/s

flow augmentation from
FSC from September

to December

Water requirement
~per year!

None ;703 million m3 ;15 million m3 ;205 million m3 ;308 million m3 ;220 million m3

Time
variant

Stream/river inflows 1980–1995 record 1980–1995 record 1980–1995 record 1980–1995 record 1980–1995 record 1980–1995 record

Precipitation input 1980–1995 record 1980–1995 record 1980–1995 record 1980–1995 record 1980–1995 record 1980–1995 record

Boundary
conditions

Provided by
simultaneous model
runs from bordering
groundwater models

~North American River and
San Joaquin County models!

Provided by
simultaneous modelruns

from bordering
groundwater models

~North American River
and San Joaquin County models!

Provided by
simultaneous model runs

from bordering
groundwater models

~North American River
and San Joaquin
County models!

Provided by
simultaneous model
runs from bordering
groundwater models

~North American River
and San Joaquin
County models!

Provided by
simultaneous model
runs from bordering
groundwater models

~North American River and
San Joaquin

County models!

Provided by
simultaneous model
runs from bordering
groundwater models

~North American River and
San Joaquin

County models!

Note: GW5ground water; SW5surface water; FSC5Folsom South Canal.
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heads change significantly. In our simulations with the SCM
errors were only notable as small oscillations of groundw
heads at certain nodes below the river only during winter mo
in very wet years. During most years, and in the summer an
months in particular, such errors were not encountered. Th
due to the coarse spatial discretization and the monthly time
used in the regional model. Simulated heads and river flows
resent monthly averaged values that do not account for short
transients in groundwater levels and river flows. There
changes in groundwater heads between time steps are gr
minimizing potential errors. Also, extended reaches of the
remain hydraulically disconnected from the aquifer throug
most simulations under which conditions seepage becomes
ear function of the river stage. Therefore it is believed that
limitations of IGSM do not significantly affect the results p
sented here.

Scenario Simulations
Six scenario simulations~S1 to S6!were run with the regiona
groundwater model~Table 1!. To evaluate the level of disturban
of the current groundwater system relative to natural, undistu
conditions, a baseline scenario~S1!, in which recent land an
water use conditions are held constant, and a ‘‘no-pumping’’
nario~S2!representing natural, predevelopment groundwater
ditions, were simulated. In scenarios S3 to S6 different man
ment options were evaluated. The considered options fall into
of three categories:~1! flow augmentation with available surfa
water ~S3!; ~2! increase of net recharge~represented as pumpi
reductions!to restore base flows~S4 and S5!; and~3! a combina
tion of ~1! and ~2! ~S6!. All simulations were run over a 15-ye
period with simulated September 1995 heads as initial condit
Land use, groundwater pumping and surface water diver
were kept static from year to year to assess long-term impa
fixed land and water use patterns. Rainfall and river inflows
the model domain for all simulations were taken from the 19
1995 hydrologic record.

Baseline conditions~S1! were represented by the most rec
available data for the SCM. Monthly data sets representing
levels of surface water diversions and groundwater pumping

Fig. 2. Simulated versus observed head for aquifers 1 and 2
calibration/validation period
the 1993 land use survey were used. The no-pumping simulation

JOURNAL OF WATER RESOURCES P
l,

~S2! is identical to the baseline simulation except that all gro
water pumping in the model domain was set to zero. In S3
flows were augmented from September through December w
constant flow of 1.42 m3/s from Folsom South Canal~FSC!, a
water delivery canal that crosses the Cosumnes River at rive
37. In S4 and S5 groundwater pumping was reduced in the v
ity of the river downstream and upstream of MCC, respecti
to estimate how much the groundwater budget would hav
change~increase in net recharge!to achieve greater connecti
between river and aquifer, thereby generating additional
flow. In S6, upstream pumping reductions from S4 and flow
mentation from S3 were combined.

Results and Discussion

Analysis of Historical Trends in River Flows and
Groundwater Levels

From 1941 to 1981 the number of days in October and Nove
with mean daily flows above the minimum flow requiremen
0.57 m3/s at MCC steadily decreased from more than 30 day
average in the early 1940s to less than 20 in 1980~Fig. 3!. A
comparison of daily flows at MCC with flows at the upstre
gauge at MHB for the same time period shows that the frequ
of occurrence of days with flows below the threshold have
creased more rapidly at MCC than at MHB~Fig. 4!. These resul
indicate that flow losses between MHB and MCC increased
tween 1941 and 1981. This trend coincides with a drastic de
in regional groundwater levels in the alluvial lower basin s
the early 1940s~Fig. 5!, suggesting that loss of base flow sup
in the lower basin is in fact a major reason for declining
flows.

Recent groundwater level monitoring from wells within 1,0
m from the river channel indicate that the regional water table
below most of the lower Cosumnes channel. In 2000 and 2
depth to the regional water table from the river channel elev
ranged from 2 m in the Dillard Road area~river-km 44.2!to 16.7
m around Wilton Road~river-km 27.8!. Data from downstream
Twin Cities Road suggest at least a seasonal connection be

Fig. 3. Number of days in October and November with flows ab
0.57 m3/s at the McConnell gauge~MCC!
river and aquifer in the lowest reaches. Under these conditions
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most of the lower river does not receive base flow contribut
from the regional aquifer. To restore and sustain base flow
reduce seepage losses along the entire lower river, water
would have to be raised by up to 17 m.

Current Surface Water Deficits (One-Dimensional
Routing Model)

A target flow of 1.55 m3/s at MHB was estimated as the amo
needed to maintain the minimum flow requirement at M
Using this value, estimates of surface water deficits were obt
for the October through December period by comparing the t
flow to historical flows at MHB. Historical flows at MHB we

Fig. 4. Difference in number of days with flow below 0.57 m3/s
between McConnell gauge~MCC! and Michigan Bar~MHB! ~Octo-
ber to November!

Fig. 5. Groundwater levels in three monitoring wells in Sacram
County ~1935–2000!
306 / JOURNAL OF WATER RESOURCES PLANNING AND MANAGEMENT
grouped according to water-year type~dry, average, and wet!and
averaged to obtain a mean historical flow for each water
type. The flows associated with these mean values are sho
Fig. 6 for ~A! October,~B! November, and~C! December, alon
with the target flow of 1.55 m3, which is shown as a bold dash
line. Fig. 6 shows that flow deficits exist in October for all wa
year types and in the first part of November for all but wet ye
By December, the mean historical conditions are above the
m3/s threshold. Volumes associated with the monthly mean
cits for each water-year type are shown in Table 2, which
shows the observed maximum deficits for each month.

Fig. 6. Mean flow at Michigan Bar by water-year type for~A! Oc-
tober,~B! November, and~C! December

Table 2. Mean Fall Flow Deficit Volumes~m33106)

Water year
classification Dry Average Wet

Maximum
observed
deficit

October 2.5 2.0 1.7 4.55
November 0.56 0.12 0.10 3.82
December 0 0 0 3.16
Total Fall 3.06 2.12 1.80 11.53
© ASCE / JULY/AUGUST 2004
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Scenarios 1 and 2 (Baseline and No-Pumping)

Fig. 7 shows a longitudinal profile of the river channel betw
MHB and Thornton Bridge~THB! and simulated groundwat
levels below the channel at the end of the simulation period~Sep-
tember of year 15!under baseline and no-pumping conditio
Under baseline conditions, the river channel is largely hydr
cally disconnected from the regional aquifer. Annual groundw
pumping in the model domain amounted to 703 million m3, a
significant groundwater deficit with respect to predevelopm
conditions. In the no-pumping scenario groundwater levels
above the channel elevation over the entire length between
and MCC within 4 years of the imposed changes. These re
suggest that before substantial groundwater developmen
curred in the county in the 1950s and 60s the entire lower
sumnes River probably received base flows from the reg
aquifer and was able to sustain perennial flows.

Simulated seepage from the river channel between MHB
MCC under baseline conditions fluctuated between 48 and
million m3 per year.@Fig. 8~A!#. Seepage rates in the model
within the range of annual seepage volumes estimated by a
dependent study for the 1962 to 1969 period, which ranged
35 million to 152 million m3 with an average of 89 million m3

~DWR 1974!. Simulated annual seepage between MCC an
confluence of the Cosumnes with the Mokelumne River at T
under baseline conditions ranged from 27.1 to 77.7 million3,
@Fig. 8~B!#. Under no-pumping conditions, seepage betw
MHB and MCC rapidly declined over the first 7 years of
simulation, and after year 12 this stretch of river became a
gaining reach, with base flow contributions of up to 14.8 mil
m3/year @Fig. 8~A!#. In the reach between MCC and the ri
mouth ~THB!, net gaining conditions were already establis
after the 6th year of the simulation with base flow contribution
up to 13 million m3/year @Fig. 8~B!#.

Scenario 3 (Flow Augmentation)

Flow augmentation with available surface water was consid
as a management option that could open the river channel fo
without the immediate need to recover regional groundwater
els and reinitiate base flows. In the long term such measures

Fig. 7. September groundwater levels below river channel~aqui
also be beneficial for groundwater recovery from increased chan-

JOURNAL OF WATER RESOURCES P
nel seepage. Releases from FSC to sustain sufficient fall flo
the lower river reaches, which are most susceptible to dryin
the late summer and fall, were evaluated with the groundw
model. A 1.42 m3/s augmentation from September through
cember during the 15-year simulation period significantly ra
groundwater levels below the river downstream from the aug
tation point due to increased channel seepage from addi
augmented river flow~Fig. 7!. Compared to the baseline simu
tion, annual seepage amounts increased slightly, mainly ups
of MCC @Fig. 8~A!#. Additional recharge from increased ri
seepage also raised groundwater levels further away from
river, as Fig. 9 shows for a well~07N06E33J01M!three km

at end of 15-year simulation period for scenarios S1, S2, and S

Fig. 8. Net annual seepage from lower Cosumnes River cha
between Michigan Bar~MHB! and McConnell gauge~MCC! and
MCC and Thornton Bridge~THB! for the 15-year simulation perio
~positive values signify seepage from river into aquifer!
fer 1!
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S6
northwest of the river. Hydrographs for scenarios 1 and 2 an
head differences between both scenarios are plotted for th
year simulation period. After 4 years groundwater levels fo
start to increase significantly in comparison to S1~baseline!, in
dicating additional groundwater-level recovery from flow a
mentation. After 11 years this trend levels off, suggesting tha
system reaches a new equilibrium.

Scenarios 4 and 5 (Pumping Reduction)

The pumping reduction scenarios aimed at determining nece
increases in net recharge to locally raise the water table t
channel elevation and to restore base flows. In the mode
creases in net recharge were implemented as pumping redu
Pumping was reduced in the vicinity of the river so that lo
reconnections could be established. Scenario 4 focused on r
around the upper river reaches in the study area~MHB to MCC!
and scenario 5 on the lower reaches~THB to MCC!. Annua
pumping reductions on the order of 205 million m3 were neces
sary to hydraulically reconnect the aquifer with the channel
stream of FSC~Fig. 10!. Even larger reductions of approximat
308 million m3 were needed to establish a similar hydraulic
connection downstream of MCC. Annual seepage amount
tween MHB and MCC decreased to about 30 million m3 after
year 6 of the simulation period@Fig. 8~A!#. Seepage volum
between MCC and the basin outlet fluctuated around 30 m

Fig. 9. Groundwater hydrographs at well 07N06E33J01M
scenarios S1 and S2

Fig. 10. September groundwater levels below river channel~aqu
308 / JOURNAL OF WATER RESOURCES PLANNING AND MANAGEMENT
.

s

m3 after the 6th year of the simulation for scenario 4 and reve
to net gaining conditions in year 6 for scenario 5@Fig. 8~B!#.

Scenario 6 (Pumping Reduction and Flow
Augmentation)

In scenario 6 upstream pumping reductions~same as in S4!were
combined with flow augmentation from FSC~same as in S3
Groundwater levels downstream of MCC increased due t
creasing seepage from augmented river water whereas grou
ter levels between FSC and MCC were practically uncha
compared to S4~Fig. 10!. This indicates that the latter river re
was no longer seepage dominated under the implemente
stream pumping reductions. Due to raised groundwater level
result of pumping reductions, seepage losses from the ch
were greatly reduced. Significantly more of the augmented
face water could be maintained in the channel. Downstrea
MCC, where the effects of the implemented pumping reduc
diminish, seepage losses increased again.

Effects on Fall Flows

Impacts of changes in groundwater levels on fall flows w
evaluated by comparing mean fall flows from October to Dec
ber at different locations along the channel. Flows were aver
over the last 10 years of the 15-year simulation period fo
scenarios. The first 5 years of the simulations were not incl
because they are characterized by the transition from the
conditions of the simulations to the new quasi-steady-state
nario conditions and were therefore not representative for the
cific scenarios. Fig. 11 shows mean fall flows at different cha
locations expressed in percent of upstream inflows from MHB
this figure FSC refers to the river just before the augment
point at Folsom South Canal, and MCC1 and MCC2 signify
river at MCC before and after the confluence with Deer Cr
respectively. Under baseline conditions~S1!, less than 10% of th
inflow from MHB reached MCC. The simulations also sugg
that even under no-pumping conditions~S2! the river reach be
tween MHB and MCC would be a net losing reach in the
Downstream of MCC base flow contributions exceeded see
losses in the fall and the river was gaining. Flow augmenta
~S3! could maintain average fall flows at MCC above the m

at end of 15-year simulation period for scenarios S4, S5, and
ifer 1!
© ASCE / JULY/AUGUST 2004
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mum flow requirement despite increasing seepage losses
stream pumping reductions~S4! maintained significantly highe
fall flows at FSC but only marginally increased flows at M
~Fig. 11!. Downstream pumping reductions~S5!mainly benefited
fall flows at THB. The highest average fall flows at MCC co
be sustained with the combination of upstream pumping re
tions and flow augmentation~S6!.

Management Options

Results from the scenario simulations support the findings
the analyses of river flow and groundwater level data. The
sumnes River downstream of MHB is seepage dominated.
mated average seepage losses per river kilometer calculate
the simulation results were on the order of 0.024 m3/s. These rate
fall within the range of flow losses estimated from stream gau
of individual river reaches. Based on the channel routing sim
tions, a flow of approximately 1.55 m3/s is needed at MHB t
maintain the minimum flow requirement of 0.57 m3/s at MCC
~corresponding to the 18 cm stage requirement!. Manage
strategies that aim at promoting Chinook salmon fall runs ha
either sustain the 1.55 m3/s target flow at MHB or substantial
reduce seepage losses from the channel downstream of
Flow deficits in October and November could be covered
releases from Sly Park reservoir~in the upper watershed!and
FSC.

Recovery of fall flows by means of groundwater managem
can only be a long-term strategy in light of increasing water
mands in Sacramento County~MH 1997!. Annual amounts o
several hundred million cubic meters of water would be need
partially or fully reconnect the Cosumnes River with the regio
aquifer and reinitiate base flows between MHB and the b
outlet. To ensure fall flows that promote Chinook salmon fall r
in the short and intermediate term, flow augmentation with
face water will be necessary. Besides the no-pumping sce
~S2!, only scenarios 3 and 6, which both involved augment
of flows with surface water, could ensure average fall flows a
the minimum flow requirement for all locations along the cha
~Fig. 11!. These results clearly demonstrate the severity of e
ing regional groundwater deficits with respect to natural flow
ditions on the Cosumnes. Based on these results, manag

Fig. 11. Mean fall flows along river in percent of flow at Michig
Bar ~MHB!
strategies that combine flow augmentation at times of fall flow

JOURNAL OF WATER RESOURCES P
t

deficits with long-term efforts to recover regional groundw
levels seem most viable to promote Chinook salmon fall run

Model Limitations and Future Work

The spatial and temporal resolution of the regional groundw
model used in this analyis is coarse. Average node spacing
finite-element mesh is larger than 1,000 m and simulations
performed with a monthly time step. Hence local geologic he
geneity in the aquifer and river bed cannot be resolved in
model, and river flows are only represented as monthly aver
Field measurements of seepage fluxes in the river channe
indicated that seepage fluxes can be highly variable over
spatial scales and that geologic heterogeneity can exert imp
controls on seepage. It was also observed that seasonal p
aquifers develop locally between the river channel and th
gional aquifer, which can temporarily reduce or even rev
seepage fluxes. These phenomena are not included in the
regional model but could be important for the implementatio
certain management strategies.

For the purpose of this study model results were accep
Simulated average annual seepage volumes were found
within the range of previous studies~DWR 1974!and estimate
based on our field measurements. General directions for ma
ment of groundwater and surface water along the Cosumnes
can be inferred from the findings. To develop a detailed man
ment strategy to restore fall flows, further work remains to as
the effects of geologic heterogeneity and perched aquife
seepage rates and water table recovery. A spatially and temp
more resolved model will be needed for such a purpose.

Conclusions
Overdraft of groundwater in Sacramento County over the la
decades has significantly impacted the magnitude and durat
fall flows on the Cosumnes River. The decline in fall flows
primary stressor of spawning success of fall-run Chinook sal
Management of linkages between surface water and ground
were evaluated in order to guide restoration efforts. Under cu
conditions most of the lower river is seepage dominated. R
ration of fall base flows to the lower Cosumnes through gro
water management alone would require significant increas
net recharge through extensive pumping reductions or art
recharge to reconnect the river with the regional aquifer. An
groundwater deficits are on the order of several hundred m
cubic meters. Benefits from pumping reductions could onl
realized after several years. In contrast, surface water ma
ment that augments flows during the critical salmon migra
period could be used to enhance spawning success and ha
mediate impact.

The combined efforts of reduced pumping or artificial rech
and surface water augmentation provide immediate benefi
well as changes that could improve long-term river conditions
improved hydraulic connection between the regional aquifer
the river provides the opportunity to decrease the quantity o
face water augmentation required for fish passage. An optim
combination of releases from a small reservoir in the upper
tershed and a water supply canal in the lower basin could be
to sustain flows throughout the fall, providing greater acce
spawning habitat for fall-run Chinook salmon. Future work
mains to quantify the effects of geologic heterogeneity and p
ing on seepage and river flows, so that optimal surface

groundwater management strategies can be developed to mini-
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mize impacts on existing demands for water in the region w
providing sufficient flows for fish migration. Artificial recharge
technically and politically feasible on a large scale, could pro
a viable alternative to groundwater pumping reductions in an
with growing water demands and environmental resources u
stress.

Acknowledgments

The writers would like to thank the U.S. Fish and Wildlife Serv
and CALFED for their financial support of this study and
Nature Conservancy and the Center for Integrated Watershe
ences and Management at U.C. Davis for their invaluable c
eration and support. The writers further thanks go to the S
mento County Water Agency for providing the regio
groundwater flow model and input data and to the Departme
Water Resources for providing data on groundwater conditio
Sacramento County.

References

Anderson, M.~1993!. ‘‘Development of a general diffusion wave rout
routine.’’ Masters thesis, Dept. of Civil and Environmental Engin
ing, Univ. of California, Davis, Calif.

Anderson, M. L., Chen, Z. Q., and Kavvas, M. L.~2004!. ‘‘Modeling low
flows on the Cosumnes River.’’J. Hydrol. Eng.,9~2!, 126–134.

Bouwer, H., and Maddock, III, T.~1997!. ‘‘Making sense of the intera
tions between groundwater and streamflow: Lessons for water m
and adjudicators.’’Rivers,6~1!, 19–31.

California Department of Water Resources~DWR!. ~1974!. ‘‘Evaluation
of ground water resources, Sacramento County.’’DWR Bulletin No
118-3, Sacramento, Calif.

Chen, M., and Soulsby, C.~1997!. ‘‘Modelling stream-aquifer intera
tions: A case study of environmental risk assessment for a pro
groundwater abstraction scheme in northeast Scotland.’’Sustainability
of water resources under increasing uncertainty, D. Rosbjerg,
International Association of Hydrological Sciences, Wallingford,
fordshire, U.K.

Criss, R. E., and Davisson, M. L.~1996!. ‘‘Isotopic imaging of surfac
water/groundwater interactions, Sacramento Valley, CaliforniaJ.
Hydrol., 178, 205–222.

Drake, D. J., Tate, K. W., and Carlson, H.~2000!. ‘‘Analysis show
climate-caused decreases in Scott River fall flows.’’California Agri-
culture Mag.,54~6!, 46–49.

Fleckenstein, J., Suzuki, E., and Fogg, G. E.~2001!. ‘‘Options for con
junctive water management to restore fall flows in the Cosum
River basin, California.’’Publ. No. 272, Integrated water resourc
management, M. A. Marin˜o and S. P. Simonovic, eds., Internatio
Association of Hydrologic Sciences, Wallingford, Oxfordshire, U
175–182.

Glennon, R. J.~2002!.Water follies, groundwater pumping and the F
of America’s Fresh Water, Island Press, Washington, D.C.

Guay, J. R., Harmon, J. G., and McPherson, K. R.~1998!. ‘‘Flood inun-
dation map and water-surface profiles for floods of selected recur
intervals, Cosumnes River and Deer Creek, Sacramento County
fornia.’’ Open file rep., 98-283, U.S. Geological Survey, Washing
D.C.

Kaleris, V. ~1998!. ‘‘Quantifying the exchange rate between groundw
and small streams.’’J. Hydraul. Res.,36~6!, 913–932.

Kondolf, G. M., Maloney, L. M., and Williams, J. G.~1987!. ‘‘Effects of
bank storage and well pumping on base flow, Carmel River, Mon
County, California.’’J. Hydrol.,91, 351–369.

LaBolle, E. M., Ahmed, A. A., and Fogg, G. E.~2003!. ‘‘Review of the
integrated groundwater and surface-water model~IGSM!.’’ Ground

Water,41~2!, 238–246.

310 / JOURNAL OF WATER RESOURCES PLANNING AND MANAGEMENT
Lines, G. C.~1996!. ‘‘Ground-water and surface-water relations along
Mojave River, Southern California.’’Water-resources investigatio
rep. 95-4189, U.S. Geological Survey/Mojave Water Agency~Calif.!,
Denver, Colo.

Montgomery Watson~MW!. ~1993a!.County groundwater model: Mod
development and basin groundwater yield, Sacramento County
Agency, Sacramento, Calif.

Montgomery Watson~MW!. ~1993b!. Integrated groundwater and su
face water model: Documentation and user manual, Sacram
Calif.

Montgomery Watson~MW!. ~1997!. ‘‘Baseline conditions for groundw
ter yield analysis.’’Rep. Prepared for the Sacramento County W
Agency, Sacramento, Calif.

Nash, J. E., and Sutcliffe, J. V.~1970!. ‘‘River forecasting through co
ceptual models. Part 1: A discussion of principles.’’J. Hydrol., 10,
282–290.

Nobi, N., and DasGupta, A.~1997!. ‘‘Simulation of regional flow an
salinity intrusion in an integrated stream-aquifer system in co
region: Southwest region of Bangladesh.’’Ground Water,35~5!, 786–
796.

Pelka, W., and Horst, R.~1989!. ‘‘Finite element combined surface wa
groundwater model for the river Rhine Kehl/Strabourg reserv
Groundwater management: quantity and quality, A. Sahuquillo, J.
dreu, and T. O’Donnell, eds., International Association of Hydrol
cal Sciences, Wallingford, Oxfordshire, U.K.

Perkins, S. P., and Sophocleous, M.~1999!. ‘‘Development of a compr
hensive watershed model applied to study stream yield under dr
conditions.’’Ground Water,37~3!, 418–426.

Philip Williams and Associates~PWA!. ~1997!.Analysis of opportunitie
for restoring a natural flood regime on the Cosumnes River fl
plain, San Francisco.

Pucci, A. A., and Pope, D. A.~1995!. ‘‘Simulated effects of developme
on regional ground-water/surface-water interactions in the Nor
Coastal Plain of New Jersey.’’J. Hydrol.,167, 241–262.

Ramireddygari, S. R., Sophocleous, M. A., Koelliker, J. K., Perkins,
and Govindaraju, R. S.~2000!. ‘‘Development and application of
comprehensive simulation model to evaluate impacts of wate
structures and irrigation water use on streamflow and groundw
The case of Wet Walnut Creek Watershed, Kansas, USA.’’J. Hydrol.,
236, 223–246.

Rorabaugh, M. I.~1964!. ‘‘Estimating changes in bank storage
groundwater contributions to streamflow.’’Publ. 63, International As
sociation of Scientific Hydrology, Wallingford, U.K., 432–441.

Rushton, K. R., and Tomlinson, L. M.~1979!. ‘‘Possible mechanisms f
leakage between aquifers and rivers.’’J. Hydrol.,40, 49–65.

Sophocleous, M.~2002!. ‘‘Interactions between groundwater and sur
water: The state of the science.’’Hydrogeol. J.,10~1!, 52–67.

Sophocleous, M., and Perkins, S. P.~2000!. ‘‘Methodology and applica
tion of combined watershed and groundwater models in KansaJ.
Hydrol., 236, 185–201.

Theis, C. V. ~1941!. ‘‘The effect of a well on the flow of a near
stream.’’Am. Geophys. Union Trans.,22~3!, 734–738.

The Nature Conservancy~TNC!. ~1997!. ‘‘Alternatives for reestablishin
fall attraction flows for Chinook salmon on the Cosumnes Riv
Internal Memo, Arlington, Va.

U.S. Fish and Wildlife Service~USFWS!.~1995!.Draft anadromous fis
restoration plan: A plan to increase natural production of anad
mous fish in the Central Valley of California, Sacramento, Calif.

Winter, T. C.~1995!. ‘‘Recent advances in understanding the intera
of groundwater and surface water.’’Rev. Geophys.,33~S!, 985–994.

Winter, T. C., Harvey, J. W., Franke, O. L., and Alley, W. M.~1999!.
‘‘Ground water and surface water: A single resource.’’Circular 1139,
U.S. Geological Survey, Washington, D.C.

Woessner, W. W.~2000!. ‘‘Stream and fluvial plain ground water inter
tions: Rescaling hydrogeologic thought.’’Ground Water,38~3!, 423–

429.

© ASCE / JULY/AUGUST 2004



 

United States Department of the Interior 
 

FISH AND WILDLIFE SERVICE 
Red Bluff Fish & Wildlife Office 

10950 Tyler Road, Red Bluff, California  96080 
(530) 527-3043, FAX (530) 529-0292 

 
 
 
                                                                                                                    October 10, 2019 
 
To:  Interested Parties 
 
From:  Scott Voss, Supervisory Fish Biologist, Red Bluff Fish and Wildlife Office 
 
Subject:  Biweekly report (October 8, 2019 – October 21, 2019) 
 
Please find attached preliminary daily estimates of passage, 90% confidence intervals, and fork 
length ranges of unmarked juvenile salmonids sampled at Red Bluff Diversion Dam for the 
period October 8, 2019 through October 21, 2019.  Race designation was assigned using length-
at-date criteria. 
 
This report also contains graphical displays of salmonid passage dating back to 2012 for 
comparison.   
 
Please note that data contained in these reports is subject to revision as this data is preliminary 
and undergoing QA/QC procedures. 
 
If you have any questions, please feel free to contact me at (530) 527-3043 ext 243. 
 
 
 
 
 
 
 
 
 



  Table 1.─ Preliminary estimates of passage by brood-year (BY) and run for unmarked juvenile Chinook salmon and steelhead trout captured by rotary-
screw traps at Red Bluff Diversion Dam (RK391), Sacramento River, CA, for the dates listed below.  Results include estimated passage, peak river 
discharge volume, water temperature, turbidity, and fork length (mm) range in parentheses. A dash (-) indicates that sampling was not conducted on that 
date. 
  Estimated passage 

Date 

 

Discharge 
volume        
(cfs) 1 

 

Water 
temperature 

(°C) 
 

Water 
turbidity 
(NTU) 

 

BY19           
Winter 

 

BY19        
Spring 2 

 

BY18              
Fall 

 

BY19          
Late-Fall 

 

BY19          
RBT 

10/8/2019   7,001   12.8   2.6   45,786 (31 − 64)   (0 − 0)   98 (127 − 130)   928 (65 − 114)   0 ( − ) 
10/9/2019 

 
6,981 

 
12.4 

 
2.8 

 
57,617 (32 − 63) 

 
(0 − 0) 

 
258 (123 − 132) 

 
2,592 (65 − 114) 

 
66 (64 − 98) 

10/10/2019 
 

7,021 
 

11.7 
 

 − 
 

 − 
 

 − 
 

 − 
 

 − 
 

 − 
10/11/2019 

 
7,041 

 
11.8 

 
2.9 

 
58,309 (31 − 63) 

 
(0 − 0) 

 
0 ( − ) 

 
1,921 (66 − 107) 

 
0 ( − ) 

10/12/2019 
 

7,061 
 

11.9 
 

3.3 
 

51,510 (30 − 65) 
 

(0 − 0) 
 

0 ( − ) 
 

4,056 (66 − 117) 
 

44 (196) 
10/13/2019 

 
7,021 

 
12.1 

 
2.9 

 
45,898 (32 − 66) 

 
(0 − 0) 

 
0 ( − ) 

 
3,016 (67 − 116) 

 
0 ( − ) 

10/14/2019 
 

7,160 
 

12.0 
 

2.3 
 

33,542 (31 − 66) 
 

(0 − 0) 
 

0 ( − ) 
 

883 (67 − 93) 
 

42 (78) 
10/15/2019 

 
9,052 

 
11.9 

 
3.5 

 
113,225 (31 − 67) 

 
(0 − 0) 

 
102 (138) 

 
2,838 (68 − 95) 

 
48 (99) 

10/16/2019 
 

9,192 
 

11.8 
 

3.1 
 

96,815 (34 − 67) 
 

4,997 (29 − 33) 
 

0 ( − ) 
 

1,156 (70 − 89) 
 

0 ( − ) 
10/17/2019 

 
9,052 

 
12.3 

 
3 

 
36,839 (34 − 66) 

 
1,413 (29 − 33) 

 
0 ( − ) 

 
720 (68 − 82) 

 
0 ( − ) 

10/18/2019 
 

7,730 
 

12.3 
 

2.8 
 

22,417 (35 − 68) 
 

3,078 (30 − 34) 
 

0 ( − ) 
 

218 (70 − 86) 
 

0 ( − ) 
10/19/2019 

 
9,271 

 
12.3 

 
3.4 

 
38,743 (35 − 68) 

 
5,879 (30 − 34) 

 
0 ( − ) 

 
738 (69 − 98) 

 
53 (73) 

10/20/2019 
 

9,271 
 

11.9 
 

2.8 
 

79,027 (35 − 69) 
 

10,734 (29 − 34) 
 

0 ( − ) 
 

1,572 (70 − 92) 
 

0 ( − ) 
10/21/2019 

 
9,112 

 
12.4 

 
3.2 

 
63,009 (35 − 69) 

 
6,559 (30 − 34) 

 
48 (140) 

 
1,000 (70 − 100) 

 
0 ( − ) 

Biweekly Total 3 
       

791,514 
 

32,660 
 

565 
 

23,871 
 

278 
Biweekly Lower 90% Confidence Interval 

 
542,620 

 
19,988 

 
36 

 
14,816 

 
-43 

Biweekly Upper 90% Confidence Interval 
 

1,040,408 
 

45,332 
 

1,095 
 

32,926 
 

599 
Brood Year Total 

 
3,217,093 

 
32,660 

 
9,303,016 

 
131,588 

 
23,197 

Brood year Lower 90% Confidence Interval 
 

2,111,213 
 

19,988 
 

1,394,750 
 

25,611 
 

7,881 
Brood year Upper 90% Confidence Interval 

 
4,322,972 

 
45,332 

 
17,211,282 

 
237,565 

 
38,513 

 

1 Peak daily discharge values do not account for diversions at RBDD and only represent peak flows registered at the Bend Bridge Gauging station (http://cdec2.water.ca.gov/cgi-
progs/queryFx?bnd). 
2 Brood year 2019 began on 10/16/2019 according to length-at-date criteria (Greene 1992); brood year 2018 total was estimated 3,323,276. 
3 Biweekly totals may be greater than the sum of the daily estimates presented in this table if sampling was not conducted on each day of the biweekly period.  A dash (-) denotes those 
dates.  To estimate daily passage for days that were not sampled, we impute missed sample days with the weekly mean value of days sampled within the week.  
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Figure 1. Weekly estimated passage of unmarked juvenile winter Chinook salmon at Red Bluff Diversion Dam (RK391) by brood-year (BY). Fish were 
sampled using rotary-screw traps for the period July 1, 2013 to present . 

*Winter Chinook passage value interpolated using a monthly mean for the period October 1, 2013 - October 17, 2013 due to government shutdown . 

**Winter Chinook passage value reflects addition of length-at-date spring Chinook determined to be winter Chinook from genetic analysis during 
 the period of October 16th thru November 18th during brood years 2017 and 2018. See memos on 2018 biweekly report page for more info .
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Figure 2. Weekly estimated passage of unmarked juvenile spring Chinook salmon at Red Bluff Diversion Dam (RK391) by brood-year (BY). Fish were 
sampled using rotary-screw traps for the period October 16, 2013 to present . 

*Spring Chinook passage value reflects subtraction of length-at-date spring Chinook determined to be winter Chinook from genetic analysis during 
 the period of October 16th thru November 18th during brood years 2017 and 2018. See memos on biweekly report website for more info .
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Figure 3. Weekly estimated passage of unmarked juvenile Rainbow/Steelhead trout at Red Bluff Diversion Dam (RK391) by brood-year (BY). Fish were 
sampled using rotary-screw traps for the period January 1, 2013 to present .
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Figure 4. Weekly estimated passage of unmarked juvenile fall Chinook salmon at Red Bluff Diversion Dam (RK391) by brood-year (BY). Fish were 
sampled using rotary-screw traps for the period December 1, 2012 to present .
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Figure 5. Weekly estimated passage of unmarked juvenile late fall Chinook salmon at Red Bluff Diversion Dam (RK391) by brood-year (BY). Fish were 
sampled using rotary-screw traps for the period April 1, 2013 to present .

N
u

m
b

e
r 

o
f 
in

d
iv

id
u

a
ls

 X
 1

,0
0

0

Juvenile Late Fall Chinook Salmon Estimated Passage

 



n =  9,408,270

n =  25,591,241

n =  33,538,496

n =  4,377,994

n =  27,668,733

n =  19,716,640

n =  4,022,315

C
Y

2
0

1
2

C
Y

2
0

1
3

C
Y

2
0

1
4

C
Y

2
0

1
5

C
Y

2
0

1
6

C
Y

2
0

1
7

C
Y

2
0

1
8

Ja
n

Feb M
ar

Apr
M

ay Ju
n

Ju
l

Aug Sep O
ct

N
ov

D
ec

0

5000

10000

0

5000

10000

0

5000

10000

0

5000

10000

0

5000

10000

0

5000

10000

0

5000

10000

Figure 6. Weekly estimated passage of unmarked juvenile Chinook salmon at Red Bluff Diversion Dam (RK391) by calendar year. Fish were 
sampled using rotary-screw traps for the period January 1, 2012 to December 31, 2018
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              September 3, 2019 
 
David Mooney, Area Manager 
United States Department of the Interior 
Bureau of Reclamation, Mid-Pacific Region, Bay Delta Office 
801 I Street, Suite 140 
Sacramento, CA 95814-2536 
sha-mpr-bdo@usbr.gov 
Via e-mail 
 
RE: Comments on Draft Environmental Impact Statement for Coordinated Long Term Operation 
of the Central Valley Project and State Water Project 
 
Dear Mr. Mooney: 
 

The California Sportfishing Protection Alliance (CSPA), the California Water Impact 
Network (C-WIN), and AquAlliance respectfully submit comments on the U.S. Bureau of 
Reclamation’s (Reclamation or BOR) Draft Environmental Impact Statement (DEIS) for 
Coordinated Long Term Operation of the Central Valley Project (CVP) and State Water Project 
(SWP).  The DEIS was issued on July 11, 2019.  

 
I. Overview 

 
Reclamation reinitiated Endangered Species Act (ESA) consultation with National 

Marine Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS) in 2016 on 
the future joint operation of the CVP and SWP.  The projects have been operating under 2008 
and 2009 federal biological opinions.  After several years of discussion among the parties and 
multiple stakeholders, Reclamation has come to a Proposed Action for future operations, a Long 
Term Operations Plan (LTO Plan) that it analyzes as the Preferred Alternative in the EIS.   

 
Reclamation proposes to increase exports from the Delta to increase water delivered to its 

federal water contractors in the project area in the Central Valley.  Reclamation knows full well 
that increasing south Delta exports is likely to cause further environmental degradation in the 
Central Valley and add to the risk of extinction of many Central Valley endangered species, most 
notably salmon, steelhead, sturgeon, and smelt. The proposed future operation (LTO Plan) would 
simply drop many existing ESA restrictions that protect endangered species and their critical 
habitat, in order to increase Delta exports.  Consultation requires NMFS and USFWS to approve 
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the LTO Plan or add restrictions, as they did in 2008/2009.  Additional restrictions are not 
expected given recent guidance and directives from the Commerce and Interior departments on 
ESA compensatory mitigation requirements.1 

 
The DEIS states the purpose of the Proposed Action in a manner that is unlawfully 

narrow, disallowing evaluation of reasonable alternative that would not increase water supply 
deliveries and optimize power generation.  This unlawfully narrow project purpose thwarts the 
mandate of the National Environmental Policy Act to support reasoned decision making. 

 
The previous operations of the CVP and SWP have in aggregate created baseline 

conditions (the No Action Alternative) that cause jeopardy to ESA-listed species and adversely 
affect critical their habitat.  The DEIS fails to disclose this condition.  In addition, the 
methodology of comparing project alternatives to the degraded baseline fatally flaws the DEIS’s 
cumulative effects analysis.   

 
The Preferred Alternative in the DEIS, Alternative 1, as well as Alternatives 2 and 3, 

would cause jeopardy under the ESA and adversely affect critical habitat.  On their face, none of 
these alternatives is a reasonable alternative under NEPA.  Even the apparent environmentally 
superior alternative, Alternative 4, contains elements that would likely cause jeopardy and 
adversely affect critical habitat; at minimum, it must be revised to correct its deficiencies.  

 
The DEIS describes numerous proposed measures in insufficient detail to allow reasoned 

evaluation.  The DEIS improperly uses a program-level analysis to avoid disclosing actions in 
sufficient detail to allow such evaluation.  Even if detail for project-level construction is 
presently unknown, the DEIS must describe the proposed measures with sufficient clarity to 
allow a quantification of their ascribed effects or benefits and to understand the certainty of their 
implementation.  As stated, many of the proposed measures are empty promises or plans to make 
plans, often contingent on future unrelated actions that may or may not actually occur.  Other 
measures or actions included as part of the Proposed Action are already being implemented, 
which the DEIS should have described as part of baseline conditions. 

 
The DEIS proposes that the Preferred Alternative would make compliance with the 

Central Valley Project Improvement Act (CVPIA) revocable at the discretion of the Secretary of 
the Interior.  The DEIS fails to disclose that exercise of such discretion would be contrary to law 
and would unilaterally overturn the will of Congress.  

 
The DEIS appears to include as part of the Preferred Alternative a raise of Shasta Dam 

and Shasta Reservoir.  The DEIS fails to disclose that a Shasta raise would be contrary to 
California law. 

 

                                                 
1 See for example the Endangered and Threatened Wildlife and Plants; Endangered Species Act Compensatory 
Mitigation Policy issued by the US Fish and Wildlife Service on July 30, 2018.  Available at: 
https://www.federalregister.gov/documents/2018/07/30/2018-16171/endangered-and-threatened-wildlife-and-plants-
endangered-species-act-compensatory-mitigation-policy  
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The DEIS fails to quantify the benefits of a healthy ecosystem and to show how it makes 
valuations of resources other than water supply and power generation and sales.     

 
The Proposed Action would drive the final nail in the coffin of threatened and 

endangered Central Valley fish.  Reclamation must develop a new Proposed Action that 
complies with the law and issue a recirculated DEIS in order to correct the deficiencies under 
NEPA that we describe below. 

 
II. The Statement of Purpose in the DEIS is unlawfully narrow. 

 
Section 1.1 of the DEIS, “Purpose of this Environmental Impact Statement,” states: 
 
Reclamation prepared this environmental impact statement (EIS) to analyze potential 
modifications to the continued long-term operation of the CVP, for its authorized 
purposes, in a coordinated manner with the SWP, for its authorized purposes. This EIS 
evaluates alternatives to maximize water supply deliveries and optimize marketable 
power generation consistent with applicable laws, contractual obligations, and 
agreements and to augment operational flexibility by addressing the status of listed 
species.2 
 
This statement of purpose states as a foregone conclusion an alternative that an EIS is 

supposed to evaluate, as an alternative.  The operation of the CVP to “maximize water supply 
deliveries and optimize marketable power generation” is not the only manner in which the CVP 
can meet its “authorized purposes,” which include protection of fish and wildlife as well as 
meeting water supply and delivering power.  By stating one alternative for operating the CVP as 
the purpose of the project, the DEIS fails to disclose that very purpose as the source of impacts to 
listed species and other aquatic resources.  It disallows up front alternatives that would modify or 
avoid impacts to listed species by reducing water supply deliveries or modifying hydropower 
operations.3   

 
The 2008 U.S. Fish and Wildlife Biological Opinion on the Proposed Coordinated 

Operations of the Central Valley Project (CVP) and State Water Project (SWP) began the 
Project Description as follows:  “The proposed action is the continued long-term operation of the 
CVP and SWP.”4  This was a much fairer statement of the Proposed Action.   

 
Reclamation should recirculate the DEIS with a statement of purpose that does not 

impermissibly narrow alternatives. 
 

                                                 
2 DEIS, p. 1-1/19. [Throughout this document, cites to the DEIS show two cited page numbers.  Page numbers to the 
right of “/” shows pdf pagination.] 
3 See City of Carmel-By-The-Sea v. U.S. Dep’t of Transp., 123 F.3d 1142, 1155 (9th Cir. 1997) (“The stated goal of 
a project necessarily dictates the range of ‘reasonable’ alternatives and an agency cannot define its objectives in 
unreasonably narrow terms”). 
4 U.S. Fish and Wildlife Biological Opinion on the Proposed Coordinated Operations of the Central Valley Project 
(CVP) and State Water Project (SWP), 2008 (“2008 USFWS BiOp”), p. 1. 
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III. The DEIS fails to present a reasonable range of alternatives.  None of the 
alternatives analyzed in the DEIS is sufficient to avoid jeopardy to Delta smelt 
and listed salmonids or to protect other public trust fishery resources consistent 
with applicable law. 

 
A. The No Action Alternative fails to disclose the existing condition of affected 

fisheries and is not sufficient to avoid jeopardy to Delta smelt and listed 
salmonids or to protect other public trust fishery resources consistent with 
applicable law. 
 
1. The DEIS ignores the recent condition of pelagic and salmonid species. 

 
The DEIS fails to acknowledge and describe the extent and magnitude of the declines of 

pelagic and salmonid fisheries in the San Francisco Bay/Sacramento-San Joaquin Delta Estuary 
and tributary rivers. 

   
The California Department of Fish and Wildlife’s (CDFW) Fall Midwater Trawl 

(FMWT) indices establish that, between 1967-1971 and 2014-2018, populations of striped bass, 
Delta smelt, longfin smelt, American shad, splittail and threadfin shad have declined 98.5, 99.4, 
99.9, 52.6, 98.6 and 93.3 percent, respectively.5  Recent Delta smelt surveys have been dismal.  
For example, CDFW’s 2018 20-mm survey index was incalculable due to low catch; the 
Summer Townet Survey index for 2017 was 0.2, the third lowest on record following two years 
in which the index was zero; the FMWT 2018 index was zero; and the 2019 Spring Kodiak 
Trawl index was 0.4, the lowest index on record.6  Survey results for Delta smelt led U.C. Davis 
fisheries professor Peter Moyle to warn state officials to prepare for the extinction of Delta 
smelt.7 

 
While Delta smelt is particularly at risk of extinction, having lost more than 99% of its 

historical population, other species in the project area are also at high risk of extirpation.  
Additionally, Bay species that benefit from higher Delta outflow are ignored in the DEIS. 

 
The U.S. Fish and Wildlife Service’s (USFWS) Anadromous Fisheries Restoration 

Program (AFRP) documents that, since the 1967-1991 baseline period, natural production of 
Sacramento River mainstem winter-run Chinook salmon and spring-run Chinook salmon have 
declined by 88.8 and 97.96 percent, respectively, and are only at 5.5 and 1.02 percent, 
respectively, of doubling levels mandated by the Central Valley Project Improvement Act, 
California Water Code (CWC) and California Fish & Game Code.  Natural production of San 
Joaquin River System fall-run Chinook salmon has declined since 1967-1991 by 54.5% and is 

                                                 
5 CDFW FMWT Monthly Abundance Indices, http://www.dfg.ca.gov/delta/data/fmwt/indices.asp. 
6 USBR, Effects Analysis for the Delta Smelt Fall Habitat Action in 2019, p. 7; 
https://www.usbr.gov/mp/nepa/includes/documentShow.php?Doc_ID=39803 
7 http://www.capradio.org/44478, 
http://californiawaterblog.com/2015/03/18/prepare-for-extinction-of-delta-smelt/, 
http://news.nationalgeographic.com/2015/04/150403-smelt-california-bay-delta-extinction-endangered-species-
drought-fish/. 
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only 22.7% of doubling levels.8  Natural production since the 2008 USFWS and 2009 NMFS 
Biological Opinions (BiOp’s)9 were issued is significantly below production in the initial 15 
years of the doubling period (1992-2007). 

 
The DEIS ignores the continuing decline of pelagic and salmonid species following 

construction of the SWP and the accelerating decline in recent years despite the BiOp’s.  This 
continuing decline of fisheries jeopardizes the existence of species already on the brink of 
extinction.  The failure to acknowledge and analyze the continuing decline of fisheries and 
impending extinction of one or more species, despite the 2008 and 2009 BiOp’s with their 
Reasonable and Prudent Alternatives (RPA’s), renders the DEIS deficient as a NEPA document.  

 
2. The DEIS does not comply with NEPA’s fair disclosure and environmental 

setting requirements because it fails to acknowledge, analyze or discuss the 
numerous violations of water quality standards, the pattern and practice of 
weakening water quality standards, failures to comply with biological 
opinion RPA’s, and other specific requirements pertaining to the Delta. 

 
a. The DEIS ignores and fails to describe the CVP/SWP’s numerous 

violations of adopted water quality standards. 
 
The State Water Resource Control Board’s (SWRCB or Board) Water Quality Control 

Plan for the San Francisco/Sacramento-San Joaquin Delta Estuary (Bay-Delta Plan) and the 
Central Valley Regional Water Quality Control Board’s (Regional Board) Water Quality Control 
Plan for the Sacramento River and San Joaquin River Basins (Basin Plan) are issued pursuant to 
requirements of the federal Water Pollution Control Act (Clean Water Act).  The SWRCB’s 
Water Rights Decision 1641 (D-1641) and Water Rights Orders 90-05, 91-01, 91-03 and 92-02 
implement the Bay-Delta Plan and Basin Plan as terms and conditions in Reclamation’s CVP 
water rights.  The BiOp’s and RPA’s are predicated on compliance with Delta water quality and 
flow criteria and with Sacramento River temperature criteria contained in the SWRCB’s D-1641 
and Water Rights Orders. 

 
The SWRCB’s Water Rights Decision 1485 (D-1485) established Delta water quality and 

flow standards applicable to the SWP/CVP between 1978 and 1994.  Those standards were 
violated 61 times in 1979 and 319 times between 1988 and 1994.10  The violations cited only 
involve standards for which both the SWP and CVP are jointly responsible for and exclude 
violations applicable to only one project, e.g. Vernalis standards.  D-1641 established Delta 
water quality standards applicable to the SWP and CVP.  Between 1995 and 2015, standards 

                                                 
8 https://www.fws.gov/lodi/anadromous_fish_restoration/documents/Doubling_goal_graphs_063016.pdf 
9 2008 FWS BiOp, National Marine Fisheries Service, Biological and Conference Opinion for the Long-Term 
Operations of the Central Valley Project and the State Water Project, 2009. (“2009 NMFS BiOp”). 
10 Exhibit DWR-401, Bay-Delta Objectives Exceedance Metrics (Joint SWP/CVP responsibility), presented during 
the WaterFix Hearing.  
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/peti
tioners_exhibit/dwr/dwr_401.pdf   
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were violated 1,886 times, and violations occurred in 15 of the 20 years.11  The SWRCB never 
issued enforcement actions for these violations. 

The DEIS acknowledges that electrical conductivity (EC) and chloride levels would be 
“significantly higher” under all of the action alternatives than under the No Action Alternative.12  
Additionally, the DEIS briefly mentions that the SWRCB adopted Bay-Delta Plan amendments 
for San Joaquin River flow and southern Delta salinity on December 12, 2018, but dismisses the 
new water quality and flow standards because the SWRCB has not yet implemented them into 
water rights permits.13  However, the SWRCB will implement the new standards within the 
likely life of the proposed project.  Both the Central Valley Project Improvement Act (CVPIA) 
and the Reclamation Act of 1902 require operation of the CVP in compliance with state law.  
The DEIS includes no alternative than analyzes or explains how the proposed operations will 
comply with the new Bay-Delta instream flow standards for the Stanislaus River instead of 
reducing flows as envisioned in the DEIS’s Preferred Alternative.  

 
Moreover, the SWRCB has been developing new Bay-Delta standards for the Sacramento 

River, eastside tributaries and western Delta.  Based upon the documents generated in the 
proceeding so far, it is likely that the new standards will require increased Delta inflow and 
outflow to the Bay.  For example, the Final Scientific Basis Report for the Sacramento River 
watershed and Delta components of the update states: “The best available science, however, 
indicates that these requirements [D-1641 and the biological opinions] are insufficient to protect 
fish and wildlife.”14  The July 2018 Framework for the Sacramento/Delta Update to the Bay-
Delta Plan envisions increased Delta outflow and reductions in water supply.15  The DEIS fails to 
even acknowledge or discuss the potential consequences of new standards or include an 
alternative consistent with the flows and operations identified in the Final Scientific Basis Report 
or the 2018 Framework.         

 
The SWP/CVP has never complied with the narrative salmon protection standard in 

Table 3 of the SWRCB’s Bay-Delta Plan.  The objective states, “Water quality conditions shall 
be maintained together with other measures in the watershed, sufficient to achieve a doubling of 
natural production of chinook salmon from the average production of 1967-1991, consistent with 
the provision of State and federal law.”16  This salmon doubling provision is also mandated in 
                                                 
11 Exhibit DWR-402, Bay-Delta Objectives Exceedance Metrics (Joint SWP/CVP responsibility), presented during 
the WaterFix Hearing.  
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/peti
tioners_exhibit/dwr/dwr_402.pdf    
12 DEIS, pp. 5-7 and 5-8/137 and 138. 
13 DEIS, p. 2-2/32. 
14 SWRCB, Scientific Basis Report in Support of New and Modified Requirements for Inflows from the Sacramento 
River and its Tributaries and Eastside Tributaries to the Delta, Delta Outflows, Cold Water Habitat, and Interior 
Delta Flows, Final 2017, p. 1-5.  
https://www.waterboards.ca.gov/water_issues/programs/peer_review/docs/scientific_basis_phase_ii/201710_bdphas
eII_sciencereport.pdf 
15 SWRCB, July 2018 Framework for the Sacramento/Delta Update to the Bay-Delta Plan, pp. 13, 15, 19.  
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/docs/sed/sac_delta_framework_0706
18%20.pdf 
16 Water Quality Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary, December 12, 
2018, p. 14.  https://www.waterboards.ca.gov/plans_policies/docs/2018wqcp.pdf 
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the CVPIA and the California Fish and Game Code.  As we previously discussed, natural 
production of Chinook salmon has significantly declined not increased since 1967-1991.      

 
Because the SWRCB had failed to adopt protective water quality standards for the Delta, 

the U.S. Environmental Protection Agency (EPA) promulgated water quality standards in 
January 1995.  The standards, at 40 CFR 131.37, established a fish migration criterion to double 
salmon populations based on salmon smolt survival index of number of tagged fall-run smolts 
released upstream on the Sacramento and San Joaquin Rivers and recaptured at Chipps Island in 
the western Delta.  An estuarine habitat criterion was included to protect fish and wildlife in the 
Suisun, San Pablo and San Francisco bays and Suisun Marsh, and stringent specific salinity 
requirements were set to protect striped bass spawning in the San Joaquin River.  These officially 
adopted and current federal water quality standards are applicable to California but have never 
been acknowledged or complied with by the CVP/SWP.  They are not identified, discussed or 
analyzed in the DEIS.17 

 
b. The DEIS fails to disclose the pattern and practice of waiving or relaxing 

water quality standards.  
    

The SWRCB has succumbed to a pattern and practice of waiving (i.e., weakening) water 
quality, flow and temperature criteria whenever requested in Temporary Urgency Change 
Petitions (TUCP’s).  Prior to 1991, the SWRCB simply didn’t enforce violations of water quality 
standards.  In 1992, BOR and DWR intended to submit a TUCP, but CDFW wouldn’t agree to 
approval; the SWRCB chose not to take enforcement action for some 218 violations.18  In June 
of 1992, the SWRCB relaxed D-1485 Suisun Marsh salinity and Contra Costa Canal chloride 
standards.19  The SWRCB conducted a February 2009 hearing on a DWR/BOR petition to relax 
Delta water quality standards, but miracle March rains made relaxation unnecessary.20   

 
In 2013, the SWRCB allowed BOR/DWR to operate to critical year water quality 

standards in a dry year, effectively weakening the standards.21  In 2014 and 2015, the SWRCB 

                                                 
17 Electronic Code of Federal Regulations (e-CFR), 131.37, current as of 27 August 2019.  https://ecfr.io/Title-
40/pt40.24.131#se40.24.131_137 
Federal Register, EPA, 10 CFR Part 131, January 24, 1995.  
https://www.govinfo.gov/content/pkg/FR-1995-01-24/pdf/95-817.pdf 
18 SWRCB letter to USBR and DWR regarding D-1485 water quality violations, June 1992, pp. 1-2 and 4. 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/CS
PA%20et%20al/part2/cspa_252.pdf 
19  Order 92-02, Order Establishing Drought-Related Requirements for the Bay-Delta During 1992, p. 30-32. 
https://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/1992/wro92-02.pdf 
20 Order WR 2009-0013-EXEC, Order Denying Temporary Urgency Change, February 24, 2009, p. 6. 
https://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0013.pdf 
21 Letter from SWRCB Executive Director Tom Howard to Ronald Milligan and David Roose, Actions to Conserve 
Cold Water Pool in Shasta Reservoir for Fishery Resources, May 29, 2013, p. 3.  
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/sacramento_river/docs/05292013swrcb
.pdf  
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weakened water quality, flow and/or temperature criteria some 35 times.22  Between January 
2014 and December 2015, the SWRCB issued a series of fourteen orders largely granting TUCPs 
submitted by BOR and DWR for the Delta and San Joaquin River.23  In 2014, SWRCB staff 
observed that the TUCP orders reduced regulatory Delta outflow by 43% and increased Delta 
exports by 18%.  In 2015, SWRCB actions reduced regulatory outflow by 78% in order to 
increase exports by 32%.  These changes shifted more than one million acre-feet of water from 
fisheries protection to agricultural and urban use.24   

 
The long history of BOR’s violations of water quality standards is ignored in the DEIS.  

In fact, the word “violations” only appears a single time in a reference to program-level effects 
on water utilized by a federally recognized Indian tribe, where it concludes that, “adverse effects 
on water quality and violations to water quality standard are not expected…”  Ignoring the long 
history of TUCP’s and water quality standards fails to comply with NEPA’s requirements for fair 
disclosure and requirement to accurately describe the environmental setting. 

 
The DEIS fails to acknowledge, discuss or analyze the pattern and practice of serially 

weakening legally promulgated water quality and flow standards established to protect fish and 
water quality.  It further fails to incorporate the serial failure to comply with water quality and 
flow standards in its modeling and assessment of the project’s ability to deliver water and 
evaluation of alternatives.  Consequently, the DEIS is deficient as a NEPA document.    
 

CSPA submitted and presented numerous comments, objections, protests, petitions for 
reconsideration and complaints throughout 2013-2015 proceedings before the SWRCB.  For 
example, the CSPA et al. Protest, Objection, Petition for Reconsideration of the February 3, 
2015 TUCP Order discussed the results of the previous year’s TUCP orders, past and future 
impacts and consequences to fisheries, mismanagement of water project operations and likely 
results of future TUCPs.25  Attachments 1and 2 to that Protest detailed the continuing declines of 
Delta smelt in 2013 and 2014 under D-1641 and how CVP/SWP operations exacerbated the 
decline.26  Attachment 4 detailed how excessive water deliveries to Sacramento River Settlement 

                                                 
22 Pubic Policy Institute of California, What if California’s Drought Continues? August 2015, page 7: 
http://www.ppic.org/content/pubs/report/R_815EHR.pdf and the Technical Appendix at page 6: 
http://www.ppic.org/content/pubs/other/815EHR_appendix.pdf  
23 State Water Project and Central Valley Project Temporary Urgency Change Petition page, 2015 and 2015.  
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/tucp/  
24 SWRCB, staff presentation at the 20 May 2015 public workshop on drought activities in the Bay-Delta: 
http://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/docs/workshops/swrcb_staff_pres_sessi
on1b.pdf 
25  CSPA et al., Protest, Objection, Petition for Reconsideration, February 3, 2015 TUCP Order, 13 February 2015, 
pp. 3-31. 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/comments_tucp2015/docs/cspa_shutes
021315.pdf 
26 Cannon, T., Summer 2013, The demise of Delta smelt under D-1641 Water Quality Standards, pp. 2-19.  
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/comments_tucp2015/docs/cspa_att1.pd
f 
Cannon, T., Summer 2014, Demise of the Delta Smelt Population, pp. 2-43.  
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/comments_tucp2015/docs/cspa_att2.pd
f 
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Contractors exhausted the cold-water pool behind Shasta Dam in late August 2014 leading to a 
lethal increase in Keswick temperature releases in September.27  Attachment 5 detailed how 
Delta smelt had declined to an all-time low and that, contrary to USBR/DWR, Delta smelt are in 
the Delta during June and July.28  Attachment 6 detailed how multi-year drought sequences occur 
40% of the time in the Central Valley and that water project operators supply all water possible 
during the initial year(s) of a drought on the gamble that the next year will be normal.29 

 
As another example, CSPA submitted a June 17, 2015 Protest, Objection, Petition for 

Hearing in response to a June 2015 notice regarding a BOR/DWR TUCP; this protest discussed 
the status of fisheries, consequences of previous TUC Orders, and how excessive water 
deliveries during initial drought years eliminated BOR/DWR’s ability to meet water quality and 
flow standards.30  CSPA also filed a July 21, 2015 formal complaint against the SWRCB, USBR 
and DWR for violations of Bay-Delta Plan, D-1641, Clean Water Act, Endangered Species Act, 
Public Trust Doctrine and the California Constitution.  The complaint pointed out the pattern and 
practice of delivering near-normal water supplies in the early years of drought, depleting 
carryover storage, and then relying on the SWRCB to weaken water quality standards.  Another 
formal complaint was filed by CSPA on August 2, 2015 against the SWRCB and BOR for 
violations of Central Valley Basin Plan, WR Order 90-05, Clean Water Act, Endangered Species 
Act, Public Trust Doctrine and California Constitution.31  The Complaint detailed the collapse of 
Sacramento River fisheries, compression of spawning habitat, explicit violations of Basin Plan 
and WR Order 90-05 requirements, failure to comply with BiOp RPA’s, and the inability of the 
Sacramento River Temperature Task Group to meaningfully protect fisheries given the BOR’s 
intransigent commitment to excessive water deliveries.  

 
Attached to this comment letter is a list, with links, of the numerous comments, 

presentations, objections, protests, petitions for reconsideration and complaints CSPA submitted 
to the SWRCB in 2014 and 2015.  Together, they present a very different reality than the one 
portrayed by the DEIS.  The DEIS is little more than an omelet of distortion and half-truth 
designed to support a predetermined course of action.  Consequently, decision-makers are 

                                                 
27 CSPA, Demise of Winter Run in Summer 2014 pp. 1-3.  
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/comments_tucp2015/docs/cspa_att4.pd
f 
28 CSPA, Delta Smelt on the Scaffold, pp. 1-3 and 7-24.  
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/comments_tucp2015/docs/cspa_att5.pd
f  
29 CSPA, Workshop presentation February 18-19, 2014.  
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/comments_tucp2015/docs/cspa_att6.pd
f 
30  CSPA et al., Protest, Objection, Petition for Hearing of June 8 notice of TUCP by DWR and BOR, pp. 3-10, 12-
14, 15-20, June 17, 2015. 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/comments_tucp2015/docs/cspa_billjen
nings061715.pdf 
31 CSPA, Complaint Against SWRCB and USBR for Violations of Central Valley Basin Plan, WR Order 90-05, 
Clean Water Act, Endangered Species Act, Public Trust Doctrine and California Constitution, pp. 2-19, August 2 
2015. 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/comments_tucp2015/docs/cspa_compla
int080315.pdf 
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deprived of the information necessary to reach an informed decision.  The DEIS must be revised 
to accurately reflect the history of BOR’s repeated petitions for TUC orders and the 
consequences to fisheries as a result of approved TUCP orders. 

 
The DEIS mentions drought(s) 24 times, although the appendix on water quality also 

evaluates drought impacts on water quality constituents.  However, there is no discussion of the 
frequency of drought and its effects water storage and supply or the fact that future droughts are 
likely to become more extreme.  Over the last 100 years, there have been 10 multi-year droughts 
of large-scale extent in California spanning more than 40% of the time.  These include the 1918-
1920, 1923-1926, 1928-1935, 1947-1950, 1959-1962, 1976-1977, 1987-1992, 2000-2002, 2007-
2009 and 2012-2015 droughts.32  Drought is normal in California’s Mediterranean climate.  
Anthropogenic warming has substantially increased the overall likelihood of extreme California 
droughts.33  BOR must recirculate the DEIS and include within it description of the frequency 
and extent of drought, and the likelihood that drought will become the “normal” in California.  It 
must fully discuss and analyze what percentage of water supply commitments can be met while 
protecting an already degraded ecosystem and complying with water quality and flow standards.  

 
The DEIS contains a single section entitled “Drought and Dry Year Actions” that 

comprises three short paragraphs.34  Identified actions include development of a voluntary 
toolkit, a meet-and-confer with fish agencies and Sacramento River Settlement Contractors in the 
event of a dry or critical water year on possible voluntary actions and, should dry conditions 
continue, potentially developing a drought contingency plan (that may include actions from the 
toolkit) for the water year.  There is no mention of TUCP’s or waivers of water quality standards 
in the DEIS.  The Biological Assessment for California WaterFix was more honest in that it 
anticipated creation of a drought management team that would create a drought contingency 
plan.  Measures could include adhering to existing regulatory authorizations or proposing other 
drought response actions.35   

 
Previously, BOR and DWR have routinely submitted TUCP’s in drought situations rather 

than undertake a serious effort to restrict deliveries in order to meet water quality requirements.  
There is nothing to indicate that this is no longer the situation.  There has never been a public 
process to evaluate what reduction in water deliveries would enable BOR to meet water quality 
standards.   Increased water deliveries and reduction of Delta outflow are likely to exacerbate 
existing conditions.  BOR must recirculate the DEIS and include within it a candid discussion 
and analysis of the likelihood of BOR/DWR resorting to TUCP’s and whether they will first 
operate to meet water quality standards before delivering water to contractors. 
                                                 
32 Drought in California, DWR, p. 4. 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/CS
PA%20et%20al/part2/cspa_251.pdf 
33 Williams et al., 2015, Contribution of Anthropogenic warming to California drought during 2012-2014. 
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2015GL064924 
34 DEIS, p. 3-42/76. 
35 Biological Assessment for California WaterFix, Chapter 3, Description of the Proposed Action, 3.7.2 Proposed 
Future Drought Procedures, p. 3-222.  
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/exhibit10
4/docs/Ch_3_Proposed_Action_RevisedDraftBA.pdf 
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c. The DEIS fails to disclose that Basin Plan and SWRCB Order 90-05 are 
predicated upon controllable factors and that water deliveries are 
controllable factors.   

  
The Regional Board’s Basin Plan for the Sacramento River Basin and the San Joaquin 

River Basin has long included water quality standards for temperature.  For the Sacramento 
River, “[t]he temperature shall not be elevated above 56ºF in the reach from Keswick Dam to 
Hamilton City nor above 68ºF in the reach from Hamilton City to the I street Bridge during 
periods when temperature increases will be detrimental to the fishery.”36  Temperature standards 
are dependent upon controllable factors, i.e., resulting from and controllable by human activity.37  
Constructing dams and storing, releasing and diverting water are obviously human activities. 
 

In 1990, the SWRCB issued WR Order 90-05 that implemented the Basin Plan with 
respect to BOR’s water rights in the Sacramento River at Red Bluff Diversion Dam.  The Order 
requires BOR to meet a daily average water temperature of 56ºF in the Sacramento River at Red 
Bluff Diversion Dam and that, during periods of higher temperature beyond the reasonable 
control of BOR, the Permittee shall after consultation with fishery agencies designate an 
upstream location where compliance can be achieved.  None of the “factors considered beyond 
the control of the Permittee” enumerated by the Order include the need to deliver water to 
contractors.38  The Order notes that Sacramento River temperature objectives are limited to 
“controllable factors” by BOR.39  SWRCB WR Order 92-02 clarifies that timing and quantities 
of deliveries by BOR are controllable factors and that “…decisions on water deliveries are 
subject to the availability of water, and that water should not be considered available for delivery 
if it is needed as carryover to maintain an adequate cold water pool for the fishery.”40   

 
The DEIS blatantly misstates WR Order 90-05 by claiming the “The orders stated 

Reclamation shall operate Keswick and Shasta Dams and the Spring Creek Powerplant to meet a 
daily average temperature of 56 degrees Fahrenheit (ºF) as far downstream in the Sacramento 
River as practicable during when higher temperatures would be harmful to Winter-Run Chinook 
Salmon.” 41 The DEIS erroneously claims that BOR is only required to meet downstream 
temperature requirements “as far as practicable” and ignores the fact that protective temperatures 
are also required for spring-run and fall-run Chinook salmon, as well as other species.  It fails to 
include a discussion of controllable factors or acknowledge that controllable factors include 
water deliveries.  In fact, the words “controllable factors” are not in the document.  The DEIS 

                                                 
36 Water Quality Control Plan (Basin Plan) for the California Regional Water Quality Control Board Central Valley 
Region, Fifth Edition Revised May 2018, Sacramento River Basin and San Joaquin River Basin, p. 3-14. 
https://www.waterboards.ca.gov/centralvalley/water_issues/basin_plans/sacsjr_201805.pdf 
37 Id, at 3-2. 
38 SWRCB Order 90-05, Order Setting Terms and Conditions for Fishery Protection and Setting a Schedule for 
Completion of Tasks, 2 May 1990, pp. 54-55. 
https://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/1990/wro90-05.pdf 
39 Id. at 6, 18, 48. 
https://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/1990/wro90-05.pdf 
40 Order 92-02, Order Establishing Drought-Related Requirements for the Bay-Delta During 1992, Footnote, p. 9. 
https://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/1992/wro92-02.pdf 
41 DEIS, p. 3-4/38 



 

12 

 

CSPA et al., Comments on DEIS, Long-Term Operations of CVP/SWP, September 3, 2019 

also fails to acknowledge or discuss the extent of BOR water deliveries to Sacramento River 
contractors in drought years that reduced or eliminated BOR’s ability to conserve the cold-water 
pool in Shasta to ensure that temperature standards could be met.   

 
During the extreme drought years of 2014-15, BOR delivered more than 1.3 MAF in 

2014 and 1.2 MAF to Sacramento River Contractors.42  Excessive water deliveries led to 
depletion of the cold-water pool in Shasta Reservoir in 2014-15.  Winter-run Chinook salmon 
egg-to-fry survival was only 5.6% in 2014 and 4.2% in 2015, far below the 18-year average.43 

 
Nor does the DEIS discuss actual temperature compliance with WR Order 90-05.  

Examination of CDEC data from BOR’s Red Bluff Diversion Dam station reveals that, 
regardless of water year or Shasta storage, BOR has never complied with the 56ºF temperature 
standard at Red Bluff between May 15 and September 30 since at least 1992.44   

 
Failure to accurately discuss the relationship between controllable factors, water 

deliveries and their effects on cold-water storage and temperature compliance deprives the public 
and decision-makers of the information necessary to make informed decisions.  It renders the 
DEIS as seriously deficient as a fair disclosure document.  BOR must recirculate the DEIS and 
include within it the necessary information.   

 
d. The DEIS fails to disclose BOR’s failure to comply with Biological 

Opinion Reasonable and Prudent Alternatives.   
 
The 2009 NMFS BiOp does not require compliance with Basin Plan standards or even 

with WR Order 90-05.45  Action 1.2.1 (Performance Measures) of the BiOp’s RPA’s specifically 
requires a running ten-year average temperature compliance at Clear Creek (RM 292), Balls 
Ferry (RM 276), Jellys Ferry (RM 266) and Bend Bridge (RM 258) 95, 85, 40, 15 percent of the 
time, respectively. 

 
A review of compliance point temperatures over the recent 10-year period demonstrates 

that BOR has frequently failed to meet RPA temperature standards.  According to the University 
of Washington website that is funded by USBR for Central Valley Project Improvement Act 
(CVPIA) and federal Endangered Species Act (ESA) purposes, the RPA Temperature Target 
Analysis and Exceedance shows that the ten-year (2009-2018) running average temperatures 
exceeded 56ºF at Balls Ferry, Jellys Ferry and Bend Bridge 89.9%, 100% and 100% of total days 
between 15 May and 30 September, respectively.  Further, between 2009 and 2018, there were 
                                                 
42 CSPA, Attachment 5, BOR water deliveries to Sacramento Settlement Contractors and Tehama-Colusa Canal in 
2014 and 2015. 
43 NOAA Fisheries, presentation at SWRCB workshop, March 18, 2016, egg-to-fry survival, p. 8. 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/sacramento_river/docs/nmfs_yip_0318
2016_ppt.pdf 
44 CSPA, Attachment 4, Red Bluff Dam Temperatures 2001-2019.  Temperatures can easily be graphed by year and 
date range. The BOR Red Bluff Diversion Dam CDEC station can be found at: 
http://cdec.water.ca.gov/jspplot/jspPlotServlet.jsp?sensor_no=11866&end=&geom=small&interval=30&cookies=cd
ec01. 
45 NMFS BiOp, p. 592. 
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56ºF daily average temperature exceedances at Clear Creek, Balls Ferry, Jellys Ferry and Bend 
Bridge in 30%, 90%, 100% and 100% of the years, respectively.46 

 
The NMFS 2009 BiOp’s Reasonable and Prudent Actions require specific end-of-season 

storage requirements for Shasta Reservoir.  Performance measures for end-of-September (EOS) 
include: 87 percent of years, minimum EOS storage of 2.2 MAF; 82 percent of years, minimum 
EOS storage of 2.2 MA and end-of-April storage of 3.8 MAF in following year (to maintain 
potential to meet Ball’s Ferry compliance point); and 40 percent of years minimum EOS storage 
of 3.2 MAF (to maintain potential to meet Jerry’s Ferry compliance point in the following 
year).47 However, over the most recent ten-year period, these storage requirements were met only 
60%, 60% and 30%, respectively.48 

 
Failure to disclose BOR’s noncompliance with BiOp RPA 1.2.1 deprives readers of 

information crucial to reaching informed conclusions about the Proposed Action.  Accordingly, 
the DEIS must be revised and recirculated to meet NEPA’s fair disclosure requirements.  
 

e. The DEIS fails to transparently disclose the role, limitations of authority 
and ineffectiveness of the Sacramento River Temperature Task Group.  

 
SWRCB WR Order 90-05 established BOR’s responsibilities for meeting a 56ºF 

temperature standard at Red Bluff Diversion Dam for protection of fisheries.  If conditions 
beyond the control of BOR would not enable meeting the standard at Red Bluff, it required BOR 
to consult with fish agencies to determine an upstream compliance point where the temperature 
criteria could be met.  After consultations, BOR would develop and implement a temperature 
management plan, subject the approval of the SWRCB.  The Sacramento River Temperature 
Task Group (SRTTG) is the multiagency group formed to advise BOR on temperature 
management and review proposed plans for temperature control. 

 
The almost 5,500-page DEIS contains only 11 brief references to the SRTTG.  Those 

sections essentially state the purpose of the SRTTG and note that it reviews and comments on 
proposed management plans and works with BOR to develop strategies to protect fisheries.  It is 
unclear if the temperature standard has ever been met at Red Bluff (RM 243); it certainly has not 
been met since 1991.  It is clear that the temperature compliance point has been move further and 
further upstream.  The default compliance point now seems to be Balls Ferry (RM 276), except 
in drought periods, when compliance points are established at Clear Creek (RM 292), or further 
upstream.  During the recent drought, the temperature standard was modified and increased 
above 56ºF to levels non-protective of salmon spawning, egg incubation and emergence. 

 
The DEIS is silent on any potential responsibilities of the SRTTG other than its role as an 

advisory body.  The SRTTG has no role in determining the quantity of water to be delivered to 
water contractors, the amount of higher temperature water from Whiskeytown Reservoir that will 
flow through the Spring Creek Powerhouse, or the timing of water released from Shasta 
                                                 
46 CSPA, Attachment 2, DEIS LTO CVP/SWP. 
47 NMFS BiOp, p. 592. 
48 CSPA, Attachment 3, DEIS LTO CVP/SWP. 
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Reservoir.  Essentially, BOR tells the SRTTG how much water it will make available to meet 
temperature requirements, and the SRTTG then advises how best to use that water to protect 
fisheries.  

 
For example, in the SWRCB’s approval of the June 25, 2015 Sacramento River 

Temperature Management Plan that increased the 56ºF temperature standard to a non-protective 
57ºF, not to exceed 58ºF, at Clear Creek, SWRCB Executive Director Thomas Howard noted 
that the NMFS concurrence letter stated “that these conditions could have been largely prevented 
through upgraded in monitoring and modeling, and reduced Keswick releases in April and May” 
and that “the plan provides a reasonable possibility that there will be some juvenile winter-run 
survival this year.”49  In fact, NMFS had admitted that “[i]t is now very clear through evaluating 
operations in both 2014 and 2015 that the volume of cold water available for real-time 
management in June through October is highly dependent on Keswick releases in April through 
early June.”50  However, BOR delivered Sacramento River Contractors 657,000, 631,512 and 
835,444 acre-feet of water April-June in 2014, 2014 and 2016, respectively.51  When it comes to 
deliveries of water, BOR pays little heed to the SRTTG and seemingly to the SWRCB. 

 
Carryover storage and early season water deliveries largely determine how much cold 

water will be available later in the year.  Additionally, BOR’s policy of releasing water from 
Shasta Dam during the day for peak power production, rather than at night, increases the 
temperature of water released to the river.  Water imported from the Trinity River via 
Whiskeytown Reservoir and the Spring Creek Powerhouse to supply water contractors can be 
six, seven or more degrees higher than water released from Shasta.52  All of these actions impact 
the volume of cold water remaining in Shasta Reservoir.  A recirculated DEIS must discuss and 
analyze the impacts of early season deliveries, Trinity River water diversions to the Sacramento 
River, and peak power production from the Shasta Powerhouse on meeting temperature 
standards in the Sacramento River.  It must also evaluate feasible mitigations for these impacts. 

 
As discussed previously, BOR’s temperature management on the Sacramento River has 

failed to comply with Basin Plan’s “controllable factors” requirements and with SWRCB Order 
90-05, largely because of excessive water deliveries that have depleted carryover storage and the 
cold-water pool.  BOR’s temperature management has also failed to meet the storage and 
compliance point requirements in the 2009 BiOp RPA 1.2.1.  And, as discussed below, the 
resulting consequences have been an increasing compression and reduction of Chinook salmon 
spawning habitat that have led to declines in successfully salmonid reproduction. 

 

                                                 
49 SWRCB, Letter from Thomas Howard to Ron Milligan, July 7, 2015, pp. 2-3. 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/sacramento_river/docs/tmp_mgt_plan.p
df 
50 NMFS, Letter to BOR and DWR regarding the Contingency Plan for Water Year 2015, July 1, 2015, p. 4. 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/docs/tucp/2015/stellejr_nmfs_070115.p
df  
51 CSPA, Attachment 5, BOR water deliveries to Sacramento Settlement Contractors and Tehama-Colusa Canal in 
2014-2016. 
52 CSPA, Attachment 7, DEIS LTO CVP/SWP. 
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There is nothing in the DEIS’ discussion of proposed actions, alternatives or mitigation 
measures that would meaningfully improve BOR’s Sacramento River temperature management 
efforts that is not already underway, and there is no discussion in the DEIS of actions that would 
improve the effectiveness of the SRTTG.  The DEIS should have disclosed and discussed the 
failures of its temperature management and the limitations of authority of the SRTTG, and 
proposed and analyzed measures that would enable BOR to comply with the 2009 BiOp and 
Order 90-05.  Such an analysis would require a candid assessment of the level and timing of 
reductions in water deliveries that would be necessary to increase carryover storage and retain  
cold water in Shasta Reservoir sufficient to meet temperature requirements for fish.  Without 
such disclosure and analysis, the DEIS fails to comply with NEPA’s requirements for fair 
disclosure and analysis and for evaluation of alternatives. 

 
f. The DEIS fails to disclose and analyze the loss of post-Shasta historical 

spawning habitat or evaluate mitigation for the loss of spawning habitat.  
 

Construction of Shasta Dam eliminated approximately 201 miles of historical habit and 
more than 90,000 Chinook salmon spawning sites.  BOR’s failure to meet Basin Plan 
temperature requirements at Hamilton City and SWRCB WR Order 90-05 temperature 
requirements at Red Bluff has compressed Chinook salmon spawning into a short river reach 
below Keswick Dam.  Compaction of usable spawning habitat leads to superimposition of redds 
and other problems that adversely affect spawning success.  As previously noted, the period 
since the construction of Shasta Dam corresponds with a dramatic decline of Sacramento River 
Chinook salmon. 

 
CDFW annual spawning surveys demonstrate that, between 1969 and 1985, an average of 

37.6% of combined Chinook salmon species (late-fall run, winter-run, spring-run and fall-run) 
spawning occurred below Red Bluff (RM 243).  However, between 1986 and 2009, average 
spawning below Red Bluff had been reduced to only 17.2%.  Between 2010 and 2017, average 
spawning had been further reduced to 10.6%.  In 2016 and 2017, the numbers were 3.6% and 
1.6%, respectively.53  With respect to listed species, an annual average of 14.5% of winter-run 
and 15.7% of spring-run Chinook salmon spawning occurred below Red Bluff before 1986, 
whereas only 2.1% of winter-run and 2.9% spring-run spawning occurred between 1986 and 
2009.  Since 2009, no winter-run or spring-run spawning has occurred below Red Bluff.54   
 

The aerial spawning surveys reveal that between 2005 and 2012, 78 to 99 percent of 
winter-run salmon, 51 to 88 percent of late-fall-run salmon, 30 to 43 percent of spring-run 
salmon and 7 to 34 percent of fall-run salmon have spawned in the upper 5.5 miles between the 
Highway 44 Bridge (RM 296.5) and Keswick Dam (RM 302).55  In 2017, 88% of winter-run 

                                                 
53 CSPA, Attachment 6, DEIS LTO CVP/SWP, pp. 1-3. 
54 Id. 
55 CSPA, Complaint Against SWRCB and USBR for Violations of Central Valley Basin Plan, WR Order 90-05, 
Clean Water Act, Endangered Species Act, Public Trust Doctrine and California Constitution, August 2 2015, pp. 5-
7. 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/comments_tucp2015/docs/cspa_compla
int080315.pdf 
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salmon and 50% of spring-run salmon spawned in the 2.5 miles between the Highway 44 Bridge 
and the ACID Dam (RM 299), and 100% of both species spawned in the 15 miles between the 
Airport Rd. Bridge (RM 284) and the ACID Dam.56  

 
The Basin Plan protects 103 miles of identified spawning habitat between Keswick Dam 

(RM 302 and Hamilton City (RM 199).  Essentially, 44 miles of spawning habitat between 
Hamilton City (RM 199) and Red Bluff (RM 243) has been severely degraded because of 
excessively elevated temperatures.  Since the default temperature compliance point is most 
frequently established at Balls Ferry (RM 276), salmon spawning is increasingly compressed 
into the upper few miles below the ACID Dam (RM 299) and Keswick Dam (RM 302).  
Establishing the compliance point at Balls Ferry effectively degrades another 31 miles of 
historical spawning habitat between Red Bluff and Balls Ferry.  Elimination of 75 miles or 73% 
of identified post-Shasta historical Chinook salmon spawning habitat protected by Basin Plan 
temperature standards is a significant contributing factor in the degraded condition of wild 
Sacramento River salmon.  Location of the temperature compliance point at Clear Creek, as is 
done during droughts, eliminates another 16 miles of spawning habitat and results in a total 
reduction of 88% of post-Shasta identified spawning habitat.    

  
 The DEIS’ failure to disclose the extent of historical Chinook salmon spawning habitat in 
the Sacramento River and the increasing compaction of spawning, plus its failure to identify, 
discuss or analyze alternatives and/or mitigation measures that would expand and protect 
spawning habitat beyond a few miles below Keswick Dam, fails NEPA’s requirements for fair 
disclosure, analysis, and selection of alternatives.  The DEIS must be revised and recirculated. 
 

g. The DEIS fails to identify, discuss and analyze the Delta Reform Act, the 
2010 CDFW Quantifiable Goals and Flows Report and the 2010 SWRCB 
Flow Report.  

 
Both the CVPIA and the Reclamation Act of 1902 require operation of the CVP in 

compliance with state law.  Increasing degradation of the Delta’s water quality and fisheries led 
the California Legislature to adopt the 2009 Delta Reform Act.57  California Water Code (CWC), 
Division 35 (Sacramento-San Joaquin Delta Reform Act of 2009), General Provisions, Sections 
85000-85067 establishes a state water policy for the Delta.  The Legislature found and declared 
that: 

 
The Sacramento-San Joaquin Delta watershed and California’s water infrastructure are in 
crisis and existing Delta policies are not sustainable.  Resolving the crisis requires 

                                                 
56 CSPA, Attachment 6, DEIS LTO CVP/SWP, pp. 1-3; 
Douglas Killam, Salmonid Populations of the Upper Sacramento River Basin In 2017, USRBFP Technical Report 
No. 02-2018, Appendix Table A3 pp. 44-47.  
https://www.calfish.org/ProgramsData/ConservationandManagement/CentralValleyMonitoring/CDFWUpperSacRiv
erBasinSalmonidMonitoring.aspx 
57 California Legislative Information, Senate Bill No. 1, Chapter 5, (2009-2010) available at: 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/CS
PA%20et%20al/cspa_26.pdf 
 



 

17 

 

CSPA et al., Comments on DEIS, Long-Term Operations of CVP/SWP, September 3, 2019 

fundamental reorganization of the state’s management of Delta watershed resources. (§ 
85001(a).) 
 
The Sacramento-San Joaquin Delta, referred to as the Delta in this division, is a critically 
important natural resource for California and the nation. It serves Californians 
concurrently as both the hub of the California water system and the most valuable estuary 
and wetland ecosystem on the west coast of North and South America. (§ 85002.)  

 
It established a policy of the State of California to:   

 
Restore the Delta ecosystem, including its fisheries and wildlife, as the heart of a healthy 
estuary and wetland ecosystem. (§ 85020(c)) Promote water conservation, water use 
efficiency, and sustainable water use. (§ 85020(d)) Improve water quality to protect 
human health and the environment consistent with achieving water quality objectives in 
the Delta. (§85020(e).) 

 
It further found and declared:  
 

The policy of the State of California is to reduce reliance on the Delta in meeting 
California s future water supply needs through a statewide strategy of investing in 
improved regional supplies, conservation, and water use efficiency. (c) The Delta is a 
distinct and valuable natural resource of vital and enduring interest to all the people and 
exists as a delicately balanced estuary and wetland ecosystem of hemispheric importance. 
(§ 85022(c)(1).) The permanent protection of the Delta s natural and scenic resources is 
the paramount concern to present and future residents of the state and nation. (§ 
85022(c)(2).) The longstanding constitutional principle of reasonable use and the public 
trust doctrine shall be the foundation of state water management policy and are 
particularly important and applicable to the Delta. (§ 85023.) 
 
As previously stated, both the CVPIA and the Reclamation Act of 1902 require operation 

of the CVP in compliance with state law.  The LTO Plan includes joint operation of the CVP and 
SWP.  The DEIS fails to discuss or analyze the requirements of state law as mandated by the 
Delta Reform Act and relevant sections of the CWC.  In fact, a brief reference to Delta Reform 
Act and implementing sections of the CWC only occur in Appendix Y, Cumulative 
Methodology, on page 5,456 of a 5,487 page DEIS.  Appendix Y contains a summary of 171 
past, present and reasonably foreseeable projects that may contribute to potential future impacts 
on the project.  Projects were screened to determine if they could have an impact.  The references 
to the Delta Reform Act/CWC were related to a brief description of the Delta Stewardship 
Council.  Failure to consider state policy and law regarding the Delta renders the DEIS seriously 
deficient with respect to fair disclosure and environmental setting.  The DEIS must be revised 
and recirculated to address these shortcomings.   
 
 CWC, Division 35 (Sacramento-San Joaquin Delta Reform Act of 2009, Part 2, (Early 
Actions), Section 85084.5 required,  
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The Department of Fish and Game, in consultation with the United States Fish and 
Wildlife Service and the National Marine Fisheries Service and based on the best 
available science, shall develop and recommend to the board Delta flow criteria and 
quantifiable biological objectives for aquatic and terrestrial species of concern dependent 
on the Delta. 

 
Following an extensive public proceeding including a peer-review process, CDFW issued 

a report titled Quantifiable Biological Objectives and Flow Criteria for Aquatic and Terrestrial 
Species of Concern Dependent on the Delta.58  The report found that “recent Delta flows are 
insufficient to support native Delta fishes in habitats that now exist in the Delta” and 
recommended numerous biological and goals and objectives and specific recommendations for 
instream flow necessary to protect public trust fisheries.  It also included the specific flow 
recommendations by the expert panel, fishery agencies and NGOs in the SWRCB’s 2010 flow 
hearing.59  The DEIS fails to acknowledge, discuss or analyze the findings and recommendations 
in the legislatively-directed CDFW report.  None of the alternatives in the DEIS incorporate the 
findings and recommendations in the report.  Failure to consider the report and the scientific 
findings buttressing the report renders the DEIS deficient with respect to reasonable alternatives, 
fair disclosure and environmental setting.  The DEIS must be revised and recirculated to address 
these shortcomings.      
 

CWC, Division 35 (Sacramento-San Joaquin Delta Reform Act of 2009, Part 2, (Early 
Actions), Section 85086(c)(1) required 

 
The SWRCB to, “pursuant to its public trust obligations, develop new flow criteria for 
the Delta ecosystem necessary to protect public trust resources. In carrying out this 
section, the board shall review existing water quality objectives and use the best available 
scientific information. The flow criteria for the Delta ecosystem shall include the volume, 
quality, and timing of water necessary for the Delta ecosystem under different conditions. 

 
Section 85086(c)(2) also required that,  
 

Any order approving a change in the point of diversion of the State Water Project or the 
federal Central Valley Project from the southern Delta to a point on the Sacramento River 
shall include appropriate Delta flow criteria and shall be informed by the analysis 
conducted pursuant to this section. 

 
Pursuant to legislative direction, the SWRCB conducted an extensive public proceeding 

to determine flow criteria for the Delta necessary to public trust resources, using best available 
scientific information.  The SWRCB’s proceeding to develop instream flows protective of public 
trust resources was the most intense and comprehensive effort to determine necessary flows to 
                                                 
58

 California Department of Fish and Game, Quantifiable Biological Objectives and Flow Criteria for Aquatic and 
Terrestrial Species of Concern Dependent on the Delta, Nov. 23, 2010.  
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/swr
cb_66.pdf     
59 Id. at 94, 97-104, 105-107. 
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protect public trust fish and wildlife resources in the 52-year history of the Board.  The Board 
appointed an illustrious group of recognized experts to serve as an expert and reference 325 
technical documents.  Twenty-four parties to the proceeding provided 84 expert witnesses and 
488 exhibits, plus exhibits from previous Bay-Delta hearings.60 

 
 The resulting SWRCB report, titled Development of Flow Criteria for the Sacramento-
San Joaquin Delta Ecosystem, found that “[t]he best available science suggests that current flows 
are insufficient to protect public trust resources” and that “recent Delta flows are insufficient to 
support native Delta fishes for today’s habitats.”  It recommended flow criteria, crafted as 
percentages of unimpaired flows, of “75% of unimpaired Delta outflow from January through 
June, 75% of unimpaired Sacramento River inflow from November through June and 60% of 
unimpaired San Joaquin River inflow from February through June.”61  The report also included 
the specific flow recommendations of an expert panel, fishery agencies, and NGO’s in the 
hearing.62  The DEIS fails to acknowledge, discuss or analyze the findings and recommendations 
in the legislatively directed SWRCB Flow Criteria report.  Nor do any of the alternatives in the 
DEIS incorporate the findings and recommendations in the report.  Failure to consider the report 
and the scientific findings buttressing the report renders the DEIS deficient with respect to 
reasonable alternatives, fair disclosure and environmental setting.  The DEIS must be revised and 
recirculated to address these shortcomings.     
 

Together, the legislatively mandated SWRCB and CDFW 2010 proceedings represent the 
most comprehensive and scientifically robust effort to determine necessary flows to protect 
fishery resources in a watershed in the state’s history.  The DEIS’ failure to disclose, discuss and 
analyze declared state policy and CWC requirements or to discuss and include the findings and 
recommendations of the SWRCB and CDFW reports in a project alternative is inexplicable and 
fails to meet the fair disclosure requirements of NEPA.  It effectively sabotages the selection of 
alternatives and any effects analysis.  The DEIS must be revised and recirculated for additional 
public review. 

 
B. The Alternatives in the DEIS are not sufficiently distinct and are not legally or 

factually defensible. 
 
Appendix D of the DEIS, Chapters 3 and 4, and especially Tables 3.2-1 and 4.1-1, 

describe the NEPA alternatives that the DEIS analyzes.  These descriptions are difficult to follow 
and at times seem inconsistent.63 

 

                                                 
60 SWRCB, Delta Flow Criteria Program website. 
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/swr
cb_25.pdf 
61 SWRCB, Development of Flow Criteria for the Sacramento-San Joaquin Delta Ecosystem, 2009, p. 5.  
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/swr
cb_25.pdf 
62 Id. at 153-177.  
63 For example, comparing also Appendix F, it is unclear what if any limits on exports Alternative 4 would apply 
based on flows in the San Joaquin River.  
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Alternative 2 would simply strip out the RPA’s in the 2008 and 2009 Biological 
Opinions, leaving only those flow measures from D-1641 on which the USFWS and NMFS 
found jeopardy in 2008 and 2009 respectively.  Since listed species in the Bay-Delta system have 
crashed across the board since 2009 even with the RPA’s, it defies imagination how removal of 
the RPA protections could be warranted.   

 
Alternative 3 would also strip out the 2008 and 2009 RPA’s, but would seek to 

compensate for these flow measures with a combination of  physical habitat improvements and 
“interventions” such as capturing wild juvenile salmon outmigrants in Dry and Critically Dry 
years and physically transporting them to the Delta or San Francisco Bay.  Most of these habitat 
and intervention measures are described only programmatically.64  Many of them are already 
required or are already being implemented.  

 
Alternative 1, the Preferred Alternative, would combine the habitat and intervention 

elements of Alternative 3 with modified RPA’s that would limit the implementation of the 
RPA’s through outright change and/or through real-time management, allowing agency 
managers to reduce or waive RPA requirements in to-be-determined circumstances.  As a general 
principle, managers would make real-time decisions about applying flow or diversion limits 
based for example on “risk-based OMR [Old and Middle River] management”65 and “hedging” 
decisions on when to initiate or conclude protective measures for Sacramento River water 
temperature.66 

 
The DEIS describes Alternative 4 as: “Operate storage reservoirs differently in order to 

increase flows for fish, which would decrease Delta exports.”67  Alternative 4 would combine 
removal of some elements the existing RPA’s68 with a requirement for year-round 55% of 
unimpaired flow released into and through the Delta.69  There are also a series of constraints 
specific to Alternative 4, such as a requirement for “Positive Old and Middle River flows from 
March through May.”  However, there are also less stringent requirements than existing 
requirements; for instance, there are no requirements for Shasta storage.70   

 
We discuss each alternative in greater detail below.  
 
 
 
 

                                                 
64 See DEIS, Table 3.4-1. 
65 DEIS, Appendix D, Table 4.1-1. 
66 DEIS, Appendix D., p. D1-13/304. 
67 DEIS, App. D, p. 3-7/190. 
68 The DEIS does not clearly define this. 
69 However, in modeling, BOR eliminates this requirement in about one third of all water years.  It is also unclear 
whether in modeling BOR applied the 55% flow requirement to non-project facilities such as those on the 
Tuolumne, Merced and Yuba rivers. 
70 DEIS, Appendix D, Table 4.1-1. 
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C. Alternative 2 is insufficient to avoid take of Delta smelt and listed salmonids, will 
adversely affect critical habitat, and will not protect other public trust fishery 
resources consistent with applicable law. 

 
Alternative 2 would eliminate the protections in the RPA’s in the 2008 and 2009 Bi0ps, 

allowing water supply deliveries north of Delta and greater exports at state and federal facilities 
in the south Delta.  Otherwise, Alternative 2 is largely the same as the No Action Alternative.71  
The DEIS states that implementation of Alternative 2 would increase water supply deliveries by 
an average of 655 thousand acre-feet (TAF) per year.72 

 
1. Elimination of OMR restrictions would result in illegal take of listed salmon 

and smelt and adversely modify their critical habitat.  
 
Prior to the Old and Middle River (OMR) restrictions in the RPA’s, salmon and smelt 

protections were generally limited to “take limits” in the form of salvage counts and to water 
quality standards that included export limits, Delta outflow requirements, and agricultural 
salinity standards in state water quality standards (in Water D-1641).  When these standards 
proved ineffective in protecting the listed salmon and smelt73, the new biological opinions were 
issued, which added the OMR restrictions as well as other non-flow actions to preserve the 
species.  Alternative 2 would eliminate the OMR protections in the RPA’s, allowing greater 
exports at state and federal facilities in the south Delta.   
 

The RPA’s require limits on net negative flows in Old and Middle Rivers in the south 
Delta to protect listed winter-run and spring-run Chinook salmon, steelhead, and Delta smelt.  
Old and Middle River net flows are closely related to total south Delta exports.  The OMR limits 
do not restrict higher exports when San Joaquin River inflows to the Delta are high and provide 
more positive net OMR.  OMR limits allow restrictions on exports when Sacramento River 
inflows to the Delta are high and San Joaquin River flows are low.  Without OMR limits (pre-
2009), exports were very high when Sacramento River flows were high.   

 
High OMR reverse flows and exports can draw salmon and smelt into the central and 

south Delta in the winter-spring period during high Sacramento River flows.74  Under the RPA’s, 
the presence of listed species can trigger OMR restrictions to -5000 cfs or less negative.  
Whichever RPA is the most restrictive governs operations at any given time.  The RPA’s 
prescribe an elaborate review process and triggering criteria for a Smelt Working Group 
                                                 
71 See DEIS Appendix D, Table 4.1-1.  In some cases, Alternative 2 would also eliminate protections in addition to 
those in the RPA’s. 
72 DEIS Table 5.11-1 (Municipal and Industrial water supply) and Table 5.11-4 (Agricultural water supply). 
73 Take limits became irrelevant as overall populations of smelt dropped to such low levels that the take limits were 
never reached. 
74 The Delta Cross Channel is closed during most of the winter-spring period, and under such conditions Sacramento 
River flows contribute minimally to lower San Joaquin River and OMR flows.  San Joaquin salmon and steelhead 
smolts that enter the Delta via Georgiana and Threemile sloughs, and smelt living in or moving into the central 
Delta, are at risk to south Delta exports during the winter-spring period.  Their presence in the central Delta or 
export salvage can trigger OMR restrictions that otherwise would not occur under the regular D-1641 export/inflow 
restrictions. 
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(SWG75) and Delta Salmon and Steelhead Group (DOSS76) to make operations recommendations 
to Water Operations Management Team (WOMT), which may or may not adopt such 
recommendations.  
 

OMR flow management (Actions IV.2 and IV.3) is prescribed for the period January 1 to 
June 15 in the RPA in the NMFS Biological Opinion.  The RPA describes the purpose of these 
requirements as follows: “Control the net negative flows toward the export pumps in Old and 
Middle rivers to reduce the likelihood that fish will be diverted from the San Joaquin or 
Sacramento River into the southern or central Delta. … Curtail exports when protected fish are 
observed near the export facilities to reduce mortality from entrainment and salvage.”77 
 

The USFWS’s Biological Opinion prescribes similar measures to protect smelt:  
 
The objective of Component 1 is to reduce entrainment of pre-spawning adult delta smelt 
during December to March by controlling OMR flows during vulnerable periods. 78   
 
… The objective [of Component 2] is to improve flow conditions in the Central and 
South Delta so that larval and juvenile delta smelt can successfully rear in the Central 
Delta and move downstream when appropriate.79  

 
The RPA’s provide essential protection in the winter-spring period by limiting exports 

and reducing losses of salmon, steelhead, sturgeon, and smelt that would otherwise be drawn to 
the south Delta export pumps under the D-1641, notwithstanding D-1641’s 65% export/inflow 
limit in December-January and 35% export/inflow limit in February-June.  The OMR restrictions 
reduce entrainment of listed species into the central and south Delta in both dry and wet years, 
especially in December-January period.  Even in drought years like winter-spring 2014-2015, 
OMR restrictions in winter reduced potential exports.  Lack of prescriptions for December under 
the NMFS RPA did allow high negative OMR flows and exports in early December 2014.  
However, concerns for adult smelt led to voluntary reductions in exports and OMR negative 
flows in mid-December 2014 that subsequently were maintained through the winter. 
 

In recent drought years, the OMR restrictions in the RPA’s have been more important 
than ever because D-1641 water quality standards have been weakened by the SWRCB, with the 
consent of NMFS and USFWS.  See Section II(A)(2), supra. 
 

Chapter 5 of the DEIS admits that elimination of the RPA’s governing OMR’s and 
consequent permission to increase exports would have negative effects on ESA-listed smelt and 
salmon species and on key unlisted species such as fall-run Chinook.   

 
For example, the DEIS states:  

                                                 
75 http://www.fws.gov/sfbaydelta/cvp-swp/smelt_working_group.cfm  
76 http://www.westcoast.fisheries.noaa.gov/central_valley/water_operations/doss.html  
77 NMFS BiOp, p. 630. 
78 FWS BiOp, p. 280. 
79 Id., p. 282. 
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“Salvage and loss of juvenile Winter-Run Chinook have been shown to increase as 
exports increase.”80 

 
“For San Joaquin River-origin Spring-Run Chinook Salmon, salvage, and thus 

entrainment, is likely to be higher with greater exports.”81 
 
“Under action alternatives 1-3, exports increase during the migration window for juvenile 

Fall-Run Chinook Salmon whereas exports under Alternative 4 are similar to the No Action 
Alternative. Salvage and loss of juvenile Chinook Salmon has been shown increase as exports 
increase. … San Joaquin River-origin juvenile Fall-Run Chinook Salmon are likely to be 
entrained at the salvage facilities at higher rates under all action alternatives.”82 

 
“Under all of the action alternatives, exports increase during the migration window for 

juvenile California Central Valley Steelhead. Salvage of steelhead has been shown to increase as 
exports increase.”83 

 
“Higher exports may increase entrainment risk [for green sturgeon] for Alternative 1-

3.”84   “Under Alternatives 2 and 3, seasonal operations to D-1641 criteria may appreciably 
increase entrainment risk.”85  It also admits: “greater OMR flow may reduce entrainment risk.”86 

 
The DEIS argues that for Alternative 1 “increased flow in the Sacramento River 

mainstem during spring” are likely to offset most of these acknowledged increases in 
entrainment risk.87  However, Alternative 2 would require no increased Sacramento River 
mainstem flow increases.   

 
2. Elimination of Fall X2 requirements would result in illegal take of listed 

smelt and adversely modify their critical habitat. 
 
Alterative 2 would eliminate RPA 3, the Fall X2 requirement, from the 2008 Smelt 

Biological Opinion.  This measure requires the release of water to maintain the low salinity zone 
in Suisun Bay during the fall of wet water years.  Its purpose is to protect Delta smelt, whose 
production in spring and summer of wet water years is expected to be high. 

 
When this RPA was first triggered in 2011, the summer-to-fall Delta smelt survival 

greatly increased, and there was a sharp, better-than-expected increase in the Fall Index.  This 
was the last case of such an increase in Delta smelt survival.  In the two years Fall X2 was 

                                                 
80 DEIS, p. 5-69/269.   
81 Id.  
82 DEIS, p. 5-70/200. 
83 Id. 
84 DEIS, p. 5-71/201. 
85 Id. 
86 Id.  
87 See pp. 5-69 to 5-71/199-201.  We analyze this assertion in discussing Alternative 1, below.  
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triggered, 2011 and 2017, production of longfin smelt was higher than expected, greatly helping 
the population of longfin smelt avoid the fate of Delta smelt. 

 
Elimination of this effective measure will allow Reclamation to maintain the low salinity 

zone upstream of Suisun Bay in the Delta, where the low salinity habitat will be more constricted 
and warmer than it would be in Suisun Bay. 

 
3. Removal of the San Joaquin River Inflow to Export ratio and elimination of 

the Head of Old River Barrier would result in illegal take of listed steelhead 
and adversely modify their critical habitat, and would adversely affect fall-
run salmon. 

 
Alterative 2 would eliminate RPA Action IV.2.1, San Joaquin River Inflow to Export 

Ratio, the requirement from the 2009 NMFS Biological Opinion that limits CVP and SWP 
exports in the south Delta in April and May based on the flow in the lower San Joaquin River.  
This RPA was designed to protect steelhead from the San Joaquin River watershed from being 
entrained at the Delta pumps or simply misdirected in their outmigration from river to ocean.  It 
also protects steelhead from the Mokelumne River, and fall-run salmon from the San Joaquin 
watershed and the Mokelumne River.  Many salmonids from the San Joaquin and Mokelumne 
watersheds have their peak outmigration in April and May of each year.   

 
The DEIS acknowledges that entrainment of salmonids will increase with increased 

exports.  However, in a bizarre twist of logic, the DEIS suggests that increased exports will 
increase outmigration success, noting: “Acoustic tagging studies indicate that when the Head of 
Old River Barrier is out, greater than 60% of fish that successfully migrate through the Delta 
have been salvaged at the TFCF and trucked to the western Delta (Buchanan et al. 2018).”88 

 
Similarly, the Proposed Action would eliminate the Head of Old River Barrier (HORB).  

The DEIS argues: “With no Head of Old River Barrier, more tagged fish approach the South 
Delta export facilities, but survival to Delta exit does not appear to be influenced by export rates 
(Buchanan et al. 2018, SST 2017).”89  Here, Reclamation’s logic appears to be that since most 
salmonids do not survive to the ocean anyway, the Proposed Action can write off a measure that 
the DEIS acknowledges would reduce take (both from entrainment and from interfering with 
migration corridors) at a specific location. 

 
In failing to disclose the impacts of the elimination of the San Joaquin River Inflow to 

Export Ratio and the Head of Old River Barrier, the DEIS violates NEPA.  
 
 
 

                                                 
88 DEIS, p. 5-70/200.  The DEIS makes a similar argument regarding steelhead on p. 5-71/201. 
89 DEIS, p. 1-11/29. 
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4. Elimination of RPA protections for Sacramento River operations would 
result in illegal take of listed salmon, steelhead and green sturgeon, and 
adversely modify their critical habitat. 

 
Alternative 2 would eliminate NMFS RPA I.2.1-I.2.4 (Shasta Temperature Management).  

It would eliminate the 3250 minimum flow release requirement from Keswick Dam.  There 
would be no minimum end-of-September Shasta storage requirement.   

 
The absence of water temperature management under the existing RPA’s would make 

water temperatures downstream of Keswick Reservoir worse.  In particular, this would adversely 
affect winter-run Chinook salmon and the temperature of their only currently reliable habitat.  As 
shown most notably in the drought years when there was “almost total mortality” of winter-run 
juveniles in 2014 and “substantial mortality” in 2015,90 the RPA’s already fail to protect winter-
run Chinook salmon.  It is unclear what compliance with Water Right Order 90-05 would look 
like in the absence of the NMFS RPA for Shasta Reservoir temperature management, but the 
SWRCB’s enforcement of WRO 90-05 has been lax or non-existent, as described above.  In 
addition, it is unclear that Reclamation intends to obey state laws regarding fishery protection 
going forward, as shown in statements by Reclamation officials to the SWRCB in 2018 meetings 
regarding the update of the Bay-Delta Plan and the Department of Interior’s lawsuit against the 
state’s adoption of lower San Joaquin River flow objectives as part of that update.91   

 
The elimination of the 3250 cfs minimum flow downstream of Shasta would allow 

indiscriminate redd dewatering and episodes of large-scale mortality of all life stages of 
salmonids.  Even with the existing flow requirement, there have been large scale mortality 
events, particularly of fall-run salmon eggs and juveniles dewatered or stranded in dry years 
when Reclamation has dropped flows in the fall as irrigation demand dropped.92 

 
The lax Shasta Reservoir storage requirements have already led to situations where 

storage was insufficient to support a cold water pool in a subsequent dry year.  Combined with 
the stated project purpose of maximizing water deliveries, the absence of any end of September 
or end of April storage requirement in Shasta would increase the likelihood of reckless water 
deliveries in disregard of fish protections in future years.  The mass fish mortality in the 
Sacramento River downstream of Keswick Reservoir in 2014 and 2015 was in part a result of 
over-delivery of water from Shasta Reservoir in 2012 and 2013, when the RPA for Shasta 
storage was in place.  It is clear that protection of listed and non-listed salmonids and sturgeon 
downstream of Shasta and Keswick reservoirs requires more stringent carryover storage 
requirements for Shasta Reservoir.  Complete abandonment of Shasta storage requirements, as 

                                                 
90 SWRCB, Water Rights Order 2015-043, pp. 10-11. Available at: 
https://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2015/wro2015_0043.pdf  
91 See Los Angeles Times, U.S. Sues California over River Flow Standards, March 28, 2019, available at 
https://www.latimes.com/local/lanow/la-me-water-flow-standards-lawsuit-20190328-story.html 
92

 For examples, see “Fall Run Salmon Spawn 2018,” Nov., 19, 2018, at http://calsport.org/fisheriesblog/?p=2389. 

See also “2007-2009 Salmon Crash Revisited,” May 11, 2018, esp. Figure 4. Available at: 

http://calsport.org/fisheriesblog/?p=2130 
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proposed in Alternative 2 and all other alternatives analyzed in the DEIS,93 is in itself sufficient 
to render all alternatives as non-compliant with the ESA, and thus, as unreasonable alternatives, 
deficient under NEPA.  

 
5. Elimination of existing water temperature protections for the American 

River downstream of Folsom Reservoir would result in illegal take of listed 
steelhead and adversely modify their critical habitat, as well as in increased 
mortality of fall-run Chinook salmon.  

 
The lower American River is widely acknowledged as temperature-impaired.  Absent 

water temperature requirements for the lower American River, there were large-scale die-offs of 
fall-run Chinook salmon in 2001, 2002 and 2003.94  These die-offs led to the adoption of the 
2006 Flow Management Standard.  The DEIS, Table 4.1-1 shows that the 2006 Flow 
Management Standard would govern operation of Folsom Reservoir and the lower American 
River.   

 
The DEIS characterizes that 2006 Flow Management Standard as setting “a flow and 

temperature regime.”95  However, Table 4.1-1 in Appendix D of the DEIS also shows that 
Alternative 2 would require “no temperature thresholds” for the lower American River 
downstream of Folsom Reservoir.   

 
It thus appears that the intent for Alternative 2 is to limit application of the 2006 Flow 

Management Standard to the numeric flow requirements only, without the water temperature 
requirements.  This would return to a situation that risks mass mortality, likely of listed steelhead 
as well as of salmon.  Such elimination would violate the ESA, and render Alternative 2 an 
unreasonable and thus unlawful alternative under NEPA.  Even if the table is inaccurate and the 
intent is to retain temperature thresholds for the lower American River, the lack of clarity on the 
issue violates the requirement under NEPA for clear disclosure.  In addition, the lack of clarity is 
on this fundamental issue is symptomatic of the fact that Alternative 2 is not a serious 
alternative, but rather a straw proposal. 

 
6. Reduction of flows in the Stanislaus River would result in illegal take of listed 

steelhead and adversely modify their critical habitat, as well as in reduced 
escapement of fall-run Chinook salmon.  

 
Under Alternative 2, the flow requirement for the lower Stanislaus River would revert to 

the 1987 flow agreement between the Bureau of Reclamation and the California Department of 
Fish and Game (now Wildlife).  This would provide about half of the required flow that is 

                                                 
93

 DEIS, Appendix D, Table 4.1-1. 
94

 The American River's Hidden Fish Kill: 181,000 Salmon Die Before Spawning, available at: 

https://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/auburn_dam/exhibits/cspa_1a.pdf 
95

 DEIS, Appendix D, p. 4-28/221. 
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currently required under NMFS Biological Opinion Actions III.1.2 and III.1.3 (commonly 
referred to as the 2E flows).96 

 
The Department of Fish and Wildlife Grand Tab shows the Stanislaus River with 

escapement of fall-run Chinook since 2009 substantially greater than that in the Merced and 
Tuolumne rivers, where required flows are substantially less.97 Historically, the trout/steelhead 
fishery in the Stanislaus has been much more consistent than in the Tuolumne and Merced.   

 
The DEIS makes no showing that reduction of flows in the Stanislaus River by half 

would protect ESA-listed steelhead or fall-run Chinook.   
 
7. Alternative 2 must be dismissed as an infeasible, unlawful alternative under 

NEPA because it would result in illegal take of listed species and adversely 
modify their critical habitat. 

 
Alternative 2 is not a valid alternative under NEPA because it would not comply with 

existing law.  In the terms of the stated Purpose of the Proposed Action, it would not “address the 
status of listed species.”  Alternative 2 is simply a straw man bookend for increasing water 
supply to make the Preferred Alternative (Alternative 1) appear as a compromise.  A recirculated 
DEIS should eliminate the invalid Alternative 2 and analyze a suite of alternatives that that are 
sufficiently distinct from one another and that comply with the law. 

 
D. Alternative 3 is vaguely defined and unclear, and provides no analysis to show 

that its measures would be sufficient to avoid the take of Delta smelt and listed 
salmonids and the adverse effects to their critical habitat that elimination of the 
RPA’s will cause. 
 

Alternative 3 would combine the flows in Alternative 2, Alterative 2’s elimination of 
RPA and other protections, and a suite of “habitat” and “intervention” actions that in concept 
would offset Alternative 2’s increased take of listed species and adverse modification of their 
critical habitat.   

 
Alternative 3 fails on several levels. 
 
First, most of the proposed mitigations in Alternative 3 lack sufficient definition to allow 

analysis.  Some are wholly conceptual.  Others are plans to study solutions.  Absent definition, 
the effects of the measures in Alternative 3 on listed species and other resources are impossible 
to analyze. 

 

                                                 
96 See DEIS Appendix F, pp. 11/16 (NAA) and 27-28/32/33 (Alternative 2).  Given that the application of water 
years types are different and appear more favorable to water supply under the 1987 requirement, some years under 
Alternative 2 would likely require less than half of the flow required  under the No Action Alternative.  
97 DFG Grand Tab, available at  
GrandTab - CA.gov 
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Second, even where Alternative 3 defines proposed measures, the DEIS makes no effort 
to quantify their benefits.  The DEIS contains no analysis that shows that the measures proposed 
under Alternative 3 would be sufficient to mitigate the effects of proposed CVP and SWP 
operations on listed species and other resources. 

 
Third, some of the measures proposed under Alternative 3, such a predator reduction 

measures, are unproven as being effective. 
 
The habitat and intervention components of Alternative 3 are the same as those under 

Alternative 1.98  Table 3.4-1 (Components of Alternative 1) shows which of the habitat and 
intervention components of Alternatives 1 (and 3) the DEIS analyzes at a Program level under 
NEPA.  It is, in fact, almost all of them.   

 
Notably, the DEIS analyzes the following components on a program level, with few 

specific commitments: 
 

 Spawning and rearing habitat restoration (multiple rivers) 
 Small-screen program (multiple waters) 
 Winter-run conservation hatchery production 
 Adult rescue 
 Juvenile trap and haul 
 Drought temperature facility improvements (Folsom Reservoir) 
 Lower San Joaquin habitat 
 Predator hot spot removal 
 Temperature management study (Stanislaus River) 
 Sacramento Deepwater Ship Channel Food Study 
 North Delta Food Subsidies/Colusa Basin Drain Study 
 Suisun Marsh Roaring River Distribution System Food Subsidies Study 
 Delta Cross Channel Gate Improvements 
 Tracy Fish Facility Improvements 
 Skinner Fish Facility Improvements 
 Delta Fish Species Conservation Hatchery 

 
Under NEPA, it may in the future be necessary to do project-specific analysis for 

measures that are not yet defined to a degree sufficient to analyze the specific impacts of 
construction and implementation.  However, this is not an excuse to have such a vague project 
description that the relative effect of the project component is unknown.     

 
Many of the components listed above are already-existing commitments that Reclamation 

hasn’t gotten done.  The DEIS provides no analysis to show that the outcome of these 
commitments in the future will be any different than the partial accomplishment of these 
commitments has been in the past.  For instance, the DEIS states: 

                                                 
98

 DEIS, p. 1-2/20. 
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4.3.6.10 Habitat Components  
 
DWR and Reclamation would continue to implement existing and ongoing restoration 
efforts that are underway but not complete, including: 
  
• Coordination with water users: Reclamation would coordinate with water users to 
remove predator hot spots in the Bay-Delta, which includes minimizing lighting at fish 
screens and bridges and possibly removing abandoned structures; and  
 
• Small Screen Program: Reclamation and DWR continue to work with existing 
authorities (Anadromous Fish Screen Program) to screen small diversions throughout 
Central Valley CVP and SWP streams and the Bay-Delta.99  
  
Other components that the DEIS analyzes programmatically yet lists as “habitat” or 

“intervention” actions are planning processes, such as a “Delta Smelt Summer-Fall Habitat 
action,” itself  a shopping list of potential actions.100  There is no reasonable way to quantify the 
effects of such actions based on these descriptions. 

 
Some of the actions are also far less robust than their labels might suggest.  For example, 

the “Skinner Fish Facility Improvements” appear to business as usual:  
 
 DWR would continue implementation of projects to reduce mortality of ESA-listed fish 
species. These measures that would be implemented include (1) electroshocking and 
relocating predators, (2) controlling aquatic weeds, (3) developing a fishing incentives or 
reward program for catching predators, and (4) operational changes when listed species 
are present.101  
 
The planned “improvements” for the CVP’s Tracy Fish Collection Facility are only 

slightly more substantive.  The DEIS promises to continue three predator reduction elements at 
that location.  Beyond that, “Several additional TFCF [Tracy Fish Collection Facility] activities 
to improve salvage efficiency will be considered through adaptive management.”  Despite the 
fact that CSPA and numerous other parties have been advocating for state of the art fish 
screening facilities at the CVP and SWP’s south Delta diversion for decades, the DEIS promises 
no more than to “consider” them.   

 
The “juvenile trap and haul” element is equally vague, promising to install weirs at “key 

feasible locations.”102 
 

                                                 
99 DEIS, Appendix D, p. D4-74/267. 
100 DEIS, Appendix D, p. D4-73/266.  
101 DEIS, Appendix D, p. D4-76/269. 
102 DEIS, Appendix D1, p. D1-118/409. 
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Several of the proposed components are explicitly studies:  the Sacramento Deepwater 
Ship Channel Food Study, the North Delta Food Subsidies/Colusa Basin Drain Study, and the 
Suisun Marsh Roaring River Distribution System Food Subsidies Study.  

 
In short, the “habitat” and “intervention” actions of Alternative 3 are poorly defined or 

completely undefined,  are plans to make plans, are existing actions often without proven results 
(such as predator reduction), and/or are contingent on future decisions.  The DEIS makes no 
attempt to quantify their effects, makes no showing that they will actually be implemented, and 
makes no showing whatsoever that they will reliably protect listed species, specifically in the 
face of the elimination of RPA’s and other existing protections. 

 
Thus, Alternative 3 fails under NEPA because it is inadequately defined and lacks an 

analysis to show that, in the terms of the stated Purpose of the Proposed Action, it would 
“address the status of listed species.”     

 
E. Alternative 1 is insufficient to avoid take of Delta smelt and listed salmonids, will 

adversely affect critical habitat, and will not protect other public trust fishery 
resources consistent with applicable law. 

 
Alternative 1, the Preferred Alternative, combines the Habitat and Intervention 

components of Alternative 3 with a series of modifications to the existing RPA’s that generally 
reduce flows compared to existing requirements (No Action Alternative).  In some cases, 
Alternative 1 would eliminate existing RPA’s entirely (for instance, removal of the San Joaquin 
River Inflow to Export ratio and elimination of the Head of Old River Barrier), as in Alternative 
2.  In many cases, Alternative 1 retains the numeric requirements of the current RPA’s, but 
would apply them more selectively.  This selectivity is based on real-time monitoring that shows 
fish presence, total salvage to date at the south Delta fish collection facilities, and other 
conditions, such as storms.    

 
As a general matter, the DEIS proposes that weakening existing RPA protections will be 

mitigated by new measures, such as increasing habitat or increasing releases in some years from 
Shasta Reservoir into the Sacramento River.  The DEIS offers no quantification of the ascribed 
mitigations.  In addition, many proposed measures are open-ended and subject to further 
planning or evaluation, making quantification impossible.   

 
1. The Sacramento River measures in Alternative 1 would result in illegal take 

of listed salmon, steelhead and green sturgeon, and adversely modify their 
critical habitat, and would not protect fall-run salmon. 

 
The Preferred Alternative would eliminate the carryover storage targets in the current 

NMFS RPA’s for Sacramento River and Shasta Reservoir operations.  This would subject listed 
species to take in subsequent years that were dry.   

 
The Preferred Alternative would replace other aspects of those RPA’s with new 

requirements.  These new requirements include: 
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 Evaluation of modifications to or replacement of the temperature control device at 
Shasta Dam; however, implementation of such modifications are conditioned on a 
raise in dam height,103 a raise that would be contrary to California law; 

 A process of “hedging” on temperature management in the Sacramento River 
downstream of Keswick Dam, trading benefits between different salmonid life stages 
for what would ostensibly be the greatest overall benefit.104 

 A requirement for spring pulse flows of “up to” 150 thousand acre-feet (TAF) in 
magnitude, dependent on May 1/April 1 storage in Shasta Reservoir.       

 
As discussed below, these measures will not protect listed species and their critical 

habitat. 
 

a. Elimination of the current NMFS RPA for carryover targets for Shasta 
storage, combined with the project purpose of “maximizing water 
deliveries,” would cause take of listed species in dry years. 

 
The DEIS states that increasing pressure to deliver water is in direct conflict with 

environmental protection measures.  This pressure has resulted in abandonment of carryover 
storage management to assure environmental protections and other uses over more than one year, 
except in the wettest water years: 

 
Prior to the passage of the CVPIA in 1992, Reclamation was able to function as a 
multiyear project. This means that end of year reservoir storages were higher to allow for 
carryover storage into the next year to help protect against a drought. However, since the 
passage of CVPIA, the projects have come under increasing pressure to provide water for 
environmental protections, which has resulted in decreased ability to allocate water to 
CVP contractors that then has resulted in additional pressure being applied to 
Reclamation from contractors to allocate additional water. As a result, the reservoirs are 
drawn down lower more frequently to meet the additional demands. The combined effect 
of these actions is that the CVP now operates primarily as an annual project. Only in the 
wettest years is Reclamation able to carry over supplies into the following year for 
drought protection. 105 
 
As discussed in Section III(A)(2) above, operation of the CVP as an “annual project” and 

the associated failure to use carryover storage for drought led to the mass mortality of juvenile 
winter-run salmon during the 2014 and 2015 drought years.106 The only habitat currently 
available to winter-run salmon, the reaches of the Sacramento River downstream of Keswick 
Reservoir, reached temperatures that were lethal to winter-run eggs and alevins.   

 
The DEIS further notes that NMFS, in 2017, determined that existing Shasta Reservoir 

storage targets were insufficient to protect fishery resources.   
                                                 
103 DEIS, Appendix D1, p. D1-103/395. 
104DEIS, Appendix D1, p. D1-13/ 304.  
105 Id.  
106 See DEIS, Appendix D1, p. D1-14/305 for description of winter-run mortality in 2014 and 2015.  
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On January 19, 2017, NMFS transmitted a proposed amendment to the 2011 amended 
RPA for Shasta Reservoir operations (RPA Action Suite I.2). The amendment included 
minimum storage targets between April 1 and May 31 between 3.5 MAF and 4.2 MAF, 
depending on water year type, and end of season storage between 1.9 MAF and 3.2 MAF, 
depending on water year type. Reclamation implemented a pilot program in 2017 for the 
draft amendment and modeled the draft amendment. The amendment’s storage targets 
resulted in hundreds of thousands of acre-feet reduction in CVP water user deliveries.107 
 
As transmitted by NMFS in 2017 and acknowledged in the DEIS, management of 

carryover storage to protect listed species would require increases in carryover storage and 
reductions in water supply deliveries for Shasta Reservoir.  However, faced with “conflicting 
objectives,” the Preferred Alternative absolutely prioritizes water supply over measures to 
protect listed species: “The adaptive management plan may include operational changes to the 
timing and magnitude of releases from Shasta Dam for the benefit of anadromous fish, as long as 
there are no conflicts with current operational guidelines or adverse impacts to water supply 
reliability.”108 

 
Elimination of the existing RPA carryover storage requirements in Shasta Reservoir, 

already identified by NMFS in 2017 as inadequate, would place winter-run salmon in the 
Sacramento River at even greater risk than under the No Action Alternative.  The DEIS 
improperly includes the elimination of carryover storage requirements for Shasta Reservoir as 
component in the Preferred Alternative, and fails to disclose its impacts. 

 
b. The current Temperature Control Device at Shasta Reservoir causes take 

of winter-run salmon, but Alternative 1 would make modification or 
repair of the Device dependent on an illegal raise of Shasta Dam.  

 
The DEIS explicitly acknowledges that the existing Temperature Control Device (TCD) 

at Shasta Reservoir fails in conditions when storage in Shasta Reservoir is low: 
 
The current Shasta TCD leaks, and when reservoir levels are below the shutters does not 
allow for selective withdrawal from the reservoir. Additional flexibility to meet 
temperature control could be provided with structural modifications. Implementation of 
the Shasta Dam Raise project would replace or modify the TCD.109 
 
The DEIS does not explicitly say whether a raise of Shasta Dam is part of the Proposed 

Action.  However, Table 3.4-1, Components of Alternative 1, identifies “Shasta TCD 
Improvements” as part of Alternative 1 that the DEIS analyzes programmatically.  And all 
discussion in the DEIS of a specific remediation for the TCD is within the context of raising 
Shasta Dam: 

 
                                                 
107 DEIS, Appendix D1, p. D1-13/304. 
108 DEIS, Appendix D1, p. D1-19/310.  Emphasis added. 
109 DEIS, Appendix D1-p. D1-103/394. 
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Depending upon the type of dam raise proposed, the TCD would be either modified or 
replaced by Reclamation. For relatively small raises of Shasta Dam, the existing TCD 
structure would be retrofitted to account for additional dam height, and to reduce leakage 
of warm water into the structure, but no new structure would be needed. However, 
modifications to, or replacement of, the existing structure are more likely to be necessary 
for increasingly higher dam raises.110 
 
However, elsewhere in the body of the DEIS, the DEIS proposes only that as part of the 

Proposed Action, Reclamation will “study” the problem: “Reclamation would study the 
feasibility of infrastructure improvements to enhance TCD performance, including reducing the 
leakage of warm water into the structure.”111 

 
Clearly there is a major problem with the existing TCD that has already caused extensive 

mortality of listed species:  
 
Currently, the Shasta TCD does not function adequately when reservoir levels are below 
the TCD shutters. A hindcast report issued in March 2015 by Reclamation (Reclamation 
2015a) found that the Sacramento River temperature model used to model temperatures 
and operate the TCD slide gate to manage the cold water pool adequately represented the 
performance of the Shasta TCD before the side-gate was operational. However, it did a 
poor job at characterizing the TCD performance once the TCD side gate operation went 
into real-time effect. These model errors led to an excess expenditure of Shasta cold 
water pool in the summer of 2014, resulting in early depletion of cold water reserves and 
loss of temperature control in the river in September 2014. The condition still exists and 
is proposed to be addressed during the Shasta Dam Raise project (Reclamation 2015a).112 

 
The DEIS fails to disclose whether a Shasta Dam raise is part of the Proposed Action.  In 

that context, it also fails to disclose that the California Attorney General and others are litigating 
to stop a Shasta Dam raise on grounds that it would violate state law.113  This is clearly an issue 
of known controversy, an issue not raised as such in the DEIS. If in fact raising Shasta Dam is 
not part of the instant Proposed Action, the DEIS misleads the public by suggesting that the 
Proposed Action would actually implement improvements to the Shasta TCD that Reclamation 
would study.     
 

c. The process of “hedging” that the DEIS describes for Sacramento River 
operations would illegally prioritize water supply reliability over avoiding 
take of listed species.  

 
The DEIS describes “hedging” as follows: 
 

                                                 
110 DEIS, Appendix D1, p. D1-10/395. 
111 DEIS, p. 3-23/57. 
112 DEIS, Appendix D1, p. D1-105/396. 
113 People of the State of California v. Westlands Water District, Complaint for Injunctive Relief and Petition for 
Writ of Mandate, Case no. 19287, Shasta County Superior Court, filed May 13, 2019. 
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Reclamation’s proposed action incorporates the concept of risk management, or what 
some refer to as “hedging”: a small certain loss now to reduce larger future risks. 
Examples of this include intentionally releasing small floods to avoid large ones, or 
conserving some storage and causing some immediate shortage to avoid deeper drought. 
For reservoirs for which cold water limits meeting downstream temperature and flow 
goals, there is a set of months, seasons and years for which expected and available water 
supply render meeting downstream targets unachievable, another set for which meeting 
temperature targets requires careful planning, and another set for which incoming fish 
population size is too small to warrant water use for temperature management under 
extreme drought conditions (Adams, 2017).114 
 
As described above, under existing conditions the Sacramento River Temperature Task 

Group has no role in determining the quantity of water to be delivered to water contractors, the 
amount of higher temperature water from Whiskeytown Reservoir that will flow through the 
Spring Creek Powerhouse, or the timing of water released from Shasta Reservoir.  Essentially, 
BOR tells the SRTTG how much water it will make available to meet temperature requirements, 
and the SRTTG then advises how best to use that water to protect fisheries.   

 
The principle of “hedging” as described in the DEIS would take place completely within 

the limitations of the water allocation that Reclamation devotes to Sacramento River temperature 
management.  If “expected and available water supply render[s] meeting downstream targets 
unachievable,” the SRTTG must decide which aspect of environmental protection to sacrifice. 

 
These limitations by definition will adversely affect critical habitat for winter-run salmon.  

They will also likely affect critical habitat for other listed species, such as migration corridors for 
spring-run Chinook, steelhead and green sturgeon.  These limitations will also create take of 
winter-run salmon, including adult, egg, alevin and likely juvenile life stages. 

 
The DEIS does not disclose the impacts to listed species of the proposed process of 

“hedging.”  Reclamation should correct this deficiency in a recirculated DEIS, and should also 
evaluate alternatives in which different water supply operations would better protect listed 
species and other public trust resources.     

 
d. Setting December 1 through end of February minimum flow releases 

from Keswick Reservoir as suggested in Alternative 1 could partially 
improve protection of fall-run Chinook redds and alevins in the 
Sacramento River, but the flow values are as yet not defined and would 
follow unknown flow requirements in October and November that 
Alternative 1 does not contemplate. 

 
In discussing fall and winter flows downstream of Keswick Reservoir, Alternative 1 

contains an elaborate discussion of the tradeoffs between storage refill, cold water pool in the 

                                                 
114 DEIS, Appendix D1, p. D1-15/306. 
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following year, different scenarios for wet and dry falls, stranding late winter-run redds, and 
stranding fall-run redds.115   

 
Appendix D, Table 4.1-1shows defined minimum flow releases from Keswick Reservoir 

from December 1 through February 1 consistent with Table 3.4-2 as being part of the Preferred 
Alternative, with minimum flows for this annual time period ranging from 3250 cfs to 5000 cfs 
depending on end-of-September storage in Shasta Reservoir.  However, a careful read of the text 
of the DEIS shows that the flow values in Table 3.4-2 are “example” flows; Reclamation will 
determine actual flows in the future, based on myriad factors:   

 
Demands by the wildlife refuges, upstream CVP contractors, and the Sacramento River 
Settlement Contractors in October result in Keswick Dam releases that are generally not 
maintained throughout the winter due to needs to store water for beneficial uses the 
following year. These releases result in some early fall Chinook redds being dewatered at 
winter base flows. If, based on the above analysis, Reclamation determines releases need 
to be reduced to rebuild storage, targets for winter base flows (December 1 through the 
end of February) from Keswick Dam would be set in October based on Shasta Reservoir 
end-of-September storage. These targets would be set based on end-of-September storage 
and the current hydrology after accounting for Winter-run Chinook Salmon redd 
stranding. Base flows would be set based on historical performance to accomplish 
improved refill capabilities for Shasta Reservoir to build coldwater pool for the following 
year. Table 3.4-2, Keswick Dam Example Release Schedule for End-of-September 
Storage, shows examples of possible Keswick Dam releases based on Shasta Reservoir 
storage condition; these would be refined through future modeling efforts as part of the 
seasonal operations planning.116  
 
To understand the multiple contingencies and variables in this statement, it helps to call 

out each of its parts. 
 
First, Reclamation would determine in any given year whether flows from October need 

to be reduced to rebuild storage.  Reviewing the hydrographs for Keswick releases from 2009 to 
2018, the answer would apparently always be that yes, flows need to be reduced: 
 

                                                 
115 DEIS, p. 3-22/56 ff.  
116 DEIS, p. 3-22/56. 
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Except in years such as Water Year 2017 when there were flood releases in December through 
February, Reclamation has always reduced flow in this time period, particularly in January and 
February, to rebuild storage.  So to start, Reclamation is likely to reduce flows from the 
“example” flow table in every year.  It is not at all clear from the DEIS whether such reduction 
would occur at the beginning of the December-February time period, or whether Reclamation 
would reduce flow sometime within that time period (consistent with historical practice). 

 
Next, Reclamation would set flow targets based on end-of-September storage, current 

hydrology, and real-time observation of winter-run redds.  These targets would, further, be based 
on “historical performance” for Shasta refill.  And they would “be refined through future 
modeling efforts.”  Any of these factors, or all of them in combination, could influence the 
minimum flow value set for December-February in any given year.  

 
To be clear, then, Table 3.4-2 does not show even the initial proposed December through 

February releases from Keswick Reservoir.  It is an example of a schedule that Reclamation will 
define in the future based on a series of presently unquantified factors. 

 
As notable as the vagueness of what the DEIS does say about December through 

February releases from Keswick Reservoir under Alternative 1 is what the DEIS does not say 
about the Preferred Alternative’s fall and early winter Keswick releases.  The Preferred 
Alternative does not specify any proposed flow release requirements from Keswick in 
November, even though the DEIS acknowledges that demands on Shasta storage decrease after 
October.117  The Preferred Alternative apparently does not even contemplate a process for 
determining November flows.   

 
The DEIS does not disclose how extending the water transfer window into October and 

November has the potential to cause flow fluctuations in the Sacramento River downstream of 
                                                 
117

 Id. 
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Keswick, regardless of the minimum flow.  The DEIS does not analyze any constraints that 
might modify or avoid impacts to ESA-listed or non-listed salmon from such fluctuations.       

 
Because of its overly narrow statement of purpose (as discussed above), the Proposed 

Action does not consider alternative operations that would reduce impacts of flow reductions 
from October through February by reducing water supply deliveries either in the previous water 
year or in the subsequent water year.   

 
Review of Keswick releases in the hydrographs shown in the figure above shows that 

requiring Reclamation to maintain minimum flow levels from December through February 
would be somewhat superior to historical practice in which Reclamation generally reduced 
releases from Keswick around the first of January.  The Proposed Action thus identifies a real 
problem, but the proposed solution is utterly vague and contingent.  It is not even clear whether 
Reclamation could reduce the established flows for December through February once they are 
set in any given year: “If the combined productivity of the remaining redds plus a conservative 
scenario for the following year is less than the productivity of maintaining releases, Reclamation 
would reduce releases to rebuild storage.”118 

 
Reclamation should provide a clear description of proposed December-February flows 

downstream of Keswick Reservoir in a recirculated DEIS.  Given the acknowledged drop in 
CVP water supply demands in November, Reclamation should also state how it proposes to 
address November flow requirements downstream of Keswick.  The recirculated DEIS should 
include required flow values and the specific conditions under which Reclamation might seek to 
revise those values, either in any given year or in the long term.  

 
e. The DEIS fails to disclose that optimizing marketable hydropower 

through the Spring Creek power plant would adversely affect fish in the 
Sacramento River downstream of Keswick Reservoir. 

 
The DEIS describes operation of Spring Creek Powerhouse and generation from Shasta 

Dam under the Preferred Alternative as follows: “Under Alternative 1, Reclamation would 
operate the Shasta TCD to continue providing temperature management in accordance with 
CVPIA Section 3406(b)(6) while minimizing impacts on power generation.”119  Though 
“optimiz[ing] marketable power generation” is a project purpose, the DEIS does not describe the 
impacts that changes in power operations at Shasta Dam will have on water temperature and 
fishery resources downstream of Keswick Dam.120  

 
As described in Section III(A)(2)(c) of these comments above, and in Attachment 7 to 

these comments, water temperature of water imported from the Trinity River via Whiskeytown 
Reservoir and the Spring Creek Powerhouse can be six, seven or more degrees higher than water 
released from Shasta.  It is reasonable to assume that optimizing marketable power generation 
                                                 
118 Id.  
119 DEIS, p. 3-19/53. 
120 Equally, the DEIS does not analyze the impacts of “optimizing marketable power generation” at any other CVP 
and SWP reservoirs. 
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from Spring Creek and Shasta power facilities will change the timing and magnitude of power 
generation.  Yet the DEIS makes no effort to describe the thermal or other impacts of such 
action.  It is simply absent.  Even if one assumed for the sake of argument that such changes 
would not violate applicable law, any increase in water temperatures stemming from power 
operations would create impacts in the Sacramento River downstream of Keswick Dam. 

 
The DEIS must be recirculated so that it discloses the impacts to water temperature of 

changes in power operations in the proposed new operation of the CVP and SWP. 
 

f. The spring pulse flows proposed in Alternative 1 are insufficient and 
uncertain in quantity and timing.   

 
 The Preferred Alternative proposes to release spring pulse flows in some cases: “Under 

Alternative 1, Reclamation would release spring pulse flows to help Spring-Run Chinook 
Salmon juvenile out-migration when the projected total May 1 Shasta Reservoir storage indicates 
a likelihood of sufficient coldwater to support summer coldwater pool management.”121  The 
decision to release such pulse flows is entirely contingent on the Proposed Action’s priority of 
water supply and power generation over protection of listed fish species and other fishery 
resources:  “Reclamation would not make pulse flow releases during times that Shasta Reservoir 
is releasing flood flows or if the release would interfere with the ability to meet other anticipated 
demands on the reservoir.”122   

 
The DEIS does not state a clear threshold at which Reclamation would decide to release 

pulse flows: “Reclamation thinks that this volume is about 4 MAF, which is used as a surrogate 
for planning and analysis.”123  Thus the DEIS promises benefits but does not make precise the 
conditions under which Reclamation will deliver the benefits.   

 
In addition, the DEIS does not make precise the quantity of water that the pulse flow or 

flows would release: “Reclamation could make a spring pulse release of up to 150 TAF…”124  
So, Reclamation “could” make a release.  But it might not.  And Reclamation could release “up 
to 150 TAF.”  In other words, Reclamation may make a pulse flow release of any amount greater 
than 0 AF up to 150 TAF.  The DEIS makes no conditions, sideboards, or objective criteria for 
the size of the release.  

 
Consider the Shasta storage levels from the years 2009-2019 in the figure below, in 

combination with the previous figure of Keswick releases that shows when there are flood 
releases, to evaluate when a Shasta spring pulse release “could” happen under the Preferred 
Alternative. 
 

                                                 
121 DEIS, pp. 3-17 to 3-18/51-52. 
122 DEIS, p, 3-18/52. 
123 Id. 
124 Id. 
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In 2010, 2011, 2012, 2016, 2017 and 2018, there was sufficient storage in Shasta 
Reservoir to meet the 4 MAF threshold.  Though not shown, there was also sufficient storage in 
2019.  In 2011, 2017 and 2019 there were flood releases in the spring; thus, those years do not 
qualify.  Thus, out of the 11-year period 2009-2019, the spring pulse flow component could have 
had effect in 2010, 2012, 2016 and 2018.   

 
However, Figure 3.4-1suggests that a 90% exceedance forecast will be used to predict 

whether storage in Shasta Reservoir will be sufficient to make the spring pulse flow release.  It is 
likely that in 2016 and 2018, and perhaps in 2012, the 90% forecasted exceedance figure for May 
1 Shasta storage would have been less than 4 MAF in March and April.  So it is reasonable to 
assume that in 2016 and 2018, and probably in 2012, any spring pulse flow from Shasta 
Reservoir would have been either been less than 150 TAF, or would have been made entirely in 
May, or both.   

 
Thus it appears that compared to the baseline, the spring pulse flow provision of 

Alternative 1 would have likely had full effect in one year (2010) out of the 2009-2019 period. 
 
The Sacramento River downstream of major tributaries receives the benefits of natural 

flow pulses multiple times in most years.  However, in many years, the upper primary salmon 
spawning reach of the Sacramento River directly downstream of Keswick Dam gets few pulses 
from November through March, when releases from Shasta and Keswick are limited to flood 
releases.  Flow often increases from Keswick as water deliveries occur begin in April and ramp 
up in May, but a large proportion of these releases is diverted before it reaches the Delta.   

 
An irregular, contingent, and modest spring pulse flow release such as that discussed in 

the DEIS as a component of Alternative 1 is not sufficient to mitigate the impacts of water 
storage operations in Shasta Reservoir.  Salmon need flow pulses from Shasta/Keswick, 
especially in non-wet years, in the fall, winter, and spring.  It is essential for wild and hatchery 
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smolt survival to provide such releases and time them to coincide with natural pulses from 
downstream tributaries.  The requirement for release in all months of 55% of the unimpaired 
flow at Shasta Reservoir, proposed as a component of Alternative 4, would help meet this aspect 
of the need for pulse flows in fall, winter and spring.  

 
In sum, the spring pulse flows from Keswick Dam that the DEIS evaluates are too 

unclear and contingent to reasonably evaluate.  They would apply in a very limited number of 
years.  Reclamation should evaluate clear, specific, and enforceable options for pulse flow 
releases from Keswick Dam in a recirculated EIS. 

 
2. The elimination and/or modification of RPA’s for Delta operations will 

further devastate Delta fisheries. 
 

The DEIS summarizes the changes in Old and Middle River (OMR) flow management 
under the Preferred Alternative in this way: 

 
 OMR reverse flow provides a surrogate indicator for how export pumping, inflow and 
the spring-neap tidal cycle influence hydrodynamics in the south Delta. Reverse OMR 
flow (negative values of OMR) indicates a net flow from the Sacramento River toward 
the export pumps. The RPAs in 2008/2009 BOs added OMR reverse flow criteria to 
protect listed fish species in the Delta from entrainment into channels that lead to the 
export pumps. Reclamation would proposed [sic] Real-Time OMR Protections for Delta 
Smelt and salmonids, including modifications to FWS BO Actions 2 and 3 along with 
NMFS BO IV.2.3 to incorporate real-time monitoring of fish distribution, hydrodynamic 
models, and entrainment models into the decision support for the management of OMR, 
as follows: 
 
The Smelt Working Group (SWG) and Delta Operations for Salmon and Sturgeon 
(DOSS) would inform Reclamation when fish species have entered the portion of the 
Delta that is within the influence of the Pumping Plants. 
  
1. At that time, Reclamation would conduct a risk assessment based on hydrodynamic 
models, entrainment models, and the monitoring of fish distribution to determine whether 
the pumps were at risk of entraining fish over the incidental take limit.  
2. If Reclamation’s risk assessment indicates low risk to the species, pumping would 
continue. If the risk assessment indicates high risk of exceeding the take limit, pumping 
would be reduced until the risk lowers.  
3. Once 50% loss has been reached in a given year/season, Reclamation would begin 
operating to the density dependent triggers as identified in the 2009 NMFS BO, as 
amended.125 
 

                                                 
125 DEIS, Appendix D1, p. D1-46/337.   
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This proposed revision to the OMR RPA’s is at the center of the proposed changes in the 
Preferred Alternative, and would likely be its single most devastating component in its impact to 
fisheries. 

 
 

a. The elimination and/or modification of RPA’s for Delta operations will 
further devastate Delta smelt.  

 
At current levels of Delta smelt abundance, the risk to Delta smelt from CVP and SWP 

operations is always high.  Abundance of Delta smelt is too low to base OMR implementation on 
monitoring or salvage, or some other “risk assessment.”  Even at higher abundance, larval smelt 
are too small to salvage and generally go undetected by monitoring.  The previous RPA’s 
assumed larval smelt to be present based on life-history timing.  The Preferred Alternative would 
eliminate that basic level of protection.  As noted above, Delta smelt are at an all-time low level 
of abundance.  It is unfathomable that Reclamation is contemplating reducing protection for this 
species, unless the purpose is to drive the species to extinction. 

 
Real-time management by the Smelt Working Group has been ineffective.126  Higher 

exports will affect Delta smelt generally and during flow pulses in the form of higher 
entrainment, reduced transport, misdirected flows, higher water temperatures, and poor food 
production.  The nearly trivial and potentially detrimental habitat actions that the Smelt Working 
Group would have available to it under the Preferred Alternative would have little benefit to 
pelagic habitat, and would be further subject to lower outflow and higher exports under the 
Preferred Alternative.  The lower outflow that Alternative 1 would allow in multiple 
circumstances compared to the existing RPA’s would mean lower net flows to the Bay and also 
lower net flows in the north, central, and west Delta channels of the Sacramento and San Joaquin 
rivers; these are the low salinity habitats of Delta smelt, especially in drier years.  Real-time 
management under these conditions offers little to decide. 

 
As described above, Alternative 1 would eliminate Fall X2 requirements currently 

required in Wet and Above Normal years.  Alternative 1 would create a Delta Smelt Habitat 
Action with a number of actions that, like many of the other actions contemplated in Alternative 
1, are contingent and subject to future planning and evaluation.  These could include (without 
commitments) replacing Fall X2 with a requirement to maintain X2 at the 80km mark upstream, 
but with a series of off-ramps based in large part on real-time monitoring.127  To ostensibly offset 
the loss of habitat for Delta smelt from eliminating Fall X2 requirements in wetter water years, 
the DEIS proposes an option (not a commitment) to more frequently open the Suisun Marsh 
Salinity Control Gates (SMSCG) in June-October.  This possible action in particular would 
likely increase the impacts of eliminating the Fall X2 requirements.  Moving more Delta 
freshwater outflow into the Marsh would increase eastern Suisun Bay salinity and move the low 
salinity zone eastward.  More Delta smelt might move into the Marsh, but episodic opening and 
closing of the gates could trap them in the Marsh and subject them to sporadic harsher salinity 
                                                 
126 See for example “April 20, 2015 Smelt Working Group” at http://calsport.org/fisheriesblog/?p=176.  For the 
general condition of smelt in the last decade, see also Section II(A) above.  
127 DEIS, p. 3-37 and 3-38/71-72. 



 

42 

 

CSPA et al., Comments on DEIS, Long-Term Operations of CVP/SWP, September 3, 2019 

and water temperature conditions.  Smelt in the low salinity zone in east Suisun Bay and the San 
Joaquin channel of the west Delta would suffer with less freshwater inflow. 

 
b. The elimination and/or modification of RPA’s for Delta operations will 

further devastate longfin Delta smelt.  
 
The DEIS acknowledges potential increased entrainment risk to longfin smelt under the 

Preferred Alternative.  However, the DEIS offers the soporific that “there is some uncertainty in 
the extent to which outflow changes of the magnitude possible with water operations would 
change abundance relative to outflow changes attributable to hydrological conditions (i.e., wetter 
vs. drier years).” 128  Since longfin smelt abundance may be more heavily influenced by 
conditions in a drier year than by the changes under the Preferred Alternative, this would 
apparently make the impact of the changes less important.  More on point, lower outflow caused 
by increased exports would harm longfin smelt, notwithstanding the number actually entrained.  

 
c. The elimination and/or modification of RPA’s for Delta operations will 

further devastate San Joaquin River fall-run Chinook salmon and 
steelhead.  

 
The DEIS dismisses San Joaquin watershed fall-run Chinook with the observation; "San 

Joaquin River-origin juvenile Fall-Run Chinook Salmon are likely to be entrained at the salvage 
facilities at higher rates under all action alternatives.”129  San Joaquin watershed salmonids have 
been decimated by CVP and SWP Delta operations for decades, misdirected toward the Delta 
pumps through Old River and numerous other south Delta channels.  The Vernalis Adaptive 
Management Program recognized this impact and limited CVP and SWP pumping for one month 
in April and May; this small but temporally inadequate improvement was abandoned after 2011.  
Since then, Action IV.2.1in the 2009 NMFS Biological Opinion, the San Joaquin River Inflow to 
Export Ratio, has been the only Delta flow condition that has marginally protected San Joaquin 
salmon from CVP and SWP pumping, as a by-product of a measure designed to protect 
steelhead.  The Preferred Alternative proposes to eliminate the San Joaquin River Inflow to 
Export Ratio.  As noted above, the Preferred Alternative also proposes to eliminate the Head of 
Old River Barrier, a feature that in the California WaterFix hearings Reclamation proposed to 
replace with a permanent structure. 

 
Reclamation’s proposed treatment of San Joaquin fall-run salmon is the essence of 

Reclamation’s approach in this DEIS.  The protections in the SWRCB’s Decision 1641 were 
inadequate to protect fish in the Delta.  This created the need for the 2008 and 2009 Biological 
Opinions and RPA’s.  The RPA’s triaged some of the worst problems, but were also inadequate 
to protect fish in the Delta.  Now, failing to acknowledge the extent of the problem and the extent 
to which the CVP and SWP have created the problem,130 Reclamation throws up its hands and 

                                                 
128 DEIS, p. 5-72/202.   
129 DEIS, p. 5-70/200.  
130 See discussion of cumulative effects, infra. 
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writes off fisheries with palliatives and excuses, such as the notion that salvage will save a 
few.131 

 
d. The elimination and/or modification of RPA’s for Delta operations will 

devastate Sacramento River Chinook salmon and steelhead. 
 

The DEIS conceals impacts of the Preferred Alternative to Sacramento River Chinook 
(winter-run, spring-run and fall-run) and Sacramento River steelhead by arguing for each species 
that “only a small proportion of the total population is lost at the export facilities.”132   

 
This description downplays the actual effect of negative OMR flows and export pumping, 

which is far greater than the direct effect of entrainment.  The chance of survival for any salmon 
that negative OMR flows draw into the central Delta (through the Delta Cross Channel, 
Georgiana Slough or other route) is far smaller than the chance of survival of outmigrants that 
stay in the Sacramento River and thence enter Suisun Bay. This was a premise of the 2009 
NMFS BiOp.   

 
The DEIS suggests that increased flow in the Sacramento River will more than offset the 

impacts of increased pumping at the CVP and SWP south Delta facilities: 
 
Increased flow in the Sacramento River mainstem would occur under all action 
alternatives and higher flow has been shown to increase through-Delta survival of 
juvenile Chinook Salmon and reduce routing into the interior Delta at Georgiana Slough. 
The Sacramento River mainstem is the primary migration route for juvenile Winter-Run 
Chinook Salmon, thus a much greater proportion of the population would be exposed to 
the positive effects of greater Sacramento River flows than would be exposed to the 
negative effects of increased exports. 133   
 
It is unclear what the DEIS is referring to in the phrase “increased flow in the Sacramento 

River.”  
 
If this refers to increased releases in December-February due to possible increased 

minimum releases from Keswick under Alternative 1, or to less restrictions on exports during 
that time period, then winter-run salmon in particular would be more likely drawn into the 
central Delta.  Prior to the 2009 NMFS BiOp, salvage of migrating winter-run juveniles was high 
during periods of high exports in December-February; this was a primary reason that the 
Biological Opinion required OMR restrictions for salmon.  Winter-run juveniles emigrate 
primarily during winter in pulsed flows.  Under the Preferred Alternative, during winter 

                                                 
131 DEIS, p. 5-70/200. One could consider this the Merle Haggard approach to fisheries: “Never did have nothin’ 
I’ve got nothin’ much to lose.” (Truck Driver Blues). 
132 DEIS, p. 5-69 and 5-70/199 and 200.  There is similar language for each life history of Sacramento River salmon 
and for Sacramento river steelhead.    
133 DEIS, p. 5-69/199.  There is similar language for other life histories of Sacramento River salmon and for 
Sacramento river steelhead.  
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“increased flow,” winter-run would be subject to greater risks due to higher exports and lower 
outflow. 

 
If the above-referenced “increased flow in the Sacramento River” refers to the fact that 

Reclamation simply plans to release more water from storage for export at any time of year, any 
benefit is likely outweighed by the movement of more salmon (regardless of life history) into the 
Central Delta. 

 
If the above-referenced “increased flow in the Sacramento River” refers to the 

contemplated spring pulse flows under Alternative 1, the benefit of this would be limited to those 
few years in which these spring pulse flows actually occurred, as discussed above.  

 
The statement that “a much greater proportion of the population would be exposed to the 

positive effects of greater Sacramento River flows than would be exposed to the negative effects 
of increased exports” contains a basic fallacy.  A small percentage of salmonids born in the 
Sacramento River system survive to reach the Delta.  While flows upstream do in fact affect 
more fish than Delta operations, this discounts the fact that the fish that make it to the Delta have 
already been reduced from those born by as much as 90% in a good year to 99% or more in a bad 
year. 

 
Alternative 1 would specifically eliminate export limitations during storms.  Juvenile 

salmonids migrate downstream during storms.  Eliminating protections during storms will attract 
high numbers of salmonids into the central Delta.  This would be especially problematic in fall 
and early winter of drier years. 

 
In addition to increasing exports, Alternative 1 would also allow opening of the Delta 

Cross Channel gates more frequently in the winter and spring.  This will increase movement of 
Sacramento juvenile salmon, steelhead, and sturgeon through the DCC and expose them to even 
higher exports.  From a perspective of protecting migrating fish, it does not make sense to 
promote increased flow in the Sacramento River only to direct them into the central Delta. 

  
Reclamation should recirculate a DEIS that analyzes alternatives that would protect 

salmon and steelhead from CVP and SWP Delta operations.  
 
F. Alternative 4 could be partly sufficient to avoid take of Delta smelt and listed 

salmonids, but as written could adversely affect critical habitat and would not 
protect other public trust fishery resources consistent with applicable law. 
 

The DEIS describes Alternative 4 as follows:  
 
Scoping comments proposed meeting a flow objective of 55% of unimpaired flows year 
round to mimic the natural hydrograph. However, a 55% requirement following the 
natural hydrograph results in high releases during winter and spring months, which 
constrain Reclamation’s ability to meet cold water pool storage targets. Therefore, the 
flow objectives cannot be met in all conditions. For example, a flow action would not be 
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taken in drier years to ensure cold water pool storage in reservoirs. During drier 
hydrologic conditions when the flow objectives are not met, Reclamation and DWR 
would operate the CVP and SWP to follow the operational objectives described in 
Alternative 1 and maintain the positive OMR. This operational regime would last from 
March through February, and the flow objectives would resume in the following 
March.134 
 
Alternative 4 of the DEIS has the relative merit of at least trying to evaluate the 

SWRCB’s July 2018 Framework for the Sacramento/Delta Update to the Bay-Delta Plan.135  It 
evaluates a requirement that CVP and SWP reservoirs upstream of the Delta (excluding the 
Friant Division) release 55% of the unimpaired flow in all months.  However, Reclamation 
proposes to waive this requirement in years when there would be what Reclamation considers it 
necessary to “balance this operation with the need to preserve the coldwater pool.” 136  In 
addition, the 55% requirement applies only to CVP and SWP reservoirs, unlike the SWRCB’s 
Framework document.  

 
Implied in Alternative 4 are a host of decisions that the DEIS does not spell out.  For 

example, the threshold(s) at which the Alternative would waive the 55% flow requirement are 
unclear.  It is also unclear if such waiver would be facility-by-facility or across the Board.  
Equally unclear is how specifically Reclamation would divide responsibility between the CVP 
and SWP; the modeling that the DEIS reports shows that the 55% requirement would be waived 
about 10% of the time at Shasta but 35% of the time at the SWP’s Oroville Reservoir and up to 
60% of the time at Folsom Reservoir.137  

 
Alternative 4 also includes restrictions on Delta operations that are as stringent as or more 

stringent than those under the No Action Alternative.  Adoption of these measures would be an 
improvement over existing requirements.138 

 
However, despite the partial effort of Alternative 4 to evaluate flow requirements 

consistent with the SWRCB’s Framework, there are elements of Alternative 4 that would render 
it ineffective in protecting listed species.  First among these is the absence of any carryover 
storage requirements, particularly at Shasta:  Reclamation or DWR could draw down their 
reservoirs to meet both existing demands and instream flow requirements, increasing the risk of 
waivers in following years.  Failure to include carryover storage in the ostensibly most 
environmentally protective alternative means that none of the action alternatives contains any 
carryover storage requirement for CVP and SWP project reservoirs.  New Melones operation 
under Alternative 4 would also be reduced to the proposed operation under Alternative 1, which 
reduces Wet year and Above Normal year flow requirements by one water-year type from the 
existing RPA requirements and ignores the SWRCB’s recently adopted flow objectives for the 
San Joaquin River in the Bay-Delta Plan.  Finally, the SWRCB’s 2010 Development of Flow 
                                                 
134 DEIS, Appendix D, p. 4-89/282. 
135 Framework for the Sacramento/Delta Update to the Bay-Delta Plan, op. cit. 
136 DEIS, p. 1-2/20. 
137 DEIS, Appendix D, pp. 4-91 and 4-92/284 and 285. 
138 See DEIS, Appendix D, Table 4.1-1 and Appendix F, pp. 36 ff.  
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Criteria for the Sacramento-San Joaquin Delta Ecosystem139 suggests that a requirement for the 
release 55% of the unimpaired flow would not sufficiently protect listed and non-listed species. 

 
In addition, similar to the description of the other alternatives in the DEIS, the description 

of Alternative 4 lacks clarity and detail, and can only be partially gleaned by reviewing multiple 
sections and appendices of the document.  Reclamation should include a revised Alternative 4 in 
a recirculated DEIS that corrects the substantive shortcomings noted here and that provides 
sufficiently clarity and detail to support informed evaluation and decision making. 

      
IV. The cumulative effects analysis in the DEIS fails to consider the cumulative 

effect of previous CVP and SWP operations. 
 

The Council on Environmental Quality defines cumulative effects as the impacts on the 
environment which result from “the incremental impact of the action when added to other past, 
present, and reasonably foreseeable future actions regardless of what agency (Federal or non-
Federal) or person undertakes such other actions.  Cumulative impacts can result from 
individually minor but collectively significant actions taking place over a period of time.”140 

 
The cumulative effects analysis in the DEIS fails to consider the cumulative effect of past 

actions of the CVP and SWP on the existing environment.  Rather, as described in DEIS 
Appendix Y, the DEIS considers only actions other than previous CVP and SWP operations that 
may interact with future CVP and SWP operations under the Proposed Action.141 

 
This methodology leads to a degraded baseline against which the DEIS compares the 

incremental differences among project alternatives.  This methodology was definitively rejected 
in American Rivers v. Federal Energy Regulatory Commission, 895 F.3d 32, 101 Fed.R.Serv.3d 
(2018), not only for NEPA but also for the ESA.  The court held that a Biological Opinion failed 
because it “did not ‘incorporate degraded baseline conditions into its jeopardy analysis.’”  Id. at 
46.  “[A]ttributing ongoing project impacts to the ‘baseline’ and excluding those impacts from 
the jeopardy analysis does not provide an adequate jeopardy analysis. The Opinion’s jeopardy 
analysis is arbitrary in failing to account for the impact of continued operations of the existing 
dams.” Id. at 47. 

 
The same ruling makes clear that the same deficiency is unlawful under NEPA: 
 
[T]he Service’s failure to factor the damage already wrought by the construction of dams 
into the cumulative impacts analysis fatally infected this aspect of the Commission’s 
NEPA decision as well. The Commission gave scant attention to those past actions that 
had led to and were perpetuating the Coosa River’s heavily damaged and fragile 
ecosystem. Nor did it offer any substantive analysis of how the present impacts of those 
past actions would combine and interact with the added impacts of the 30–year licensing 

                                                 
139 Op. cit.  
140 40 C.F.R. § 1508.7.  
141 DEIS, Appendix Y, p. Y1/683, Table Y-1. 
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decision. The Commission’s cumulative impact analysis left out critical parts of the 
equation and, as a result, fell far short of the NEPA mark. 
 

Id. at 54. 
 

Reclamation must issue recirculated DEIS that accurately describes past operations of the 
CVP and the SWP as part of the cumulative impact of project operations under the Proposed 
Action. 

 
V. The Proposed Action Would Violate the Central Valley Project Improvement 

Act. 
 
The Central Valley Project Improvement Act (CVPIA) made protection of fishery and 

other environmental resources an equal purpose of the Central Valley Project in relation to 
provision of water supply and other developmental purposes. 142  The DEIS’s stated purpose of 
maximizing water supply deliveries conflicts with this broad mandate.  

 
More specifically, the DEIS states: 
 
Reclamation would operate in accordance with its obligations under the CVPIA. This 
includes exercising discretion to take actions under CVPIA 3406 (b)(2).  
 
The Secretary of Interior may make water available for other purposes if the Secretary 
determines that the 800,000 AF identified in 3406(b)(2) is not needed to fulfill the 
purposes of Section 3406.143 
 
This aspect of the Proposed Action would allow the Secretary of the Interior complete 

discretion to appropriate water designated by Congress for environmental protection and re-
purpose it for water supply.  Such discretion would unlawfully violate the express intent of 
Congress.  

 
Reclamation should revise the Proposed Action in a recirculated DEIS so that it is 

consistent with the legal requirements of the CVPIA.  
 

VI. The DEIS’s Economic Analysis fails to use best economic practices, is seriously 
deficient, incomplete, biased and blatantly misleading. The foundation of the 
Economic Analysis is fatally flawed and based upon unsupportable conclusions.   

 
Increased water supplies under Alternative 1 are itemized and economically evaluated in 

the DEIS.  The DEIS also concludes that population of salmon along the southern Oregon and 
northern California coast would be higher under Alternative 1 and that consequently, commercial 
and recreational ocean harvest could potentially be increased leading to increased revenues.144   
                                                 
142 U.S.C. Title XXXIV, Sections 3402 and 3406.  
143 DEIS, p. 3-3/37. 
144 DEIS, p. 5-94/224. 
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This is an unwarranted and unsupportable conclusion that defies more than three decades 

of scientific investigation and myriad administrative proceedings.  These include CalFed, Delta 
Vision, BDCP, AFRP, numerous state and regional water board water rights and water quality 
hearings and orders, water quality control plans, multiple biological opinions, an array of 
adaptive management workgroups, innumerable environmental review documents, extensive 
habitat restoration efforts, etc., as well as the comprehensive hearings that led to the SWRCB’s 
2010 Flow Report and CDFW’s Quantifiable Goals and Flows reports.  The only constants 
throughout this checkered history is the continued degradation of fisheries and associated aquatic 
ecosystems and the diversion of more than half of unimpaired flow to consumptive uses. There is 
virtually nothing proposed in Alternative 1 that hasn’t already been undertaken, committed to or 
required by law.  The conclusion that additional diversions of water and reduced Delta outflow 
will somehow increase fisheries is laughable on its face.  
 

A. The DEIS only monetizes the consumptive and power uses of water.  
 

The DEIS provides detailed assessments of the effects of the Project and various 
alternatives on the consumptive uses of water: i.e., agriculture, M&I, power production, water 
transfers and regional economies.  It quantifies changes in irrigated farmland and jobs from the 
various alternatives.  With respect to regional economics, it states: 

 
This impact assessment is based on the technical analysis documented in Appendix Q, 
Regional Economics Technical Appendix, which includes additional information on 
regional economics and technical analysis of the effects of each alternative. The analysis 
is based on results of several models: Statewide Agricultural Production (SWAP) model, 
which estimates economic effects on agriculture associated with changes in CVP and 
SWP deliveries; California Water Economics Spreadsheet Tool (CWEST), which 
estimates economic effects on M&I users from changes in CVP and SWP deliveries; and 
Impact Analysis for Planning (IMPLAN) model, which produces total economic 
effects.145 
 

 The results show that the Proposed Action is largely beneficial for consumptive uses of 
water.  For example, annual M&I water supply costs under Alternative 1 compared to the No 
Action Alternative would be reduced by $30.1 million, while annual water supply costs of 
Alternative 4 compared with the No Action Alternative would increase by $22.6 million.146  
Annual agricultural water supply costs under Alternative 1 compared to the No Action 
Alternative would be reduced by $50 million, while annual agricultural water supply costs of 
Alternative 4 compared to the No Action Alternative would increase by $33 million.147  
Similarly, annual water supply costs to Southern California under Alternative 1 compared to the 
No Action Alternative would decrease by $25.6 million, while annual water supply costs under 
Alternative 4 compared to the No Action Alternative would increase by $16.3 million.148  
                                                 
145 DEIS, p. 5-90/220. 
146 DEIS, Table 5.11-1, p. 5-91/221. 
147 DEIS, Table 5.11-3, p. 5-93/223. 
148 DEIS, Table 5.12-1, p. 5-96/226. 
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 In contrast, there is no detailed analysis for fisheries and their supported economy.  The 
DEIS acknowledges that the alternatives could change the salmon population.  However, 
population changes to the primary commercial, sport and tribal fall-run Chinook salmon fishery 
are not projected in the EIS.  The DEIS only presents a qualitative analysis of potential changes 
in socioeconomic factors under the alternatives.149   And the qualitative assessment is that fish 
numbers will increase, and that consequently the economic impacts of Alternative 1 will be 
beneficial to the regional economy.150  This conclusion is disingenuous, unsupportable and flies 
in the face of historical reality. 
 

B. The DEIS inexplicably and improperly excludes the universe of non-
developmental and passive uses of water. 

 
 While the authors of the DEIS expended considerable effort to quantify and monetize the 
Proposed Project’s effects on water supply and power, they ignored the fact that non-use values 
are considered public goods that can be enjoyed by millions of people.  A discussion and 
analysis of non-use values is crucial to an informed economic assessment.  For example, 
existence value is a non-use value defined as benefits received from simply knowing that a 
resource exists and ecosystems provide a vast suite of goods and services, generally referred to 
as ecosystem services.  In fact, the words non-use benefits, non-market valuation, existence 
benefits, ecosystem services, contingent valuation and cost benefit analysis do not appear in the 
DEIS or its appendices. 
 
 Ecosystem goods and services are frequently viewed as free benefits to society or public 
goods.  They include habitat and diversity, watershed services, nutrient cycling, carbon storage, 
scenic landscapes, etc.  Lacking a formal market, these natural assets are traditionally absent 
from society’s balance sheet and are generally overlooked in decision-making.  For example, 
inadequate instream flow reduces dilution and leads to increased concentration of pollutants to 
harmful levels.  Inadequate flows allowed the Asian clam (Corbicula fluminea) to become 
established and expand into the Delta, devastating the aquatic food supply and serving as a 
pathway for selenium to bioaccumulate in fish to unsafe levels.  Inadequate flows have led to the 
serious proliferation of aquatic plants like the waterweeds E. densa and water hyacinth and 
harmful algal blooms (HAB) like Microcystis that pose threats to public safety.  All of these 
affect pocketbooks and public trust resources, and all have significant economic consequences.  
An array of accepted methods and best practices has been developed to evaluate ecosystem 
goods and services.  Unfortunately, these methods and practices were ignored in the DEIS’s 
economic assessment. 
 
 In 2005, the National Research Council of the National Academies issued an extensive 
291-page peer reviewed report titled Valuing Ecosystem Services: Toward Better Environmental 
Decision-Making that discussed the value of natural capital and the principles and practices of 
valuing the services of aquatic and related terrestrial ecosystems.  It outlined the major 

                                                 
149 DEIS Appendix Q, p. Q-17/17. 
150 DEIS, p. 5-94/224. 
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nonmarket methods currently available for estimating monetary values of ecosystem services.  
Among the report’s conclusions, it recommended that, “Policymakers should use economic 
valuation as a means of evaluating the trade-offs involved in environmental policy choices; that 
is, an assessment of benefits and costs should be part of the information set available to 
policymakers in choosing among alternatives” and that “both use and nonuse values should be 
included.”151   
 
 The federal Principles and Requirements for Federal Investments in Water Resources 
(P&R) helps federal agencies like BOR plan water-related projects.  The document observes that 
federal investments in water resources strive to maximize public benefits and that public benefits 
encompass environmental, economic and social goals, include monetary and non-monetary 
effects and allow for the consideration of both quantified and unquantified measures.  It 
recommends an ecosystem approach to capture all effects of a project.152  The Interagency 
Guidelines (PR&G) are to be used in conjunction with the P&R.  In evaluating project 
alternatives, agencies must evaluate ecosystem services, which include provision services, 
regulating services and cultural services.  Cultural services include recreation, aesthetic, spiritual, 
existence and option values.  It refers to Office of Management and Budget circulars for 
discussion on opportunity costs and willingness to pay concepts of value.153  The DEIS ignores 
these federal principles and guidelines. 
 
 The goal of the Department of the Interior’s (DOI) Agency Specific Procedures For 
Implementing the Council on Environmental Quality’s Principles, Requirements, and Guidelines 
for Water and Land Related Resources Implementation Studies is to ensure that DOI offices 
consistently apply a common framework for analyzing a diverse range of projects and actions.  It 
requires an ecosystem approach that captures use and non-use values.  Economic assessments 
should include all components of total economic value, including both use and non-use values.  
Non-use values include existence and bequest values and methods for estimating them include 
contingent valuation and conjoint analysis.154  The DEIS ignores DOI guidelines. 
 
 BOR’s Technical Services Center in Denver Colorado contains a wealth of information 
on economic guidelines and reports on evaluating ecosystem services and non-use benefits.155  
These include: Contingent Valuation Method: An Introduction,156 Economic Nonmarket 

                                                 
151 National Research Council, Valuing Ecosystem Services, 2005, pp. 6, 8-10.  The reports can be found at: 
https://www.nap.edu/read/11139/chapter/1#ii.  
152 Principles and Requirements for Federal Investments in Water Resources, March 2013, pp. 3, 5, 6.  
https://obamawhitehouse.archives.gov/sites/default/files/final_principles_and_requirements_march_2013.pdf 
153 Interagency Guidelines, December 2014, pp. 21-22. 
https://obamawhitehouse.archives.gov/sites/default/files/docs/prg_interagency_guidelines_12_2014.pdf 
154 DOI, Agency Specific Procedures For Implementing the Council on Environmental Quality’s Principles, 
Requirements, and Guidelines for Water and Land Related Resources Implementation Studies 2015, pp. 35-43. 
https://www.doi.gov/sites/doi.gov/files/elips/documents/707_dm_.pdf 
155 Reclamation, Technical Service Center.  https://www.usbr.gov/tsc/techreferences/ecoreports.html 
156  Contingent Valuation Method: An Introduction, 2000. 
https://www.usbr.gov/tsc/techreferences/economics/ContingentValuationMethodTM-EC-2000-03_2000.pdf  
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Valuation of Instream Flows,157 Estimated Fishery Economic Use Values,158 Handbook for 
Estimating the Economic Value of Changes in Fish and Wildlife Resources,159 Introduction to 
Conjoint Analysis for Valuing Ecosystem Amenities,160 and Using Contingent Valuation and 
Benefit Transfer to Evaluate Water Supply Improvements Benefits.161 
 
 EPA has developed two comprehensive guidelines for preparing economic analyses and 
valuing ecosystem services.  The first, Guidelines for Preparing Economic Analyses, extensively 
discusses accepted methods, economic tools and best practices for valuing non-use values 
(bequest and existence values and paternalistic altruism).162  The second, Valuing the Protection 
of Ecological Systems and Services, identifies and describes accepted procedures, methods and 
best practices for determining the value of ecosystem services, including the use of contingent 
valuation or conjoint analysis for assessing non-use values.163  
 

The U.S. Forest Service has developed a General Technical Report titled, Evaluating 
Benefits and Costs of Changes in Water Quality. The report addresses market and nonmarket 
techniques for estimating economic values for changes in water quality on various water uses.  It 
discusses identifying monetary values resulting from changes in water quantity, clarity, salinity, 
total suspended solids, temperature and dissolved oxygen on municipal, industrial, agricultural, 
recreational, hydropower and nonmarket uses of water.  Nonmarket values for water include 
onsite use, value and nonuser benefits.  Nonuser benefits of water include benefits people obtain 
without making direct use of water, such as ecological value, preservation benefits, and option or 
bequest values.164 
 
 DWR has developed guidelines on economic analysis, including the Economic Analysis 
Guidebook, which describes an array of methods for valuing ecosystem services and non-use 
values.165  Under an EPA grant, DWR also produced four studies on assessing economic costs 
titled Ecosystem Valuation Methods, Natural Floodplain Functions and Societal Values, Middle 
                                                 
157 Economic Nonmarket Valuation of Instream Flows, 2000. 
https://www.usbr.gov/tsc/techreferences/economics/Flowpaper1.pdf  
158 Estimated Fishery Economic Use Values, EC-2008-02, 2008. 
https://www.usbr.gov/tsc/techreferences/economics/FINAL_FisheryUseValues_M&S.pdf   
159 Handbook for Estimating the Economic Value of Changes in Fish and Wildlife Resources, TM-EC-96-13.  
https://www.usbr.gov/tsc/techreferences/economics/HandbkForEstimatgEconomicValueOfChangesInFWResources
TM-EC-96-13_1996.pdf 
160 Introduction to Conjoint Analysis for Valuing Ecosystem Amenities.  
https://www.usbr.gov/tsc/techreferences/economics/conjoint/TMEC200803.pdf  
161 Using Contingent Valuation and Benefit Transfer to Evaluate Water Supply Improvements Benefits.  
https://www.usbr.gov/tsc/techreferences/economics/UsingContingentValuation&BenefitTransferToEvaluateWaterB
enefits_1998.pdf 
162 EPA, Guidelines for Preparing Economic Analyses, 2010. https://www.epa.gov/sites/production/files/2017-
08/documents/ee-0568-50.pdf 
163 EPA, Valuing the Protection of Ecological Systems and Services, 2009. 
https://yosemite.epa.gov/sab%5CSABPRODUCT.NSF/F3DB1F5C6EF90EE1852575C500589157/%24File/EPA-
SAB-09-012-unsigned.pdf  
164 USDA, Evaluating Benefits and Costs of Changes in Water Quality, 2002, pp.1-26, 27. 
https://www.fs.fed.us/pnw/pubs/gtr548.pdf 
165 DWR, Economic Analysis Guidebook, 2008.  
https://water.ca.gov/LegacyFiles/pubs/planning/economic_analysis_guidebook/econguidebook.pdf 
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Creek Restoration Project Case Study: Benefit and Cost Analysis, and Floodplain Management 
Benefit and Cost Framework. 
 

Establishing an economic value of natural ecosystems is neither a new or novel concept.  
In 1985, John B. Loomis of the University of California Davis’ Division of Environmental 
Studies Department of Agricultural Economics conducted a cost/benefit balancing of Mono 
Lake.  The report titled Balancing Public Trust Resources of Mono Lake and Los Angeles’ Water 
Right: An Economic Approach” found that the value of restoring Mono Lake was worth 57.3 - 
133.5 times the cost of replacing a significant percentage the Los Angeles’ water supply.166  The 
SWRCB was sufficiently impressed with the study that it required Jones & Stokes Associates, 
the Board’s contractor developing the Mono Lake EIR, to perform a more thorough market 
analysis.  The economic values from that survey were counted dollar for dollar as equivalent to 
hydropower and water supply benefits and costs in the different alternatives analyzed in the EIR.  
The EIR analysis demonstrated that the annual benefits of raising the lake level vastly 
outweighed the costs of significantly reducing Los Angeles’ water diversions from the lake.167   
John Loomis subsequently published a study on the increasing acceptance of non-market 
valuation studies in water resource management assessments.168 

 
Researchers with the US Geological Survey’s Biological Resources Division in Fort 

Collins, Colorado conducted a study titled The Economic Value of Trinity River Water.  The 
study compared the non-market value of allowing more water to flow down the Trinity River 
with the market uses of diverted water; i.e. the social costs to hydropower, irrigated agriculture, 
etc.  As much as 90% of Trinity water was historically diverted to the Sacramento River for 
irrigation.  The annual benefits of significantly reducing diversion of water exceeded the value of 
the status quo by almost 19 times.169  

 
Evaluating ecosystem and non-use values in determining the benefits of proposed 

projects is increasing common, which is why BOR’s failure to include them in the economic 
effects analysis of the DEIS is perplexing.  For example, BOR conducted a study titled Klamath 
River Basin Restoration Nonuse Value Survey that demonstrated that dam removal far 
outweighed the impacts of non-removal.170  EcoNorthwest recently conducted a study titled 
Lower Snake River Dams, Economic Tradeoffs of Removal that revealed that the benefits of 
removing the dams far exceeded the alternative.171  EcoNorthwest also produced a report for 
Restore Hetch Hetchy titled Valuing Hetch Hetchy Valley: Economic Benefits of Restoration in 
                                                 
166 CSPA, Attachment 8, John B. Loomis, Balancing public trust resources of Mono Lake and Los Angeles' Water 
Right: An economic approach, 1987.  
167 Mono Lake EIR, Chapter 3, Table 3n-14, 1992. 
https://www.monobasinresearch.org/images/mbeir/dchapter3/table3n-14.pdf 
168 CSPA, Attachment 9, John B. Loomis, Use of non-market valuation studies in water resource management 
assessments, 1997.  
169 USGS, The Economic Value of Trinity River Water, 1999. 
http://www.ajdouglasecon.com/files/reprint_folder/B7_0002.pdf  
170 CSPA, Attachment 10, BOR, Klamath River Basin Restoration Nonuse Value Survey, 2012. 
171

 ECONorthwest, Lower Snake River Dams, Economic Tradeoffs of Removal, 2019. 
https://static1.squarespace.com/static/597fb96acd39c34098e8d423/t/5d41bbf522405f0001c67068/1564589261882/
LSRD_Economic_Tradeoffs_Report.pdf 
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Yosemite Nation Park that identified the enormous economic benefits that would accrue from 
restoring the valley.  The report surveyed a number of other willingness to pay studies including; 
Grand Canyon Flow Augmentation South Platte River Restoration, Elwha and Glines Dam 
Removal, Klamath Basin Restoration, etc.172  ECONorthwest also produced a study for us titled 
Bay-Delta Water, Economics of Choice that described basic economic practices, the SWRCB’s 
balancing of Mono Lake, the ecological use of public trust resources, an array of federal and 
state methods and guidebooks on evaluating water projects, the principles of benefit-cost 
analyses, risk and uncertainty and other issues pertaining to the Bay- Delta, such as 
environmental justice concerns.173  

 
Clearly, there are generally accepted methods and best practices for evaluating ecosystem 

services, non-market, non-use and passive uses of water.  And clearly these methods and 
practices have been routinely employed in evaluating water projects.  As previously noted, the 
DEIS quantifies and monetizes the Proposed Action’s effects on water supply and consumptive 
uses of water while only qualitatively considering the effects on commercial and recreational 
fisheries based upon an unsupportable conclusion that somehow there will be more fish.  To then 
ignore the Proposed Action’s effects on ecosystem services and non-market, non-use and passive 
uses of water effectively places a stack of bricks on one side of the scale.  The DEIS must be 
revised to ensure that the public and decision-makers receive a balanced assessment of the 
impacts and effects of the Proposed Action.  As it stands, the DEIS is fatally flawed because its 
economic analysis does not comply with NEPA’s requirements for fair disclosure.  
 

C. The DEIS fails to comprehensively evaluate the full spectrum of economic and 
social consequences of the Proposed Action.  

 
 The Proposed Action is a massive undertaking that seeks to significantly increase water 
diversions and exports at the expense of outflow to the Bay.  If implemented it will inevitably 
have major known and unknown consequences that affect the incredibly complex and highly 
degraded ecosystem that comprises the Bay-Delta estuary and its tributary waterways.  Those 
consequences have the potential to adversely affect millions of Californians throughout the state. 
 

Any project of this magnitude must consider all of the environmental consequences, 
social effects and costs and benefits of alternatives including both market and non-market 
effects, use and non-use values, uncertainty and risk and follow rigorous professional standards 
and methods of analysis.  It must consider benefits and costs to both agricultural and urban uses, 
as well as commercial fishing, recreational and passive uses. It must analyze benefits and costs 
of ecosystem services and contingent valuation or the value Californians place on a healthy 
ecosystem. 

 

                                                 
172 ECONorthwest, Valuing Hetch Hetchy Valley: Economic Benefits of Restoration in Yosemite National Park, 
2019. 
https://d3n8a8pro7vhmx.cloudfront.net/hetchhetchy/pages/29/attachments/original/1562697333/Valuing_Hetch_Het
chy_Valley_-_ECONorthwest_2019_-_Full_Report_part_2.pdf?1562697333 
173 CSPA, Attachment 11, ECONorthwest, Bay-Delta Water: Economics of Choice, 2013. 
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The DEIS must be revised to include an evaluation of the effects of the Proposed Action 
on the full spectrum of identified uses of water and be recirculated.  Otherwise the DEIS will 
remain seriously deficient as a NEPA fair disclosure document. 

 
D. The DEIS fails to consider the constitutional mandate to prevent the waste and 

unreasonable use of water.  
 
 The Proposed Action is a joint effort by DWR and BOR.  As noted previously, the CVP 
is required to comply with state law and DWR, as a state agency, is required to comply with the 
California Constitution.  Article 10, Section 2 of the Constitution states: 
 

It is hereby declared that because of the conditions prevailing in this State the general 
welfare requires that the water resources of the State be put to beneficial use to the fullest 
extent of which they are capable, and that the waste or unreasonable use or unreasonable 
method of use of water be prevented, and that the conservation of such waters is to be 
exercised with a view to the reasonable and beneficial use thereof in the interest of the 
people and for the public welfare.  The right to water or to the use or flow of water in or 
from any natural stream or water course in this State is and shall be limited to such water 
as shall be reasonably required for the beneficial use to be served, and such right does not 
and shall not extend to the waste or unreasonable use or unreasonable method of use or 
unreasonable method of diversion of water. 

 
 California has a Mediterranean climate that experiences frequent droughts.  The state also 
has an overappropriated water supply where demands for water exceed supply.  It is beyond 
reasonable that the DEIS, for a Proposed Action that would supply more water for consumptive 
purposes and thereby reduce water available to support a seriously degraded aquatic ecosystem, 
should analyze whether the increased diversion of water is reasonable and whether the water 
would be put to a reasonable and beneficial use. 
 
 California agriculture comprises 2% of the state’s GDP and uses an estimated 29 MAF of 
water.  Scientists connected with the U.C. Davis Center for Watershed Sciences conducted a 
study of agricultural water use.  They found that the top revenue producing and job creating 
commodities use the least water. Vegetables, horticulture, non-tree fruits, deciduous fruits, 
cucurbits (melons, squash, cucumbers, watermelon, zucchini, etc.), tomatoes, vine (wine and 
table grapes), onions, potatoes, etc. produce 81.8% of the jobs and 62.7% of the revenue but only 
use 21.5% of the water. By comparison, irrigated pasture, alfalfa, corn, almonds, pistachios and 
cotton use 53.7% of water but only provide 19.6% of the revenue and 13.9% of the jobs.174 
 
 A recirculated DEIS must discuss and analyze whether the additional water to be diverted 
by the Proposed Action would be put to a reasonable and beneficial use and whether the state’s 
economic and social interests would be best served by leaving that water in rivers to serve the 
aquatic ecosystem.  Failure to conduct such an analysis renders the DEIS deficient as a fair 

                                                 
174 UC Davis Center for Watershed Science, Jobs per drop irrigating California crops, 2015.  
https://californiawaterblog.com/2015/04/28/jobs-per-drop-irrigating-california-crops/  
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disclosure documents and deprives the public and decision-makers of information necessary to 
make an informed decision.  

 
VII. Modeling for the DEIS appears to include elements not required as part of the 

project description, and the description of modeling in the DEIS is unclear. 
 
Modeling in the DEIS appears to become a substitute for defining the proposed action.  

For instance, the “example” spring pulse flows shown in Table 3.4-2 were apparently modeled as 
part of the Proposed Action, even though the actual values have yet to be determined.  This 
violates NEPA because it does not provide a clear project description and provides analysis of an 
action that is not part of the Proposed Action.  

 
If we are mistaken in this understanding, it is because the presentation of the scenarios 

modeled are so lacking in detail that a reasonably well-informed reader cannot discern them, 
even with hours of review.  If there is a table that shows exactly each component that 
Reclamation modeled for each alternative, we could not find it.  The presentation of the specifics 
of what Reclamation modeled as part of the alternatives is so incomplete and hard to follow the 
DEIS fails under NEPA on grounds of basic lack of clarity. 

 
VIII. The section of the DEIS that deals with groundwater inaccurately states that 

increasing water supply deliveries south of Delta will reduce groundwater 
pumping. 

 
The Groundwater section of the DEIS erroneously concludes: 
 
Alternatives 1, 2, and 3 would generally increase surface water supplies to CVP and SWP 
contractors. An increase in surface water supply would decrease the reliance on 
groundwater and result in less groundwater pumping.175 
 
This evaluation assumes a simple direct relationship that surface water applied is 

groundwater not pumped.  This metaphor assumes that the impacts of the Proposed Action on 
groundwater are limited to acreage that is currently under cultivation.  However, as Mark Arax 
documents extensively in The Dreamt Land: Chasing Water and Dust Across California, the last 
century of water development in California has shown that increases in surface water supply tend 
to lead to increases in irrigated land.176  Increased acreage under cultivation places increased 
pressure on groundwater when drought strikes, as it inevitably does in California.  Overall, 
increased acreage under cultivation creates the cumulative and long-term need for increases in 
pumping groundwater. 

 
Implementation of the Preferred Alternative (or Alternatives 2 or 3) would be likely to 

expand the geographic extent of over-reliance on groundwater.  Yet even if it did not, huge 
amounts of land already under cultivation in California, particularly in the southern San Joaquin 

                                                 
175 DEIS, p. 5-121/251. 
176 Mark Arax, The Dreamt Land: Chasing Water and Dust Across California, Alfred A. Knopf, New York, 2019. 
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Valley, already rely on groundwater to backfill water supply in dry years.  Much of this land 
draws on groundwater that is increasingly dropping in surface levels.  For these lands, 
implementation of the Preferred Alternative will likely delay the fallowing of land with marginal 
water supply and a movement toward a condition where available water is less out of balance 
with demand.  

 
Implementation of the Preferred Alternative will thus prolong and increase the debt load 

on surface water, which can only be paid back in dry years with increased groundwater pumping. 
It would move California away from consensus that the state’s waters are overappropriated and 
over-allocated, and away from solutions that are managed and relatively manageable.   

 
In considering effects of the Preferred Alternative on groundwater, the DEIS considers 

only a close-up view and fails to consider the likely response of water users to a broad change in 
approach to water management.  A recirculated DEIS should disclose that increasing dependence 
on sources of water supply that are already severely stressed will accelerate catastrophic days of 
reckoning. 

 
IX. Conclusion 

 
BOR should recirculate the DEIS with a proposed Action and alternatives that will allow 

operation of the CVP and SWP to comply with the ESA, the CVPIA and other applicable law.  
The recirculated DEIS should also address the additional issues raised in these comments.  

 
Thank you for the opportunity to comment on the Draft Environmental Impact Statement 

for Coordinated Long Term Operation of the Central Valley Project and State Water Project. 
 
    Respectfully submitted, 

 
 
 
Bill Jennings, Executive Director 
California Sportfishing Protection Alliance 
Director, California Water Impact Network 
3536 Rainier Avenue 
Stockton, CA 95204 
209.464.5067 
209.938.9053 
deltakeep@me.com 
www.calsport.org 
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Chris Shutes, Water Rights Advocate    
California Sportfishing Protection Alliance 
1608 Francisco Street 
Berkeley, CA 94703 
510.421.2405 
blancapaloma@msn.com 
   

 
 
Michael Jackson 
Counsel to California Sportfishing Protection Alliance, 
AquAlliance, and California Water Impact Network 
P.O. Box  207, 429 W. Main St.  
Quincy, CA 95971 
530. 283.0712 
mjatty@sbcglobal.net  
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List of Attachments 
 
Attachment 1:  CSPA submittals to SWRCB in 2014 and 2015 
 
Attachment 2: SacPAS: Central Valley Prediction & Assessment of Salmon, Performance 
Measures RPA I.2.1 Summer Temperature Target, 10 Year Average (2009-2018) RPA 
Temperature Target Analysis and Exceedance 
 
Attachment 3: SacPAS: Central Valley Prediction & Assessment of Salmon, Performance 
Measures RPA I.2.1 End-of-September (EOS) Carryover Storage 1987-2018. 
 
Attachment 4: Red Bluff Temperature, Compliance with 56ºF Criterion - 15 May – 31 October, 
2001-2019, California Data Exchange Center 
  
Attachment 5: BOR Deliveries to Sacramento River Contractors in 2014, 2015 and 2016 
 
Attachment 6: Salmonid Populations of the Upper Sacramento River Basin in 2017, USRBFP 
Technical Report 02-2018, Aerial Redd Counts, 1969-2017 
 
Attachment 7: Northern CVP Water Temperature Report, August – 2019, Bureau of Reclamation 
 
Attachment 8: Loomis, Balancing Public Trust Resources of Mono Lake and 
Los Angeles's Water Right: An Economic Approach 
 
Attachment 9: Loomis, Use of Non-Market Valuation Studies in Water Resource Management 
Assessments 
 
Attachment 10: RTI International for BOR, Klamath River Basin Restoration Nonuse Value 
Survey [Note: this document is not labelled as an exhibit because it is password protected.] 
 
Attachment 11: ECONorthwest, Bay-Delta Water: Economics of Choice 
 



 
 

 

 

 

 
September 3, 2019 
 
Katrina Harrison 
U.S. Bureau of Reclamation 
Bay-Delta Office 
2800 Cottage Way 
Sacramento, CA 95825 
Sent via email to kharrison@usbr.gov and sha-mpr-bdo@usbr.gov 
 
RE: Comments on the Draft Environmental Impact Statement, Revisions to the Coordinated Long-Term 
Operation of the Central Valley Project and State Water Project 
 
Dear Ms. Harrison: 
 
AquAlliance, the California Sportfishing Protection Alliance, and the California Water Impact Network 
(hereinafter “AquAlliance”) submit the following comments and questions for the Draft Environmental 
Impact Statement (“DEIS”), Revisions to the Coordinated Long-Term Operation of the Central Valley 
Project and State Water Project (“Project”) prepared by the U.S. Bureau of Reclamation (Bureau). 
 

I. Areas of Concern 

A. The DEIS is Seriously Deficient 
The DEIS has numerous deficiencies and should be withdrawn. To start, the use of a model with a data end 
date of 2003 is too obsolete. It is also apparent that too much uncertainty is present in the DEIS regarding 
the scope, technical basis, and practical utility of the CalSim II model to support due trust in the modeling 
for a project of this magnitude. For this, the minimal disclosure and analysis of significant direct, indirect, 
and cumulative impacts together, and the almost complete dearth of maps to support all the geographic text, 
the Bureau must withdraw the DEIS or revise and recirculate it for additional public review and comment 
before a final Project EIS is considered.  
 

B.  Lack of Project Description Clarity 
Unfortunately we are forced to summarize the "proposed action" that appears to be to obtain more water for 
points south of the area of origin, the Sacramento Valley. However, this is not stated, but it is the subtext 
that is determined by thorough reading of what details are present in the DEIS. The document on page 1-1 
states that the purpose is: “Reclamation prepared this environmental impact statement (EIS) to analyze 
potential modifications to the continued long-term operation of the CVP, for its authorized purposes, in a 
coordinated manner with the SWP, for its authorized purposes. This EIS evaluates alternatives to maximize 
water supply deliveries and optimize marketable power generation consistent with applicable laws, 
contractual obligations, and agreements and to augment operational flexibility by addressing the status of 
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listed species.” This continues the obfuscation that started at the scoping meeting on January 25, 2018. As 
an example, the federal register notice1 and the scoping meeting material failed to disclose the current 
amount of water the Central Valley Project (“CVP”) exports, the proposed increase, and the combined 
current and proposed exports planned with the California Department of Water Resources (“DWR”) 
through the State Water Project (“SWP”). The DEIS has not made any of these specific Project details 
clearer. 

C. Purpose and Need 
The EIS states that, “The need for the action is to use updated scientific information to better meet statutory 
responsibilities of the CVP and SWP. The purpose of the action considered in this EIS is to continue the 
operation of the CVP in coordination with the SWP, for their authorized purposes, in a manner that enables 
Reclamation and DWR to maximize water deliveries and optimize marketable power generation consistent 
with applicable laws, contractual obligations, and agreements, and to augment operational flexibility by 
addressing the status of listed species” (p. 2-2). Stated somewhat differently on page 1-1, “Reclamation 
prepared this environmental impact statement (EIS) to analyze potential modifications to the continued 
long-term operation of the CVP, for its authorized purposes, in a coordinated manner with the SWP, for its 
authorized purposes. This EIS evaluates alternatives to maximize water supply deliveries and optimize 
marketable power generation consistent with applicable laws, contractual obligations, and agreements and 
to augment operational flexibility by addressing the status of listed species.” 
 
What is not stated, but understood by water insiders as the Project purpose, is that it seeks to export more 
water at the continued expense of California’s biological heritage and the vast majority of its people. What 
is not provided regarding the “need” for the Project rhymes with the unstated answer: greed. And how does 
“addressing the status of listed species” comply with the federal Endangered Species Act (“ESA”) and the 
California Endangered Species Act (“CESA”)? The Bureau must comply with the ESA and with 
California’s laws as codified in the CVPIA, not merely “address” the “status” of listed ESA and CESA 
species. It may just be the mindset of the Bureau and DWR to “address” the species like a burr under their 
saddle, but the laws require must more than that. And you will be held accountable. 

D. Lack of Proper Notification of Project DEIS 
After receiving notification of the Project’s scoping in a news release dated January 3, 2018, AquAlliance 
requested by an e-mail to Katrina Harrison of the Bay-Delta Office that it was proper to hold a third 
scoping meeting in the largest urban area north of Sacramento. We appreciated the Bureau’s response that 
led to a scoping meeting in Chico on January 25, 2018, which was well noticed and attended by over 150 
people, the vast majority of the “approximately 200 people” that attended all three scoping meetings.2 With 
regular communication from Ms. Harrison about the Project in the ensuing 18 months, when it was time for 
notification for the DEIS, the Bureau failed to properly notify AquAlliance. (40 CFR 1506.6) It took 
tenacity and elevation of the issue to the Regional Director to rectify the error and extend the comment 
period by the days lost. 

E. Source Water is Undefined 
The Project must unambiguously identify the source water. The Project seeks to increase CVP agricultural 
deliveries by 23%-39% under Alternatives 1 [preferred alternative] for the San Joaquin hydrologic region.3 
An increase of this magnitude is somewhere between 1-2 MAF, yet the DEIS fails to provide numbers in 
acre-feet and to identify how the water will be made available. Since South of Delta exports appreciably 
                                                 
1 Federal Register /Vol. 82, No. 249 / Friday, December 29, 2017 /Notices. pp. 61789-61791. 
2 USBR 2018. Scoping Report. p. 3-1. 
3 USBR 2019. DEIS Revisions to the Coordinated Long-Term Operation of the Central Valley Project and State Water Project. 
p. 5-13. 
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depend on Sacramento River inflows, where will the increased export water come from during all years and 
in particular, drought years? The Sacramento River hydrology clearly shows that there are few years that 
can be clearly identified as average; most of the years are clustered in to two groups, a dry group (56% of 
the years, average 12.5 MAF, 4-river index) and a wet group (44% of the years, average 24 MAF, 4-river 
index). Some of the driest years can barely support senior diverters in the Sacramento Valley with very 
small allowances for Delta outflow.  
 
The total claims to consumptive water available in the Delta watershed, including the Trinity River and its 
tributaries, are not presented in the DEIS. As AquAlliance has presented many times to the Bureau, the 
unimpaired runoff of the Sacramento River basin is 21.6 MAF, but the consumptive use claims are an 
extraordinary 120.6 MAF – 5.6 times more claims than there is available water.4 The DEIS is seriously 
deficient without this information. The DIES also fails to inform the public of the CVP and SWP’s junior 
claims to water, which is another serious omission. 
 
Despite a 1-2 MAF increase in water for south of Delta CVP agriculture that we extrapolated from the 
percentages offered (23%-39%), the DEIS claims that few impacts will occur in the Sacramento, Feather, 
and American rivers and what does is insignificant. “The alternatives would have minor changes in 
deliveries relative to the No Action Alternative. Alternatives 1, 2, and 3 decrease (by less than 5%) average 
annual deliveries to the Settlement Contractors. In addition to the Settlement Contractors, Alternative 4 
would decrease (by less than 5%) deliveries to CVP M&I, CVP agricultural, and SWP M&I deliveries. The 
CalSim II model was used to estimate operations.”5 These conclusory statements are not supported in the 
DEIS, which NEPA requires to assist the public review process. Examples for clarification include, but are 
not limited to: 

 What decreases in percentage and acre-feet are considered significant?  
 How were the “less than 5%” figures calculated?  
 How will the losses to senior water rights claimants be calculated and allocated? Will there be hard 

numbers by year or will the Bureau and DWR shift the losses between contractors year-to-year? 
 Because 5% is an average throughout the CVP and SWP, Appendix H illustrates that, for example, 

the Settlement Contractors may have a 10% decrease in the preferred alternative, #1 (p. H-19). This 
equates to a potential loss of 160,000 af each year, although that is not expressed in the DEIS. Is 
160,000 af a “minor change” when the source water to compensate for such a loss is groundwater in 
already stressed basins rated high and medium under SGMA?6 

 Among the senior contractors who have the most secure claims to river water, why are the Feather 
River contractors and the Exchange Contractors treated so lightly or not at all in the alternatives’ 
decreases? In other words, why are the CVP Settlement Contractors treated differently from the 
Feather River contractors and the Exchange Contractors? 

 Is the pressure on the CVP Settlement Contractors to accept a decrease in allocation a new and 
circuitous way to have groundwater substitution transfers of unlimited proportions? 

 How will senior water claimants be compensated for their losses to junior claimants like the Bureau, 
DWR, and Westlands Water District? 

 
With such important foundational information omitted from the DEIS, it is not a credible NEPA document 
and should be withdrawn, or, if the Project moves forward, revised and recirculated.  
 
                                                 
4 California Water Impact Network, AquAlliance, and California Sportfishing Protection Alliance 2012. Testimony on Water 
Availability Analysis for Trinity, Sacramento, and San Joaquin River Basins Tributary to the Bay-Delta Estuary.  
5 Id. p. 5-11. 
6 DWR 2019. Statewide Map of SGMA 2019 Basin Prioritization Results. (Exhibit B) 
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In addition, CalSim II operates with the deficiency mentioned above with the data input into the model 
ending in 2003, which fails to account for current conditions, climate change conditions, and future 
conditions. The adequacy of CalSIM II has also been called into question.7  Examples of CalSIM II 
weaknesses from Close et al. include: 

 The model provides limited and inadequate coverage of non CVP or SWP water and of the 
California water system south of the Delta. 

 The model assumes that facilities, land-use, water supply contracts and regulatory requirements are 
constant over this period, representing a fixed level of development rather than one that varies in 
response to hydrologic conditions or changes over time. 

 Groundwater has only limited representation in CALSIM II. 
 Groundwater resources are assumed infinite, i.e., there is no upper limit to groundwater pumping. 
 The linear programming model considers only the current month, and hence CALSIM II operating 

rules are required to determine annual water allocations, to establish reservoir carryover storage 
targets, and to trigger transfers from north of Delta to south of Delta storage. 

 Better quality control is needed both for the model and its current version and the input data. 
Procedures for model calibration and verification are also needed. Currently many users are not 
sure of the accuracy of the results. A sensitivity and uncertainty prediction capability and analysis 
is needed. 

 Need improved ways of altering the models geographic scope and resolution and its temporal 
resolution to better meet the needs of various analyses and studies. 

 Need to improve the models comparative as well as absolute (or predictive) capabilities. 
 CALSIM II needs better capabilities for analyzing economic, water quality, and groundwater issues. 
 Need improved documentation explaining how the model works, its assumptions, its limitations, and 

its applicability to various planning and management issues. 
 DWR and USBR have not provided a centralized source of support for CALSIM II. More training 

for CALSIM II is needed. There is a need for more people who can run CALSIM II. There is a need 
for a well-publicized user group. A more extensive users guide is needed. 

  Improved capabilities are needed for real-time operations especially during droughts, gaming 
involving stakeholders during a simulation run, handling of evapotranspiration and agriculture 
demand changes over time, water transfers, Delta storage, carryover contract rights, refuge water 
demands and more up to date representation of Feather River, Stanislaus River, Upper American 
River, San Joaquin River and Yuba River operations. 

 Need an improved graphical user interface to facilitate input of model data, setting of model 
constraints and weights, operating the model, and displaying and post analysis of model results. 

 Need to be able to change the model time period durations for improved accuracy of model results. 
 
To the extent CalSim II is relied upon, the EIS must be transparent and clearly explain and justify all 
assumptions made in model runs. It must explicitly state when findings are based on post processing and 
when findings are based on direct model results. Results must include error bars to account for uncertainty 
and margin of safety. 
 

1. Extended Water Transfer Window 
The DEIS fails to provide enough material or refer a reader to another page, appendix, or appendices from 
which to comment. “Reclamation and DWR would continue to transfer project and nonproject water 
supplies through CVP and SWP facilities, including north-to-south transfers and Sacramento River north-
                                                 
7 Close, A., et al, 2003. A Strategic Review of CALSIM II and its Use for Water Planning, Management, and Operations in 
Central California (Exhibit C) 
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to-north transfers. Alternative 1 would include the same volume of transfers as included in the No Action 
Alternative, but Reclamation and DWR would provide an extended transfer window from July 1 through 
November 30. Allowing fall transfers is expected to have water supply benefits and may provide flexibility 
to improve Sacramento River temperature operations during dry conditions, such as those that occurred 
during the 2014–2015 drought conditions. Quantities and timing would be similar to the transfers 
implemented in 2014.” The DEIS fails to provide a number for the “volume of transfers” in the quote above 
or refer the reader to a specific page or appendix. The DEIS fails to expand or refer the reader to an 
appendix on the fall transfer benefits and explain what would entail flexibility to improve Sacramento 
River temperature operations. The DEIS fails to provide the “quantities and timing” mentioned above that 
would be similar for this Project or refer the reader to an appendix. 
 
Attempting to read between the lines once again, an extended transfer window would allow more water to 
move from the area-of-origin in the Sacramento Valley to south of the Delta agriculture. In addition to the 
Project’s increased dewatering of the Sacramento River Watershed, the longer window to transfer “[w]ould 
lead to dewatering and potentially significant impacts to salmonid redds.”8 
 
It must also be stated that if the Bureau believes that it improved temperature conditions during the 
2024/2015 drought there is no end of mendacity at the agency since it destroyed salmon at devastating 
numbers. 

F. Sacramento Valley Groundwater 
The DEIS has only eight pages of material in the Groundwater Resources section. The document overall 
forces a reader to the appendices to have any details on a particular topic and groundwater is no exception. 
Appendix I provides some heft with 166 pages. However, there are numerous inadequacies. 
 

2. Groundwater Conditions 
The DEIS fails to openly address the consequence of declining Sacramento Valley groundwater levels. 
Instead, the 2019 DEIS continues propagating the Bureau’s erroneous conclusions from the 2015 
Coordinated Long-Term Operation of the Central Valley Project and State Water Project and many water 
transfer NEPA documents stating that, “Overall, the Sacramento Groundwater Basin is approximately 
balanced with respect to annual recharge and pumping demand.”9 Without defining “approximately 
balanced,” the 2019 DEIS states, just as the 2015 NEPA document did, that, “However, there are several 
locations showing early signs of persistent drawdown, suggesting limitations due to increased groundwater 
use in dry years. Locations of persistent drawdown include: Glenn County, areas near Chico in Butte 
County, northern Sacramento County, and portions of Yolo County.”10 Unfortunately, the DEIS fails to 
elaborate through maps or text leaving the public without specific details regarding this serious decline in 
Sacramento Valley groundwater.  
 
Moreover, it is not only AquAlliance that is concerned about groundwater conditions in the Sacramento 
Valley. Davids Engineering stated in 2012 that, “Persistently declining groundwater levels in many areas of 
the Sacramento Valley over the past decade reveal that groundwater discharge exceeds recharge. Simply 
put: if the objective is to stem or reverse the trend, the groundwater balance must be adjusted either by 
putting more water into the ground or taking less out.”11 The documentation of very serious groundwater 

                                                 
8 CDFW 2019. Comments on Long-Term Water Transfer Program SDEIS/RDEIR. p. 6. (Exhibit D) 
9 USBR 2019. DEIS Appendix I at p.I-3. 
10 (Id.) 
11 Davids Engineering 2012. Prepared for NCWA, Sacramento Valley Groundwater Assessment Active Management – Call to 
Action, p. 14. 
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conditions is also found in DWR’s maps that are presented in Table 1 and by information and study (e.g., 
Brush 2013 and NCWA, 2014). In addition, a Glenn County farmer has experienced the effects of 
increased groundwater use by GCID, a district that previously solely used river water for irrigation.  

Prior to 2007, the aquifers were able to fully recharge with an average rainfall 
year. 
 
GCID began large scale groundwater pumping in 2007 and continued until 
July 2015. Although this pumping was ostensibly limited to the 950’--‐1200’ 
deep (Tuscan) aquifer, the three overlying aquifer strata at ±600’, 300’ and 
100’ have all been affected, and remain compromised. 
 
The ranches I operate for my family and friends rely on 19 groundwater 
wells. Since 2011--‐ 2012 several of these wells have shown abnormal and 
erratic behavior. Our pump 19 went completely dry on July 19, 2014. In the 
years since, three important wells have become unusable for several days at a 
time… 
 
The extremely rapid draw down when these pumps are turned on, appears to 
be a significant factor in a new occurance [sic] for our area --‐subsidence. 
New cracks in two of my brick houses that are both built on heavy 
foundations began to appear after 2007. They are getting more serious with 
time… 
 
The responsibility for proving damage under this system leaves the average 
landowner at a severe disadvantage, and I don’t believe this is what the law 
intends. The unraveling of small groundwater dependent farms is a very 
significant issue that they want to prevent, not mitigate. 
 
I have just replaced one of three wells that have failed since this all began. I 
hoped that the cessation of GCID pumping would allow the main ag and 
domestic levels to recover enough for them to be useable. Even with above 
average rainfall in the past 3 years, they have not. I will be out a half million 
dollars, just on these three replacements. And still have 15 other wells to 
worry about.12 

Appendix I should also have more completely disclosed current groundwater conditions as we provide in 
Table 1 (based on DWR’s maps).13 What is also missing from the DEIS is what these trends look like over 
a longer period of time. One example is Butte County where declines are not as severe as Glenn and Colusa 
counties, yet Exhibit A14 demonstrates how despite some very wet years, Sacramento Valley water is not 
recovering as the DEIS is wont to claim when viewed over a dozen years. Many wells in BMO Alert Stages 
remain there. 
 
The DEIS’s conclusory statements that the proposed Project will satiate the demand for water and therefore 
stem the decline of groundwater is unsupported by facts or history. “Overall, surface water supplies to the 
CVP and SWP service areas are expected to increase. Given an increase in the supply of surface water, the 
amount of groundwater pumping would likely remain unchanged or decrease compared to the No Action 

                                                 
12 Billiou, Michael 2019. Comments on the Long-Term Transfer SDEIS/RDEIR. (Exhibit E) 
13 DWR. https://data.cnra.ca.gov/dataset/northern-sacramento-valley-groundwater-elevation-change-maps 
14 Butte County 2019. Spring 2008-2019 Groundwater Elevations – CASGEM. 
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Alternative.”15 The lead agency must provide extensive and current examples that demonstrate when and 
where groundwater pumping has declined. If this was actually the case, what is the need for the Project? It 
is clear to AquAlliance that demand for water only increases in California and the Project itself serves to 
confirm this. 
 
It is refreshing that Appendix I discusses the groundwater basins in the Sacramento Valley at all, but the 
DEIS fails to provide basic material, such as: 

 Maps of groundwater basins and subbasins. 
 Discussion of serious declines over time. 

 
The DEIS’s deficit in information regarding direct and indirect impacts to groundwater in the areas-of-
origin and the receiving areas results in a conclusion that “No mitigation measures are identified for the 
effects acknowledged in this appendix.” (p. I-133) The potential loss of 160,000 af to CVP Settlement 
Contractors alone requires a conclusion of “significant impact” and the proposal of mitigation measures. 
Revisions to the DEIS must also be made to clarify how conclusions were reached.  
 
Table 1. Northern Sacramento Groundwater Changes 
County 
 

Deep Wells 
(Max decrease 
gwe)  
Fall ’04 - ’18 

Deep Wells 
(Max decrease 
gwe)  
Fall ’04 - ’17 

Deep Wells 
(Max 
decrease gwe)  
Fall ’04 - ’16 

Butte -36.4 -13.9 -28.3 
Colusa -42.6 -67.2 -66.4 
Glenn -141.4 -166.3 -65.8 
Tehama* -47.6 -44.0 -35.8 

 
County 
 

Intermediate 
Wells (Max 
decrease gwe)  
Fall ’04 - ’18 

Intermediate 
Wells (Max 
decrease gwe)  
Fall ’04 - ’17 

Intermediate 
Wells (Max 
decrease gwe) 
Fall ’04 - ’16 

Butte -23.8 -22.1 -28.3 
Colusa -61.5 -62.4 -78.9 
Glenn -62.7 -51.5 -58.3 
Tehama* -34.0 -35.0 -29.3 

 
County 
 

(Max decrease 
gwe) 
Fall ’04 - ’18 

Shallow Wells 
(Max decrease 
gwe) 
Fall ’04 - ’17 

Shallow Wells 
(Max decrease 
gwe) 
Fall ’04 - ’16 

Butte -14.7 -10.8 -18.3 
Colusa -50.8 -51.8 -51.7 
Glenn -63.8 -58.7 -59.6 
Tehama* -31.5 -28.9 -36.3 

*Tehama County portion in the Sacramento Valley groundwater basin. 
 

                                                 
15 USBR 2019. DEIS Revisions to the Coordinated Long-Term Operation of the Central Valley Project and State Water Project. 
p. 5-26. 
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3. Conjunctive Use 
Conjunctive water use (“CWU”) of surface and groundwater (also known as groundwater substitution 
transfers) by Sacramento Valley water districts contributes to declining groundwater. Historic, independent 
groundwater pumpers may be economically injured by declining aquifer levels. “While conjunctive use 
may prove successful for an individual or group of water users to manage an immediate situation, it is also 
possible for conjunctive use to unintentionally harm the groundwater basin and other groundwater users 
who are not involved in conjunctive use but are reliant on the same groundwater basin.”16 
 
If CWU is considered as any part of the Project or its alternatives, the DEIS must identify areas where 
communities, farms, residential wells, and groundwater dependent ecosystems (“GDE”) may be impacted 
by CWU. “In order to identify potential habitat impacts associated with potential changes in water 
management practices, a program-specific network of shallow monitor monitoring wells should be 
developed to detect changes in water levels over the shallowest portion of the aquifer. In evaluating impacts 
to certain GDE species, it is important to discern both the rate of groundwater level change, as well as the 
cumulative change over the entire year. Data collection and monitoring frequency should be appropriately 
selected to support the temporal and long-term evaluations.”17 
 

4. Sustainable Groundwater Management Act of California 
Under the Sustainable Groundwater Management Act, critically over-drafted basins must come up with a 
Groundwater Sustainability Plan (“GSP”) by January 30, 2020. In the Sacramento Valley with medium- to 
high-priority basins, the GSPs must be developed by January 31, 2022 and achieve sustainability within 20 
years. DWR will not finish reviewing all of the GSPs until 2024. The Bureau's Project timing is 
problematic. At minimum, over-drafted basins must have an opportunity to create plans without including 
whatever additional surface water the Bureau proposes to make available. To do otherwise may result in a 
GSP for one region that would intensify unsustainable water transfers in another. A conservative approach 
would dictate that no major revisions to CVP and SWP water operations take place until DWR has an 
opportunity to review all of the GSPs.  
 

5. Sacramento Valley Groundwater Impact Analysis 
The Bureau’s modeling and existing conditions data are seriously deficient as noted above. None-the-less, 
the DEIS asserts on page 5-19: 

As discussed in Section 5.3, Surface Water Supply, CVP and SWP water 
deliveries under Alternatives 1 through 4 would have small changes in the 
Sacramento Valley. Deliveries to CVP agricultural service contractors would 
increase, but other deliveries would be essentially unchanged. Changes in 
deliveries associated with Alternatives 1 through 4 would not likely affect 
groundwater pumping or groundwater levels in the Sacramento Valley. 

 
Even if the DEIS’s conclusion of less than a 5% loss to Sacramento Valley users is accurate, how much 
water does that actually involve and in what region/groundwater basin?  As asked above, is this a new and 
circuitous way to have a groundwater substitution transfer of unlimited proportions somewhere between 
one and two MAF? 

                                                 
16 Dudley, Toccoy and Allan Fulton, 2005. Conjunctive Water Management: What Is It? Why Consider It? What are the 
Challenges? https://www.buttecounty.net/Portals/26/Education/second1.pdf 
17 McManus, Dan (DWR) et al 2007. Sacramento Valley Water Resource Monitoring, Data Collection and Evaluation 
Framework. pp. 5-6 
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G. Impacts to Native Tribes 
The DEIS must evaluate the impacts to indigenous people in the Project’s geography who have been 
deprived of their abundant supply of numerous salmon runs, destruction of sacred sites, and destruction and 
disruption of food, fiber, and cultural sites disrupted by CVP/SWP infrastructure. The DEIS must examine 
an alternative that facilitates the return of spawning salmon in the McCloud River. The DEIS must consider 
the cultural ramifications of raising Shasta Dam. There are culturally sensitive sites that will be flooded if 
the dam is raised. These places are the last remaining sacred sites of the Winnemem Wintu people.18 

H. Impacts to the Upstream Watershed 
The DEIS must analyze how the inflow of fresh water drives the health of the Central Valley watershed. 
The elimination of the majority of spawning anadromous fish is depriving riparian corridors, agricultural 
land and forested watersheds of marine derived nutrients. “Pacific salmon transfer large quantities of 
marine-derived nutrients to adjacent forest ecosystems with profound effects on plant and wildlife 
production…These data suggest that robust salmon runs continue to provide important ecological services 
with high economic value, even in impaired watersheds. Loss of Pacific salmon can not only negatively 
affect stream and riparian ecosystem function, but can also affect local economies where agriculture and 
salmon streams coexist.”19 The DEIS must include historic details and charts regarding what has happened 
to fish and other species from past and current operations of the two projects – the CVP (Shasta) and the 
SWP (Oroville). 
 
In addition, streamflow depletion must be disclosed and analyzed. The CVP and SWP have extended water 
far from the areas of origin for agricultural, urban, and industrial uses. In so doing, particularly with paper 
water, as discussed further below, the state and federal governments have facilitated a destructively 
unrealistic demand for water. Ever willing to destroy natural systems to meet demand for profit, the San 
Joaquin River dried up and subsidence caused by groundwater depletion in the San Joaquin Valley is even 
cracking water conveyance facilities.20 Enter conjunctive use where the Agencies facilitate and their 
contractors implement river water sales and pump groundwater to continue crop production (see above). 
The continual, long-term groundwater overdraft in the San Joaquin Valley, the expansion of new 
permanent crops in both the San Joaquin and Sacramento valleys, and groundwater substitution transfers by 
CVP and SWP contractors all cause streamflow depletion. The current state of streamflow depletion in the 
Sacramento River basin and how the CVP and SWP cause streamflow depletion must be disclosed in a 
recirculated DEIS or it must be withdrawn.  

I. Freshwater Flow to the Ocean Sustains the San Francisco Bay 
The DEIS must consider how water diversions create artificial, super critically dry years in the San 
Francisco Bay. This analysis must consider the following: 

 How will dry years shift the size and location of the ecologically important salinity mixing zone?  

                                                 
18 Sisk, Caleen 2017. Personal Communication. 
19 Merz, Joseph E., et al. 2006. Salmon, Wildlife, and Wine: Marine-Derived Nutrients in Human-Dominated Ecosystems of 
Central California. https://pdfs.semanticscholar.org/1342/ce8aa20421c8531c7466bdb2a64bc60cc774.pdf 
20 Sneed, et al., 2012. Abstract: Renewed Rapid Subsidence in the San Joaquin Valley, California. “The location and magnitude 
of land subsidence during 2006–10 in parts of the SJV were determined by using an integration of Interferometric Synthetic 
Aperture Radar (InSAR), Global Positioning System (GPS), and borehole extensometer techniques. Results of the InSAR 
measurements indicate that a 3,200-km2 area was affected by at least 20 mm of subsidence during 2008–10, with a localized 
maximum subsidence of at least 540 mm. Furthermore, InSAR results indicate subsidence rates doubled during 2008. Results of 
a comparison of GPS, extensometer, and groundwater-level data suggest that most of the compaction occurred in the deep 
aquifer system, that the critical head in some parts of the deep system was exceeded in 2008, and that the subsidence measured 
during 2008–10 was largely permanent.” Conference presentation at Water for Seven Generations: Will California Prepare For 
It?, Chico, CA. 
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 How will water diversions divert the inflow of nutrients, food, and sediment from the watershed that 
are vital components of fish and wildlife habitat? 

 How will decreased flows prevent periodic flushing and allow pollutants to persist? 
 How will reduced flows facilitate invasions by undesirable non-native species?21  

 
The DEIS must analyze how the dams and diversions have prevented sediment from flowing into the Bay 
Estuary depriving the Bay and the down current ocean beaches of sand needed to sustain the existence of 
sandy beaches. The DEIS must consider the role of sediment transport as a means of dealing with rising sea 
levels. Marsh formation is a critical tool in dealing with rising sea levels. The DEIS must examine the role 
of how freshwater flow regimes in the estuary facilitates the preservation and growth of freshwater marshes 
in response to rising sea levels. According to The Bay Institute, “Organic matter accumulates faster in 
freshwater marshes than it does in saltwater marshes. Wetlands and beaches act as natural flood barriers to 
protect shoreline communities in the Bay Area.”22 
 

J. Biological Resources 
The DEIS asserts on page 2-2 that many factors cause the devastating decline of California’s fisheries 
while omitting the primary culprit: exports.  The paragraph begins with what appears to be a complaint 
about restrictions on the CVP and SWP (“Projects”). “These requirements and projects [D- 1485, 1992 
CVPIA amendments, D-1641, Bay-Delta Plan amendments flows for the lower San Joaquin River and 
revised southern Delta salinity objectives, and the Trinity ROD] have constrained the operation of the CVP 
and SWP, and the RPAs in the 2008 USFWS and 2009 NMFS BOs added additional restrictions (as 
described above).” (emphasis added) However, even with constraints, the Projects have consistently 
ignored the law or asked for waivers or forgiveness, while using every available tactic to increase exports, 
which state and federal agencies repeatedly allowed.  
 
The DEIS callously continues stating that, “At the same time, California native fishes have declined and are 
likely to continue to decline because of stressors such as long-term meteorological variability, sea level 
rise, extreme weather events, predation, and ecosystem changes caused by nonnative species. Reclamation 
requested reinitiation of consultation based on new information based on multiple years of drought, 
monitoring of listed fish populations, and new information available as a result of ongoing scientific 
processes.” p. 2-2. The CVP and SWP violations of D-1641, the ESA, CESA, and the Public Trust Doctrine 
are obvious, yet there is no sign in the DEIS of responsibility for the impacts to all manner of species and 
people from CVP and SWP operations.  

K. Intersection with the California Environmental Quality Act 
AquAlliance inquired about the nexus between the California Environmental Quality Act (“CEQA”) and 
the NEPA process at the Bureau’s scoping meeting in Chico on January 25, 2018. A clear answer was not 
provided, only an ambiguous thought that the operator of the SWP, DWR, needed more information about 
the Project to determine if it triggered CEQA. This is understandable considering the vacuous description 
of the project in the NOI as noted above; however, it leaves the public at a loss regarding the NEPA and 
CEQA processes. The relationship of the CVP and SWP and their coordinated operations, which is in the 
NOI title and noted repeatedly in the NOI, must be clarified in detail in the DEIS. 
 

                                                 
21 The Bay Institute, 2016. San Francisco Bay; The Freshwater-Starved Estuary. How Water Flowing to the Ocean Sustains 
California’s Greatest Aquatic Ecosystem. https://bayecotarium.org/wp-content/uploads/freshwater_report.pdf. p. 10. 
22 (Id.) 
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II. Alternatives 

A. Limited Range of Alternatives 
The DEIS fails to evaluate a reasonable range of alternatives as required by NEPA. None of the alternatives 
presented will achieve the CVP’s legal obligations regarding fish and wildlife protection, restoration and 
mitigation, compliance with state water quality standards, and complying with the ESA. This is especially 
problematic in light of the fact that coordinated operations of the CVP and SWP have: 

 Exceeded incidental take limits under the existing biological opinions. 
 Failed to reinitiate consultation that other federal agencies stated was required.  
 Failed to prevent continued declines of listed species and caused additional harm by operations not 

considered in the existing biological opinions. 
 
It is regrettable that the Bureau failed to consider alternatives offered by AquAlliance in our scoping 
comments (below). This illustrates the continuing intractability of the lead agency in planning to deal with 
the multitude of negative impacts from the operation of the CVP and its partner SWP for numerous decades 
coupled with increased climate impacts to water in California. 
 

1. Watershed Rehabilitation as Storage 
The DEIS should have evaluated alternatives that include Sierra/Cascade watershed management that 
rehabilitates mountain meadow and restores wildlands into the fire-evolved ecosystem. Natural fire regimes 
restore forest structure that reduces small diameter ladder fuel and enhances precipitation percolation. 
Degraded mountain meadows release runoff while healthy meadows holds and slowly releases water in 
storage. “Meadows are also important for water storage and habitat connectivity, providing California with 
water to sustain its ever-growing population and agricultural endeavors. Promoting the restoration of 
mountain meadows is critical for supplying our state with enough water to grow and habitat for the plant 
and animal species that we cherish.”23  
 

2. Decreased Demand Alternative 
The DEIS should have evaluated an alternative that would focus on reduction of water demand that is in 
keeping with the Bureau’s junior water claims status in an over-subscribed system - 120.6 MAF that is 5.6 
times more claims than there is available water.24  A decreased demand alternative would include elements 
such as:  

 Expanding agricultural and urban conservation. 
 Retiring contaminated lands. There are approximately 1 million acres of irrigated land in the San 

Joaquin Valley and the Tulare Lake Basin tainted with salts and trace metals like selenium, boron, 
arsenic, and mercury. This water drains back—after leaching from these soils the salts and trace 
metals—into sloughs and wetlands and the San Joaquin River, carrying along these pollutants. 
Retirement of these lands from irrigation usage would stop wasteful use of precious fresh water 
resources and help stem further bioaccumulation of these toxins that have settled in the sediments of 
these water bodies. The Lead and Approving Agencies have known about this massive pollution of 
soil and water in the area of demand for over three decades.25 Whether or not this is a preference for 
contractors, this pragmatic element should be fully explored. 

                                                 
23 Earthwatch Institute, 2017, Restoring Sierra Meadows: The Source of California’s Water. p. 1. 
http://earthwatch.org/briefings/web-teen-earthwatch-restoring-sierra-meadows-the-source-of-californias-water-2017.pdf 
24 California Water Impact Network, AquAlliance, and California Sportfishing Protection Alliance 2012. Testimony on Water 
Availability Analysis for Trinity, Sacramento, and San Joaquin River Basins Tributary to the Bay-Delta Estuary.  
25 http://www.usbr.gov/mp/cvpia/3408h/ 
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3. Reduced Dependence on Water Imported From the Delta 
The DEIS also failed to provide an alternative that honors California Water Code Section 85021 that 
requires all regions of California reduce their dependence on water imported from the Delta. “The policy of 
the State of California is to reduce reliance on the Delta in meeting California’s future water supply needs 
through a statewide strategy of investing in improved regional supplies, conservation, and water use 
efficiency. Each region that depends on water from the Delta watershed shall improve its regional self-
reliance for water through investment in water use efficiency, water recycling, advanced water 
technologies, local and regional water supply projects, and improved regional coordination of local and 
regional water supply efforts.”26  
 

III. The DEIR Fails to Adequately Analyze Numerous Cumulative Impacts. 

As discussed above, the Project is dependent on the hydrology of the Sacramento River and Delta 
watersheds to implement the proposed Project. The cumulative impact analysis is abysmal as it fails to 
consider many past, present and reasonably foreseeable future actions in the Delta watersheds. Whether this 
was done through the Bureau’s screening process or by deferring analysis to a future day, the cumulative 
analysis fails. The Ninth Circuit has made clear that NEPA mandates “a useful analysis of the cumulative 
impacts of past, present and future projects.”  Muckleshoot Indian Tribe v. U.S. Forest Service, 177 F.3d 
800, 810 (9th Cir. 1999).  Indeed, “[d]etail is required in describing the cumulative effects of a proposed 
action with other proposed actions.”  Id.  The obvious omissions in the cumulative effects discussion 
contained in the DEIS plainly fails to meet this standard. 
 
In assessing the significance of a project’s impact, Reclamation must consider “[c]umulative actions, which 
when viewed with other proposed actions have cumulatively significant impacts and should therefore be 
discussed in the same impact statement.” 40 C.F.R. §1508.25(a)(2). A “cumulative impact” includes “the 
impact on the environment which results from the incremental impact of the action when added to other 
past, present and reasonably foreseeable future actions regardless of what agency (Federal or non-Federal) 
or person undertakes such other actions.” Id. §1508.7. The regulations warn that “[s]ignificance cannot be 
avoided by terming an action temporary or by breaking it down into small component parts.” Id. 
§1508.27(b)(7). 
 
An environmental impact statement should also consider “[c]onnected actions.” Id. §1508.25(a)(1). Actions 
are connected where they “[a]re interdependent parts of a larger action and depend on the larger action for 
their justification.” Id. §1508.25(a)(1)(iii). Further, an environmental impact statement should consider 
“[s]imilar actions, which when viewed together with other reasonably foreseeable or proposed agency 
actions, have similarities that provide a basis for evaluating their environmental consequences together, 
such as common timing or geography.” Id. §1508.25(a)(3) 
 
The DEIS fails to comport with these standards for cumulative impacts upon surface water and 
groundwater supplies, subsidence, vegetation, and biological resources. The baseline and modeling data 
(WY 1970-2003) relied upon by the DEIS do not account for related transfer projects since the CalFed 
ROD was signed in 2000 and transfer accelerated. 
 

                                                 
26 California Water Code. DIVISION 35. SACRAMENTO-SAN JOAQUIN DELTA REFORM ACT OF 2009 [85000 - 85350] ( 
Division 35 added by Stats. 2009, 7th Ex. Sess., Ch. 5, Sec. 39.) 
https://leginfo.legislature.ca.gov/faces/codes_displayText.xhtml?lawCode=WAT&division=35.&title=&part=1.&chapter=2.&article= 
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A. The Cumulative Methodology Lacks Clarity 
Appendix Y, Cumulative Methodology, contains a brief introduction before it enumerates projects that 
passed a screening process. It is unclear what criteria were used to formulate the table that contains 
headings Water Supply and Water Quality Projects and Actions (19 projects); Future Water Supply 
Projects (23 projects); Ecosystem Improvement Projects and Actions(120 projects); and Other Projects (8 
projects). The process used must be delineated and provided to the public. In addition, the narrative on page 
Y-1 states that “[r]eferences to where project documentation may be located” are provided in the table. 
AquAlliance does not find these references and would appreciate knowing where they are located or have 
the DEIS corrected. 

B. The Cumulative Impact Analysis Is Vacuous 
1. Modeling 

Data used for modeling the Project appears to end in 2003. “1. Long Term is the average quantity for the 
period of Oct 1921 - Sep 2003.” “2. Dry and Critical Years Average is the average quantity for the 
combination of the SWRCB D-1641 40-30-30 Dry and Critical years for the period of Oct 1921 - Sep 
2003.” These dates and explanatory language are replete throughout the appendices that are intended for 
cumulative impact analysis. The Bureau’s failure to use more up-to-date data on conditions and activities 
after 2003 is a significant limitation on the utility of the model for estimating potentially significant 
impacts.  
 
For example, baseline conditions in the Sacramento Valley groundwater basin have changed significantly 
since 2003 including continued dramatic localized decreases in groundwater levels, decreases in water 
quality, and the expansion of subsidence. “The decrease in groundwater levels and quality has resulted in 
the many of the Sacramento Valley groundwater subbasins being listed as medium to high priority under 
SGMA. These subbasins are considered unsustainable under current conditions, and therefore require 
management under a Groundwater Sustainability Plan. The modeling effort doesn’t appear to account for 
the causes of the SGMA ranking or clearly address the potential for creating or expanding any SGMA 
undesirable results.”27 The failure to utilize more current data in the modeling for the Project by itself 
makes the DEIS meaningless.  
 

C. Recently Past, Current, and Future Transfers are Not Disclosed. 
The DEIS has deprived the public of knowledge or connection to recent supply projects that include river 
water transfers that may involve groundwater substitution transfer pumping. Below is a list of transfers 
from the recent past that at a minimum should have been considered in the DEIS. 
 

1. 2009. The Bureau approved a one-year water transfer program under which a number of 
transfers occurred. Regarding NEPA, the Bureau issued a FONSI based on an EA. 

2. 2010-2011. The Bureau approved a two-year water transfer program. No actual transfers 
occurred under this approval. Regarding NEPA, the Bureau again issued a FONSI based on 
an EA. 

3. 2012. Settlement contractors in the Sacramento Valley received 100% of their allocation. 
The Bureau planned 2012 water transfers of 76,000 AF of CVP water all through 
groundwater substitution, but it is unclear if CVP transfers occurred. 28 SWP contractors and 

                                                 
27 Custis, Kit. 2019. Comments on the Long-Term Water Transfers. p. 6. (Exhibit F) 
28 USBR 2012. Memo to the Deputy Assistant Supervisor, Endangered Species Division, Fish and Wildlife Office, Sacramento, 
California regarding Section 7 Consultation. 
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the Yuba County Water Agency (“YCWA”) did transfer water and the cumulative total 
transferred is stated to be 190,000 af.29 

4. 2013. WY – Dry. Settlement contractors in the Sacramento Valley received 100% of their 
allocation. The Bureau approved a 1-year water transfer program, again issuing a FONSI 
based on an EA. The EA incorporated by reference the environmental analysis in the 2010-
2011 EA. The 2013 Water Transfer Program proposed the direct extraction of up to 37,505 
AF of groundwater (pp. 8, 9, 11, 28, 29, 35), the indirect extraction of 92,806 AF of 
groundwater (p. 31), and the cumulative total of 190,906 (p. 29).30 Reported transfers 
amounted to 210,000 af.31 

5. 2014. Federal Settlement Contractors in the Sacramento Valley received 75% and State 
Settlement Contractors received 100% of their allocations. Total maximum proposed north-
to-south transfers were 378,733 af and total maximum proposed north-to-north transfers 
were 295,924 af.32 Reported north-to-south transfers amounted to 198,000 af.33 

6. 2015-2024. The Bureau and SLDMWA approved the FEIS/EIR for the 10-Year Water 
Transfer Program (aka Long-Term Water Transfers) with the ability to transfer up to 
600,000 af per year, however, the FEIS/EIR was vacated in 2018. No water was transferred 
under this program. 

7. 2016-2020. The Bureau’s Accelerated Water Transfer and Exchange Program for 
Sacramento Valley Central Valley Project Contractors – Contract Years 2016-2020 may 
transfer up to 150,000 acre-feet among Central Valley Project contractors for “[i]rrigation, 
incidental domestic use, M&I use, groundwater recharge, and/or maintenance of habitat and 
habitat conditions for fish and wildlife resources.” 

8. 2018-2024. The Western Canal Water District and Richvale Irrigation District Water 
approved a project that may transfer up to 60,000 af per year to south of the Delta. 

9. 2018-2023. 5-year Warren Act Contracts for CVP water service contractors within the 
Sacramento Canals Unit to convey groundwater in Federal facilities. 

10. 2018-2024. The Bureau and SLDMWA circulated a SDEIS/RDEIR for a 6-Year Water 
Transfer Program (aka Long-Term Water Transfers) that plans to transfer up to 600,000 af 
per year. 

 

D. Yuba Accord 
The Yuba River is the major tributary to the Feather River. However, the role of the Yuba Accord is not 
presented in any way. The relationship between the federal and state Agencies seeking or facilitating 
transfer water it is illuminated in a 2013 Environmental Assessment. “The Lower Yuba River Accord 
(Yuba Accord) provides supplemental dry year water supplies to state and Federal water contractors under 
a Water Purchase Agreement between the Yuba County Water Agency and the California Department of 

                                                 
29 Western Canal Water District, 2015. Initial Study and Proposed Negative Declaration for Western Canal Water District 2015 
Water Transfer Program. (p. 21) 
30 USBR, 2013. Draft Environmental Assessment and Findings of No Significant Impact for the 2013 Water Transfers. (p. 29) 
31 Western Canal Water District, 2015. Initial Study and Proposed Negative Declaration for Western Canal Water District 2015 
Water Transfer Program. (p. 21) 
32 AquAlliance, 2014. 2014 Sacramento Valley Water Transfers. (Data from: 1) USBR, 2014 EA for 2014 Tehama-Colusa Canal 
Authority Water Transfers; 2) USBR and SLDMWA, 2014. EA/Negative Declaration, 2014 San Luis & Delta Mendota Water 
Authority Transfers.) 
33 Western Canal Water District, 2015. Initial Study and Proposed Negative Declaration for Western Canal Water District 2015 
Water Transfer Program. (p. 21) 
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Water Resources (DWR). Subsequent to the execution of the Yuba Accord Water Purchase Agreement, 
DWR and The San Luis & Delta- Mendota Water Authority (Authority) entered into an agreement for the 
supply and conveyance of Yuba Accord water, to benefit nine of the Authority’s member districts (Member 
Districts) that are SOD [south of Delta] CVP water service contractors.” 34  
 
In a Fact Sheet produced by the Bureau, it provides some numerical context and more of DWR’s 
involvement by stating, “Under the Lower Yuba River Accord, up to 70,000 acre-feet can be purchased by 
SLDMWA members annually from DWR. This water must be conveyed through the federal and/or state 
pumping plants in coordination with Reclamation and DWR. Because of conveyance losses, the amount of 
Yuba Accord water delivered to SLDMWA members is reduced by approximately 25 percent to 
approximately 52,500 acre-feet. Although Reclamation is not a signatory to the Yuba Accord, water 
conveyed to CVP contractors is treated as if it were Project water.” 35 However, the Yuba County Water 
Agency (“YCWA”) may transfer up to 200,000 under Corrected Order WR 2008-0014 for Long-Term 
Transfer and, “In any year, up to 120,000 af of the potential 200,000 af transfer total may consist of 
groundwater substitution. (YCWA-1, Appendix B, p. B-97.).” 36 
 
Potential cumulative impacts from the Project and the YCWA Long-Term Transfer Program from 2008 - 
2025 are not disclosed or analyzed in the DEIS. As mentioned above, the 2018-2024 Water Transfer 
Program could transfer up to 600,000 af per year through the same period that the YCWA Long-Term 
Transfers are potentially sending 200,000 af into and south of the Delta. How these two projects operate 
simultaneously could have a very significant impact on the environment and economy of the Feather River 
and Yuba River’s watersheds and counties as well as the Delta is not any part of the Project’s DEIR. The 
involvement of Browns Valley Irrigation District and Cordua Irrigation District in both long-term water 
transfer programs must also be considered. If the Project is not withdrawn, the Yuba Accord and other 
Yuba River water transfers’ cumulative impacts must be analyzed and presented to the public in a revised 
draft DEIS. 
 
Also not available in the DEIS is disclosure of any issues associated with the Yuba River transfers that 
have usually been touted as a model of success. The Yuba County Water Agency (“YCWA”) transfers have 
encountered troubling trends for over a decade that, according to the draft Environmental Water Account’s 
EIS/EIR, were mitigated by deepening domestic wells (2003 p. 6-81). While digging deeper wells is at least 
a response to an impact, it hardly serves as a proactive measure to avoid impacts. Additional information 
finds that it may take 3-4 years to recover from groundwater substitution in the south sub-basin37 although 
YCWA’s own analysis fails to determine how much river water is sacrificed to achieve the multi-year 
recharge rate. None of this is found in the DEIS. What was found in the 2015-2024 Water Transfer 
Program’s environmental review is that even the inadequate SACFEM2013 modeling reveals that it could 
take more than six years in the Cordua ID area to recover from multi-year transfer events, although 
recovery was not defined (pp, 3.3-69 to 3.3-70). This is a very significant impact that is not addressed 
cumulatively in the DEIS. 
 

E. Other Projects 
Additional projects with cumulative impacts upon groundwater and surface water resources affected by the 
proposed project: 
                                                 
34 Bureau of Reclamation, 2013. Storage, Conveyance, or Exchange of Yuba Accord Water in Federal Facilities for South of 
Delta Central Valley Project Contractors. 
35 Bureau of Reclamation, 2013. Central Valley Project (CVP) Water Transfer Program Fact Sheet. 
36 State Water Resources Control Board, 2008. ORDER WR 2008 - 0025 
37 2012. The Yuba Accord, GW Substitutions and the Yuba Basin. Presentation to the Accord Technical Committee. (pp. 21, 22). 
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1. The DWR Dry Year Purchase Agreement for Yuba County Water Agency water 
transfers from 2015-2025 to SLDMWA.38 

2. Installation of numerous production wells by water districts that sell water, many with 
the use of public funds such as Butte Water District,39 GCID, Anderson Cottonwood 
Irrigation District,40 RD108, and Yuba County Water Authority, 41 among others. 

 
In closing, all the signatories request notification of any future meetings, documents, notices, or any other 
communication regarding the Project. Thank you for the opportunity to comment. 
 
Sincerely, 

 
Barbara Vlamis, Executive 
Director 
AquAlliance 
P.O. Box 4024 
Chico, CA 95927 
(530) 895-9420 
barbarav@aqualliance.net 
 

 
 

 
Bill Jennings, Chairman 
California Sportfishing 
Protection Alliance 
3536 Rainier Avenue 
Stockton, CA 95204 
(209) 464-5067 
deltakeep@me.com 
 

 
 
 

 
Carolee Krieger, President 
California Water Impact 
Network 
808 Romero Canyon Road 
Santa Barbara, CA 93108 
(805) 969-0824 
caroleekrieger@cox.net 

 

  

Jim Brobeck 
Water Policy Analyst 
AquAlliance 
jimb@aqualliance.net 
 
 

                                                 
38 SLDMWA Resolution # 2014 386 
http://www.sldmwa.org/OHTDocs/pdf_documents/Meetings/Board/Prepacket/2014_1106_Board_PrePacket.pdf 
 
39 Prop 13. Ground water storage program: 2003-2004 Develop two production wells and a monitoring program to track changes 
in ground. 
40 “The ACID Groundwater Production Element Project includes the installation of two groundwater wells to supplement 
existing district surface water and groundwater supplies.” http://www.usbr.gov/mp/nepa/nepa_projdetails.cfm?Project_ID=8081 
41 Prop 13. Ground water storage program 2000-2001: Install eight wells in the Yuba-South Basin to improve water supply 
reliability for in-basin needs and provide greater flexibility in the operation of the surface water management facilities. 
$1,500,00;  



 
 

November 12, 2019 
 

SENT VIA EMAIL (rwgrimes@usbr.gov) 
 
Russell Grimes 
Bureau of Reclamation 
Mid-Pacific Regional Office 
Federal Office Building 
2800 Cottage Way 
Sacramento, CA 95825-1898 
 
 

RE: Comments on Long-Term Water Transfers Final Environmental 
Impact Statement/Environmental Impact Report 

 
Dear Mr. Grimes: 
 

These comments on the Long-Term Water Transfers (“Project”) Final 
Environmental Impact Statement/Environmental Impact Report (“FEIS/R”) are submitted 
on behalf of the Central Delta Water Agency, South Delta Water Agency, and Local 
Agencies of the North Delta.   
 

The FEIS/R fails as the Bureau of Reclamation (“BOR”) and San Luis & Delta-
Mendota Water Authority’s (“SLDMWA”) attempt to update the document in response 
to the United States District Court for the Eastern District of California (“District Court”) 
decision in AquAlliance v. U.S. Bureau of Reclamation (E.D. Cal. 2018) 287 F.Supp.3d 
969 (AquAlliance).  Not only have BOR and SLDMWA not made changes to rectify the 
flaws detailed in the District Court’s ruling, they have created a FEIS/R that is confusing 
and unusable as an informational document.  The FEIS/R violates the National 
Environmental Policy Act (“NEPA”) for its failure to take a hard look at impacts, 
adequately discuss mitigation measures, or otherwise provide information in any usable 
way. 
 

Furthermore, as a practical matter, the FEIS/R is an opaque and baffling 
document, and impractical as a means to inform the public of the Project and its impacts.  
Information is buried in appendices, which are referred to inconsistently.  (See FEIS/R, 
pp. S-16, S-17.)  What is new analysis, what is carried over from the original draft EIS/R, 
and what changes have been made from the Supplemental Draft EIS/Recirculated Draft 
EIR (“SDEIS/RDEIR”) to the FEIS/R, is unclear.  The responses to comments have been 
divided in a manner such that BOR and SLDMWA have avoided addressing the 
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substance of the comments.  (See FEIS/R, pp. S-7, S-19, S-20.)  In all, the FEIS/R is 
unworkable and inadequate under NEPA because “relevant information” has not been 
“made available” to the public.  (See N. Plains Res. Council, Inc. v. Surface Transp. Bd. 
(9th Cir. 2011) 668 F.3d 1067, 1075.)   
 
The Reduction in Annual Transfers Is a Mitigation Measure under NEPA and 
CEQA and Must Be Evaluated  
 

We previously raised comments on the artificial 250,000-acre-foot (“AF”) transfer 
limit, specifically how the limit created an unstable project description under CEQA.  
(FEIS/R, pp. S-7, S-8.)  The earlier comments primarily addressed the project 
descriptions inadequacies under CEQA (ibid) but they equally apply to deficiencies under 
NEPA.  Per BOR’s own NEPA regulations, an EIS must include a description of the 
proposed action.  (43 C.F.R. § 46.415, subd. (a)(2); see also 40 C.F.R. § 1502.14, subd. 
(b) [an EIS must “[d]evote substantial treatment to each alternative considered in detail 
including the proposed action . . .”].)  Beyond the project description issues posed by the 
transfer limit, it also operates as de facto mitigation, though the FEIS/R fails to treat it as 
such.   
 

Mitigation measures under NEPA include “[m]inimizing impacts by limiting the 
degree or magnitude of the action and its implementation.”  (CEQ Regulations, § 
1508.20.)  The FEIS/R states that the 250,000 AF limit is derived from buyer’s demand.  
(FEIS/R, p. ES-5.)  However, the sellers have more than double that amount of water 
available for transfer.  (FEIS/R, p. ES-6.)  Thus the buyers could purchase significantly 
more water from the sellers if demand increases.  The transfer limit thus functions as 
mitigation, capping water transfers in an effort to limit the associated significant impacts.  
As the FEIS/R admits, the water transfer cap “could decrease effects to some resource 
analyses[.]”  (FEIS/R, p. 1-4.)   
 

While NEPA may not have the substantive requirements for mitigation measures 
as CEQA, NEPA does impose requirements on the discussion of mitigation measures in 
an EIS.  An EIS must discuss mitigation measures “with sufficient detail to ensure that 
environmental consequences have been fairly evaluated.”  (S. Fork Band Council of W. 
Shoshone v. United States DOI (9th Cir. 2009) 588 F.3d 718, 727, quoting Robertson v. 
Methow Valley Citizens Council (1989) 490 U.S. 332, 352.)  “An essential component of 
a reasonably complete mitigation discussion is an assessment of whether the proposed 
mitigation measures can be effective.  (South Fork, supra, 588 F.3d at 727.)  The FEIS/R 
has not discussed the transfer limit as a mitigation measure in any sense, therefore failing 
both requirements.  The FEIS/R implicitly assumes the effectiveness of the transfer limit 
as a mitigation measure, despite the fact it is unenforceable and there is an absence of 
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critical details such as how BOR will keep track of transfers, how it will prioritize 
transfers, or what happens when a proposed transfer would exceed the artificial limit.  
Without this information, the FEIS/R cannot provide an accurate assessment of the 
transfer limit as a mitigation measure under NEPA.   
 

Similarly, under CEQA, mitigation measures may be incorporated into a project 
plans, policies, or designs—but they nevertheless remain mitigation measures.  (CEQA 
Guidelines, § 15126.4, subd. (a)(2).)  The transfer limit cap is a mitigation measure that is 
incorporated into the Project.  (Ibid.)  SLDMWA claims that the 250,000 acre-feet single 
year limit is derived from buyer’s demand.  (FEIS/R, p. E-5.)  However, the sellers have 
more than double that amount of water available for transfer.  (FEIS/R, p. ES-6.)  
Without an enforceable transfer limit, buyers could purchase significantly more water 
from the sellers if their demand increases.  The transfer limit thus functions as mitigation, 
preventing more water transfers and the resulting significant impacts.  As the FEIS/R 
admits, the water transfer cap “could decrease effects to some resource analyses[.]”  
(FEIS/R, p. 1-4.)   
 

Mitigation measures must be fully enforceable through some legally binding 
instrument.  (Guidelines, § 15126.4, subd. (a)(2).)  SLDMWA’s bare assurances that 
BOR won’t let transfers exceed the transfer limit does not make the transfer limit 
enforceable mitigation.  SLDMWA and BOR must include some specific condition of 
approval, mitigation measure or agreement that is legally enforceable.  Moreover, there is 
no explanation of the process by which BOR would supposedly limit transfers.  Relevant 
information is absent from the EIR/EIS, such as how BOR will keep track of transfers, 
how will BOR prioritize transfers, or how will BOR address transfers which would 
exceed the limit.   
 

The FEIS/R fails to rectify the uncertain and shifting project description issue.  
Common Response 2 suggests that commenters are asserting BOR must be able to limit 
all through-Delta transfers to the 250,000 acre-feet limit.  (FEIS/R, p. S-4.)  This 
characterization is false.  As the FEIS/R states, “other transfers not included in this Final 
EIS/EIR could occur during the same time period . . . .”  (FEIS/R, p. ES-3.)  The FEIS/R 
does not elaborate on this distinction, which is precisely the issue commenters previously 
raised.  There is no concrete explanation of how it is determined whether a transfer falls 
under the Project or not.   
 

These same arguments apply to the supposed restriction that water transfers will 
only happen two out of the Project’s six years, as described in the Project’s revised 
biological opinion (“BiOp”) for the Project’s impacts on giant garter snake (“GGS”).  
(BiOp, pp. 1 [“Reclamation anticipates the transfer of water in any two years out of the 
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remaining six years of the program (2019-2024).”], 3, 25, 28.)  This limitation is not 
described anywhere in the FEIS/R, making the Project Description inadequate under 
NEPA and CEQA.  Whether the limitation means that no transfers will occur between 
buyers and sellers in other years, or that transfers between buyers and sellers outside of 
those two years are not part of the Project, is unclear and the FEIS/R provides no clarity 
on the matter. 
 

Further, the limitation is also a de facto mitigation measure much like the 250,000 
AF transfer limit, as the BiOp cites the two-out-of-six limitation to conclude that the 
Project will not “jeopardize the continued existence of the [giant garter] snake.”  (BiOp, 
p. 28.)  The FEIS/R fails to discuss the two-out-of-six limit “with sufficient detail to 
ensure that environmental consequences have been fairly evaluated.”  (S. Fork, supra, 
588 F.3d at 727.)  Under CEQA, the two-out-of-six limitation must be enforceable, but 
the FEIS/R fails to include any enforcement mechanisms.  Presumably, BOR expects the 
public to have faith that it will not allow transfers more than two out of the six years.  
Given that the FEIS/R never discloses this limitation, it is difficult for the public to trust 
BOR will self-enforce and not allow transfers more than two of the Project’s six years.   
 
The Voluntary Settlement Agreements Is a Reasonably Foreseeable Cumulative 
Project under NEPA and CEQA 
 

Cumulative impacts are defined under NEPA as an “impact on the environment 
which results from the incremental impact of the action when added to other past, 
present, and reasonably foreseeable future actions[.]”  (N. Alaska Envtl. Ctr. v. 
Kempthorne (9th Cir. 2006) 457 F.3d 969, 980, quoting Neighbors of Cuddy Mt. v. 
United States Forest Service (1998) 137 F.3d 1372, 1378; 40 C.F.R. § 1508.7.)  An FEIS 
must consider cumulative actions “which when viewed with other proposed actions have 
cumulatively significant impacts and should therefore be discussed in the same impact 
statement.”  (N. Alaska Envtl. Ctr., supra, 457 F.3d at 980.)  Reasonably foreseeable 
actions include proposed actions.  (Ibid., citing Lands Council v. Powell (9th Cir. 2004) 
379 F.3d 738, 746; see also Tenakee Springs v. Clough (9th Cir. 1990) 915 F.2d 1308, 
1313 [a project is no longer speculative after press release and a Notice of Intent are 
published].)   
 

Under CEQA, a cumulative project is “probable” and warrants inclusion in 
cumulative impact analysis when once environmental review is under way.  (See San 
Franciscans for Reasonable Growth v. City & County of San Francisco (1984) 151 
Cal.App.3d 61, 74; see also Friends of the Eel River v. Sonoma County Water Agency 
(2003) 108 Cal.App.4th 859, 879.)  If an EIR fails to include probable cumulative 
projects, the EIR’s cumulative impact analysis is inadequate as a matter of law.  (See San 
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Joaquin Raptor/Wildlife Rescue Ctr. v. County of Stanislaus (1994) 27 Cal.App.4th 713, 
740 (San Joaquin Raptor).)   

 
As described in previous comments, the SDEIS/RDEIR failed to disclose or 

analyze new cumulative projects, including the Addendum to the Coordinated Operation 
Agreement (“COA amendments”) and the Water Quality Control Plan for the San 
Francisco Bay/Sacramento-San Joaquin Delta Estuary (“Bay-Delta Plan”) Voluntary 
Settlement Agreements (“VSA”).  (FEIS/R, pp. S-8, S-9.)  The response to that comment 
was inadequate and failed to justify the prior failures to analyze the new COA and VSA.  
Under both NEPA and CEQA, the FEIS/R’s assertion that the VSA are not reasonably 
foreseeable is false.   
 

As of February 28, 2019, the State Water Resources Control Board had prepared a 
project description for the VSA.  (See Exhibit 1 [Project Description for Proposed 
Voluntary Agreements].)  This alone makes the VSA reasonably foreseeable as a 
cumulative project under NEPA.  (N. Alaska Envtl. Ctr., supra, 457 F.3d at 980.)  
Further, on July 1, 2019, during the 6-month period BOR and SLDMWA took to respond 
to comments, Secretaries Blumenfeld and Crowfoot provided a progress report on the 
VSA indicating that a draft CEQA document would be released summer of 2020 for 
comment.  (Exhibit 2 [Voluntary Agreements Progress Report].)  The VSA is not some 
hypothetical program for which no specifics are known.  The formulation of the VSA is 
ongoing.  Environmental review of the VSA is underway.  The VSA will undoubtedly 
impact the Project, and will have cumulative impacts with the Project.  (See Exhibit 3 
[VSA Appendices A1-A10].)  The VSA is a cumulative project under NEPA and must be 
considered in the Project’s cumulative impact analysis.  Additionally, not including the 
VSA in the cumulative impact analysis constitutes a failure to proceed in a manner 
required by law.  (San Joaquin Raptor, supra, 27 Cal.App.4th at 740.)   
 

The VSA themselves are not being developed in a vacuum.  The VSA are being 
developed as an alternative to the Bay-Delta Plan due to the latter’s potentially 
tremendous impact on surface water supply and groundwater recharge.  (See Exhibit 1, 
pp. 5-6 [VSA Project Description].)  The SWRCB is currently revising the Bay-Delta 
Plan, updating biological goals, and recently provided the initial unimpaired flow 
compliance measures for the Lower San Joaquin River.  The Bay-Delta Plan will include 
significant unimpaired flow requirements.  (See Exhibit 4, Initial Lower San Joaquin 
River Flow Compliance Measures; Exhibit 5, Scientific Basis Report in Support of New 
and Modified Requirements for Inflows from the Sacramento River (“Scientific Basis”).)  
High unimpaired flow requirements will, in turn, result in increased groundwater 
pumping, affecting the environmental setting of the Project.  (See Exhibits 6 [Northern 
California Water Association (“NCWA”) Comments on the Scientific Basis], 7 [Nevada 
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Irrigation District Comments on Bay-Delta Plan Update].)  Water users on the 
Sacramento River and its tributaries believe the SWRCB’s approach threatens to disrupt 
sustainable groundwater management by limiting groundwater recharge and requiring 
additional groundwater pumping.  (See Exhibit 6, pp. 5-6 [NCWA’s comments on the 
Scientific Basis].)  This information is relevant to both the environmental setting for the 
Project and the cumulative groundwater impacts of the Project.  However, the FEIS/R 
does not disclose the Bay-Delta Plan update in the cumulative impact discussions for 
water supply (FEIS/R, p. 3.1-22), or groundwater (FEIS/R, p. 3.3-31).  For the same 
reasons as the VSA, the Bay-Delta Plan update is a reasonably foreseeable cumulative 
project.  The FEIS/R fails under both CEQA and NEPA for not disclosing and analyzing 
the Bay-Delta Plan update as a cumulative project. 
 
The FEIS/R Failed to Include a Threshold of Significance for Cumulative Impacts 
of Reductions to Delta Outflows 
 

The SDEIS/RDEIR failed to include a threshold of significance for the Project’s 
cumulative water quality impacts, which violates CEQA and the District Court’s 
judgment.  (AquaAlliance, supra, 287 F.Supp.3d at 1035-1037.)  Our prior comments on 
the SDEIS/RDEIR explained this in detail.  (See FEIS/R, p. S-19 to S-21.)  SLDMWA’s 
response fragments those comments to avoid addressing the absence of a significance 
threshold, and makes disingenuous and inaccurate characterizations of the District 
Court’s ruling.  Our prior comments accurately reflect the District Court’s ruling, which 
found that SLDMWA failed to include a threshold of significance for the Project’s 
cumulative water quality impacts.   
 

In AquAlliance, we successfully argued that the “threshold of significance related 
to this particular impact [was] arbitrary and therefore violate[d] CEQA and that the 
cumulative impact analysis fail[ed] to take into consideration the already degraded 
condition of the Delta.”  (AquAlliance, supra, 287 F.Supp.3d at 1034.)  The District Court 
found that any threshold of significance in the FEIS/R was inadequate because it did “not 
take into account existing conditions in the Delta.”  (Ibid. [finding the analysis inadequate 
even assuming, arguendo, that it imposed a threshold of significance].)   
 

This same fundamental problem continued into the subsequent SDEIS/RDEIR, as 
that document also does not include any threshold of significance, which accounts for the 
“precarious” conditions of the Delta.  The conditions of the Delta inform the threshold of 
significance for cumulative impacts since “the greater the existing environmental 
problems are, the lower the threshold should be for treating a project’s contribution to 
cumulative impacts as significant.”  (Communities for a Better Environment v. California 
Resources Agency (2002) 103 Cal.App.4th 98, 120.)  Response to Comment 2-16 repeats 
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the SDEIS/RDEIR’s conclusion that cumulative impacts would not be substantial 
because the Project would result in a small decrease in Delta outflow.  The purported 
analysis across the SDEIS/RDEIR and FEIS/R fails to describe what exactly would 
constitute a significant cumulative impact to water quality, i.e. a discernable threshold of 
significance.  The absence of any discernable threshold means that there is no context for 
the Project’s incremental contribution, much less any resulting practical consequence.  
“A sufficient discussion of significant impacts in an [EIR] requires not merely a 
determination of whether an impact is significant, but some effort to explain the nature 
and magnitude of the impact.  (Sierra Club v. County of Fresno (2018) 6 Cal.5th 502, 
519; Kings County Farm Bureau v. City of Hanford (1990) 221 Cal.App.3d 692, 732; 
Laurel Heights Improvement Assn. v. Regents of University of California (1988) 47 
Cal.3d 376, 401-402.)   
 

An example of why a threshold of significance is necessary can be found in the 
related issue of cumulative projects.  Our earlier comments on the SDEIS/RDEIR noted 
that new cumulative projects, such as the Addendum to the COA, warranted disclosure 
and new analysis of cumulative impacts.  (FEIS/R, pp. S-9, S-20.)  The FEIS/R purports 
to have “analyzed the potential changes associated with the revised COA and found that 
the changes to flows and temperatures would be negligible . . . .” (FEIS/R, p. S-9.)  This 
assertion begs the question, against what standard is the change negligible?  The lack of 
discernable threshold of significance undermines the analysis of cumulative water quality 
impacts, regardless of the changes made from the prior documents.  The “updated” 
cumulative water quality impact analysis is another example demonstrating SLDMWA 
and BOR have failed to heed the District Court’s ruling.   
 
The FEIS/R Fails to Address Why Recirculation Is Not Needed 
 

Prior comments described reasons why, under both CEQA and NEPA, BOR and 
SLDMWA must prepare and circulate a new EIR/S, primarily due to new information, 
changed circumstances, and changes to the Project itself.  (FEIS/R, pp. S-10, S-11.)  The 
out-of-hand dismissal of these comments fails to address why any of the specific 
examples provided do not warrant recirculation under NEPA.  Changes to the Project 
area, the total amount of water available for transfer, changes to baseline conditions all 
warrant reconsideration of numerous resources areas that are left unaddressed in the 
FEIS/R.  Tailoring this second round of environmental review to the District Court’s 
ruling, at the expense of a holistic approach considering changes that have occurred over 
the last five years, created massive blind spots in the analysis in the FEIS/R.  The 
significant new information and changed circumstances referenced in prior comments 
warranted recirculation of a supplemental draft EIS under NEPA and further recirculation 
under CEQA.  (40 C.F.R. § 1502.9, subd. (c)(ii); see also Russell Country Sportsmen v. 
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United States Forest Serv. (9th Cir. 2011) 668 F.3d 1037, 1045; CEQA Guidelines, § 
15088.5.) 
 
The FEIS/R Mischaracterizes the District Court’s Climate Change Impact Ruling 
 

The FEIS/R asserts that because the Project is a “water supply project,” BOR and 
SLDMWA need only analyze climate change’s impacts on water supply, specifically the 
quantity of water available for transfer.  (FEIS/R, p. S-17.)  Such a narrow analysis 
ignores the other ways in which climate change could impact the Project.  For example, 
climate change’s impacts on water quality via increased salinity could result in the 
buyer’s demand increasing in exceedance of the 250,000 AF transfer limit.  The transfer 
limit is a core mitigation measure that defines the Project, and yet is purportedly driven 
solely by buyer demand.  Climate change will increase buyers’ need for water made 
available by the sellers under the Project.  The FEIS/R fails to even acknowledge this 
possibility.   
 
The Analysis and Proposed Mitigation for Giant Garter Snake Is Deficient under 
Both NEPA and CEQA 

 
Substantial evidence does not support the FEIS/R’s conclusion that impacts to 

GGS would be less than significant with mitigation.  The newly-revised BiOp explains 
this with clarity: 
 

To determine the effects to the snake from crop idling and the effectiveness 
of the conservation measures, multiple years of data should be collected 
and analyzed. 

 
(BiOp, p. 27.)   
 

In light of this uncertainty, one cannot reasonably conclude that the Project’s 
proposed mitigation is less than significant.  Rather than conservatively acknowledge that 
the Project’s impact is significant, BOR and SLDMWA instead engage in a bad faith 
effort to conceal the uncertainty associated with the Project’s unproven mitigation 
strategy for GGS.   
 

While there is acknowledged uncertainty regarding the significance of the 
Project’s individual impact on GGS populations, there is no question regarding the 
cumulative impact.  The 2019 BiOp states, “The cumulative loss of 18.4 percent of 
available rice foraging habitat for the snake will be an adverse effect on the snake.”  
(BiOp, p. 28 (emphasis added).)  The FEIS/R, by contrast, ignores this issue altogether in 
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its cumulative analysis.  (FEIS/R p. 3.8-40-43.)  Further, using an average value for 
habitat loss understates the impact.  In 2017, the most recent year documented, only 
329,217 acres were planted in rice.  If this pattern continued, not only would there be less 
GGS habitat before transfers even occurred, but 87,035 fallowed acres for transfers 
would equate to an additional habitat loss of 26.4 percent.   
 

Our earlier comment explained how the SDEIS/RDEIR downplayed the 
importance of rice field habitat in order to justify the Project’s significant reduction 
(eliminating up to “12.8 percent of the average land in rice production within the 
Sacramento Valley”) in this critical GGS habitat and the misguided focus on alternative 
mitigation of unassessed effectiveness. 
 

First, it is noted that the FEIS/R makes no attempt to dispute that the Project 
would eliminate up to 12.8 percent of the average land in rice production within the 
Sacramento Valley.  Instead, the FEIS/R minimizes the importance of this habitat by 
stating, “[R]ice field and more importantly their associated canals and drains have 
become important habitat for giant garter snake.”  (FSEIR/R, p. S-23.)  This is misleading 
because rice habitats and their canals provide different habitat components, and are both 
important.  USFWS’s updated BiOp for the Project acknowledges: 
 

Ditches, canals, other agricultural conveyance features, and rice fields all 
provide suitable aquatic habitat for the snake.  Rice fields, in particular, 
provide additional aquatic habitat that snakes utilize for cover from 
predators and for foraging on fish and amphibians during the active season. 

 
(BiOp, p. 25.)   
 

Thus, rice fields provide habitat components that are not provided by canals and 
ditches.  The FSEIR’s generalized reference to the “recent studies” described in “Section 
3.8 Vegetation and Wildlife, pages 3.8-18 of the RDEIR/SDEIS” does not change this.  
While the Reyes et al 2017 study finds that GGS are “strongly associated with the 
canals,” the very next sentence in that report provides critical context:  
 

Giant gartersnakes are strongly associated with the canals that supply water 
to and drain water from rice fields; these canals provide much more stable 
habitat than rice fields because they maintain water longer and support 
marsh-like conditions for most of the giant gartersnake active season. 
Nonetheless, our results suggest that maintaining canals without 

neighboring rice fields would be detrimental to giant gartersnake 
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populations, with decreases in giant gartersnake survival rates associated 
with less rice production in the surrounding landscape. 

 
(See Exhibit 8, Reyes et al. 2017, p. 70 (emphasis added).) 
 

The FSEIR’s obvious misrepresentation of the Reyes study’s findings is 
inexcusable, and falls well below the standard of good faith.  Implicitly acknowledging 
that the Reyes study does not support the FEIS/R’ finding, the FEIS/R also cites a report 
prepared by David Shuford.  However, that report is not a peer-reviewed scientific study 
but rather a consultant report prepared specifically to support the Project by a person who 
is not an expert in GGS habitat or distribution.  (See Exhibit 9.)  Mr. Shuford might be an 
expert on the habitat and distribution of birds, but he has no demonstrable expertise on 
GGS and his report does not provide any substantial evidence support regarding GGS 
impacts. 
 

Literally buried in an Appendix to the FEIS/R is a recent scientific study prepared 
by prominent GGS experts that directly contradicts the Project’s mitigation strategy of (i) 
protecting only “known important giant garter snake populations” located in proximity to 
“historic areas of tule marsh,” and (ii) maintaining water in canals of fallowed rice fields.  
As Appendix N concedes, “More recent research involving occupancy of giant garter 
snake did not support the hypothesis that historic tule marsh is the most important 
variable for predicting.  (Hansen et al. 2017.)”  (FEIS/R, p. N-78)  The referenced Hansen 
et al. study, in turn, explains: 
 

Thamnophis gigas use canals as refugia in spring before rice fields have 
been inundated and in autumn as rice fields are being dewatered after the 
harvest (Hansen et al., 2015).  Canals also may be necessary components of 
T. gigas habitat given the dynamic agricultural practices in the Sacramento 
Valley, where rice fields may be fallowed or converted to other crops as 
market conditions change.  Rice fields also may be fallowed if the value of 
water increases and farmers choose to sell their water rights.  Although T. 

gigas populations are not likely to persist over long periods without access 

to inundated rice fields, canals may provide sufficient resources during 

relatively short periods of fallowing.  Rice fields are believed to function 
as surrogates for the wetlands that formerly were core habitat for the 
species (Hansen, 1998; Halstead et al., 2014) and to serve as essential 
components of habitat during the active season of T. gigas.  The rice fields’ 
shallow, warm waters produce high concentrations of aquatic prey, and the 
rice plants provide cover from predators (Hansen, 1998; Halstead et al., 
2010).  Nevertheless, occupancy of rice fields is heterogeneous, even in 
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areas where no historical or contemporary barriers to movement are 

apparent. 
 
(Exhibit 10, Hansen et al., p. 280 (emphasis added), see also p. 281 (refuting Halstead et 
al. 2014).) 

Thus, the recent Hansen et al. study is critical in two respects.  First, it refutes the 
scientific basis for focusing GGS mitigation strategy on so-called “known important” 
GGS populations based on their proximity to historic tule marshes.  Second, it refuses the 
FEIS/R’s false and misleading assertion that canals are more important than the rice 
fields themselves for mitigating GGS impacts.1  This conclusion is in accord with Reyes 
et al, which plainly states, “[M]aintaining canals without neighboring rice fields would be 
detrimental to giant gartersnake populations.”   
 

Thus, the record therefore confirms that the FEIS/R has it exactly backward.  Rice 
fields are more important than canals and ditches to preserve GGS populations.  Hansen 
et al. explains, “[C]anals may provide sufficient resources during relatively short periods 
of fallowing.”  While Hansen et al. does not define what it meant by “relatively short 
periods of time, this is almost certainly why the Bureau’s revised Biological Assessment 
(“BA”) for the Project, and the USFWS’ BiOp, are both expressly premised on water 
transfers occurring in only two years out of the Project’s six-year term.  (BiOp, pp. 1, 3, 
28; BA, p. 7.) 
 

While the Project’s BA and BiOp are limited to water transfers occurring in only 
two years between 2019 – 2025, no such limitation is contained within the FEIS/R.  
Accordingly, the Project described in the FEIS/R is substantially different from the 
Project described in the BA and BiOp.  Although the FEIS/R’s GGS mitigation strategy 
is to be based on the conservation measures set forth in the BA and BiOp, the record 
reveals that these are inadequate for a Project that would include up to six straight years 
of water transfers.  The BiOp itself plainly states, “[I]f transfers are proposed in more 
than two years, Reclamation will reinitiate consultation, as necessary.”  (BiOp, p. 1.) 

                                                 
1  The decision by BOR and SLDMWA to relegate this study to an Appendix, and 
then not directly address the obviously significant implications on the proposed GGS 
mitigation strategy, is a failure to proceed in a manner required by law under CEQA.  
“We have made clear, and recently reiterated, that [i]nformation scattered here and there 
in EIR appendices” or a report “buried in an appendix,” is not a substitute for “a good 
faith reasoned analysis.”  (Cleveland National Forest Foundation v. San Diego Assn. of 
Governments (2017) 3 Cal.5th 497, 516 (internal quotations omitted).)  This tactic also 
constitutes a failure to take a “hard look” at conflicting evidence.  (See Ctr. for Biological 
Diversity v. Skalski (E.D.Cal. 2014) 61 F. Supp. 3d 945, 956-957.) 
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We also commented previously that the SDEIS/RDEIR inadequately explained 
how protecting only “known important” GGS populations was ineffective in light of the 
admitted “limited data [that] exists on the actual distribution and occurrence of the giant 
garter snakes within Central Valley rice lands.”  (FEIS/R, p. S-24.)  The FEIS/R states 
that this “does not diminish the benefit of protecting known populations” by pointing to 
other proposed mitigation measures such as continued “occupancy research.”  This is not 
a good faith response.  First, the FEIS/R literally buries in an appendix a scientific study 
that does, in fact, “diminish the benefit” of this mitigation strategy.  Second, the 
USFWS’s updated GGS BiOp expressly calls into question the effectiveness of this 
mitigation strategy even though it is limited to only two out of six years, stating, “To 
determine the effects to the snake from crop idling and the effectiveness of the 
conservation measures, multiple years of data should be collected and analyzed.”  (BiOp, 
p. 27.)   
 

Finally, the BiOp represents inaccurate figures in Table 12 for Richvale ID and 
Western Canal WD as cumulatively 42,000 AF.  FEIS/R also uses the 42,000 AF figure 
in Table 4-1.  However, between 2018-2022, Western Canal and Richvale may transfer 
up to 60,000 AF per year to south of the Delta though fallowing.2  Correcting this 
discrepancy of 18,000 AF raises the number of acres of cumulative loss of available rice 
foraging habitat for GGS. 
 

In conclusion, the FEIS/R has failed to take the requisite hard look at the Project’s 
impacts to GGS.  It has also failed to adequately assess the effectiveness of a proposed 
mitigation strategy that was bootstrapped from a significantly less intrusive project that 
would fallow fields in only two out of six years.  The FEIS/R also fails to respond to 
comments in good faith by misrepresenting and even burying scientific studies that refute 
the FEIS/R’s findings.  
 
The FEIS/R Failed to Disclose and Analyze the Delta Stewardship Council’s 
Jurisdiction over the Project 
 

A CEQA lead agency is required to discuss other regulatory regimes, and the 
potential ramifications for mitigation measures and alternatives, which may apply to its 
project.  (CEQA Guidelines, §§ 15124, subd (d)(1)(C), 15126.6, subd. (f)(1); Banning 
Ranch Conservancy v. City of Newport Beach (2017) 2 Cal.5th 918, 936-938 (Banning 
Ranch).)  The lead agency cannot delay such analysis until a later phase of the project; 

                                                 
2  See Exhibit 11, Western Canal/Richvale ID, 2018. Western Canal Water District 
and Richvale Irrigation District Water Transfers from 2018 to 2022 Environmental 
Impact Report, Final. p. 2-1.   
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doing so violated CEQA’s policy of integrated review.  (Banning Ranch, supra, 2 Cal.5th 
at 939.)  Even if the lead agency disagrees with other agencies’ opinions, “an EIR must 
lay out any competing views put forward by the lead agency and other interested 
agencies.”  (Id. at 940.)  Omitting this discussion is a failure to proceed in a manner 
required by law, for which the lead agency receives no deference from a reviewing court.  
(Id. at 942.)   
 

The Delta Stewardship Council provided extensive comments on the Project, 
detailing why the Project constitutes a “covered action” under the Delta Plan, and noting 
the SDEIS/RDEIR lacked any discussion of the Delta Plan.  (FEIS/R, S-28 to S-35.)  
SLDMWA’s response was a perfunctory rejection that the Delta Plan applied to the 
Project and that the Project is not a covered action because it falls within an exemption 
for single-year temporary water transfers.  (Ibid.)  This response is inadequate and the 
FEIS/R fails under Banning Ranch for not discussing the possible applicability of the 
Delta Plan.  The FEIS/R fails to disclose what potential Delta Plan policies could apply to 
the Project, whether the Project is consistent with the Delta Plan, or what achieving 
consistency would mean for the Project and its mitigation measures.  SLDMWA may 
disagree with the Council’s claim that the Project is a covered action subject to the Delta 
Plan, but that does not excuse SLDMWA’s failure to provide any discussion about the 
possible applicability of the Delta Plan.  SLDMWA’s assertion that it can delay analysis 
of Delta Plan consistency to individual water transfers is wrong.  Even if the Delta Plan 
would only apply to multi-year transfers covered by the Project, SLDMWA must still 
make “a good faith attempt to analyze project alternatives and mitigation measures in 
light of applicable [Delta Plan] requirements.”  (Banning Ranch, supra, 2 Cal.5th at 941.)   
 

*  *  * 
 

The BOR and SLDMWA have unfortunately failed to prepare a joint NEPA and 
CEQA document that satisfies their duties of good faith disclosure regarding the Project 
and its impacts.  A new document will need to be prepared and recirculated for public 
review. 
 

Very truly yours,  
 
 SOLURI MESERVE 
 A Law Corporation 
 
 
 By:   
  Patrick M. Soluri 
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Project Description for Proposed Voluntary Agreements

February 28, 2019
  
  

 

1.0 Introduction/Overview  
 

1.1  Context of Water Quality Control Plan Update 
  
On December 12, 2018, the State Water Resources Control Board (State Water Board or Board) adopted 
Resolution 2018‐0059, approving an update to the Bay‐Delta Water Quality Control Plan (Bay‐Delta 
Plan).  Ordering paragraph 7 states: 

 
The State Water Board directs staff to provide appropriate technical and regulatory information 
to assist the California Natural Resources Agency in completing a Delta watershed‐wide 
agreement, including potential flow and non‐flow measures for the Tuolumne River, and 
associated analyses no later than March 1, 2019.  State Water Board staff shall incorporate the 
Delta watershed‐wide agreement, including potential amendments to implement agreements 
related to the Tuolumne River, as an alternative for a future, comprehensive Bay‐Delta Plan 
update that addresses the reasonable protection of beneficial uses across the Delta watershed, 
with the goal that comprehensive amendments to the Bay‐Delta Plan across the Delta watershed 
may be presented to the State Water Board for consideration as early as possible after 
December 1, 2019. 
 

The parties to the Planning Agreement now submit this Proposed Project consistent with that direction.
As stated in the Planning Agreement, the parties will develop a Voluntary Agreements (VA) by December
1, 2019.  This proposal is for the purposes of environmental review and the VA will specify detailed 
terms for implementation.

  
 

 

 

1.2  Purposes 
 
The purpose of this Proposed Project (proposal) is to establish water quality conditions that support 1) 
the viability of native fishes in the Bay‐Delta watershed and, 2) achievement of related objectives in the 
Bay‐Delta Plan, as amended.  Such conditions are intended to help reverse the declines described in the 
“July 2018 Framework for the Sacramento/Delta Update to the Bay Delta Plan” and prior planning 
documents.  The proposal provides these conditions through the significant assets of flow measures, 
non‐flow measures, accelerated implementation of actions, incorporation of a structured science‐based 
decision‐making process, flexibility, and financial resources. The comprehensive nature of the proposal 
is also intended to provide water supply reliability, consistent with the legal requirement of providing 
reasonable protection for all beneficial uses.   

 

1.3 Definitions  
 
“Asset” means the resources provided by the proposal that include water, funding, habitat, accelerated
implementation timing due to schedule, and flexibility as to when the assets are deployed. 
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“Bay‐Delta Plan” means the plan prepared and updated by the State Water Resources Control Board 
which establishes water quality control measures and flow requirements needed to provide reasonable 
protection of beneficial uses in the watershed. 
 
“Biological and Environmental Targets” means specific, measurable values of biological parameters 
such as “egg to fry survival”. 
 
“Conceptual Model” means the narrative hypothesized relationship between actions, targets, and 
objectives. 
 
“Central Valley Project” or “CVP” means the Central Valley Project as defined in 3404(d) of Title XXXIV
of Public Law 102‐575. 

 

 
“Delta” or “Sacramento‐San Joaquin Delta” means the Sacramento‐San Joaquin Delta (including Suisun
Marsh) as defined in Water Code Sec. 85058. 

 

 
“Department of Water Resources” or “DWR” means the California Department of Water Resources, a 
department of the California Natural Resources Agency. 
 
“Department of Fish and Wildlife” or “DFW” means the California Department of Fish and Wildlife, a 
department of the California Natural Resources Agency. 
 
 “Environmental Targets” means specific, measurable values of environmental parameters such as 
“acres of suitable rearing habitat.” Environmental targets are the larger compilation of multiple specific 
performance targets (i.e. it may take numerous actions to achieve an environmental target). 
 
“Flow Measures” means actions taken to achieve instream and Delta flows for beneficial uses. 
 
“Funding” means money provided from sources such as party contributions to water or science, 
available public funding, or both. 
 
“Governance Structures” refers to all institutional arrangements identified for the effective 
implementation and governance of the VA. 
 
“Hypothesis” means a quantifiable relationship between an action and a target that can be tested 
through monitoring and potentially refuted through performance metrics. 
 
“Non‐flow Measures” means in‐stream, off‐stream, and in‐Delta habitat restoration, fish passage, 
predator control, or other actions that provide targeted habitat benefits. 
 
“Outcome(s)” means the intended results of the actions presented in the proposal. 
 
 “Performance Metrics” means the measurable criteria that indicate whether an action does or does not 
result in the hypothesized effects. 
 
“Performance Targets” means specific, measurable values describing implementation of the specific 
components of the VA.  
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“Proposed Project” or “Proposal” means the package of proposed flow and non‐flow measures, 
contemplated for inclusion in the VA and to be analyzed as an alternative by the State Water Resources 
Control Board. 
 
“Public Water Agencies” means anticipated parties to the VA that are regional water suppliers and 
distributors for agricultural, municipal, and industrial use.  

“Science Program” means a comprehensive program to inform the implementation of both flow and
non‐flow measures. 

 

“State Water Board” or “Board” means the State Water Resources Control Board. 

 

 

 
“State Water Project” or “SWP” means the State Water Project as authorized by Water Code sections
12930 et seq. and Water Code sections 11100 et seq. and operated by DWR. 

 

 
“Structured Decision Making (SDM)” means a collection of proven practices rooted in decision theory 
that breaks down complex decisions into different components consisting of explicit quantifiable 
objectives, decision alternatives (i.e., management actions), and models that are used to predict 
changes in the objectives due to each management action or set of actions in consideration of 
uncertainty.  
 
 “Systemwide Asset” is an asset such as water, funds, staff, equipment, or other capacity that would be 
deployed on a scale greater than one tributary/delta area.  
 
“Reclamation” or “Bureau of Reclamation” means the Bureau of Reclamation, an agency of the 
Department of Interior. 
 
“Voluntary Agreement” or “VA” means the package of agreements among entities which comprises 
both flow and non‐flow measures intended to achieve reasonable protection of beneficial uses. 
 
“VA Flows” are flows occurring as a result of the VA, including release of stored water or foregoing 
diversions.   
 
“VA Goals and Targets” are the intended biological outcomes from implementing the VA. 
 
“VA Tributaries” includes the Sacramento River mainstem, Feather, Yuba, American, Mokelumne, 
Tuolumne, and contributors from Friant and the Delta.  
 

1.4  Proposal Elements   
 

1.4.1  Outcomes  
 

The proposal is intended to achieve environmental and biological outcomes in furtherance of the 
purpose described above.  By June 30, 2019, the proposal will be updated to refine elements of the 
project description. These outcomes will be specific, measurable, achievable, relevant, and time‐bound, 
to assure accountability and effectiveness. 
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1.4.2  Integration of Flow and Non‐Flow measures  
 

To date, the Bay‐Delta Plan has only imposed flow requirements, but has not required measures to 
directly address other factors including invasive species, ocean and tidal conditions, physical 
modifications of channels and wetlands, and activation of floodplains. The proposal is a comprehensive 
approach to management of aquatic conditions.   
 
The proposal includes governance and science components intended to manage habitat conditions using 
assets made available in this proposal in an integrated manner. These governance and science 
components are meant to allow assets to be managed adaptively to achieve outcomes, integrating 
information gained through the proposed science program and other information available to the
governance team.   

 

 

1.4.3.  Constructed Habitat and other Non‐Flow Measures  
 

The proposal includes measures to address multiple factors affecting fish and wildlife beneficial uses, 
including spawning and rearing habitat availability and quality, predation by non‐native species, passage 
barriers, and hatchery operations.  The Parties to the VA will be responsible to ensure timely completion 
of all measures specified in the Agreements.  The Parties will maintain and continue to manage 
successful restoration measures which they have already funded, constructed, or currently operate; and 
to undertake measures required by other regulatory processes.   

 

1.4.4  Flow Measures 
 
The proposal builds upon existing implementation responsibilities for the State Water Board’s 2006 Bay‐
Delta Plan by committing Parties to additional flow measures as described in the VA.  The proposal will 
provide instream flows above existing conditions and in a manner that: (a) does not conflict with the 
requirements of the Sustainable Groundwater Management Act; (b) maintains reliability of water supply
for other beneficial uses, including designated wildlife refuges.  The proposal includes adjustment of 
flow amounts in successive dry years and immediately subsequent years for the purpose of ensuring 
reliable reservoir storage to protect cold water pool fishery benefits as well as water supply beneficial 
uses.   

 

 
Under CEQA the appropriate baseline is current existing conditions, which includes outflow resulting 
from all existing regulatory actions.  And for purposes of performing the comparative analysis, it would 
be appropriate to compare anticipated outcomes under the proposed VA to anticipated outcomes under 
the Water Board’s expected order, which is likely to include Delta outflow that currently results from 
other existing regulatory programs.   
 

1.4.5  Science Program 
 

The VA will include a comprehensive science program that informs implementation of the flow and non‐
flow measures. The program will include the following elements.   
 

 Biological and Environmental Targets. The science program will identify a manageable set of SMART 
(specific, measurable, achievable, relevant, and time‐bound) objectives that describe desired 
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environmental and biological outcomes to support achieving Water Quality Control Plan (WQCP) 
Objectives.   
 

 Develop and test hypotheses.  The program will identify and test key hypotheses and assumptions, 
especially/even if conflicting, about how the ecosystem functions and what measures will be most 
effective at achieving desired outcomes. 

 

 Implement specific experiments.  The science program will foster a “safe to fail” experimental 
approach to maximize learning using a formal structured decision‐making framework. 

 

 Learn from the experiments.  Ensure that each measure is implemented in a manner that maximizes 
learning. 

 

 Facilitate a collaborative process.  All Parties will be engaged in the development and 
implementation of the science program. 

 

 Facilitate a transparent process, through collaboration, reporting, and open data. 

 

1.4.6  Governance  
 

The proposal includes a governance program that will involve a structured decision‐making process to 
inform implementation of flow and non‐flow measures to achieve outcomes.  The process will be 
collaborative and informed by the science program. Independent science review will also be conducted
to facilitate the transparency and learning to guide further implementation efforts.   

 

 

1.4.7  Funding 
 

The proposal is to use dedicated funds consisting of (a) contributions based on deliveries to or diversions 
by the public water agency Parties, (b) alignment of existing programs, and (c) other sources.  See Tables 
3 and 4.  The contributions from public water agency Parties will be collected annually during the term 
of the Agreements. Through the contributions, the public water agency Parties expect to secure funds 
totaling $425 million for the additional flows and over $262 million for habitat restoration and the 
science program over the term of the Agreements.  Funds generated from the Central Valley Project 
may require federal authorization.   

 

1.5  How VA relates to Bay Delta Plan Update 
 
The State Water Board established and revises the Bay‐Delta Plan to carry out obligations under the
Clean Water Act and Porter‐Cologne Water Quality Control Act to reasonably protect beneficial uses, 
including fish and wildlife, in the Bay‐Delta watershed. Historically, the State Water Board has relied on
its water right authority and water right proceedings as the predominant mechanism to implement
objectives in the Bay‐Delta Plan. 

 

 
 

 

 
This regulatory approach generates significant tension among water interests, is lengthy, and spawns 
litigation leading to further conflict and uncertainty. The proposal provides an alternate, integrated and 
voluntary approach to achieving the statutory objective of reasonable protection of beneficial uses 
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without the negatives of the traditional regulatory approach.  Further, the proposal provides a 
mechanism for complementing water flow elements with non‐flow measures, along with a science 
program and dedicated funding sources, that are important to the long‐term viability of fish and wildlife 
populations. If the evaluation of the proposal demonstrates reasonable protection of beneficial uses, 
proposal could become an integral part of the Bay‐Delta Plan update. The Parties anticipate that at the 
end the proposed 15‐year term of the VA, the VA would be renewed, modified, or renegotiated, and/or 
the State Board would be completing a Plan Update. 

 

1.5.1  State Water Board Statements on VA  
 

The State Water Board has consistently signaled that it recognizes the benefits of negotiated solutions 
with supporting scientific rigor that demonstrates the agreement will reasonably protect beneficial uses. 
Former Chair Marcus and Executive Director Howard documented the Board’s support for VA in the Bay‐
Delta Watershed in letters in October 2015, November 2015, and February 2016. Further, the Board 
itself embraced a path forward for a comprehensive Delta watershed‐wide agreement in 
Resolution 2018‐0059. 

 

1.5.1.1  Lower San Joaquin Tributaries   

 
On December 12, 2018, the State Water Board adopted an update to the Bay‐Delta Plan to amend the 
water quality objectives for the protection of fish and wildlife beneficial uses in the Lower San Joaquin
River (LSJR) and its three eastside tributaries, the Stanislaus, Tuolumne, and Merced Rivers, and 
agricultural beneficial uses in the southern Delta. While the Board completed its Bay‐Delta Plan update 
for the LSJR and tributaries, the adoption resolution (Resolution 2018‐0059) indicated that the analysis 
for a future Bay‐Delta Plan update could include an alternative that relies upon a comprehensive Delta 
watershed‐wide VA, including potential amendments related to the LSJR. Consistent with that adoption
resolution, a VA that satisfies legal and scientific requirements could lead to further Bay‐Delta Plan 
amendments that would adjust requirements related to the LSJR.

 

 

 

 

1.5.1.2  Sacramento/Delta Update   

 
The State Water Board staff released the July 2018 Framework for Sacramento/Delta  Update to the
Bay‐Delta Plan (Framework) for updating water quality objectives for the protection of fish and wildlife 
beneficial uses outside of the LSJR. The Framework outlines potential changes that would be analyzed as 
part of a forthcoming environmental analysis to support a further Bay‐Delta Plan update. As a result of 
Resolution 2018‐0059, the State Water Board staff will analyze the effects of implementing the 
proposal. This proposal has been developed in consideration of the State Board’s Framework. 
Ultimately, a VA that satisfies legal and scientific requirements could be incorporated into the upcoming 
Bay‐Delta Plan Update.

 

  
  

  1.6  Appendices 
 
The Parties propose this Project Description, specifically sections 1‐3, for the State Water Board’s use in 
its Comprehensive Substitute Environmental Document to update the Bay‐Delta Plan.  Under the 
California Environmental Quality Act, the parties expect, pursuant to Resolution 2018‐0059, that the 
State Water Board will undertake a programmatic analysis of any action alternatives, including the 
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proposal reflected in this Project Description.  The Parties will ensure appropriate project‐level 
environmental analyses are conducted at a suitable time, with an expectation that they may tier off the 
State Water Board’s analysis where applicable.   See Planning Agreement section 3(b).   
 
Some public water agency Parties have prepared Appendices A1 – A9 as preliminary proposals for such 
project‐level analyses.  Certain details are not resolved among all the Parties as of March 1, 2019.  All 
parties will continue discussions to further develop and revise these proposals in mutually agreeable 
form for the purpose of completing both project‐level analyses and the VA themselves.  These public 
water agency Parties acknowledge more collaboration between all the Parties will result in finalized 
details for analysis.  The Planning Agreement Section 3 specifies the next milestone for the complete 
collaborative analysis to be submitted to the State Water Board.  
 
The proposals submitted by the public water agency Parties include the following: 
 
Appendix A1:  Sacramento River 
Appendix A2:  Feather River 
Appendix A3:  Yuba River 
Appendix A4:  American River 
Appendix A5:  Mokelumne River 
Appendix A6:  Tuolumne River 
Appendix A7:  San Joaquin River Settlement Downstream of the Merced River (Friant Division) 
Appendix A8:  Sacramento‐San Joaquin Delta 
Appendix A9:  Putah Creek 
 
Appendix A10 is intended to show expanded lists of projects that are illustrative of the level of the non‐
flow projects being proposed as part of the Project Description.  These lists are not intended to be
comprehensive but are intended to show the scope and magnitude of the projects that may be 
implemented by effort of the Parties to the anticipated VA. 

 

 

2.0 Assets and Expected Outcomes  
 
For each of the tributaries included in this proposal, including the Delta, this section describes the
various assets proposed in terms of flow and non‐flow measures, funding available to implement these 
measures, timing of implementation, and expected outcomes of these measures. Overall, the 
combination of the flow and non‐flow measures will be used to create substantial benefits to ecosystem
functions and to create conditions necessary to improve native fish populations. The augmented 
instream and Delta outflow will be applied based on a governance program as described below and will 
be integrated with landscape and other changes to achieve the outcomes. An important component of 
this proposal is the application of testable hypotheses to determine how to adjust these flow and non‐
flow measures overtime to achieve biological and other targets and the implementation of the science 
program. This approach accommodates uncertainty, climate change, and refined knowledge over time, 
and the State Board’s obligation for periodic review of the Bay‐Delta Plan. More information is provided 
in Section 3.

 

 

  
 
The flow components of the proposal provide real water focused primarily on above normal, below 
normal, and dry water year types (which cumulatively total about 55% of all years). These are years 
when flow resources can be made available (in non‐critical years) and can provide significant ecosystem 
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benefits (in years that are not wet). This real water is generated through land fallowing, reservoir 
reoperation, and/or demand reduction, and limited use of groundwater substitution. Additionally, the
flow components of this proposal take into account a wide range of beneficial uses including terrestrial 
habitat for waterfowl and other species that use areas proposed for fallowing, cold water pool 
management for Chinook salmon and steelhead, the ability for economies to absorb changes in water 
supply, water quality requirements, and funds available to purchase water for environmental uses. 
Tables 1 and 2 shows contributions of water in each water year type from each source.

 

  

 
Tables 1 and 2. Contribution of Flow from Each Water User Party to the Voluntary Agreement 

Table 1.  New Water Through VA 1 
WQCP 
Phase 

Tributary  Season  Source  Application2  C  D  BN  AN  W 

  Tuolumne3,4      Flow  45  70  89  99  99 

1 
Friant February ‐ May 

Reduction in recapture  
under SJR Settlement 

 
  Flow  505  505  505  505 

  Sacramento  Spring or Summer6  Land fallowing  Block    100  100  100   

  Feather  Spring or Summer 6  Land fallowing  Block    50  50  50   

  Yuba  Assume Spring likely 6  Reservoir storage  Block    50  50  50   

  Groundwater substitution  10  10          
Reservoir storage      10  10          

2  Reservoir storage and/or
groundwater substitution

       
American  Spring  Hybrid  10  

Reservoir storage and/or 
groundwater substitution 

   
20  20 

             45  45 
    20   Mokelumne4  March ‐ October  Reservoir storage  Flow 
  10     

  Years 1‐7  New Water by Year Type (TAF)7  75  370  369  404  194 

             
Years 8+ of VSA 

implementation8 
TBD  TBD  TBD  300  300  300 

Total New Water by Year Type (TAF)  75  670  669  704  194 

 

 

 

 

 

  

                                                            
1 Above existing conditions.  See Section 1.3.5 
2 “Flow” represents an instream target, “Blocks” can be scheduled within constraints, and “Hybrid” represents a combination  
3 Subject to successive D/C year relief (BN year does not reset D/C year sequence, but would require floodplain pulse) 
4 Subject to further review of dynamic local modeling to validate totals 
5 Subject to the schedule and availability of releases for the San Joaquin River Settlement and specific terms of the Friant VA proposal. 
6 Subject to coordination with DFW (Yuba) or fisheries agencies (Sacramento, Feather) 
7 These quantities do not yet account for the Putah Creek proposal, explained in Appendix A9. 
8 Year Types TBD. This 300TAF of water would be made available consistent with the description in Addendum H to the December 12,
2018 Framework. Water made available through Proposition 1 storage projects will become available as projects become operational,
without further demonstration of a science‐based need under the VA.
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Table 2.  Reoperated Water Through VA 

WQCP 
Phase 

Tributary  Season  Source  Application  C  D  BN  AN  W 

Sacramento 

Pursuant to flood control 

and SOD requirements 

 
Flood 

 
Flow 

       
Case‐by‐ 

case basis 

March  Reservoir storage  Flow  30

2 
April 1 ‐ September 89  Power Bypass  Flow  700 cfs pulse in low flow channel (LFC) 

Feather 
September 9 ‐ March 

317 
Power Bypass  Flow 

       
 

800 cfs pulse in LFC 

January 1 ‐ April 15  Power Bypass  Hybrid  43  43  43 

South‐of‐
Delta 

After April 1  Export curtailment  Hybrid  30010  300  300 

Total Reoperated Water by Year Type (TAF)  30+  343+  343+  343+ 

Case‐ by‐

case 

basis 

 
 
 
 
 
 

 
 
 

 

 
 

   

   

           

 
 
Non‐flow components of this proposal are intended to address a variety of limiting factors in 
participating tributaries and in the Delta.  Addressing these limiting factors will produce benefits for 
species such as salmon, steelhead, smelt, sturgeon, and other aquatic life.  The outcomes associated 
with these benefits are intended to provide a contribution to conditions that support multiple life stages 
of fish and will provide long‐lasting positive landscape‐based outcomes.  Even though the specific 
metrics for all projects are not yet fully defined, they will provide substantially more acreages of suitable 
in‐channel, side channel and floodplain, cubic yards of spawning gravel supplementation, miles of access 
related to fish passage projects, or other key habitat improvements yet to be identified.  Currently, the 
VA would allow for more than 290,359 cubic yards of gravel supplementation to help support spawning 
and incubation; more than 6,427 acres of tributary in‐channel, side channel, and floodplain habitat; and 
more than 5,455 acres of in‐Delta tidal wetland, floodplain, channel bank, and upland habitat. Table 3 
summarizes each tributary’s contribution to non‐flow measures, the supported life stage associated 
with the action, and the anticipated outcome from undertaking the actions.  

 
 
 
 
   

                                                            
9 Subject to modifications that would be made pursuant to a new FERC license and possible interim phasing.  Pulses may vary in duration and 

volumetric quantities. 
10 A portion of this water would be new as compared to existing conditions in dry years. 
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Table 3. Summary of Illustrative Non‐flow Measures Included in the VA11,12 

Tributary  Summary of Key Activities  Targeted Quantity   Fish Life Stage(s)
Supported 

 

Gravel supplementation  40,000+ cubic yards  Spawning and 
incubation 

Sacramento
River 

  Creation of in‐channel, side channel, and floodplain 
habitat 

3,225 acres  Spawning, rearing, 
migration 

Fish screens, fish passage, predator control, new 
science 

N/A  Multiple life stages 

Outcomes:  Increase suitable spawning area, improve river morphology, increase channel complexity, increase floodplain habitat, 
provide riparian cover and shading, improve fish passage, screen diversions 

Gravel supplementation  99,859 cubic yards  Spawning and 
incubation 

Feather River 
Creation of floodplain and side channel habitat  2,877+ acres  Spawning, rearing 

Fish passage, predator control, new science  N/A  Multiple life stages 

Outcomes:  Increase suitable spawning area, improve fish passage, improve river morphology, increase channel complexity, 
increase floodplain habitat, provide cover and shading, improve hatchery genetic management, reduce predation 

Yuba River 
Side channel, off‐channel habitat creation and 

preservation 
100 acres  Rearing 

Outcomes:  Increase rearing habitat availability, increase channel complexity and habitat diversity, provide hydraulic roughness, 
provide cover, enhance productivity, protect spawning and rearing habitat, reduce predation 

Gravel supplementation  80,000 cubic yards   Spawning and 
incubation American 

River  Creation of instream, side channel, or floodplain 
creation 

150 acres  Rearing 

Outcomes:  Increase existing suitable spawning area, improve river morphology, increase floodplain habitat, improve riparian 
habitat, provide instream cover and habitat complexity, reduce predation 

Gravel supplementation and maintenance  1,500+ cubic yards  Spawning and 
incubation 

Mokelumne 
River 

Creation of floodplain habitat  60 acres  Rearing 

Fish screens, predator control, hatchery genetics 
management, new science 

N/A  Multiple life stages 

Outcomes: Improve growth and survival, improve hatchery genetics management, improve spawning opportunities, increase 
incubation survival, reduce redd superimposition, improve through‐Delta survival, reduce predation 

Gravel supplementation and maintenance  54,000 cubic yards  Spawning, incubation, 
rearing 

Tuolumne 
River 

Creation/modification of floodplain habitat, 
Improve instream habitat morphology/complexity 

115 acres  Rearing, migration 

Seasonal fish weir, predator control, new 
downstream point of diversion, spill management 

N/A  Multiple life stages 

Outcomes:  Maintain existing suitable spawning habitat, increase floodplain habitat and in‐channel habitat, reduce predation, 
reduce redd superimposition, improve outmigration success, improve egg to emergence survival, increase channel complexity and 
habitat diversity 

Restore tidal wetland, floodplain, riverine, channel 
bank, and upland habitat 

5,455+ acres  Multiple species, 
multiple life stages Sacramento‐

San Joaquin 
Delta 

Aquatic weed control  500 acres  Multiple species, 
multiple life stages 

Channel margin restoration, predator control, new 
science, food production, law enforcement 

N/A  Multiple species, 
multiple life stages 

Outcomes: Increase Delta Smelt, Longfin Smelt, sturgeon, and salmonid spawning, holding, and rearing habitat; improve food 
availability and abundance; reduce predation; improved through‐Delta survival for outmigration; reduce entrainment; reduce 
poaching; improve science 

                                                            
11 Several tributaries have active FERC re‐licensing or other regulatory processes underway that may require habitat actions.  See Appendix A10 for 

more detailed information about those requirements and how they relate to totals depicted above.  
12 This table does not yet include non‐flow measures for Putah Creek, as explained in Appendix A9. 
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The flow measures can be implemented upon adoption of the proposal, subject to compliance and 
permitting.  Further development of the science program can be implemented immediately upon 
adoption of the proposal and contracting for monitoring services. Non‐flow measures would be 
implemented on an aggressive schedule as described below for each tributary.  

Funding would come from a variety of sources, including from public water agencies, the State of 
California, and the United States.  An overview of funding sources and contributions of water from 
public water agencies is shown in Table 4. This includes an initial outlay of directed and competitive 
funding opportunities from various sources, including those shown in Table 5.   

 
Table 4.  Summary of Estimated Revenues Generated by Water Users Under this Voluntary 
Agreement (Based on Last 10 Years of Diversions) 

Contributing Parties 
Average 
Annual 

Diversions 

Total Contribution to 
Water Revolving Fund 
Over Term of the VA 

Total Contribution to 
Science and Structural 

Habitat Fund 

 

    

 

 

South of Delta  4.9 MAF  $367.5 M  $147.0 M 

Upstream of Delta  6.75M AF  $48.6M  $163.5 M 

In Delta  120 TAF  $9.0M  $3.6M 

Total  11.95 MAF  $425.1 M  $262.3 ‐ $314.1 M13 

 

 
 
Table 5. Potential State Sources of Public Funds for Voluntary Agreement Implementation 

Source  $ Available 

California Natural Resources Agency Voluntary Agreement Funding (Proposition 68)  $200M 

Wildlife Conservation Board (Proposition 1 and 68)  $80+M 

DWR Central Valley Multi‐Benefit Flood (Proposition 1)  $40+M 

DWR Delta Multi‐benefit Flood (Proposition 1)  $200M 

DWR San Joaquin River Tributary Salmonid Restoration (Proposition 13)  $50M 

Delta Stewardship Council Science Grants (General Fund)  $5M 

Delta Conservancy Delta Restoration (Proposition 1 and 68)  $27M 

CDFW Statewide Restoration (Proposition 1 and 68)  $200M 

CDFW Delta Restoration (Propositions1)  $30M 

Total  $832+ M 

  

 
   

                                                            
13 Subject to other potential public water agency Parties participating in the VA. 
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3.0   Science, Adaptive Management and Governance   
 
This section describes the governance structure for implementing the VA, including roles and 
responsibilities for each component of governance and the use of science in decision‐making. 
Governance of the VA will be collaborative, transparent and grounded in science to most effectively 
deploy the assets described above to achieve biological and environmental goals and targets and meet 
WQCP Objectives over time, as illustrated in Figure A.  
 
 

 
 
Figure A. Overview of Use of Science and Assets to Meet WQCP Objectives Over Time 

 

3.1  Governance and Decision‐Making Structure 
 

3.1.1  Overarching purpose and guiding principles 
 
The primary purpose of the Governance structure is to ensure the effective and efficient implement of 
all aspects of the VA. The VA will be governed with transparency, accountability and in a spirit of 
collaboration and common purpose, in a manner consistent with the discretionary regulatory authority 
of governing agencies.  
 
Governance structures created under the VA will coordinate to the extent possible with existing 
management structures operating in VA Tributaries to implement flow and habitat actions, science, 
monitoring, reporting and adaptive management activities. 
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The Governance structures described in this Project Description are intended to be illustrative of 
governance provisions that will be included in the final Voluntary Agreements.  All Governance 
structures will be consistent with the terms and conditions of the Voluntary Agreements.   

3.1.2  Structure and Functions  
 
This section includes descriptions of the structure and function of key institutional bodies. Additional 
information on decision making roles is in section 3.2.5. 
 
The “Systemwide Governance Committee” (Governance Committee) will be responsible for ensuring 
overall effective administration and governance of the VA, including reporting on the performance of VA 
commitments, fiduciary management, the VA Science Program, and ensuring coordination among and 
between VA Tributaries and systemwide aspects of VA implementation. The Governance Committee will 
be made up of Signatories to this agreement, the State Water Board, and  ex‐officio members (TBD). The 
Governance Committee will be consensus seeking and will make decisions consistent with the schedules 
of related water system management processes. Dispute resolution procedures for Governance 
structures are described in Section 3.2.6.  
 
The “Implementation Team” would be responsible for the day to day implementation and management 
of the VA. The Implementation Team would have an Executive Director and additional staff as 
necessary. The Executive Director would take direction from the Governance Committee within the 
scope of their contract.  The Implementation Team would serve both the systemwide and tributary 
levels of VA implementation. 
 
The “VA Tributary Governance Teams”, and the “VA Delta Governance Team” would be responsible for 
overseeing the implementation of all location‐specific activities, including flow and habitat actions, 
science, reporting etc. To the extent possible, the VA would be implemented through existing entities in 
VA Tributaries and the Delta, modified as agreed and appropriate. The Tributary and Delta Teams would 
be made up of VA Tributary and Delta Public Water Agencies, federal and state agencies including the 
State Water Board, and NGOs who are signatory to the VA. The Tributary Teams will coordinate 
tributary and Delta actions with the relevant systemwide entities (e.g., Governance Committee, 
Implementation Office, Flow and Operations Team, Science Program), other Tributary Teams, and water 
project operators as appropriate. The primary focus of these Governance Teams is planning, 
implementation, and coordination with the systemwide Governance Committee and Science Program. 
The multi‐year VA plan will serve as a guide for developing and implementing Annual VA Plans for VA 
Tributaries.  
 
A “Science Program” would oversee the development and implementation of a Long‐term Science Plan 
and Annual Science Plans that would foster an experimental approach to maximize learning and improve 
outcomes. Science Plans would identify systemwide hypotheses, Biological and Environmental Targets, 
project design, implementation criteria/principles, and monitoring, analysis and reporting methods. The 
Science Program would coordinate with science efforts/entities on VA Tributary science to ensure 
effective implementation and maximize the knowledge gained from implementing element of the VA. 
The Science Program would provide recommendations to the Governance Committee for adaptive 
management adjustments to VA implementation. (See description of the Science Program for more 
details).  
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The “Independent Scientific Advisory Panel” will provide services to the Governance Committee and 
Science Program as requested, e.g., technical advice, effectiveness evaluations, etc. The Delta Science 
Program could assist with this function.  The Advisory Panel will be made up of experts in relevant 
scientific and technical disciplines and will be free of actual or perceived conflicts of interest.  The 
Science Program could call on other existing independent science panels as needed. 
 
A systemwide “Flow and Operations Team,” made up of representatives of the CVP, SWP and PWA 
facilities will work with the Governance Committee, Implementation Office, Tributary and Delta Teams 
and the Science Program to ensure all flow and facilities‐related planning and implementation activities 
are feasible, coordinated and comply with all relevant regulatory and other requirements and 
constraints.   
 

3.1.3  Planning  
 
Each year the Implementation Team will update a Systemwide Plan that integrates annual Workplans 
developed by Tributary and Delta Teams and incorporates recommendations and lessons learned 
produced by the Science Program. The annual planning schedule will be developed as part of the final 
VA. The systemwide Plan would be submitted to the SWRCB for review and will include at least the 
following: 
 

 Projected revenues and expenses for coming year across all VA programs; 

 Summary of progress across tributary and Delta efforts. 

 Updates to Decision Support Tools under Structured Decision Making.  

 Recommendations to the Governance Committee for modifications, if any, to Biological and 
Environmental Goals and Targets.  

 Priorities and recommendations for the allocation of system‐wide resources towards achieving 
system‐wide performance targets 

 Areas where coordination accelerated progress areas where increased coordination could 
accelerate overall progress  

 
Tributary and Delta Workplans will include the following:  
 

 Progress in previous years toward Tributary and Performance Targets; 

 Outcomes on Tributary Biological and Environmental Targets 

 Outcomes and updates to tributary and Delta‐specific hypotheses under the Science Program.  

 Flow, habitat and science related actions planned for coming year, and how the actions are 
integrated with systemwide actions.  

 Flow programs to be considered based on final water year type determinations. 
 
The development of the Systemwide Plan and Workplans for VA Tributaries, Delta and the Science 
Program, will necessarily be an iterative process to ensure actions are appropriately coordinated and 
leveraged. Preliminary drafts of the plans will be developed by certain dates TBD as early as possible 
each year and will be modified as necessary as more reliable runoff forecasts and other information 
become available. The process for determining and revising Water Year type designations will be 
described for each VA Tributary, the Delta (and system as whole?). All flow and operations aspects of 
the Systemwide Plan and Workplans are subject to approval from the Flow and Operations Team (i.e., 
operators) to ensure proposed operations are feasible and comply with regulatory requirements. The 



Page 15 of 20 
 

Implementation Office, Tributary and Delta Teams and Science Program will develop proposed annual 
plans for review by the SWRCB and other relevant VA Governance Structures. The annual Systemwide 
Plan will be informed by the information developed by the Science Program and any recommended 
adaptations to ongoing or planned activities. Tributary and Delta Teams would develop annual Tributary 
Plans that identify the specific flow and habitat actions to be undertaken in each area.  
 
A general diagram showing the annual governance cycle is below in Figure B. 

 
Figure B.  Governance Annual Cycle 
 
Typical steps in annual governance cycles: 
 

1. Annual Science Meeting: Communicate new science/current understanding to decision makers. 
Identify critical uncertainties. Engage Independent Science Advisory Panel in review of science 
and assessment of completed actions.  

2. Tributary/Delta Science Teams: Use system‐wide conceptual models of biological and physical 
relationships and pathways (multiple models may be specified). Develop list of candidate 
management actions based on conceptual models and results of previous year’s actions. 
Participate in development/refinement of decision support models. Advise respective Tributary 
and Delta Governance Teams on selecting next generation of actions. 

3. Integrated Science Program: Review Tributary/Delta annual plans. Communicate opportunities 
to modify actions to increase systemwide benefits or learning opportunities.   
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4. Integrated Science Team and Tributary/Delta Science Teams: Articulate hypotheses, causal 
mechanisms and/or outcome linkages to be tested by specific actions. Use models to predict 
responses and develop performance measures. Identify data necessary to test 
hypotheses/causal mechanisms/outcome linkages and design monitoring and research efforts 
to accompany each action and systemwide. Identify resource needs.  

5. Independent Science Advisory Panel: review annual science plan and/or specific investigation 
proposals, if requested 

6. Implement experiments, collect and share data. Analyze data, synthesize scientific information 
and interpret results. Assess effectiveness of actions against hypotheses, predictions and 
performance measures. Learn from experiments, reconsider/revise conceptual models, 
recalibrate quantitative models. Suggest changes to monitoring schema. 

 

3.1.4  Reporting  
 

The Implementation Office will be responsible for developing and submitting annual and triennial 
reports, in coordination with the Science Program and Tributary and Delta Teams, to the State Water 
Resources Control Board. The Governance Committee will approve these reports prior to Board 
submittal.  
 

 Annual reports would include, at a minimum: budget report, the status of implementation of VA 
actions, progress toward Biological and Environmental Targets and Performance Targets, the flow 
and habitat actions and other VA activities planned for the coming year. Annual reports will be made 
available to the SWRCB. 

 Triennial reports would include annual report items, as well as an evaluation of outcomes and 
progress toward the biological and environmental targets identified in the VA, progress toward Bay 
Delta Water Quality Control Plan Objectives, any modifications to VA approach/actions/assumptions 
about the nature and magnitude of actions necessary to achieve targets and Water Quality Control 
Plan Objectives. The public would have an opportunity to review and comment on triennial reports. 
These will be available to the SWRCB in time to support their triennial review process. 

 

3.1.5  Decision‐making and Adaptive Management 
 
As described above, developing systemwide and tributary/Delta annual plans will be an iterative process 
involving Tributary and Delta Teams, the Governance Committee, the Implementation Office, the 
Science Program and Flow and Operations Team. The decision‐making roles and responsibility for each 
governance component are summarized in Table 6. Nothing in the VA shall be interpreted to require the 
Federal Parties, the States, or any other Party to implement any action which is not authorized by 
Applicable Law, where sufficient funds have not been appropriated for that purpose by Congress or the 
States. The Parties expressly reserve all rights not granted, recognized or relinquished in this agreement, 
Parties will use Structured Decision Making as described in the Science Program and consistent with the 
Annual Governance Cycle.  
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Table 6. Decision‐making Roles and Responsibilities 

 Governance Entity  Decisions and Roles

Systemwide Governance Committee 

Overall VA administration, VA goals, objectives 
and targets, systemwide decision support tools , 
reporting to SWRCB, implementation of SWRCB 
recommendations/requirements, management 
of Implementation Office Executive Director 

Implementation Team 

Annual Systemwide Plan and Report, budget 
management, contracting, accounting, 
coordination with Science Program, 

Tributary/Delta Teams, Flow and Operations 
Team 

VA Tributary/Delta Governance Teams 

Tributary budgets, Tributary annual plans, 
implementation of flow, habitat and science 

activities, monitoring, reporting, participation in 
system‐wide decision support tools 

Science Program 

Developing and implementing Science Plan, 
coordinating science related activities between 
and among tributaries/Delta, providing analysis 

of the effectiveness of various actions on 
achieving associated biological or environmental 

goals and targets, and developing adaptive 
management recommendations as appropriate 

using structured decision making. 

Independent Scientific Advisory Panel 
Advice, analysis, program evaluation as 
requested by Governance Committee 

Flow and Operations Team  Project operations and coordination, compliance 

State Water Resources Control Board 

Participate in system‐wide governance, tributary, 
and Delta teams.  Satisfy triennial reviews with 
respect to fish and wildlife beneficial uses with 
information developed by the Governance 
Committee, VA enforcement, and dispute 

resolution as defined in Section 3.2.6 below.  

Signatories/VA Parties  Roles and responsibilities as defined in the VA. 

 

 

3.1.6  Dispute resolution 
 
A dispute resolution process would be developed for the final VA and will be consistent with trying to 
resolve disputes within the Governance structure where the dispute arises to the extent feasible. The 
SWRCB will serve as the arbitrator for disputes regarding issues within the regulatory jurisdiction of the 
SWRCB that cannot be resolved by the VA parties. 
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3.1.7  Relationship to and Integration with Existing Tributary Governance 
Structures 

 
Some VA Tributaries have effective governance structures in place that will be able to easily integrate 
into the VA governance structure, such as the American River Water Forum.  
 

3.2 VA Science Program  
 
The VA Science Program (Science Program) is intended to inform and support the effective 
implementation of the VA, including VA habitat and flow actions, evaluation of the effectiveness VA 
actions, and ongoing adaptive management adjustments to VA actions as needed to accomplish the 
biological and environmental goals and targets. The Science Program is also intended reduce 
uncertainties related to the response of target species and ecosystem conditions to management 
actions. The Science Program will provide the scientific framework to articulate and test hypotheses 
related to the VA biological and environmental goals and targets. Testable hypothesis will be identified 
prior to implementation of each action taken under the VA. The parties will continue to refine the 
Science Program, including progress towards a specific Science Plan that would be implemented 
immediately once the VA is adopted.  
 

3.2.1  Purpose 
 
The primary purpose of the Science Program is to inform decisions regarding identification of the 
appropriate biological and environmental goals and targets, implementation of the VA actions, and 
achievement of VA goals and targets. The secondary purpose is to monitor the effectiveness and 
evaluate the progress of VA actions and make recommendations to inform adaptive management to 
maximize progress toward the VA goals.   

 

In order to achieve these purposes, the Science Program will: 

 

 Prepare a Long‐Term Science Plan and Annual Science Plans, including review of appropriate goals 
and targets.  

 Periodically assess whether anticipated outcomes of VA program are appropriate. 

 Assess the outcomes of the actions as compared to targets. 

 Provide input to annual and triennial reporting. 

 

3.2.2  Guiding Principles of the Science Program  

 

The Science Program will be guided by the following principles to ensure its effectiveness and 
efficiency: 

 

 Incorporate past efforts, avoid duplication of effort, and coordinate existing efforts to the extent 
possible to meet conservation goals.  
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 Be transparent and collaborative, including the use of Structured Decision‐Making. 

 Support experimentation in a “safe to fail” environment. 

 Facilitate data collection to evaluate biological and environmental goals, objectives and targets 
that guide VA implementation. 

 Focus design, effectiveness monitoring, and evaluation efforts toward fulfilling VA objectives and 
fostering understanding.     

 Engage separate study teams from study plan developers and integrating the information. 

 
3.2.3  Structure of the Science Program 

 
The Science Program will involve the following components:  
 

 VA Science Program will develop the Long‐Term Science Plan, including conceptual models, 
hypotheses, validation of conceptual models with quantitative models, biological and 
environmental goals and targets, and monitoring and data analysis methods/protocols focused on 
the system/program level. This entity will coordinate with Tributary Science Teams (TSTs) to 
develop the Science Plan, assess program effectiveness and develop reports.  

 Tributary science and Delta science teams, as part of the overall Tributary Governance structures, 
will develop and implement Annual Science Plans including hypotheses to be tested, biological 
and environmental goals and targets and monitoring plans specific to their geographies. Tributary 
Science Teams will coordinate with the Science Program to design actions consistent with the 
Science Program approach (i.e., designed to maximize scientific learning and outcomes).  

 Independent Scientific Advisory Panel(s) will provide services to the VA Governance Committee 
and Science Program as requested, e.g., technical advice, effectiveness evaluations, etc. The VA 
Governance Committee will report on the implementation of recommendations from the 
Independent Scientific Advisory Panel in Annual and Triennial Reports. The Independent Scientific 
Advisory Panel will reply to the Governance Committee response to recommendations. 

 The Science Program will strive to ensure science plans will be developed by individuals not 
involved in the implementation of VA actions.    

 

3.3 Environmental and Biological Goals and Targets  
 
As described above, the voluntary agreements will include a science program specifying proposed 
biological and environmental outcomes; methods to monitor, evaluate, and report whether 
implementation is succeeding in achieving those outcomes; and procedures to adjust the science 
program under specified terms.  (Umbrella Agreement/Planning Agreement section 2(c).) Substantial 
effort is needed to develop specific environmental and biological goals and targets, and parties expect 
to develop them by June 30, 2019. This further negotiation for environmental and biological goals and 
targets will be consistent with the organizing principles expressed in the Umbrella Agreement/Planning 
Agreement and will create goals and targets that are specific, measurable, achievable, relevant, and 
time‐bounded (i.e., “SMART”). This section presents the guiding principles to the development of those 
goals and targets.  
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The biological goals for the voluntary agreements are to (a) substantially contribute to the achievement 
of overall viability of Central Valley salmonids by promoting measures that address specific life‐stage 
stressors for the viability of fish and avian, terrestrial and aquatic species in the Bay‐Delta Estuary and 
the Bay‐Delta watershed; and (b) substantially contribute to the doubling of the natural production of 
Central Valley salmon (under the CVPIA Salmonid Doubling Objective and the Bay‐Delta Plans narrative 
Chinook salmon doubling objective) by providing substantial contributions to the creation of conditions 
that would support viable populations of native fish in the affected rivers and the Bay‐Delta.  
 
The defined and specific goals and targets that will contribute towards achieving the goal identified 
above should consider but not be limited to aspects such as the following. 
 

 Contributing towards viable populations of native fishes where viability includes abundance, 
productivity, life history diversity, and spatial structure. 

 Contributing towards functional water flow regimes and appropriate frequency, timing, and 
duration of flow for native fishes. 

 Contributing towards ecologically functioning, self‐sustaining riverine and estuarine habitats. 

 Contributing towards improved survival, productivity, life history, and genetic diversity of native 
fish. 

 Contributing towards improved juvenile salmonid rearing habitat as described in the Flow West 
metrics. 

 Contributing towards improved water quality and other habitat conditions. 
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MEMORANDUM 

 

To:  VA Plenary Participants 

From:  Secretaries Jared Blumenfeld and Wade Crowfoot 

Re: Voluntary Agreements Progress Report 

Date:  July 1, 2019 

 

 

This memo provides a status report on our agencies’ development of voluntary 

agreements (VAs) with water users, non-governmental conservation organizations and 

federal agencies. The VAs intend to implement updated water quality objectives for 

the Sacramento and San Joaquin Rivers and their tributaries, as well as the 

Sacramento-San Joaquin Bay-Delta, through a broad set of tools. The memo outlines 

progress to date and describes work in the coming months to complete and evaluate 

these agreements. This memo is intended to be shared with any and all stakeholders 

who are interested in following the development of the VAs.  

State agencies and VAs participants have yet to decide whether this effort will 

culminate in a single proposed voluntary agreement or multiple agreements. In this 

document we refer to this proposal in the plural as voluntary agreements (VAs) for 

consistency; this is not intended to suggest a predetermination as to the final format. 

Overview 

Since Governor Newsom took office in January, we have helped to lead an effort to 

advance and evaluate the initial VAs framework presented to the State Water 

Resources Control Board (State Water Board) in December 2018. The VAs are being 

developed as an alternative mechanism to provide reasonable protection of native 

fish, wildlife and other beneficial uses as required by law and identified in the State 

Water Board’s update to the Bay-Delta Water Quality Control Plan (Bay-Delta Plan).  

The VAs seek to improve conditions for native fish and wildlife through targeted river 

flows and a suite of habitat-enhancing projects including floodplain inundation and 

physical improvement of spawning and rearing areas. The VAs aim to achieve these 

improvements while also balancing the needs of other beneficial uses identified in the 

Bay-Delta Plan, including municipal, domestic and agricultural water supplies, 

recreation, and navigation.  

The VAs reflect a collaborative approach to water resources management and native 

fish and wildlife protection. Over the past six months, support for this effort has been 

reflected in extensive collaboration over hundreds of hours among the State Team, 
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Bureau of Reclamation and an array of stakeholders, including dozens of public water 

agencies and environmental conservation groups. 

Our collective effort has involved clarifying the details of complex, interconnected 15-

year agreements among dozens of parties to manage flows and restore habitat in the 

Sacramento and San Joaquin river systems, their tributaries and the Bay-Delta. The 

proposed VAs are currently being evaluated by the California Natural Resources 

Agency (CNRA), the California Environmental Protection Agency (CalEPA), the State 

Water Board, the Department of Water Resources (DWR) and the Department of Fish 

and Wildlife (DFW) (known collectively as the “State Team”) to determine whether they 

can provide reasonable protection for beneficial uses of Bay-Delta waters as required 

by law. 

It is important to note that many environmental conservation groups participating in the 

process have raised concerns regarding the adequacy of the VAs flow and non-flow 

assets to achieve required outcomes. At the same time, many water users have 

expressed concerns about the prospect of being asked to contribute more assets 

beyond what was outlined in VAs presented to the State Water Board in December 

2018. 

On March 1, the Directors of DWR and DFW submitted two documents to the State 

Water Board: 

1. An updated Project Description for the VAs that provided more detailed 

information about the assets being offered in the agreements, including water 

flows, funding, accelerated implementation of habitat improvements, and a 

science based decision-making process to manage flows. 

2. A Planning Agreement to guide further work needed to complete the VA 

proposals. The Planning Agreement set a target date of June 30, 2019, to resolve 

several outstanding legal and policy questions regarding the proposed VAs and 

to further refine certain elements of the project description.   

Status of the Voluntary Agreements 

We are pleased to report substantial progress since March 1 to further develop and 

evaluate the VAs.  Work has advanced through three primary work groups, each 

composed of representatives from the State Team, the Bureau of Reclamation, water 

agencies and environmental groups: 

1. The Assets to Outcomes Work Group is identifying how the water flows, habitat 

and funding provided through the VAs—known as “assets”— could result in 

measurable, achievable outcomes that will reasonably protect native fish 

species and other beneficial uses. The goal of this work group is to provide the 

State Water Board with information necessary to determine whether the VAs’ 

assets will result in providing reasonable protection of the beneficial uses as 

required by law. 
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2. The Governance, Science and Adaptive Management Work Group is structuring 

a decision-making process that would govern implementation of the VAs to 

adaptively manage the water flows and habitat provided by the VAs. This group 

is designing a science program to track and report outcomes of the various 

assets and provide scientific information to support effective adaptive 

management. This collaborative decision-making approach utilizing real-time 

scientific monitoring could significantly improve our state’s environmental 

management of these river systems. 

3. The Policy Work Group is addressing critical path legal and policy questions, such 

as enforceability of the VAs’ terms and appropriate amendments or updates to 

the Bay-Delta Plan that remain to be resolved. This work group has received 

extensive support from a Legal Work Group that drafted the Planning Agreement 

submitted March 1. 

The work of each of these three groups is guided by a Plenary meeting of all groups 

participating in the VAs, which takes place every three weeks and is led by the 

Secretaries. Detailed below is the specific progress made in each work group, as well as 

outstanding work yet to be completed. 

Assets to Outcomes Work Group  

Since March 1, this work group has completed an enormous amount of work. First, it has 

clarified the complicated details regarding the water flows and habitat projects 

proposed by participating water agencies in each tributary; this clarification is essential 

for the State Team to analyze the VAs.  

The work group has also discussed the methodology that will be used to analyze these 

assets and the outcomes they can be anticipated to produce, as well as an approach 

to comparing the outcomes generated by the VAs assets to the outcomes generated 

by the unimpaired flows proposed by the State Water Board staff.  

Extensive discussion has taken place about how to analyze the water flow assets in the 

state’s current analytical models, including CalSIM, SacWAM, and WSE.1 The State 

Water Board released a preliminary baseline run for SacWAM and held a webinar to 

review the latest version of the model. DWR and the State Water Board have been 

working together to assure an understanding of potential differences between CalSIM 

and SacWAM representation of flow assets, and towards a comparison of baseline runs. 

These baseline runs are nearly completed, and substantial progress has been made on 

modeling the VAs and unimpaired flows.2 Once completed, this work will make it 

possible to analyze and compare the modeled results of the flow assets in each of the 

                                                           
1 CalSIM, which is a DWR model, and SacWAM and WSE, which are State Water Board models, 

all assess the effects of hydrologic changes in the Sacramento and San Joaquin River systems.  
2 These models are based on a monthly time step; other tools that can complement them by 

evaluating items like water temperature on a daily time step may be considered and integrated 

into the analysis as well.  
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tributaries and in the Delta, and will allow individual river systems to perform important 

analysis and understand parameters such as water temperature.  

This work group has also clarified details of habitat enhancements proposed in the VAs 

so these assets can be analyzed for anticipated outcomes. Two different analytical 

tools will be used to evaluate the habitat assets– one in the tributaries and the other in 

the Delta. The first tool will assess the relationship between water flows and habitat 

improvement and expansion in each tributary and produce information to evaluate 

whether the combination of flow and non-flow measures meets specific suitability 

requirements and can support healthier native fish populations. The other Delta-

focused tool utilizes a hydrodynamic model to evaluate the impacts of different 

variations of flow and habitat assets on various fisheries habitat indicators such as water 

depth, velocity, salinity, etc. Ultimately, the CalSIM and SacWAM hydrological analyses 

must be paired with these two habitat appraisal tools to produce an overall assessment 

of the VAs’ combined flow and habitat approach and its ability to contribute to the 

Bay-Delta Plan’s objectives.    

The Assets to Outcomes workgroup is also developing biological and environmental 

targets (BETs) for the VAs to guide both finalization of the agreements and scientific 

monitoring and decision-making during the 15-year term of the agreements. Some BETs 

will establish compliance targets, which will define the intended contribution of the VAs 

towards meeting the legal and policy requirements of the Bay-Delta Plan. Other BETs 

will serve as benchmarks to track the success of the VAs by evaluating their 

effectiveness in improving the success of native fish and wildlife at different life stages 

and in different locations; understanding the response of native fish and wildlife; and 

improving scientific understanding throughout the watersheds. This work group will need 

to finalize BETs and integrate them into the governance, science and adaptive 

management program so they can inform the deployment of available assets to 

provide the greatest biological benefits. These activities will be completed in 

coordination with the Governance, Science and Adaptive Management Work Group. 

In a separate but related process, the State Water Board is developing a set of 

biological goals as required by the current Bay-Delta Plan. These biological goals are 

broader and concern all implementation actions in the Bay-Delta watershed, including 

actions that are required for water rights holders who are not parties to a VA. The BETs 

developed though the VAs process will be integrated with the State Water Board’s 

broader biological goals.  

In the coming months, the work group will work closely with the State Team to explore 

further revisions to flow modeling and to discuss the results of analysis of flow and non-

flow assets. This discussion is expected to yield a preliminary quantitative and qualitative 

assessment of the outcomes of the VAs and a description of how VAs outcomes 

compare with the outcomes expected from the State Water Board’s unimpaired flow 

approach. This group will also need to finalize a set of biological and environmental 

targets, describe how these targets will be incorporated into the VAs, and inform the 
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drafting of a report to examine and articulate the scientific basis for the VAs approach 

to attaining required outcomes.  

Governance, Science and Adaptive Management Work Group 

This work group has made significant progress since March 1 developing 

recommendations for the governance and science program of the VAs. The 

description of the proposed VAs governance now includes:  

1. Principles to guide how parties to the VAs will work together to implement the 

agreements;  

2. A collaborative governance structure intended to balance regional capabilities 

and constraints in the tributaries and the Delta with a systemwide approach;  

3. A consensus-oriented strategic planning and decision-making approach for the 

deployment of VAs assets that is intended to be science-based and transparent; 

and 

4. A process for reviewing progress toward desired environmental and biological 

outcomes and recommending adjustments to the deployment of assets to 

achieve improved outcomes.  

These recommendations have been informed by successful collaborative governance 

structures for shared water management in other areas of the country, which have 

been highlighted by consultants from Compass—a nationally recognized expert on 

water governance retained by this work group.  

The updated VAs science program description includes functions and products that are 

intended to: track and report on the deployment of VAs assets and associated progress 

toward VAs targets; help reduce management-relevant uncertainties; and recommend 

adaptive management adjustments to the deployment of VAs assets (to the extent 

that the deployment of VAs assets is flexible). 

Several important aspects of the VAs governance system are unresolved and require 

additional detail on the VAs assets and resolution of several key policy questions. These 

policy questions include, but are not limited to: 1) the State Water Board’s role in VAs 

implementation; 2) how funding for habitat projects and science activities will be 

collected and allocated, and how state funding will be used; 3) whether there should 

be a single, master agreement for all parties or individual agreements, and who the 

signatories should be; and 4) what will happen if desired or required environmental 

outcomes (as defined by BETs) fail to materialize, despite compliance with deployment 

requirements for VAs assets. The Policy Work Group is the designated forum for 

discussion of issues and will be addressing them in coming weeks. While these questions 

are being discussed and resolved, this work group will further develop proposed 

governance structures and processes for specific tributaries and the Delta. 
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Policy Work Group 

In February, a Legal Work Group was organized to draft the Planning Agreement 

submitted to the State Water Board on March 1. This Planning Agreement identified 

several critical path legal and policy issues that must be resolved to complete the 

proposed VAs. Accordingly, consensus on these issues is critical to successful VAs. In 

April, a Policy Work Group was formed that includes representatives of each tributary 

participating in the VAs and environmental conservation organizations to discuss and 

recommend to the Plenary aligned approaches on these important critical path issues. 

The Policy Work Group has focused on five principal issues:  

1. Whether the Bay-Delta Plan should be amended to include a new or modified 

water quality objective related to the viability of native fishes;  

2. What assurances the State Water Board should provide that it will not require 

additional contributions of flows or funds from the parties during the term of the 

VAs;  

3. How should the State Water Board enforce the commitments contained in the 

VAs; 

4. How the VAs relate to non-settling parties; and 

5.  What happens at the end of the VAs’ 15-year term. 

Working closely with the State Team, the Policy Work Group met regularly in May and 

June to develop a document that identifies key options for resolving critical path issues 

and provides a brief policy rationale for each option. The Policy Group continues to 

meet weekly to discuss these options with the intent of coalescing around agreed-upon 

approaches. 

Looking ahead, the stakeholders, through a regular plenary group meeting, will 

consider the Policy Work Group’s options for resolving these issues. After resolution, the 

Legal Work Group will undertake drafting legally operative text for incorporation of 

these policy and legal issues into the VAs.   

Schedule Moving Forward 

Over the next three months, the three work groups will continue to discuss, develop and 

ultimately finalize needed components of the proposed VAs. The State Team will need 

to review the VAs in a comprehensive form, with each of these components inserted, to 

come to a collective conclusion as to whether the VAs can provide the reasonable 

protection of beneficial uses required by law.   

By October of this year, the State Team expects to have the modeling and scientific 

analysis nearing completion and the governance and adaptive management structure 

in close to final form. Assuming the critical path policy and legal questions are also 

either resolved or close to resolution, the State Team should have enough information 
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on each of the component parts to determine the adequacy of the VAs by October 

15.   

If the State Team decides to recommend that the State Water Board consider the VAs 

in their current form, the State Water Board will proceed to complete the remaining 

analyses required by law. First, the scientific basis report being developed by the State 

Team with input from the Assets to Outcomes working group will be submitted for 

independent scientific peer review. On the current timeline, that process will be 

complete by the spring of 2020. During this time, the VAs parties will continue to make 

refinements to the biological and environmental targets. 

Second, as contemplated by the Planning Agreement, the State Water Board will also 

need to complete environmental review of the VAs and the updated Water Quality 

Control Plan pursuant to the California Environmental Quality Act (CEQA). While this 

process will be time consuming, it will be a priority of the State Water Board to 

complete. On the current timeline, a draft CEQA document would be released for 

public comment in the summer of 2020, with a finalized document complete by the 

following year. With successful VAs in place, implementation of the updated Bay-Delta 

Plan could begin immediately thereafter. 
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1.1 Sacramento River 
 

Parties diverting water from the Sacramento River mainstem are proposing a coordinated suite of flow 
and non‐flow measures that are intended to provide a holistic and integrated approach to improve 
populations of native fish species, especially steelhead and the four runs of Chinook salmon, on the 
Sacramento River mainstem. These flow and habitat measures build on the regulatory requirements 
imposed on the parties to the voluntary agreement since 2000, both of which contribute to the 
implementation of the narrative objective for salmon protection, and the numeric objectives for Delta 
outflows and Sacramento River inflows.1 

 
As a general matter, the measures described in this Project Description are intended to augment flows 
and implement habitat measures to provide the opportunity for juvenile fish to successfully spawn, 
shelter, forage, rear, and migrate out of the Sacramento mainstem (as measured at the confluence of 
the Feather River). By providing additional habitat and working to improve watershed health, these 
measures are intended to better meed the needs of fish species and thereby help those populations 
move towards the narrative salmon doubling goal and other metrics of robust and viable populations. 
Finally, because of the inherent variability within each year, there is a measure to allow, in dry, below 
normal and above normal years, for at least an additional 100,000 acre‐feet of water that may be used 
for the benefit of fish and wildlife, for instance, (i) as additional flows to augment the natural signals for 
outmigration conveyed in storm events for Spring and Fall run Chinook salmon, (ii) as additional flows to 
augment minimum flows or (iii) for any other purpose deemed to be biologically beneficial under the 
governance and adaptive management plan. 

 

1.1.1 Flow Measures, including interaction with Shasta and CVP Operations 
 

1.1.1.1 Proposed Flow Commitments 
 

The parties to the voluntary agreements on the Sacramento River mainstem are prepared to make a 
series of additional flow commitments that are intended to augment the existing flow regime during 
specific seasons of the year, intended to provide additional pulse flows at biologically sensitive periods, 
and preserve cold‐water pool to ensure viability of fish species during the warm summer months. Those 
additional flow commitments are as follows: 

 
1.1.1.1.1 Fall Flow Stabilization (All Years) 

 

As the irrigation season closes during the late summer and winter‐run chinook salmon emerge from 
redds, releases for, water demand and instream flows move from the peak summer rates to lower 
winter rates which results in decreased storage releases from Shasta Reservoir. The winter releases are 

 

1  As to flow and habitat measures that have been adopted since 2000, Exhibit 1 

hereto (“Sacramento Valley Salmon Recovery Program – Completed Projects – 2000‐2017”) lists the 

various Sacramento Valley Salmon Recovery Program projects that were completed during 2000 through 

2017. These projects have contributed to the implementation of the narrative objective for salmon 

protection.  These projects form a strong foundation for the additional habitat measures proposed 

under the voluntary agreements.  It is noteworthy that, of the almost 150 projects completed since 

2000, almost half of those are on the Sacramento River mainstem. 
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lower not only because the growing season is completed and downstream diversions decrease 
accordingly but also so that Reclamation can rebuild storage in Shasta Reservoir during the winter 
season to create enough cold‐water assets needed to protect winter‐run salmon in the following spring 
and summer months. As releases from Shasta and downstream diversions decrease, there is the 
potential to dewater early spawned fall‐run Chinook salmon redds. There is also a need for additional 
rearing habitat for juvenile salmonids and the need to reduce fluctuations in demands due to rice straw 
decomposition. 

 

To address these concerns, the parties propose to modify releases from Shasta during October so as to 
stabilize flows in the Sacramento River mainstem and operate so those flows smoothly transition to the 
wintertime base flows in the Sacramento River. In coordination with the Bureau of Reclamation, the 
Sacramento River Settlement Contractors (SRSCs) and other parties diverting water from the 
Sacramento River mainstem would coordinate their diversions for rice straw decomposition from 
October 1 through November 30 to lower peak diversion rates and spread the period for rice straw 
decomposition over a longer time. The target for winter releases would be established based on end of 
September (EOS) storage in Shasta Reservoir. Such winter base flow releases would be set to improve 
refill capabilities for Shasta Reservoir to build cold‐water pool storage for the following year. 

 

Here are examples of potential Keswick releases based on Shasta Reservoir EOS storage condition. 
These examples would be refined through modeling efforts under the guidance of the governance 
structure described below. 

 

1.1.1.1.1.1 If EOS 
Shasta Reservoir 
storage is: 

Then, winter base flow 
releases would be: 

 

Less than 2.2 MAF  3,250 cfs 
2.2 MAF to 2.8 MAF  4,000 cfs 
2.8 MAF to 3.2 MAF  4,500 cfs 
More than 3.2 MAF  5,000 cfs 

 
 

Reclamation would determine these winter base flow release rates after the majority of emergence of 
winter‐run Chinook salmon, prior to the majority of fall‐run Chinook salmon spawning in any specific 
year and Shasta EOS storage, in coordination with parties to Voluntary Agreements and consistent with 
legal and regulatory requirements. The SRSCs, upstream Sacramento Valley CVP contractors and 
Reclamation propose that they will work together to smooth Sacramento Valley diversions so as to 
improve the likelihood of reaching winter base flow targets. Nothing in this coordinated effort would 
limit Reclamation’s discretion over all CVP operations and its obligation to operate the CVP to meet 
regulatory requirements and all contractors’ needs (including in the Lower Sacramento River, the Delta 
and export areas). It is understood that Reclamation will make its operational decisions based on the 
needs of the CVP as a whole and in accordance with any requirements under then‐applicable State 
Water Resources Control Board decisions, Biological Opinions issued by the National Marine Fisheries 
Service and/or the U.S. Fish & Wildlife Service, and flood control requirements. 

 

1.1.1.1.2 Actions in Wet Years 
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In wet years, there may be opportunities for Reclamation to make additional releases that would have 
the hypothesized benefits of cleaning spawning gravels, creating/restoring/enhancing floodplain habitat, 
and creating pulse flows that build on natural signals (e.g. storm turbidity). All of these initiatives would 
require the reoperation of Shasta Reservoir, which is subject to Reclamation approval. All of these 
initiatives also must be done in a manner that does not create any additional risk to public safety, 
human health or property damage. These initiatives would only occur in wet years when the action does 
not result in a water cost to the CVP or the SWP, as determined by Reclamation and DWR, respectively. 

 

The SRSCs propose that, in the event of a wet year, they will collaborate with Reclamation and other 
parties diverting water from the Sacramento River mainstem to identify the opportunities to engage in 
activities that will benefit fish and wildlife in the Sacramento River mainstem. 

 
All such activities are subject to the sole and complete discretion of Reclamation, recognizing 
Reclamation’s responsibilities for public safety, the preservation of human health and the prevention of 
property damage or reductions in the water supplies available to the CVP and/or SWP. Within those 
constraints, however, the SRSCs will work to coordinate operations with Reclamation to divert 
additional water into floodplains (including but not limited to the Sutter and Yolo Bypasses) and/or to 
create other spawning and rearing habitat, depending on the time of year. Particular attention will be 
paid to the opportunities to enhance outmigration of juvenile salmonids through targeted pulse flows 
synchronized with natural storm events. 

 

1.1.1.1.3 Actions in Above Normal, Below Normal and Dry Years 
 

The SRSCs propose that during above normal, below normal and dry years, which cumulatively total 
about 58% of all years according the Sacramento Valley 8‐station index, they would make available 
100,000 acre‐feet through land fallowing/crop shifting (or limited groundwater substitution) within their 
service areas. This supply would be made available to Reclamation and Reclamation would be 
responsible for reoperating Shasta Reservoir and passing water through the Delta as outflow, in 
coordination with DWR. During these years, there is a hypothesized need for additional flows in April 
and May to enhance spring‐run juvenile salmon outmigration survival. There is also a need in these 
years for additional Delta outflow while also balancing the potential impacts to the cold‐water pool 
storage at Shasta Reservoir. In above normal years and below normal years when there is an adequate 
cold water pool in Shasta Reservoir to protect winter run salmon, there would be a target base flow 
during April and May of 8,000 cfs at Wilkins Slough that would be met through the combination of 
natural side channel flows; releases from Shasta Reservoir for legal and regulatory requirements and 
other project purpose;, and, to the extent that Shasta releases need to be increased to meet the Wilkins 
Slough target, those water costs would be charged to the 100,000 acre‐feet asset. To the extent that 
combination of water sources does not support the target base flow throughout the entire two‐month 
period, a shorter period or an alternative flow target will be utilized under the governance and adaptive 
management plan. In dry years, it is unlikely that there would be enough cold water pool assets in 
Shasta Reservoir, so no spring flows would be available, but rather the 100,000 acre‐foot asset would be 
available on the delivery pattern of the fallowed land through reoperation of Shasta Reservoir for 
augmentation of instream flows and Delta outflow, to the extent such reoperation does not create an 
additional water supply impact, as determined by Reclamation. The water may alternatively be used to 
augment cold water pool storage in Shasta Reservoir for the benefit of winter‐run Chinook salmon. 

 

The SRSCs believe that there will be an enhanced ability for Reclamation to make water available for 
targeted spring pulse flows if there is a land fallowing/crop shifting program for 100,000 acre‐feet in 
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place at the time that Reclamation makes operational decisions in the spring. If, however, Reclamation 
is not able to make such spring releases relying on the commitment for the production of 100,000 acre‐ 
feet (e.g., based on concerns relating to cold‐water pool storage levels during the late summer/early fall 
period), then Reclamation would retain the discretion to add the 100,000 acre‐feet to water releases 
during the summer or fall for other ecosystem benefits. Reclamation, at all times, retains sole discretion 
for the operation of the CVP and the release of the 100,000 acre‐feet will not be used in a manner that 
causes changes to water supply allocations and or the timing of such allocations to CVP contractors 
north or south of the Delta or otherwise adversely affects CVP system‐wide operations. The 100,000 
acre‐feet of water based on land fallowing/crop shifting is included within the water cost dependent on 
year‐type. 

 

While Reclamation retains sole discretion in the manner in which it operates the CVP, Reclamation 
would participate in the proposed Voluntary Agreement governance structure to solicit input on CVP 
operations and the manner in which Reclamation can include the provision of this additional 100,000 
acre‐feet for environmental benefits without adversely affecting CVP contractors or CVP system‐wide 
operations. The proposed governance structure includes collaboration on planning and accountability 
through reporting on outcomes. 

 

1.1.1.1.4 Actions in Critically Dry Years 
 

In critically dry years, there is limited water to meet limited beneficial uses. During such years, the 
inflow into Shasta Reservoir is substantially lower than average and the necessary flows at Wilkins 
Slough are at times equal to Shasta Reservoir inflow, meaning that Reclamation is unable – as a practical 
matter – to store water in Shasta Reservoir to accumulate a cold‐water pool. Finally, there are few 
significant storms that increase base flows in the Sacramento River mainstem. 

 

Parties diverting water from the Sacramento River mainstem would cooperate with Reclamation provide 
a single spring pulse flow of 30,000 acre‐feet in March, with a focus on last two weeks of the month. 
The water would be made available from Shasta or Whiskeytown reservoirs at Reclamation’s sole 
discretion. The pulse flow event would be timed to ensure that the water is 100% recoverable by the 
CVP and SWP through Delta exports (or other mechanisms at the discretion of Reclamation) as 
addressed through Coordinated Operations Agreement (COA) accounting. The pulse flow event would 
be coupled with a storm event when possible, likely as an extension of the recession limb of the rainfall 
runoff hydrograph so as to ensure exportability. 

 

The pulse flow event would not occur under any of the following conditions: 
 

• The action causes any impact to the amount or timing for Reclamation’s allocations to any CVP 
contractors (in any CVP Division, north or south of the Delta). 

 
• The critical year in question immediately follows another critical year or follows a dry year. 

 
• Any new or additional RPMs, RPAs, or other regulatory actions affecting CVP operations occur as 

a result of this action. 
 

The pulse flow event would also be conditioned on temperature management considerations for the 
remainder of the year. Thus, if the pulse flow were to be considered for April, Reclamation would need 
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to consider its projection for EOS storage at Shasta Reservoir, the need for water during the fall to 
prevent redd stranding and to encourage migration, etc. 

 
In the event that a pulse flow event occurs and then the year type turns from critical to dry, then any 
water released for the pulse flow event would be credited towards the 100,000 acre‐foot requirement 
described above in future above normal, below normal and dry years. 

 

1.1.1.2 Biological Rationales for Flow Commitments 
 

1.1.1.2.1 Fall Flow Stabilization 
 

The fall flow stabilization will have the effect of smoothing the transition from summer diversion and 
release patterns to the lower base flow needed to protect fall‐run Chinook salmon redd spawning and 
prevent redd dewatering, and to maintain constant water elevations and temperatures. Such reduced 
releases are consistent with the need for rice straw decomposition water that benefit avian species and 
the Pacific Flyway and are further consistent with protecting carryover storage for cold‐water pool 
storage that benefits winter‐run Chinook salmon and other species. Finally, such reduced diversions 
minimize the water cost of these measures. 

 

1.1.1.2.2 Winter Flow Releases 
 

The winter flows regime will maintain side channel tributary inflows from hydrologic events and also 
maintain bypass and weir operations/inundation. This flow regime would benefit fall‐run Chinook 
salmon by providing constant flows, temperature and velocities to incubating redds and early rearing 
habitat in the upper Sacramento River system. It would, similarly, provide these same benefits to late 
fall‐run Chinook salmon. It would further continue to provide benefits to avian species using the Pacific 
Flyway, benefit winter‐run Chinook salmon by protecting cold‐water pool storage, and protecting 
consumptive uses of water my minimizing the water cost of these measures. 

 

1.1.1.2.3 Spring Flow Releases 
 

In the spring, Keswick releases are typically steady until flows are needed to support instream demands 
on the mainstem Sacramento River and Delta requirements. As a standard practice, Reclamation 
operates Shasta in the spring to have storage in the reservoir high enough (e.g., 3.7 million acre‐feet) to 
use the Shasta temperature control device (TCD) upper gates to maximize the cold water pool potential 
for winter Chinook egg incubation management. 

 

If this condition is met, releases from Shasta, initially focused on April and May, for the primary purpose 
of increasing spring‐run Chinook outmigration and survival in the lower Sacramento River would be 
made, incorporating science, monitoring, and decision making and testing the hypothesis of flow and 
survival. 

 
If Reclamation determines that projected inflows to Shasta Reservoir are likely less than sufficient for 
summer temperature management pursuant to its ESA obligations, and/or taking the spring action will 
cause changes to water supply allocations and/or the timing of allocations (to each CVP division north or 
south of the Delta), or the action impacts other system‐wide operations, the water would be added to 
releases during the summer or fall for other ecosystem benefits, and would serve to augment Delta 
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outflows at those times. Under certain circumstances, the water may be utilized to augment cold‐water 
pool resources. 

 
1.1.1.2.4 Summer Flow Releases 

 

During the June through September summer period, flows in the Sacramento River mainstem and the 
releases from Shasta Reservoir would be established so as to meet the temperature and other 
downstream requirements in the then‐current Biological Opinion(s), State Water Resources Control 
Board decision(s), and to meet CVP contract deliveries. This would primarily benefit winter‐run Chinook 
salmon redds. 

 
If a spring action in not taken or only a portion of the 100,000 acre‐foot asset is used to meet the Wilkins 
Slough target, the water asset could also be using in the summer for delta outflow on the fallowing 
schedule that the water is made available. 

 

1.1.2  Non‐Flow Measures 
 

1.1.2.2 Spawning Habitat (Keswick to Red Bluff Diversion Dam) 
 

Reclamation and the SRSCs propose annually to place 40,000 to 55,000 tons of gravel at the Keswick 
and/or Salt Creek injection sites. For comparison purposes, over the past 17 years, there has been a 
total of approximately 90,000 tons of gravel placed at various locations on the Sacramento River 
mainstem. Within five years, Reclamation and the SRSCs would create at least three site‐specific gravel 
restoration projects upstream of Bonnyview Bridge. 

 

1.1.2.3 Rearing Habitat (Keswick to Red Bluff Diversion Dam) 
 

Reclamation and the SRSCs propose to create a total of 40‐60 acres of side channel habitat at no fewer 
than 10 sites in Shasta and Tehama County. 

 
1.1.2.4 Rearing Habitat (Red Bluff Diversion Dam to Verona) 

 
The SRSCs believe that, at present, they can create 3,225 acres of floodplain habitat in existing areas. 
The additional spring flows described would inundate another 650 acres of rearing habitat within the 
current Sacramento River levee system. In‐river restoration projects (of the type undertaken by River 
Garden Farms) would amount to 225 acres of rearing habitat over 15 years. Inundation of the lower 
portion of the Colusa Basin Drain would yield another 300 acres of floodplain habitat. The inundation of 
CDFW’s Tisdale property would add another 500 acres of floodplain habitat while levee setbacks would 
add a further 200 acres. Finally, the inundation of the Sutter Bypass would provide 2,000 acres of 
floodplain habitat. That quantity of habitat is sufficient to support a population of 70,000 to 80,000 fall‐
run Chinook salmon adults, which is three times more than the current returns. 
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1.1.2.5 Man‐Made Structures (Keswick to Verona) 
 

Finally, the SRSCs propose to undertake a number of projects to modify man‐made structures to reduce 
their impacts on salmonid populations. These projects would include completing the remaining high‐ 
priority fish screen projects and reducing lighting on all bridges crossing the Sacramento River within five 
years. 

 

1.1.3 Funding Commitments and Regulatory Assurances 
 

1.1.3.1 Included in the Planning Agreement 
 

The Sacramento River mainstem element is based on a number of key terms in the Planning Agreement 
that provide regulatory and management conditions that are essential to the coordinated suite of flow 
and non‐flow measures being proposed by the SRSCs. Those key terms are: (i) governance structure, (ii) 
the safe harbor/no surprises policy, (iii) compliance with the California Environmental Quality Act, (if) 
the strategy for the issuance of other necessary permits such as section 404 permit, and (v) a robust 
science program. Those terms are described in detail in the Planning Agreement. 

 

1.1.3.2 Water Code section 1707 Petition and Related Operations Agreement 
 

The 100,000 acre‐feet of water made available by the SRSCs in above normal, below normal and dry 
years will be dedicated to fish and wildlife beneficial uses for the term of the voluntary agreement 
pursuant to a Water Code section 1707 petition for change process. Reclamation and CDFW will 
develop and approve an operations plan/agreement, subject to review and consultation with the SRSCs, 
to ensure that the 100,000 acre‐feet of water made available by the SRSCs shall be used for the WQCP 
program of implementation to protect fish and wildlife beneficial uses. 

 

1.1.3.3 NRDC v. Zinke 
 

If the NRDC v. Zinke litigation results in a reduction in SRS Contract supplies via changes to contracts or 
constraints on performance, then any additional amounts of water made available for fish and wildlife 
purposes from such an outcome shall be offset against the 100,000 acre‐foot quantity of water to be 
made available in above normal, below normal or dry years. In the alternative, such an outcome shall 
serve as an “off‐ramp” that would allow any or all of the SRSCs to withdraw from the voluntary 
agreement. 

 

1.1.3.4 Funding Commitments 
 

The Parties propose to work with state and federal agencies to utilize dedicated funds consisting of: (a) 
contributions based on deliveries to or diversions by the Parties, and (b) repurposing of existing funding. 
The Parties believe that these sources, in combination, provide a sustainable and long‐term funding 
stream that will be sufficient to support the projects being conducted under the auspices of the 
Voluntary Agreement. 

 

 The Parties propose that contributions based on deliveries to or diversions by the Parties of 
water from the Bay‐Delta watershed would be collected annually during the term of the 
Agreements. Through the contributions, the Parties expect to secure funds totaling 
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approximately $425 million for the additional flows, and $345 million for the science program, 
over the term of the Agreements. 

 
Specifically, a fund would initially be established using reprogrammed Proposition 1 funds and 
subsequently funded through the collection of a surcharge on water diverted within the Bay‐ 
Delta watershed for the duration of the fifteen‐year term of the Voluntary Agreement. Such a 
surcharge would not apply to agencies diverting water under their own water rights, provided 
that those agencies contribute water as part of the Voluntary Agreement. 

 

 The Parties also propose that the State and Federal governments would seek to repurpose or 
reprogram existing funds and seek new funds in order to support this important effort. The 
State of California agrees that it will pursue repurposing/reprogramming State bond money and 
seeking any necessary legislation to provide additional monetary funds. This includes potential 
directed and competitive funding opportunities from various State sources. Up to 
approximately $1.3 billion in bond funding is available for instream flows, restoration, multi‐ 
benefit flood projects, and other activities 

 

1.1.4 Timing 
 

New water will be made available for environmental purposes primarily during the spring period when 
juvenile spring‐run chinook salmon migrate out from spawning and rearing grounds to the Delta. As 
described in more detail above, in wet years, there will be collaboration with Reclamation to release 
water in ways that benefit fish and wildlife. In above normal, below normal and dry years, the parties 
will make available 100,000 acre‐feet of water, most likely for one or more pulse flow events in the April 
to May period, ideally timed to coincide with the receding leg of the storm hydrograph. That timing 
would complement and accentuate the instinct of salmonids to outmigrate during periods of high flows 
and high turbidity, which is thought to contribute to increased survival rates. In summer months if the 
asset is not used in the Spring, it would be available for summer or fall outflow augmentation. In 
critically dry years, any water made available would likely be timed so as to be fully recoverable under 
COA accounting and would likely be made available in the last two weeks of March, which are likely the 
last period of any substantial precipitation. 

 

1.1.5 Expected Outcomes 
 

The Sacramento River provides spawning, migration, and/or rearing habitat for all runs of Chinook 
salmon, steelhead, and sturgeon. Improvements in spawning, migration and rearing will occur, as noted 
above, through improved access to and reactivation of floodplains throughout the Sacramento River 
basin, along with carefully timed flow management to promote improved conditions along the 
Sacramento River. CVP and upper Sacramento water users will work to stabilize fall flows to minimize 
risk of dewatering and stranding. In wet years, and in consideration of cold‐water pool management, 
early initiation of storage management releases for the purposes of spawning gravel cleaning functions, 
floodplain habitat, general fish migration flows and moderation of flood control‐related pulse flows 
would be implemented. In critical years, a single spring pulse flow in March, with a focus on last two 
weeks of the month, and coupled with a storm event when possible, will be implemented to aid 
migration under dry conditions. 

 

1.1.5.1 Rearing habitat 
 

This proposal would substantially improve rearing habitat through the implementation of several 
landscape level and area‐specific improvements in rearing habitat access and conditions. Habitat 
enhancements to improve rearing and migration conditions for salmonids throughout the Sacramento 
River basin, including more than 7,000 acres of improved floodplain rearing habitat in Sutter Bypass, 
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Yolo Bypass, as described above, will provide important ecological functions in combination with 
ongoing operations. Together, the large increase in landscape‐level rearing habitat access will 
substantially improve rearing conditions. Several other projects address passage, spawning habitat, and 
predation. These structural habitat improvements will accrue benefits to all runs of Chinook, steelhead, 
and sturgeon. 

 

1.1.5.2 Migration Conditions 
 

In combination with the rearing habitat improvements expected to occur from November through 
March throughout the basin, and in consideration of cold‐water pool management, real‐time migration 
patterns, and rearing habitat conditions, Sacramento River flows will be pulsed in April and May to 
support successful migration of spring‐run Chinook. Sacramento River flows would be coordinated to 
provide maximum benefits and to ensure protection of cold‐water in Shasta. 
Increased in‐stream flows using the 100 TAF block of water described above would be provided in above 
normal, below normal and dry years to augment existing flows and improve overall migration 
conditions. Working with the regulatory agencies and other parties the interface between these flow 
changes and structural habitat for rearing benefits would be managed and further explored through the 
application of testable hypotheses and adjustments to actions. All such actions would be subject to the 
“safe harbor/no surprises” provisions of the Planning Agreement. 

 

1.1.5.3 Spawning habitat 
 

The substantial gravel placement throughout the Upper Sacramento River described above will provide
rearing benefits for spring‐run and fall‐run Chinook, green sturgeon, and steelhead. 

 

 
1.1.5.4 Terrestrial habitat 

 
This proposal includes approximately 23,300 acres of land fallowing to generate the water that would be
used for in‐stream and Delta outflow purposes. It was developed in consideration of minimizing 
terrestrial species effects, through both the amount of land fallowing that would occur and the ability to 
provide winter wetland area where possible. The SRSCs expect that federal and state wildlife agencies 
will permit and not require any mitigation associated with this land fallowing action. 
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1.2 Feather River, Including Interaction with Oroville and SWP Operations 
 

1.2.1 Flow Measures 
 

This proposal includes three components: a water transfer program to generate an additional 50,000 
acre‐feet of water for environmental benefit, including instream flow and Delta outflows, 
implementation of revised Feather River flow schedule, and a reoperation of Thermalito Afterbay to 
improve spawning habitat conditions in the low‐flow channel of the Feather River. 

 
Water users on the Feather River propose, in coordination with DWR, to make water available in above 
normal, below normal and dry years. 50,000 acre‐feet would be made available predominantly through 
land idling/crop shifting and limited groundwater substitution and/or reservoir reoperation within their 
service areas. This supply would be made available to DWR. To further adaptive management during 
the 15‐year VA period and to allow for potential shaping/shifting of this water, DWR under its water 
rights for the SWP would deliver the water to the system as a block or released pursuant to a schedule 
that best integrates with the non‐flow measures and other flow measures to improve conditions for 
native fish. The determination of the timing and schedule of the water made available would be made 
as described in Section 1.2.4 below. 

 
The water made available by the Feather River water users would be delivered to DWR and would, as 
applicable, either reimburse DWR and Lake Oroville storage for the advance release of the 50,000 acre‐ 
feet or would be stored in Lake Oroville for later use by DWR for ecosystem purposes. The water 
delivered to DWR by Feather River water users making water available via land idling/crop shifting 
would be made available under the pattern of evapotranspiration for the crop idled/shifted (typically 
rice). The water delivered to DWR by Feather River water users making water available via groundwater 
substitution, not to exceed 10,000 acre‐feet, would be made available during the irrigation season as it 
is produced after deducting the applicable assumed streamflow depletion factor, which will be fixed for 
the 15‐year term of the Voluntary Agreement. Finally, the water delivered to DWR by Feather River 
water users making water available via reservoir reoperation would be delivered on a schedule agreed 
upon by DWR and the water users and would be subject to a reservoir refill criteria. 

 

The goal in providing 50 TAF of additional managed flows on the Feather River is to reestablish 
functionality of habitat for native fishes. These additional managed flows can be adaptively managed 
during the term of the VA to maximize environmental benefit and will be provided on top of current 
flow regimes during Dry, Below Normal, and Above Normal water year types. These flows would be 
utilized for the primary purpose of testing Delta outflow and other hypotheses, and increasing wetted 
acres throughout the Feather River and lower Sacramento River, including in floodplain and other 
habitat areas improved or developed as part of this proposal. 

 

DWR would also reoperate the Oroville Facilities to maximize spawning and rearing in the Feather Fiver 
for salmonids. Instead of routing flows through the Thermalito power generation plant and Thermalito 
Afterbay and the power generation facilities at the Oroville Facilities, a pulse flow would instead be 
routed directly through the low‐flow channel to create optimal conditions for fish in the upper Feather 
River. This proposed pulse flow would bypass up to 43 TAF of power generation at the Thermalito 
Power Generating Plant in order to provide additional flow in the low flow channel.  Releases from the 
Oroville complex would be shifted from the Thermalito Afterbay river outlet to the Thermalito Diversion 
Dam release into the low flow channel.  This would occur at flow rates up to 2,000 cfs for 14 or more 
continuous days between January 1 to April 15 during Dry, Below Normal, and Above Normal water 
year types. 
 

Additionally, contingent upon FERC’s issuance of a new license for the Oroville Facilities, DWR 
proposes to provide an adjustment to river flow in the Feather River, as provided under the FERC 
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Settlement Agreement (SA) for the Licensing of the Oroville Facilities, FERC Project No. 2100, to 
create additional spawning and rearing habitat by increasing useable area for adult and juvenile 
salmonids. DWR would be able to implement this described action immediately upon issuance of 
the license by FERC and implementation would occur for the duration of the new license. Future 
adjustments to meet temperature criteria identified in the FERC SA would potentially require 
infrastructure modifications at Oroville Dam after the FERC license is issued.  The minimum flow in 
the Low Flow Channel from April 1 through September 8 would be 700 cubic feet‐per‐second (cfs) 
and from September 9 through March 31 would be 800 cfs. 

 

1.2.2 Non‐Flow Measures 
 

Non‐flow measures for the Feather River will consist of restoration of at least 2,883 acres of restored 
habitat. This primarily includes improved access for salmonid species to floodplain habitat. Non‐flow 
measures also include gravel augmentation to improve spawning conditions, activities to control 
predators, removal of passage impediments to allow upstream fish passage, improvements in the 
Feather River Hatchery stock’s genetic fitness, and improved habitat complexity and riverine shading. 

 
Habitat actions on the Feather River are parsed into two general categories:  1) Projects identified under 
the FERC SA; and, 2) Projects independent of a regulatory regime. Projects identified under the FERC SA 
are required, however, the VA provides for a significantly accelerated timeline to implement habitat 
actions. The implementation of these projects on an enhanced timeline will allow them to start 
functioning and providing benefit for fish species more quickly than identified in the FERC SA, subject to 
DWR obtaining a FERC license for Oroville operations. Projects independent of regulatory regimes are 
projects that have been identified in the Feather River system to address specific limiting factors for fish. 
Many of these projects have been identified in multiple public documents over the years and have been 
recognized as having value, but they have not been able to be implemented because they lacked project 
advocates or funding. One such project involves removal of an existing barrier at the Sutter Extension 
Water District’s Sunset Pumps diversion facility on the Feather River and re‐configuration of the 
District’s water conveyance system. The California Department of Fish and Wildlife has previously 
indicated strong support for the latter project. 

 
1.2.3 Funding 

 
Funding for Feather River Flow Measures 

 
The 50,000 acre feet made available by Feather River water users in above normal, below normal, and 
dry year types will be compensated. The funding mechanisms described above for Sacramento River 
apply also to funding of the Feather River flow measures, with Prop 1 funds used to start the fund, and 
surcharges collected by water users to fund subsequent water years for the term of the agreement. 

 

The reoperation of the Oroville complex to bypass Thermalito Power Generating Plant would result 
in lost power revenues to the State Water Project, which would not be compensated. 
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Funding for Feather River Non‐flow Measures 
 

Non‐flow measures on the Feather River could be funded by a range of state funds, including but not 
limited to, the science fund generated from surcharges associated with the VAs, the Department of 
Water Resources, Proposition 1, Central Valley Improvement Act, or other sources. 

 
1.2.4 Timing 

 
50,000 acre‐feet of Feather River flows included in this proposal could begin immediately after the State 
Water Board approves the VA project alternative and certifies the SED. Non‐flow measures would start 
as soon as funding is available and approvals are granted for site work. 

 
1.2.5 Expected Outcomes 

 

Non‐flow projects on the Feather River associated with this proposal include a broad range of gravel 
supplementation, fish passage, and habitat restoration projects.  Combined with 50,000 acre‐feet of 
flow contribution in Above Normal, Below Normal, and Dry water years, and the reoperation of the 
Oroville facilities to bypass power generation in the spring to provide a pulse flow in the low‐flow 
channel, it is anticipated that these actions will provide marked benefits for aquatic ecosystems. These 
benefits will come in the form of increasing suitable spawning habitat, improved fish passage for salmon 
and sturgeon, improvement of river morphology, significant increases in floodplain habitat, improved 
riparian habitat, providing instream cover and channel complexity, and improvements to salmon genetic 
diversity. 
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1.3 Yuba River 
 

Introduction 

This Appendix C describes the flow, habitat enhancement and funding measures that the Yuba Water Agency 
(YWA) would undertake under the proposed Voluntary Settlement Agreement Project (YWA VSA Project) 
among YWA, the California Department of Fish and Wildlife (CDFW) and the California Department of Water 
Resources (DWR). (Defined terms are set forth in the Glossary at the end of this document.) 
 

As of the date of this Project Description, certain details of the YWA VSA Project, and analysis of potential 

benefits from proposed flow and habitat enhancement measures, have not been resolved among YWA, 

CDFW, DWR and other potential parties to the YWA VSA. These potential parties will continue discussions 
to further develop, revise and finalize the YWA VSA Project proposals, and analysis of their potential 
benefits, in mutually‐agreeable form for the purpose of refining both project‐level analyses and the 
YWA VSA.  
 
YWA’s VSA Project includes these major elements during its 15‐year term:  
 

 a Delta flow component of up to 50,000 ac‐ft per year of water to be provided during Above‐Normal, 
Below‐Normal and Dry‐years, as measured at the Marysville Gage, to be managed for additional Delta 
outflows 

 100 acres of habitat enhancement in the lower Yuba River for Chinook salmon and steelhead juvenile 
rearing 

 a Yuba River Science Program of measurement, monitoring, adaptive management and reporting  

 $10 million from YWA for funding habitat enhancement measures 

 $7.8 million from YWA for funding the Science Program  

 collaboration with CDFW, DWR and NGO representatives (and other stakeholders) 
 

The purpose of this Project Description is to assist the SWRCB in its preliminary evaluation of the YWA VSA 
Project, which will be part of a set of VSAs that together will comprise a comprehensive proposed project for 
contributions to the implementation of the Bay‐Delta Plan’s water quality objectives and related measures to 
improve conditions in the Delta and Sacramento River watershed for fisheries and aquatic habitat. 
 
The Yuba Accord Fisheries Agreement flows and related provisions that were implemented beginning in 2006 
currently enhance Chinook salmon spawning and holding habitats in the Yuba River between the USACE’s 
Englebright Dam and the Yuba River’s confluence with the Feather River. The YWA VSA Project would build on 
the foundation of the Yuba Accord by providing additional outflows to the Bay‐Delta and enhancing juvenile 
salmonid rearing habitat in the lower Yuba River. 
 
This Project Description provides the following information:  
 

 Background information on the development and implementation of, and potential benefits from, the 
Yuba Accord‐based flow and related provisions.  

 A summary of the proposed flow, habitat enhancement and funding provisions of the YWA VSA 
Project. 

 Methodologies for evaluating the benefits of the flow and habitat enhancement measures of the YWA 
VSA project.  

 Other information to assist in the SWRCB’s environmental evaluation of the YWA VSA Project. 

 A summary of the Yuba River Science Program.  

 Goals of the YWA VSA Project.  
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 A summary of other important provisions of the YWA VSA Project.

 A summary of proposed YWA VSA Project administration and governance provisions.

 A summary of guiding principles for implementing the YWA VSA Project

YWA’s VSA Project would be a collaborative, interest‐based, science‐driven project that can achieve and 
implement the SWRCB’s coequal goals of water‐supply reliability and ecosystem restoration. The YWA VSA 
Project is a preferred alternative project for contributing to the implementation of the Bay‐Delta Plan’s water 
quality objectives because it includes not only water for Delta outflows, but also habitat measures, a science 
program and funding and collaboration, in a combination that would achieve key objectives for increases in 
Bay‐Delta outflows and enhancement of Chinook salmon and steelhead juvenile rearing habitat in the lower 
Yuba River. 

1.3.1 Flow Measures, including interaction with Yuba Water Accord 

Development and Implementation of the Yuba Accord 

The Yuba Accord‐based flows and related provisions provide a contemporary “functional flow” program for 
anadromous salmonids in the lower Yuba River. As shown in Exhibit 1 – Yuba Accord, overall, implementation 
of the Yuba Accord‐based flows provides suitable flows and water temperatures for all lifestages of 
anadromous salmonids in the lower Yuba River. The Yuba Accord‐based flows are the foundation for the 
proposed flow and habitat enhancement measures of the YWA VSA Project. 

YWA VSA Project Flow Proposal 

YWA developed the flow proposal of the YWA VSA Project t
 

hrough: (a) an examination of stated objectives by 
CDFW for lower Yuba River flows and Bay‐Delta inflow; (b) an examination of  the recommendations for 
voluntary agreements in the SWRCB Staff Framework; and (c) development of flow measures that would 
achieve these recommendations, but with significantly less adverse impacts to water‐supply reliability and 
other important aspects of YWA’s mission, and with significantly‐less impacts to the fishery benefits achieved 
with the Yuba Accord, than would occur under the proposed objectives in the SWRCB Staff Framework.  

Exhibit 2 – Flow Project describes the YWA VSP Project flow‐related elements of the proposed measures, YRDP 
operations, accounting principles and results of analysis of the proposal and an early implementation proposal 
for spring 2019. 

The flow proposal in the YWA VSA Project is founded on the Yuba Accord‐based flows, including the 
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requirements for instream flows specified in the Yuba Accord Fisheries Agreement and the SWRCB’s Corrected 
Order WR 2008‐0014, and transfer operations and accounting provisions of the Yuba Accord Water Purchase 
Agreement (WPA). YWA VSA Project operations would be supplemental to the Yuba Accord flows and 
associated Yuba River Development Project (YRDP) operations.  
 
The YWA VSA Project includes two quantifiable water components that would provide up to 50,000 ac‐ft of 
additional Bay‐Delta inflows in Above‐Normal, Below‐Normal and Dry year types1 through the following 
changes in YRDP operations: (a) all Yuba Accord transfer releases in April, May and June that cannot be backed 
into Lake Oroville or exported by DWR would be repurposed from potential exports to Bay‐Delta outflows 
(YWA VSA Project Component A); and (b) additional storage releases from New Bullards Bar Reservoir would 
occur by operating to a new target September 30 storage level of 600,000 ac‐ft, which is 50,000 ac‐ft below the 
Yuba Accord target September 30 storage level of 650,000 ac‐ft (YWA VSA Project Component B).  
 
The YWA VSA Project includes accounting for refill of storage releases from YWA VSA Project Component A and 
B that exceed 9,000 ac‐ft annually in Above‐Normal, Below‐Normal and Dry year types.  
 
The flow proposal of the YWA VSA Project would be implemented on behalf of YWA and YWA Member Units, 
and not on behalf of other water users in or diverters of water from the Yuba River Watershed.  
 
The following CDFW objectives were considered in the preparation of the YWA VSA Project flow measures that 
are specific to higher springtime flows: 
 

 Provide high spring flows in Yuba Accord Schedule 1, 2 and 3 years (i.e., increased flows in late March 
and April). 

 Increase lower Yuba River floodplain inundation. 
 

Through extensive modeling studies, YWA developed the YWA VSA Project flow to meet these CDFW flow 
objectives:  
 

 The YWA VSA Project flow proposal to release up to 50,000 ac‐ft of additional storage from New 
Bullards Bar Reservoir in the springtime addresses CDFW’s objective for higher spring flows in Yuba 
Accord Schedules 1, 2 and 3 years.  

 The YWA VSA Project flow proposal would increase the numbers of annual acre‐days of inundation of 
floodplain‐related Chinook salmon and steelhead juvenile rearing habitat in the lower Yuba River to 
meet CDFW’s objective to increase lower Yuba River floodplain inundation. YWA’s VSA project flow 
proposal would dovetail with its habitat enhancement measures, resulting in greater durations of 
inundation and increased effectiveness of constructed rearing habitat. 
 

In summary, the YWA VSA Project flow proposals would meet these CDFW’s objectives. 
 
The SWRCB Staff Framework proposed a numeric objective for maintenance of tributary outflows as 
percentages of unimpaired flows, with targets of 55%, and ranges of 45% to 65%. Previous SWRCB staff reports 
identified the January to June period as the focus for this flow, but the SWRCB Staff Framework proposes that 
this objective apply year‐round.  
 
YWA examined Yuba River outflow under existing conditions, and determined that Yuba River outflow in Wet 
Years for the January to June period already equals or exceeds 65% for each month, on average, and YWA 
therefore is not proposing any measures for additional Yuba River outflows in Wet Years. 
 
YWA’s examination of Yuba River outflow under existing condition included an examination of each month of 

                                                            
1 Unless otherwise specifically identified, all water year types are defined using the Sacramento Valley Index (SVI). 
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the year in the full range of hydrologic conditions. That examination showed that Yuba outflows equaled or 
exceeded 55% of unimpaired outflows in most all months, except for late March of some years, and April, May 
and sometimes June of the drier half of all years. Therefore, YWA focused the YWA VSA Project on developing 
additional Yuba River outflows for the April through June periods of Above‐Normal, Below‐Normal and Dry 
Years.  
 
YWA’s VSA Project flow proposal does not include a Critical‐Year flow component. In Critical Years (when 
runoff is limited), YWA already releases large volumes of water from storage in New Bullards Bar Reservoir to 
meet the Yuba Accord flow requirements. The team of biologists who developed the Yuba Accord flows 
allocated all of the water available in each year type, which includes an increased springtime flow component. 
In Critical Years, Yuba Accord flows already are greater than 100% of unimpaired flows during about half of 
each year (from sometime in June through December). The June through September Yuba Accord flow 
requirements were developed to maintain enhanced holding habitat flows and temperatures, which provide 
better conditions than would occur under natural conditions. Fall flows are above natural flow rates under the 
Yuba Accord, and target creating optimal spawning conditions. These flow enhancements above unimpaired 
conditions already require large amounts of releases of water from storage in New Bullards Bar Reservoir in 
Critical Years. Including a Critical Year flow component in the VSA would significantly compromise YWA’s ability 
to use stored water to meet Yuba Accord flow requirements, and to meet these requirements during multi‐
year droughts. 
 
The YWA VSA Project flow proposal would minimize impacts to YWA’s mission and to the fishery benefits of 
the Yuba Accord. A strict 55% of unimpaired flow requirement, even if proportionately implemented by all of 
the major diverters in the Yuba River Watershed, would have significant adverse impacts to YWA’s water 
deliveries to its Member Units, and, as a result, would have associated groundwater impacts, would adversely 
impact Yuba Accord summer and early fall flows and water temperatures, and would significantly reduce Yuba 
Accord revenues that fund YWA flood protection and other activities.  
 
In addition, the SWRCB Staff Framework proposals would decrease annual acre‐days of inundation of 
floodplain‐related Chinook salmon and steelhead juvenile rearing habitat in the lower Yuba River, while the 
YWA VSA Project flow proposal would increase the numbers of annual acre‐days of inundation.  
 
In summary, the YWA VSA Project flow proposal would meet the SWRCB Staff Framework goals for voluntary 
agreements, and would have significantly lower adverse impacts to water‐supply reliability and other aspects 
of YWA’s mission than would occur with adoption and implementation of the proposed unimpaired flow 
objectives in the SWRCB Staff Framework. 
 
YWA is committed to achieving the flow‐related benefits of the YWA VSA Project as soon as feasible.  YWA is 
coordinating with DWR and CDFW on early implementation of the YWA VSA Project flow measures in 2019. 
Under the early implementation project, YWA would release up to 50,000 ac‐ft this spring for increased Bay‐
Delta inflows (to be managed by DWR and CDFW for increased Bay‐Delta outflows). 
 

1.3.2 Non‐Flow Measures 
 

The YWA VSA Project habitat enhancement measures would provide 100 acres of new high‐value rearing 
habitat for Chinook salmon and steelhead in the lower Yuba River in areas that would be inundated at flows 
ranging from 1,500 cfs to 3,000 cfs. This is the predominant flow range for the salmonid rearing time period of 
February to June. This measure would result in extended inundation of this rearing habitat in most years. A 
combination of existing in‐channel areas (inundated below 5,000 cfs) and currently low‐value floodplain 
(inundated above 5,000 cfs) would be selected for terraforming and terrain lowering through a collaborative 
design process. 
 
This terraforming and terrain lowering would: (a) increase inundation frequency and duration; (b) support the 
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establishment of riparian vegetation; (c) increase production of benthic macroinvertebrates; and (d) increase 
the availability of off‐channel rearing habitat. Other YWA VSA Project proposed habitat enhancement 
measures would involve: (a) riparian planting; (b) bioengineering features (e.g., boulders, large woody material 
and engineered log jams) to increase site stability and reinforce planting areas; and (c) grading or lowering to 
facilitate improved survival of riparian vegetation, which would support juvenile salmonid growth and survival 
by providing more complex and diverse physical habitat.  
 
In addition, YWA may conduct pilot studies as part of the YWA VSA Project: (a) to investigate the potential for 
enhancing Waterway 132; and (b) to test the potential for using flooded agricultural fields to improve aquatic 
food web productivity and enhance fish growth to produce larger juvenile anadromous salmonids. 
 
The YWA VSA Project habitat enhancement measures would be expected to provide conditions that would 
produce larger juvenile anadromous salmonids in better condition and with higher expected survivorship rates 
by providing: (a) physical habitat structure (i.e., complexity, sinuosity, diversity, instream object and over‐
hanging cover); (b) high food availability, quality and diversity; (c) refugia from predators; and (d) refugia from 
high flows.  
 
The YWA VSA Project proposed habitat enhancement measures are preliminarily identified and described in 
detail in Exhibit 3 ‐ Habitat Enhancement Measures).  
 
Background information on lower Yuba River fisheries resources, which supports the purpose and need for the 
YWA VSA Project habitat enhancement measures, is contained in Exhibit 4 – Fisheries Background. 
 
YWA would contribute $10 million for habitat enhancement measures during the term of the YWA VSA. The 
habitat enhancement measures would be implemented on behalf of YWA and YWA Member Units, and not 
on behalf of other water users in or diverters of water from the Yuba River Watershed.  
 
The YWA VSA Project would include provisions regarding the process for, and respective obligations of, the 
parties to identify, select, fund, develop, operate, maintain and repair habitat enhancement measures, 
without requiring an amendment to the YWA VSA. 
 

YWA VSA Measurement, Monitoring, Adaptive Management and Reporting 

Program 

 

The proposed Yuba River Science Program would be developed and implemented by the YWA VSA parties 
after execution of the VSA. This Science Program would include: (a) identification of Yuba River salmonid 

                                                            
2 Due to the high permeability of the Yuba Goldfields, water from the Yuba River freely migrates into and through the Goldfields, forming 
interconnected ponds and canals throughout the undulating terrain (DWR 1999). Waterway 13 is an outlet canal of unknown origin that 
drains water  from  the  Yuba Goldfields  into  the  lower  Yuba River.  Past  observations  by USFWS  and CDFW have  indicated  that  the 
potential exists for adult Chinook salmon to be attracted into Waterway 13 and migrate into the interconnected ponds and canals of 
the Yuba Goldfields to spawn. Such attraction of adult fall‐run Chinook salmon was of concern because there is a general lack of spawning 
habitat  in the Yuba Goldfields and water temperatures in the Yuba Goldfields can be unsuitable, especially  in the lower ends of the 
Goldfields where water discharges into the lower Yuba River (SWRCB 2000). Fish habitat within the ponds and canals is not conducive 
to anadromous fish survival because food supplies are limited, predator habitats are extensive and water quality conditions (especially 
water temperature) are poor (DWR 1999). There have been several past attempts to take actions (i.e., large grate, temporary aggregate 
berm, a “leaky dike” barrier) to preclude anadromous salmonids from entering the Yuba Goldfields via Waterway 13 (SWRCB 2000). 
Most recently, high flows (about 30,000 cfs) in the lower Yuba River and high flows through the Yuba Goldfields caused the “leaky‐dike” 
barrier at  the entrance  to Waterway 13  to wash out again  in 2011. Because Waterway 13  receives  flow augmentations  from Yuba 
Goldfields return flows, it has been identified for additional study to determine whether the outlet canal entrance could be stabilized, 
and habitat enhanced to create a side‐channel within an existing stand of riparian vegetation that would extend from the main channel 
into a current off‐channel backwater area. 
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juvenile rearing habitat enhancement goals and objectives; (b) an outline of the management actions that 
could be undertaken to achieve the goals and objectives; (c) a clear statement of the metrics and indicators 
by which progress toward achieving the goals could be assessed; (d) identification of quantitative (e.g., 
conceptual ecological model) and qualitative (e.g., Yuba River Operations Model) tools to be used to assess 
metrics and indicators; and (e) a description of monitoring and evaluation procedures to be used to assess 
progress.  
 
Adaptive management would rely on monitoring, and would involve the development of mechanisms to 
incorporate monitoring results into the decision‐making processes that would be used to determine if the 
YWA VSA Project goals and objectives are being achieved, and to bring measured YWA VSA Project 
performance criteria in conformance with desired project outcomes.  
 
Additional information about the proposed Yuba River Science Program is provided in Exhibit 7 ‐ Monitoring 
and Adaptive Management Program. 
 
YWA would make annual payments of $520,000 to the Yuba Watershed Structural Science Fund during the 
term of the YWA VSA, in lieu of a tax, fee or other charge levied or assessed against YWA’s water rights or 
water diversions or use. This fund would be used in the Yuba River Watershed for the Yuba Science Program. 
The YWA VSA parties would develop procedures setting forth their respective rights and obligations for 
establishing, administering and making expenditures from the Yuba Watershed Structural Science Fund.   
 

1.3.3 Funding 
 

Funding for Yuba River flow measures 
 

YWA would not be compensated for 9,000 acre feet of water provided under this proposal. The remaining 
41,000 acre feet would be compensated at $290/acre‐foot. Funding for this water would come from either 
the water purchase fund described for the Sacramento River, other water users who will make their water 
contribution using the Bullards Bar reoperation, and/or public funding. 
 
Funding for Yuba River non‐flow measures 

 
YWA would pay $10 million for the habitat enhancement measures and $7.8 million for the Yuba 
Watershed Structural Science Fund Program, during the 15‐year term of the YWA VSA. The YWA VSA 
parties will develop procedures setting forth their respective rights and obligations for establishing, 
administering and making expenditures from the Yuba Watershed Structural Science Fund. 
 

1.3.4 Timing 
 

YWA is committed to achieving the flow‐related benefits of the YWA VSA Project as soon as feasible. YWA 
is coordinating with DWR and CDFW on early implementation of the YWA VSA Project flow measures in 
2019. Under the early implementation project, YWA would release up to 50,000 ac‐ft this spring for 
increased Bay‐Delta inflows (to be managed by DWR and CDFW for increased Bay‐Delta outflows). 
 

YWA, CDFW and DWR will establish the process for determining their respective obligations to identify, select, 
schedule, fund, develop, operate, maintain and repair habitat enhancement measures during the 15‐year term 
of the YWA VSA. 
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1.3.5 Expected Outcomes 
 

Summary of Benefits of Proposed Flow Measures 
 

The following are key observations from Exhibit 5 ‐ Methodology for Evaluating Fisheries Benefits regarding 
the benefits of the proposed flow measures: 
 

 During all years, for January, February, and July through December (a total of 8 months), modeled 
Accord Yuba River outflow is within or above the range shown for the SWRCB Staff Framework 
percent‐of‐unimpaired flow proposal. 

 During March and June, with the exception of Critical Years, modeled Accord Yuba River outflow also is 
within or above the range for the SWRCB Staff Framework percent‐of‐unimpaired flow proposal (for a 
total of 10 months in all but Critical Years). 

 The previous two bullets points demonstrate that any focus for changes in Yuba River outflows should 
focus on April and May, and for a few years, on June and late March. 

 During Wet and Above‐Normal years (which constitute approximately 1/2 of all years), modeled 
Accord Yuba River outflow exceeds 55% of unimpaired flow during April and 50% during May. 

 The YWA VSA Project would provide more water than YWA’s comparable and proportionate share of a 
55% of unimpaired flow requirement during April and May of Above‐Normal and Below‐Normal years 
(with no need to provide any supplemental water in Wet years due to sufficient existing flows), and 
more than YWA’s proportionate share of a 55% of unimpaired flow requirement during June in Dry 
years. Additionally, the YWA VSA Project would provide more than YWA’s proportionate share of a 
45% of unimpaired flow requirement during April and May. 

 During Critical years, there would be no additional YWA VSA releases, and YWA’s operations would 
provide about 10,000 AF less than YWA’s proportionate share of a 45% of unimpaired flow 
requirement for March, April and May. The total volume would, on average, be approximately 36,000 
AF less than under the 45% of unimpaired flow requirement for YWA’s proportionate share for March 
through June. However, during July through October, operations to the Yuba Accord flow schedules 
would result in releases of 46,000 AF more than the100% of unimpaired flow of the Yuba River. 

 Most of the modeled deficit compared to the percent‐of‐unimpaired flow requirements (45% or 55%) 
during Critical years is due to upstream diversions during April and May. 

 During all years, modeled lower Yuba River flows for the July through October period are more than 
65% of unimpaired flow, and most of the time are more than 100% of the unimpaired flow, due to 
YWA operations to meet the Yuba Accord instream‐flow requirements for anadromous salmonid 
spawning flows, juvenile rearing flows, and to maintain cool water temperatures. 

 
Summary of Benefits of Proposed Non‐Flow Measures 

 
Figure 6 from Exhibit 5 ‐ Methodology for Evaluating Fisheries Benefits presents the averages of annual 
floodplain and constructed rearing habitat inundation area and duration in acre‐days during February 1 to June 
15 for: (1) the existing condition (Yuba Accord); (2) conditions with a 55% of unimpaired flow requirement; and 
(3) conditions with 100 acres of floodplain habitat enhancement. Averages are shown for the wettest, middle 
and driest one‐third of years, using annual unimpaired flow for determination of the three categories and the 
years contained in each. Table 1 presents the same information shown in the Figure 6 for annual inundation of 
floodplain and constructed rearing habitat in acre‐days. 
 

 Under current conditions (blue bars) the average of middle hydrology years inundation‐duration of 
existing floodplain is 914 acre‐days, representing an average of 7 days of floodplain inundation 
annually of 130 acres. 
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Figure 6. Averages of annual floodplain and constructed rearing habitat inundation area and duration in acre‐days during 
February 1 to June 15 for the existing condition (Yuba Accord), conditions with a 55% unimpaired flow requirement and 
conditions with 100 acres of floodplain habitat enhancement.  
 

 A 55% of unimpaired flow requirement (orange bars) would reduce floodplain inundation at the 
average of middle hydrology years inundation‐duration by 12% or an inundation of 801 acre‐days, 
representing average of 7 days of floodplain inundation annually of 113 acres. 

 Alternative analysis was done to examine YRDP operation to a full 55% of unimpaired Yuba River 
outflow (not proportionately shared within the watershed), and does not significantly change the 
resulting inundation shown in the plotted scenario with YWA operating to its proportional share of the 
55% unimpaired flow.  
 

Table 1. Annual inundation of floodplain and constructed rearing habitat in acre‐days.  
Existing Conditions 

(Yuba Accord) 
55% Unimpaired  VSA Habitat and Flow 

Wettest 1/3  13,888  13,514  22,890 

Middle 1/3  914  801  11,128 

Driest 1/3  17  10  2,032 

 

 The theoretical VSA constructed rearing habitat, as described above, when modeled under YWA’s VSA 
Project flow proposal, would result in a total (natural and constructed habitat) average of middle 
hydrology years inundation‐duration of 11,128 acre‐days, more than 12 times the existing floodplain 
inundation.  

 The theoretical VSA constructed rearing habitat described above, when modeled under YWA’s VSA 
Project flow proposal, would result in a total (natural and constructed habitat) average of the driest 
one‐third of years inundation‐duration of 2032 acre‐days, where under existing conditions and with a 
55% of unimpaired flow requirement there would be almost no floodplain inundation.  

 In the driest one‐third of years, floodplain inundation would occur under existing conditions or under 
the 55% of unimpaired scenario only during 1 day for each of 6 years of the 32 years in the driest one‐
third of years, while the theoretical VSA constructed habitat would be inundated an average of 15 days 
annually in the driest one‐third of years, and there would be some inundation during 24 of the 32 one‐
third driest years. 

 The reason the theoretical VSA constructed habitat would be such a large improvement is that the 100 
acres of constructed habitat would be at elevations that would be inundated at river flows of 2,000 cfs, 
which occur annually on average 82 days out of the 136 days in February 1 through June 15.  
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 In the YWA FERC relicensing, USFWS estimated the amount of floodplain habitat inundation that would 
have occurred if the YRDP had not been constructed (the “without YRDP” condition), and determined 
that the estimated median amount would be 2,598 acre‐days (USFWS FERC Project 2246 10(j) 
Conditions Appendix 3).  In contrast, the YCWA VSA Project would provide 11,073 acre‐days of 
inundation, which is over 4 times greater.  The “without YRDP” analysis consisted of the natural flow 
conditions with only the upstream projects present in the Yuba River Watershed.  

 The YWA VSA Project would provide inundated natural floodplain and constructed rearing habitat in 9 
out of 10 years equal to or greater than the inundation that would occur under existing or 55% of 
unimpaired flow conditions during only one‐half of all years (86% exceedance inundation for the YWA 
VSA is greater than the 50% exceedance existing condition and 55% unimpaired inundation). 

 
In summary, the preceding information shows that there would be a very large increase in the amounts of 
anadromous salmonid rearing habitat in the lower Yuba River with implementation of the YWA VSA Project. 

 
YWA VSA Project Goals 

 

Protection and enhancement of native fish species and wildlife beneficial uses in the Sacramento River and 
San Joaquin River watersheds and the Bay‐Delta require a comprehensive approach to management of 
habitat, flow and other factors that affect the viability of such uses. Past Bay‐Delta Plans have required 
changes in flow in isolation from the numerous other factors affecting fish and wildlife beneficial uses, 
including invasive species, ocean conditions, physical modifications of riverine channels and wetlands and 
floodplain activation. 
 
If implemented through an update of the Bay‐Delta Plan, the flow, habitat enhancement and other measures 
described in the YWA VSA Project, together with other measures in and outside of the Sacramento River and 
San Joaquin River watersheds, would: (a) significantly contribute to the achievement of overall viability of 
Sacramento Valley salmonids by promoting measures that address specific life‐stage stressors for the viability 
of fish and avian, terrestrial and aquatic wildlife species in the Bay‐Delta Estuary; and (b) substantially 
contribute to the doubling of the natural production of Central Valley salmon (under the CVPIA Salmonid 
Doubling Objective and the Bay‐Delta Plans narrative Chinook salmon doubling objective) by providing 
substantial contributions to the creation of conditions that would support viable populations of native fish in 
the affected rivers and the Bay‐Delta.  
 
The YWA VSA Project would include development and implementation of a Science Program for 
measurement, monitoring, adaptive management and reporting to assist in evaluating whether the VSA is 
succeeding in achieving those outcomes.  
 
 

The YWA VSA Would Meet the Recommended Implementation Measures of the 
SWRCB Staff Framework 

 
The SWRCB Staff Framework for the Bay‐Delta Plan Update (July 2018) acknowledges that the SWRCB 
encourages parties to develop settlement agreements that may be a preferred implementation pathway for 
the Bay‐Delta Plan Update.  
 

“Such voluntary agreements can provide large‐scale benefits (like habitat restoration) that will amplify 
the ecological benefit of new and existing flows beyond what the State Water Board can require 
through flow and water project operations alone. Voluntary agreements may also reduce the volume 
of water that needs to be dedicated for instream purposes, and therefore reduce the potential impacts 
associated with decreased consumptive water uses, such as impacts to agriculture. To this end, the 
proposed program of implementation provides a framework for accepting voluntary agreements that 
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include alternative methods for enhancing fish and wildlife throughout the Sacramento/Delta 
watershed.” (Section 5.1.2.2 at page 23) 
 

The SWRCB Staff Framework recommends (in sections 5.1 and 5.2) implementation measures to encourage 
voluntary settlement agreements to implement the Bay‐Delta Plan Update. The YWA VSA Project would 
include each of these recommended provisions: 
 

 CDFW would be a party to the YWA VSA   

 provisions for transparency and accountability, monitoring and reporting, and planning and adaptive 
management  

 provisions to ensure enforceability  

 measures that would contribute to implementing Bay‐Delta Plan water quality objectives and provide 
protection of fish and wildlife beneficial uses 

 flows that would comply with the unimpaired flow targets for voluntary plans 

 flows that would contribute to Delta inflows, which would be managed to contribute to Delta outflows 

 measures to provide robust scientific information regarding the benefits of the habitat enhancement 
measures 

 a 15‐year timeframe for implementation 

 measures to contribute to the implementation of cold‐water habitat objectives for the lower Yuba 
River 

 consistency with SGMA 

 protection of aquatic beneficial uses during sustained dry conditions 
  

Suggested Methodology for Evaluating the Benefits from Flow and Habitat 
Enhancement Measures 

 

Evaluation of the benefits of the YWA VSA Project flow proposal should be based on two methods: (a) 
quantification and assessment of the changes in Yuba River outflows, which would be conducted to evaluate 
flow‐related benefits (as well as potential impacts) over the period of record for the YWA VSA Project and the 
alternative approaches included in the SWRCB Staff Framework, compared to exiting conditions; and (b) 
quantification and assessment of the YWA VSA Project proposed flow measures and habitat enhancement 
measures to evaluate their benefits (as well as potential adverse impacts) to juvenile anadromous salmonid 
rearing habitat3 in the lower Yuba River, compared to exiting conditions, and the alternative approaches 
included the SWRCB Staff Framework.  
 
To assess potential benefits to juvenile anadromous salmonid rearing habitat in the lower Yuba River, an 
inundation‐duration analysis similar to that developed by the USFWS for application in the YRDP relicensing 
could be used, in combination with a quantification of fry and juvenile rearing habitat suitability and 
availability, expressed as weighted usable area WUA. An inundation‐duration analysis would help to determine 
benefits associated with the longer residence time of water on the floodplain in relation to increases in primary 
and secondary productivity and, therefore, prey availability for salmonids. Because inundation duration 
amounts are not necessarily an indicator of habitat suitability, additional considerations must be given to 
species and lifestage‐specific biological preferences regarding depth, velocity and cover. Fisheries benefits will 
be estimated in terms of the net gain in fry and juvenile rearing WUA (yd² per year) based on a comparison of 
pre‐project and post‐project WUA on an annual basis. 
 
Exhibit 5 ‐ Methodology for Evaluating Fisheries Benefits is a detailed discussion of these methodologies and 
preliminary analysis results. 

                                                            
3 Available information indicates that fry and juvenile rearing physical habitat structure (complexity, sinuosity, 

diversity, instream object and over-hanging cover, nutrients) is an ongoing stressor and limiting factor for 
anadromous salmonids in the lower Yuba River. 
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The YWA YSA Project would contribute to implementation of the CVPIA Chinook Salmon Doubling Goal and the 
narrative Chinook salmon doubling objective in the 2006 Bay‐Delta Plan. It therefore is important to accurately 
describe these goals for the lower Yuba River. For the reasons explained in Exhibit 6 ‐ Doubling Goal for the 
Yuba River, assumptions pertaining to achievement of the CVPIA Chinook Salmon Doubling Goal for naturally‐
produced adult Chinook salmon, and any use of the CVPIA Doubling Goal in the YWA VSA process, should be 
based on the spawning stock escapement (annual spawner abundance) of 26,000 adult Chinook salmon for the 
lower Yuba River. 
 
As the SWRCB evaluates the efficacy of the YWA VSA flow and habitat measures, the SWRCB should take into 
consideration numerous enhancements to Bay‐Delta flows and Bay‐Delta and tributary habitats that have 
occurred since the SWRCB adopted D‐1641. A summary of these habitat enhancement measures that have 
been preliminarily identified by YWA is provided in Exhibit 3 ‐ Habitat Enhancement Measures. 
 

1.3.6 Miscellaneous Provisions  
 

Other Provisions of the YWA VSA 
 

Exhibit 8 describes other provisions of the YWA VSA including the following; 

 Compensation for Supplemental Flow Contributions. 

 Support for the YRDP FERC License AFLA. 

 Consistency of YRDP License and Bay‐Delta Plan Update implementation. 

 Amendment of the Yuba Accord WPA. 

 Extension of the authorized place of use, purpose of use and points of rediversion for Yuba Accord 
Transfer Water through the term of the Yuba Accord WPA and the YWA VSA. 

 YWA’s contributions to the Yuba Watershed Structural Science Fund under the YWA VSA would be on 
behalf of YWA and YWA Member Units, and not on behalf of other water users in or diverters of 
water from the Yuba River Watershed. 

 CDFW and DWR would not seek contributions from, or regulatory requirements applicable to, YWA 
Member Units for habitat enhancement measures for the purposes described in the YWA VSA.  

 CDFW and DWR would not seek contributions from, or support charges to, YWA or any of its Member 
Units for the Yuba River Watershed Habitat Enhancement Fund or any comparable fund established 
for a similar purpose. 
 

Relationship of YWA’s VSA to the Bay‐Delta Plan Update 

 
The YWA VSA parties intend that the YWA VSA would specify all of YWA’s obligations to provide water and to 
take other actions to contribute to the implementation of the Bay‐Delta Plan’s water quality objectives. 
Accordingly, the YWA VSA parties will ask the SWRCB to include in the Bay‐Delta Plan amendments provisions 
confirming that: (a) the SWRCB will not take any water‐quality or water‐right actions that would affect YWA 
beyond the actions described in the YWA VSA, or any other actions that would increase any of YWA’s burdens 
to contribute to the implementation of any of the Bay‐Delta Plan’s water‐quality objectives, during the terms 
of the YWA VSA; and (b) if the SWRCB takes any such actions, then YWA may terminate or withdraw from the 
YWA VSA. 
 

YWA VSA Proposed Governance Provisions 
 

The YWA VSA would include provisions for YWA, CDFW and DWR:  
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 To establish the process for determining the respective obligations of the parties to identify, select, 
fund, develop, operate, maintain and repair habitat enhancement measures. 

 To administer the Yuba Watershed Structural Science Fund and the Science Program. 

 To establish a stakeholder advisory committee to assist in the administration of the Science Program. 

 
Guiding Principles for Implementing the YWA VSA 

 
Exhibit 9 sets forth guiding principles for development and interpretation of the YWA VSA. 
 

 

Conclusion 
 

YWA’s VSA Project is a collaborative, interest‐based, science‐driven proposed project that can achieve and 
implement the SWRCB’s coequal goals of water‐supply reliability and ecosystem restoration. The YWA VSA 
Project is a preferred alternative project for contributing to the implementation of the Bay‐Delta Plan’s water 
quality objectives because it includes not only water for additional Delta outflows, but also habitat measures, a 
science program, funding and collaboration, in a manner that would achieve key objectives for increases in 
Bay‐Delta outflows and enhancement of Chinook salmon and steelhead juvenile rearing habitat in the lower 
Yuba River. 
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GLOSSARY 

ac‐ft  acre‐feet    

AFLA  Amended Final License Application    

AFRP  Anadromous Fish Restoration Program    

Bay‐Delta Plan  Bay‐Delta Plan Water Quality Control Plan for the San Francisco Bay/Sacramento–San 

Joaquin Delta Estuary 

CDFW      California Department of Fish and Wildlife 

CVP      Central Valley Project 

CVPIA      Central Valley Project Improvement Act 

cfs      cubic feet per second 

m3/s      cubic meters per second 

DWR      California Department of Water Resources 

D‐1641      Water Right Decision 1641 

DEM      digital evaluation model 

ESA      Endangered Species Act 

ELJ      engineered log jam 

ESU      evolutionarily‐significant unit 

FR/EA      Feasibility Report and Environmental Assessment  

FERC      Federal Energy Regulatory Commission 

HSI      habitat suitability index 

LWM      large woody material 

NMFS      National Marine Fisheries Service 

NGO      Non‐Governmental Organization 

Reclamation    Bureau of Reclamation 

RMT      Yuba Accord River Management Team 

SAM      Science and Adaptive Management 

Science Program   Measurement, Monitoring, Adaptive Management and Reporting Program 

SRA      shaded riverine aquatic  
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SWP      State Water Project 

SWRCB     State Water Resources Control Board 

SWRCB Staff 

Framework 

  SWRCB Staff Framework for the Bay‐Delta Plan Update (July 2018) 

UC Davis    University of California, Davis 

USACE      U.S. Army Corps of Engineers  

USACE Study    Yuba River Ecosystem Restoration Feasibility Study 

USFWS      U.S. Fish and Wildlife Service 

VSA      Voluntary Settlement Agreement 

WPA      Water Purchase Agreement 

WUA      weighted usable area 

YRDP       Yuba River Development Project 

Yuba Accord    Lower Yuba River Accord 

YWA      Yuba Water Agency 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



1.3.7 Yuba River Appendices 

S e t t l e m e n t N e g o t i a t i o n s 

Y U B A W A T E R A G E N C Y 

VOLUNTARY S E T T L E M E N T A G R E E M E N T P R O J E C T DESCRIPTION 

EXHIBIT 1 

L o w e r Y u b a R i v e r A c c o r d 

During 2002 through 2005, YWA, CDFW, NMFS, USFWS, and NGO represent alives 
partieipated in a rigorous and collaborative scientific process during which they examined all of 
the stressors to lower Yuba River sahnonids by species, life stages and locations, and then 
developed new minimum flow requirements for the lower Yuba River to best protect and 
enhance these species, and their habitat, within the limits of available water supplies. 

/After these new requirements were developed, YWA, CDFW, and four NGOs (South Yuba 
River Citizens League (SYRCL), Friends of the River (FOR), Trout Unlimited (TU), and the 
Bay Institute) executed the Yuba Accord Fisheries Agreement in October 2007. NMFS and 
IJSFWS submitted formal written statements of support for the Yuba Accord Fisheries 
Agreement, Other parties also supported the development of the Yuba River Accord, including 
the Fisheries Agreement. YWA implemented the Yuba Accord Fisheries Agreement in 2006 and 
2007 pursuant to interim orders issued hy the SWRCB, pending final approval of the agreement. 

The Yuba Accord Fisheries Agreement is one of four agreements that comprise the award-
witining Yuba River Accord. 

'[lie Yuba Accord Fisheries Agreement's lower Yuba River minimum flow7 requirements were 
developed to achieve the following objectives: 

• Maximize "optimal" flows and minimize the occurrence of suh-optimal flows, within the 
bounds of hydrologic variation and available water storage capacity. 

• Maximize the occurrence of appropriate flows for Chinook salmon {Oncorhynchua 
txhawytschd) and steelhead {O. mylciss) immigration, spawning, rearing, and emigration. 

• Provide month-to-month flow sequencing in consideration of Chinook salmon and 
steelhead life history periodicities. 

• Provide appropriate water temperatures for Chinook salmon and steelhead immigration 
and holding, spawning, embryo incubation, rearing and emigration. 
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• Promote a dynamic, resilient, and diverse iisii assemblage. 

• Minimize potential stressors 1o fish species and lifestages, 

• Develop flow regimes that consider all freshwater lifestages of salmonids and allocate 
flows accordingly. 

YWA and Reclamation then prepared a Draft Environmental Impact Report/Environmental 
Impact Statement ("EIR/EIS") for the Yuba Accord and circulated it for public review and 
comments in June 2007. YWA certified the Final EIR/EIS (as an FIR under the California 
Environmental Quality Act) on October 23, 2007. 'Hie Yuba Accord EIR/EIS evaluated each 
species and lifestage over the relevant months during the full range of Yuba River hydrologic 
conditions. 

On May 20, 2008, the SWRCB adopted its Corrected Order WR 2008-0014, which added these 
requirements to YWA's water right pennits. Since then, YWA has operated the YRDP to meet 
these requirements. The minimum instream flows for the 24 miles of the lower Yuba River 
under the Yuba Aceord arc substantially higher than the minimum strcamflows for the lower 
Yuba River in the existing YRDP FERC license. 

YWA's Amended Kin a I License Application 

YWA's AFLA proposes: 

• The same Yuba Accord minimum instream flow requirements for the lower Yuba River 
for flow7 Schedules 1 through 6. 

• Some changes to the requirements for Conference Years (the driest WYs, expected to 
occur approximately 1% of the time) from the corresponding Yuba Accord requirements, 
to provide some additional benefits to fish in those years. 

The AFLA proposals are based on the best-available scientific information, and provide a 
contemporary "functional flow" program for anadromous salmonids in the lower Yuba River. 
The Delta Independent Science Board in its February 23, 2017 review of the SWRCBns 
"Working Drail Scientific Basis Report for New and Revised Flow Requirements on the 
Sacramento River and Tributaries, Easlsidc Tributaries to the Delta, Delta Outflow, and Interior 
Delta Operations" described functional flows as follows: 

Functional flows are a mechanistic approach for estimating flow needs and trade
off's (Yarnell, el al. 2015; D1SB 2015). Flows needed are based on field 
observations of life stages and computer and conceptual models of 
hydrodynamics, habitat, and ecological conditions for different flows. 
Environmental flows are then chosen to support different ecological functions and 
life stages of selected species. 

Fehmary25,2019 2 
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Figure 1 depicts the comparative annual quantities of water required to meet the mrn1mum 

mstream flows m typ1c al Wet and Dry years under (1) the existing YRDP FERC license; and (2) 
the Yuba Accord, as amended by the AFLA. 

Comparison of Existing FE:RC l!.ower Yuba River Flow Requiretment to 
YCWA Amended FLA Flow Requirement - Annua'I Volumes 
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Figure 1. CollJlarative bwer Yuba River anmnl required minimum flow volmre. 

The figure shows these annual quantities of water required to me et the minimum instream 

flows in typical Wet and Dry years 

(1) Existing ProJ ect license Dry - 180,327 ac-ft annually; Wet - 175,208 ac-ft annually. 

(2) Yuba Accord (as amended by the AFLA) Dry - 422,306 ac-ft annually; Wet - 546,952 

ac-ft annually 

Therefore, the Yuba Accord fl ow re qui rem ents specify mm1mum flows that require a total 

annual flows of approximately 242,000 ac-ft more water in a typical Dry year (about 134% 

greater), and approximately 372,000 ac-ft more water in a typical Wet year (about 212% 
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greater), than is required under the existing Project FERC license. In other words, the Yuba 
Accord provides almost 300% of the required annual volume of the flows required in the FERC 
license in wetter years and over 220% of the required annual volume of flows required in the 
I'lvRC license in drier years. 

Before adoption of the Yuha Accord, YWA expended in excess of $10,000,000 costs for the 
technical work to support the development of the lower Yuba River flow requirements in the 
Yuba Accord Fisheries Agreement, environmental analysis of these How proposals, and the 
SWRCB regulatory process under which these requirements were approved. Other parlies to the 
Yuba Accord Fisheries Agreement also incurred significant costs in the development, analysis, 
approval and implementation of these flow requirements. 

Yuba Accord River Management Team 

As contemplated by the Yuba Accord Fisheries Agreement, YWA established the Yuba Accord 
River Management Team (RMT) in 2006. The RMT is a team of scientists who continue to 
refine science-based approaches to managing the lower Yuba River, for the benefit of fish and 
local stakeholders. The RMT's primary role has been to develop and implement a program of 
monitoring and evaluation studies to assess fisheries conditions in the lower Yuba River. The 
RMT includes representatives of YWA, CDFW, NMFS, USFWS, DWR, FOR, the Bay Institute, 
SYRCL, TU, and other parties. The RMT's science-based program evaluates the following: 

• The eilectiveness of the implementation of the updated flow schedules in protecting 
anadromous salmonids. 

• The condition of fish resources in the lower Yuba River. 

• The viability of lower Yuba River fall-run Chinook salmon, and any subpopillations of 
the Central Valley Steelhead Distinct Population Segment and the Spring-Run Chinook 
Salmon Fvolutionarily Significant Unit that may exist in the lower Yuba River. 

YWA has provided funding in excess of $6,000,000 since 2006 for the RMT's science program. 
The RMT science program has been augmented by scientific analyses conducted for the YRDP 
FERC relicensing process. 

The RMT developed a Yuba Accord Monitoring and Evaluation (M&E) Program to evaluate the 
biological provisions of the Fisheries Agreement. The M&E Program embraces a monitoring-
hased adaptive management approach to increase the effectiveness of, and to address scientific 
uncertainties associated with, specific monitoring and study activities. The adaptive management 
component of the M&E Program allows the RMT' to learn from past experiences through 
experimentation, or by altering specific studies or actions. Within the framework of the M&E 
Program, the RMT retains the flexibility to revise or develop and implement additional 
monitoring actions to address specific issues as they arise, or as additional information becomes 
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available. This flexibility allows the M&E Program to obtain the appropriate types and amounts 
of data to evaluate the effectiveness of the implementation of the Yuba Accord and of potential 
habitat enhancement actions. 

The RMT developed a first draft of the M&E Program framework with the intent of 
implementing a comprehensive M&E Program that would yield a variety of information on 
several species and lifestages that, in turn, woidd result in the ability to determine the efficacy of 
the Yuba Accord flow schedules. Additional goals of the M&E Program framework included 
requirements that the M&E Program be cost effective, and safely implemented. 

Operating since 2006, the Yuba Accord science program has yielded many new, and sometimes 
surprising, results. These results help meet the Yuba Accord partners' goal of providing the right 
flows at the right time to protect the fisheries resources, and enhance their habitat in the lower 
Yuba River. Some of the science program's scientific accomplishments include: 

• Published 15 journal articles, 11 technical reports, and 1 textbook, based on data 
collected as part of the Yuha Accord science program. 

• '['rained 2 post-doctoral researchers, 1 Phi) student, 10 masters students. 1 1
undergraduate students, 4 technicians, and 3 international visiting scholars. 

 

• Developed new information to help manage the lower Yuba River, such as information 
regarding what salmon and steelhead lifestages (adults, spawners, and juveniles) occur 
when and where in the river, and what they need to be successful. 

• Developed statistical methods to differentiate between spring-run and fall-run Chinook 
salmon adults - never before accomplished in the Central Valley. 

• Based on 3 years of tagging adult Chinook salmon with transmitters and tracking them in 
the river, determined their behavioral patterns, habitat use and distribution, including 
when they moved uprivcr to spawn. 

• Using state-of-the-art infrared and videographic technology, documented that hatchery 
fish from the Feather River are drawn into the lower Yuba River because of differences 
between flows and water temperatures in the lower Yuha River and the lower Feather 
River. 

• Created a more-detailed landform map and two dimensional (2-D) hydraulic model of the 
lower Yuha River compared with any other river in the Central Valley, using aerial 
remote sensing I.iDAR surveys and boat-mounted multi-beam hydro-acoustic sampling. 
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Summary of Lower Yuba River Fisheries Habitat Conditions 

Spawning habitat availability is not limiting, and represents a low stressor to anadromous 
salmonids, in the lower Yuba River (YWA 2017). According to the RMT (2013), spawning 
habitat does not appear to be lin1ited by an inadequate supply of gravel in the lower Yuba River, 
becaus there are ample supplies of mining sedim nts in the banks, bars and dredg r-spoil grav 1 
benns. The SACE is augmenting spawning gravel supplies in one area of limited supply just 
downstream from Englebright Dam. It is estimated that the lower Yuba River will be supplied 
with good spawning materials to support resilient Chinook salmon and steelhead spawning 
habitat for the next 250+ years (see Exhibit 4 - lcthodology for Evaluating Fisheries 
Benefits for additional details). 

Overall , implementation of the Yuba Accord provides suitable flows and water temperatures for 
all lifestages of anadromous salmonids in the lower Yuba River. 

• Benefits to spring-run Chinook salmon include: 

o More-suitable water temperatures during the entire adult immigration and holding 
period. 

o Higher spring-run Chinook salmon spawning habitat availability and more-suitable 
spawning wat r temperatur s. 

o Improved embryo incubation conditions due to frequently and substantially lower, 
and ther fore mor -suilabl , wal r temperatures. 

o Improved over-summer and early fall juvenile reming conditions, due to more
suitable water temperature conditions. 

o Improv d smolt emigration conditions due lo higher flows, and gen rally-suitabl 
wat rt mperatures througho ut most of th smolt migration period. 

• Benefits to fall-run Chinook salmon include: 

o More-suitable water temperatures during the adult immigration and staging period. 

o Mor -suitable waler I mp ralures during th spawning period. 

o Improved embryo incubation conditions due to lower, and therefore more-suitable, 
water temperatmes. 

o fmproved juvenile rearing and outmigration conditions, due to higher flows and 
more-suitable water t mperatures. 

• Benefits to steelhead include: 

o More-suitable water temperatures during the adult immigrat ion and holding period. 

o More-suitabl wat r temperatures during the latter part of the spawning period. 
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o Improved embryo incubation conditions due to lower, and therefore more-suitabl , 
water temperatures. 

o Improved over-summer/early fa ll juvenile rearing conditions, due to more-suitable 
water temperatme conditions. 

o Improved smolt emigration conditions due to higher flows , and generall y suitable 
water temperatures throughout the majority of the smolt emigration period. 

MFS (2014) Recovery Plan states that "Implementation of the flow schedules specified in the 
Fisheries Agreement of the Yuba Accord is expected to address the flow-related major stressors 

including flow-dependent habitat availability, flow-related habitat complexity and diversity, and 
water temperatures. In fact, water temperature evaluations conducted for the Yuba Accord 
EIRIEJS indicate that Yuba River water temperatures generally would remain suitable for all life 
stages of spring-run Chinook salmon and steelhead." 

Development and Implementation of the Yuba Accord-Based Flows and Related Provisions 

Th Yuba Accord-based flows and related provisions provide a contemporary "functional flow" 

program for anadromous salmonids in the lower Yuba River. As discussed in Exhibit 4 -
Methodology for Evaluating l<isherics Benefits, overall, implementation of the Yuba Accord 
flows provides suitable flows and water temp ratures for aH lifestag s of anadromous salmonids 
in th lower Yuba River. As discussed in the accompanying Prqject Description and several of 
t11e accompanying exhibits, the Yuba ccord flows are the foundation for the flow and habitat 
enhancem nt measures of the proposed YW A VS Project. 
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YUBA WATER AGENCY 

VOLUNTARY SETTLEMENT AGREEMENT PROJECT DESCRIPTION 

EXHIBIT 2 

YWA VSA Flow Proposal 

YW developed the flow proposal in the YW VSA Project through: (a) an examination of 
CDFW's stated objectives for lower Yuba River flows and Bay-Delta inflows; (b) an 
examination of recommendations for voluntary agreements in the July 2018 SWRCB Staff 
Framework ; and (c) development of flow measures that would achieve these objectives and 
recommendations, but with significantly less adverse impacts to water-supply reliability and 
other important aspects of YWA's mission and with significantly less impacts to the fishery 
benefits being achieved with the Yuba ccord. 

l11e following subsections describe: (1) the YWA VSA Project flow proposal ; (2) how the flow 
proposal was d veloped; (3) how YRDP operations wo uld be changed to provid these flows; 

and ( 4) the accounting principles associated with these flows. 

1.1 Contributions to Delta Inflows 
The YW A VSA Project flow proposal is founded on the Yuba Accord-based flows, including the 
requirements for instream flows specified in the Accord Pisheries Agreement and the SWRCB's 
Corrected Order WR 2008-00 14, and the transfer operations and accounting provisions of the 
Yuba Accord WPA. YWA VSA Proj ct op rations wo uld be supplem ntal to the Accord flows 

and YRDP operations. 

Th YW VS Project flow proposal includes two quantifiable water components that wo uld 
provide up to 50,000 ac-ft of additional Bay-Delta inflow in l\.bove-Nomial, Below- omial and 
Dry Years, 1 compared to existing conditions, through the following changes in YRDP 
operations: (a) all Yuba Accord transfer releases in April May and June that cannot be backed 
up into Oroville Reservoir or exported by DWR would be repurposed fro m potential export to 

1 Unless otherwise specifically identified, all water year types are defined using the Sacramento Valley Index. 
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Bay-Delta outflow (Component A); and (b) additional storage releases from ew Bullards Bar 
Reservoir would be made by operating to a new target September 30 storage level of 600,000 ac
ft, wh ich is 50 000 ac-ft below the Yuba Accord target September 30 storage level of 650 000 
ac-ft (Component B). 'fne YW A VSA Project flow proposal also includes accounting for refills 
of storage releases for New Bullards Bar Reservoir from Component A and Component B that 
exce ·d 9,000 ac-ft annually in Above Nonna!, Below Nonna! and Dry Water Year types. 

The r suiting total volum of Component A and B water in som · years would exc d 50,000 ac
ft. YWA's finn commitment for Abov -Normal, B low-No1mal and Dry years would b for up 
to 50,000 ac-ft, based on the existenc of suffici nt storag in ew Bullards Bar Reservoir. 
Conditions under which more than 50,000 ac-ft would be produced would be dependent upon 
YW . ' s determination of its ability to produce the entire 50,000 ac-:ft of Component B water 
when a significant volume of Component A water also is produced and on the willingness of 
Parties to the YW A VSA Project to fund the additional amounts of water. The total quantity of 

water produced from these two components also could be less than 50,000 ac-ft, if Septemb r 30 
storage in ew Bullards Bar Reservoir tmder Yuba ccord operations (without-YW A VS 
Proj ect releases) would be lower than 650,000 ac-:ft. In those cases, operations to a target storage 
of 600 000 ac-ft would produce less than 50,000 ac-ft of Component B water and the available 
amount of Component A water may not bring the total to 50 000 ac-ft. 

nder the YWA VSP Project, YWA would: (1) repurpose all Yuba Accord Released Transfer 
Water in April through June that cannot be accounted for as Delivered Transfer Water (as these 
terms are defined in the Yuba Accord WPA) to D !ta outflows; and (2) r -op rate New Bullards 
Bar Dam and Res rvoir by releasing up to 50,000 ac-ft of additional water from storage, to 
provide: (a) Base Contribution Wat r of 9,000 ac-ft p r y ar in Abov onnal, B low Nonna! 
and Dry Years; and (b) Supplemental Flow Contribution Water ofup to an additional 41 ,000 ac

ft per year in Above Normal, Below Normal and Ory Years, based on releases from storage with 
YWA's reoperation plan. The Base Contribution Wat r quantity reflects a proportionate Yuba 
Ri ver Wat rshed share of Sacramento Valley runoi'l: which is about 9% of total runoff. Based on 
YW A's stimat s, YWA's shar of a contribution to Bay-Delta inflow from th Sacramento 
River Basin would be 3% (one-third of 9%), resulting in 9,000 ac-ft of the total Sacramento 
Valley water user contribution to Delta inflow of 300,000 ac-ft. 

1.1.1 The YWA VSA Flow Proposal Was Developed to Meet 
CDFW Delta Flow Objectives 

YW A is in the process of relicensing the YRDP with FERC. During the relicensing process, 
relic nsing participants (including CDFW, USFWS and NGO's) proposed new instream flow 
requirem nts for the Lower Yuba Riv r. Th most-significant chang s to existing Yuba Accord 
flows und r CDFW 's flow proposals were: (a) higher flows in the spring, mostly in Schedul s 1, 
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2 and 3 years (as defined in the Yuba Accord Fisheries greement), which are estimated to occur 
about 80% of the t ime; and (b) measures to mitigate for losses of lower Yuba River floodplain 

inundation that CDFW argues have occurred because of New Bullards Bar Reservoir operations. 

CDFW provided YW A a summary of the general objectives that CDFW was seeking to achieve, 

relating to both lower Yuba River flows and Delta inflow contributions. YWA developed a set of 

science-based flow measures for the YWA VSA Pr~ject that would provide results that would be 
comparable to what would be achiev d with CDFW 's propos d flow m asures, but with 

significantly reduc d impacts to water supply r liability and oth r aspects of YW A's mission. 

The following CDFW objectives (as defined in its proposal flow measures that were parts of its 

FERC relicensing section lO(j) recommendations) were considered in the preparation of the 

YW VS Project proposal for higher springtime flows: 

• Provide science-based lower Yuba River flow-related habitat enhancem nts to .incr1:;ase 
fisheries productivity. 

• Provide a spring flow recession. 

• Provide hi gher spring flows in Schedule 1, 2 and 3 years (i.e., increased flows in late 
March and pril). 

• Repurpos certain Yuba Accord transf. r flows from potential xport to Delta outflow. 

• Increase floodplain inundation. 

Tirrough ext nsive modeling studies, YWA developed its VSA Project flow proposal to be 

comparable to the results that would be achieved with CDFW 's specific flow proposal : 

• TI1e YW A VS Proj ct proposal to r lease up to an additional 50,000 ac-ft of storage 

from New Bullards Bar Reservoir in the springtime addresses CDFW 's objective for 

higher spring flows in Schedules 1, 2 and 3 years. TI1ese flows will result in average 

annual outflows and number of years of significantly increased outflow that wil l exceed 

what would have been achieved with the CDFW proposal. 

• The YW A VSA Project proposal would increase salmonid rearing habitat, while the 

CDFW proposal would decrease such habitat. YW A's Flo~ Proposal would dovetail with 

YW ' s Habitat Enhanc ment Measure proposal, resul ting in greater duration of 

inundation of constrnct d rearing habitat. 

• CDFW's spring flow rec ssion was incorporat d into YWA's AFLA submitt d to FERC, 
and is now included in FERC's Final EIS for the new Federal Power ct license for the 

YRDP. 
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• The YWA VSA Project proposal would repurpose some springtime Yuba Accord transfer 
flows to Delta ou flow, while not reducing the portions of these supplies that are critical 

to SWP and CVP contractors that rely on these supplies in dry conditions 

In summary, YWA 's VSA Flow Proposal would meet CDFW's objectives, but with significantly 

reduced impacts to water supply reliability and other aspects ofYWA 's mission. 

1.1.2 The YWA VSA Flow Proposal Was Also Developed to 
Meet the SWRCB Staff Framework Delta Flow 
Objectives 

The July 2018 SWRCB Staff Framework proposed a proposed numenc objective for 

maintenance of tributary outflows as percentages of unimpaired flows, with targets of 55%, and 

ranges of 45% to 65%. Previous SWRCB staff reports identified the January to June period as 

the focus o this flow, but the SWRCB Staff Framework proposed that thi s objective apply year

round tlow. 

YWA examined Yuba River outflow under existing conditions, and determined that: (]) Yuba 
River outflow in Wet years (Sacramento Valley index basis) for the January to June period 

already equals or exceeds 55% of unimpaired flow for each month, most of the time. Figure 1 
shows the average monthly Yuba River outflow volumes for existing Wet Year conditions, 
compared to 45%, 55% and 65% of unimpaired flow. 
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YWA 's examination of Yuba River outflows tmder existing conditions included an examination 
of flows dming each month over the full range of hydrologic conditions. That examination 
showed that Yuba River outflows generally equaled or exceeded 55% of unimpaired outflows in 
all months except late March in some years, April , May, and sometimes June. Therefore, YW A 
focused its proposal on developing additional flows for the April through June period. Figure 2 
is a plot of monthly outflow volumes under existing conditions, averaged for Dry years under 
existing conditions compared with Dry year averages for 45%, 55% and 65% of unimpaired 
flow. 

The YWA VSA Project flow proposal does not include a Critical Year flow component, because 
in Critical Years (when runoff is lim ited) YW A already releases large volumes of stored water 
from storage in New Bullards Bar Reservoir to meet the Yuba Accord flow requirements, which 
exceed natural flows and which were developed considering habitat stressors that occur during 
other times of the year (primarily summer and early fa ll water temperatures). Including a Critical 
Year flow component in the YWA VSA Project wo uld significantly compromise YWA's ability 
to use stored water to meet Yuba Accord low req uirements. 

In summary, the YWA VSA Project flow proposal would generally be consistent with the 
proposed numeric flow objectives in the July 2018 SWRCB Staff Framework, but with 
significantly reduced impacts to water supply reliability and other aspects of YW A's mission. 
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F igure 2. Modeled Yuba River outflow for the 1922 to 2016 period averaged for Dry years, compared to 45%, 
55% and 65% unimpaired !low of the lower Yu ba River. 

1.1.3 Changes in YRDP Operations: Repurposing some Yuba 
Accord Transfer Flows from Potential Export to Bay-
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Delta Outflow (YWA Project VSA Flow Proposal 
Component A Water) 

Th YWA-DWR WPA describes transfers to third patiies. In amendment 5 of the WP , third
party transfers of Yuba Accord water include Yuba Accord transfer releases that DWR cannot 
exp01.i from the Delta. Since 2014, YW has been pursuing third-party tra11sfers of springtime 
Yuba Accord water that DWR cam1ot back up into Orovi ll e Reservoir for later transfer. In 2014 
and subsequent years, YWA worked on long-te1m transfers to several third parties for some 
portions of this water, generaHy focusing on Yuba Accord water during times when the Delta is 
in excess conditions. 1nis water is air ady covered as transfer water under the SWRCB 
Corr cted Ord r WR 2008-0014, and for one of the pot ntial thi rd parti s, EBMUD, th Fre port 
facility was add d as an authoriz d point of div rsion under YWA's water rights (YCW Pern1it 

15026) in 2014. Under the WP , the SWRCB order and the Water Code, YW may transfer 
Yuba ccord relea<;ed transfer water that occurs in the springtime during excess conditions. 
Rather than continuing to transfer water or continuing to pursue long-tenn transfers of this water 
to third parties, YW A would forgo those transfers and instead use this water solely for Bay-Delta 

outflow und r the YW A YS Proj ect. If the YWA VS Proj ct do s not proceed or is not 
approved, YW A will continue to pursue these transfers to third parties. 

VS Component A is Released Transfer Waler as d fin din the WPA Exhibit 1 - Scheduling 

and Accounting Prin ciples, a11d is further defined as water that occurs during p1il, May and 
June under excess Delta conditions and the other Bay-Delta conditions that DWR detennines 
preclude OWR from expotting the water from the Delta for transfer under the WP A. 

1.1.4 Changes in YRDP Operations: Reoperation of New 
Bullards Bar Reservoir for Release of Stored Water 
Dedicated to Delta Outflow (YWA VSA Project Flow 
Component B Water) 

Transfer operations of the YRDP under the Yuba Accord are characterized into two catego,ies: 
(a) operations that are required by the Yuba Accord instream flow requirements and that are 
above the flows that would occur under the bas line (without transf r) flows defined in the 
WP , and (b) releases of water from storage in New Bullards Bru· Reservoir that result in 
September 30 storage less tha11 705,000 ac-ft, and which are not relea5es of water to meet Yuba 
Accord instream flow requirements. The releases of water to meet the Yuba Accord target 
September 30 storage target always are scheduled to occur during July and August, when there is 
high confidence of balanced Delta conditions and accuracy in forecasted Stale Water Project 
op rations. For YW A VSA Proj ct storag r I as s, the plann d primary months for rel as s 
would b April through Jun . Ther also may be some limited fl xibility to release som of 
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stored water during July and August, if such releases are recommended by CDFW and DWR, or 
ifYRDP capacity or regulato1y constraints limit releases during pril through June. 

Releases of water from storage in New Bui lards Bar Reservoir for YW A VSA Project purposes 
would be scheduled to not interfere with cmTent storage re)ea es for the Yuba Accord operations 
to meet WPA commitments. Some flexibility in the shaping of YWA VSA Project releases 
would be available in some years, and YWA would coordinate with CDFW and DWR to set the 
rel 11se schedul s. YW A would hav · the sole final 11uthority to d termine the rel 11se schedules. 
Th springtime is v ry dynamic hydrologically and, in many y ars, it is difficult to pr diet runoff 
conditions, which create greater challenges for forecasted operations then during th 
summertime. Scheduling of, and accounting for, the volumes and timing of these releases would 
be based on the infonnation available at the time of release planning, and might need to be 
adjusted through the springtime to address changing conditions. YW A would prepare forecast<;; 
of operations of the YRDP and resulting flows of VSA water. These forecasts would be 

compar d to for casts that are pr pared for Yuba Accord operations (including baseline 
operations) to detennine the amounts of the additional storage releases for YW A VSA Project 
purposes. Springtime Yuba ccord Released Transfer Water (as defined in the WP accounting 
mies) also would be forecast (as required by the WPA), and would be accounted for a<, 
Component A water under the Yuba Accord accounting, with the added detennination that the 
water would meet the criteria in the YW A VSA Project accounting provisions. 

YWA would prepare preliminary operations plans for releases of water from ew Bullards Bar 
Reservoir storage for YWA VSA Project water in coordination with DWR and CDFW as early 
as February, with the intent to hav a planned operation d veloped in consultation with CDFW 
and DWR before pril 1, which would b th earliest date on which a rel as of VSA water 
from New Bullards Bar Reservoir storage could occur. YW would meet with CDFW and DWR 

to discuss and formulate the preliminary operations plan using information provided by the 
California- ·evada River Forecast Cent rand by DWR on Delta conditions and SWP and CVP 
forecasted operations. YW A might begin releases of water stored in N w Bullards Bar Reservoir 
for YW VS Project purposes as early as April 1 based on this planning. YW would revise 
the plan as new forecast infonnation becomes available, and would finalize the plan in most 
years by May 15, with minor adjustments after that date as needed due to changing conditions. 
Due to the complexity of regulatory and operational criteria that apply to the YRDP, YW A 
would retain sole decision authority for final plans and scheduling water operations to implement 
YWA VSA Project water releases, although it is expected that DWR would need to approve any 
rel ases of VSA water that would be schedul d to occur after Jun 30. 

VSA Component B is defin d as Released Transfer Water in th WPA Exhibit 1 - St:herluling 
and Accounting Principles that would be made available through releases from ew Bullards 
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Bar Reservoir to achieve September 30 storage below 650,000 ac-ft, and which would not be 
releases necessary for Yuba ccord instream flow requirements. 

1.1.5 Accounting Principles for Determining YWA VSA 
Project Flow Measure Volumes 

With the Yuba Accord operations und r the WPA, YWA and DWR have more than ten years ' 
1::xperience accounling for long-term transfers that produce transfer flows throughout the year. 
Th Yuba ccord WPA accounting principles (Exhibit 1 to the WP ) provide the basis for 

accotmting for these contributions to Delta inflows. 

For the YW VS Project, additional accounting principles would be developed, which would 
include a detai led accounting based on accounting principles agreed to by YW and DWR that 
would tier off of the existing YW A-DWR Yuba Accord WPA accounting rules. The WPA 
accounting rules include a detailed description of the ba eline for transfer flows. 171 is desctiption 
is the foundation for the Component A accounting. ecause the existing condition includes the 
Yuba Accord flows that meet the defmition of new water, and becaus this water is available for 
transf r under the WPA, th Water Cod , and SWRCB Corrected Order WR 2008-0014, and 
b cause YW A would commit to allocate this water for Delta outflows and not for transfers 
during the tenn of the YW VSA, the baseline for this wat r would be as defined in the Yuba 

ccord WP . 

Component B water would be accounted for as the amounts of actual flows that would be above 

the existing conditions under the Yuba Accord and which would be wat r that would be in 
addition to water for Yuba Accord releases. Generally, the baseline for YWA VSA Project 
releas s would b existing conditions. For YW VS Project storage releases (Compon nt B), 

the plann d primary months for rel ases are pril to Jun which would present a gr ater 
challenge for forecasting operations. Scheduling and accounting for the vohunes and timing of 
these releases would be based on the infonnation available at the time of the release planning and 
might need to be adjusted through the springtime to account for changing conditions. YW A 
would prepare forecasts of YRDP operations and resulting flows for YW A VSA Project water. 
'O1ese forecasts would be ompared to the forecasts that would be prepared for Yuba Accord 
op rations (including bas lin op rations) to detennine th additional rel ases of water from 

ew Bullards Bar storage that would be needed for YW VS Project purposes. 

YW is having discussions with DWR about these accounting principles, and the parties hav 
not finalized the accom1ting mies. 171e following are principles that YWA has proposed: 

1) WP ccotmting oftransfi r water for purchase by DWR would not change 
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2) Two sources of water would qualify as water provided under the YW A VSA 
Project as VS Flow Measure Water: (a) YWA VS Project Component pril 
through .June WPA Released Transfer Water that is not Delivered f'ransfer Water 
as those te1ms are defined in the WPA Accounting Exhibit; and (b) YWA VSA 
Project Component B: releases of water from storage in ew Bullards Bar 
Reservoir that is not used to me t Accord instr am flows and that results in 
storag levels on Sept mb r 30 below 650,000 AF. 

3) YWA VSA Project Component A would be Released Transfer Water, as defined 
in th WPA Exhibit 1 "Scheduling and Accounting Principles," and would be 
further defin d as water that would occur during April, May and June under D !ta 
Excess Conditions as det nnined by DWR. 

4) YWA VSA Project Component B would b Released TransJh Wat r, as defined 
in the WP A Exhibit 1 "Scheduling and Accotmting Principles," that would be 
made available through rdeases from storage in New Bullards Bar Reservoir to 
achi ve Septemb r 30 storage below 650,000 F, and which not be releas s 
needed for ccord required instream flows. 

5) For 2019 only, YW A VSA Project component and B water that would b 
accounted for as being released during Delta excess conditions during pril 
through June will be accounted as YWA VS Project Flow Measure Water. 

6) Flows from th Yuba River in April through June that would result from YRDP 
operations to the Yuba Accord, and that are account d as n gative values 
(negative flows in ccord accounting tem1s), would reduce the amounts of 

ccord flows credited to the YW VS Project (Component ), but would not 

reduce the amounts of water released from storage in ew Bullards Bar Reservoir 
for YW A VSA Proj ct purpos s (Component B). egative flows for Accord 
op rations ar already includ d in th ccord accounting provisions and th 
YW A VS Project Component B releases would always be additive to releases 
under the "without VS " condition In other words, the YW VS Project 
Component 8 baseline flows would be the flows that would occur under the Yuba 
Accord and all other YRDP operations con. traints. 

7) Flow volumes to be credited for YW VS Project purposes would have to meet 
the WPA accounting mies for Relea ed Transfer Water, as defined in Section 4 of 
· xhibit 1 of the WPA, except that the YW A VSA Project Component B storage 

release baseline would be the flows that would occur under the Yuba Accord 
without any releases of wat r from New Bullards Bar storage that would reduce 
storage below 650,000 AF (i.e. standard Yuba Accord releases). 
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8) YW A operations planning, forecasting and exchange of infonnation would follow 
Section 11 of Exhibit l of the WP with an added item that would be the 

forecasted flow at Maiysville Gage with YWA VSA Project Component 8 
releases (i.e. YWA would provide foreca5ts for Baseline Flow, Yuba Accord 

flows without any YWA VSA Project Component B flow and Accord flow with 

VSA Compon nt B flow). Fore ast updat s would b provid d ·ach time a 
significant change in flows is anticipated du to chang d conditions or updated 

for cast infonnation that requires a chang · in planned flows. 

9) TI1e first 9,000 AF of water accounted as YW A VSA Project water would not be 
add d to th volum of YWA VSA Proj ct water to b accounted und r th YW A 

VSA Project refill accounting rules (uncompensated water). If for any r ason 

there would be any additional YWA VSA Project Flow Measure Water that 
would not be compensated, that additional water would not be included in the 

refill accounting volume. 

10) If a volmne of water would b accounted for refill in one refill accounting for 
impact (WP or VS ) then that water would not be subject to any other refill 
accounting. 

11) Accounting of YWA VSA Project Component A, the Released Transfer Water 

generated by ccord instream flows , and YW VS Project Component B water 
might occur simultaneously. 

12) YW A VSA Project component water would b accounted at th Marysville Gage, 

as defined in the accounting of Release Transfer Water in the Accord WPA. 

13) During the springtime, accounting of timing and volum of YW A VSA Proj ct 

Component B releas s would be based on act1ial flows which would det m1in th 

YW A VS Project operation and the forecasted operations for the ccord and 
Basel ine operations that would be in effect at the time of operation. Forecasted 

operations would use CNRFC ensemble based daily foreca-,ts of runoff in the 

Yuba River watershed. YWA would d scribe them thod for calculating a tim 

seri s of runoff derived from the CNRFC ensembl s. 

14) Even with the proceeding method for scheduling and accounting for YWA VSA 

Project component releases, there might be times when changing conditions 

would r quire r -scheduling VS Component B releases after th pril to June 

period. Changes to the schedule resulting in releases of VS water during July 
through September (and possibly October) wou ld require prior agreement by 

DWR. 

15) YW would prepar the accotmting for YW VS Project water and would

submit the accounting to DWR for review and concu1Tence. Procedures for 
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accounting of YW VS Project Components A and B would generally follow 
those described in Section 6 of the WP except where the accounting provisions 
listed here are in conflict with Section 6 these accounting principles would 
govern for YW A YSA Project water. 

1.1.6 Modeling Analysis of the VSA Component Quantities 

Exhibit 5 - Methodology for Evaluatiu g the Benefi ts or the YWA VSA Project contains a 
proposed approach for evaluating the flow benefit5 of the YW A YSA Project as well as a 
comparison with alternative scenarios for levels of perc nt:ages of unimpaired flow, as outlined 
in the July 2018 SWRCB Staff Framework. 

1.1.7 Early Implementation of YWA VSA Project Flow Measures 

YWA is pursuing an arly implementation pilot project in 2019 of th flow portion of the 
proposed YW VS Project. The pilot project would consist of YW releasing up to 50,000 
acre-ft of water from storage in ew Bullards Bar Reservoi r, as described in the YWA VSA 
Project, dwing April , May and June 2019. 171e intent of the flow proposal portion of the YWA 
YSA Project would be to release a volume of water that would result in an equivalent. volume of 
Delta outflow. DWR and USBR would not be able to have regulatory approvals or 
nvironmental compliance in place for changed operations for this springtime pilot proj ect and 

tl1erefore could not ensure the YW storage release would result in an equal amount of Delta 
outflow under the full range of Delta conditions. Because of these limitations, the 2019 pilot 

program would be only during excess Delta conditions. The YW A release of water from storage 
m ew Dullards Bar Reservoir would be during excess conditions, the wat r wo uld not be 
accounted as a transfer under the Accord Water Purchase Agreement, and th release would end 
up as D !ta outflow. 

YW A would ensure that the release of water from storage in New Bullards Bar R servoir for the 
pilot project would not interfere with the Accord WP . To demonstrate this, the plan of action 
would be for YW to prepare a forecasted operation under three condit ions: (1) a baseline 
condition, as described in the Accord WPA, (2) a planned operat ion under cun-ent conditions 
including cun-ent Yuba Accord flow requirements and operations to target September 30, 2019 

ew Bullards Bar Reservoir . torage of 650,000 AF, and (3) a pilot project consisting of an 
additional release of up to 50,000 AF of water from storage in New Bullards Bar Reservoir 
during April through June by targeting September 30 ew Bullards Bar Reservoir storage of 
600,000 AF. If the D !ta is in exc ss conditions on April I, YWA would begin th additional 
release and would continue unti l the full amount of pilot project release was completed, but 

YW A would cease the additional releases when DWR notifies YW A that the Delta is no longer 
in excess conditions. YW could begin the YW VS Project release after pri l l if the Delta 
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was in balanced or restricted conditions on April 1, and subsequently transitioned to excess 
conditions later during the pril to June period. s described in the YW VS Project 
Framework, water released as part of the Yuba Accord in the months of April through June and 
accounted as Released Transfer Water in the Accord WPA but not accounted as Delivered 
TnU1sfer Water (i.e. water released from storage in ew Bullards Bar Reservoir during excess 
conditions and not ·xported from the Delta or back ·d into storage in Lake Oroville) wo uld also 
b accounted as a rel as for YWA VSA Project purpos s, but this rel as would not chang 
based on Delta conditions. 

To implement th pilot project in 2019 the following actions must b comp! t d: 

• YW A must analyze the chang s in op ration and resulting flow and temperature changes 
in the low r Yuba River that would occur due to the pilot project in1plementation and 

make findings that: (a) lower Yuba River flows with the changes still would be within the 
nonnal range. of flow and temperatures that occur under the Yuba Accord, and (b) that 
these changes in flow and temperatures would not have any significant negative impacts 
on fish ry resources in the lower Yuba River. 

• The YW A Board of Directors would make a finding that the pilot project would be a 
temporary one-year operation, would be within th range of effects analyzed tmder the 
Yuba Accord EIR, and would be within th normal operating range of th YRDP, and 

th refore is exempt from CEQ . 

• YW A, DWR and CDFW would need to agree on a release plan for the pilot project VS 
stored water releases. Due to the limitations described above, the flexi bility of timing and 
relea<;;e rates would be significantly more limited than for rates under a long tem1 VSA 
after environmental compliance and all regulatory approvals. 

• YW would not seek any SWRCB approvals for the pilot project, because operations of 
the YRD P for this project would be authorized by the existing tenns and conditions in 

YW 'swat r-right p nnits and within nonnal YRDP discr tionary op rations. 
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YUBA WATER AGENCY 

VOLUNTARY SETTLEMENT AGREEMENT PROJECT DESCRIPTION 

EXHIBIT 3 

Habitat Enhancement Measures 

The YW YS Proj ect habitat enhancement measures are designed to improve juveni le 

Ch inook salmon and steelhead rearing habitat in the lower Yuba River. The habitat enhancement 

measures are intended to produce larger juvenile anadromous salmonids in better condit ion with 

higher survivorship by providing: ( l ) physical habitat structure (i.e., complexity, sinuosity, 

diversity, instream obj ect and over-hanging over); (2) high food availability, quality and 

diversity; (3) refugia from pr dators; and ( 4) refugia from high flows . 

The following subsections discuss: (1) th valuation by th United Stat s Ann y Corps of 

Engine rs' (USACE) Yuba River Ecosyst m Restoration Feasibility Study (YRERFS) of 

oppotiunities to improve juvenile Chinook salmon and steelhead rearing habitat in the lower 

Yuba River; (2) ongoing stressors and limiting factors for fisheries resources in the lower Yuba 

Riv r; (3) habitat complexity and diversity cons id rations; and ( 4) th YW A VSA Proj ·ct's 

propos d habitat enhancem nt m asures. 

1.1 Background 
YW A has b ~ n involved in th development of habitat enhancem nt measures to improve fry 
andjuv nil Chinook salmon and steelhead rearing habitat in th lower Yuba Ri v r since 2014. 

111 USACE Congressional authorization for the R com1aissance Study that prec d~d US CE's 

Yuba River Ecosystem Restoration Feasibility Study was made through the Energy and Water 
Development ppropnattons ct, 2014, Division D, P.L. 113-76. l11e initial evaluation 

completed by the USAC in September 2014 concluded thatthere would be sig11ificant National 

Ecosystem Restoration benefits associated with restoration of ecosystem structures, functions, 

and processes in the Yuba River. The USACE then asked YWA to be anon-federal sponsor, and 

a Feasibility Cost-Sharing Agreement between the USACE and YWA was signed in June 2015. 
Th USACE r leaged a Public Draft Interim F asibility Report and Enviromnental Assessment 

for the Yuba River Ecosystem Restoration Feasibility Study ("FRIE ") in 2018. Th USACE's 
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Tentatively Selected Plan includes floodplain lowering and grading, terrafonning and riparian 
vegetation planting. 

The USACE's assessment approach needed: (1) to provide an equitable evaluation that 
adequately distinguished between all habitat increments being considered; and (2) be based in 
the SACE's "SMART'' 1 planning principles. The first consideration was satisfied by 
developing an assessment approach that produced a broadly-applicable output (i.e., habitat units) 
bas d on a multi-species/multi-habitat evaluation. This ass ssment approach provided an 

valuation in tenns of acr -based habitat units, which were calculat d through th~ application of 
habitat suitability r lationships of representative species (e.g., juvenile ste !head). Input data 
required for the juvenile steelhead habitat suitability index (HSI) included estimates of depth, 
velocity and cover. The Juveni le Steelhead HST model proposed for the YRERFS was adopted 
from an HS I model developed by YWA for the YRDP (YWA 2013). 

An integral part of the USAC 's assessment approach included hydraulic modeling of 
increments to evaluate changes to key features of aquatic habitat (USAC · 2018). "The SAC · 
developed a 2D hydrauli model based on an existing digital elevation model (DEM) developed 
by YWA in collaboration with the Yuba Accord River Managem nt Team (RMT). Depth and 
velocity estimates were developed using the USACE's 2D hydraulic model, and the existing 
DEM was used to evaluate depth and velocity under "without YRDP" condition . . Depth and 
velocity for '\vith YRDP" conditions were evaluated by integrating a modified OEM reflecting 
physical habitat changes with various enhancement measures (e.g. , creation of aquatic features 
including side channels, back waters, bank scalloping and floodplain lowering). 

Since early 2019, the proposed Final FR/EA has been undergoing internal review by the 
SACE, and the SACE is nearing completion on th study. A "Chief's R port" is sch duled to 

b signed and submitted to Congr ss in Dec mb r 2019. The project would th n be eligibl for 
consideration by Congress for a new authorization and appropriations. Some of the proposed 
habitat enhancement projects may be constructed with S CE and non-federal sponsor funding 
if the YRERFS is authorized by Congress funds appropri ated by Congress and the authorized 

study contains th s proj els. 111 earliest that a proj ct could b authoriz d for appropriations 
and construction would likely occur in 2021 or later. ll1e fed ral design and construction cost
share will be proportionally allocated as 65% federal and 35% non-federal. If the US CE 
project go forward, this probably would not occur unti l after year 5, and the USACE would 
construct the project only if the 35% non-federal cost share is provided. 

1 "S:MART" - specific, measurable, achievable, relevant, and time-bound. 

February 25, 2019 2 

38 



A-53 

Settlement egotiations 

1.1.1 Habitat Enhancement Sustainability and Resiliency 
Considerations 

Th Yuba River Watershed is a highly dynamic system, which has led to concerns r1::garding the 
sustainability and resiliency of potential habitat enhancement measures in the lower Yuba River. 

Although the I ort:h Yuba River has gr ater flow peaks and more-pronounced spring runoff 
responses than the South Yuba and Middle Yuba rivers, hydrographs for all three major 
tributaries in the upper Yuba River Watershed indicate simi lar timing duration and frequency of 
runoff. For return intervals of 2 to 10 years, the three sub-basins also have similar peak flow 
magnitudes on a per-acre drainage-area basis (Stillwater Sciences 2013 ). Flows from tributaries 
of th South, Middle and orth Yuba rivers also influenc flow conditions in th three major 
sub-basins. Riv r habitat conditions in the North Yuba River downstr am of New Bullards Bar 
Dam, th Middl Yuba Riv r, th Yuba River, and th South Yuba Riv rare defined in larg part 
by flows released from the upstream dams. Stream flows in the upper Yuba River Watershed are 
characterized by low and constant summer flows (generally during mid-July through October), 
winter stonn peaks, and spring snowmelt runoff. 

Englebright Dam and Reservoir were constructed Ill 1941 to capture sediment produced by 
upstream hydraul ic mining activities. The reservoir is located downstream of New Bullards Bar 
Dam, below the confluence of the Yuba River and the South Yuba River. The average annual 
inflow into Englebright Reservoir, xcluding r I ases from N ·w Bullards Bar Reservoir, is 
approxinrntely 400,000 ac-ft. Englebright Reservoir has a total storage capacity of approxinrntely 
70,000 ac-ft. Englebtight Reservoir does not have any dedicated flood storage space and only 
provides incidental flood control benefits. The USAC ·· owns this faci lity. 

Large floods on the lower Yuba River tend to be about 2,000 to 5,000 m3/s (70,600 cfa to 
177,000 cfs) (Pasternack and Wyrick 2016). 'CT1e high flows that occuITed during the winter of 
2017 (p ak flow of 80,938 cfs at the Marysville Gage on January 9, 2017) significantly altered 
the planform geometry in some areas, and changed the channel alignment and configuration 
throughout much of the lower Yuba River. visual depiction of the Corps ' propos d "Habitat 
Increment l " site locations is shown in Figure 1. l11e Highway 20 Bridge is in the far left part of 
this figure . 
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Figure l. Habitat Increment I in the Co lJI s' 2018 Draft Interim F easib ility Report and EA. 
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The left picture in Figure 2 below shows the location of the westernmost component (just 

upstream of the Highway 20 Bridge) of "Habitat Increment 1" 1n Apnl 2015, and the right 

picture in this figure shows the location identified for "Habitat Increment 1" in May 2017 

Figure 2. Lower Yuba Rirer at and immediatel;y upstream of the Highway 20 Bridge during April 2015 
(left) and May 2017 (right). Mean daily flow at the Smartsville Gage was 697 cfs on April 14, 2015 (left) and 
6,829 cfs on May 18, 2017 (right) (CDEC 2019). 
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As shown m the right picture m Figure 2, the high n ver flows that occurred during the wmter of 

2017 significantly altered the planform geometry (i e ,  the "shape" of the lower Yuba River 

channel in this area). Consequently, if Habitat Increment 1 had been implemented before the 

winter of 2017, it would not have remained after the high flow conditions that occurred during 

that winter. 

This example indicates that the USACE did not consider the lower Yuba River channel re

alignments and re-configurations that occurred during the winter of 2017 when the USA CE 

developed and evaluated the habitat increments that are proposed in the Draft Interim FR/EA A
™ 

visual exammation of remote sensing (see 2013 and 2017 Google Earth images in Figure 3

be! ow) of the lower Yuba River indicates that some of the habitat increment sites proposed in the 

Draft Interim FR/EA (Corps 2018) may no longer be suitable because of the considerable 

changes m river geomorphology that occurred during 2017. 

As the non-federal sponsor for the USA CE' s YRERFS, TWA would need to penodically inspect 

the habitat enhancements to prevent encroachments or other damage caused by human activities, 

and to determine whether any repair, replacement or rehabilitation of project features would be 

needed. In consideration of the high flows that occurred during the winter of 2017, YWA has 

recognized that the sustamability of habitat enhancement measures would significantly affect the 

cost of operation, m amtenance, repair, replacement and rehabilitation of enhancement measures. 

Therefore, in consideration of the dynamic nature of the I ower Yuba River, and to evaluate the 

effects of the lower Yuba River channel re-alignments and re-configurations that occurred during 

2017, YWA is collaborating with the University of California, Davis (UC Davis) to conduct a 

m ore-detail e d an al ys is of sustain abi Ii ty, re si Ii ency and persistence. 

Figure 3. Comparis:on of lower Yuba River channel moip hollgy near Ri<er 

Mile 4 during 2013 and 2017. 
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The habitat enhancement projects described in Section 1.3 and in Attachment 1 (Yuba River 
Habitat Projects) are based upon the prel.iminary results of the geomorphic sustainabi lity analysis 
that are available to date. 'f11 ese are preliminary projects that are going through additional 
screening for river geomorphology, land ownership and constructability, including access and 
greatest benefit per cost. Replacement projects will be developed if the listed projects are 
reduced in size or eliminated as a result of the study conclusions. The sustainability analysis and 
design dev lopment component ofth study are anticipated to be completed during 2019. 

1.2 Ongoing Stressors and Limiting Factors in the Lower 
Yuba River 

The lower Yuba River anadromous salmonid populations are xposed and subj ·ct to a myriad of 
limiting factors, threats and stressors (YWA 2017). MFS (2014) conducted a comprehens ive 
assessment of stressors affecting both spring-run Chinook salmon and steelhead in th lower 
Yuba River, and lower Yuba River steelhead populations as members of these populations 
migrate downstream (as juveniles) and upstream (as adults) through the lower Feather River, the 

lower Sacramento River, and the Bay-Delta system. For the lower Yuba River populations of 
spring-run Chinook salm on and steel11ead, the number of stressors in the categories of "Very 
High", "High", "Medium" and "Low" that occur in the lower Yuba River or occur out of basin 
are presented by lifestage in Table 1. Many of the most important stressors specific to spring-nm 
Ch inook salmon and steelhead in the lower Yuba River iJ1clude limitations on fry and juvenile 
rearing physical habitat stmcture, loss of riparian habitat and instream cover (e.g., ripari an 
vegetation, instream woody mate,ial), loss of natural river morphology and function 2, and loss of 
floodplain habitat3 (YWA 2017). 

2 According to Nlv1FS (20 14), "Loss of Natural River Morphology and Function" is the result of river channelization 
and confinement, whi ch lead5 to a decrease in riverine habitat comp lexi ty, and thus, a decrease in the quantity and 
quality of Juvenile rearing habitat. Additionally, this primary stressor category includes the effect that dams have 
on the aquatic invertebrate species composition and distribution, which may have an effect on the quality and 
quantity of food resources available to Juvenile salrn onids (YWA 201 7). 

3 NMFS (201 4) listed the ··Loss of Floodplain Habitat" in the lower Yuba River as one of the key stressors affecting 
anadromous salmonids (including spring-run Chinook salmon). NlvlFS (2009) stated ... '"Historically, the Yuba 
River was connected to vast floodplains and included a complex network of channels, backwaters and wooay 
material The legacy of hydraulic and dredger mining is still evident on the lower Yuba River where, for much of 
the river, dredger piles con.fine the river lo an 11nna/11rally narrow channel. The consequences of !his 11111m1al and 
artificial geomorphic condition include reduced floodplain and riparian habitat and res11l1ant limitations in fish 
habilal parlic11larly for rearingjuvenile sa/monids." 
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Tobie I. The numbers or sircsson; in the cntcgories of "Vc11• High," "High," " .edium," >1nd "Low" llmt 
occur In the lower Yuba River and out-of-basin, for the juvenile ,·earing and outmigration lifestages of lower 
Y u b !\ R IVl'r nonu I !I f ·ions o f sorm11-run . Ch. moo k sa I monnn d S t 'l'C lh ell, d 

Stressor Categories 
L1resb1ge Loo,llon 

Very High Hlgll Medium Low 

Spring-run Cliinook Salmon J11venilc 
Rearing and Outmigration 

Lower Yuba River 5 I I 5 

Out of Basin 12 16 6 9 

Sleelh ead Ju eni le Rearing and 
0111migra1ion 

Lower Yuba River 5 I I 5 

Out of Ba in 12 16 6 9 

Source: NMFS 2014 

Although no recovery plan has been developed for the fall-nm Chinook salmon because the ESU 

is not listed under the ESA, many of the key threats and stressors identified for spring-nm 
Chinook salmon in the NMFS Recove1y Plan . MFS 2014) also are generally applicable to fall

nm Chinook salmon in the lower Yuba River. Jn addition, Pacific Coast Chinook salmon 

juvenile rearing habitat concerns associated with Essential Fish Habitat (PFMC 1999) include the 

following. 

• Dinrinished pool frequency, area, or depth • Low water llow:Jh.igh water flows 

• Temperature/water quality problems • Diminished nutrient availability 

• Diminished prey/competition fo r prey • Diminished channel complexity and cover 

• Blockage of access to habitat (upstream or down) • PreJalion caused by habitat simpli ficalion or los.s of cover 

• Loss of off-channel areas, wetlands 

1.2.1 Physical Habitat Structure 

Fry and juvenile salmonid rearing physical habitat structure pertains to habitat complexity and 
diversity. The concepts of habitat complexity and diversity pertinent to the lower Yuba River 

were described by CALFED imd YW A (2005), as discussed below. 

Habitat complexity and diversity refer to the quality of instream physical habitat including, but 

not necessaril y limited to, the fo llowing physical habitat characte,i stics: 

• Escape cover 

• Feeding cover 

• Allochthonous material contribution 

• ltemating point-bar sequences 

• Pool-to-riffle ratios 
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• Sinuosity 

• Instr am object cov r 

• Overhanging riparian v getation 

The physical stmcture of a river plays a significant role in detennining the suitability of aquatic 
habitats for juven ile salmonids, as well as for other organisms upon which salmonid depend for 

food. l11ese structural elements are created through complex interactions among natural 
geomorphic features, the power of flowing water, sediment delivery and movement, and riparian 

vegetation, wh ich provides bank stabi lity and inputs of large woody debris (Spence et al. 1996). 

The geomofl)hic conditions caused by hydraulic and dredge mining since the mid-1800s, and the 

construction of Englebright Dam, which afli els th transport of nutri nt:s , fine and coarse 
sediments and, to a lesser degr e, woody material from upstream sourc s to the lower riv r, 

continue to limit habitat complexity and diversity in the lower Yuba River. 

L WM creates both micro- and macro-habitat heterogeneity by fonning pools, back eddies and 

side channels and by creating channel sinuosity and hydraulic complexity. This habitat 

complexity provides juvenil salmonids mun rous r fugia from predators and water velocity, and 
provides effici nl locations from which to feed. LWM also functions to r tain coarse sediments 
and organic malter in addition to providing substrate for mnn rous aquatic invertebrates (Spence 

et al. 1996). 

In the lower Yuba River, mature riparian vegetation is scattered intennittently, leaving much of
the banks devoid of LWM and unshaded - affecting components that are es ential to the health 

and survival ofthe freshwater lifestages ofsalmonids MFS 2002). Although the ability of the 

lower Yuba River to suppo,t riparian vegetation has been substantially reduced by the hi storic 

impacts from mining activities, the dynamic nature of the river channel results in petiodic 

creation of high-val ue shaded riverine aquatic (SRA) cover for fish and wildlife (Beak 1989). 

 

Other import,mt components of habitat structure at the micro-scale include large boulders, coarse 
substrat , undercut banks and overhanging v getation. These habitat lement:s offer juv nile 

salmon.ids concealment from predators, shelt r from fast current, £ eding stations and nutrient 
inputs. At th macro-seal , streams and rivers with high channel sinuosity, multiple channels 

and sloughs, beaver impoundment5 or backwaters typically provide high-quality rearing and 

refugia habitats (Spence et al. 1996). The lower Yuba River can be generally characterized as 

lacking an abundance of such features. Consequ ntly, available irrfonnation indicates that fry and 
juvenil rearing physical habitat structure (comp! xity, sinuosity, diversity, instream object and 

over-hanging cover, nutrients) is an ongoing stressor and limiting factor for an anadromous 
salmonids in the lower Yuba River. 
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1.3 YWA's VSA Project - Habitat Enhancement Measures 
Spring-run Chinook salmon in the Yuba River demonstrnte mixed life histories regarding 
juvenile rearing and outmigration. "Ocean-type" spring-nm Chinook salmon migrate shortly 
aft r m rgence (as fry) while "stream-type" juveniles rear over th summer and migrate 
downstream the following year. YWA's habitat enhancement measures ar designed to emulat 
the types of juvenile rearing habitats and fish feeding stations that would have been available to 
the stream-type life history that spring-run Chinook salmon and steelhead experienced in the 
upper watershed historically. Larger juvenile fish (i.e. , summer holdover fish) emigrate 
downstream with the first freshets during the fal l. Because larger fi. h have been shown to have 
greater survival rates during outmigration, the YW A VSA Project focuses on improving in-river 
habitat conditions to allow juvenil fish to remain in the river longer to r ar and grow over the 
sunun r, and to outmigrate during the subsequent fall and winter as yearling+ smolts. 

The primary objectiv of the YWA VSA Project is to improve the complexity and di versity of 
anadromous sahnonidjuvenile rearing habitat in the lower Yuba River by implementing various 
habitat enhancement measures. TI1e biological objectives associated with the YWA VS 
Project's habitat enhancement measures are to increase the growth and urvivability of juveni le 
anadromous salmonids in the lower Yuba River. As discussed above, the provision of habitat 
nhancement measures is intended to produce larger juv nile anadromous sahnonids in bett r 

condition with higher survivorship by providing: (1) physical habitat structure (i.e., comp! xity, 
sinuosity, diversity, instream object and over-hanging cover); (2) high food availability, quality 
and diversity; (3) refugia from predators; and (4) refugia from high flows 111e habitat 
enhancement measures that include constructed off-channel and backwater areas will provide 
conditions favorable for growth (e.g. , lower water velocity, moderated water temperature, 
overhanging vegetation for increased escape cover from piscivorous and avian predators, and 
enhanced food availability) imd slow-water refuge for juvenile anadromous salmonids. 

1.3.1 Design Approach 

Th ecological fi.mction and corr sponding valu of riverine and adjacent habitat types vary 
depending on seasonal fluctuations in flow. The YWA VSA Project approach is intended to 
improve juvenile rearing habitat, designed to be functional over a range of flows resulting from 
continued implementation of the Yuba Accord flow schedules. 111e Yuba Accord-based fisheries 
flows (as augmented by the recently issued F ERC F IS for the Yuba River Development Project 
relicensing) are "functional flows", which are defined as " .. . a mechanistic approach for 
estimating flow needs and trade-offs. Flows needed are based on field observations of lifestages 
and computer and conceptual models of hydrodynamics, habitat and ecological conditions for 
different flow s. Environmental flows are then chosen to support different ecological functions 

February 25, 2019 9 

45 



A-60 

Settlement egotiations 

and lifestages of selected species". TI1is approach was exactly the process that was rn1dertaken to 

develop the Yuba ccord flow schedules. 

The YW A VSA Project habitat enhancement measures are designed to be functional during the 

spring (i.e. , Februaiy I through June 15). Because floodplain areas typically are not inundated 

during the important June through September over-summer rearing period for spring-run 

Chinook salmon and steelhead, in-channel habitat enh,mcements would provide greater 
opportunity for juvenil fish throughout th· summer. Therefore, th· YWA VSA Proj ct's 

propos d approach focus s on improving physical habitat structure in areas of th low r Yuba 

River that are inundated within the bankfull flows (i.e., up to 5,000 cfs ). 111 YW A VSA 

Project's proposed approach for improving in-chatmel physical habitat structure is designed to be 

functional at typical summer flow levels, as well as at February l through June 15 flow targets. 

TI1is is in addition to the present floodplain inundation recutTence intervals that occur under 

cunent conditions. 

l.n general, new habitat enhancement areas would be designed to be inundated at river flows 

between 1,500 cfs and 3,000 cfs. A majority of the habitat enhancement lowering is designed to 

create areas that will b inundated at river flows below 2,000 cfs. Specifically, 60% of the habitat 

enhancement areas created by the YW VS Project would be inundated at river flows less thai1 

2,000 cfs, and the 40% would be inundated at river flows between 2,000 and 3,000 cfs. New 

backwater areas would be designed to have a desired duration inundation elevation and an 

inundation rectmence interval (e.g. , 2,000 cfs, 3,000 cfs) that is agreed upon by both YWA and 

CD ·•W. 

1.3.2 Floodplain vs. Bank Ecotone 

ln the lower Yuba River, the floodplain is identified as the area within the floodway that is 

inundated at river flows gr ater than 5,000 cfs. The floodway is the area betwe n the upland 

slopes levees, training walls and valley floor that is inundated at a river flow of 21 ,100 cfs 

(Wyrick and Pasternak 2012). Floodplain areas (i.e. areas along the lower Yuba River that are 

inundated at river flows between 5,000 cfs mid 21,000 cfs) along the lower Yuba River generally 

do not provide high qua.lily juvenile rearing habitat for anadromous sahnonids due to the 

xtensive amount of hydraulic mining debris . humdating these areas would not provide 

biologically meaningful b nefits to riparian v g talion or juvenile rearing habita t. 
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Bank ecotone is defined as the transitional area from the top of the base flow channel to the 
lower edge of the floodplain4

. The bank ecotone zone in the lower Yuba River generally is the 
area that is inundated at ,iver flows between base flows (880 cfs upstream of DaguetTe Point 
Dam, and 530 cfs below OaguetTe Point Dam) and bankfull flows (5,000 cfs). ln the lower Yuba 
River, flows that inundate tlie bank ecotone zone are mostly within the controllable ranges of 
YRDP operations. Consequently, YWA's habitat enhancement measures ar designed to 
improve aquatic habitat conditions within th bank ecotone of the lower Yuba Riv r. 

T rrafonning and t rrain lowering would be used to improve existing ar as of th bank ecoton 
and to create new bank ecotone areas by lowering high elevation terraces and floodplain areas so 
that these tetTaces and areas could star1 being inundated at river flows of 5,000 cfs or less. 

With respect to the ongoing interests in enhancing juven ile almonid rearing habitat on the lower 
Yuba River, consideration has been given to habitat that is either along the periphery of the 
channel per the research of I eechie et al. (2013 )5 or outside the chmmel per the research of 
Sommers t al. (2001 , 2005). 6 TI1e term "floodplain habitat" is often referr d to in this context, 
but it is unclear if the ecological functions that are envisioned actually occur on the floodplain or 
within the bank.full charmel (Pasternack 2017), and this is not just semantics, as channels and 
floodpla ins exhibit widely different geomo11)hological, hydrological , temperature, biochemical, 
and ecological regimes (Brown 1997). This concern has a nexus with the fonctionality of ripatian 
vegetation, which is highly sensitive to inundation zones and undergoes significant changes 
through the riverbank ecotone (Past mack 2017). It would be en-oneous to simply assume that 
any inundat d floodplain or ecotone consti tutes sahnonid juvenile rearing habitat. When 
considering the requirements for high quality juvenile rearing habitat, other physical habitat 
characte,istics, such as substrate, velocity, depth, cover, food source.· and water temperatures, 
also must be considered. Consequently, the concepts like increasing riparian vegetation and 
providing conditions favorable for growth (e.g., lower wat r velocity, moderat d water 
temperature, and enhanced food availability) and slow-water refuge for juvenile anadromous 
salmonids are applicable to the bank ecotone (e.g., in-chrum I and off-channel areas that are 
inundated at river flows less than 5,000 cfs) of the lower Yuba River. 

4 Burman, S. G _ and G. B. Pasternack 20 17. Riparian Canopy Abundance, Distribution and Height on the Lower 
Yuba River in 2008. Prepared for the Yuba Accord River Management Team . University of California, Davis, 
CA, available at www.yubaaccordrmt.com/Studies%20%20Reports/Riparian/UCDR36 L YR UCDripariameport
_20170423 .pdf

 
. 

~ Beechie et al. (2013) reported that juvenile salmonids were present in different densities in different zones using a 
simple inundation zone classification (e .g., midchannel, edge, backwater, bank. and bar). They also reported lhat 
different spec ies and age cohorts exh ibit different t iming and abundance among the inundation zones. 

6 Extensive research in ali fomia has been conducted that shows rearing j uvenile salmonids exhibit significantly 
different growth rates in different inundation zones, especially when comparing the channel zone to the seasonally 
inundated floodplain zone (Sommer et al. 200 1, 2005; Feyrer et al. 2006). 
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1.3.3 Preliminary Identification of Lower Yuba River Habitat 
Enhancement Measures 

Th YW A VSA Project would enhance I 00 acres of habitat along the lower Yuba River, subject 
to the availability of and access to appropriate land, legal constraints and other eidemal factors. 
To improve both habitat complexity and di versity in the lower Yuba River, the YW VS 
Project has proposed measures to enhance habitat within the bank ecotone (see Table 2 and 
Attachment l). 

lable 2. YW A preliminarily identified lower y uba R iver habitat enhancement measures. 

Slle ame RM Acres E11lia11cemenl Features 

Barlon's Bar 20.0 2 
Creite a r1cw side channel by Lerr.lfomi ing, and ~•dd rip:iri:m plant.ing~ Sl.abilized with 
bioengi11ccTing f"l-:ilures (e.g .. boulders. ELJs. LWM) lo improve channel complexity 
aJ1 d habitat divasity. 

Big Ravine 18.2 4 
Create a permanent off-channel backwater area by tem,l'onn ing/lowering. Add 
riparian planting stabi li zed wiU1 bioengineering features lo improve habitat 
complexity and diven,ity. 

Upper Gi It Edge Bar 17.6 5 
Use terraformingilowering to increase side channel inundation frequen cy and 
duration, enhance stability of existing side channel inlet to protect against high flow , 
and add riparian plantings stabilized with bioengineering features . 

l' irsl I ·land 15.8 14 
Preserve L,ffi high value areas Uml provide very good pawning and rearing lmbit.al by 
tabi lizing Ui e exi ting cham,el configuration 10 protect agai11 L high llow el1anncl 

rn odil 'ica.Lions. 

Long Bar Pond 15.6 II 

U e term.forming/lowering to re-connect areas of suiuible off-channel rearing habi t~t 
(pond) with U1e lower Yuba River, and lower areas of high terrace lo create additional 
shallow, slow veloc ity off-channel rearing habitat. Add riparian plantings stabilized 
wit11 bioengineering feature to improve channel complexity and diversity. 

Bar B Pond 12 .9 4 

Use terraforming/lowering to improve U1e inlet connection bel\sem suitable off-
channel rearing habitat and U1c lower Yuba River, and lower areas Lo create add itional 
ha llow, slow-velocity rearing habitat. Add riparian pla,1ting stabilized wiU, 

bioengineering features to improve hab itat complexity and diversity. 

BVID Diversion 12 0 s Add ripariru1 plarilings ·Labi lized wiU, bioengineering fcatures lo improve habitat 
productivity, complex ity anct diversity. 

Pond Upstream of Daguerre 
Point 0nm II .8 3 

Use term.forming lo sUlbilize the inlet connections bel\veen off-channel slackw•ler 
areas and Uie lower Yuba River to create more pennanent ~rnllow, slow-velocity 
rearing habitat. Add riparian plantings stab ilized with bioengineering features to 
improve habitat complexity and diversity. 

YW A Diversion 11 .6 I 
Add riparian planting tabilized wiU1 bioengineering feature to improve habitat 
productivily. complex ity and diversity. 

Island St.abil ization Upstream 
orD:,gu<:rrc Poinl Dam 116 2 

Use Lcrr.tforming LO create :mabr.mching dmnnels LO provide sk ll low, slow.willer 
juvenile rearing habitat. Add riparian plantings st.abil ized wi th bioengineering feature 
lO improve:: c::harm c:: l ccmplc::>,:ily :md diversity. 

Walnut Pond 6 .2 5 

Use terrnformingllowering to create a pennanent off-channel backwater habitat with 
suitable water depUlS and flow velocities for juveni le a , inook salmon and steelhead 
re:1r ing. Add riparian plrm t.ing -stabi lized with bioengineering features lo improve: 
habitJlt complexity and diversity. 
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Rccology Po11d 4.1 31 

Use tenaforming/lowering to create: (I) a pennanent off-channel backwater habitat 
wiU, suitable water depths and flow velocities for juvenile Olinook salm on and 
stcclh cad rearing: and (2) a side channel from the lower Yuba River to u,c 11cwly 
constructed floodplain area. Add riparian plantings stabilized witl1 bioengineering 
features to improve habitat complexity and diversity. 

Pilot. Studies (e.g., Waterway 
13. lloodcd agricultural fields 
to increase fish growtl1) 

IBD JO 
Study potcnLi~1l design opli(l1S Lo pem1anenUy elimirrnte an ex isling 
SIIanding/isolation hazard at Waterway 13: test use of flooded fann field to produce 
larg,T anadromous almonids 

Total 13 JOO 

nder the YW A VSA Proj ct, YW A, on behalf of YW A and its Member Units, would 
contribute $10 million for habitat enhancem nt m asures during th tenn of th YW VS 
Project. The habitat enhancement measures would be implemented on behalf of YW A and 
YW Member Units, and not on behalf other water users or water diverters in the Yuba River 

Watershed or elsewhere in the Delta watershed. YWA would work with DFW and DWR to 
develop a schedule for funding and habitat enhanc ment measur s. TI1e YWA VSA would 
includ provisions r garding the process for, and respectiv obligations of: the parties to select, 
fund, develop, operate, maintain and repair habitat enhancement measures, without requiring an 
amendment to the YW A VSA. 

YW A has conducted analyses that have demonstrated that, by far the greatest amount of 
salmonid juvenile rearing habitat occurs within the main cha,mel and the bank ecotone and is 
inundated at river flows equal to or less than bankfull flows (that is, at flows equal to or less 
than 5,000 cfs). Many of the habitat enhancement measures would be located within the 
riverbank ecotone region, which includes perennially inundated swamps and ponds as well as 
seasonally inundat d swales, secondary chrumels and alluvial bars. Other measur s would 
involve lowering parts of the bank ecotone to create off-channel and backwater areas. Lowering 
these areas would increase inundation frequency and duration support the establishment of 
riparian vegetation and increased production of benthic macroinvertebrates, and increase the 
availability of off-channel rearing habitat. Lower Yuba River in-chrumel habitat enhancement 
measures generally would involv : (1) riparian planting; (2) incorporation of bioengineering 
features (e.g. , bould rs, LWM, engineered log jams [ELJs]) to incr as site stability and 
r inforce planting ar as; and (3) grading or lowering the channel to facilitate planting and 
survival of vegetation in shallow water habitat to support juvenile salmonid growth and survival 
by providing diverse physical habitat conditions. 
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1he YW VSA Project envisions pilot studies to : (1) investigate the potential for enhancing 
Waterway 137; and (2) to test the potential for using flooded agricultural field,;; to improve 
aquatic food web productivity and enhance ft h growth to produce larger juvenile anadromous 
salmonids. 

REFINEMENTS TO IMPROVE SUSTAINABILITY AND RESILIENCY 

'n,e YW A VSA Project 's proposed habitat enhancement measures are undergoing additional 
hydrologic and hydraulic evaluations regarding site-specific persisten e and sustainability (see 
discussion above in Section 1.1.2.3, Dev lopment of Lower Yuba Riv r Habitat Enhanc ment 
Measures). Th se evaluations are comprised of qualitative and quantitative analys s of th 

enhanc ment measures based on sat llite images from 2017, geomorphic change rates betwe n 
2008, 2014 and 2017, and 2D hydrodynamic modelling. 

As the practice of fisheries habitat enhancement has expanded from an individual action at a 
single site to sequences of actions at many sites in the lower Yuba River, a primaiy question has 
arisen regarding the lifespan of such a sequence. YW A and .C. Davis have developed a 
framework to identify relevant parameters, design criteria and survival thresholds for ten 

multidisciplinary habitat restoration techniques that are adequate for site-scale to segment-scale 
application, in a comprehensive review: (1) bar and floodplain grading; (2) bem1 setback; (3) 
vegetation plantings; (4) riprap placement ; (5) sediment replenishment; (6) side cavities; (7) side 
channels and anabranches; (8) stream bed reshaping; (9) stmcture removal · and (10) placement of 
wood in the shape of EUs and rootwads. Survival thresholds were applied to a sequence of 
proposed habitat enhancement features for the lower Yuba River. Spatially explicit hydraulic and 
sediment data, together with mnn rical model pr dictions of the m asures, were vetted against 
the survival thr sholds to produce discharg -depend nt lifespan maps (Figure 4). 

1 Due to the high permeability of the Yuba Goldftelds, water from the Yuba River free ly migrates into and through 
the Goldfields, forming interconnected ponds and canals throughout the undulating terrain (DWR 1999). 
Waterway 13 is an outlet canal of unknown origin that drains water from the Yuba Goldfields into the lower Yuba 
River. Past observations by SFWS and CDFW have indicated that the potential exists for adult Chinook salmon 
to be attracted into Waterway 13 and migrate into the interconnected ponds and canals of the Yuba Goldfields to 
spawn. Fish habitat within the ponds and canals is not conducive to anadromous fish surviva l because food supply 
is limited, predator habitat is extensive and water quality conditions (especially water temperature), are poor 
(DWR 1999). Waterway 13 would be excpected to rece ive llow augmentation from Yuba Goldfields return flow, 
and pote ntially could be enhanced to create a side-channel within an existing stand of riparian vegetation that 
would extend from the main channel into a current off-channel backwater area. 
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Figure 4. F•wchart of the lifespan map development process, beginning with the comparison 
of hydraulic threshold values and discharge-dependent hydraulic rasters, followed by the 
grain mob ility ( mo tp ho logical stability) and rela. tw e tetr.lin elevation assessments (Schw btd t et 
al in p rogress). 

Estimates of nver flows for specific flood-return periods enabled probabilistic estimates of the 

longevity of particular design features. The lifespan maps indicate the temporal stability of 

particular stream restoration and habitat enhancement features and techniques. Areas with 

particularly low or high lifespans are being used to optimize the design and positioning of habitat 
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enhancement measures in the lower Yuba River. An example of a lifespan map is provided 
below in Figure 5. 

Figure 5. Example or II lircspan esti11111tc map for rip:u-iiln plilntings in the lower Yub11 Rivl'r ncnr lhc 
.Highway 20 Bridge. 

A complete description of the methodology and scientific basis for this approach is presented in 
the recently published paper titled "Hydro-Morphological Parameters Generate 1 ifespan Maps 
for Stream Restoration Management" by Schwindt et al. (2019)8. 

Preliminary results of the ongoing sustainability analysis have identified several priority sites for 
habitat enhancement actions in the lower Yuba River, including 10 sites upstream of Daguerre 
Point Dam (in close proximity to where the majority of Chinook salmon and steclbead spawning 
occurs in the lower Yuba River) and 2 sites downstream of Daguerre Point Dam. Next steps in 
the refinement process include the following. 

• Finalizing the delineation process for selecting priority enhancement sites. 

8 S. Schwindt, G.8 . Piistemack, P.M. Bratovich, G. Rabone, D. Simodynes. 2019. Hydro-Morphologica l Parameters 
Generate Lifespan Jvlaps for Stream Restoration Management. Journal of Environmental Jvlanagemcnt, Volume 
232 February 15, 2019, pp. 475-489. https:/Jdoi.org/10. 1016/j.jenvman.2018.1 L0lO 
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o Apply terraforming (if applicable to specific measures) based on assessments 
described above, including the lifespan maps. 

o Automate terrain modification and "toolbox feanire" placement (i.e. , plantings, 
LWM, boulders, etc.) with Python code. 

o Verify te1rnfonning stability and effects on flow patterns (requires 2D modeling). 

o Apply vegetation plantings and integrate bioengineering fea tures, where 
necessary, to stabilize plantings. 

o Add toolbox features (e.g., LWM, ELJs and angular boulders) to create cover 
habitat. 

• Re-computing estimated construction costs. 

• Evaluate design "benefits" of newly proposed technical features and habitat enhancement 
measures for spring-nm Chi.nook salmon and st elhead, by lifestage. 

o Evaluate net gain in weighted usable habitat area (WU ) for fry and juvenile 
spring-nm Chinook salmon and st elhead. 

• Prioritize habitat enhancement measures based upon cost/benefit ratios. 

'TI1e above approach is ongoing, and expected to provide the full suite of project design 
infomllltion for habitat enhancement (e.g., terrain lowering, plantings, boulders, ELls, etc.) in the 
lower Yuba River, because it will incorporate a state-of-the-art geomorphic stability analyses 
with the best available infonnation r garding lower Yuba River ecological functionality and 
projected costs. 

1l1e YWA VSA Project would enhance 100 acres of habitat along the lower Yuba River. 
djustments to the proposed total acreage of habitat enhancement measures would be dependent 

upon the availability of and access to appropriate land, legal constraints and other external 
factors . The habitat enhancement measures described above are not yet at the stage of final 
project designs. Although work is in progress, the habitat enhancement measures have not yet 
undergone requisite evaluations including, but not limited to, hydrologic sustainability analyses, 
]and ownership and purchase or lease potential, site access, mineral rights, hazardous materials 
remediation, state land. commission lease requirements, funU"e liability, and replacement 
requirements. ·n1e need for negotiations for access involving willing landowners, which took 
nearly a decade for one Anadromous Fish Restoration Program (AFRP) project on the lower 
Yuba River, will need to be carefully considered before conclusions are made about cost 
efficiency, ability to address real estate issues, or tim liness of implementation for habitat 
nhancement initiatives. 
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YUBA WATER AGENCY 

VOLUNTARY SETTLEMENT AGREEMENT PROJECT DESCRIPTION 

EXHIBIT4 

Fisheries Background 

1.1 Fisheries Resources in the Lower Yuba River 
Provided below is an overvi ·w of the fisheries resources in the lower Yuba River that the YW 
VSA Project habitat enhancement measures have been designed to benefit, based upon known 
stressors and limiting factors. Because lin1itations on fry and juvenile rearing physical habitat 
structure are ongoing stressors and limiting factors for an anadromous salmonids in the lower 
Yuba River, the life history infonnation provided in this section focuses on the fry and juv nile 
rearing lifestages. ll1e spawning lifestage is discussed briefly to provide context regarding where 
the majority of anadromous salmonid spawning occurs in the lower Yuba River, and its 
proximity to rearing habitat locations. However, because spawning is not considered to be a 
limiting factor for anadromorn, ·almonids in the lower Yuba River (see Section 1.2.1), spawning 
enhancement m asures are not b ing proposed under YWA's VSA Project. 

Both spring-nm and fall-nm Chinook salmon occur in the lower Yuba River. CDFW does not 
distinguish between the two n.ms as pa1i of its repo1iing and compilation process to estimate the 
annual population of Chinook salmon in the lower Yuba River. CDFW treats both spring-nm and 
fall-run Chinook salmon as fall -run Chinook salmon for repotting annual escapement on the 
lower Yuba River. Therefore, the YW A VSA Project is designed to benefit both runs of Chinook 
salmon, and considers them together when considering doubling goals. 

1.1.1 Spring-run Chinook Salmon 

ln 2013 , the Yuba River Accord Fisheries Agreement River Management Team (RMT) 
dev ·loped representative temporal distributions for specific spring-run Chinook salmon 
lifestages in the lower Yuba Riv r through review of previously conducted studies and recent 
and cunently ongoing data collection activities of the M&E Program (e.g., V AKI Riven-vatcher 
monitoring, carcass surveys, redd surveys, rotary screw trapping, etc.). The resultant lifestage 
periodicities encompass the majority of activity for a patticu)ar lifestage, and are not intended to 
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be inclusive of every individual in the population (RMT 2010; RMT 2013). TI1ese periodicities 
represent the RMT' synthesis of the best available data regarding utilization of the lower Yuba 
River by phenotypic spring-tun Chinook salmon. The lifestage- pecific periodicities for lower 
Yuba River spring-run Chinook almon are summaiized in Table l 

T a bl e 1 L"i 1 esta2e-spec1 'fi 1c perio ' d' 1c1tles '' i ors 1>rm2-run Cl' 111100 k sa I mon III t 1e OWel' Yb u a R' 1ver. 

Lirestage 
Ji111 Feb M.tr Apr ay J1111 Jul Aug Sep Oct Nov De<: 

SPRl:NG RUN CH 'OOK S.\L.'l-1O 

Adult Immigration & Holding 

Spawning 

Embryo Incubation 

Fry Rearing 

J11va1ile Rc,1ring 

Juvrt1ilc Downstream Movement 

Smalt (Yearling+) Emigration 

Source: RMf 2013. 

SPRING-RUN CHINOOK SALMON SPAWNING 

TI1e earliest spawning (presumed to be by spring-run Chi.nook salmon) generally occurs in the 
upper reaches of the highest qua! ity spawning habitat in the lower Yuba River (i.e., below the 

anows pool). Chinook salmon spawning progressively moves downstream throughout the 
Chinook salmon spawning s ason ( MFS 2007). hnost all spring-run Chinook salmon 
spawning in the lower Yuba River is believed to occur upstream of Dague1Te Point Dam (RMT 
2013). During the pilot redd survey conducted from the fall of2008 through spring of 2009, the 
RMT (2010c) repo11ed that the vast majority (96%) of fresh Chinook salmon redds constructed 
by the first week of October 2008, potentially representing spring-run Chinook salmon, were 
observed upstream of OagueJTe Point Dam. Similar distributions were observed during the 2010 
and 20 I I redd surveys, when weekly redd surveys were ondu ted. About 97% and 96% of I.he 
fresh Chinook salmon redds constructed by the first week of October were obse1ved upstream of 
OagueJTe Point Dam during 2009 and 2010, respectively (RMT 2013). 

SPRING-RUN CHINOOK SALMON FRY AND JUVENILE REARING 

pon emergence from the gravel, juvenile spring-tun Chinook salmon may reside in freshwater 
for 12 to 16 months, but some migrate to the ocean as YOY fi h in the winter or spring months 
within 8 months of hatching (CALFED 2000a). 'l11e average size of fry migmnts (approximately 
40 millimeters (mm) between December and April in Mill, Butte and Deer creek~) reflects a 
prolong d emerg nee of fry from the gravel (Lindley t al. 2004). 
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During juvenile reanng and outmigration, salmonids prefer stream margm habitats with 
sufficient depths and velocities to provide suitable cover and foraging oppot1unities. Juveni le 
Chinook salmon repottedly utilize river channel depths ranging from 0.9 feet (ft) to 2.0 ft., and 
most frequently are in water with velocities ranging from O feet per second (ft/s) to 1.3 ft/s 
(Raleigh et al. 1986). For the spring-run Chinook salmon juvenile rearing and downstream 
movement lifestage, RMT (2013) identified 61 °Fas the upper optimum water temperature index 

(WTI) value and 65°F a'> the upper tolerable WTI value. 

In general, juvenile Chinook salmon have b en collected by electrofishing and observed by 
snorkeling throughout the lower Yuba River, but with higher abundances above Daguerre Point 
Dam (Beak 1989; CDFG 1991 ; Kozlowski 2004). TI1is may be due to larger numbers of 
spawners, greater amounts of more complex, high-quality cover and lower densities of predators 
such as striped bass (Marone saxatilis) and American shad (A losa sapidissima), which reportedly 
are restricted to areas below the dam (YW A et al. 2007). 

The RMT (2013) conducted a series of juvenil habitat use surv ys employing snorkel methods 
during January, February, March, June, and September of2012 in seven reach s along the low r 
Yuba River (Figure 1). Juvenile Chinook salmon occun-ed primarily in lateral bar, slackwater, 
slow glide, and riffie transition morphological units (MUs) (RlvfT 2013). 

Marysville!'·<:.
Reach i HallAoood 

Reach 

Daguerre 
PoiM Dam 

Reach 

Parks 

Harry L. 
Engle bright 
Reservoir 

Creek Reach '\ 
Dry Bar _J 

Reac~~,-•~-..,,:-:-:._~ _ 
( Englebright 

Dam 
Reach 

Daguerre 
Point Dam 

Timbuctoo 
Bend 

Reach 

0 1.5 3 6 Kilo mete rs 

Figure 1. RMT juvenile snorkeling survey site locations on the lower Yuba River. 
Source: RMT 2013 

The density of juvenile Chinook salmon was highly variable throughout the lower Yuba River. 
Observations indicated that, with the exception of the upstream-most survey reach (i.e. , 
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Engl bright Dam Reach) the d ns ity of juv nil Chinook salmon gen rally was high r in th 
survey reaches locat d upstream rather than downstream of Dagu rre Point Dam. How v r, 
there was no ·tatistically significant difference in the mean density of ob ·erved juveni le Chinook 
salmon among reach (ANOVA, F6, 25 1.09, P 0.398,= =  Fig,u-e 2). ower d nsiti s were 

observ d in the Engl bright Dam and Dagu 1re Point Dam reach s, and high r d witi s w re 
observed in the Timbuctoo Bend and D1y Cre k reaches (RMT 2013). Both of these dams are 
owned by the US CE. 
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Dry 

C reek Point Dam Hal lwood Marysvi lle 

Survey Reach 

Figure 2. Observed densities of juvenile Chinook sa lmon across all survey reaches. 
Source: RMI 2013 

171e densitie of Chinook salmon observations by smvey month were significantl y higher during 
March than during January, June, and September ( OVA, F4,30 7.87, P < 0001)=  (RMT 

2013). A peak in juvenile Chinook salmon abundance also was obse1ved dw-ing arch of 2012. 
1lus obseivation is suppo11ed in pru1 from rotary screw trap (RSn smveys in the lower Yuba 
River from 1999-2009, wh ich identified peak emigration timing for j uvenile Chinook salmon to 
occur from January through March. Th refore, migration fro m the low r Yuba River may 
account for the declin in observ d abundance of juv nil Chinook salmon as th swvey months 
progressed (RMT 2013). 

Juvenile Chinook salmon app ared to occupy areas in clo proximity to the shore during most 
surv y months and in most surv y reach ·. When compared across sampl months, juven.il 
Chinook salmon were gen rally located fmth r from shore as the year progressed (ANOV A 

F4,4SG6 = 24.39, P < 0.001 ). Specifically, juvenile Clunook salmon remained within 10 ft of shore 
until June, and stayed relatively close to shore until September. Chinook salmon juveniles 

exhibited a similar pattern of ob -e,vation · farther from shore as they grew in size, although 
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individuals in the 50-70 mm size class were observed clos r to shore than smaller or larger size 

classes (ANOVA F3,4867 60.69, P 0.001) (RMT 2013= < ). 

To evaluate potential relationships between juvenile Chinook salmon obse1vations and 
mesohabitat characteristics, mean column water velocity at 60% depth (or at an average of the 

80% and 20% depth) and the total measured stream depth at each Chinook salmon obse1vation 

were overlaid with the mesohabitat characterization plot by Wyrick and Pasternack (2012). In 
addition, potential relationships were evaluated separately between juvenile Chinook salmon 

observations by 20 mm size class and for: ( l ) measured total strean1 depth; (2) the vertical 

position ofthe fish in the water co lumn relative to total depth (depth offish/total depth); and (3) 
the mean water velocity at Chinook salmon obse1vation locations (RMT 2013). 

The general trends in mesohabitat occupation (as contrasted with mo1phological units) occupied 
by juvenile Chinook salmon throughout the smvey are shown in Figure 3. As shown in the 

figure , juvenile Chinook salmon occupied primaril y slackwater and slow glide mesohabitats, and 

were rarely encountered in water depths greater than 4.5 ft or velocities greater than 2 ft/s (RMT 
2013). 

0 2 

Velocity (ft/s) 

3 4 

Figure 3. Overlay of the total measured stream depths and mean column water 
ve locities at which juvenile Chinook salmon were encountered with mesohabitat 
characterizations. The size of the circle indicates the loglO tnmsformed number of 
juveniles occurring at the tot~II measured st,·eam depth and mean column water 
velocity. 
Source: RMT 2013 

l11e proportional depth (i.e. , vertical position in the water column) where juvenile salmon were 

observed indicates a trend of increasingly deeper water utilization as the individuals grow, until a 
size larger than 90 mm is reached, at which time the larger juveniles were obse1ved again closest 
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to the shore ( OVA, F3,ms = 62.35, P < 0.001). Chinook sahuon generally occurred in the 
lower half of the water column, regardless of actual water depth, and occun-ed i_n progressively 
faster water as they grew (A OVA, h .ms = 99.18, P < 0.00J)(RMT 2013). 

[n summary, the vast majority of observations of juveni le Chinook salmon in the lower Yuba 
River occun-ed in water velocities and depths indicative of slackwater and slow gl ide 
mesohabitats, and smaller juveniles tended to occupy shallower habitats than larger juveniles 
(RMT 2013). TI1ese tr nds are consistent with data available for multiple other rivers ( • .g., 
Bjonm and R iser). Juv nile Chinook salmon ar known to pr f r slower wat r habitats than 
many other members of Oncorhynchus (Quinn 2005), and hav·· been previously reported to 
actively seek out slow backwaters, pools, or floodplain habitat for rearing (Sonuner et al. 2001 ; 
.Teffres et al. 2008). Similarly, juvenile Chinook salmon showed a clear preference for faster 
water (up to an average of about 1.8 ft/s) as they grew, consistent with trends found with 
salmonids in other rivers (Bjomn and Reiser 1991). The overall fmdings from this survey 
indicate that juvenile Chinook salmon in the lower Yuba Ri v r initially pr fer slower, shallower 
habitat, and move into faster and deeper water as they grow (R tlT 2013). For additional detail 
regarding the RMT juvenile fish snorkeli ng studies, refer to RMT (2013). 

The spring-run Chinook salmon fry rearing period is estimated to ex'tend fro m mid-November 
through mid-Febrnary (RMT 2013; 2013b). pdated characterization of the juvenile YOY 
emigration (i.e., downstream movement) period extends from mid-November through June 
(RMT2013). 

In the lower Yuba River, CDFW conducted juvenile salmonid outmigration monitoring by 
operating RSTs near Hallwood Boulevard, at a location approximately 6 RM upstream from the 
City of Marysville from 1999 to 2006. ll1e RMT took over operation of the y ar-round RST 
effort in the fall of 2006, and continued operations through ugust 2009 (RMT 2013). 

Analyses of CDFW RST data indicate that most Chinook salmon juveniles move downstream 
past the Hallwood Boulevard location before May of each year. Analysis of the fitted distribution 
ofweekJy juvenile Chinook salmon catch at the Hallwood Boulevard RST site from survey year 
1999 through 2008 revealed that most emigration occun-ed from late-December through late
April in each survey year (RMT 2013). Approximately 95% of the observed catch across all 
years based on the fitted distribution occtmed by April 30 (R 1T 2013). 

Overall, most (about 84%) of the juvenile Chinook salmon were captured at the Hallwood 
Boulevard RSTs soon after emergence from November through February, with relatively small 
numbers continuing to be caph1red through .Tune. !though not numerous, captures of 
(oversummer) holdover juvenile Chinook salmon ranging from about 70 to 140 mm FL 
primari ly occurred from October through January with a few individuals captured into March 
(Massa 2005 ; Massa and 1cKibbin 2005). 11iese fish likely reared in the river over the previous 
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summer, representing an exiended juvenile rearing strategy characteristic of spring-run Chinook 
salmon (Campos and Massa 2010a). 

For the sampling periods ex1ending from 2001 to 2005, CDFW identified specific runs based on 
sub-samples of lengths of all juvenile Chinook salmon captured in the RS Ts by using the length
at-time tables developed by Fisher (1992, as cited in DWR 2003a), as modified by S. Greene 
(DWR 2003a). Although the veracity of utilization of the length-at-time tables for detennining 
the run type of Chinook salmon in th Yuba River has not been ascertained based on th 
ex1m1ination of run-sp cific detenninations, in the lower Yuba River the vast majority 
(approximately 94%) of spring-nm Chinook salmon were captur d as post-emergent fry during 
November and December, with a relatively small percentage (nearly 6%) of individuals 
remaining in the lower Yuba River and captured as YOY from January through March. Only 
0.6% of the juveni le Chinook salmon identified as spring-run wa5 captured during Apri l, only 
0.1 % during May, and none during June (YWA et al. 2007). 'f11e above summary of juveni le 

Chinook salmon migration monitoring studies in the Yuba River is most consistent with the 
temporal trends of spring-nm Chinook salmon outmigration repo11ed for Butte and Big Chico 
creeks (YWA et al . 2007). 

1.1.2 Fall-run Chinook Salmon 

The RMT (2013) developed representative temporal distributions for specific fall-nm Chinook 
salmon lifestages thrnugh review of previously conducted studies. s stated for spring-nm 
Ch inook salmon, the resultant lifestage pe,iodicities encompass the majority of activity for a 
patticular lifestage, and are not intended to be inclusive of every individual in the population. 
The lifestage-specific periodicities for fall -nm Chinook salmon in the lower Yuba River are 
summarized in Table 2, and are discussed below. 

riodicities for fo ll-run C hinook salmon in the lower Yuba River. 

Llfestagc 
Jrm Fe~ Mar Apr Mr,y J1111 Jul Aug Sep Od Nov Dee 

Fall-run Chinook Salmon 

Adult Immigration & Staging 

Spawning 

Em bryo Incubation 

Fry Rearing 

Juvt11ile Rc:1ri ng 

Juv .. 1ile Downstream Movement 

Source: R,Wf 2013 
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FALL-RUN CHINOOK SALMON SPAWNING 

The lower Yuba River fall-run Chinook salmon spawning period has been reported Lo extend 
from October through Dec mber (CALFED and YW A 2005). ccording to RMT (20106 ), fall
nm Chinook salmon are primarily observed spawning during October in the upper reaches of the 
lower Yuba River upstream of Daguen-e Point Dam. Spawning fall -nm Chinook salmon begin 
expanding their spatial distribution fu1ther downstream in later fall months as suib1ble water 
temperatures b come available near or downstream of Daguerre Point Dinn (R1v1T 20106). 
Analyses of available r dd survey data, water temperature data and back-calculations from 
previous and carcass surveys generally confinn these characterizations (RMT 2013). 

ccording to RMT (2013), for the periods analyzed from October through December (the fall
nm Chinook salmon spawning period), the measure of central tendency of redd distribution 
continues to move downstream as the spawning season progresses from October through 
December. Also, redds were distributed farther downstream as water temperatures became 
cooler in late October, compared to early October (RMT 2013). Fall -run Chinook salmon 
spawning activity appeared to be associated with water temperature. RMT (2013) identified an 
upper tolerable water temp rature index (UT WTI) value of 58°F for fall-nm Chinook salmon 
spawning. For all Chi.nook salmon redds .newly-constructed in th lower Yuba River during 
October through December of 2009 and 2010, about 97% w re observed at locations where 
concunent water temperature measurements were at or below the upper tolerable WTI value of 
58°F (R t.lT 2013). 

FALL-RUN CHINOOK SALMON FRY R EARING 

Fall-run Chinook salmon fry rearing in the lower Yuba River is report ·d to xtend from mid
December through April (RMT 2013). Chinook salmon fry are typically 33-36 mm in length 
when they emerge, though there is considerable variation among populations, iu1d size at 
emergence is detennined in part by egg size (PFMC 2014). Upon em rgence from spawning 
beds, juvenile salmonid fry begin foraging for food and seek cover in areas of reduced flow or 
move downstream (Healy 1991). large downstream movement of Chinook salmon fry shortly 
after emergence is typical of most fall -run Chinook salmon populations in the Central Valley 
(Moyle 2000). Larger fiy tend to be the most likely to disperse from redd5 earliest. Movement 

occurs mostly at night and tends to cease after a few weeks, when fry sett! into rearing habitat in 
streams (DWR 2003). Water temperatures reported to be optimal for rearing of Chinook salmon 
fry and juveniles are repotted to be between 45°F and 65°F (NMFS 2002a; Rich 1987; Seymour 
1956). 

In the lower Yuba River, most fall-nm Chinook salmon repo1tedly exhibit downstream 
movement as fry shortly after emergence from gravels, although some individuals rear i11 the 
river for a period of up to several months :md move downstream as juveniles (R 1T 2010b). 
According to RMT (20106), in past years CDFW employed the run identification methodology 
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to identify fall-run Chinook salmon juveniles captured in the RSTs. Based on CDFW’s 
examination of run-specific determinations^ the majority (81.1%) of fall-run Chinook salmon in 
the lower Yuba River move past the Hailwood Boulevard RST from December through March, 
with decreasing numbers captured during April (8.9%), May (6.6%), June (3.2%), and July 
(0.2%) {RMT 2010b, as cited in RMT 2013a). Most of the fish captured from December through 
March were post-emergent fry (< 50 mm FL), while nearly all juvenile fall-run Chinook salmon 
captured from May thru ugh July were larger (> 50 mm FL) (YWA el at. 2007). Based upon 
estimation o f initial emergence in consideration of the accumulated thermal units (ATUs) 
required for embryo incubation to hatching, and upon size-at-time of juvenile Chinook salmon in 
the RSTs as previously discussed, the phenotypic fall-run Chinook salmon fry rearing period 
generally extends from mid-December through April (RMT 2013).

Fa l l -r u n  Ch in o o k  S a l m o n  J u v e n il e  R e a r in g  a n d  D o w n s t r e a m  Mo v e m e n t

Fall-run Chinook salmon juvenile rearing in the lower Yuba River has been reported to primarily 
occur from December through June (CALFED and YWA 2005). The RMT has reviewed 
available data to further refine juvenile fall-run Chinook salmon lifestage periodicities. Based on 
size-at-time of juvenile Chinook salmon in the RSTs. the phenotypic fall-run Chinook salmon 
juvenile rearing lifestage extends from mid-January through June (RMT 2013a)9 Juvenile 
downstream movement, which includes both fry and larger juveniles as indicated by captures in 
the Hailwood Boulevard RSTs, generally occurs from mid-December through June (RMT 2013). 
RMT (2013) identified an upper tolerable WTI value o f 68°F for the fall-run Chinook salmon 
juvenile rearing and downstream movement lifestage.

1.1.3 Steel head

The RMT (2013) developed representative temporal distributions for specific steelhead lifestages 
through review of previously conducted studies, as well as recent and currently ongoing data 
collection activities of the M&E Program. The lifestage-specific periodicities for steelhead in the 
lower Yuba River are summarized in Table 3. As with spring-run and fall-run Chinook salmon, 
the resultant lifestage periodicities are intended to encompass the majority of activity for a 
particular lifestage, and are not intended to be inclusive of every individual in the population.

Table 3. Lifestage-specific pertotlicities for steelhead in the lower Yuba River.
Llfft&tage Jan Feb Mar Apr May Jim Jul Aug Sep Oct Nov Oec

Adult Immigration & Holding                         

Spawning                         

Embryo Incub-at ion                         

Fry Rear ing                         

Juvenile Rearing                         
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Llfcstogc 

Juvenile Dowm,1rcarn Movement                         

Smo\L (Yeirling •) Emigral inn                         

Source: RMT 20.13 

STEELHEAD SPAWNING 

RMT (2013) demonstrated that based upon cumulative temporal distribution curves, the 
steelhead spawning period in the lower Yuba River is generally characterized to ex1end from 
January through April. Stee)head spawning has been reported to primarily occur in the lower 
Yuba River upstream of Daguerre Point Dam (SWRI et al. 2000; YWA et al. 2007). Kozlowski 
(2004) stat s that field observations during winter and spring 2000 (YWA unpublished data) 
indicated that the majority of steelhead spawning in the lower Yuba River occrnTed from Long 
Bar upstream to the NmTow. , with the highest concentration of redds observed upstream of the 
Mighway 20 Bridge. SFWS (2007) data were collected on 0. mykiss redds in the lower Yuba 
River during 2002, 2003, and 2004, with approximately 98% of redds located upstream of 
Daguerre Point Dam. ear-census r dd surveys were conduct don the lower Yuba River during 
th 2009 and 20 IO surv y periods, although a substantial proportion of th weekly strata. in the 
January through April time periods were not sampled due to el vated flows and associated 
turbidity levels. TI1e numbers of redds cotmted each year were drastically different, although the 
proportions ofredds in each of the survey reaches was quite sim ilar between years (YW 2017). 
The most consistent and reliable steelhead survey year was 2010, when over 94% of all steelhead 
redds were observed upstream of Daguen-e Point Dam. Female steelhead constrnct redds within a 

range of depths and velocities in suitable grav ls, oftentimes in pool tailouts and heads of riffl s. 
In the lower Yuba River, steelhead have also been observed to spawn in side channel areas 
(YW unpublished data). 

STEEL HEAD JUVENILE REARING AND OU7MIGRA 710N 

s repmied in NMFS (2014a), juvenile Central Valley steel head may migrate to the ocem1 after 
·pending 1 to 3 years in freshwater (McEwan and Jackson 1996) . . In general, it has been repotied 

that after emergence steelhead fry move to shallow-water, low velocity habitats, such as stream 
margins and low gradient riffles, and will forage in open areas lacking inst.ream cover (Hartman 
1965; Everest et al. 1986). As fry increase in size and their swimming abilities improve in late 
summer and fall , juvenik stedhead have been reported lo increasingly use ar ·as with cover and 
show a preference for higher velocity, deeper mid-channel areas near the thalweg, rapids and 
deep pools (Hartman 1965; Everest and Chapman 1972; Bisson et al. 1982; 1988). Juvenile 0. 
mykiss in the lower Yuba River apparently demonstrate a proclivity for near-bank area. , rather 
than open-channel habitats ( SFWS 2008). 

During the winter, stcelhea.d prefer low velocity pool habitats with large rocky substrate or 
woody debris for cover (Hartman 1965; Swales et al. 1986; Raleigh et al. 1984), while smaller 
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juveniles may seek refuge from high flows in interstitial spaces 111 Ullembedded cobble and 
boulder substrate1 (Bustard and Narver 1975; Everest et al. 1986). 

Centra] ValJey steelhead can suffer from mortality at constant temperatures of 77°F although 
they can tolerate 85°F for shott periods, depending on acclimation temperature (Mytick and 
Cech 2001). Juvenile steelhead in northern California rivers repo1tedly exhibited increased 
physiological stress, increased agonistic activity, and a decrease in forage activity after ambient 
str Hm temper::ttur s exceeded 7 l.6°F ielsen et al. 1994). An upper optimal wat r temperature 
limit of 65°F is prefon d for growth and d velopm nt of Sa.cram nto River imd American Riv r 
juvenile sie !head (NMFS 2002). 

In the lower Yuba River, juvenile steelhead exhibit variable durations of rearing. RMT (2010b) 
distinguished fry, juvenile, and yearling+ lifestages through evaluation of bi-weekly length
frequency distributions of 0. mykiss captured in RSTs in the lower Yuba River, and other studies 
that report length-frequency estimates (Mitchell 201 0; CDFG 1984). Some juvenile 0. mykiss 
may rear i11 the lower Yuba River for short periods (up to a few months) and others may spend 
from one to three years rearing in the river. Scale analysis conducted by Mitchell (2010) 
indicates the pres nc of at least four ag categories for 0. mykiss in the lower Yuba River that 
spent 1, 2, or 3 years in freshwater and 1 year at sea before returning to the lower Yuba River to 
spawn. 

'fhe steelhead fry (individuals less than about 45 mm) lifestage generally extends from the time 
of initial emergence until about 3 months following the end of the spawning pe,iod. YW A 

(2010) identified the fry rearing lifestage HS generally extending from mid-March through July, 
and identified the juvenile rearing lifestage HS extending year-round. Based on all info1mation 
coll cted to dat , th RMT (2013) identified the st elhead fry rearing period as extending from 

pril through July. 

Based on the combined results from electrofishing and snork ling surveys conducted during the 
late 1980s, CDFG (1991a) reported that juvenile steelhead were observed in all river reaches 
downstream of the Englebright Dam, but that most juvenile steelhead rearing occurred above 
Daguerre Point Dam. Similarly, annual snorkel surveys conducted from 1992 through 2000 
(summarized by SWRI et al. 2000) showed that the primaty rearing habitat for juvenile 0. 
mykiss was upstream of DagueITe Point Dam. Kozlowski (2004) also found higher abundances 
of juvenile 0. mykiss above Daguerre Point Dam, with approximately 82% of juvenile 0. mykiss 
observations occmTing upstream of Daguerre Point Dam. Kozlowski (2004) suggested that the 
distribution of age-0 0. mykiss appeared to be related to the distribution of spawning adults. 
SWRI et al. (2000) suggested that higher abundances ofjuvenj\e 0. mykiss above Daguerre Point 
Dam may have been due to larger numbers of spawners, greater amounts of more complex, high 
quality cover, and lower densities of predators such as striped bass and American shad, which 
reportedly were restricted to areas below Daguerre Point Dam. 
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In the lower Yuba River, Kozlowski (2004) reports that juvenile 0. mykiss were observed in 

greater numbers in pool habitats than in nm habitats He suggests that results of his study 

indicated a relatively higher deg1·ee of habitat complexity suitable for vari ous lifestages, in the 

reaches just below the aiTows compared to farther downstream. lhe an-ows reach includes 

greater occurrence of pool-type microhabitat suitable for j uvenile 0. mykiss rearing, as well as 

small boulders and cobbles preforr ·d by the age-0 emerging lifestage (Kozlowski 2004). 

A broad rang of 0. mykiss size class s has been observed in the lower Yuba. River during spring 

and summ r snorkeling, electrofishing, and angling surveys (SWRI t al. 2000). Juvenile 0. 
mykiss ranging in size from 40- 150 mm were commonly observed upstream of Daguerre Point 

Dam. Numerous larger juveniles and resident trout up to 18 in long were also commonly 

observed in the mainstem upstream and downstream of Daguen-e Point Dam (SWRJ et al. 2000). 

Age O YOY 0. mykiss were clearly shown by the distinct mode in lengths of fish caught by 

electrofishing (40-100 mm FL). A prel iminary examination of scales indicated that most yearl ing 

(age 1 +) and older 0. mykiss were represented by fish gr ater than 110 mm long. l11e sizes of 

age O and 1 + 0. mykiss indicated substantial annual growth of 0. mykiss in the lower Yuba 

River. Seasonal growth of age O 0. mykiss was evident from repeated sainpling in 1992 and 

1999, but actual growth rates could not be estimated because of continued recruitment of fry 

(newly emerged juven iles) or insufficient sample sizes (SWRI et al. 2000). 

Mitchell (2010) reports that analysis of scale growth patterns of _juven ile 0. mykiss in the lower 

Yuba River indicates a period of accelerated growth during the spring peaking during the 

summer months, followed by decelerated growth during the fall and winter. Following I.he 

second win ter, juvenile 0. myk:iss in th lower Yuba Ri ver exhibit reduced annual growth in 

length with continued growth in mass until r aching reproductive age. Additionally, mor rapid 

juvenile and adult 0. mykiss growth occurred in the lower Yuba River compared to the lower 

Sacramento River and Klamath River 0. mykiss, with comparable growth rates to 0. mykiss in 

the upp r Sacramento River ( 1itchell 2010). 

111e RMT (2013) identified the steelhead juvenil e rearing period as e;,..'tending year-round, and 

the ste !head juvenile downstream mov m nt period as extending from April through 

S pt mb r. 

CDFG (1 991) reports that _juvenile steelhead in the lower Yuba River emigrate primarily from 

March to June. In the lower Yuba River, some YOY 0. myk:iss are captured in RSTs located 

down tream of Daguerre Point Dam during late-spring and summer, indicating movement 

downstream. However, at least some of thi s downstream movement may be a5Sociated with the 

pattern of flows in the river. RST monitoring during water transfers in 2001 , 2002, and 2004 

(YWA and SWRCB 2001; YWA 2003a; YWA 2005), generally from about mid-June through 

September, indicated that the character of the initiation of the water t ransfers could potentially 

affect juvenile 0. mykiss downstream movement. Based upon the substantial differences in 
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juvenile 0. mykiss downstream movements (based on RST catch data) noted between the 2001 
study, and the 2002 and 2004 studies, it was apparent that the increases in juvenile 0. mykiss 
downstream movement m,sociated with the initiation of the 2001 water transfer. were avoided 
due to a more gradual ramping-up of flows that occurred in 2002 and 2004 (YWA et al. 2007). 

As previously discussed, some steelhead may move downstream as juveniles without exhibiting 
the ontogenetic characteristics of smolts. Presumably, these individuals continue to rear and 
grow in down~tream areas (e.g., lower Feath r River, Sacramento River, and the Delta) and 
undergo th smoltification process prior to ntry into saline nvironments. 

1.2 Existing Fisheries Habitat Conditions in the Lower Yuba 
River 

The Yuba River downstream of Englebright Dam is one of the more thoro ughly studi d rivers in 
the Central Vall y. Studies have shown that the flow- and water-temperature-related stressors to 
anadromous salmonids have b en alleviat d by imp! mentation of th Yuba ccord, and other 
stressors in the lower Yuba River related to the migration, holding, and spawning lifestages are 
low (YW 2017). Provided below is a brief summary of the existing fisheries habitat conditions 
in the lower Yuba River. 

1.2.1 Anadromous Salmonid Spawning Habitat Availability 

As described in Wyrick and Pasternack (2012), even tho ugh USACE' Englebright Dam blocks 
all downstream bedload transport, the lower Yuba River r mains a wandering gravel-bed river 
with a valley-wide active zone du to the gravel-rich hydraulic-mining deposits (James et al. 
2009; White et al. 2010). Almost 90% of the hydraulic mining tailings deposited in the Yuba 
River downstream of Englebright Dam remains today as deposits in the floodplains (FERC 
2019). The tail ings that remain from the hydraul ic mining are the source for much of the present 
alluvium, and were used to create gravel berms in some sections of the river co1Tidor. 

In the lower Yuba River, anadromous salmonids spawn in mean substrate sizes ra.nging from 
about 50 to 150 mm, and most of the lower Yuba River fro m Englebright Dam to the confluence 
with the Feather River is characterized by average substrate particle sizes within this size range 
(R 1IT 2013). Overall , gravel for 8pawning anadromous salmonids does not appear to be limiting 
in the lower Yuba River. According to the RMT (2013), spawning habitat does not appear to be 
limited by an inadequate supply of gravel in the lower Yuba River due to ample storage of 
mining sediments in the banks, bars, and dredger-spoil gravel beims. Beak Consultants, lnc. 
( 1989) stated 

The spawning gravel resources in the river are considered to be excellent based on 
the abundance of suitable gravels, particularly in the Garcia Gravel Pit and 
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Daguerre Point Dam reaches. The tremendous volumes of gravel remaining in the 
river as a result of hydraulic mining make it unlikely that spawning gravel will be in 
short supply in the foreseeable future. Armoring of the channel bed is possible, but 
has not developed to date, probably due to periodic flushing by floods comparable to 
the 1986 event. 

Similarly, Pasternack (2008) reported that .. .In Timbuctoo Bend " . .. there is adequate physical 
habitat to support spawning of Chinook salmon and steelhead trout in their present population 
size. Furthermore, all of the preferred morphological units in the [Timbuctoo Bend Reach] TBR 

have a lot of unutilized area and adequate substrates to serve larger populations." 

Studies (RMT 2013; Pasternack et al. 2014) have demonstrated that ex'tensive amounts of 
substrate suitable for spawning, in combination with suitable flow conditions during the 
September through mid-October spring-run Chinook salmon spawning period, provid ample 
amounts of spawning habitat for spring-run Chinook salmon in the low r Yuba River. W ighted 

sabl Area (WUA) discharge relationships at multipl river scales characterize flow-d pendent 
changes in habitat quality and can be used as an aid for detennining appropriate flows that are 
beneficial for salmonids. Overall, W discharge relationships show that, at all spatial scales, a 
discharge of about 600 cfs yields the highest WUA value and those < 400 cfs or > ~880 cfs 
would noticeably decrease Chinook salmon spawning habitat availability in the lower Yuba 

River (Past mack et al. 2014). As d scribed in Pasternack et al. (2014), at 600 cfs, 6.6 million ft 2 

ofprefen-ed Chinook salmon adult spawning microhabitat exists in the lower Yuba River, which 
is far beyond the requirement to sustajn the highest recorded population size of spawners using 
the lower Yuba River annually. The only exception is the uppermost reach (Englebright Dam 
Reach) where there is a relative paucity of appropriate spawning substrate. However, since 
2007, the SACE has been injecting a mixture of coarse sediment in the gravel (2-64 mm) and 
cobble (64-256 mm) size nlllges into the Englebright Dam Reach, as part of their voluntary 
cons ·rvation measures associated with ESA consultations regarding Daguerre Point Dam. 

To detennin the length of time that remains befor valley-wide downcutting will c ase to 

dominat erosion in th lower Yuba River, and when remnant p riph ral tenaces in the 
Timbuctoo Bend reach will be the primary source of sediment, Pasternack and Wyrick (2016) 

considered the total supply of stored hydraulic mining sediment in the Timbuctoo Bend reach 
above the pr -mining sediment base level. Pasternack (2008) calculated some simple stimates 
of the volume of remnant mining sediment in Timbuctoo B nd abov · th· base level at the end of 
the reach and concluded that there was about 6.1- 16 million ni3, with a best intem1ediate 
estimate of 11.9 million m3

. Based on the export rate within Timbuctoo Bend reach alone, the 
remnant mining sediment would be removed in about 266 years (Pasternack and Wyrick 2016). 
Consequently, it is estimated that the lower Yuba River will be supplied with good spawning 
material to support resilient Chinook salmon and steelhead spawning habitat for at least that 
amount of time (i.e., 266 years), if aLI other factors remain unchanged. 
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Overall, spawning habitat availability is not limiting, and is considered to be a low stressor to 
anadromous salmonids in the lower Yuba River (YW 2017). 

1.2.2 Effects of Yuba Accord Implementation in the Lower Yuba River 

After two one-year pilot programs in 2006 and 2007, in 2008 the SWRCB adopted its Con-ected 
Order WR 2008-0014, which amended YWA's water-right pennits to specify the Lower Yuba 
River Accord minimum instrearn-flow requirements, which protect and enhance the 24 miles of 
aquatic habitat in the lower Yuba River from Englebright Dam downstream to the river's 
confluence with the Feather River near Marysville. 

FL o w CONSIDERA noNS 

TI1e Yuba Accord flow schedules were developed to meet specific object:iv s, including 
maximizing the occurrence of "optimal" flows and minin1izing the occurrence of suboptimal 
flows, within the bounds of hydrologic variation ,md available upstr am reservoir capacity. TI1e 

flow schedules also were designed to provide month-to-month flow sequencing to address 
Chinook salmon and steelhead life history periodicities (RMT 2013). 

For wet hydrologic conditions, the Yuba ccord flow schedules do not limit the flows that occur 

in the river during substantial portions of the year. Inst ad, flood control operations and high, 
controlled releases l.o move water through the system determine the actual flow rates (in wetter 
years, in-riv r flows may be substantially greater than the Yuba Accord r quired mini.Jmm1 

flows). During drier hydrologic conditions, the Yuba ccord flow schedules often do govern 
YW 's operations, and the Yuba ccord flow schedules allocate all of the avai lab le water that 
can be controlled by the YRDP faci li ties and require mandatory consumptive limitations and 
conjunctive use to maximize flows in the river when hydrologic conditions put stress on the 
surface water supply (RMT 2013). 

WATER TEMPERA Tl/RE 

1he RMT (2013) used previously available data and infom1ation, updated with recent biologic 

and abiotic monitoring, to review the appropriateness of the water temperature regime in the 
lower Yuba River associated with implementation of the Yuba .ccord. l11e RMT updated the 
lifestage periodicities of target species ba ed on data obtai11ed in the lower Yuba River, identified 
suitable thennaJ regimes for target fish species taking into acc0tmt individual species and 
lifestage-specific water temperature requirements , identified species and lifestage-specific water 
temperature ind x valu ·s, assessed the probability of occurrence that those water temp rature 
index values would be achieved with implementation of the Yuba Accord, and evaluated whether 
alternative water temperature regi.Jnes are wanant d. The RMT (2013) also addressed the issue 

regarding the potential that cold water conditions could affect adult spring-run Chinook salmon 
i.Jnmigration and holding, and the issue of 0. mykiss anadromy versus residency. 
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Daily water temperature monitoring data from October 2006 through late October 2015 at the 
Smartsvi lie, Daguerre Point Dam, and Marysville water temperature gages were compared with 
anadromous salmonid lifestage-speciftc upper tolerable WTI values . T11ese comparisons were 
conducted for the Iifestage periodicity and geographic location per1inent for each lifestage of the 
species/run evaluated. 

For spring-run Chinook salmon, water temperatures at all three gages during the period evaluated 
were always b low the upp r tolerable WTI vain for y arling+ smolt outmigration. Water 
temp ratur s at all three gages were gen rally below the upper to! rabl WTI valu for adult 
immigration, with the exception of during the summer of 2015 (after a multi-year drought 
period) at the Marysville Gage. The upper tolerable WTI values for adult holding and juvenile 
rearing and outmigration also have rarely been exceeded, with the exception of two days during 
2013, 23 days during 2014, and during approximately June through September of 2015 at the 
Marysvi lle Gage. However, it is not expected that holding adults or juveni les spend extended 

periods of time at downstream locations (e.g. , Marysville). For example, adult spring-nm 
Chinook salmon were found to primarily exhibit holding behavior just downstream of DaguetTe 
Point Dam or above Daguen-e Point Dam during their adult holding period (R.MT 2013), and 
juvenile Chinook salmon primarily rear where water temperatures are suitable in more upstream 
reache. of the lower Yuba River (RMT 2013). ·nie upper tolerable spawning and embryo 
incubation W11 value was never exceeded at Smar1sville (which is the only location evaluated 
for spring-run Chinook salmon spawning and embryo incubation), with the exception of during 
11 days in Septemberof2015. 

For steelhead, water temperalur s at all thr e gages were almost always below th upper 
tolerable WTI valu s for juvenile rearing and downstream movement, and adult immigration and 
holding, with the exception of 38 days between June and September 2015 when the juvenile 

rearing upper tolerable WTI value of 68°F was exceeded at the Marysville Gage, during 16 days 
in September 2014, and during approximately August through September 2015, when the adult 
immigration and holding upper tolerable WTI value of 65°F was exce ded. The upper tolerable 
spawning and embryo incubation WTI value was never exceeded at Smartsville, and was 

generally not exceeded at DaguetTe Point Dam with the exceptions of the end of May of some 
years, and during approximately mid-April through May of 2014 and 2015. Tiie smolt 
(yearling+) emigration upper tolerable WTI value generally was not exceeded at the Smartsvill e 

Gage, with the exception of during some days in October of 2010 and 2011 and during most of 
October of 2014 and 2015, and was not exceeded at the DaguetTe Point Dam and Marysvi lle 
gages with the exc ·ption of during October into mid- ovember, and during portions of March or 
April. 

As illustrated in Figtue 4 below, comparison of average daily monitored water t mperatures in 
111 Yuba River (Daguerre Point Dam), the Americim Riv r (Watt venue), and th Feather 

February 25, 2019 16 

70 



A-85 

Settlement Negotiations 

River (Gridley) from 2011-2017 demonstrates that water temperatures in the Yuba River were 
consistently much colder than river temperatures in adjacent watersheds during the recent multi
year drought. YWA's transfer releases during 2013 and 2014, which occurred mostly in the 
summer months of July and August, led to these lower water temperatures in the lower Yuba 
River. 
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Figure 4. Comparison of average daily monitoring water temperatures in the Yuba River (Daguerre Point 
Dam), American River (Watt Avenue) and Feather River (Gridley) during 2011-2017. 

Overall, implementation of the Yuba Accord provides suitable flows and water temperatures for 
all lifestages of anadromous salmonids in the lower Yuba River. 

• Benefits to spring-run Chinook salmon include: 

o More-suitable water temperatures during the entire adult iminigration and holding 
period. 

o

 

 

 Higher spring-run Chinook salmon spawning habitat availability and more-suitable 
spawning water temperatures. 

o Improved embryo incubation conditions due to frequently and substantially lower, 
and therefore more-suitable, water temperatures. 

o Improved over-summer/early fall juvenile rearing conditions, due to more-suitable 
water temperatures under relatively warm water temperature conditions. 
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o Improved smolt emigration conditions due to higher flows during low flow 
conditions, and g nerally suitable waler temperatures throughout the majority of the 
smolt emigration period. 

• Benefits to fall -run Chinook salmon include: 

o More-suitable water temperatures during the adult immigration and staging period. 

o More-suitable waler tempera.tur s during the spawning period. 

o Improved embryo incubation conditions due to lower, and therefore more-suitable, 
water temperatmes. 

o fmproved juvenile rearing and outm igration conditions, due to higher flows and 
more-suitabl · water t mperatures. 

• Benefits to steelhead include: 

o More-suitable water temperatures during the adult immigration and holding period. 

o Mor -suitable water temperatun:s during the latter pmt of the spawning period. 

o Improved embryo incubation conditions due to lower, and therefore more-suitable, 
water temperatures. 

o fmproved over-summer/early fall _juvenile rearing conditions, due to more-suitable 
water temperatures under relatively wann water temperature conditions. 

o Improved smolt emigration conditions due to higher flows during low flow 
conditions, and generally suitable wat r temperatures throughout the majority of the 
smolt emigration period. 

MFS (2014) Recovery Plan states that "implementation of the flow schedules specified in the 
Fisheries Agreement of the Yuba Accord is expected to address the.fl-ow-related major stressors 
including flow-dependent habitat availability, flow-related habitat complexity and diversity, and 
water temperatures. In fact; water temperature evaluations conducted for the Yuba Accord 
EIRIEIS indicate that Yuba River water temperatures generally would remain suitable for all life 
stages of ~pring-run Chinook salmon and steelhead." 

1.2.3 Characterization of Existing Juvenile Rearing Habitat Conditions 

ln general, freshwater rearing sites for anadromous salmonids are areas with: (1) connectivity to 
the main river chmmel m1d water quantities that form and maintain physical habitat conditions 
and support juvenile growth and mobility; (2) water quality mlli forage that support juvenile 
development; and (3) habitat complexity characterized by natural cover such as shade, 

submerged and overhanging larg"' woody material (L WM), log jams and beaver dams, aquatic 
vegetation, large rocks and boulders, side cha1111els, and undercut banks. Rearing habitat 
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condition is strongly affected by habitat complexity, food supply, and the presence of predators 
of juvenile salmonids (YW 2017). Juvenile lifestages of salmonids are dependent on the 
function of this habitat for successful survival and recruitment. 

The characteri. tics of the floodplain of the lower Yuba River are very different from other rivers 
in the Central Valley. During the period of hydraulic gold mining, vast quantities of sand, gravel, 
imd cobble entered the Yuba River (Gilbert 1917) and deposited throughout the ~ystem. 1his 
hrnnan impact complet ly transfom1ed the river. Pres ntly, ilie lower Yuba River down~tream of 
Englebright Dan1 continues to change in response to the complex assemblage of natural 
processes and past human impacts. Th legacy of hydraulic mining remains as a substantial 
impact to the system. Englebright Dam prevents additional impacts from upstream mining 
debris, and is putting the river on a trajectory toward restoration of the pre-existing landfonn 
(Pasternack 2010). DaguerTe Point Dam is a stabilizer to the river channel, limiting the extent of 
channel incision between Daguerre Point and Englebright dams. Mechanized re-working of 

alluvium and associated cham1elization have determined the lateral bounds of the river, and also 
have affected the diversity and distribution of river-corridor landfonns. The fluvial 
geomorphology of the Yuba River is so unique that it is crucial to evaluate it on its own tenns 
and not to apply simple generali zations and concepts from other rivers with dams (Pasternack 

2010). 

1l1e existing juvenile rearing habitat conditions in the lower Yuba River primarily are due to 
several factors beyond the control of YW A, including the hydraulic mining legacy, 
channelization and reduction in river meander, limited habitat di versity and comp! xity, channel 
relocation and reconfiguration. Flows that would affi ct chann lization and floodplain inundation 
would need to be 30,000 cubic feet per second ("cfs") or higher, and ar beyond the capacity of 
YW A's operational control. 1 

The lower Yuba River floodplain is comprised of inorganic unconsolidated alluvium, and does 
not include the organic materials that make other systems highly productive. Consequently, 
floodplain habitats in the lower Yuba River have low habitat complexity, relatively low 

production of food organisms, and offer little protection from either fish or avian predators, as 
describ d below. 

RIPARIAN HABITAT AND INSTREAM COVER 

RIPARIAN VEGETA TlON 

1 Pasternack, G.B., Gravel/Cobble Augmentation Implementation Plan (GAIP) for the Englebright Dam Reach of 
the Lower Yuba River, A at 4~ (Sept 30, 2010), available at 
http //pasternack.ucdavis.edu/files/3413/7581/8399/USACE_GAIP_FINAL_20100930.pdf 

February 25, 2019 19 

73 



A-88 

Settlement egotiations 

As stated in CALFED and YW (2005), riparian vegetation, an important habitat component for 
anadromous fish, is known to provide: (1) bank stabilization and sediment load reduction; (2) 
shade that results in lower instream water temperatures; (3) overhead cover; ( 4) streamside 
habitat for aquatic and terrestrial insects, which are impo1tant food sources for rearing juveni le 
fishes; (5) a source of instream cover in the fom1 of woody material; and (6) allochthonous 
nutrient input. 

Shaded riverine aquatic (SRA) cov r generally occurs in the lower Yuba River as scattered, short 
strips of low-growing woody species (e.g. , Salix sp.) adjacent to th shoreli.n . Beak (1989) 
reported that the most extensive and continuous segments of SRA cover occur along bars wh r 
[then] recent channel migrations or avulsions had cut new chatmels through relatively large, 
dense stands of riparian vegetation. SRA cover consists of instream object cover and 
overhanging cover. lnstream object cover provides structure, which promotes hydraulic 
complexity, di versity and microhabitats for juvenile salmonids, as well as escape cover from 

predators. l11e extent and quality of suitable rearing habitat and cover, including SRA, generally 
has a strong effect on juvenile salmonid production in rivers (Healey 1991 as cited in C LFED 
and YW 2005). 

Since completion of New Bullards Bar Reservoir, the riparian community (in the lower Yuba 
River) has expanded under summer and fall streamflow conditions that have generally been 
higher than those that previously occuJTed (SWRCB 2003). However, the riparian habitat is not 
pristine. As discussed by Ml·S (2005a), historical hydraulic mining operations and mining 
debris have · liminated much of the historical riparian vegetation along the lower Yuba River and 
have created poor conditions for re-establisl.nn nt and growth of riparian vegetation. In addition, 
construction of Englebright Dam reduced reg neraiion of riparian habitats by prev nti.ng the 
transpot1 of fine sediment, woody debris and nutrients to the lower river (NMFS 2005a). 
According to CALFED and YCWA (2005), the lower Yuba River, especially in the vicinity of 
Daguerre Point Dam and the Yuba Gold:fields, is larg ly devoid of sufficient riparian vegetation 
to derive th hen fits (to anadromous salmonids) discussed above. 

Wh re hydrologic conditions are supportive, riparian and wetland veg tative communities are 
fomlli adjac nt to the lower Yuba River and on the river sides of retaining levees. These 
communities are dynamic and have changed over the years as the river meanders. l11e plant 
communities along the river are a combination of remnant Central Valley riparian forests, 
foothi ll oak/pine woodlands, agricultural grasslands, and orchards (Beak 1989). 

In 2012, YCW A conducted a riparian habitat study in the Yuba River from nglebright Dam to 
the confluence with the Feather River (see Technical Memorandum 6-2, Riparian Habitat 
Downstream of Englebright Darn (YWA 2013)). Field efforts included descriptive observations 
of woody and riparian vegetation, cottonwood inventory and coring, and an LWM survey. Based 
on field observations, YW A (2017) reported that all surveyed reaches supported woody species 
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in various lifestages - mature trees, recrnits, and seedlings were observed within all reaches. 
Where individuals or groups of trees were less vigorous, beaver activity was the main cause, 
although some trees in the Marysvi lle Reach appeared to be damaged by human camping. 

TI1e structure and composition of riparian vegetation was largely associated with four landfonns. 
Cobble-dominated banks primaril y support ed bands of willow shmbs with scattered hardwood 
trees. Areas with saturated soils or sands supported the most complex riparian areas and tended 
to be associated with backwater ponds. Scarps and leve s supp011ed lines of matur cottonwood 
and other hardwood sp cies, typically with a simpl understory of Himalayan blackbeny or blu 
elderbeny shrnbs. B drock dominated reaches had limited riparian complexity and supported 
mostly willow shrnbs and cottonwoods. 

Based on analysis of the riparian mapping data, RMT (2013) reported that the majority of the 
woody species present in the river valley include, in order of most to least number of individuals: 
various willow species (Salix sp. and Cephalanthu.s occidentalis); Fremont cottonwood (Populus 

fremontii) (i.e. , cottonwoods)· blue elderben-y (Sambucus nigra ssp. caerulea); black walnut 
(Juglans hindsii); Western sycamore (Platanus racemosa); Oregon ash (Frm."inus latifolia); 

white alder (Alnus rhombifolia); tree of heaven (Ailanthus altissima); and grey pine (Pinus 
sabiniana). Willow on the lower Yuba River are dominated by dusky sandbar willow (Salix 

melanopsis) and natTow leaf willow (Salix exigua), and relative dominance of the two species 
shifts respectively in the downstream direction (WSI 2010). Other species occutTing are arundo 
willow (Salix lasiolepsis), Goodings willow (Salix goodingii) and red willow (Salix laevigata). 

Based on the surveys conducted by YWA (2013), cottonwoods are one of the most abundant 
woody species in the lower Yuba River, and the most likely source of locally-derived LWM due 
to rapid growth rates and size of individual stems commonly exceeding 2 fl in diameter and 50 tl 
in I ngth. Cottonwoods exist in all lifostages including as mature trees, recruits (or saplings) and 
as seedlings. Of the estimated 18,540 cottonwood individuals/stands, 12% are within the 
bankfull channel (flows of 5,000 cfs or less), and 39% are within the floodway inundation zone 
(flows between 5,000 and 21, 100 cfs). However, recruitment patterns of cottonwood have not 

b en analyzed with r spect to time or with any mor detail regarding charmel location. 

YW A conducted a historical aerial photograph analysis to describe changes over time to total 
vegetation delineated within the valley walls, riparian vegetation delineated within 50 ft of the 

active river channel, and channel aligmuent (YW 2013). To detennine the cumulative change 
over time in total vegetative cover and riparian vegetation cover for the Marysville, Timbuctoo 
Bend, Narrows, and nglebright Dam study sites, YW A compared the aerial photographs from 
1937 and 2010. Narrows study sites showed an overall decrease in vegetative cover. for the 
remaining study sites, including Marysville, Hallwood, DaguetTe Point Dam, Dry Creek, Parks 
Bar, and Timbuctoo Bend study sites, th · cumulative change in veg tative cover increased. TI1e 
least amount of vegetation change over time was observed in the Englebright Dam, anows and 
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Marysville sites. The Dry Creek, Daguen-e Point Dam and Hallwood sites had the greatest 
vegetated area, and YW identified those sites as the most dynamic (i.e., both decreased in 

vegetative cover through 1970 and then increased through 2010). 

Cumulative changes in riparian vegetation cover in the Englebright Dam and an-ows study sites 

decreased with very little detectable change for the Nanows study site. For the remaining study 

sites, the cumulative change in riparian vegetation cover increased. 1he observed changes for 
the Engl bright Dam, Narrows and tlarysville study sites wer · very small. For th· Dry Creek 
and Parks Bar study sit s, the greatest chang s were obs rved, with dramatic increases in riparian 

vegetation cover. ll1e magnitude of clumge of riparian vegetation cover b ·tween photoset years 

(in a stepwise comparison) was greater than that seen in the cumulative total riparian vegetation 
cover change over the entire period examined. 

LARGE WOODY MATERIAL 

LWM provides e cape cover and relief from high current velocities for juvenile salmonids and 

other fishes. LWM also contributes to the contribution of inve1tebrate food sources, and micro

habitat complexity for _juvenile salmonids (NMFS 2007). Snorkeling observations in the lower 

Yuba River have indicat d that juvenile Chinook salmon had a strong preference for near-shore 

habitats with LWM (Jones & Stokes 1992). 

bout 8. 7 miles of the Yuba River downstream of Englebright Dam, distributed among study 
sites per reach, were surveyed and evaluated for pieces of wood (YW A 2013). l11e number of 

pieces of wood was relatively similar above and below OaguetTe Point Dam (i.e. , about 5,100 
and 5,750 pieces, re. pectively). Woody material was generally found in bands of wi llow shrubs 

near the wetted edge, dispersed across open cobble bars, and stnmded above nonual high-flow 

indicators. 1ost: of the woody material was diffuse and local d on floodplains and high 
floodplains , with only about a quarter of the material in heavy concentrations (YWA 2013). 

Most (77-96%) pi ces of wood fo und in ach reach were smaller than 25 ft in length and smaller 

than 24 in in diam ter, which is the definition of LWM in Technical Memorandum 6-2. ll1ese 

pieces would be typically floated by flood flows and trapped within willows and alders above the 
21 ,100 cfs line, which is defined as the flow delineating the floodway boundary (YW 2013). 

LWM wa not evenly distributed throughout the reache . For the smaller size classes (i.e., 

shorter than 50 ft, less than 24 in in diameter), the greatest abundance of pieces was found in the 

Ial\wood or Daguen-e Point Dam reaches, with lower abundances above and below these 

reaches (YW A 2013). 

The largest size classes of LWM (i.e., longer than 50 ft and greater than 24 in in diameter) were 

rare or uncommon (i.e., f. wer than 20 pieces total) with no discernible pattern of distribution. 

Pieces of this larger size class were counted as "key pieces", as were any pieces exceeding 25 in 
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in diameter and 25 ft in length and showing any morphological influence (e.g., trapping sediment 
or altering flow patterns). total of 15 key pieces of LWM were found in all study sites, 
including six in the Marysville study site. Few of the key pieces were found in the active channel 
or exhibiting cham1el fo1ming processes (YWA 2013). 

Overall , the relative abundance of riparian vegetation and LW 1 in the lower Yuba River is 
considered to be a moderate to high stressor in the lower Yuba River. 

NA TIJRAL RiVER MoRPHOLOGY AND FUNCTTON 

According to NMFS (2014), "Loss of Natural River Morphology and Function" is the result of 
river channelization and confinement, which leads to a decrease in riverine habitat complexity, 
and thus, a decrease in the quantity and quality of juvenile rearing habitat. Additionally, this 
primary stressor category includes the effect that dams have on the aquatic invertebrate species 
composition and distribution, which may have an effect on the quality and quantity of food 
resources available to juveni le salmonids. 

According to MFS (2014a), attenuated peak flows and controlled flow regimes have altered the 
lower Yuba River's geomorphology and have affected the natural meandering of the river 
downstream of Englebright Dam. However, alteration of river morphology and function has been 
very substantively affected by hydraulic mining legacy and confinement of the river channel 
from dredger tailings and gravel benn deposits. 

James (2015) determin d that restoration of lower Yuba River floodplains to pre-mining 
conditions is severely constrained by several factors including changes i_n water and sediment 
regimes, deep floodplain aggradation by toxic Hg-rich alluvium, floodplain morphogenesis, and 
bard engineering of the channel (James 2015). Due to the nruTow floodplains and high te tTaces, 
James (2015) further stated that laterally reconnecting channels in the vicinity of the Yuba 
Goklfields to their f01m er floodplains cannot be accomplished by sin1ply increasing flows. 
Moreover, the history of floodplain evolution in the lower Yuba River suggests that removal of 
stabilization stmctures to promote lateral migration could result in rapid geomorphic responses 
such as chrumel avulsions that would be difficult to control (James 2015). 

s reported by the RMT (2013), preliminary evaluation of available data collected to date related 
to Yuba River fluvial geomorphology indicates that the Yuba River downstream of Englebright 
Dam has complex river morphological characteristics. Evaluation of the morphological units 
(M s) in the Yuba River as part of the spatial structure analyses indicates that, in general, the 
sequence and organization of MUs is non-random, indicating that the cha1mel has been self
sustaining of sufficient duration to establish an ordered spatial structure (RMT 2013). 

The Yuba River downstr am of Englebright Dam exhibits lateral variability in its fonn-process 
associations (RMT 2013). In the Yuba River, M organization highlights the complexity of the 
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channel geomorphology, as well as the complex and diverse suite of MUs. The complexity in 

the landforms creates diversity in the flow hydraulics which, in tum, contributes to a diversity of 

habitat types available for all riverine lifestages of anadromous salmonids in the Yuba River 

downstream of Englebright Dam (R 1T 2013). 

In the lower Yuba River, anadromous salmonids spawn in mean substrate sizes ranging from 

about 50 to 150 mm, and most of the lower Yuba River from Englebright Dam to the confluence 
with the Feather River is characterized by averag substrate particle siz s within this size rang 

(RMT 2013). Th exceptions ar sand/silt areas n ar th confluence with the Feather River, and 

the boulder/bedrock regions in the upper sections of Timbuctoo Bend and most of the 

Englebright Dam Reach. However, gravel augmentation funded by SACE in the Englebright 

Dam Reach over the past several years has spurred spawning activity and Chinook salmon redd 

constmction in this reach. 1 he net result is an increase in the spatial distribution of spawning 

habitat availability in the river, particularly for early spawni11g (presumably spring-run) Chinook 

sahnon (RMT 2013 ). 

The loss of natural river morphology and function is considered to be a high stressor to spring

run Chinook salmon in the lower Yuba River (YW A 2017). 

BENTHIC MACROINVERTEBRA TES 

In 2012, YCWA conducted benthic macroinvertebrate surveys at six sample sites2 on the lower 

Yuba River between Englebright Dam and the confluence with the Feather River. In general, the 

BM I communities at all sites were dominated by midges (Chironomidae), worms (Oligochaeta), 

mayflies (Baetidae), and caddisflies (Hydropsychidae). o clear upstream to downstream trend 

in total estimated abundance and taxa richness was observed (FERC 2019; YWA 2013). 

With respect to physical habitat, the riparian zone was not a major detem1i.trnnt in stream reach 

function, b cause channel banks w re contained by bedrock, cobbl bars, or levees. Most 
riparian vegetation was Ii.tnited to muTow fringes of und rstory vegetation (e.g. , willows) and 

sparse deciduous trees. L WM and allochthonous material (i.e., leaf litter) were generally absent 

in all of the sites (YW 2013). The Yuba Goldfield bem1s and constmcted levees clearly 
affected the habitat dist,ibution in the lower river, con.fining an otherwise anastomosing channel 

forrn (YWA 2013). 

Overall , the composition of the BM[ feedi ng groups at most sites was dominated by collector

filterers and collector-gatherers, indicating the dominance of detritus and suspended particulates 

as BMI food sources (YWA 2013). The relative abundance of predators was much lower than 

2 Lower Yuba River Blvil sample sites included: (1) Hallwood Boulevard; (2) Daguerre Point Dam ; (3) Hammon 
Bar; (4) Parks Bar to Long Bar; (5) Timbuctoo Bend; and (6) Downstream of the Narrows 2 Powerhouse. 
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collector-filterers and collector-gatherers at most sites, but still accounted for a substantial 
percentage of the site-specific samples. tall six sites, the percentage of scrapers and s\u·edders 
ranged from relatively "low" to ''very low", indicating the relatively small component of the 
community that process peti.phyton, allochthonous material and coarse particulate organic matter 
(YWA2013). 

Relative abund,mce of the "scraper" functional feeding group of BMI's was relatively low (I% 

to 8%). These BMis feed off of periphyton and oth ·r organic matter attached to the benthic 
substrate. The "slu-edd r" functional f. eding group of B tlls proc ss particulate organic matter 
(e.g. , leaf li11er) as a food source. TI1e potential for inputs of coarse and fine particulate organic 
material is dependent on the vegetative structure of the riparian area. Organic inputs from 
riparian vegetation become food for stream organisms. strong indicator of the potential for 
these riparian inputs is an estimation of canopy cover. Overall canopy cover across all the sites 
was low (6% to 35%). The relatively low abundance of canopy cover and expected lack of inputs 

of coarse particulate matt rare concordant with the low r lative density of shredder BMis found 
across all sites (0% to 1 %) (YW 2013). 

During YWA's FERC reliceming process, BMI metrics were examined for upstr am to 
downstream trends, and for cotTelations with physical habitat features among the sites. Non
parametric (rank-order) Speannan cotTelation coefttcient were calculated for paiJw ise 
combinations of BMI metri cs and physical habitat variables. CotTelat.ion coefficients of 80%> and 
higher were fmther examined for biological relevance. 111e intent of the correlation analysis was 
to sere n and identify possible relationships for qualitative analysis. foterpretation of the 
con elation results was limited to a qualitativ analysis because of the small sampl size and 
becaus of th risk of erroneously interpreting spurious con elations. Hypothesis testing with 
statistical confinnation sampling was beyond the scope of the study (YWA 2013). 
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YUBA WATER AGENCY 

VOLUNTARY SETTLEMENT AGREEMENT PROJECT DESCRIPTION 

EXHIBITS 

Analyzing the Benefits of the YWA VSA Project 

1.1 Background 

1.1.1 Lower Yuba River Flow and Habitat Enhancements Since 1999 

1l1e SWRCB has issued numerous orders and decisions regarding water quality and water right 
requirements for the San Francisco Bay/Sacramento-San Joaquin Bay-Delta Estuary (Bay-Delta). 
Water Right Order D-1641, which was adopted by the SWRCB on December 29, 1999 and 
revised on farch 15, 2000, specifies many implementation actions fo r the 1995 Bay-Delta Plan. 
Specifically, 0 -1 641 made numerous amendments to the tem1s and conditions in the water-right 
pem1its for the Central Valley Project and State Water Proj ct to implement the water quality 
obj ectiv sin the 1995 Bay-Delta Plan. 

Sev ral of the regulatory conditions that p rt:ain to the lower Yuba River have changed since D-
1641 was issued in 1999. discussion of some of the flow- and habitat-related changes that have 
occurred in the lower Yuba River since 1999 is provided below for illustrative purposes, but this 
discussion is not comprehensive. 

1.1.1.1 Changes in Lmver Yuba River Minimum Flow Requirements and arrows 2 
Powem ouse Bypass 

YWA's operations of facilit ies in the Yuba River Watershed previously were subject to the 1965 
agreement between YWA and CDFW 1, which wa,;_; incorporated into YWA 's water-right pennits 
(Water Right Pem1its 15026, 15027, and 15030). YWA operated its faci lities to meet the 
instream flow requirements specified in that agreement, although lower Yuba River flow. 
normally substantially exceeded those requirements. 

1 The Califom.ia Department of Fish and Wild li fe (CDFW) previously operated under the name fllifomifl 
Department of Fish and Game (CDFG). The Department changed its name to CDFW in 2013. For consistency, the 
Department is referred lo as CDFW throughout this docw11enl. 
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In Febrnary 1988, a coalition of fishery groups filed a complaint with the SWRCB alleging that 
the instream flow requirements in YW 's permits did not provide adequate protection for fish. 
ln March 1991 , the CDFW relea<;ed a " Lower Yuba River Fisheries Management Plan," which 
contained recommendations for restoration, maintenance, and protection of fishery resources in 
the lower Yuba River. The plan recommended higher minimum flow requirements, maximum 
water temperature requirements and improved fish screens . CDFW r que8ted that the SWRCB 
modify YWA's water rights p rmits to implement the recommendations in the CDFW plan. In 
response to CDFW 's request, and to address various allegations raised by the coalition of fishery 
groups concerning several other water agencies, the SWRCB initiated a proceeding to consider 
fishery protection and water rights issues on the lower Yuba River in 1991. 

SWRCB 2001 WAJFR RIGHT DECISION 1644 

The SWRCB conducted hearings in 1992 and 2000, which ultimately led to the adoption of 
Water Right. Decision 1644 (D cision-1644 or D-1644) on March 1, 2001. In D-1644, the 
SWRCB: (1) incr ased the minimum instr am flow requirements in YWA's water right p rmits; 
(2) directed YW and other water districts diverting water from the lower Yuba River at two 
major diversion facilities to consult with CDFW and federal fishery agencies, and to prepare a 
plan to reduce losses of fish at those diversions; (3) required YW. and other pa11ies to take 
several other actions regarding their water rights; ( 4) required YWA to take actions to address 
potential concerns regarding water temperatures for Chinook salmon and steelhead; and (5) 
required studies and consultation on various other issues. 

SWRCB 2003 REVISED WA JFR RIGHT DECISION 1644 

YW A, several local water districts in Yuba County, and a coalition of conservation non
governmental organizations (NGOs) all filed legal actions challenging D-1644. After considering 
new evidence, the cour1 directed the SWRCB to vacate D-1644 and to reconsider the decision in 
light of the new evidence. Following a two-day hearing, the SWRCB issued RD-1644 on July 
16, 2003. RD-1644 contained interim requirement· that were intended to remain in place until 
2008, when the long-term requirements were scheduled to take effect. 'O1e RD-1644 interim 
inst.ream flow requirements specified two compliance points, the United St.ates Geological 
Survey (USGS) gag s at Smart.sville (~RM 22) and Marysville (RM 6.2). After th SWRCB 
issued RD-1644, the parties that had challenged D-1644 initiated new legal proceedings 
challenging RD-1644. 

LOWER YUBA RIVER ACCORD 

While the RD-1644 litigation was pending, representatives of YWA, CDFW, NMFS, USFWS, 
the South Yuba Rjver Citiz ens League (SYRCL), Trout nlimited ( ), The Bay Institute, and 
Friends of the River, fom1ed a Technical Team, which then met for several years to develop the 
comprehensive set of instream-flow requirements and other measures that ultimately were 
sp cified in th Yuba Accord Fisheries Agr em nt. 
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When the Technical Team started to work on this matter, it decided that, to meet its goals, efforts 
would be focused on addressing "keystone" lower Yuba River species. l11e Technical Team 
agreed that a flow regime that suppotted Central Valley steelhead and Central Valley Chinook 
salmon also generall y would benefit other native fish species, recreationally important non
native fish species such as American shad and striped bass, aquatic macroinvertebrates, and other 
aquatic and riparian resources. Several steps were taken by the T chnical Team to develop to the 
Yuba Accord flow schedules, including: 

• Developing a St:ressor Matrix for key fisheries species in the lower Yuba River. 

• Considering gen ral aquatic habitat conditions and health in the lower Yuba River. 

• Defining g neral fisheri s goals (e.g. , maint nance, r covery, enhanc m nt, etc.). 

• Defining specific fisheries-related goals for the new flow regime in tenus of flow, water 
temperature, habitat, and other parameters. 

• Developing a comprehensive understanding of the hydrology and range of variability in 
hydrology of the Yuba Basin. 

• Developing a comprehensive understanding of the operational constrnints (regulatory, 
contractual, and physical) on the Yuba River Development Project (YRDP) and 
affecting the lower Yuba River, and an understanding of the flexibilities and 

inflexibilities of those constraints. 

• Developing flow regimes based on specific fisheries-re lated goals and water availability 
(as defined by operational con traint. and hydrologic conditions). 

The Technical Team identified the fo llowing biological obj ctives for flow schedule 
development: 

• Maximiz occurrence of appropriate Chinook salmon and steelh ad spawning, rearing, 
and emigration flows. 

• Provide month-to-month flow sequencing consist nt with salmonid life history 
p riodicities. 

• Provide appropri ate water temperatures. 

• dult salmonid immigration, holding, and spawning. 

• Juvenile salmon id rearing and emigration. 

• Promote a dynamic, resi lient and diverse fish assemblage. 

• Minimize potential stressors to fish species and lifestages. 

111e freshwater lifecycle for each species was broken into six commonly acknowledged 
lifestages: (1) adult immigration and holding; (2) spawning and embryo incubation; (3) post
emergent fry outmigration (referred to as young-of-year (YOY) downstream 
movement/outmigration for steelhead); (4) fry reari~ng; (5) juvenile rearing; and (6) smolt 
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outmigration (referred to as yearling(+) outmigration for steelhead). Si:deen potential stressors 
(also refetTed to as " limiting factors") then were identified. TI1ese stre sors were not necessarily 
considered to be all stressors, but they were the major perceived stres ·ors, based on cuJTent 
information. A stressor prioritization process provided context for and assistance in the 
development of the flow schedules. To do this, the potential effects of each of these 16 stressors 
on each particular species and lifestage were evaluated. However, only five to eight of the 
str ssors ultimat ly were d tennined to be potential limiting factors for each particular speci s 
and lifestage. 

The prioritization of stressors in the lower Yuba River consisted of a limiting factor analysis, by 

species and lifestage, which was based on the xisting hydrological and biological conditions of 
the riv r. Particular emphasis was plac d on the i.nstream conditions during the past 10 to 15 
years, because that recent historical infonnation was likely to b reasonably representative of 
fi.Jture hydrologic patterns, and most representative of current operational practices. 

After the Stressor Matrix was developed, the Technical Tean1 developed an initial set of flow 
schedules for the lower Yuba River. TI1e lower Yuba River flow schedules balanced 
consideration of numerous elements, including specific biological objectives, ammal variability 
in water availability, reservoir constraints for flood control and power gen ration, ramping and 
flow delivery constraints, water delivery obligations (contractual and by rights), and th complex 
interrelations among these elements. Development of flow schedules included the following 
steps: 

• Identification of basic hydrologic conditions, physical parameters and operations 
objectives that influence flow. 

• Development of an "optimal" flow schedul for years with viitua1ly unlimited wat r 
availability. 

• Development of a "survival" flow schedule for years with ell.1:rem ly low water 
availability. 

• Development of additional flows schedules between the high and low range, 
con-esponding to varying the water availabilities between very wet years and ex'tremely 
dry years. 

A comparison of the total annual volumes of water n ·cessary to m et the 1965 CDFW 
greement r quirements, the RD-1644 long-tenn requirem nts, th D-1644 interim 

requirements, and the Yuba ccord requirements in the 20% wettest years and 20% driest years 
is provided in Figure 1. 
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Relative to the RD-1644 long-term requirements, the Yuba Accord requirements provide: (1) 
higher total volumes of'.1/8.ter during most yi:,ars; (2) higher flo\1/S during the summer and fall; (3) 
higher flo\1/S during April of drier Y3 ars; ( 4) lo'll'er flo\1/S during Ivia y of drier yi:,ars; and (5) lo'll'e r 
'.1/8.ter temi:eratures during summer and fall . Th.e benefits to the fisheries resources in the lo'll'er 
Yuba River from the Yuba Ac cord flow require men ts include the following: 

• September through Man:h - For the September through Ivlarch i:eriod, which 
generally encomP3Sses the spring-run Chinook salmon, fall-run Chinook salmon, and 
steelhead sp:tW'll.ing periods, the Yuba Accord flows generally provide maximum (or 
near maximum) q:awning habitat(as measuredbyflowatthe Smartville Gage). 

• April through J10te - For the April through June period, the Yuba Accord flo\1/S 
generally minimiz.e flow fluctuations and mimic the natural unimpaired hytlrological 
p:itterns for juvenile rearing and emigration, which 'll'ere particular concerns to the 
Technical Team. 

• July and August - Lo'll'er Yuba Riv-er water temi=eratures, particularly downstream of 
Daguerre Point Dam, 'll'ere the primary concern that led the Technical Team to dev-elop 
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the July and August flow requirements. hnportant anadromous salmonids lifestages 
present in the lower Yuba River during July and ugust include stee lhead juvenile 
rearing and adult immigration (August only), spring-run Chinook salmon juvenile 
rearing and adult immigration, and fall-run Chinook salmon adult immigration (August 
only). 

NMFS's 2005 BIOLOGICAL OPINION ON YWA 's NARROWS 2 FULL-FLOW BYPASS 

On November 4, 2005, NMFS issued a biological opinion (DO) for the YRDP (FERC License 
o. 2246) Lie nse Amendment, which authorized YWA: (1) to install a full-flow bypass 

structure on the arrows 2 Powerhouse; and (2) to implement specific ramping and flow 
fluctuation criteria for flows downstream of the a1Tows 2 Powerhouse. This NMFS BO 
analyzed effects on spring-nm Chinook salmon and steelhead, designated critical habitat for 
spring-run Chinook salmon and stee]head and the Southern DPS of orth American green 

sturgeon. This MFS BO authorized the construction and operation of the 3,000 cfs bypass at 
the arrows 2 Powerhouse, which incr ased the capacity for controlled releases from 
Englebright Res rvoir (through the arrows 1 and Narrows 2 Powerhouses) to about 3,540 cfs. 
TI1is bypass minimizes the possibility that emergencies or other events requiring that arrows 2 
Powerhouse be taken oftl ine will cause significant flow fluctuations in the lower Yuba River, 
and thereby minimizes the possibility that such fluctuations will strand juveni le spri11g-run 
Chinook salmon and steelhead or dewater redds of those species. 

1.1.1.2 Habitat Enhancement Measures 

In addition to the flow- and water-temperature enhancement that occutTed as a result of 
implementing the Yuba Accord, several other habitat enhancement projects have been 
implemented in the lower Yuba River since 1999. 

As pait of its 2014 ESA consultation with NMFS, the .S. Anny Corps of Engineers ( SACE) 
committed to incorporate several protective conservation measures into its activities associated 

with the operation and maintenance (O&M) of Daguerre Point Dam. TI1ese measures are 
intended to improve conditions for listed salmonids in the lower Yuba River (NMFS 2014). The 

SACE implements the fol lowing protective con ervation measures under its obligations under 
ESA Section 7(a)(l) for the conservation of threatened species. 

• Implementation of U1e Daguerre Point Dam Fish Passage Sediment Management 
Plan. TI1e SAC£ continues to implement the 2009 Fish Passage Sediment Management 
Plan. The USA.CE considers the Fish Passage Sediment Management Plan to be a 
protective conservation measure because it includes activities beyond those specified in 
the Daguerre Point Dam O&M Manual (Corps 2013a). 
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• Management. of a Long-t.erm Flashboanl P1·ogmm at Daguerre Point Dam. TI1e 
US CE continu s to implement the Flashboard Management Plan through the 
administration of a license issued to Cordua Irrigation District. 

• Implementation of a Debris Monitming and Mai11tenauce Plan at Daguerre Point 
Dam. Through coordination with COI·W and MFS, the SACE is implementing the 
Debris Monitoring and Maintenance Plan for clearing accumulated debris and blockages 
in the fish ladders at Daguerre Point Dam. This plan specifies that CDFW is responsible 
for inspecting and clearing the portion of the ladders containing the V AKI 
Ri verwatcher™ device, and that the US CE is responsible for all oth r parts of the 
ladders. TI1e US CE conducts weekly inspections of the Dag11e1Te Point Dam fish 
ladders for swface and subsurface debris. TI1e US CE also routinely inspects the fish 
ladder gates to ensure that no third parties close them. TI1is plan also specifies that routine 
inspection and clearing of debri from the two fish ladders at Daguen-e Point Dam may 
be conducted by COFW pursuant to agreement with the USACE, or by other parties (e.g. , 
PSMFC) under CDFW direction. When river flows are 4,200 cfs or greater, the USACE 
or other designated parties are to conduct daily manual inspections of the Daguerr Point 
Dam fish ladders. Upon discovering debris in the ladders, the debris is to be removed 
within twelve hours, even if the SAC£ or COFW detennines that flow levels are 
adequate for fish passage. lf conditions do not allow for safe immediate removal of the 
debris, the debris is to be removed within twelve hours after flows have returned to safe 
levels . 

With respect to the conservation of federaily-list d endangered and threatened species on 
existing USACE project lands, U1e USACE Environmental Stewardship and Maintenance 
Guidance and Procedures (Corps 2013b) states that identified conservation activities will be 
accomplished when fm1ds are available. TI1erefore, conservation measures contained within the 

SACE's Voluntary Conservation Program are subject to the availability of funding. In the past, 
the USAC E has been successful in obtaining the additional fun ding because it places a high 

priority on th measures describ d below. 

• Gravel Irtjection in the Englebright Dam Reach of U1e Lower Yuba River 

• Larg Woody Material Management Program 

TI1e Anadromous Fish Restoration Program has contributed federal funding toward several non
flow habitat enhancement projects in the lower Yuba River, including the following: 

• Hammon Bar Riparian Enhancement Project 

• Teichert Hallwood Facility Salm onid Habitat Restoration Project 
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• Yuba River Canyon Salmon Habitat Restoration Project 

• Long Bar Habitat Restoration Project 

• Yuba River Upper Rose Bar Project 

• Yuba River Downstream of Highway 20 Project 

1.1.2 CEQA Existing Conditions 

nder CEQA, the impacts of a proposed proj ct must be evaluated by comparing expected 
nviro1m1ental conditions after project implem ntation to conditions at a point in tim referred to 

as the baseline (Stevens and Rivasplata 2016). l11e changes in environmental conditions between 
those two scenarios represent the environmental impacts of the proposed project. 

1l1e State CEQ Guidelines Section 15125(a) provides the following guidance for establishing 
the baseline: 

A n EIR must include a description of the physical environmental conditions in the 
vicinity of the project, as they exist at the time the notice of preparation is 
published, or if no notice of preparation is published, at the time environmental 
analysis is commenced, from both a local and regional perspective. This 
environmental setting will normally constitute the baseline physical conditions by 
which a lead agency determines whether an impact is sign!ficant. 

In 2012, the SWRCB issued its Supplemental otice of Preparation OP) for Environmental 
Documentation for the pdate and Implementation of the Water Quality Control Plan for the San 
Francisco Bay/Sacram nto-San Joaquin Delta Estuary. The SWRCB has not stated whetl1er it 
will issue a new NOP for its Substitute Environmental Document ("SED") for the 
Sacramento/Delta updates to the Bay-D lta Plan. Because so 1mmy changes to the physical 
conditions in the Delta and its tributari s have occtmed since 2012, YW suppo1is the SWRCB 
using existing, 2019 conditions, as the CEQA Existing Conditions for the new SED's analyses of 
the various VSA project<,, including the YWA VSA Project. 

1.1 .2.1 Flmvs 

Under this approach, the CEQ Existing Conditions include the conditions that have occurred in 
the lower Yuba River since 2006, when implementation of the Yuba i\ccord instream flow 
requirements began, with operations under YW 's existing F RC license (including the NMFS 
2005 BO on YWA 'S Nan-ows 2 Full -Flow Bypass), and with cm.Tent diversion demands at 

Daguerr Point Dam. 
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1.1.2.2 Habitat Enhancement Measures 

nder this approach, the lower Yuba River non-flow habitat enhancement projects and programs 
described above in Section 1.1. l.2 should be included in the CEQA Existing Conditions. 

1.2 Methodology for Evaluating Flow-Related Benefits 
The Yuba Accord provides extensive fishery habitat benefits to the lower Yuba River. The 
release of waler stored in ew Bullards Bar Reservoir under U1e Yuba Accord provides higher 
instream flows and colder water temperatures during the summer and fall , which provid 
significant benefits to spring-nm Chinook salmon over-summer adult holding, spring-nm and 
steelhead over-summer juvenile rearing, and spring-nm and fall-nm Chinook salmon fall 
spawning. These releases consume a significant po11ion of the water stored by the YRDP and 
provide flows that are higher than the natural flows during some portions of all years, and most 
of the time in the driest years. 

1.2.1 Quantification and Assessment of the Changes in Yuba River 
Outflows 

Th SWRCB Bay Delta Water Quality Control Plan Update Phase 2 Scientific Basis R port has 
identified percentage of unimpaired flow as an indicator water quality parameter, and the July 
2018 SWRCB Staff Framework for the Sacramento/Delta Bay-Delta Plan Update includes a new 
proposed numeric water quality objective with a range of percentages of unimpaired flows. 
Analys s of the changes in Yuba River outflows and D !ta inflows that would occur with various 
altemativ s can be made to compar the benefits and impacts of th alternatives. 111 se analys s 
would not assess the changes in Bay-Delta outflows that would result from the various Yuba 
River alternatives because they would not determine the fate of the water associated with flow 
changes in river reaches downstream of the Yuba River. One specific element that is not 
included in these analy es is the Delta outflow benefits of the YWA VSA Project Component A 
flows . Without the YWA VSA Project, water from the YW A VSA Project Component A flows 
in some y ars would be diverted from the Feather River or the Sacramento River before the 
water would enter the Delta, or would be exported from the Delta. Preliminary analysis shows 
that th se amounts would average more than 6,000 acre-ft per year. 

YW has develop d a detailed water balance/operations model for the YRDP FERC r licensing 
that uses a daily time step, and includes the controlling regulatory and operations constraints on 
the YRDP and a detailed mnoff hydrology input time series. When YWA was developing the 
YW A VSA Project flow proposal, YWA used this model (with modification to model VSA 
alternatives) to assess the changes in Yuba River flows that would occur with th YWA VSA 
Project, and to compare these results to model results to: (1) existing conditions; and (2) the 
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model results of the percentage-of-unimpaired flow numeric obj ective stated in the July 2018 
SWRCB Staff Framework. 

1.2.1.1 Comparative Analysis Assumptions - Propo11ionat.c Share of' Requirements 

YW A has not made any assumptions about if or how the SWRCB might r quire upstream 
projects in the Yuba River Watershed to contribute to implementat ion of the proposed numeric 
percent-of-unimpaired flow objective. Therefore, YW 's analysis of its VS Project tlow 
proposal does not include any assW11ptions regardiJ1g the foture operations of these upstream 
projects, and instead uses the existing operations conditions for these projects. To make a val id 
comparison of the YWA VSA Project to the proposed percentage-of-unimpaired flow numeric 
obj ective, YW A's analysis assumes a proportionate sharing of the responsibility among all 
div rters of water within the Yuba River Watershed for that alternative. Modeled implementation 
of this shared responsibility is accomplished by setting a YRDP requirement for Yuba River 
outflow as a percentage of all runoff that occurs within the watershed, including flows that occur 

directly below the upstream projects. If the SWRCB requires additional releases from the 
upstream projects, then flows from these additional releases would be in the mod ling r suits for 
both altemativ s, and therefore would increase the model d Yuba River outflow percentages for 
both alternatives by equal amounts. 

J.2.1.2 Yuba River Outflow Preliminary Results 

The following presentation of results for the various scenarios is not intended to be a detailed 
examination of the differences of the YWA VSA Project and the percent-of-unimpaired-flow 
alternative (r lative to existing conditions), but rather provide ru1 overvi w of the major asp els 
of the model d flow changes. Five plots (Figures 1 through 5) ar provided to illustrate th 
monthly flow volumes provided under each scenario, summarized by water year type. These 

plots include the following: 

• Dashed brown lines at 45%, 55% (dark) and 65% of unimpaired flow by monthly 
volumes summarized by the Sacramento Valley Index (SVI) water year type for each 
plot. These are calculated as percentages of the Califomia Department of Water 
Resources ' (DWR) publish d unimpaired flow volumes for the Yuba River at Smartsville 
plus Deer Creek. 

Water Year Type Occurrence 
ercent of time 

Wet 28 ears 29% 
Above om1al 13 ears (14%) 
Below ormal 18 cars (19%) 
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• The histoncal occurrence of the 
VI water year types based on unimpaired 

flow volumes for water years 1922-2016 (i .e. , the 95-year period of record) is as follows 

Dry 2 1 years (22% 
Critical 15 ears (16%) 

• Yellow line (55%) and blue line (45%) monthly Yuba River outflow volumes resulting 
from modeling of a proportionate sharing of the outflow requirement with only YW A 
operating to the proposed percent-of-unimpaired flow requirement (and historical 
operations for the upstream projects). 

• Light blue line - Yuba Accord under Existing Conditions (and historical operations for 
upstream projects) 

• Green line - Yuba Accord with YWA VSA Project flow measure operations (and 
historical operations for upstream projects). 

•igui·es 1 through 5. Monthly flow , ·olumes smnn1.11ized by water year ty pe for 45%, 55% and 
65% of un.impaiJ-ed flow (cakul>lted not modeled), Yuba ccord (E~isting Condition), and 
simulated VRDP operations propo1tionate s.hare of 45% and 55% unimpaired flow 1·equirement 
and YWA VSA. 
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The brown dashed lines show the minimum amounts of flow that would occur with all diverters 
in the watershed providing their proportionate shares of unimpaired flows, although these flows 
would not be the actual flows resulting from a modeling analysis. Comparing the green line 
(Yuba Accord plus VSA) to the yellow line (55% unimpaired simulated for YRDP) and the blue 
line (45% unimpaired simulated for YRDP) shows the volume of water that YWA would be 
required to provide under the percent-of-unimpaired flow proposal relative to the volumes that 
YWA is proposing to provide with the YWA VSA Project 

The following are key observations regarding the flow volume plots (Figures 1 - 5) · 

• During all years, for January, Februa.ry , and July through December (a total of 8 month), 
modeled Accord Yuba River outflow is within or above the range hown for the WRCB 
Staff Framework percent-of-unimpaired flow proposal 

• During March and June, with the exception of Critical Years, modeled Accord Yuba 
River outflow also is within or abo e the range for the SWRCB Staff Framework 
percent-of-unimpaired flow proposal (for a total of 10 months in all but Critical Years). 

• The previous two bullets points demonstrate that any focus for changes in Yuba River 
outflow· should focus on April and May, and for a few years, on June and late March. 

• During Wet and Above-Normal years (which constitute approximately 1/2 of all years), 
modeled Accord Yuba River outflow exceeds 55% of unimpaired flow during April and 
50% during May. 

• The YWA VSA Project would provide more water than YWA's comparable and 
proportionate share of a 55% of unimpaired flow requirement during Apri l and May of 
Above-Normal and Below-Normal years (with no need to provide any supplemental 
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water in Wet years due to sufficient existing flows), and more than YWA's propo1iionate 
share of a 55% of unimpaired flow requirement during June in Dry years. dditionally, 
the YW A VSA Project would provide more than YWA 's proportionate share of a 4511/o of 
unimpaired tlow requirement during April and May. 

• During Critical years, there would be no addit ional YWA VSA releases, and YWA's 
operations would provide about 10,000 AF less than YWA's propmtionate share of a 
45% of unimpaired flow requirement for March, April and May. 1he total volume would, 
on average, be approximately 36,000 AF less than under the 45% of unimpaired flow 
requirement for YW 's proportionate share for March through June. However, during 
Jul y through October, operations to the Yuba Accord flow schedules would result in 
releases of 46,000 AF more than thel00% of unimpaired flow of the Yuba River. 

• Most of the modeled deficit compared to the percent-of-unimpaired flow requirements 
(45% or 55%) during Critical years is due to upstream diversions during Apri l and May. 

• During all years, modeled lower Yuba River flows for the July through October period 
are more than 65% of uni mpaired flow, and most of the time are more than 100% of the 
unimpaired flow, due to YW A operations to meet the Yuba Accord instream-flow 
requirements for anadromous salmonid spawning flows, juvenil rearing flows, and to 
maintain cool water temperatur s. 

1.2.2 Analysis of Inundation-Duration of Native Floodplain and VSA 
Proposed Constructed Floodplain Type and Constructed 
Rearing Habitat during the February 1 to June 15 period using 
USFWS Methodology 

To assess potential benefits to juvenile anadromous salmonid rearing habitat in the lower Yuba 
River, an inundation-duration analysis similar to that developed by the SFWS for the YRDP 
relicensing can be u ed. An inundation-duration analysis helps detennine the benefits associated 
with the longer residence time of water on the floodp lain or inundation of constmcted rearing 
habitat that would be develop d under the YW A YS Project. The inundation-duration analysis 
also identifies the flow altematives that would impact the existing condition or floodplain 
inundation, and identifies pre-project inundation-duration quantities for comparison. This section 
is a brief overview of a preliminary inundation-duration analysis of the existing condition with 
the Yuba Accord, YWA operations to meet the proposed percent-of-unimpaired flow 
requirement, and YW A VSA Project operations. 
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1.2.2.1 Assun1ptio11s for the Analysis 

Floodplains are identified as the areas within the floodway that are inundated when river flows 
are greater than 5,000 cfs. The floodway is the area between the upland slopes, levees, training 
walls and valley floor that is inundated at a flow of 21 ,100 cfs (Wyrick and Pasternak 2012). 

• Methodology is fro m USFWS Repo1t " se of Cumulative Acre-days to Evaluate 
Changes in Floodplain Inundation on the Lower Yuba River under Different 
Hydrological Regimes and Quantification of Mitigation Measures", Stephanie Millsap, 
Ph.D. USFWS, Mark Gard, Ph.D. USFWS, August 2017, submitted to FERC as 
appendix to USFWS and CDFW IO(j) conditions. 

• Simulation of flows and calculation of inundated areas done with the YRDP FERC 
Proj ect 2246 relicensiJ1g model with some modifications to simulate the alternatives , 
which is a daily time step-based water balance/operations model, as updated to simulate a 
longer period of record than was used in the relicensing proceeding. 

• Period of simulation is 1922 to 2016. 

• Floodplain inundation area versus flow tables provided from a hjgh-resolution 2-

dimension hydrodynamic model of the lower Yuba River develop d by Prof. Gregory 
Pasternack, U.C. Davis. Infonnation is documented in the published technical report 
titled "Landforms of the Lower Yuba River" (Wyrick and Pasternack 2012). Floodplain 
d finition also was taken from Wyrick and Pasternack (20 12). 

• Existing Condition (Yuba Accord) scenario uses current condition assumptions for 
YRDP operation and Yuba Accord flow requirements and all other regulatory 
requirements as modeled for the YRDP Relicensing "base case". 

• 55% of nimpaired Flow scenario uses current condition assumptions for YRDP 
operation and Yuba Accord flow requirements with an added flow requirement at the 
Marysvill e Gage for all days of the year, a5suming YW A operates to provide its 
proportionate share of the 55% outflow requirement. 

• A theoretical, conceptual representation of YWA VSA Project reruing habitat 
development is used to demonstrate potential inundation benefits of the Y WA proposal of 
increased spring flows and constructed habitat. The theoretical YWA VSA habitat 
enhancement proposal is assumed as 50 acres constructed above Daguerre Point Dam and 
50 acres constructed below Daguerre Point Dam that ru·e contoured to lower existing 
fl oodplain to inundate at 2,000 cfs. Constructed habitat to have enhanced habitat values 
for reruing equal to or greater than high value floodp lain habitat. 
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1.2.2.2 Discussion of Analysis Results 

Figure 6 presents the averages of annual floodplain and con tructed rearing habitat inundation 
area and duration in acre-days during February 1 to June 15 for: (1 ) the existing condition (Yuba 
Accord); (2) conditions with a 55% of unimpaired flow requirement; and (3) conditions with 100 
acres of floodplain habitat enhancement. Averages are shown for the wettest, middle and driest 

one-third of years, using annual unimpaired flow for detennina ion of the three categories and 
the years contained in each. Table 1 presents the same infomrntion shown in the Figure 6 for 
annual immdation of floodplain and constructed r ari.ng habitat in acre-days. 

• Under current conditions (blue bars) the average o middle hydrology years inundation
dw-ation of existing floodplain is 914 acre-days, representing an average of 7 days of 
floodplain inundation annually of 130 acres. 

/',,l))J 

',.Ill.Ii) 

Wr•t1(•~11/3 Midd~, 1/3 

Accord ■ 55"6 unipaired ■ VSA Habitat and Flow 

Figure 6. Averages of annual floodplain and constructed rearing habitat inundation area and durntion in 
acre-days during February 1 to June 15 for the existing condition (Yuba Accord), conditions with a 55% 
unimp:iil-ed flow requinment :ind conditions with 100 :ic1·es of floodplain h:ibih1t enh:incement. 

• A 55% of unimpaired flow requirement (orange bars) would reduce floodplain inundation 
at the average of middle hydrology years inundation-duration by 12% or an inundation of 
801 acre-days, representing average of 7 da s of floodplain i.rrundation annually of 113 

acres. 

• Alternative analysis was done to examine YRDP operation to a full 55% of unimpaired 
Yuba River outflow (not proportionately shared withi11 the watershed), and does not 
significantly change the resulting inundation shown in the plotted scenario with YWA 
operating to its proportional share of the 55% unimpaired flow 
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T ll bl C 1 A . nnua 1 1nun • d a t· ·,ono fll (lo d lplI !lln • an d cons rude d rcarm2 h a b. ,tat m acre-d ays. 

Existing Conditions 
(Yuba Accord) 

55% Unimpaired VSA Habitat and Flow 

Wettest 1/3 13,888 13,514 22,890 

Middle J/3 914 80 1 11,128 

Driest 1/3 17 10 2,032 

• 'f11e theoretical VSA constructed rearing habitat, as described above, when modeled 
under YWA's VSA Project flow proposal, would result in a total (natural and constructed 
habitat) average of middle hydrology years inundation-duration of 11 ,128 acre-days, 

mor than 12 times the existing floodplain inundation. 

• The theoretical VSA constructed rearing habitat described abov , when mod ·led und ·r 
YWA's VSA Project flow proposal, would result in a total (natural and constrncted 
habitat) average of the driest one-third of years inundation-duration of 2032 acre-days, 
where under existing conditions and with a 55% of unimpaired flow requirement there 
would be almost no floodp lain inundation. 

• In the driest one-third of years, floodplain inundation would occur under existing 
conditions or under the 55% of unimpaired scenario only during 1 day for each of 6 years 
of the 32 years in the driest one-third of years, while the theoretical VSA constructed 
habitat would be inundated an average of 15 days annually in the driest one-third of 
years, and there would be some inundation during 24 of the 32 one-third driest years. 

• The reason the theoretical VSA constructed habitat would be such a large improvement is 
that the 100 acres of constructed habitat would be at elevations that would be inundated 
at river flows of2,000 cf , whjch occur ammally on average 82 days out of the 136 days 
in February J through .June 15. 

• In the YWA FERC relicensing, USFWS estimated the amount of floodplain habitat 
inundation that would have occurred if the YROP had not been constmcted (the ''without 
YRDP" condition), and determi11ed that the estimated median amount would be 2,598 
acre-days ( SFWS FERC Project 2246 lO(j) Conditions Appendix 3). In contrast, the 
YCW A VSA Project would provid · 11,073 acre-days of inundation, which is over 4 
tim s greater. ll1e "without YRDP" analysis consisted of the natural flow conditions 

with only the upstream projects present in the Yuba River Watershed. 

• The YW VS Project would provide inundated natural floodp lain and constmcted 
rearing habitat in 9 out of 10 years equal to or greater than the inundation that would 
occur under existing or 55% of unimpaired flow conditions during only one-half of all 
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years (86% exceedance inundation for the YW A VSA is greater than the 50% 
exceedance existing condition and 55% unimpaired inundation). 

In summary, the preceding infonnation shows that there would be a very large increase in the 
amount"> of anadromous salmon id rearing habitat in the lower Yuba River with implementation 
of the YW A VSA Project. 

1.3 Suggested Methodology Framework for Evaluating 
Fisheries Benefits of the Lower Yuba River Habitat 
Enhancement Measures 

YW . ' s VS Project includes five major elements: (1) collaboration with CDFW, DWR and 
GO representatives (and other stakeholders); (2) a Delta flow component (i.e., up to 50,000 

acre-feet per year of additional water during Above- onna] , Below- r onnal and Dry-years), as 
measured at the Marysville Gage; (3) 100 acres of habitat enhancement in the lower Yuba River 
for Chinook salmon and steelhead juvenile rearing habitat; (4) a 1easurement, Monitoring, 
Adaptive Management and Reporting (MMAM&R) Program that would contribut to 
infonning fish ries science in 1he California C ntral Valley; and (5) a dedicated funding 
commitment of $10 million from YWA for funding habitat measures, and $7.8 million from 

YW A for funding an MMAM&R Program. 

TI1e primary objectives for the enhancement of aquatic habitat are to restore the quantity, 
quality, complexity, and connectivity of these habitat">. Juvenile salmonid rearing habitat, in 

gen ral, encompasses a wid variety of microhabitats and physical disturbanc s of the low r 

Yuba River channel ha e reduced the quantity and diversity of those habitats. The proposed 
habitat enhancement measures include the creation of additional diverse aquatic habitat types 
such as secondary channels, backwaters, and floodp lain lowering, and installation of complex 
riparian features. Implementation of these habitat features would be ex'Pected to benefit the 
lower Yuba River through the creation of additional microhabitat types that would suppo1t a 
more diverse range of anadromous salmonid life histories. 

1he successful establishment of aquatic habitat would be evaluated through the enhancement of 
physical habitat, including depth, velocity, and area. Perfom1ance standards used to determine 
success of the habilal enhancement measures will be developed as part of the MMAM&R 
Program. 

1.3.1 Physical Indicators 

Anticipated potential benefits of habitat enhancement measure. in the lower Yuba River would 
be evaluated in tenns of physical parameters. A monitoring strategy would be developed as part 
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of the MMAM&R Program. The monitoring strategy should be focused on successful 
establishment of critical physica.l habitat attributes, such as those described below. 

Physical changes to the river channel and smTounding landscape could be quantified in te1ms 
of: (1) the projected gain in acres of riparian vegetation plantings; (2) the projected gain in the 
amount of suitable wetted area (acres) resulting from terrafonning and floodplain lowering; and 
(3) the frequency and duration of inundation of habitat enhancement areas. 

Depth and velocity are critical components of aquatic habitat and support a variety of biological 
and abiotic ii.mctions. Depth and velocity are important indicators of shallow water refuges for 
juveniles, as well as food availability and resting ar as . Using the Yuba ccord-based flows , 
the amount of additional wetted area (acres) id ntified as being suitable for juvenile Chinook 
salmon and steelhead rearing could be detennined by evaluating the frequency that site-specific 
depths and velocities are with in a defined range, and whether suitable rearing habitat is 
available during the most limiting period (i.e., summer and fall). 

Area is another important physical indicator of successful site establishment because it provides 
a simple measure of quantitative perfonnance. Area could be measured as the two-dimensional 
wetted area of a feature at base flow. No broadly applied minimum area would be established 
for det nnining successful establishment of habitat features b cause each habitat feature would 
b er ated on a site-specific basis and would vary in the initial design and construction of 
wetted area. Successful establ ishment of area could be based on maintaining a percentage of 
initial design area. Successful establishment of wetted area, coupled with depth and velocity, 
would ensure that a feature was providing suitable qmmtity and quality of habitat. 

Lowering the floodplain would increase inundation frequency and duration and support 
establishment of riparian vegetation, increased production of benthic macroinvertebrates, and 
increas access to off channel rearing habitat. An inundation duration of 21 consecutive days 
during the February through Jun period has been identified to support these fm1ctions, as 
described below. 

• 21-day duration of inm1dation is considered to be necessary to establish trophic 
productivity, and to provide b nefits to juvenile anadromous salmonid rearing habitat 
functionality through provision of increased food resources and increased off-channel 
rearing habitat (Reedy 20 16). 

• Studies on the lower American River - a river system in some ways analogous to the 
lower Yuba River, have shown that floodplain invertebrate densities approach main 
channel densities after 2 to 4 we ks of immdation (J. Merz, pers . comm., as cited in 
cbec 2013). 
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• In Central Valley lowland riv r floodplains , studies have shown increased juvenile 
salmonid growth rates as a result of at I ast 21 days on the floodplain ( J effres t al. 
2008; Sommer et al. 2001, 2002). 

• During this time period, phytoplankton and zooplank.ton !if cycles produce valuable 
food resources in relatively slow moving, shallow water with temperatures typicall y 
wa1mer than the main river channel (Sommer et al. 2004). 

Therefore, the parameters of frequency and duration of inundation can be used as physical 
indicators of functionality, and as a sunogat for increased aquatic food web productivity. 

At1 r completion of construction, physical monitoring would be conducted to evaluate whether 
the habitat enhancement measures are functional over the range of flows and perlonuing as they 
are intended (e.g., are suitable depths and velocities for juvenile salmonids being achieved). 
Monitoring for assessing physical habitat structure also should include a survey before 
con truction to detennine pre-project baseline conditions. 

1.3.2 Biological Indicators 

It will be challenging to quantify the biological benefits associated with habitat enhancements 
in the lower Yuba River due to the complex nature of Chinook salmon and steelhead life 
histories, the potential for exposure of these species to a multitude of abiotic and biotic factors 
across broad geographic areas (many of which are outside the Yuba River Watershed), and 
u11ce11ainties regarding environmental variations from year to year. Although challenges exist 
regarding the quantification of biological benefits in tenns of specific numbers of juvenile 
outmigrants or adult returns, the scientific literature has generally demonstrated that the 
enhancement of juvenile Chinook salmon and steelhead rearing habitat does lead to increased 
juvenile growth and improved sp cies survival. 

Riparian habitats support the greatest diversity of wildlife sp ·cies of any habitat in California, 
including many species of fish within chann I edge habitats (CALFED 2000a). Fmthennore, 
more ,-,.1 nsive and continuous riparian forest canopy on the banks of estuaries and riv rs can 
stabilize channels, provide stmcture for submerged aquatic habitat, contribute shade, overhead 
canopy, and i11stream cover for fis h, and reduce water temperatures (C LFED 2000). More 
ex1ensive and continuous horeline vegetation associated with large woody material (LWM) 
(e.g. , root wads) in shal low aquatic habitats can increase instr am productivity and provid for 
i.nstream structure for juv nile fishes and oth r aquatic organisms (CALFED 2000). LWM is of 
particular importance to riverine ecosystems, and reportedly may be the most important 
structural component of instream fi sh habitat (National Research Council 1996) 
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Although fish species do not directly rely on riparian habitat, they are directly and indirectly 
supported by the habitat services and food sources provided by the highly productive riparian 
ecosystem. Riparian communities provide habitat and food for species fundamental to the 
aquatic and te1Testrial food web from insects to top predators. Riparian vegetation on 
floodplains can provide additional benefits to fish when the floodplain is inundated, by 
providing velocity and refugia from predators. 

Habitat complexity would be accomplished by providing hydraulic roughn ss elem nts such as 
subm rged large woody material, building ngin r d log jams, planting riparian vegetation and 
placing large rocks and boulders. Habitat di versity would be improved by lowering channels 
and providing features such as riparian vegetation plantings, side channels, anabranching 
systems, :floodmnners (i.e., side channels activated at higher flows) and enhanced backwater 
areas. Hall et al. (2018) found that quantifiable measures of riverine habitat complexity is a 
strong con-elate of sub-yearling Chinook salmon productivity in Puget Sound populations. 

Specifically, the density of sid and braid channel connections and their lengths r !alive to the 
length of the main channel were positively related to measures of Chinook salmon productivity 
(e.g., sub-yearlings per spawner) across multiple rivers with variable size, hydrologic and 
geomorphologic characteristics. Hall et a.I. (2018) also found that quantitative change. in habitat 
complexity associated with restoration projects (e.g., side channel creation) could be detected 
with their analysis. 

Increased growth and improved survival of juvenile anadromous salmonids would be 
accomplished through increased habitat complexity and diversity, in combination with 
enhru1c d food availability, increas d cover, and r due d pot ntial for predation-related 

mortality. Floodplain habitat (including riparian vegetation as cover) and inundation duration, 
in conjunction with warmer water temperatures associated with shallow, low velocity areas, can 

promote increased prey abundance and production. Greater prey densities in floodplain -related 
habitats, relative to the main-charmel, have been shown to improve D eding rates and result in 
faster growth. Flow-related Slmogates such as depth and velocity will be used as indicators of 
suitable rearing habitat conditions. l11e frequency and duration at which off-channel and 
backwater areas are inundated within a range of suitable flows also will be used as indicators of 
food avai)abi lity (primary production, macroinvertebrate colonization, etc.) 

Juvenile salmon and steelhead survival is directly influenced by growth, with larger individuals 
being less usceptible to stressors and predation during critical early lifestages. Increased cover 
is an indicator of structure and survival. [nstream object cover (e.g. , riparian plantings) provides 
stmcture, which promotes hydraulic complexity, diversity and creates microhabit.ats for juvenile 
salmonids, as well as escap cover from predators. Predation is often a major source of 
mortality for juvenile salmon and steelhead, and the amount and quality of cover and structure 
can reduce pr dation rates. Because riparian plantings in isolation t nd to be unsustainable, it is 
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important to include other elements of cover and structural complexity (e.g. , boulders, 
engineered logjams, other bioengineering features) in order to provide long-tenn sustainability 
and to enable these features to successfull y serve as predator reduction mechanisms. Provision 
of overhanging ripari an vegetation and LWM would increase avian and tenestrial predator 
escape cover, thereby also contributing to improved survival. 

1.3.2.l et Gain in Weighted Usable A.-ea (W A) 

An evaluation also would be conducted to estimate the design "benefits" of newly proposed 
technical features and habitat enhancement measures for spring-run Chinook salmon and 
steelhead, by lifestage. Because inundation duration values are not necessarily an indicator of 
habitat suitability, additional considerations must be given to species and life8tage-specific 
biological preferences regarding depth, velocity and cover. YWA would analyz fry and 
juvenile Chinook salmon and steelhead rearing habitat availability using the commonly 

accepted Physical Habitat Simulation component of the Instream Flow Incremental 
Methodol ogy to quantify habitat suitability and avai lability expressed as Weighted Usable Area 
("WUA''). Fish ries benefits would be measured in terms of the net gain in fry and juvenile 
rearing WUA (yd2 per year) that would occur from the YWA VSA Project, compared to pre
project conditions on an annual basis. 

DETAILED EVALUA TTON APPROACH 

• Fry and juvenile rearing analyses would be conduct d fo r the fo llowing lifestage-specific 
periodicities identifi ·din RMT (2013). 

o Spring-rw1 Chinook salmon fry rearing - Mid-November through mid-February 

o Spring-nm Chinook salmon juvenile rearing - Year-round 

o Steelhead fry rearing - April through July 

o Steelhead juvenile rearing - Year-round 

• Spring-run Chinook salmon and steelhead fry and juvenile rearing Habitat Suitability 
Cri teria (HSCs) would be used to determine whether technical features improved water 
depth and velocity suitability pall ms over the expected range of flows during specified 

time periods (i.e., months of the year). 

• Composite Habitat Suitability Index (CHSI) maps of the lower Yuba River would be 
d veloped to detenuine amounts of suitable habitat areas for spring-run Chinook salmon 

and steelhead fry and juvenile rearing at various river flows. 

• Potential habitat enhancement success wou ld be evaluated as a measure of net gain in 
WUA (yd2

) per species and lifestage-specific periodicity on an annual basis over the 
entire period ofhydrologic assessment. 
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• Rather than estimating potential habitat enhancement benefits using "representative" 
modeled flows, the potential for improved fry and juvenile rearing habitat in the lower 
Yuba River would be evaluated using exceedance probabilities of WUA2 with and 
without enhancement measures, using daily values over the 41-year period of hydrologic 
model simulation. 

1.3.2.2 Survivorship of Riparian Vegetation Plantings 

Monitoring of riparian vegetation plantings associated with YWA's habitat enhancement 
measures would be conducted to assess annual growth rates and survival percentages. 
Performance standards used to determine riparian planting success will be developed as part of 
the MMAM&R Progran1. Monitoring activities associated with the riparian plantings would be 
consistent with those described for riparian vegetation in YWA's 2016 Lower Yuba River 
Aquatic Monitoring Plan. 

2 Because the WUA-discharge relationships are static and do not represent how often a specific habitat-discharge 
relationship occurs, habitat duration analyses (or probability of exceedance distributions) will be conducted using 
tlw daily flow model. A habitat duration curve is coru.tructed in exactly the same way as a flow duration curve, but 
uses habitat values instead of discharge as the ordered data. A habitat duration curve is computed simply by 
obtaining the WUA value (for each species/lifestage) that corresponds to the mean daily flow for each day in the 
hydrologic record. The product is the mean daily habitat for each day in the hydrologic record. These data are then 
ordered into what is referred to as a habitat duration (or probability of exceedance) curve showing the percent time 
a particular habitat value is equaled or exceeded. 
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YUBA WATER AGENCY 

VOLUNTARY SETTLEMENT AGREEMENT PROJECT DESCRIPTION 

EXHIBIT 6 

Chinook Salmon Doubling Goal Applied to the 
Lower Yuba River 

Contributing to the Central Valley Project Improvement Act ("CVPIA") Chinook Salmon 

Doubling Goal and the narrative Chinook salmon doubling objective in the 2006 Bay-Delta Plan 
is one of the purposes of the YW A VSA Project. CDFW has stated that one of its resource 
objectives for the Voluntary Settlement greement process is attaimnent of the AFRP doubling 
goal of 66,000 fall-nm Chinook salmon for the Yuba River. Therefore, it is important to 
accurately describe and under. tand how the doubling goal was developed for the lower Yuba 
River. For the reasons explained in this exhibit, the spawning stock escapement (aimual spawner 
abundance) for the lower Yuba River equates to 26,000 adult Chinook salmon associated with 
the CVPIA doubling goal for naturally-produced adult Chinook sahnon. 

TiU 34 of Public Law No. I 02-575 established the goal of doubling natural production of 
Chinook salmon in Central Valley rivers. The doubling goal is for "naturally produced adults. " 

TI1e CVPfA identified the doubling goal for naturally-produced adult fall-run Chinook salmon in 
the lower Yuba River as being for "Chinook salmon" in general, refen-ed to all Chinook salmon 
in the ri v r as "fall -nm," and did not consid r or distinguish between spring-run and fall -run 
Chinook sahnon. 

In 1995, the SFWS conducted teclmical work to defme and calculate the natural production 

doubling goal. TI1e SFWS (1995) Working Paper defin d natural production to b that portion 
of production not produced in hatcheries, and defined total natural production to be the stun of 
harvest (in-ri ver and ocean) and escapement (river spawn ing adults). 
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USFWS’s (1995) AFRP Working Paper1 from which the doubling goals were identified and 
presented, stated that calculations to estimate natural Chinook salmon production included up to 
four components:

(1) In-river spawner abundance (Le., escapement)

(2) In-river sport harvest

{3) Ocean sport and commercial harvest
(4) Hatchery returns (not applied to the Yuba River)

The reference period upon which the doubling goal is based is 1967-1991.

The doubling goals were not based upon life-cycle fisheries models. They were based on the 
simple addition of average estimated numbers of Chinook salmon adults in three separate 
categories over this same time period for the lower Yuba River. While total natural production 
applicable to the Yuba River was estimated to be 33,000 adult Chinook salmon for this reference 
period (1967-1991 f7 that number included not only adult in-river spawners, but also in-river 
sport harvest estimates, as well as ocean harvest (sport and commercial) As shown in the 
following tabulation, average escapement (in-river spawners ) in the Yuba River (1967-1991) was 
13,000 adult Chinook salmon. Average in-river harvest during that time period was estimated to 
be 1,000 adults, and ocean harvest was estimated to be 19,000 adult Chinook salmon.

Lower Yuba River

1967- 1991 Reference Perkwi1 Doubling GoalEscapcment In-River Harvest Ocean Harvest Production
13,000 1,000 19,000 33,000 66,000

T ----
All of the individual values presented in the table were rounded to the nearest 1,000, including the natural- 
production doubling goal.

-------------1—   .-------- !— I” ----------------------------------------------    — ;---------  —  -----------  ------- ■----------------------------   ------------------------------  — ———— _--------------------------------------------------- —-------

Source: USFWS 1995

---------   ------------------------- ’

USFWS (1995 ) rounded the estimates of each of these components to the nearest 1?00Q? which 
resulted in the natural production estimate of 33,000 adults (all putatively assumed to be fall-run) 
for the lower Yuha River Chinook salmon population. The CVPIA identified an AFRP goal of 
natural production of anadromous fish at twice the average attained during 1967-1991 in Central 
Valley rivers and streams, including the lower Yuba River.

1 U.S. Fish and Wildlife Service (USFWS) 199S Working Paper on Restoration Needs. Habitat Restoration Actions 
to Double Natural Production of Anadromous Fish in the Central Valley of California. Vol. 1 -  3. Prepared for the 
U.S. Fish and Wildlife Service under the direction of the Anadromous Fish Restoration Program Core Group.
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The doubling goal of 66,000 adult Chinook salmon for the lower Yuba River was detennined by 
simply doubling the estimate for each of the variables included in the estimate of natural 
production. 

Hence, the spawning stock escapement (annual spawner abundance) equates to 26,000 adult 
Chinook associated with the CVPIA doubling goal for naturally-produced adult Chinook salmon. 
The remaining 40,000 adult Chinook salmon are categorized as harvest - the total of an average 
annual in-riv r harvest of2,000 adults and an average annual ocean harvest of 38,000 11dulls. 

The only part of the "doubling goal" for th Yuba River Chinook salmon population that the 
YW A VSA Project can address is the escapement component, becaus that is the only 
compon nt of the population that will retum to, hold and spawn in the lower Yuba River. 
Because there is no hatchery on the lower Yuba River, and because YW has no control over 
hatchery operations elsewhere, it is appropriate for ce,tain calculations associated with the 
CVPlA doubling goal to be based on 26,000 in-river spawners, not 66,000 naturally produced 
adults - which includes in-river spawners, in-river harvest and ocean harvest. " atural 
production" does not equate to the annual number of in-river spawning adults. 

sing an in-river Chinook salmon adult spawning value of66,000 would be inco1Tect, because it 
would improperly combine th U1ree different variabl s used in U1e estimat of natural 
production for the lower Yuba River into one number, and U1 n apply that number to one 
component of the population. lf such an incotTect assumption was catTied fotward into 
subsequent estimates of Chinook salmon habitat requirements, then it would produce a gro ·.· 
over-estimate of the juvenile habitat requirements in the lower Yuba River for the Af'RP goal of 
doubling natural Chinook salmon production. 

Therefore, modeling assumptions regarding the number of spawning adults used to estimate the 
amount of juvenile r aring habitat that may be nee ssary in the low r Yuba Riv r should b 
based on 26,000 in-river spawning adults. If habitat quantity objectives to achieve the CVPI 
doubling goal are developed for the VS process, then those habitat-related objectives also 
should be based on a spawning population of 26,000 adult Chinook salmon for the lower Yuba 
River. 

In conclusion, assumptions pertaining to achievement of the CVPlA Chinook Salmon Doubling 
Goal for naturally-produced adult Chinook salmon, and any use of the CVPfA doubling goal in 
the VSA process, should be appropriately based on the spawning stock escapement (annual 
spawner ablmdance) of26,000 adult Chinook salmon for the lower Yuba River. 
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YUBA WATER AGENCY 

VOLUNTARY SETTLEMENT AGREEMENT PROJECT DESCRIPTION 

EXHIBIT 7 

Yuba River Measurement, Monitoring, Adaptive 
Management and Reporting Program 

The proposed fonitoring and Adaptive Management Program (Science Program) would be 
developed and implement d after xecuiion of ih YW A VSA Project. Similar io the approach 
taken for the Yuba Accord River Management Team's (RMT) Monitoring and Evaluation 
(M&E) Program, the Science Program for YW ' s VSA Project would embrace a monjtoring
based adaptive management approach to increa-,e the effectiveness of, and to address the 
scientific uncertainty associated with, specific mon itoring actions and habitat enhancement 
measures. l11e Science Program would include: (a) identification of Yuba River habitat 
enhancem nt goals and objectives; (b) an outline of the management actions that could be 
undertaken to achieve those goals and obj ctives; (c) a clear statement of the metrics and 
indicators by which progress toward achieving goals can be asse sed; (d) identification of 
quantitative (e.g. , conceptual ecological model) and qualitative (e.g., Yuba River Operations 
Model) tools to be used to assess metrics and indicators; and ( e) a description of monitoring and 
evaluation procedures to be used to assess progress . Adaptive managem nt would rely on 
mollitoring, and would involve the development of mechanisms to incorporate monitoring 
results into the decision-making processes that would be used to determine if the goals and 
objectives were being achieved. 

l11e Lower Yuba River Aquatic Monitoring Plan included in YW A's AFL (which was 
developed in coordination with NMFS, SFWS, COFW and the SWRCB), would be used as a 
fotmdation for the Science Program for the YWA VSA Project. l11e Lower Yuba River Aquatic 
Monitoring Plan, which will be implemented when the FERC lie nse for the YRDP is issued, 
identifies procedures to monitor the following: (a) passage of fish by species at Daguerre Point 
Dam year-round; (b) annual spawning population abundance for spring-run Chinook salmon, 
fall-nm Chinook salmon and steelhead; (c) the temporal and spatial distributions and habitat use 
of spawning steelhead upstream and downstream of Daguen-e Point Dam; (d) abundance, size 
and timing of emigrating juvenile salmonids; (e) channel substrate and LWM; and (f) riparian 
vegetation cover and commun ity structure. 
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As agreed to in the FERC relicensing process, YW A, in consultation with the MFS, USFWS, 
CDFW and the SWRCB, would review, update and/or revise, the Lower Yuba River quatic 
Monitoring Plan, as needed, when significant changes in the existing conditions occur, 
including, but not limited to, changes in the listing status of aquatic species and changes in 
recommended sampling technology. 

If necessary, the following framework could be applied to further develop specific Science 
Program components for the YWA. VS!,. Project that are not already addressed in the Lower 
Yuba River quatic Monitoring Plan, which could include: 

• High-level statement (Goals) that provides ov rail conte.11.1 for what a proj ct is trying to 
achieve or accomplish (based on "SMART'' principles). Goals are typically: (a) generic, 
abstract statements of overarching principles that guide decision-making; and (b) 
descriptive, op ·n-ended, and broad statements of desired future conditions that convey a 
purpose, but do not define measurable units. 

• Lower-level statement (Objective) that describes the specific, t:mgible product and 
d liverable that a project will provide (based on "SMART' principles). Objectiv s are 
typically: (a) specific, measurable st ps that can b tak n to meet a Goal; and (b) 
provide th basis for determining strategies, and evalualing the success of strat gies, 
based on Goals. 

• Descriptions of the results and measures of the effectiveness of actions implemented to 
meet objectives (Perfonnance Criteria). Perfonnance indicator. are qualitative or 
quantitative means (standard, mle, or test) of gaging the pe1fo1mance of an action or a 
suite of actions. A perfonnance indicator specifies what is to be measured along a scale 
or dimension. Examples of Performance Criteria for the habit.at enhancement measures 
could include the following: 

o Sufficient availability of suitable juvenile r aring habitat where rearing 
enhancements are implemented, in consideration of parameters such as the 
quantity, distribution, and quality of in-stream cover, shaded riverine aquatic 
habitat, canopy cover, hydraulics, and water temperatures. 

o Changes in channel morphology and changes in use and abundance of juvenile 
salmonids are observed within the intended timeframe. 

o lncreased fitness and densities of juvenile salmonids 111 enhancement reaches 
relative to control reaches. 
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• Specific alues, units of measurement or nanative expressions (Metrics) that would be 
used to describe the reference biological condition corresponding to perfonnance 
indicators. 

• Specific data (Data and Analyses) that would be collected, and data analyses that would 
be pe1for111ed to establish the spatial and temporal scale in which relevant data will be 
collected. 

• An evaluation of the habitat enhancement feature or measure in the field to deten11ine 
whether they were constrncted according to design , and ascertain whether they were 
implemented according to schedule (Implementation Monitoring). 

• An evaluation to deten11ine how well the habitat en]iancement feature or measure 
achieved its desired results, and whether the biological objectives were met 
(Effectiveness Monitoring). 

• A special subset of efl:ectiveness monitoring intended to increase the effectiveness of 
monitoring and management by improving know! dge about the cological system and 
about management techniques (Targeted Studies). Targeted studies may be implemented 
as short-ten11 studies rather than as long-term monitoring. 

• Identify the paramet rs that would be monitored prior to (i.e., pre-project conditions), 
during, and following (i.e. , post-project conditions) implementation of the habitat 
enhancement measures. 

• Identify the physical parameters, including hydraulic parameters (e.g. , water depth and 
velocity), geomorphic (e.g., sub. trate), riparian (e.g. , streamside vegetation) and 
chemical (e.g. , water quality) attributes of the system that would be expected to exhibit 
an observable and quantifiable response to the implemented habitat enhancement 
measures and th expected direction and/or magnitude of anticipated change. 

• Identify the biological parameters that would be expected to exhibit an observable and 
quantifiable response and the expected direction and/or magnitude of change. Changes 
in biological parameters are often measured as secondary responses resulting from 
improved habitat conditions created by physical modifications or enhancements. 

• Criteria for habitat enhancement measure success (e.g., specific measure to detennine 
whether the habitat enhancement measures were designed and implemented according 
to specification., whether objectives for each measure were met, whether target species' 
or lifestage response(s) were achieved, etc.). 
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• Develop a conceptual ecological model that would include: (a) types and number of 
enhanc ment activities; (b) physical actions to be undertaken; (c) ftmctions and values 
that will result; and (d) monitoring activities to be carried out. 

• Identification of comparativ bases, such as th, following: (a) characterize the qu,mtity 
and quality of juvenj]e rearing habitat in habitat enhancement mea<,ure areas and control 
reaches over time; and (b) quantify densities of juvenile salmonids in habitat 
enhancement measure areas and control reaches over time. 

• Estimated cost and duration of monitoring. 

• Contingency plan for corrective actions if cotTective actions do not achieve ecological 
success. 

• A range of management options that would achieve or contribute to achieving the goals 
and objectives. 

• Governance structure and roles (see Section 11 ofthe Project Description). 

Specific procedures for the administration of the would be info,med by the YW A VSA 
governance provisions. 

Specific reporting requirements for presenting monitoring results, evaluating progress toward 
achieving success and determining adaptive management decisions would be identified during 
tl1e d velopment ofth Science Program for the YWA VS Project. 
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YUBA WATER AGENCY 

VOLUNTARY SETTLEMENT AGREEMENT PROJECT DESCRIPTION 

EXHIBIT 8 

Other Provisions of the YWA VSA 

1. Compensation for Supplemental Flow Contribution 
YWA would not receive any compensation for Base Contribution Water (i.e., YWA VS 

Component A Water: the first 9,000 ac-ft per year provided by YWA). Component A Water 
represents YW A's proportionate contribution. 

CDFW and DWR would be responsibl e for paying YW $290 per acre foot for all Supplemental 

Contribution Water (YWA VSA Component. B Water). Compon nt: B Water exceeds YWA's 
proportionate contribution. YW A would be entitled to receive payment within 60 days of making 
Supplemental Contribution Water available under the YWA VSA Proj ect. This payment may be 

fonded through: (1) the Water Purchase Revolving Fund that is being established by CDFW and 
DWR; or (2) other :funding sources that are approved by YW A. 

CDFW and DWR would not seek contributions from, or support charges to, YWA or the YW 

Member nits for the Water Purchase Revolving Fund or any comparable fund established for 
a similar purpose. 

2. Support for YRDP FERC License AFLA 
YW A cannot pe1fon11 its commitments under the YW A VSA Project unles in.stream flow 
requirements of any new FERC license for the YRDP are substantially consistent with YW A's 
Amended Final License Application (AFLA), which was based on the flow requir ments the 
SWRCB added to YWA's water right permits through Correr..:ted Order WR 2008-0014, and 
which hav been proposed in substantially the same fonn in the FERC 's Final Envirorunental 

Impact Statement (FEIS). Comments previously made by the CDFW and SWRCB to FERC in 
the YRDP relicensing process were inconsistent with the Yuba Accord, YWA's AFLA and the 
FERC's FEIS. If new instream flow r·quirements based on these comments were adopted, then 
they would make the proposed YWA VSA approach t.o lower Yuba River flows infeasible. 
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Yuba Accord-based fishery flows were included in the AFL , with only minor modifications. 
The FL specifies tbe proposed regulatory requirements that should be u. ed in implementing 
the Bay-Delta Plan pdate and the new FERC license for the YR.DP. nder the YWA VSA 
Project, COFW and DWR would support the AFLA in YRDP FERC license proceedings and 
other regulatory proceedings. 

CD ·•Wand DWR would not seek any additional requirements beyond those in the AFLA: (1) in 
th ir requests to the SWRCBs for its Cl an Water Act section 401 certification for the FERC 
license for th YRDP; (2) in consultations under the ESA; (3) in any oth r proceedings regarding 
the FERC license for the YRDP; or ( 4) in any SWRCB proceeding regarding YWA's water 
rights. 

pon the effective date of the YWA VS , CDFW and DWR would notify FERC of their 
support for tl1e FL , and COFW would withdraw its pending requests and proposals to FERC 
for additional requirements different from those in the AFLA. 

YWA's requirement to petfonn its obligations under the YWA VSA Project would be subj ect to 
provisions of the new FERC license for the YRDP not being materiall y inconsistent with tl,e 
AFLA. If YW A believes that the any provisions of the new FERC license is materially 
inconsistent wiU1 the YW A VSA Project, then the parties would meet and confer to attempt to 
resolve any such inconsistency. YWA's obligations to p rfonn the VSA would tenninate if the 

new FERC license hm; any requirements that are in addition to or inconsistent with the FEIS. 

3. Consistency of YRDP License and Bay-Delta Plan 
Update Implementation 

YW 's requirement to pe1fom1 its obligations under the YW VS Project would be subject to 
in1plementation of the YW A VSA flow and habitat enhancement measures through amendments 
to the SWRCB's plan of implementation for the Bay-Delta Plan pdate, and not through other 
regulatory proceedings. 

During the term of the YW A VSA Project, YWA imd the YWA Member Units would not be 
requir d to contribute additional water or funds beyond the quantities and amotmls specified in 
th YW A VSA. If the SWRCB, ilirough the Bay-Delta Plan Update or otherwise, or if any other 
regulatory agency, w re to adopt any provisions that would be in addition to, inconsistent with or 
contrary to, the YW VS Project, then the VS would subj ect to tennination or withdrawal by 
YW A as a failure of a condition subsequent to the obligations of the Patties to petfonn their 
respective obligations under the YWA VSA, upon YWA providing 30 days ' notice to the other 

VSA patties. 
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4. Amendment of Yuba Accord WPA 
YW A's requirement to petfonn its obligations under the YWA VSA Project would be subject to 
DWR agreeing to amend the Yuba Accord Water Purchas · Agreement: (l) to extend the term of 
tl1e WP A to be the sam as the t nn of the VSA; (2) to agre to repurpose from potential exp01ts 
to Bay-Delta outflows all Yuba Accord R leas d Transfer Water in April, May and Jun that 
cannot be backed into Lake Oroville or exported by DWR (i.e., that cannot be accounted for as 
Delivered Transfer Water), a these tenns are defmed in the Yuba ccord Water Purchase 
Agreement; and (3) to suppot1 a request by YWA to the SWRCB to extend the period specified 
in the SWRCB's CotTected Order WR 2008-0014 for the authorized place of use, purpose of use 
and points of rediversion for Yuba Transfer Water to equal the te1ms of the amended Yuba 
Accord Water Purchase Agreement and the VSA. 

YWA's requirement to perfonn its obligations under the YWA VSA Project would be subject to 
the SWRCB approving a requ ·st by YW A to extend ilie period specified in the SWRCB's 
Conected Ord r WR 2008-0014 for the authorized place of us , purpose of us and points of 
rediversion for Yuba Transfer Water to equal the tenns of the amended Yuba Accord Water 
Purcha,;;e Agreement and the VS 

YW would not be required to perform its obligations under the YW VS Project if the 
SWRCB or a court with jmisdiction detennines that YWA must obtain approvals or 
authorizations under the Yuba Accord Fisheries Ag1·eement to implement the Flow Measures. 

The Yuba Accord Water Purchase Agreement furthers California law and policy by providing 
suppl mental water supplies in times when they are needed in oth r parts of California. 111 

ability of YWA to continue to provide water supplies under the Yuba ccord Water Purchase 
greement should be preserved during implementation of the Bay-Delta Plan Update and the 

new FERC license for the YRDP. 

5. YWA Contributions for Science Program and Habitat 
Enhancement 

YW 's contributions to the Yuba Watershed Stmctura] Science Fund under the YW VS 
would be on behalf ofYWA and YWA Member Units, and not on behalf of other water users in 
or dive1ters of water from the Yuba River Watershed. 

CDFW and DWR would not seek any contributions from, or regulatory requirements applicable 
to, YW A Member Units for habitat enhancement measures for the purposes described in the 
YWA VSA. 

CDFW and DWR would not seek contributions from. or suppott charges to, YW A or any of its 
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Member nits for the Yuba River Watershed Habitat Enhancement Fund or any comparable 

fond established for a similar putpose_ 

6. No Approval Required under the Yuba River Accord

Fisheries Agreement

CDFW, DWR and YW would agree that implementation of the YW VS Project would not 

require any approval under, or amendment of, the Yuba Accord Fisheries Agreement. 

YW A's obligations to perform the YW A VSA would tenninate if there were any determination 

that imp! mentation of the YWA VSA Project would r quire an approval under, or amendment 

of, the Yuba Accord Fisheri s Agr ment. 
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YUBA WATER AGENCY 

VOLUNTARY SETTLEMENT AGREEMENT PROJECT DESCRIPTION 

EXHIBIT 9 

Guiding Principles for Implementing the YWA 
VSA 

The YW A VSA Project would be implemented and interpreted m accordance with these 
guiding principles: 

1. The Yuba Accord Wat r Purchase Agreement furthers California law and policy 
in providing suppl mental water supplies in tim s of n d to other parts of 
California. The ability of YW to continue to provide such water supplies under 
the Yuba ccord Water Purchase Agreement should be preserved during 

implementation of the Delta Plan Update and the new FERC licens for the 
YRDP. 

2. Contributions to Delta inflows for implementation of the Delta Plan Update from 
the Yuba River watershed should be comparable and proportionate to the 
contributions required of other tributaries in the Sacramento River Basin . YWA 
ha: · provided infonnation to CDFW and DWR that shows that the diversions of 
flow from the Yuba River watershed comprise about 9% of average annual 
Sacramento River Basin diversions. CDFW and DWR would r view this and 
other relevant infonnation to confim1 that the percentage allocation for this 
purpose in the YWA VSA is appropriate. 

3. Contributions to Delta inflow in implementing the Delta Plan Update by major 
diverters of water from the Yuba River watershed should be comparable and 
proportionate to the amotmts of their resp ctive diversions of unimpaired flows 
from 111 Yuba River watershed. YWA has provided infomiation lo DWR and 
CDFW that shows that, based on average diversions for the past 25 years : (a) 
YWA diversions are about one-third of the total Yuba River watershed 
diversions; and (b) the other two-thirds of average diversions are used outside of 
the Yuba River watershed. CDFW and DWR would review this and other 
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relevant infonnation to confinn that the percentage allocation for this purpose in 
the YW VS is appropriate. 

4. Based on YWA 's estimates, YWA 's share of a contribution to Delta in.flow from 
the Sacramento River Basin should be 3% (one-third of 9%). CDFW and DWR 
will review this and other relevant information to confim1 that the percentage 
allocation for this purpose in the YWA VSA is appropriate. 

5. The Base Contribution Water (YWA VA Component Water) that YW 
would provide under the YW VS Project for Delta inflow would be 

comparabl and proportionate to YW A' s proportionate share of the Yuba River 
watersh d's comparabl and proportionate share of a 300,000 acre-foot per y ar 
flow contribution to Delta inflows from the Sacramento River Basin. 

6. Supplemental Contribution Water (YW VA Component B Water) that YW 
would provide under the YW A VW A Project for Delta inflows exceeds YWA 's 
comparable and propo1tionate share of contributions to Delta inflow (i.e ., the 
Base Contribution Water). 

7. YWA's willingness to provide Suppl mental Contribution Water for Delta 
inflow that exceeds what would be YWA's comparable and proportionate share 
of contributions to Delta inflow would not be a precedent for any future 

regulatory proceedings. 

8. YW A cannot perfonn its commitments under this Agreement without adequate 
assurances that th n w FERC license for the YRDP and YWA's water right 
pennits will be consistent with the Final EIS for the new FERC license for the 
YRDP, and that such new FERC license will not impose any additional or 
inconsistent requirements on the YRDP. 

9. Floodplain enhancement and fisheries habitat enhancement measures on the 

Yuba River should be implemented through vohmtary and collaborative actions, 
like those that would be provided for under the YW. VS , rather than as 
regulatory requirements. 
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1.4 American River 
 

1.4.1 Flow and Temperature Measures 
 
Reclamation and the American River parties would manage and supplement environmental flows 
through several components.  The project description set forth below reflects the American River 
agencies’ proposal based on the December 12, 2018 presentation to the SWRCB and detailed follow‐
up discussions with Reclamation.  Details concerning this proposal are subject to further refinement 
as the parties continue their discussions. 
 
Minimum Lower American River Flows and Flow Augmentation.  Reclamation would operate Folsom 
and Nimbus Dams to release minimum flows to the Lower American River as specified by the 
minimum release requirements (MRR) proposed by the Water Forum in 2017. The streamflows 
required by the MRR would range from 500 to 2,000 cfs, based on time of year and annual 
hydrology, would be adopted and implemented in all water years.  The criteria defining the MRR are 
stated in detail in Appendix A‐1.  Reclamation’s water‐right permits for Folsom Dam and Reservoir 
(Permits Nos. 11315 and 11316) would be made subject to the MRR through the Voluntary 
Agreement for that agreement’s term. As described in more detail below, the American River parties 
would augment the flows released from Folsom in certain water year types through groundwater 
substitution, reservoir reoperation and groundwater banking. These flows would contribute water 
for the purpose of testing Delta outflow and other hypotheses.   
 
Folsom Reservoir Storage Management.  In its CVP operational planning and forecasting for all water 
years, Reclamation would use an end‐of‐December Folsom Reservoir storage planning minimum of a 
single value, or a number of values that vary by hydrologic conditions, within a range between 
250,000 and 300,000 acre‐feet (Planning Minimum).  Reclamation would plan to meet or exceed the 
Planning Minimum.  When Reclamation forecasts that it will not be able to meet the Planning 
Minimum in a given year, it will inform an identified representative of the American River parties of 
that forecast within five days and transmit the supporting information and modeling.  The American 
River parties and Reclamation will consult to identify and implement appropriate actions to improve 
forecasted storage, which may include, but not be limited to, the American River parties 
recommending to their respective governing boards that they initiate the first stage of their water 
shortage contingency plans.  Those parties will work together to educate the public on the actions 
that have been agreed upon and implemented and the reasons and basis for them. Reclamation’s 
water‐right permits for Folsom Dam and Reservoir would be made subject to these storage 
management terms, including the Planning Minimum, through the Voluntary Agreement for that 
agreement’s term.  
 
Water Temperature Management.  To seek to maintain water temperatures appropriate for 
salmonids in the Lower American River, Reclamation will continue to operate the Folsom/Nimbus 
Dam complex, in consultation with the American River Group (ARG), as follows: 
 

 Operate the Folsom/Nimbus Dam complex, and the water control shutters at Folsom Dam, 
to maintain, to the maximum extent possible, a daily average water temperature of 65ºF or 
lower at Watt Avenue Bridge from May 15 through October 31 to provide suitable 
conditions for juvenile steelhead (Temperature Target); 

 Adopt an annual water temperature management plan by May 15 of each year; 

 Use the Coldwater Pool Management Model (CPMM) developed by the Water Forum, or a 
replacement that the parties agree is equivalent or better, in developing the plan; 

 If the CPMM indicates that the Temperature Target cannot be met, then Reclamation will 
use the Automated Temperature Selection Procedure (ATSP) developed by the Water 
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Forum, or a tool that the parties have determined is equivalent or better than the ATSP, to 
select that year’s temperature goal at Watt Avenue (Annual Temperature Goal), which may 
be as high as 68ºF; and 

 If, during the May 15‐October 31 period, Reclamation determines that the Annual 
Temperature Goal cannot be met because of limited cold water availability at Folsom 
Reservoir, then Reclamation may propose to adjust that Goal incrementally (no more than 
1ºF every 12 hours) to as high as 68ºF at Watt Avenue. 

 At times, releases from Folsom Reservoir, and lower American River streamflows, may be 
above the MRR due to CVP operations that address conditions or demands outside of the 
American River region.  Reclamation will ramp down those releases and streamflows as 
soon as possible in the fall and maintain the resulting flows, where possible given the CVP’s 
integrated operations and flood‐control operations, through the winter in an effort to 
maximize spring Folsom Reservoir storage for the purpose of developing the largest possible 
annual cold‐water pool.4 

 
The ARG was established in 1996 and is comprised of Reclamation, CDFW, NMFS, the U.S. Fish & 
Wildlife Service and the Water Forum.  The ARG meets at least monthly and more frequently as 
needed.  The ARG’s functions were described in NMFS’s 2009 biological opinion.  
 
Reservoir Reoperation in Above Normal and Below Normal Water Year Types (American Flow 
Contribution 1).  Subject to the commitment of agreed funding, Placer County Water Agency 
(PCWA), El Dorado Irrigation District (EID), Georgetown Divide Public Utility District (GDPUD) and 
Foresthill Public Utility District (FPUD) would reoperate reservoirs that they own and operate 
upstream of Folsom Reservoir to contribute a total of 10,000 acre‐feet per year to augment Lower 
American River and Delta flows in the April‐June period, or a later period determined to be 
biologically preferable in a particular year through the science program, in Above Normal and Below 
Normal water years. Calls for this water may be made in up to six Above Normal or Below Normal 
water years during the 15‐year term of the Voluntary Agreement.  The upstream reservoirs’ 
operations following the reoperations will be subject to reservoir refill criteria so that those 
reoperations do not affect CVP/SWP operations by, in general, requiring that refill occur during 
times that Folsom Reservoir is in flood operations or is passing inflow.  Reclamation will augment 
Lower American River and Delta flows in the April‐June of the applicable years and the reoperations 
will occur in the following months to replenish water that Reclamation releases from Folsom 
Reservoir on a schedule that the parties coordinate and that Reclamation approves.   
 
Groundwater Substitution in Dry and Critical Water Year Types (American Flow Contribution 2). 
Subject to the commitment of agreed funding, the American River parties who can pump 
groundwater, or arrange such pumping, would support augmentation of April‐June Lower American 
River flows, and Delta flows, through the use of 10,000 acre‐feet of groundwater substitution water 
in Critical and Dry water years. Reclamation may release the water after the April‐June period if such 
releases are determined to be biologically preferable through the science program.  The 
groundwater would be pumped: (1) during the April‐June period or, if necessary, within 12 months 
following the date on which the call for water is made, to replenish water released from Folsom 
Reservoir by Reclamation; (2) from the North American or the South American Subbasins; and (3) 
pursuant to the applicable groundwater management plan(s) or, no later than February 2022, 
groundwater sustainability plans.  Calls for this water may be made in up to six Critical or Dry water 
years during the 15‐year term of the Voluntary Agreement. The depletion rates would be 
determined by Reclamation and DWR, in consultation with the American River parties, based on 

                                                            
4 The measures described above were originally imposed in Reasonable and Prudent Alternative Action 
II.2 stated in the National Marine Fisheries Service’s (NMFS) 2009 biological opinion.  The parties agree 
that these measures should be continued, even if the 2009 biological opinion is superseded during the 
term of the VA. 
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local conditions and data developed by the American River parties, or, absent a determination, 
based on technical conclusions. The current depletion rates are at eight percent.  The flow 
contribution would be 10,000 acre‐feet net of calculated depletion. 

Groundwater Bank for Dry and Critical Water Year Types (American Flow Contribution 3).  Subject to 
the commitment of agreed funding, the American River parties who can pump groundwater, or 
arrange such pumping, would support augmentation of April‐June Lower American River flows, and 
Delta flows, up to an additional 20,000 acre‐feet in Critical and Dry water years through 
groundwater substitution made possible by a groundwater bank.  Reclamation may release the 
water after the April‐June period if such releases are determined to be biologically preferable 
through the science program.  The American River parties’ commitment would be 500 acre‐feet per 
each $1 million of funding for new groundwater facilities provided by state bond funding, other 
state funds or other federal funds.  Each increment of 500 acre‐feet would be implemented within 
18 months of the American River parties receiving the commitment of associated $1 million of 
funding.  The groundwater would be pumped: (1) during the April‐June period or, if necessary, 
within 12 months following that period to replenish water released from Folsom Reservoir by 
Reclamation; (2) from the North American or South American Subbasins; and (3) pursuant to the 
applicable groundwater management plan(s) or, no later than February 2022, groundwater 
sustainability plans.  Calls for this water may be made in up to six Critical or Dry water years during 
the 15‐year term of the Voluntary Agreement. The depletion rates would be determined by 
Reclamation and DWR, in consultation with the American River parties, based on local conditions 
and data developed by the American River parties, or, absent a determination, based on technical 
conclusions. The current depletion rates are at eight percent.  The flow contribution would be 
20,000 acre‐feet net of calculated depletion. 

Additional Water in Dry Water Year Types (American Flow Contribution 4). Subject to the 
commitment of agreed funding, the American River parties would support augmentation of Lower 
American River and Delta flows in the April‐June period of up to an additional 10,000 acre‐feet from: 
(1) reservoir reoperation among PCWA, EID, GDPUD or FPUD; (2) groundwater substitution by
American River parties who can pump groundwater, or arrange such pumping; or (3) a combination
of those sources.  Reclamation may release the water after the April‐June period if such releases are
determined to be biologically preferable through the science program.  The sources of this
contribution would depend on the hydrology and related operations in immediately preceding
water years.  Reservoir reoperations to support this flow contribution would be subject to the same
terms as for the base reservoir reoperations described above.  Groundwater substitution to support
this flow contribution would be subject to the same terms as for the base groundwater substitution
described above.

1.4.2 Non‐Flow Measures 

Lower American River Habitat Contributions.  Subject to sufficient funding and the issuance of 
necessary permits, Reclamation, CDFW and the American River parties will ensure that an additional 
50 acres of anadromous fish spawning habitat, and an additional 150 acres of rearing habitat, is 
created in the Lower American River at the most beneficial locations consistent with implementing 
this additional habitat as soon as possible to maximize its biological value.  The map attached as 
Appendix A‐2 depicts the potential locations of these habitat augmentations.  (The map is 
illustrative of the contributions.  Actual locations may change, but provide equivalent value.)  
Maintenance of these habitat contributions following their implementation will be considered as 
potential habitat contributions in later years.  If such maintenance is implemented, the acres of 
maintenance implementation would count toward the total acres for that sort of habitat 
contribution. 
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Nimbus Fish Hatchery Improvements.  By the end of the 15‐year Voluntary Agreement term and 
subject to appropriations, Reclamation will make physical and operational improvements to the 
Nimbus fish hatchery to ensure sufficient production of healthy anadromous fish to meet 
Reclamation’s mitigation spawning requirements associated with Folsom Dam and Reservoir.   
 
American River Science, Governance and Adaptive Management.  In cooperation with state and 
federal agencies, the American River parties and the Water Forum have implemented multiple 
science, governance and adaptive management measures for many years.  These measures would 
continue in order to ensure biologically appropriate management of American River flows, 
temperatures and habitat. 
 
As discussed above and subject to Reclamation’s operational discretion and any applicable biological 
opinion terms, the ARG generally operates by consensus and makes recommendations regarding, 
among other things, potential cold water management alternatives when Reclamation’s forecasting 
indicates that Lower American River temperatures will not meet the Temperature Target.   
 
The “FISH,” or “Fish and Instream Habitat,” group formed in 2000 and consists of: (a) the Water 
Forum, which convenes the group; (b) Reclamation; (c) CDFW; (d) NMFS; (e) USFWS; (f) the 
Sacramento Area Flood Control Agency (SAFCA); and (g) the Sacramento County Parks Department.  
This group establishes priorities for restoration activities and provides feedback on specific proposed 
restoration projects.  This group generally meets quarterly and in public.  Its decisions are made by 
consensus. 
 
The Gravel Design Team formed in about 2006 and consists of: (a) the Water Forum, which 
convenes the group; (b) Reclamation; (c) CDFW; (d) NMFS; (e) USFWS; (f) SAFCA; and (g) the 
Sacramento County Parks Department.  This team selects sites for gravel augmentation projects and 
consults on the details of those projects’ designs.  Decisions are made by consensus.  This team will 
be involved in the selection of projects to implement Lower American River Habitat Contributions 
discussed above.  This team uses existing bodies for public outreach, including the FISH Group and 
the Sacramento County Regional Parks Commission. 
 
The Water Forum’s technical team of hydrologists, fishery biologists and other experts provides 
technical support to all of the American River science and adaptive management groups through 
existing funding arrangements, primarily among the American River parties. 
 

1.4.3 Funding 
 

1.4.3.1 Funding	for	American	River	flow	measures.  
 
Compensation for American Flow Contributions.  The American River parties will be compensated 
for their Flow Contributions above as follows: (A) for American Flow Contributions 1 and 4, by 
payment by Reclamation, DWR or another public source of $290 per acre‐foot of contribution; (B) 
for American Flow Contribution 2, by an up‐front payment of $15 million from a public source; and 
(C) for American Flow Contribution 3, by state bond funds from a bond approved by the voters after 
2014’s Proposition 1, by state funds from other than a bond or federal funds.   
 
Contributions to Water Purchase Program Fund.  Other than pre‐1914 water‐right water delivered 
under a Warren Act contract, the American River parties will contribute, to the water purchase 
program fund or equivalent funding mechanism, $5 per acre‐foot for all water that Reclamation 
delivers to them under a CVP water‐service contract, a CVP repayment contract or a Warren Act 
contract.  In recognition of the American River parties’ longstanding and on‐going financial 
commitments to regional water facilities to reduce reliance on the American River, those parties 
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may make in‐lieu contributions to the water purchase program fund by legally obligating themselves 
to make $5‐per‐acre‐foot contributions to a fund created to support additional regional self‐
reliance.  Disbursements from that fund will not be subject to federal or state budget processes or 
appropriations.  That fund may be used for any legal purpose of the American River parties. 
 

1.4.3.2 Funding	for	American	River	non‐flow	measures	
 
American Spawning Habitat Contribution.  The American River parties and Reclamation will bear 
equal responsibility for funding this habitat contribution (though the parties understand that 
Reclamation's ability to commit funds is subject to applicable legal requirements including 
appropriations).  All parties may seek, and will support the acquisition of, other sources of funding, 
including potential state bond funding. 
 
American Rearing Habitat Contribution.  This contribution will be funded from the Structural Habitat 
Science Fund, from state bond funds, from other public or private sources or from a combination of 
these sources. 
 
Structural Habitat and Science Fund.  The American River parties will contribute $2 per acre‐foot for 
all water they deliver for consumptive use in the American River watershed to the Structural Habitat 
and Science Fund, or an equivalent funding mechanism established to fund habitat and science 
programs under the Voluntary Agreements.  To continue to support the Water Forum’s efforts, 
$1.75 in benefits for each $2 contribution by the American River parties would be returned to the 
American River region for the purpose of funding local science and habitat by Reclamation or other 
state or federal entity that operates the fund, with the remaining $0.25 being directed to Delta 
science and habitat efforts. 
 

1.4.4 Timing 
 

The applicable American River parties’ obligation to make an American Flow Contribution will take 
effect upon the legally‐binding commitment to those parties of the funding source associated with 
that Flow Contribution.  The collective obligation of Reclamation, CDFW and the American River 
parties to implement a given project within American Habitat Contribution 2 will take effect when a 
sufficient source of funding for it is legally bound to be provided for that project. 
 

1.4.5 Expected Outcomes 
 

The actions taken by CDFW, Reclamation and the American River Parties will result in improved 
spawning and rearing conditions for Steelhead and Fall‐run chinook salmon through improvements 
in flow timing, water temperature, physical habitat and hatchery improvements.  In addition, 
additional water provided by the American River Parties and managed by Reclamation at Folsom 
Reservoir will result in additional Spring Delta inflow.   
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1.5 Mokelumne River 
 
The Mokelumne River Parties propose the implementation of an integrated suite of flow and non‐flow 
measures to improve conditions for anadromous fish in the lower Mokelumne River that is balanced 
with maintaining water supply reliability, preserving cold water pool, protecting habitat conditions, and 
improving the Bay‐Delta ecosystem. The Mokelumne River Parties include Amador Water Agency (AWA), 
Calaveras County Water District (CCWD), Calaveras Public Utility District (CPUD), East Bay Municipal 
Utility District (EBMUD), and North San Joaquin Water Conservation District (NSJWCD). 
 
As described in the Draft Baseline for the Proposed Mokelumne River Voluntary Agreement, attached 
hereto as an Appendix, the Mokelumne River has in place a comprehensive fisheries program that 
protects and enhances the fishery resources and ecosystem of the lower Mokelumne River and 
supports Bay‐Delta flows and objectives. This program, established under the 1998 Joint Settlement 
Agreement (JSA) between EBMUD, California Department of Fish & Wildlife (CDFW), and United States 
Fish & Wildlife Service (USFWS), includes participation by the National Marine Fisheries Service (NMFS) 
and a broad stakeholders group. The JSA was approved by the Federal Energy Regulatory Commission 
in 1998 and its flows were adopted by the State Water Board in D‐1641. The JSA requires minimum 
flows in all year types and requires non‐flow measures for fishery purposes. (Please see the Appendix 
for a full description of the Mokelumne River baseline conditions and flows required under all existing 
requirements.) 

 
The Mokelumne River is uniquely situated as a direct tributary to the Delta. Thirty‐seven miles of the 
North Fork and Main Stem of the Mokelumne River between Salt Springs and Pardee Reservoir were 
added to the California Wild and Scenic Rivers System. The Mokelumne River Fish Hatchery provides 
virtually all of the ocean fishery from the San Joaquin Basin, and it accounts for approximately 20% of 

the commercial fishery and 35% of the recreational fishery from all tributaries of the Bay‐Delta.5 During 
the period that the JSA has been implemented, salmon escapement on the Mokelumne River has 
exceeded the doubling goals set forth in the Anadromous Fish Restoration Program (AFRP), 1992 Central 
Valley Project Improvement Act (CVPIA). As part of the State Water Board’s Bay‐Delta Water Quality 
Control Plan (WQCP) Update process, the Mokelumne River Parties propose to increase the existing flow 
requirements and JSA non‐flow measures in a manner that is beneficial to fishery needs and provides 
additional flows to the Bay‐Delta.  
 

1.5.1 Flow Measures 
 

A.1 Measurement, Monitoring, and Reporting 
 
The JSA Partnership Coordinating Committee (CDFW, USFWS, and EBMUD) would develop a compliance 
plan for measurement, monitoring and reporting the block flows in Table 1 below in order to provide 
maximum benefit to fish and wildlife in the Mokelumne River and Bay‐Delta. The plan shall include some 
of the following goals and objectives for evaluation purposes:  (i) consideration of Camanche Reservoir 
and Pardee Reservoir cold water storage, (ii) water temperature below Woodbridge Dam, (iii) the timing, 
magnitude, and protection of flow from other Central Valley systems through the Delta, (iv) Mokelumne 
River percent of redd emergence by date, (v) in‐river temperature projections, migration timing, (vi) 
percent development of anticipated floodplain habitat and required inundation timing, frequency and 
duration.  
 

A.2 VA Flows 

                                                            
5 This is based on the 2017 San Joaquin Basin share of recreational and commercial fishery, and the Chinook salmon stock was 
primarily from the Mokelumne River Fish Hatchery. 



A‐138 
 

 

Table 1 shows the flows proposed by the Mokelumne River Parties in addition to all existing minimum 
flow requirements. 
 

Table 1:  Additional Required Release Above Existing Required Minimum Flows 

 
JSA Year Type 

Normal and 
Above  Below Normal  Dry  Critically Dry 

Total Block Flow  45,000 AF  20,000 AF  10,000 AF  N/A 

Spring Block  
(March through May) 

75‐85% of total 
volume 

75‐85% of total 
volume 

75‐85% of total 
volume  N/A 

Fall Block 
(Sept. through October) 

15‐25% of total 
volume 

15‐25% of total 
volume 

15‐25% of total 
volume  N/A 

Notes: 
If flood control releases on a given day are greater than the daily schedule provided by the JSA Partnership 
Coordinating Committee, then no additional release is required on that day. 
March through October additional VA flow requirements are based on JSA year types determined by water
year unimpaired runoff into Pardee Reservoir. 

 

In years when EBMUD’s March 1st median forecast of Total Combined Pardee and Camanche (P+C) storage 
by End‐of‐September is projected to be less than 350 thousand acre‐feet, then no VA flow requirement 
applies, but JSA‐required flows would be provided. 
In “Critically Dry” years (per JSA definition), no VA flow requirement applies, but JSA‐required flows would 
be provided. 
AF is an abbreviation for acre‐feet and N/A for not applicable. 

 

A.3 VA Flow Impacts Mitigation Measures 
 

a. Amador Water Agency ‐ AWA will provide 2,000 AF per year of its previously conserved water 
supplies for 10 years that could be used by the State to increase instream flows and Delta 
outflows. This flow contribution is inclusive of the flows identified in Table 1. In return, the State 
would provide $5 million in funding to be used for planning and developing a high‐elevation 
water storage and supply project. AWA also would consider extending these water releases 
beyond the ten‐year period on a year by year basis for an amount of compensation to be 
determined and subject to written acknowledgement that any supplies provided after the 10‐
year period are conserved water reserved to AWA for serving planned‐for increase in 
consumptive demands within its service area. The proposed project would capture wet season 
storm water and store that water for use in dryer periods to increase local water supply 
reliability in drought periods, mitigate climate change effects, increase the available cold water 
pool in upstream reservoirs, and to increase opportunities for conjunctive use projects to 
improve the health of groundwater basins within the Mokelumne River watershed. The 
Mokelumne Watershed Interregional Sustainability Evaluation (MokeWISE) study would provide 
the source of preferred projects to be considered. MokeWISE identified and evaluated 
alternatives to optimize water resource management projects within the Mokelumne River 
watershed and the final report was broadly supported by water suppliers, non‐governmental 
organizations, and local governmental agencies. AWA may partner with other water purveyors in 
development of this project and collectively would contribute 20% of the water developed by 
any project that is finally approved and can be funded and constructed for dedicated instream 
flows and Delta outflows with timing and rates of releases to be determined by resource 
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agencies within defined use periods. These contributed instream flows and Delta outflows from 
a constructed project would be in addition to dedicated flows in Table 1 above.   

 
b. North San Joaquin Water Conservation District – The VA will reduce the water available to 

NSJWCD and adversely impact NSJWCD’s ability to conjunctively manage surface and 
groundwater supplies to correct conditions of groundwater overdraft. NSJWCD will contribute 
the adverse impact on its water supply to facilitate the VA provided that the dedicated flows in 
Table 1 shall fully satisfy Term 18 of Permit 10477 during the term of the VA such that NSJWCD 
will not have to further dedicate a portion of its available Permit 10477 supplies when JSA and 
Table 1 flows are satisfied. NSJWCD will develop groundwater recharge projects to maximize the 
use of surface water during wetter years to offset the impacts of the VA and improve 
groundwater overdraft conditions. The State will agree to provide $5M in funding toward the 
cost of these facilities. NSJWCD will bear all costs to operate and maintain the facilities. 
 

c. East Bay Municipal Utility District ‐ EBMUD would purchase and install 1,500 to 2,000 acoustic 
leak detection devices in its treated water distribution system. These devices will substantially 
increase an existing leak detection system. EBMUD would use the information from these 
devices to detect and repair distribution system water leaks thereby offsetting a portion of the 
additional flow measures noted in Table 1. The State would agree to fund purchase and 
installation of the devices at a one‐time cost of $15 million. EBMUD would bear all costs to 
operate and maintain the devices and for leak repairs.  

 

1.5.2 Non‐Flow Measures 
 
The non‐flow measures contained within the Mokelumne VA include a variety of habitat improvement 
and enhancement projects, along with measure to improve survival, genetics, and science related to 
salmonid resources. The measures will also improve habitats and outcomes for native species within the 
river corridor. The non‐flow component of the proposal is delineated into four main categories designed 
to address rearing habitat, migration habitat and hatchery management, spawning habitat, and research 
and monitoring.  
 

B.1 Condition 1: Rearing Habitat 
 

a. Measure 1A: Creation of Floodplain Habitat 
 
Project Description: EBMUD has direct access to, and would  commit to creating, approximately 10 acres 
of juvenile fish rearing habitat (in the form of functional floodplain and side channel habitat) in the first 
two river miles below Camanche Dam in the Mokelumne River Day Use Area over the next 5 years. 
Floodplain habitat and side channels would  be created by reconnecting isolated pits formed by 
hydraulic mining and redistributed fines to encourage riparian plant species recruitment.   
 
An additional 50 acres of seasonal floodplain habitat creation has also been identified within the first 
seven miles of the Lower Mokelumne River (LMR). Restoration of the 50 acres is contingent on willing 
landowners and permitting support from the CDFW. Upon execution of the VA, EBMUD will immediately 
commit to finding willing landowners and appropriate habitats to restore at least 50 acres on the LMR 
between Camanche Dam (RM 64) and Lodi Lake (RM 39).  
 
Seasonal floodplain habitats will be constructed to meet timing, duration and frequency criteria based 
on supporting the progeny from a doubling target of 5,580 (60% of the 9,300 AFRP target): 
 
1.  February 1 – May 31, targeting March‐April when juvenile population is highest in the river. 
2.  Minimum of 15 days, targeting 18 days for optimal growth potential 
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3.  Inundation recurrence is two of every three years 
 
Floodplain duration criteria cannot be met in Dry or Critically Dry years, but the flow proposal provides 
enough flow for late season pulses to encourage emigration of juveniles in Dry years. 
 
Monitoring: Short‐term (objective specific) and long‐term (population scale) monitoring would  be used 
to help evaluate the success of juvenile rearing habitat restoration projects. Objective specific 
monitoring will assess the function and biological use of restored floodplain habitats. Topography 
surveys, 2D hydrodynamic modeling, and juvenile fish monitoring would  be performed before and after 
restoration takes place. To assess differences in primary production and invertebrate colonization, fish 
diet samples would  be taken and compared between in‐channel and newly created floodplain habitats. 
Rotary screw traps would be used to assess population scale trends and would be operated from 
December through June, as has been done since the early 1990s, to determine the abundance, timing 
and size of outmigrating juvenile salmonids. 
 
Permitting: The following permits will be required to successfully implement juvenile salmonid rearing 
habitat restoration projects on the LMR: Water quality certification from the California Regional Water 
Quality Control Board pursuant to Section 401 of the Clean Water Act, Streambed Alteration Agreement 
from the California Department of Fish and Wildlife pursuant to section 1601/03 of the California Fish 
and Wildlife Code, Mitigated Negative Declaration and Notice of Determination pursuant to section 
15074 of the California Environmental Quality Act, Environmental Assessment pursuant to section 
102(2)(c) of the National Environmental Policy Act , Compliance with Section 106 of the National Historic 
Preservation Act, Concurrence from the National Marine Fisheries Service that the project is not likely to 
adversely affect the Central Valley steelhead, Central Valley spring run, fall/late fall‐run, or winter run 
Chinook salmon. In addition, EBMUD currently holds a scientific collecting entity permit (SC‐2990) and an 
ESA Section 10(a)(1)(A) permit for steelhead (17761) and delta smelt (TE‐040541‐6), which are required 
for fisheries monitoring on the LMR. EBMUD also maintains positive working relationships with 
landowners and irrigators on the LMR, who provide access for LMR fisheries monitoring and potential 
restoration activities. 
 
Life Stage: Rearing 
 
Stressor: Lack of suitable rearing habitat, food production 
 
Timeline: In years 1‐5, ten acres of floodplain restoration in the upper two miles of the LMR: In years 5‐
10, additional 10 acres in the reach between Hwy 88 and Mackville Rd; and in years 10‐15, an additional 
40 acres in the reach between Mackville Rd and Elliott Rd will be targeted. 
 
Quantity: 60 acres 
 

b. Measure 1B: Identification of Predation Hotspots and 
Management Strategies to Reduce Impacts 

 
Project Description: This project is the identification of predation hotspots and management strategies 
to reduce impacts of high predator‐ prey contact rates. Actions include enhanced take of predatory 
species through angling opportunities, removal of predatory species for research, and habitat 
restoration. This item would be addressed through a cumulative effects analysis which includes 
assessment of the following: (1) hardened structures that may increase predator prey contact rates 
(dams, bridge abutments, docks, river pumps, etc.); (2) quantity, quality, and location of predator habitat 
in the LMR from Camanche Dam to the Delta North and South Forks; (3) predator movement within the 
LMR using acoustic telemetry, and (4) long‐term fish community data. 
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Actions already initiated:  
1.  EBMUD is currently partnering with Metropolitan Water District (MWD), NMFS, and USFWS on a 
predation contact points Charter under CVPIA SIT process. MWD will be assessing predator prey 
interactions in Delta and tributary habitats using PERS (predation event recorders) and the Mokelumne 
will be used to represent tributary level interactions.  
2.  EBMUD has 2 years of predator acoustic tagging with Vemco V‐7s and V‐9s and is currently 
assessing predator movements in the non‐tidal reaches of the LMR. 
 
Life Stage: Rearing, Migration 
 
Stressor: Predation 
 
Monitoring:  EBMUD currently conducts quarterly fish community assessments on the LMR from 
Camanche Dam to the confluence with the San Joaquin. EBMUD has initiated data collection from 
stationary acoustic receivers. Additional monitoring required would include budget and staff for mobile 
tracking predator movements and locations on a monthly basis. Completion of habitat and hardened 
structures analysis needs to occur. Evaluation would compare the long term population abundance 
estimates pre‐action versus post‐action based on rotary screw trap estimates.  
 
Timeline: Evaluation in years 1‐2; actions to address results annually beginning subsequently 
 

c. Measure 1C: Screen and/or modify 5‐10 high priority irrigation diversions 
 
Project Description: Juvenile anadromous fishes may encounter up to 76 water diversions during their 
outmigration from the uppermost reaches of the LMR (RM 63) to the tidally influenced LMR (RM 29). 
The majority of these pumps is located in the upper reaches of the LMR, above Lodi Lake (RM 39), and 
many lack screens or have dilapidated screens.  
 
Currently, EBMUD has an active Charter within the CVPIA to prioritize unscreened diversions on the 
Mokelumne River based on their volume, timing, and location to determine which projects would 
provide the best fish protection. EBMUD and USFWS created a model that ranks and determines the 
LMR diversions that warrant screening and/or modifications based on operation timing, size, and fish 
presence.  
 
Under the existing Charter, EBMUD and USFWS would modify and/or screen the three highest priority 
LMR diversions (having landowner support) with appropriate materials from 2019 to 2022. An additional 
two to seven diversions would be modified and/or screened contingent on landowner interest and 
support. The cost of each project is estimated at $200,000. 
 
Monitoring: A combination of short‐term (objective specific) and long‐term (population scale) 
monitoring would be used to help evaluate the success of screening and/or modifying 5‐ 10 high priority 
diversions. Objective specific monitoring would assess the efficacy of each diversion modification with 
respect to juvenile fish losses and/or entrainment. Site specific monitoring would be performed before 
and after each modification takes place using hatchery fish releases. Rotary Screw traps will be used to 
assess population scale trends and operated from December through June to determine the abundance, 
timing and size of outmigrating juvenile salmonids. 
 
Permitting: The following permits will be required to successfully implement 5‐10 diversion screening 
projects on the LMR: Water quality certification from the California Regional Water Quality Control 
Board pursuant to Section 401 of the Clean Water Act, Streambed Alteration Agreement from the 
California Department of Fish and Wildlife pursuant to section 1601/03 of the California Fish and Wildlife 
Code, Mitigated Negative Declaration and Notice of Determination pursuant to section 15074 of the 



A‐142 
 

California Environmental Quality Act, Environmental Assessment pursuant to section 102(2)(c) of the 
National Environmental Policy Act , Compliance with Section 106 of the National Historic Preservation 
Act, Concurrence from the National Marine Fisheries Service that the project is not likely to adversely 
affect the Central Valley steelhead, Central Valley spring run, fall/late fall‐run, or winter run Chinook 
salmon. In addition, EBMUD currently holds a scientific collecting entity permit (SC‐2990) and an ESA 
Section 10(a)(1)(A) permit for steelhead (17761) and delta smelt (TE‐040541‐6), which are required for 
fisheries monitoring on the LMR. EBMUD also maintains positive working relationships with landowners 
and irrigators on the LMR, who provide access for LMR fisheries monitoring and potential restoration 
activities. 
 
Life Stage: Rearing, Migration 
 
Stressor: Lack of suitable migration conditions 
 
Timeline: Years 1‐5 three high priority diversions would be screened under the current USFWS charter; 
years 5‐15 one project every other year would be targeted to reach the 10 diversion screen goal.  
 

B.2 Condition 2: Migration Habitat and Hatchery 
 

a. Measure 2A: Marking and Tagging Hatchery Production and related 
infrastructure improvements 

 

Project Description: the Hatchery Scientific Review Group (HSRG) 2012 report identifies a standard for a 
Chinook salmon marking and tagging program through hatchery operations that determines all releases 
should be 100 percent CWT and 25 percent adipose fin‐clipped.  This non‐flow measure provides a 
commitment for the Mokelumne Fish Hatchery to meet this standard. This measure also includes the 
capital appropriations for infrastructure to implement the action, including the purchase and O&M of 
one or more additional tagging trailers, and coded wire tags. Additional staffing by CDFW may be needed 
in addition to infrastructure improvements to achieve implementation.  
 
Life Stage: Adult Migration, Spawning 
 
Monitoring: Monitoring programs for Chinook salmon would allow for estimation of the following on an 
annual basis.   
 

1) Total recreational and commercial ocean harvest, and harvest of hatchery‐origin fish at the age‐, 
stock‐, and release group‐specific (CWT) level, 

2) Total freshwater harvest, and harvest of hatchery‐origin fish at the age‐, stock‐, and release 
group‐specific (CWT) level, 

3) Total returns (hatchery ‐and natural‐origin) to hatchery, and returns at the age‐, stock‐ and 
release group‐specific (CWT) level, 

4) Age composition of hatchery returns, 
5) Total escapement by tributary and by species/run, 
6) Proportion of hatchery‐origin fish among natural area spawners (pHOS) by tributary and at age‐, 

stock‐, and release group‐specific (CWT) level, 
7) Age composition of individual tributaries important for natural production. 

 
Use tag recovery data and cohort reconstruction (cohort analysis) methods to estimate the 
following quantities: 

 
•  Brood survival from release to ocean age‐2 at the release group‐specific (CWT) level, 
•  Brood maturation schedule (age‐specific conditional maturation probabilities) at the 
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release group‐specific (CWT) level, 
•  Straying and geographic distribution of stray hatchery‐origin fish at the release group‐

specific (CWT) level, 
•  Age‐specific ocean and freshwater fishery contributions and exploitation rates at the 

release group‐specific (CWT) level. 
 
Stressor: Contribution rates of natural and hatchery fish 
 
Timeline: Years 1‐3 will target infrastructure improvements necessary to accommodate increased 
mark/tag rates; years 4 ‐15 implementation of 100% mark and 25% tag will occur. 
 

b. Measure 2B: Completion and Implementation of the Hatchery Genetics 
Management Plan 

 
Project Description: This measure would ensure the timely completion and submittal of the Hatchery 
Genetics Management Plan (HGMP) to National Marine Fisheries Service to ensure proper coverage for, 
and to guide, ongoing hatchery actions for fall run Chinook salmon and Central Valley steelhead.  
 
Life Stage: Spawning 
 
Stressor: Hatchery 
 
Timeline: Fall run Chinook HGMP – years 1‐2; Mokelumne River Central Valley Steelhead HGMP – years 
3‐5 

Timeline: Fall run Chinook HGMP – years 1‐2; Mokelumne River Central Valley 
Steelhead HGMP – years 3‐5 

 

c. Measure 2C: Hatchery Improvement Program 
 

Project Description: The Mokelumne River Fish Hatchery was substantially rebuilt in 2003. At 
that time, a $13 million rebuild increased raceway capacity, incubation capacity, provided 
chillers to improve water temperature, and sand and UV filtration to improve water quality 
into the facility. With the addition of increases to marking/tagging rates, prospective 
increases in steelhead population size, and a potential need for more rearing space to provide 
more juvenile Chinook based on release location changes recommended in the Hatchery 
Scientific Review Group (HSRG) report (2012), there is the potential need for more capital 
infrastructure improvements to the existing facility. Moreover, specific improvements may be 
needed to support efforts related to moving anadromous salmonids up stream of rim dams 
(including Camanche/Pardee). This measure would include identification, selection, and 
implementation of infrastructure improvements to achieve the goals described above, in 
collaboration with CFDW. 

 
Life Stage: Adult Spawning, Incubation, Rearing 

 

Stressor: Hatchery 
 

Timeline: 0‐5 years 
 

d. Measure 2D: Implement and Evaluate Optimized Release Program 
 

Project Description: Barging provides an alternative and interim release strategy that may 
help to reduce hatchery stray rates associated with net pen releases, as well as improve 
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adult returns of natural origin fish during dry and critically dry years. Barging allows fish to 
avoid the issues associated with water quality, disorientation, and predation in the Delta 
while still allowing fish to imprint on the chemical signatures of the water from their basin of 
origin. A monitoring program would be developed to provide an evaluation of juvenile 
Mokelumne River Chinook salmon survival and straying rates over the life of this agreement. 
An adaptive management framework would be used to phase out alternative release 
strategies in support of in river releases, once parties agree that sufficient improvements in 
environmental conditions exist to sustain a healthy natural and hatchery population. 

 

The primary objectives of this measure are the following: 
 

1) Achieve a trend of decreasing stray rates of hatchery origin Mokelumne 
Chinook salmon over the period of the effort, or term of the VA whichever 
comes first. 

2) Maintain abundance of hatchery origin Mokelumne Chinook salmon from a 
predetermined baseline to be set by the VA parties. 

3) Improve abundance of Mokelumne Chinook salmon to support the 
Mokelumne River natural production goals identified in the VA. 

 

This measure includes the construction and operation of one self‐powered Barge Platform. The design 
would accommodate approximately 200,000 salmon smolts per barge trip. The measure would barge up 
to one million of the 3.4 million mitigation Chinook salmon produced at MRFH. In critically dry years, the 
measure updates Section 7 of the JSA regarding the trapping and 
transporting of salmonids by instead barging up to 25% of the naturally produced Chinook salmon 
smolts. 
 
Life Stage: Migration 
 

Stressor: Lack of suitable migration conditions 
 

Timeline: year 1‐3 infrastructure and capital costs to develop equipment needed to implement program. 
Years 3‐15 hatchery fish in all years; natural fish in dry and critically dry only. This would commence 
when infrastructure and funding are in place. 
 

B.3 Condition 3: Spawning Habitat 
 

a. Measure 3A: Gravel Enhancement Maintenance Program 
 

Project Description: Reach‐scale restoration of the LMR began over a decade ago, in the upper one‐mile 
reach of the river (SHIRA reach), just downstream of Camanche Dam. Rehabilitation to the river’s 
longitudinal profile raised the river bed elevation to pre‐dam conditions, expanded and improved 
salmonid spawning habitat, and increased bed slope and floodplain connectivity.  
 
It is estimated that an annual injection of 500‐1,000 cubic yard of gravel will be needed to maintain the 
reach, variable water year types and resulting river flows may require more or less than the 
recommended quantity. This measure would include the injection of the needed quantity of gravel, and 
resurveying every 3‐5 years to determine loss of sediment over time. 
 
Monitoring: Short‐term (objective specific) and long‐term (population scale) monitoring would be used 
to help evaluate the success of long‐term maintenance of the restoration reach. River bathymetry 
surveys after high flow events to monitor scour and deposition and long term suitability, salmonid redd 
surveys to monitor use, and rotary screw traps would be used to assess population productions.  
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Permitting: The following permits will be required to successfully implement long‐term maintenance of 
the restoration reach: Water quality certification from the California Regional Water Quality Control 
Board pursuant to Section 401 of the Clean Water Act, Streambed Alteration Agreement from the 
California Department of Fish and Wildlife pursuant to section 1601/03 of the California Fish and Wildlife 
Code, Mitigated Negative Declaration and Notice of Determination pursuant to section 15074 of the 
California Environmental Quality Act, Environmental Assessment pursuant to section 102(2)(c) of the 
National Environmental Policy Act , Compliance with Section 106 of the National Historic Preservation 
Act, Concurrence from the National Marine Fisheries Service that the project is not likely to adversely 
affect the Central Valley steelhead, Central Valley spring run, fall/late fall‐run, or winter run Chinook 
salmon. In addition, EBMUD currently holds a scientific collecting entity permit (SC‐2990) and an ESA 
Section 10(a)(1)(A) permit for steelhead (17761) and delta smelt (TE‐040541‐6), which are required for 
fisheries monitoring on the LMR. EBMUD also maintains positive working relationships with landowners 
and irrigators on the LMR, who provide access for LMR fisheries monitoring and potential restoration 
activities. 
 
Life Stage: Spawning, Incubation 
 
Stressor: Lack of suitable substrate 
 
Timeline: Annual placement of 500‐1,000 cubic yard of spawning gravel in the upper reach of the LMR in 
years 1‐15 
 
Quantity: 500‐1,000 cubic yards 
 

b. Measure 3B: Gravel Augmentation Program 
 
The CVPIA doubling goal for the Mokelumne River is 9,300 spawners. Based on a 40% hatchery 
proportion (60% natural production), the goal for the river is 5,580 spawners. Using 

https://flowwest.shinyapps.io/rearing-habitat , the visualization tool utilizing data compiled as part of 
the CVPIA Science Integration Team data (representing the best available data for the Mokelumne 
River), the following criteria were established. The total acreage needed to support 5,580 adult 
spawners is 8.55 acres, and the Mokelumne River already provides 11.94 acres.  Due to 20+ years of 
gravel augmentation, the Mokelumne River is not limiting for spawning habitat. 
 
Project Description: While the quantity of habitat is not limiting, this measure would improve the spatial 
distribution of spawning in the Mokelumne River by restoring up to four individual sites downstream of 
the Mokelumne River Day Use Area. Restoration of additional sites is contingent on willing landowners 
and permitting support from the CDFW. Some sites, previously restored over 10 years ago, may continue 
to have landowner support and likely require maintenance or even re‐establishment. These sites include 
the following locations: 2002 Hogwire Island (RM 62.5), 1996 Enhancement (RM 59.5), 1997 Below 
Mackville Rd. (RM 58.9), and 1998 George Reed (RM 58). 
 
Monitoring: Short‐term (objective specific) and long‐term (population scale) monitoring would be used 
to help evaluate the success of long‐term maintenance of the restoration reach. River bathymetry 
surveys pre and post restoration would feed a 2D hydraulic model for suitability, salmonid redd surveys 
to monitor use, and rotary screw traps would be used to assess population productions.  
 
Permitting: The following permits will be required to successfully implement long‐term maintenance of 
the restoration reach: Water quality certification from the California Regional Water Quality Control 
Board pursuant to Section 401 of the Clean Water Act, Streambed Alteration Agreement from the 
California Department of Fish and Wildlife pursuant to section 1601/03 of the California Fish and Wildlife 
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Code, Mitigated Negative Declaration and Notice of Determination pursuant to section 15074 of the 
California Environmental Quality Act, Environmental Assessment pursuant to section 102(2)(c) of the 
National Environmental Policy Act, Compliance with Section 106 of the National Historic Preservation 
Act, Concurrence from the National Marine Fisheries Service that the project is not likely to adversely 
affect the Central Valley steelhead, Central Valley spring run, fall/late fall‐run, or winter run Chinook 
salmon. In addition, EBMUD currently holds a scientific collecting entity permit (SC‐2990) and an ESA 
Section 10(a)(1)(A) permit for steelhead (17761) and delta smelt (TE‐040541‐6), which are required for 
fisheries monitoring on the LMR. EBMUD also maintains positive working relationships with landowners 
and irrigators on the LMR, who provide access for LMR fisheries monitoring and potential restoration 
activities. 
 
Life Stage: Spawning, Incubation 
 
Stressor: Lack of suitable migration conditions 
 
Timeline: Target of 1‐2 projects every 5 years of the VA to a maximum of 4 projects total 
 
Quantity: 500‐1,000 cubic yards per project 
 

B.4 Condition 4: Research and Monitoring 
 

a. Measure 4A: Fish Community Assessment 
 

Project Description: EBMUD continues to monitor the relationship between fish assemblages 
and physical and biological parameters. The goal of this monitoring is to facilitate 
management actions (flow and non‐flow) that support healthy native fish populations in the 
LMR. Previous reports have described the abundance, richness and diversity of native and 
introduced fish species occurring seasonally and habitat associations of these fish species 
within the LMR. In addition, fish community sampling events have and continue to provide 
opportunities to collect fish for diet analyses, predation studies, and/or assist other state, 
federal, and academic researchers. This ongoing work expands on the requirements of the 
JSA. Under this measure, EBMUD would commit to continue this work for the duration of the 
VA. 

 

Monitoring: Electrofishing surveys within the six reaches of the LMR (through the Delta 
Forks) currently and would continue to take place on a quarterly basis. The six reaches are 
separated based on stream confluences, gradient, tidal influence, and substrate 
characteristics: 

 
1) Reach I (Mokelumne River Mouth to Cosumnes River confluence), RM 0‐23.3 
2) Reach II (Cosumnes River confluence to Woodbridge Irrigation District Dam), RM 23.3‐

38.6 
3) Reach III (Woodbridge Irrigation District Dam to Highway 99), RM 38.6‐43 
4) Reach IV (Highway 99 to Elliott Road), RM 43‐53.5 
5) Reach V (Elliott Road to Mackville Road), RM 53.5‐59 
6) Reach VI (Mackville Road to Camanche Dam), RM 59‐64 

 
The sample areas would include historic and intermittent sites. Selected deep and swift 
water habitats are sampled with a Smith‐Root SR‐18E electrofishing boat. Data will be 
analyzed in five year increments or longer to assess population trends and their relationship 
with environmental parameters. 
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Permitting: EBMUD currently holds all permits required for fisheries monitoring on the LMR. 
This includes a scientific collecting entity permit (SC‐2990) and an ESA Section 10(a)(1)(A) 
permit for steelhead (17761) and delta smelt (TE‐040541‐6). EBMUD also maintains positive 
working relationships with many landowners on the LMR, who frequently provide access for 
LMR fisheries monitoring. 

 

Life Stage: All 
 

Stressor: 

Ecosystem 

Health Timeline: 

Annual 

b. Measure 4B: Steelhead Population Assessment 
 

Project Description: We would commit to Passive Integrated Transponder (PIT) tag 
evaluations to monitor O. mykiss populations, pursue additional locations for stationary PIT 
tag array placements, and continue to collaborate with CDFW, and NMFS to improve 
conditions for O. mykiss and their population structure. 

 
Monitoring: PIT tagging would be conducted on natural O. mykiss during quarterly fish 
community monitoring. Data collected would be used to determine site fidelity, annual 
growth rates, population demographics, incorporation of natural fish into the hatchery 
population. In the hatchery, genetic monitoring of the O. mykiss population is currently 
being planned and coordinated with NMFS Southwest Science Center. 

 

Life Stage: All 
 

Stressor: Minimal anadromy and small 

population size Timeline: 1‐15 years, 

annually 

1.5.3 Independent Assessment of the Proposed Mokelumne River VA 
 
The Mokelumne River VA Proposal was evaluated by FlowWest Analytics at the direction of the California 
Department of Fish & Wildlife. FlowWest assessed how the VA measures support habitat quantity and 
quality required to maintain the natural production component of the CVPIA doubling goal population 
target.  Based on the criteria set forth in FlowWest’s Shiny App, FlowWest determined the following as to 
the Mokelumne River VA flow and non‐flow measures:  

 The lower Mokelumne River currently has sufficient spawning habitat to support the natural 
production of the doubling goal, but the VA non‐flow measures will further improve the quality 
of existing spawning habitat and create new habitat. 

 Instream juvenile rearing habitat is currently not sufficient to support the progeny of the 
doubling target natural production. To address this, the VA non‐flow measures would increase 
the quantity and quality of instream rearing habitat. 

 Floodplain habitat limitations can be met with the VA flow measures alone, however the VA 
non‐flow measures will create additional floodplain habitat. 
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1.5.4 Agreement Term 
 
The VA shall have a term of fifteen (15) years. Upon execution of a final VA, the parties agree to 
expeditiously implement the terms of said VA. However, the VA will provide that the following 
conditions will suspend the additional flow requirements in Table 1 until such time as the parties 
reconvene to reconsider those measures and mutually agree upon replacement measures: 

 
1. Any action by the SWRCB, other state or federal authority or court of law, which suspends or 

cancels the current WQCP Update process, thereby suspending or cancelling the need for an 
agreement which substitutes for that process; 

 
2. Any action by the SWRCB, other state of federal authority or court of law, which would allow the 

additional flow measures identified in Table 1 to be diverted by another party or result in a 
reduced Delta outflow obligation of another party. 
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1.5.5 Mokelumne River Appendices 

APPENDIX 

DRAFT BASELINE 
PROPOSED MOKELUMNE RIVER VOLUNTARY AGREEMENT 

February 26, 2019 

I. Background 

The Mokelumne River is a relatively smal l Eastside river that is directly tributary to the Delta. It 
comprises 1.5% of the total D !ta watershed and 2.5% of the average unimpaired flow into th 
San Francisco Bay/Sacramento-San Joaquin Delta Estua1y ·n1e Mokelumne River serves a 
variety of uses, including agriculture, fisheries, hydropower, recreation, and municipal and 
industrial use. Fig11re I provides a general overview of the Mokelumne River diversions, releases 
and losses and conceptually illustrates how the river 's flow is allocated among the various users 
and uses. 

TI1e State Water Board explicitly addressed the Mokelumne River's existing uses and obligation 
to release water to b nefit the Bay-Delta in its Decision 1641 (D-1641). ln that decision, the 
State Water Board expressly modifi ed EBMUD's Mokelumne River wat r rights to require the 
re lease of specified quantities of water year-round, in all y ar typ s. 11 also modifi ed the rights 
of Woodbridge lnigation District (WID) and 01th San Joaquin Water Conse1vation District 

SJ\:VCD) to ensure the water was bypassed and allowed to flow into the Bay-Delta. TI1e 
context within which tl1e State Water Board made these D-1641 detenninations, and the 
detenninations themselves, fonn a key underlying baseline for the Board's current cm1sideration 
of updating the Bay-Delta Plan as it applies to the Mokelumne River. 

II. Overview of Mokclumne River Hydrology 

The upper Mokelumne River watershed lies on the western slope of the Sierra evada in Alpine, 
Amador, and Calaveras Counties. The watershed feeding into EBMUD's storage faciliti s covers 
an area of 627 square miles and extends from the peak of Round Top ( el vation 10,364 fi et) n ar 
the crest of the Sie1rn Nevada to Camanche Reservoir (elevation 235 feet) located in the lower 
western foothills near Clements. Most of the watershed is forested land within the El Dorado and 
Stanislaus ational Forests. TI1e lower Mokelumne River watershed, downstream of Camanche 
Dam, is locat din the C ntral Vall y and th Sacram nto-San Joaquin Delta (Delta) in San 
Joaquin and Sacramento Counties. Downstream of Camanche Dam the ri ver nms southwesterly 
through Lodi and then northwesterly until it is joined by the Cosumnes River. It then enters the 
Delta, splitting into the orth and South Fork channels near the Delta Cross Channel. 

Annual pr cipilation and stream.flow in th Mokelumne River wat rsh d a.-e e."1:rem ly variabl 
from month to month and from year to year. Most precipitation normally falls between 
November and May, and very little falls between late spring and late fall. Peak flows in the 
Mokelumne River nonnally occur during winter stonns or during the spring snow-melt st:ason 
from March through June. TI1ese flows decrease to a minimum in late summer and fall, and in 

1 
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some years, natural unimpaired flows into Pardee Reservoir in late summer and fall may be 
minimal to non-existent. 

Variations in rainfall and mnoffhave a major effect on the ability to manage Mokelumne River 
water supply during nonnal and drought-year conditions. Figure 2 demonstrates natural 
Mokelumne River runoff by water year, illustrating the wide variability in runoff. Long-term 
av rage unimpaired flow equals 734 thousand acre-feet (T F) during th last 97 years, and has 
rang d from a high of l , 929 T F to a low of 129 TAF. 

III. Ei-isting Conditions 

A. Mokelwnne River Ei-isting Flow Release Requirements 

Current flows for Mok lumn Riv r fish ry protection and Bay-Delta inflow consist of the 
fo llowing release requirements: 

.1 TI1e Joint Settlem nt Agreement 

In 1998, EBM D entered into a long-tenn partnership with the CDFW and USFWS by 
entering the Joint Settlement Agreement (JSA) for the Mokelumne River. Its purpose is to 
protect and enhance conditions for the anadrornous fish population and the associated 
ecosystem ofth lower Moke]umn Ri v r while simultaneously prot cting BMUD's Lower 
Mokelumne River Project as a reliable, high-quality water supply for £BM D. Following 
completion of processes under the Endangered Species Act by USFWS and MFS, the 
Federal Energy Regulatory Commission (FERC) issued its Order Approving Settlement 
Agreement and Amending License on November 27, 1998, amending EBM D's FERC 
License for its Mokelumne Project (FERC Project o. 2916) by requiring EBMUD to meet 
the .IS . 

As specified in the JSA, EBMUD, .S. Fish and Wildlife Service and California Deprutment 
of Fish and Wildlife established the Lower Mokelumne River Paitnership (Partnership) in 
1998 and each agency has paiticipated in an ammal meeting to measure the success of the 
JS Oow requirements, non-flow measures and other action~ pursuant to implementation of 
the .JSA. TI1 Partn rship also stablished the Pa,-tnership Coordinating Committee consisting 
o.ftec\mica] representatives of each agency that meets semiannuall y to ensure timely 
implementation of the measures identified in the JS .A. 

111e provisions of the JS build upon and xpand on som of the r quirem nts ofth prior 
agreement with CDFW (The 1961 Agreement). The 1961 Agreement requir d EBMUD to 
release 13 T AF aimually from Camanche Reservoir to the lower Mokelumne River to benefit 
aquatic habitat and fish production. These 13 T F were in addition to releases for WlD, 
riparian and senior appropriators, and channel losses. 

APPENDIX: 2 
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The JSA contains a comprehensive, integrated suite of flow and non-flow measures. As to 
flows , the JSA fishery flow releases from Camanche Dam are significantly higher than the 
prior releases required under the 1961 Agreement and follow a more complex release 
schedule based on life stage of anadromous fish in the system. Figure 3 shows a comparison 
of fishery flows required under the .JS and the 1961 Agreement. 

s to non-flow measures, the JS requires implementation ofnon-tlow enhancement 
measures, such as gravel augmentation, creation of rearing side chmmels, and new 
monitoring and reporting objectives. These measures are described more fully below. In 
addition, EBM D also agr d to expand and upgrad the hatchery in consultation with 
CDFW, SFWS, and MFS. Reconstruction was completed in 2002 at a cost of about $12.5 
million. CDFW continues to operate the Hatchery. 

A.2 State Water Board Decision 1641 

In D-1641, the State Water Board closely examined the .JS A flows to deteni1in what they 
were and how they might benefit the Bay-Delta. 111e Board ultimately found that the JSA 
flows would provide additional flows to the Delta1 and that those flows satisfied EBMUD's 
responsibility to help meet the Bay-Delta o~jectives in the 1995 Bay-Delta Water Quality 
Control Plan.' Cons quently, in th ord ring :ection of 0-1641 , the Stale Water Board 
incorporated the JS \'s flow tables and year- type definitions into EBMUD's Mokelumne 
River water rights. 3 By that action, th State Water Board replaced the 1961 greernenl flows 
with the JS A flow: in .,B. I D's water righL<, and required EBMUD to release the JS 's 
Agreed Releases From Camanche Dam. 

Additionally, the State Water Board also added conditions to DWR and SBR water rights 
stating OWR and SBR ar jointly r.:sponsible for providing D lta flows that oth 1wise 
might be allocated to Mokelumne River water right holders in excess of the JSA flows. 

EBMUD continues making fish releases to the lower Mokelumne River consistent with the 
JS . In addition, D-1641 made corresponding changes to the water rights of WID to ensure 
additional flows passed Woodbridge Darn. 4 

1 State Water Board Decision 1641, issued in final, revised form on March 15, 2000, page 58. 

1 D-1641, page 57. 

3 D-1541 conta ins several pages of tables setting forth the JSAwater that EBMUD must re lease from Camanche 
Dam, as well as additional fiow-related cond itions. (D-1641, pages 170-177.) 

4 D-1641, pages 177-179. 
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Specific Components of the JSA are described in more detail below. 

A.3. Amended Water Right Pennit 10478 (Al3156) Tenn 20 

s part ofth enviro11J11 nta l docum nlation for ils Penni! 10478 Time Extension Project, 
EBM U D included a new mitigation measure to commit additional fishery flows over and 
above the JSA flows. 

EBMUD committed to the following actions that will ensur that adequate flows remain in 
the Mokelumne River to maintain adequate water depths for salmon passage. If expected 
flows below Woodbridge Dam impair adult salmonid migration from September through 
February, one of the following measures will be implemented depending on EBMUD 
reservoir carryover storage conditions and water year mnoff: 

(I) EBMUD will release from Camanche Dam up to a total of 2,000 acre-feet of 
additional water above required releases during the September through Febmary period 
in Below onual and D1y water years to facilitate adult salmonid fish passage below 
Woodbridge Darn. 

(2) During Critically Dry water years, EBMUD will survey the reach below 
Woodbridge Darn prior to spawning season lo identify any significant blockages or 
obstmctions to instream passage. Adequate water depths of sufficient width are necessary 
lo promote passage of adult salrnonids at critical passage si tes. t least 25% of the entire 
width of a potential passage imp dirnent wi ll be reconfigured to provide at lea ·t 0.9 foot 
in water depth. If a blockage is identified EBM D will work with the appropriate entity 
to remove or reduce the impediment, to ensure that there is a depth of at least 0. 9 foot to 
facilitate adult salmonid fish passage. 

111e magnitude, frequency, and duration of the additional flows s t forth in number (1) 
above, are to be detennined by the JSA Partnership Steering Committee based on Camanche 
cold water storage, and water temperatures below Woodbridge Dam. Instream passage 
improvements are to be detennined by the JS Partnership Steering Committee based on 
EBMUD assessment of pot ntial passage impediments from Woodbridge Darn downstr am 
to tidal influence during July or August of current (April through September) or anticipated 
(October through March) Critically Ory wat r years. 

A.4. Flood Control Requirements 

EBM U D manages Pardee and Camanche Reservoirs for flood control purposes per the US 
Anny Co1ps of Engineers (Corps) Flood Control Guidelines. Figure 4 provides a summary 
of the flood control requirements, which are fully described in a flood control manual 
prepared by the Corps. EBMUD must begin to create flood control reservation in Camanche 
and/or Pardee Reservoir(s) in mid-September of each year. By November 5th, between 
130 000 and 200,000 acre-feet of flood control reservation (depending on how full PG&E's 
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upstt·eam reservoirs are at the time) must have been created. The flood control rese1vation 
must be maintained if possible at least through mid-March, and potentially into July in years 
of heavy snow accumulation. 

111e flood control agreement with the CoqJs also provides a release schedule from Camanche 
Reservoir whenever encroachment into the flood control rese1vation occurs. The schedule 
specifies that the maximum release from Camanche Reseivoir should be limited to 5,000 cfs, 
insofar as possible, and the rate of change in release shall not exceed 1,000 cfs per 2-hour 
intetval. 

B. JSA Flow Measures 

8. l. Minimum Flow Release R guirements 

The JSA specifi s minimum flow releases by EBM D from Camanche Dam in all year
types, y ar-round, to attain expected flow below Woodbridge Dam based on time of year 
(coITesponding to fish life stages) and water year types. s 

• For the October through March r 1 ases, waler y ar types an:: detenn iJ1 d based on 
combined storage in Cmnanche and Pardee Reservoirs on ovember 5. For the Apri l 
through September releas s, water year types ar, d tem1ined based on the unimpaired 
runoff into Pardee Res ·rvoir unless the projected combined storage for November 5 is 
less than 200 T AF, in which case, the water year would be critically dry. 

• 'TIJe JSA establish s fo ur year-types. Within each y ar-typ , the JS stablishes 
Camanche Dam release requirements that vary throughout the year to meet the needs 
of the life stages of anadromous fish. Minimum release requirements range from 100 
to 325 cfs during nonnal and above-nonual mnoff water year types, 100 to 250 cfs 
during below-nonnal years, 100 to 220 cfs during dry years, and 100 to 130 cfs 
during critically dry years. 

• Additional releases up to 200 cfs are required for juvenile salmonid migration in 
April , May, and June, depending on the combi_ned storage in Camanche and Pardee 
Rese1voirs. 

Minimum JSA flow releases from Cmnanche Dmn and the expected flows below 
Woodbridge Dam are designed to protect fish resources in the lower Mokelunme River. 

ctual flows from 1998 lo date have met or exc d d th requir d JSA flows below 
Camanche and Woodbridge Dmus. For the more than 100 years from water years 1901 
through 20 l2), annual Mokelumne River flows just upstream of Pardee Reservoir 
(Mokelumne Hill Station) rang d from 129 TAP LO 1.9 million acre-feet. Since 

' D-1641 contains JSA f lows that EBMUD must re lease from Camanche Dam, as well as additional flow-re lated 
conditions. (D-1641, pages 170-177.) 
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implementation of the JSA in 1998, flow releases below Camanche Dam have ranged from 
178 T AF to I. 7 million acre-feet. 

8.2. JSA Section F.2. ,ainsharing Jncr a es in Flow 

TI1e JSA gainsharing provision provides that 20% of the actual yield from new water supplies 
is required to be used to augment inst.ream flows, up to a volume of20 TAF per drought 
cycl . Examples ofth se new wat r suppli s includ d v loprnent of additional storag 
capacity on the Mokelumne River and groundwater from a conjunctive use program. Water 
from conservation programs, recycled water projects, or the Amador Canal pipeline project, 
are not subject to gainsharing. h1 essence, gainsharing is a mechanism to allow fishery 
resources to receive a portion of the yield from new water supply projects, further boosting 
fishel)' flows above the base JSA amounts. Allocation of gainshare water is detem1ined 
through the Partnership Steering Committee. 

C. JSA Non-Flow Measures 

111 JS A includes a suite of non-flow measures, including: 

C.1. Cold Water Management - Protecting the Iypolimnion 

Given the impmtance of preserving cold water for the anadromous fishe1y, the JSA specifies 
temperature management goals for the hypolimnion in Camanche Reservoir. EBMUD 
commits to using its best efforts to maintain the volume of the hypolim.nion in Camanche 
Reservoir above 28 T F through Octob r if Pard R s rvoir storage is mor than 100 T F. 
"lliis temperature management involves operating both Camanche and Pardee Reservoirs in 
concert to allow storage of an adequate volume of cold wat r during the winter and spring to 
prevent early turnover (destratification) in Camanche Reservoir, and provide sufficient cold 
water for release in the lower Mokelunme River through early ovember. TI1is provides 
long-te1m benefits to salmonids and other native fish species in the lower Mokelumne River. 

The JS A. tales that water quality in th hypolimnion hould be pr served by maintaining 
adequate oxygenation and reducing the presence of hydrogen sulfide levels by use of the 
Hypolimnetic Oxygenation System. 

C.2. dditional Water Quality Measures 

• Sustaining the long-tem1 viability of the salmon and steel head fishery while 
pro! cling the genetic diversity of naturall y producing populations in the lower 
Mokelumne River. This involves supporting the development and implementation of 
Mokelumne River steel head and fall-nm Chinook Hatch ry G netics Management 
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Plan (HGMP) to minimize adverse effects on the wild stocks. CDFW operates the 
Mokelumne River Fish Hatchery. Section 7 of the ESA obligates consultation with 

MPS on any activities that may affect a listed anadromous fish species, including 
hatchery programs. HG MPs are a mechanism for addressing the take of ce1tain listed 
species that may occur as a result of art ificia l propagation activities. NMFS uses the 
infonnation provided by HGMPs to evaluate impacts on anadromous salmon and 
steelhead listed under the ESA, and in certain situations, the HGMPs will apply to the 
evaluation and issuance of Section 10 take pem1its. Completed HGlv[Ps also may be 
used for regional fish production and management planning by federal, state, and 
tribal resource managers. The primary goal of the HGMP is to devise biologically 
based artificial propagation management strategies that ensure the conservation and 
recovery of listed S s. 

• Use coded-wire tagging on a greater proportion or all of the juvenile Chinook salmon 
produced at the Mokel umne River Fish Hatchery, if it is part of a statewide program. 
Currently the proportional coded-wire tagging and marking program for Central 
Valley Chinook salmon is 25% of the salmon released, and all steelhead released are 
tagged with an adipose fin clip but no coded-wire tag. The tagging program is a 
cooperative effort between CDFW, Califomia Department of Water Resources, 
USFWS, Pacific States Marine Fisheries Commission, U.S. Bureau of Reclamation, 
and EBM D. 

• Activ ities that enhance habitat conditions: 

APP ENDIX: 

o Plant trees and shrubs along the river or shade and remove undesirable 
vegetation . EBM ·o initiated efforts in the early 2000s ·to improve the river's 
ecosystem, including riparian restoration and enhancement on private lands. 
Improve spawning gravels through continued implementation of the spawning 
gravel augmentation plan for the lower fokelumne River. TI1is plan, developed 
in cooperation with the niversily of California, Davi. , has resulted in the 
placement and configuration of more than 65,000 cubic yards of suitable-sized 
salmonid spawning gravel. dditional gravel placement Lo replace gravel lost Lo 
hi ·torical mining, scouring and sub ·idence, and annual supple!llentation to 
compensate for the lack of gravel recruitment is needed for the long tenn. This 
action will provide long-te1m benefits to salmonid and other native fishes 
spawning and incubation habitat. 

o Create side channels adjacent to the main channel of the lower Mokelumne River 
Lo provide suitabl and beneficial habitat to juv nile Chinook salmon and 
steelhead, as well as habitat for a co,nmunity of other fish and aquatic 
invertebrates. Two side channels were created in 2005 (Cham1el l has a length of 
approximately 300 feet and a mean width of 17 feet; Channel 2 has a length of 
200 feet and a mean width of 27 feet). 

7 
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o Work cooperatively with local landowners along the lower Mokelumne River to 
implement the conservation practices and restoration and enhancement projects 
identified in the San Joaquin County Resource Conservation District 's Lower 
Mokelumne River Conservation Handbook. 

o Identify, design, and install fish screens on diversion facilities in cooperation with 
diverters. CDFW is the lead for this activity subject to available funding. 

o Perfom1 monitoring to gage success. 

o Update and maintain a Mokelumne River science database. 

C.3. Lower Mokelumne River Partnership 

As patt of the JSA, a Lower Mokelumne River Prutnership has been established to support 
the protection of anadromous fish and the ecosystem of the lower Mokelumne River, 
encourage stak holder participation, and integrate Mokelumne River strategies with other 
programs. The sleering commillee for the partnership is composed of one representative ea h 
from EBMUD, CDFW, and USFWS. The partnership program is funded by earnings from 
the $2 1nillion Pa1tnership Fund established by EBMUD in 1998 and any additional funding 
sources that can be secured. As of December 2018the Partnership Fund has earned about 
$897,000, has received a.bout $186,000 in grants, and has spent about $897,000 on projects in 
th lower Mokelumm, River In addition to th steer·ing commit! , the partn n::hip includes a 
group of stakeholders with an interest in the lower Mokelumne River. The purpose of having 
a slakeholder group is to foster communication, maker commendations to th ste ring 
committee, and participate in en]iancement work 

To facilital op ration ofth JS Partn rship St ering Corn.mill e, a coordinating committ e 
was fonned. 111e JSA Coordinating Conunittee includes biologists and related staff of 
COFW, EBMUO, SFWS, and NMFS. TI1e Coordinating Committ -e meets in . pril and 
October of each year, and its work includes assessing the upcoming wat r y ar type and flow 
conditions; developing habitat projects aJid making recommendations to the JSA Partnership 
Steering Committee for expenditure of the Partnership Fund; and developing proposed 
adaptive management flow modifications to benefit the fishery. 

C.4. Adaptive Management 

To optimize habitat, the JSA provides that river operations can be modified if warranted by 
river conditions and scientific infonnation. With concurrence from CDFW, USFWS, and 

MFS, and approval from th State Water Board, EBM D may modify th JS Camanche 
releases as long as the total volume released during the year would not be less than that 
specified in the JSA for the water year type. 
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Adaptive management flow modification occuned in March 2004, when WID requested 
EBMUD delay pla1med April flow increases required by the JSA and instead release the 
defeJTed water in May to allow completion of the fish bypass pipeline component of their 
dam constrnction. With concmTence of CDFW, USFWS, MFS, and approval from the State 
Water Board, EBMU D maintained Camanche release at the lower rate of 330 cfs until mid
April , wh n WlD complet d th portion of the work that would have been affected by a 
higher release rate. l11e release then increased to 515 cfs by the end of April as WID initiated 
its seasonal diversions. l11e defimed volume of water originally scheduled to be released 
during April was released in addition to JSA requirements in May to coincide with 
outmigration ofjuvenile Chinook salmon and the volitional release of juvenile Chinook 
salmon from the Mokelumne River Fish Hatchery. 

With prior concutTence from CDFW, USFWS, and MPS, and approval from the State 
Water Board, EBMUD modified the below-normal JSA minimum flows in April and May 
2009 to provide a fall pulse flow to attract adult fall-nm Chinook salmon into the 
Mokelumne River. total of 5,183 acre-feet of water was reallocated from the spring Lo 
provid flows in Octob r that ranged from 308 cfs to 2,275 cfs. 

In October, adult fall- run Chinook salmon move up through the Bay-Delta estuary toward 
their natal spawning grounds. Open Delta Cross Channel (DCC) gates can result in straying 
of adult salmon as Sacramento River water is routed into the Mokelumne and San Joaquin 
Rivers. To maximize the ffect iveness of fa ll pulse (lows, the Low r Mokel umne River 
Prutnership sent a letter to the . S. Bureau of Reclamation (USBR) requesting the closure of 
the DCC for a 10-day period in October 2011. Similar requests were made in 2009 and 2010 
resulting in a 48-hour closure in October 2010. 11uough efforts by the partnership, USBR, 
and DWR, a 10-day closure of the DCC was initiated from October 4 through October 14, 
2011. The closure coincided with the first of four fa ll pulse flows with a peak magnitude of 
J ,800 cfs. Recent studi s in th Mok lumne River hav shown that a combination of puts 
flows along with closure of the DCC gates in October can not only increase the number of 
Chinook salmon returns, it cru1 also reduce straying of Mokelumnc-origin salmon to the 
lower American River (California Department of Fish and Game 2012). 

pon recommendation fro m th JS Partn rship and approval from the State Water 
Resources Control Board, minimum JSA flow releas s from Camanche Dam were reduced in 
March 2012 to provide additional Chinook salmon attraction flows in October 2012. A series 
of pulse flows totaling 5,140 acre feet was released from October 8 through ovember 8, 
2012 Lo facil itate passage of adult Chinook salmon in the lower Mokehunne River. Similar 
adaptive management actions were caJTied out with State Water Board approval in 2013 at1d 
2014. In addition, adaptive management has continued Lo be employed a-, warranted in years 
following 2014. 
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C.5. Water Otmlitv and Resource Management Program 

On ofth first tasks of th st ering committee for the Low r Mokelumne Riv r Partn rship 
was to develop a Water Quality and Resource Mimagement Program (WQRMP) to defme 
reasonable goals, measures, pe1formance criteria and responsive actions associated with 
implementing the JSA. TI1e WQRMP was prepared by the Pmtnership, submitted to FERC in 
June 1999, and approved by FERC in May 2001. 

D. JSA Outcomes 

D. l. Ten-Year Review of Joint Settlement Agreement Accomplishments 

Tiie Lower Mokelumne River Pmtnership steering committee (CDFW, USFWS , and 
EB MUD) conducted a 10-year review of the JSA in 2008. The committee found that most of 
the goals and actions described in the JSA and WQRlvIP continue to be pursued in one form 
or another. Some actions, such as meeting mininmm flow requirements, are continuing 
unchanged. Other actions have been modilied Lo enhance the successful attaim11enl of .TSA 
objectiv s . Sev ral JS objectives wer successfully comp! t d: 

• improvement of the fish bypass at Woodbridge canal; 

• collaboration with WID to improve fish passage at Woodbridge Dam; 

• modification of the channel downstream of Woodbridge Dam to reduce predation; 
and, 

• expansion and improvement ofthe Mokelumne River Fish Hatchery; 

• 171e 10-year review included some new or modified actions recommended by the 
st ering committe that are b ing imp! m nted: 

APPENDIX: 

o develop an integrated reservoir/stream temperature model to predict water 
temperatures and operate reservoirs to optimize water temperatures for all 
salmonid life stages; 

o work with landowners to implement the practices described in the San Joaquin 
Coimty Resource Conservation District 's Lower Mokelumne River Conservation 
Handbook; 

o depending on funding, imp! m nt the Mok lumn River Day Us Area 
Recreation and Resource Management Plan; 

o use th Spawning Habitat Jntegrated Rehabilitation pproach for atlnual gravel 
supplementation; 

o create an HGMP for the Mokelumne River Fish Hatchery in cooperation with 
NMFS and CDFW; and, 

o continue constant fractional marking of hatchery fish. 
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Salmon returns under the JSA are well above the 75-year-plus historic average. In 2008 , the 
Central Valley-wide salmon stock collapsed, and the Mokelumne River was no exception. 
A population that had exhibited strong resilience and multiple years of above average returns 
was reduced to just over 400 fish in 2008. Recognizing its responsibility to the community, 
resources and agreement, EB MUD implemented a number of adaptive management actions 
and expanded its efforts to advocate for the resource by reaching out to regulatory agencies 
andNGOs. 

The adaptive management actions focused on improving survival of juvenile salmon and 
providing optimal conditions for returning adult salmon. EBMUD Fisheries and Wildlife 
Division staff analyzed the return data from 2008 and years previous, which indicated that a 
significant portion of the Mokelumne returning salmon were migrating to other systems. In 
the salmon literature this is referred to as straying. In fact, in 2008 70% of the Mokelumne 
population returning to the Central Valley ended up in other rivers. Working primarily with 
CDFW, EBMUD identified a new release site for hatchery fish that would likely reduce 1he 
stray rate ofMokelumne River salmon. Additionally, EBMUD constructed a floating netpen 
that would facilitate towing fish to the center of the channel for release to reduce the risk of 
predation, and improve survival to adult returns. 

APPENDIX: 11 
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lhe resilience of the population can be seen by the recovery of the population in just a few 
years fo llowing the collapse and into the 2012-201.5 drought period, where the Mokelumne 
salmon population perfom1ed well even under less than optimal conditions. 
EBMUD has also coordinated with CDFW and GOs to conduct pilot studies to detennine 
the effectiveness of barging j uvenil salmon through the most dangerous segment of the 
Delta. I though ther is a remaining year of data to collect, the results to date i.ndicat the 
barging . ubstantially incr ases the survival rate of salmon and may reduce straying. Next 
steps will include a feasibility assessment for constructing a purpose built barge and 
collection facilities. 

Conctment with the improved release strategies, EBMUD worked to implement two flow 
related actions. The first of these actions was to collaborate with the U.S. Bureau of 
Reclamation (USBR) to modify operations at one of its facilities (Delta Cross Channel). The 
facility conv ys wat r to supply the south rn portion of California and is used to manage 
water quality in the central Sacramento - San Joaquin Delta. Unfortunately, the faci lity also 
provides an artificial migration route and cue that contributes to Mokelumne fish straying to 
the Sacramento River. Working with the USBR, a 5 year study plan was developed in 201 I 
to close the gates during portions of the fall migration season. Subsequent closures have 
occurred sporadi cally since 2011. ln 2017 the gates were clos d approximately 5 days per 
week begi1ming in September, which resulted in reduced straying and a record return of 
20,000 salmon to the fokelumne. 

In additio11 to addressing the Delta Cross Channel issue, EBMUD looked to improve the flow 
conditions in the river during the migration season. It is generally recognized that migrating 
salmon are cued by changes in environmental conditions, paiticularly flow. Since 2009, 
EBMUD has conducted pulse flows in th lower Mokelumne River from October -
Dec mber. 'Oiese puls s act to mimic natural pr cipitation event<;: and hel p to attract adult 
salmon into the system and in mo~t instances require littl to no additional wat r above and 
beyond required flow releases. TI1e water for these pulses has been made available through 
rescheduling late winter flows to save water for fall with the approval and support of CDFW, 

SI·WS,. ational Marine Fisheries Service, and the California State Wat r Resources 
Control Board. 

The population response to the management actions implemented since 2008 has been 
remarkable. T11e stray rate has been r duced from 70% to approximately 25%, which not 
only improves the returns but also helps Lo maintain genetic integrity of the Mokelumne 
stock as well as neighboring salmon stocks. Within the 2009-20 18 period, the Mokelumne 
has had four of the best returns recorded since 1940, including a record return of nearly 
20,000 salmon in 2017 and returns topping 12,000 fish in 7 of last 8 years. 1nrough 

BMUD's action ', the average salmon returns to the river hav doubl d from 3,434 (1940 to 
1997 average) to 9,929 (1998 - 2018). TI1e recovery of the Mokelumne River salmon 
population from the 2008 stock collapse far outpaced other Central Valley populations with 
sustained returns averaging double or more of the long-tem1 average. In addition to excellent 
returns Lo the river, the Mokelumne salmon population makes up a significant po,tion of the 
fisheries catch off the Califomia coast. In 2017, 20% of the conuuercial harvest and 35% of 
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the recreational catch was comprised of San Joaquin Basin marked salmon which are 
primarily Mokelumne origin salmon. 

s patt of the Central Valley Project Improvement ct of J 992 a fall-run Chinook salmon 
production target (conm1only referred to as the doubling goal) was established for each 
tributary. In th case of the Mokelu1m1 River the production target i~ 9,300 salmon, which 
i bas don a 1967 - 1991 basdin p riod av rag of 4,680. As of the latest publi hed 

SFWS calculations th 1992 - 2015 doubling period average for the Mokelunu1e Riv r is 
8,976 or 96.5% of the production target. This perfonnance by far exceeds all the major 
Central Valley tributaries and is indicative of the effectiveness of the existing program on the 
Mokelumne River including operations, flow and non-flow measures, and established multi
stakeholder science teams. 

In addition to changes directly related to salmon management, EB:tv[ D operators have 
perfi cted the ability to manage our two main res rvoirs, Pard e and Camanch , in order to 
preserve coldwater in the deeper Pardee Reservoir and strategically release the water in a 
way that minimizes the temperature increase through the shallower Camanche Reservoir, 
which supplies the releases to the lower Mokelumne River. In fact, EBMUD was so 
successful in ~upplying coldwater that during the drought the Mokelumne River Fish 
Hatchery served as a refuge for rainbow trout from the American River Trout Hatchery 
where water temperatures would have proven lethal. While the actions implemented since 
1998 have proven to be beneficial to the Mokelumne River salmon population, EBMUD and 
its partners continue to look for ways to further improve the resource and its benefit to 
Californians. 
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FIGURES 



Figure 1. Mokelumne River Releases, Diversions and Losses 
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Figure 2. Makelumne River Historical Water Supply Variability (WY 1921-2017) 
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(Source: fDMUD Water Supply Dacabase) 



Figure 3. Water Releases Commttted by EBMUD for Fish in Addition to All Other Release 
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(Source: EB MUD Exhibit No. 10. in 1998 State Water Resources Control Board Bay-Delta W ater Rights Hearing ) 



Figure 4. Flood Control Requirements Rule Curves 
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1.6 Tuolumne River 
 

1.6.1 Flow Measures, including seasonal and WY variations6 
 

1.6.1.A Methodology 
 
For all flow‐related measures contained in the Tuolumne River VA, the flow schedules are based on 
using five water‐year (WY) types determined using the 60‐20‐20 San Joaquin River Index (SJI). The five 
water year types are Wet (W), Above Normal (AN), Below Normal (BN), Dry (D), and Critical (C). Table A 
below provides the classification of each water year for the 1971 to 2012 modeling period of record. 

 
Table A. Classification of each water year for the 1971‐2012 modeling period of record. 
Water Year  San Joaquin Index  Water Year  San Joaquin Index 
1971  BN  1992  C 
1972  D  1993  W 
1973  AN  1994  C 
1974  W  1995  W 
1975  W  1996  W 
1976  C  1997  W 
1977  C  1998  W 
1978  W  1999  AN 
1979  AN  2000  AN 
1980  W  2001  D 
1981  D  2002  D 
1982  W  2003  BN 
1983  W  2004  D 
1984  AN  2005  W 
1985  D  2006  W 
1986  W  2007  C 
1987  C  2008  C 
1988  C  2009  BN 
1989  C  2010  AN 
1990  C  2011  W 
1991  C  2012  D 

 

Preliminary WY determinations will be made by the Districts on February 1, March 1 and April 1 of each 
year using a 90% exceedance. Final WY determination will be made by DWR on May 1 of each year using 
a 75% exceedance. 

 
There will be two monitoring locations for instream flow compliance: (1) the existing USGS Tuolumne 
River at La Grange gage and (2) a new measurement point(s) measuring the combined flows diverted 
into the two infiltration gallery (IG) pipelines to be installed and operated as discussed below. The La 
Grange gage will monitor compliance for flows at La Grange gage. Subtracting the measured “IG 
pipeline flows” from La Grange gage yields the instream flows to be provided downstream of RM 25.5, 
the second flow compliance point. 

 

 

 

 

 

                                                            
6 The flow measures identified herein may not match those identified by FERC in its February 11, 2019 DEIS, and may not match those in FERC’s FEIS. 
It is anticipated that the flow measures identified herein will become part of the FERC licenses for the Don Pedro and La Grange Projects through the 
SWB’s 401 certification process in the event the proposed terms are included in any future water quality control plan amendment as requested. 

r 
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1.6.1.B Base Flows 
 
Year‐round base flows shall be provided to support all lifestages of native fish located in the lower 
Tuolumne River. A summary of the year‐round base flows is provided in Table B. These base flows have 

been generated based on science developed on the Tuolumne River over several decades with the most 
recent set of studies completed as part of the Federal Energy Regulatory Commission (FERC) relicensing 
of the Don Pedro hydroelectric project and licensing of the La Grange hydroelectric project. Many of 
these studies are referenced1 throughout this project description and are part of the Amended Final 
License Application (AFLA) submitted to FERC October 11, 2017 and further amended on November 14, 
2018. Pulse flows that augment these base flows are described in Section 1.6.1C and Section 1.6.1.D. 

 

Table B. Summary of the Tuolumne River VA proposed minimum instream flows2 

 

Water Year / Time Period 

Proposed Instream Flows with IGs (cfs) 

La Grange Gage  RM 25.5 

Wet, Above Normal, Below Normal 

Jun 1 – Jun 30  200  100 

Jul 1 – Oct 15  300  150 

Oct 16 – Dec 31  275  275 

Jan 1 – Feb 28/29  225  225 

Mar 1 – Apr 15  250  250 

Apr 16 – May 15  275  275 

May 16 – May 31  300  300 

Dry 

Jun 1 – Jun 30  200  125 

Jul 1 – Oct 15  300  125 

Oct 16 – Dec 31  225  225 

Jan 1 – Feb 28/29  200  200 

Mar 1 – Apr 15  225  225 

Apr 16 – May 15  250  250 

May 16 – May 31  275  275 

Critical 

Jun 1 – Jun 30  200  125 

Jul 1 – Oct 15  300  125 

Oct 16 – Dec 31  200  200 

Jan 1 – Feb 28/29  175  175 

Mar 1 ‐ Apr 15  200  200 

Apr 16 – May 15  200  200 

 

A more detailed breakdown of the year‐round base flows is provided below. 
 
Early Summer Flows (June 1 – June 30) 

 

Studies show (AFLA W&AR‐05, W&AR‐06, rotary screw trap (RST) results) that except in wet (W) water
years when high flows may extend well into June and even beyond, fall‐run Chinook salmon juveniles 
and smolts have left the Tuolumne River by the end of May (see Figure 1 below). 

 

 

1 The FERC studies submitted with the AFLA are referenced by letters and numbers. For example, W & AR‐05 
stands for water and aquatic resources study number 5. All of the studies referenced can be found in the AFLA, 
which can be accessed through the Don Pedro Relicensing website: www.donpedro‐relicensing.com. 
2 For compliance purposes, the flow requirement below the IGs is determined by subtracting the measured water 
withdrawal by the IGs from the measured flow at the USGS gage at La Grange. 
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Figure 1. Long‐term migration pattern of observed juvenile Chinook salmon captured at the Waterford 
RST (top; RM 30) and the Grayson RST (bottom; RM 5) on the Tuolumne River (2006 – 2016). Key dates 
of passage are highlighted with red circles. 

 
Given the general absence of fall‐run Chinook salmon in the river, the primary benefit of early summer 
(June 1 – June 30) flows is the maintenance of suitable thermal conditions for O. mykiss populations. 
Based on O. mykiss redd surveys, O. mykiss may spawn any time from January through early May, with 
peak redd counts in 2013 being in March and early April (Don Pedro Updated Study Report, January 
2014; Fig 5.1‐3). Years of monitoring studies indicate that O. mykiss are predominantly found upstream 
of RM 43 with peak fry densities potentially occurring into June. For the period from June 1 to June 30, 
base flows will be provided primarily to support O. mykiss fry rearing. 

 

Flow management for the benefit of O. mykiss in June consists of striking a balance between providing 
hydraulic habitat suitability and temperature suitability for fry and adult life stages. Flow‐habitat study 
results (Stillwater Sciences, 2013; see Figure 2 below) indicate that at 100 cfs, hydraulically suitable 
habitat for O. mykiss fry is 85% of the maximum weighted usable area (WUA), at 150 cfs it is 78% of 
maximum WUA, and at 200 cfs it is 71% of maximum WUA. 

·-
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Figure 2. O. mykiss WUA results for the Tuolumne River from Stillwater Sciences (2013). 
 
Considering thermal suitability for O. mykiss during June conditions, water temperature modeling shows 
that at RM 47, a flow of 200 cfs will maintain average daily water temperatures to less than 18°C, and at 
RM 43 average daily water temperatures will be less than 20◦C, except when daily maximum air 
temperatures along the river exceed 100◦F, which on average occur 1 to 2 days in June (see Figures 3 
and 4 below). 

 
Adult O. mykiss habitat is 78% of maximum WUA at 200 cfs. An alternative flow of 150 cfs was 
considered, which improves fry habitat to 78% of maximum WUA, but decreases adult habitat to 70% of 
maximum WUA. At 150 cfs, average daily water temperatures at RM 43 are less than 20°C until 
maximum daily air temperature exceeds 95°F, which occurs on average three days in June. An 
alternative flow of 300 cfs increases adult WUA to 90%, but decreases fry to just over 60% of maximum 
WUA. Considering that adults must first successfully pass through fry stage, it is counterproductive to 
over‐emphasize adult habitat at this sensitive period for the fry life stage. 
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Figure 3. Estimated average daily river temperatures at RM 43 based on river flow and maximum 
daily air temperature. 
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Therefore, early summer flows (June 1 – June 30) of 200 cfs at La Grange gage under all WYs will 
reasonably protect O. mykiss fry while also being protective of O. mykiss adults. Under the current 
FERC‐required flows, in 20% of the WYs, the required instream flow is 50 cfs, in 30% of the WYs it is 75 
cfs; and in 50% of the WYs it is 250 cfs. Therefore, in 50% of the WYs, the instream flow provided under 
the Tuolumne River VA will be substantially greater than the current flow (up to 4 times greater). In 50% 
of the WYs (Wet and Above Normal), the new required instream flow will be reduced by 20% (200 vs. 
250 cfs), but will nonetheless be more protective of O. mykiss fry due to increased habitat suitability at 
the slightly lower flow. 

Late Summer Flows (July 1 to October 15) 

By July, the O. mykiss life stages occurring in the lower Tuolumne River are juveniles and adults. 
Juveniles are stronger swimmers than fry and can maintain position in the river at higher flows. The 
primary habitat concern during this period is to maintain adequate river temperatures through 
approximately RM 43. 
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Fish biology researchers from the University of California at Davis (UC Davis), in conjunction with O. 
mykiss experts from University of British Columbia (UBC), conducted field tests of the thermal capacity 
of wild Tuolumne River O. mykiss juveniles (see AFLA Water &Aquatic Resources (W&AR)‐14).3 This 
study, and additional observations of in‐situ wild juveniles (FISHBIO 2017), demonstrated that Tuolumne 
River O. mykiss juveniles had optimum metabolic capacity between 21°C and 22°C, and maintained 95% 
of optimum capacity between 18°C and 24°C. A flow of 300 cfs maintains the average daily water 
temperature below 19°C as far downstream as RM 43, even when daily maximum temperature exceeds 
100°F (see Figure 3 above), providing favorable thermal conditions for Tuolumne River O. mykiss through 
the summer months. Therefore, the Tuolumne River VA includes a flow requirement of 300 cfs at the La 
Grange gage in all WYs from July 1 through October 15. 

 
In early fall, fall‐run Chinook salmon normally begin to enter the lower Tuolumne River. Since 2009, the 
Districts have maintained an adult counting weir at RM 24.5, corresponding to the approximate 
downstream end of the gravel‐bedded reach of the river. As indicated in Figure 5 below, few fish enter 
the spawning gravels above the counting weir until after mid‐October. The fall‐run Chinook salmon 
upstream migration peaks from late‐October through November, and can extend into late December, 
and occasionally early January. 

3 The UC Davis and UBC researchers subsequently published this study and its results in the peer reviewed journal 
Conservation Physiology in 2016 (see Verhille et al. 2016). 
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There will be a pre‐spawning season flushing flow to clean gravels of built up algae, debris, and surface 
fines prior to the start of substantial spawning. A flushing flow of approximately 1,000 cfs on October 5, 
6 and 7 (total volume not to exceed 5,950 AF), with appropriate up and down ramps, will be provided in 
wet (W), above normal (AN), and below normal (BN) water years. In Dry (D) and Critical (C) water years, 
the instream flow at La Grange gage will be maintained at 300 cfs with no flushing flow provided. 

 
Operation of Infiltration Galleries 
Instream infiltration galleries (IG‐1 and IG‐2) will be completed/constructed and operated near RM 26 
for the purpose of benefiting lower Tuolumne River cold‐water fisheries, notably O. mykiss, while at the 
same time protecting the Districts’ water supplies. The gravel‐bedded reach of the lower Tuolumne 
River extends to approximately RM 30 and habitats preferred by O. mykiss based on directed searches 
and snorkel surveys are located generally above RM 43. In the vicinity of Geer Road at RM 26, TID’s 
Ceres Canal approaches reasonably close to the left bank of the lower Tuolumne River, enabling cost‐ 
effective delivery of water withdrawn from the river to TID’s irrigation customers, while benefiting 
habitat for O. mykiss between RM 51 and RM 43, and perhaps further downstream, depending on local 
acclimation by the Tuolumne River O. mykiss population. 

 
The Districts will complete construction of IG‐14 and undertake construction of IG‐2 in the same general 
locale as IG‐1 near RM 26. IG‐1 has a design capacity of approximately 100 cfs and IG‐2 will have a 
design capacity of 100‐125 cfs. Consistent with the scope of its authority and jurisdiction, DFW shall 
facilitate, license and permit the construction, operation and maintenance of the IGs. 

 
The IGs will withdraw water from the river from June 1 through October 15 of each year. While there 
are times when both IGs will be in operation, there are also times when IG‐1 will be adequate to 
withdraw the full amount planned. Having some redundancy minimizes the potential for the IGs to be 
unable to withdraw the amount of water planned. There is still the possibility, however low, that with 
either one or both of the IGs out of service the Districts will be unable to withdraw water at this 
location. Any IG outage which prevents the planned amount to be withdrawn and lasting for more than 

4 The infiltration pipeline network for IG‐1 was installed in the riverbed during the 2003 river restoration project 
isolating SRP‐9 from the river and restoring riffle habitat in the reach. 



three consecutive days will result in the minimum instream flows required at La Grange gage to be 
reduced by two‐thirds of the amount that would have been withdrawn. 
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As an example of such an outage and the resulting flows, in an AN water year in July, the La Grange gage 
flow would be 300 cfs and the flow to be withdrawn at the IGs is 150 cfs, thereby leaving a flow in the 
river of 150 cfs below RM 25.5.5 If one of the three 60 cfs pumps in the IG pump station experienced an 
unexpected extended outage under these conditions, then the required flow at the La Grange gage 
would be reduced to 280 cfs (300 cfs‐206 cfs) instead of 300 cfs, and the flow below RM 25.5 would be 
160 cfs (280 cfs–120 cfs) instead of 150 cfs. Under this arrangement, all concerned entities are 
motivated to put the non‐functioning portion of the IG back into service promptly. 

 

Fall‐run Chinook Spawning (October 16 – December 31) 
 
Studies conducted as part of relicensing (AFLA W&AR‐04 – Spawning Gravel in the Lower Tuolumne 
River) found sufficient spawning gravels currently exist in the lower Tuolumne River to support a fall‐run
Chinook spawning population of over 50,000 fish. Timing of fall‐run Chinook spawning in the lower 
Tuolumne River occurs predominantly from mid‐October through the end of December based on data 
collected at the Districts’ counting weir located at RM 24.5. In 2012/2013, 1.4% of new redds were 
documented to occur after December 15; in 2014/2015, 8.5% of new redds were observed after 
December 31. Instream flow studies (Stillwater Sciences 2013) indicate that 100% of the maximum 
WUA for fall‐run Chinook spawning occurs at approximately 300 cfs and 90% of the maximum WUA or 
greater occurs from 210 to 400 cfs (see AFLA, Exhibit E, Figure 5.6‐8). 

 

 
Based on this site‐specific data for the Tuolumne River, the Tuolumne River VA includes spawning flows 
for the October 16 through December 31 spawning period in accordance with the following schedule: 

 
• For BN, AN, and W WYs  275 cfs 
• For D WYs  225 cfs 
• For C WYs  200 cfs 

 
At a flow of 275 cfs, hydraulically suitable spawning habitat is 98% of maximum WUA, at 225 cfs 
spawning habitat is at 92% of maximum WUA, and at 200 cfs it is 89% of maximum WUA. These flows, 
in combination with the other spawning habitat improvements provided by the Tuolumne River VA, will 
significantly improve overall spawning habitat quantity and quality. 

 

Fall‐Run Chinook Fry‐Rearing (January 1 – February 29) 
 
A study of adult fall‐run Chinook otoliths taken from Tuolumne River fish (AFLA W&AR‐11) shows that 
fall‐run Chinook salmon that leave the lower Tuolumne River as fry typically make up a very small 
percent (<5%) of the subsequent adult escapement. Under the conditions existing in the lower reaches 
of the lower Tuolumne River, the San Joaquin River, and Bay‐Delta, fry mortality is high. Efforts to 

 

5 The Districts are not responsible for making up for losses in the river due to depletions to groundwater, riparian 
withdrawals, evapotranspiration losses or any other losses that occur between La Grange gage and the IGs; nor can 
the Districts’ instream flows at La Grange be reduced, or withdrawals at the IGs be increased,  if the river is a gaining 
stream.  In‐situ flow measurements performed during relicensing generally show the lower river is a gaining stream. 
6 The 20 cfs reduction is two‐thirds of the total reduction in pumping capacity of 30 cfs because the two remaining 
pumps would each pump at capacity (about 60 cfs each). 
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increase suitable fry habitat in the upper reaches of the lower Tuolumne River (above RM 30) should 
increase the number of fall‐run Chinook leaving the river as parr and smolts, and thereby increase fall‐ 
run Chinook production on the lower Tuolumne River and, all else being equal, increase subsequent 
adult returns. Based upon PHABSIM modeling of in‐channel habitat conditions in the lower Tuolumne 
River, the maximum suitable Chinook fry habitat occurs at 50 cfs. At 100 cfs, Chinook salmon fry habitat 
is reduced to 88% of maximum WUA, at 150 cfs it is 75% of maximum, at 225 cfs it has dropped to about 
67%, and at 300 cfs it is less than 60% of maximum WUA. High flows in the river during the early fry 
rearing period (January‐February) tend to result in downstream displacement of fry into the lower, more 
confined reaches of the lower Tuolumne River and potentially into the San Joaquin River, areas with 
higher densities of predatory fish species (AFLA W&AR‐05; W&AR‐06), thereby adversely affecting later 
adult returns and escapement. 

 
In‐channel fry rearing habitat is not a limiting factor for the lower Tuolumne River fall‐run Chinook 
salmon population. As shown in Figure 6 below, in‐channel fry rearing capacity above Hickman Bridge 
(RM 31.7) exceeds 6 million fry at a flow of 100 cfs and 5 million fry at a river flow of 200 cfs. 
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Figure 6. Fry carrying capacity (millions of fish) in the lower Tuolumne River inclusive of both in‐channel 
and floodplain habitat above RM 31.7. 

 
As shown in Figure 6, and applying the results of the Floodplain Hydraulic Analysis study (W&AR‐21), 
river flows exceeding 2,000 cfs provides the same level of rearing capacity as that provided by in‐ 
channel rearing achieved at flows of about 100 cfs. Floodplain rearing is discussed further in Section 
1.6.1.C. Additionally, implementation of the Lower Tuolumne River Habitat Improvement Program 
(LTRHIP) described in Section 1.6.2.D below, particularly in‐channel LWD enhancements, will contribute 
to increasing in‐channel fry habitat and densities in the upper reaches of the lower Tuolumne River. 
To promote fry rearing upstream of the general area of the Waterford RST (RM 30), and striking an 
appropriate balance between spawning and rearing flows, the following minimum instream flow 
releases will be provided from January 1 through February 29: 
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• BN, AN, W WYs  225 cfs  
• D WYs  200 cfs 
• C WYs  175 cfs 

 

These flow levels are slightly lower than those provided during the spawning period; however, they 
remain sufficiently high so as not to result in significant riverine hydraulic changes or redd dewatering. 
The mean pot depth of fall‐run Chinook salmon redds found during the 2012 redd survey was 1.9 feet 
and the minimum observed depth was 0.9 feet (AFLA W&AR‐08, Figure 5.3‐4). Based on the rating 
curve for the USGS gage at La Grange shown in Figure 7 below, the change in flow from 275 cfs to 225 
cfs results in a 0.4 ft (+/‐) change in stage, and from 225 cfs to 200 cfs results in a 0.2 ft (+/‐) change in 
stage. These small changes in river stage when moving from spawning flow to rearing flow are unlikely 
to adversely affect fall‐run Chinook salmon egg incubation. 
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Figure 7. Stage‐discharge rating curve of the USGS Tuolumne River at La Grange gage. 

Fall‐Run Chinook Juvenile Rearing (March 1 – April 15) 

In the lower Tuolumne River, the juvenile rearing life stage dominates the time frame from March 
through mid‐to‐late April. Hydraulically suitable habitat for juvenile fall‐run Chinook salmon rearing is 
maximized at 150 cfs and exceeds 97% of the maximum WUA at flows from 100 to 200 cfs. At 300 cfs, it 
drops to 90%. At 250 cfs, average daily water temperatures stay below 18°C at RM 39.5 until maximum 
daily air temperatures exceed about 80°F, which occurs on average about three to four days in April, and 
stays below 20°C at RM 39.5 until maximum daily air temperature exceeds 85°F, which occurs about one 
day in April (see Figure 8 below). 
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Figure 8. RM 39.5 daily average water temperatures versus flow and maximum air temperatures. 
 
In‐channel juvenile rearing habitat is not a limiting factor for fall‐run Chinook salmon in the lower 
Tuolumne River. At a flow of 250 cfs, in‐channel rearing habitat supports 3 million juvenile fall‐run 
Chinook salmon above RM 31.7 (see Figure 9). Therefore, providing juvenile rearing flows that 
maximize in‐channel rearing habitat is an important consideration. This portion of the base flow is 
targeting in‐channel rearing. The importance of floodplain rearing, and the flows necessary to achieve 
floodplain rearing, is discussed in Section 1.6.1.C below. 
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Figure 9. In‐channel and floodplain juvenile rearing capacity in the lower Tuolumne River (millions of 
fish) above RM 31.7. 
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Another fisheries related consideration in the March to mid‐April time frame is O. mykiss spawning. As 
shown above in Figure 2, at a flow of 250 cfs, spawning habitat for O. mykiss is about 85% of maximum 
WUA and at 200 cfs it is about 78% of maximum WUA. At RM 43, which is the approximate downstream 
limit of preferred O. mykiss habitat, average daily water temperatures stay below 15°C at a flow of 225 
cfs until maximum air temperatures exceed 75°F (on average two days in March and eight days in April). 
Therefore the base flows in the Tuolumne River VA intended to promote and protect fall‐run Chinook 
salmon juvenile rearing are not inconsistent with protecting O. mykiss spawning in the upper nine miles 
of the lower Tuolumne River. 

 

To benefit fall‐run Chinook salmon juvenile rearing, while being protective of O. mykiss spawning, the 
following minimum instream flow releases will be provided from March 1 through April 15: 

 
• BN, AN, W WYs  250 cfs 
• D WYs  225 cfs 
• C WYs  200 cfs 

 
Outmigration Base Flows (April 16 through May 15) 

 
Fall‐run Chinook salmon leaving the lower Tuolumne River as large parr or smolts return as adults in a 
much higher percentage than those leaving as fry (almost a 20:1 ratio based upon testing of otoliths of 
adults from the outmigration years of 1998, 1999, 2000, 2003, 2009; see AFLA W&AR‐11); therefore, 
maintaining favorable growth conditions and reducing predation throughout the fry to smoltification life 
stages is beneficial to fall‐run Chinook salmon production on the lower Tuolumne River. As juvenile fall‐ 
run Chinook salmon grow, their ability to hold station and simultaneously conduct life functions under 
higher flows also increase. 

 

Increasing base flows above those in the March 1 to April 15 period serves to maintain favorable river 
temperatures during the mid‐April through mid‐May period. At RM 39.5, a flow of 275 cfs keeps 
average daily river temperatures below 21°C until maximum daily air temperatures exceed 100°F, which 
occurs on average one day in May. At RM 39.5, at a flow of 225 cfs, water temperatures are below 21°C 
until maximum air temperatures exceed 95°F, which occurs on average about two days in May. In April 
and potentially through mid‐May, incubation of O. mykiss may be occurring. At RM 43, a flow of 275 cfs 
maintains average daily water temperatures below 15°C until maximum daily air temperatures exceed 
80°F, which occurs about three to four days in April and 15 days in May. However, in May O. mykiss fry 
habitat is more of a concern because this is late in the incubation period and most fry have emerged. At 
275 cfs, fry habitat is 64% of maximum WUA. 

 
Studies of fall‐run Chinook salmon growth by Sommers et al. (2001; 2004) on the Sacramento River (Yolo 
Bypass reach) and by Jeffres et al. (2008) on the nearby Cosumnes River both found that juvenile salmon 
grow well at temperatures exceeding 21°C as long as available food sources are favorable. Jeffres et al. 
reports “[t]emperatures on the floodplain for a 1‐week period had a daily average of 21°C and reached a 
daily maximum of 25°C and fish continued to grow rapidly.” In‐river benthic macroinvertebrate studies 
on the Tuolumne River demonstrate robust populations of BMI in the Tuolumne. Poletto et al. (2017) 
reported on testing of the thermal capacity of fall‐run Chinook juveniles taken from the Mokelumne 
River hatchery and found this stock juvenile fall‐run Chinook “shows an impressive aerobic capacity 
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when acutely warmed to temperatures close to their upper thermal tolerance limit, regardless of the 
acclimation temperature”.7 

 
Considering the balance to be struck between Chinook and O. mykiss life stages which are occurring at 
the same time in this period, the following minimum instream flow releases will be provided from April 
16 to May 15: 

 

• BN, AN, W WYs  275 cfs 
• D WYs  250 cfs 
• C WYs  200 cfs 

 
An outmigration pulse flow to augment these base flows is described in Section 1.6.1.D. 

 
Outmigration Base Flows (May 16 through May 31) 

 

While in most years juvenile fall‐run Chinook salmon have left the lower Tuolumne River by mid‐May 
(see Figure 1 above), in some years there are still large parr and smolts in the river beyond May 15. 

 
To reduce water temperatures during this period, the following minimum instream flow releases will be 
provided from May 16 through May 31: 

 
• BN, AN, and W WYs  300 cfs 
• D WYs  275 cfs 
• C WYs  225 cfs 

 

This increase in flow above that provided in the April 16‐May 15 period tends to favor fall‐run Chinook 
salmon over O. mykiss fry; however, increased rearing habitat provided by improvements to in‐channel 
habitat complexity will improve O. mykiss fry rearing habitat, especially if preference to placing LWD is 
given to along the stream margins preferred by O. mykiss fry and juveniles, as described in Section 
2.6.2.D below. 

 
1.6.1.C Floodplain Rearing Pulse Flow 

 
For floodplain pulse flows to be effective on the Tuolumne River, releases must be high enough to 
exceed the habitat otherwise available at lower in‐channel flows (see Figure 9). Floodplain flows must 
also be of sufficient continuous duration to be effective as foraging opportunities so as not to require 
constant movement by juvenile Chinook salmon in response to frequent flow fluctuations. For the 
lower Tuolumne River, a flow of 2,750 cfs is projected to provide greater overall juvenile fall‐run 
Chinook salmon carrying capacity compared to the continuous base flow described above. The 
preferred duration of the floodplain pulse flow is estimated to be 14 days or greater (Matella and 
Merenlender 2014), although shorter periods may be adequate as long as they are continuous and 
without large flow fluctuations. The floodplain rearing pulse flows were developed using the Flow West 
model and the work of the California Department of Fish and Wildlife (DFW), the Districts and SF. 

 

To maximize the benefit of the floodplain rearing pulse flow, the start of such pulse will be timed to 
coincide with Chinook salmon rearing timing, which shall be determined by the Tuolumne River 

 

7 The upper thermal tolerance limit found in the study was reported as 25°C. 
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Partnership Advisory Committee (TRPAC), described in Section 1.6.2.D below, on an annual basis relying 
upon such information as date of egg deposition, date of emergence, water temperatures, visual 
observations, RST data and other relevant information. 

 

Except in successive BN, D and C WYs, the spring floodplain pulse flow rates (inclusive of the minimum 
instream flow identified in Table A above) and durations proposed in the Tuolumne River VA are as 
follows: 

 
 W and AN WYs  2,750 cfs for a duration of 20 days
 BN WYs  2,750 cfs for a duration of 18 days
 D WYs  2,750 cfs for a duration of 14 days
 C WYs  2,750 cfs for a duration of 9 days

 
Ramp rates associated with the floodplain pulse will be 300 cfs/hr for upramping and 200 cfs/hr for 
downramping. The volume of water contained in ramping is part of the floodplain pulse volume as is 
the base flow occurring at the time.8 

 
The floodplain pulse flows also contain a “dry‐year relief” plan specific to the floodplain pulse. For the 
floodplain pulse flows, dry‐year relief occurs in sequences of D, C and BN WYs. Specifically, in a 
successive D or C WY, the floodplain pulse goes to zero for that year and any following successive D or C 
WY. In any BN WY occurring in a sequence of C and/or D WYs, the floodplain pulse flow will be 2,750 cfs 
for a duration of 14 days, instead of 18 days. Any BN WY occurring within a sequence of D and/or C WYs 
does not restart the D and/or C sequence. For example, in the WY sequence of C, D, BN, C, D, there 
would be no floodplain pulse in the first and second D and second C WYs in the sequence because a BN 
WY does not restart the dry‐year relief sequence. In this example, there would be a floodplain pulse of 
2,750 cfs for a duration of 14 days in the BN WY. Also, in a WY sequence of C, BN, D, there would be a 
floodplain pulse in the BN WY of 2,750 cfs for a duration of 14 days, but there would be no floodplain 
pulse in the D WY. 

 

In a 3rd successive BN WY, the Districts, SF and CDFW shall meet and confer to see what if any water is 
available for a floodplain pulse. For example, in a sequence of W, BN, BN, BN WYs, the meet and confer 
would occur in the third BN WY. 

 
For purposes of determining dry year relief, a sequence cannot start with a BN year (excluding 
sequential BN WYs as set‐forth above). For example, in a WY sequence of BN, C and D, there would be a 
floodplain pulse of 2,750 cfs for a duration of 18 days in the BN WY, a floodplain pulse of 2,750 cfs for a 
duration of 9 days in the C WY, and then no floodplain pulse in the D WY. 

 
All floodplain pulse flows are inclusive of the base flow. For example, if the base flow is 200 cfs, then the 
additional flow to achieve the floodplain pulse flow is 2,550 cfs, so as to have a total flow of 2,750 cfs. 

 
In the event that the floodplain pulse and the spring outmigration pulse flow, described in Section 
1.6.1.D below, overlap in whole or part, the floodplain pulse will be inclusive of the spring outmigration 

 

8 For example, the floodplain pulse volume in a Wet WY would be 99 TAF. For the floodplain pulse flow, the base 
flow occurring  at  the  time  is  included  as part  of  the  floodplain pulse.  The  volume of 99  TAF would  include  the 
estimated ramping volume of about 2,000 AF if up‐and down‐ramping occurs from say 250 cfs to 2,750 cfs.  Therefore 
the duration of the pulse at 2,750 cfs would be about 19 days and 14 hours. 
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pulse. For example, if the floodplain pulse is 2,750 cfs, and the overlapping spring outmigration pulse is 
3,000 cfs, the total required flow for the period of overlap is 3,000 cfs. 

 
1.6.1.D Spring Outmigration Pulse Flows 

 

To encourage outmigration and increase survival, spring outmigration pulse flows will be provided which 
are carefully timed to coincide with the time periods when large numbers of fall‐run Chinook salmon are 
of large parr or smolt size, circa 65 mm and above. Generally, the time period for release of spring 
outmigration pulse flows falls within the period of April 16 through May 31. The Tuolumne River VA 
includes the active monitoring of spawning timing and river temperatures, supplemented by snorkel 
surveys and/or seining, to calibrate degree days and juvenile size for the purpose of timing the spring 
outmigration pulse flows to coincide with the smoltification of large numbers of juveniles. Adaptive 
management principles will be applied to optimizing over time the timing, duration, and flow rate of the 
pulse flows as data is collected on the resulting outmigration survival as a ratio to the number of female 
spawners (e.g., exiting smolts per female spawner) as measured at the Districts’ RSTs. The Districts’ 
proposed Adaptive Management Plan for the spring outmigration pulse flow is described in Appendix E‐ 
1, Attachment F of the AFLA. The outmigration pulse flows are in addition to the base flows occurring at 
the time. 

 
The spring outmigration pulse flow volumes are as follows: 

 
• W and AN WYs  150 TAF 
• BN WYs  100 TAF 
• D WYs  75 TAF 
• Successive D WYs  45 TAF 
• First year C WY  35 TAF 
• Successive C WYs  11 TAF 

 
Consistent with the floodplain rearing pulse flow, the spring outmigration pulse flows include the 
provision for “dry‐year relief”. As shown above, in any successive occurrences of dry and/or critical 
water years, the spring outmigration pulse flows are reduced. Examples of this “dry‐year relief” are 
enumerated below. 

 
Example 1: If there were a sequence of six WYs of C‐D‐C‐D‐C‐D, the second and third C and D WYs 
would have the reduced outmigration pulse flow volumes. 

 
Example 2: If there were a sequence of four WYs of C‐C‐D‐D, the second C and second D WYs would 
have reduced outmigration pulse flow volumes. 

 
Example 3: If there were a sequence of five WYs of D‐D‐C‐D‐C, the second and third D and second C WYs 
would have reduced outmigration pulse flow volumes. 

 
Example 4: If there were a sequence of six WYs of C‐D‐BN‐C‐D‐C, the third C WY would have reduced 
outmigration pulse flow volumes. 

 

Spring outmigration pulse flows are subject to upramping limit of 300 cfs/hr and downramping limit of 
no more than 200 cfs/hr. The volume of water in the ramping period is part of the pulse flow volume. 
That is, if flows are ramped from 300 cfs to an outmigration pulse of 3,000 cfs, the upramping would 
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take approximately nine hours and use about 1,000 AF of water and the downramping back to 300 cfs 
would take about thirteen hours and use about 1,600 AF. If the WY was a BN WY, then the 100,000 AF 
pulse occurring at 3,000 cfs would be reduced to a volume of 97,400 AF. 

 

1.6.2 Non‐Flow Measures 
The non‐flow measures are also based on science developed on the Tuolumne River over several 
decades, including the most recent studies completed as part of the relicensing of the Don Pedro 
hydroelectric project. All referenced studies can be found at the Don Pedro relicensing website: 
www.donpedro‐relicensing.com. 

 
1.6.2.A Improve Spawning Gravel Quantity and Quality 

 
The most recent studies of the spawning gravel resources present in the lower Tuolumne River 
demonstrate that the river downstream of the La Grange tailrace has sufficient spawning gravel now 
and for the foreseeable future to sustain a healthy and robust population of fall‐run Chinook salmon and 
O. mykiss (AFLA W&AR‐04, Spawning Gravel in the Lower Tuolumne River). The Spawning Gravel Study 
also estimated a loss from storage of approximately 8,000 tons of coarse sediment based on 
differencing 2005 and 2012 DTM data over the 7‐mile reach covering the Dominant Spawning Reach of 
the lower Tuolumne River, extending from approximately River Mile (RM) 52 to RM 45. Distributed over 
the channel study area, the estimated lowering of the channel due to this loss is 13 mm, or less than half 
the average median grain size of the coarse channel bed (approximately 51 mm). Based on the findings 
of the AFLA W&AR‐04 studies, the Tuolumne River VA includes the following specific measures to 
improve the spawning gravel resources of the lower Tuolumne River. 

 

1.6.2.A‐1  Augment Current Gravel Quantities through a Coarse Sediment 
Management Program 

 
Approximately 75,000 tons of properly‐sized gravel will be added between RM 52 and RM 399 over a 
ten‐year period. Because spawning preferences of fall‐run Chinook are more heavily weighted towards 
upstream habitats, the highest priority for initial gravel augmentation measures is in the vicinity of Old 
La Grange Bridge. The specific priority sites are the reaches containing Riffles A5 and A6, the Riffle 
A3/A4 complex, portions of Basso Pool, and portions of the Riffle A1/A2 complex. 

 
Monitoring and adaptive management activities to identify potential future coarse sediment 
management actions include (1) repeating the Spawning Gravel study (AFLA W&AR‐04) in Year 12 to 
inform additional measures and (2) conducting annual surveys of fall‐run Chinook and O. mykiss 
spawning use of new gravel patches for five years following completion of each gravel augmentation 
project. Additional coarse sediment augmentation projects will be guided by the results of the updated 
Spawning Gravel study conducted in Year 12 and the annual surveys of spawning use. 

 

1.6.2.A‐2  Provide Gravel Mobilization Flows of 6,000 to 7,000 cfs 
 
Flows released to the river in excess of required flows are referred to as "Spill". For purposes of gravel 
mobilization and movement/dispersal of fine bed material, this measure directs the Districts’ Project 

 

9 Gravel augmentation projects are intended to primarily benefit fall‐run Chinook salmon, as the Spawning 
Gravel  Study  demonstrates  that  sufficient  suitable  gravel  currently  exists  to  support  the  spawning  of 
several hundred thousand O. mykiss (see W&AR‐04, Table 5.5‐1). 
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Operations staff to provide, during years when sufficient Spill is projected to occur, at least two days of 
flow measured at the USGS’ La Grange gage of between 6,000 cfs and 7,000 cfs. Under the Tuolumne 
River VA, this is anticipated to occur at an average frequency of approximately once every three to four 
years. In years where the La Grange gage spring spill (March through June) is projected to exceed 100 
TAF, the Districts would plan to release a flow of 6,500 cfs for two days within the spill period with 
downramping not to exceed 400 cfs/hr until a flow of 3,000 cfs is reached, then 300 cfs/hr after that. 

 

In the event that the there is a Spill event that is insufficient to accommodate both this gravel 
mobilization flow and the SMP release described in Section 1.6.2.E below, the Districts will determine 
the best use of the available Spill in consultation with the TRPAC, described in Section 1.6.2.D below. It is 
expected that the TRPAC will develop protocols and recommend actions that will insure that the gravel 
mobilization flows will not conflict with, and will be consistent with and complimentary to, the purposes 
of the floodplain and outmigration pulse flows discussed in Sections 1.6.1.C and 1.6.1.D. 

 

1.6.2.A‐3  Gravel Cleaning 
 
The Districts will conduct a five‐year program of experimental gravel cleaning using a gravel ripper and 
pressure wash operated from a backhoe, or equivalent methodology, selected through coordination 
with resource agencies.10 Each year of experimental cleaning will consist of two to three weeks of 
cleaning select gravel patches. The Districts will conduct O. mykiss spawning and redd surveys in areas 
planned for gravel cleaning prior to commencing any gravel cleaning in order to avoid any active 
spawning or redds. Subject to the findings of these surveys, the gravel cleaning may coincide with 
outmigration pulse flows (See Section 1.6.1.D, above) to benefit fall‐run Chinook salmon smolt 
outmigration by providing increased turbidity to reduce predator sight feeding effectiveness. Gravel 
cleaning has the potential to expand availability of high quality gravel which would improve spawning 
success and egg‐to‐emergence survival for fall‐run Chinook salmon. 

 
1.6.2.A‐4  Improve Existing Instream Physical Habitat and Habitat 

Complexity 
 
Studies conducted during relicensing (AFLA W&AR‐04; W&AR‐08; W&AR‐12; W&AR‐19) and field data 
collected as part of fisheries studies and habitat restoration (see Table 3.5‐8 of AFLA, Exhibit E) indicate 
the occurrence of large woody debris (LWD) is limited in the lower Tuolumne River (AFLA W&AR‐12, pg 
6‐2). The same studies show that the woody debris captured in the Don Pedro Reservoir is too small to 
act as favorable LWD‐induced habitat in the lower Tuolumne River (AFLA W&AR‐12, pg 6‐4). However, 
studies also indicate that O. mykiss rearing habitat, and to a lesser extent fall‐run Chinook salmon 
habitat, can be improved by the introduction of properly‐sized LWD material for the purpose of 
introducing greater instream structure and habitat complexity (AFLA W&AR‐12). 

 

Placement of properly‐sized and designed LWD will provide favorable micro‐habitats for O. mykiss and 
promote localized scour of fines to benefit fall‐run Chinook salmon spawning. The Districts will fund 
LWD enhancements as part of the LTRHIP discussed in Section 1.6.2.D, below. In consultation with the 
TRPAC, funding will be provided to identify, collect, design and place LWD in select locations between 
RM 43 and RM 50, the preferred habitat reach of O. mykiss. Annual snorkeling surveys will be 
conducted to examine habitat use and localized substrate conditions before and after LWD placement. 
Preliminary locations have been identified near RMs 42.5, 47.5, and 48.8, requiring a total capital cost of 

 

10 It is anticipated that this coordination will be conducted by the TRPAC. 
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approximately $4 million. Design of LWD complexes will follow general guidelines presented in 
Restoring Complexity: Design of Large Wood Structures and Off‐Channel Habitats (34th Annual Salmonid 
Restoration Conference; Fortuna, CA; April, 2016). 

 

1.6.2.B.  Predator Control and Suppression Plan 
 
Lower Tuolumne River monitoring and relicensing studies have consistently demonstrated that 
predation of salmon juveniles by non‐native black bass and striped bass has a significant impact on 
smolt production in the lower Tuolumne River. A long‐term, robust and functional predator control and 
suppression plan is a high priority for the lower Tuolumne River. While population modeling results 
show that smolt survival on the lower Tuolumne River is moderately sensitive to flow rates, the same 
models demonstrate that, based on Tuolumne River site‐specific data, smolt production is much more 
strongly correlated to predation levels (AFLA W&AR‐05, W&AR‐06, W&AR‐07, and RST Reports). The 
Predator Control and Suppression Plan targets a reduction in annual predation rates of 10% below RM 
25.5 and 20% above RM 25.5. 

 
1.6.2.B‐1  Construct a Fish Counting and Barrier Weir 

 
The Districts will construct and operate a fish barrier and counting weir at approximately RM 25.5. The 
barrier weir will prohibit the movement of striped bass from upstream habitats used by rearing juvenile 
fall‐run Chinook salmon and O. mykiss, while simultaneously providing a location where striped bass will 
congregate, facilitating their isolation and removal. 

 
The specific design and location of the barrier and counting weir will be determined in consultation with 
DFW, and may be constructed with permanent concrete abutments and necessary appurtenances. 
Potential design features may include inflatable rubber dams, flap‐gate spillways, radial gates and types 
of adjustable weirs that will minimize impacts to resident fish movement, boating and other recreation. 

 
Use of the predator barrier and counting weir will be part of annual predator suppression activities 
discussed in Section 1.6.2.B‐2, below. 

 
1.6.2.B‐2  Predator control and suppression 

 
The Districts shall conduct annual predator suppression activities identified in the Districts’ AFLA 
including, but not limited to, removal and/or isolation methods such as electro‐fishing, fyke netting, 
seining and other positive collection methods. DFW shall facilitate, license, permit, and participate in 
these annual predator suppression activities. 

 

To insure that desired reduction in annual predation rates is achieved, the Districts and SF may seek 
changes to fishing regulations related to catchable size, bag limits, or length of season of any predator 
fish. Similarly, the Districts and SF may seek the approval necessary to allow for fishing derbies, a bounty 
program, and/or other activities that, in their view, are necessary to establish a robust, maximally 
effective predator suppression and control program, although DFW may not support such efforts. 

 

1.6.2.C. Reduce Fall‐run Chinook Redd Superimposition 
 
Studies have demonstrated the occurrence of redd superimposition in the Tuolumne River’s Dominant 
Salmon Spawning reach above approximately RM 47 (FISHBIO 2013). Over the long‐term, reduction of 
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adverse effects of superimposition will increase spawning success and egg‐to‐emergence survival. 
Studies have shown (AFLA W&AR‐05) that rates of spawning superimposition are relatively high for fall‐ 
run Chinook in the lower Tuolumne River at higher escapement levels (e.g., >5,000 female spawners) 
due to a preference for spawning to occur above RM 47. The reasons for this preference are uncertain, 
but may be correlated with the high percentage of out‐of‐basin hatchery strays in the Tuolumne River 
escapement and their lack of site fidelity. Suitable spawning gravels in the lower Tuolumne River extend 
from RM 51.5 to approximately RM 30. 

 

To reduce the superimposition that occurs when a newly arrived spawning female selects a spawning 
site on top of a previously used site, the Districts shall deploy a temporary barrier to encourage use of 
suitable habitats at locations further downstream. Deployment of the temporary barrier (e.g., picket 
barrier) will occur once the number of female spawners counted at the RM 25.5 counting facility reaches 
4,000. 

 

The precise location, timing and operational duration of the temporary weir will be determined in 
consultation with the TRPAC. Redd surveys will also be used to inform annual decisions regarding 
deployment. 

 
1.6.2.D. Lower Tuolumne River Habitat Improvement Program 

 
The Districts and SF will implement a long‐term habitat improvement strategy by establishing the Lower 
Tuolumne River Habitat Improvement Program (LTRHIP), which will identify, design, construct and 
monitor floodplain and in‐channel habitat improvements to benefit fall‐run Chinook and O. mykiss 
juvenile rearing life stages. Individual projects will be located along the lower Tuolumne River and will 
be designed in coordination with the flow regimes identified in Section 1.6.1, above. Specific individual 
projects envisioned to be undertaken through the fund are likely to include floodplain restoration; 
floodplain lowering to foster floodplain access at lower flows; backwater slough connections to the 
mainstem; riparian vegetation enhancements using native species; in‐channel habitat improvements 
through placement of LWD; and/or re‐contouring of potential juvenile Chinook stranding areas. 

 

The Districts and SF will establish a dedicated fund with a commitment to a total funding of $38,000,000 
for capital costs and an additional annual increment not to exceed $1,000,000/yr for O&M, monitoring, 
and reporting associated with completed capital projects. Neither the capital contribution nor the 
annual funding shall be dependent upon money from third‐parties. All capital and annual funding shall 
be provided by the Districts and SF. 

 

Development of individual projects for funding consideration will occur through the creation of the 
TRPAC. TRPAC will consist of the USFWS, CDFW, CCSF, TID, and MID. Other resource agencies will be 
invited to actively participate. TRPAC will identify, conceptualize, and recommend site‐specific projects 
for funding under the LTRHIP with a target cost per project to be less than $5 million. The project 
recommendation process would be based on the Spawning Habitat Integrated Rehabilitation Approach 
(SHIRA) process, or some other technically rigorous approach approved by the TRPAC members. A final 
project development process will be outlined in a Memorandum of Understanding describing the 
procedures and protocols of the TRPAC. As discussed in item 1.6.2.E below, the TRPAC will also be 
involved in recommending how predicted Spill events can be better managed to benefit native 
salmonids, while not jeopardizing dam safety. In all matters, the TRPAC will operate in an advisory 
capacity only, with final decision‐making authority resting solely with the Districts and SF. 
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The total capital contribution to the LTRHIP will be $38 million, to be funded in increments of $9.5 
million, the first of which will be contributed within six months. After the first contribution, subsequent 
contributions of $9.5 million shall be made within six months of the 6th, 9th, and 12th anniversaries. 

 

1.6.2.E. Implement a Spill Management Plan 
 
Flows released to the river in excess of required flows are referred to as "Spill". Modeling of the 
Tuolumne River VA flows, described in Section 1.6.2.A‐2, above, predicts that total flows released to the 
lower Tuolumne River from the Don Pedro Reservoir in the February through June time frame will 
exceed the Tuolumne River VA required flows in 23 years of the 42‐year period of record from 1971‐ 
2012 (i.e., 55% of the time). When projected to be available, reasonable efforts will be made to manage 
Spill in accordance with flow recommendations developed by the TRPAC. The implementation of any 
use of Spill to benefit fish is subject to, and at the complete discretion of, the Districts’ operations staff, 
which is responsible for overall dam safety, flood control, and meeting operating rule curve constraints. 

 

The primary goal of the Spill Management Plan (SMP) is to attempt to maximize the benefit of Spill 
events for fall‐run Chinook salmon floodplain rearing through the control of Spill flow rates, timing, and 
duration as described below and further developed through the SMP. The initial governing metrics for 
the SMP are as follows: 

 
Timing 

 
The target months for management of available flow volumes in the SMP for additional floodplain 
rearing are March and April. The rationale for these target months is (a) by early March, reasonably 
reliable predictions of total runoff volume expected to occur, using the 90% exceedance probability, are 
available from Bulletin 120 prepared by the California Department of Water Resources (CDWR) and (b) 
studies of fall‐run Chinook salmon on the Tuolumne River demonstrate that March and April are 
important months for in‐river fall‐run Chinook juvenile rearing (see AFLA W&AR‐06) and Section 1.6.1.C 
above. There may be exceptions to these target months as recommended by the TRPAC; for example, in 
years when significant winter precipitation events might result in earlier Spill. 

 

Duration of SMP Releases 
 
The target minimum duration of a managed continuous Spill release to enhance floodplain rearing will 
be consistent with the duration of the floodplain pulse described in Section 1.6.1.C above. If there is Spill 
available, there may be opportunities to adaptively manage this duration based on recommendations of 
the TRPAC and subsequent relevant research. 

 

Flow Targets 
 
Section 1.6.1.C above describes the minimum flow for floodplain pulses. Flows in the range of 500 cfs to 
1700 cfs have been shown to provide poorer fry and juvenile rearing habitat on the Tuolumne River than 
flows below and above this range (see Districts’ AFLA, Exhibit E, Section 5.6), and thus if there is Spill 
available, this range should be avoided to the extent practicable except during recession flows. Flows 
will be adaptively shaped to the extent practicable to include recession rates recommended by the 
TRPAC. 

 

Spring Outmigration Pulse Flow 
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If the forecasted Spill volume in March is less than 55,000 acre‐feet, the managed Spill may be added to 
the spring outmigration pulse flow identified in the Section 1.6.1.D, above. Alternatively, based on a 
recommendation of the TRPAC, any Spill volume of less than 55 TAF may be used to improve in‐channel 
rearing or temperature management consistent with flow targets mentioned above. 

 

Fall Adult Migration Attraction Pulse Flow 
 
In the event there is excess water available on September 1 of any year, as described below, the TRPAC 
may recommend release of such excess water as an adult fall‐run Chinook salmon migration attraction 
flow, subject to the following: 

 
• If on September 1 the Don Pedro Reservoir water surface elevation is above 801.9 feet, 
• Any such water will be used before October 7. 
• Use of the water will not, by itself, result in the Don Pedro Reservoir water surface 

elevation being less than 801.9 ft as of October 7. 
 

Alternatively, if recommended by the TRPAC, Spill may be used for the purpose of temperature 
management. 

 
Flow releases recommended by the TRPAC during the fall period for adult migration or temperature 
management may be coordinated with releases from other San Joaquin River tributaries to the extent 
possible to maximize potential benefits to salmonid populations throughout the San Joaquin River 
watershed. 

 

Adaptive Management of Spills 
 
Habitat conditions in the lower Tuolumne River are expected to change over time due to naturally 
occurring events, the implementation of the floodplain rearing pulse flow, or as a result of habitat 
improvement projects that will occur as part of the LTRHIP described above. Within six months of the 
12th anniversary, the Districts will initiate the necessary studies to develop a report, including revised 
rearing habitat vs. flow relationship on the lower Tuolumne River, which shall reflect and document the 
changes that have occurred using the results of study AFLA W&AR‐04 as baseline habitat conditions. 
This report will be provided as a draft to individual members of the TRPAC for a 60‐day review prior to 
filing with FERC. 

 
Changed habitat conditions, or any other data and information that has been developed through the 
LTRHIP and SMP, may be used to guide recommendations of the TRPAC.11 

 
Reporting 

 
The Districts will file with FERC by January 31 of the calendar year following the occurrence of a Spill a 
report describing the actual flows that occurred under the SMP, the final TRPAC recommendations for 
that year's Spill use, and any proposed changes to the SMP. A draft report for review and comment will 
be provided to the individual members of the TRPAC at least 60 days prior to the filing with FERC. 

 

11 It is expected that the TRPAC will develop protocols and recommend actions that will insure that the SMP does not 
conflict with, and is consistent with, the purposes of the floodplain rearing pulse flow. 
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1.6.2.F. Future Project Feasibility Studies 
 
MID, TID and SF will, in good faith, engage in cooperative feasibility level studies for future projects 
and/or programs to provide additional instream flows in successive D and C WYs to improve the 
conditions of the fishery in the Tuolumne River. Initial feasibility level studies will be completed within 2 
years from the date of execution of this VA by DFW. Initial feasibility level studies will be provided to 
DFW for review. Any determination to proceed will be subject to mutual agreements on allocation of 
benefits and costs. Examples include, but are not limited to: 

 

A. Groundwater “Banking” 
 
The Modesto and Turlock sub‐basins are designated as high priority sub‐basins by DWR and are subject 
to the provisions of the Sustainable Groundwater Management Act. TID is a member of the West 
Turlock Subbasin Groundwater Sustainability Agency (GSA) and MID is a member of the Stanislaus and 
Tuolumne Rivers GSA. The GSA’s have identified additional groundwater recharge as one of the 
mechanisms that will likely be included in their Groundwater Sustainability Plans. 

 

In approximately 50% of WY types, the Tuolumne River yields water in excess of existing/future urban 
and agricultural demand. A portion of this spill water could be used to recharge the Modesto and/or 
Turlock ground water sub‐basins in W and AN WYs in coordination with activities undertaken by the 
GSA. It is possible these efforts could be augmented to develop water for extraction, use and 
management by MID, TID and CCSF in coordination with DFW to augment Tuolumne River instream 
flows in C and D WYs. 

 

The Districts and SF could make the predefined volume of water available at a location yet to be 
defined. A mutually agreeable financing structure will be developed that fairly and proportionally 
allocates responsibility for any and all costs associated with construction, environmental permitting, 
operation, maintenance, and design. 

 
Example: In 2017, approximately 3.4 MAF of water was released at La Grange above the required 
instream flows. Consistent with SGMA and the physical limitations of the Modesto and/or Turlock 
groundwater sub‐basins, a portion of this volume of water could have been diverted to spreading basins 
or directly injected into the groundwater aquifers within the Modesto and/or Turlock groundwater sub‐ 
basins and "banked" for later extraction and delivery to MID and/or TID’s irrigation conveyance system 
in exchange for releases to the Tuolumne river at La Grange in C and D WYs. 

 

B. Spillway Modification 
 
The New Don Pedro Dam has two spillways that are located approximately 1,500 feet west of the right 
abutment. The service spillway is a concrete ogee crest controlled by three radial gates, 45 feet wide by 
30 feet high. The gated spillway crest is at elevation 800.0 and the top of gates is at elevation 830.0. 
The gates have a rated capacity of 172,500 cfs (approx. 57,500 cfs per gate) with all 3 gates fully open 
and the reservoir at elevation 850 feet. The 995‐foot crest length ungated emergency spillway has a 
discharge capacity of 300,000 cfs at its current elevation of 830.0 feet. The peak outflow and stage at 
New Don Pedro Dam during the Probable Maximum Flood are currently estimated to be 525,600 cfs and 
elevation 852.0 feet, respectively. 
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A modest raise of the spillway gates and ogee crest of 4 to 8 feet would add additional storage available 
in wet years. A portion of this water could be provided in successive D and C WYs when no floodplain 
pulse occurs and outmigration pulse flows have been reduced as described in Section 1.6.1.D above. The 
amount of additional water that could be made available is unknown at this time. 

 

C. Inter Basin Collaborations 
 
There are a number of potential collaborations among and between the San Joaquin tributaries that 
could develop additional water supplies, some of which could be utilized to enhance fishery flows. 
There are also potential collaborative non flow measures (i.e. improved and augmented hatchery 
activities on the Merced River) that could benefit all of the tributaries. 

 

1.6.3 Funding 
 

Funding for Tuolumne River non‐flow measures 
The Districts and SF will provide all funding necessary to construct, operate and maintain all of the non‐ 
flow measures, including monitoring and reporting costs. Such funding shall not be dependent or 
contingent upon actions by third parties, such as future appropriations, grant approvals, or donations. 
Any third‐party funding that is received will be added to, and not used as part of or to otherwise reduce, 
the funding commitment by Districts and SF. 

 
 

1.6.4 Timing 
 

Early Implementation 
 
Within 45 days of affirmative commitment by the SWB to consider the Tuolumne VA as part of a future, 
comprehensive Bay‐Delta Plan update consistent with ordering paragraph 7 of SWB Resolution No. 
2018‐0059, the Districts and SF shall (1) make all flows consistent with Section 1.6.1 for a period not to 
exceed 12 months, (2) begin the planning, permitting, environmental review and construction processes 
associated with the non‐flow measures identified in Sections 1.6.2.A in an effort to begin construction 
within 12 months, (3) begin the planning, permitting, environmental review and construction processes 
associated with the restoration of Riffle 3A/B in conjunction with the Tuolumne River Conservancy, (4) 
begin the formation of and protocols for the TRPAC, and (5) work with the TRPAC to develop the 
protocols for, and if possible implement, the SMP. 

 

Timing Following Adoption of Comprehensive Bay‐Delta Plan Update 
 
Upon adoption of a comprehensive Bay‐Delta Plan update that includes water quality objectives and a 
plan of implementation consistent with the provisions of the Tuolumne River VA, the Districts and SF will 
immediately make all flows consistent with Section 1.6.1 and begin the planning, permitting, 
environmental review and construction processes associated with all non‐flow measures identified in 
Section 1.6.2. 

 
1.6.5 Expected Outcomes 

 

The Tuolumne River VA is part of a comprehensive plan to improve water quality and habitat conditions 
for native fish in the lower Tuolumne River. The goals of the Tuolumne River VA are to maintain year‐ 
round flow releases below La Grange Diversion Dam, together with non‐flow measures in the Tuolumne 
River watershed, sufficient to support all lifestages of native fish populations located in the lower 
Tuolumne River, and which reasonably contribute toward maintaining viable native migratory fish 
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populations in the San Joaquin River watershed and Delta. Analyses performed by both the Districts and 
DFW show that these goals can be reached through performance of the Tuolumne River VA. Output 
from these analyses are presented below. 

 

1.6.5.1. Improvement in Number of Successfully Out‐migrating FRCS Smolts 
 
During the FERC relicensing process, the Districts used empirically‐derived scientific data to develop five 
(5) predictive models – the Tuolumne River operations model, the Don Pedro Reservoir Temperature 
model, the Lower River Temperature model, the Tuolumne River Fall‐run Chinook Population model and 
the Tuolumne River O. mykiss population model. (See W& AR 02, 03, 06, 10 and 16). These models are 
integrated, such that the output of the operations model becomes the input to the reservoir 
temperature model, and the output of the reservoir model becomes the input to the lower river 
temperature model, and the output of the lower river temperature model becomes the input to the 
chinook and O. mykiss population models, respectively. These models provide projections of effects of 
changes in river conditions and project operations. The models are useful for comparing the expected 
effects of changes, but are not intended to be precise projections of future outcomes. 12 

 
The Tuolumne River Fall‐run Chinook Population model described above was used to compare the 
expected outcomes of the Tuolumne River VA with those under the base case and expected under the 
SWB’s SED. Through the combination of flow and non‐flow measures, the Districts and SF expect to 
significantly improve the success of out‐migrating FRCS smolts in the lower Tuolumne River. As shown in 
Figure 10, the Districts and SF expect the Tuolumne River VA to increase the number of FRCS smolts 
reaching the confluence with the San Joaquin River by 150% than under current conditions, and by more 
than 80% under the SWB’s SED. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

12 The models were collaboratively developed, reviewed, shared with all relicensing participants, and training on 
the use of the models was provided. FERC relied on the models in its DEIS for the Don Pedro and La Grange 
hydroelectric projects. (see FERC’s February 11, 2019 DEIS, Chapter 3). 
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Figure 10. Comparison of anticipated increase of FRCS smolts successfully reaching the confluence of the 
San Joaquin River. Required and total discharge measured at the La Grange gage. 

 

1.6.5.2. Improvement in Number of Young of Year O. mykiss 
 

The Tuolumne River O. mykiss Population model described above was used to compare the expected 
outcomes of the Tuolumne River VA with those under the base case and expected under the SWB’s SED. 
Through the combination of flow and non‐flow measures, the Districts and SF expect to significantly 
improve the number of young‐of‐year O. mykiss in the lower Tuolumne River. As shown in Figure 11, the 
Districts and SF expect the Tuolumne River VA to increase the number of young‐of‐year O. mykiss by 
almost 60% than under current conditions, and by more than 95% than under the SWB’s SED.13 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13 Modeling done by Districts and SF shows that the high June flows required by the SED are actually detrimental to 
O. mykiss fry rearing in the lower Tuolumne River. 
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Figure 11. Comparison of anticipated increase in YOY per spawner. Required and total discharge 
measured at the La Grange gage. 

 

  1.6.5.3. Increase in Number of Suitable Acres of Rearing Habitat 
 
Based upon the information developed and presented by Flow West on behalf of DFW and DWR, the 
Districts and SF expect the flows of the Tuolumne VA to generate at least 80 acres of suitable juvenile 
floodplain rearing habitat, and at least 35 acres of additional in‐channel rearing habitat. 
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Tuolumne River 

VSA Proposed Terms VSA Proposed Terms 
¥low Habitat 

Enhanced FERC base flows in ::r:itical and d.-y 35 acres instream rearing 
water years (from 75 tc l25 cfs} by reducing base 
flow in wet, above normal and below normal (3 50 
to 300 cfs) Jun I Oct 15. 

Floodplain rearing pulse: 2750 cts (inundates 8G 
suitable acres), every year with :or.~ecutive l!r; 
year ~offramps" 

99 TAf (W&AN); 89 TAf (BN); 70 TAF {d); 45 TAF 
(C) Flm-· W"' 2.5 VSA Trilmb<ry Fl>m"""'t, Slido .. 

The expected quantity of suitable floodplain rearing habitat and in‐channel rearing habitat under the 
Tuolumne VA exceeds that expected under the SWB’s SED. 

 
  1.6.5.4. Improvement in Quantity and Quality of Rearing Habitat. 

 

Via the specific floodplain rearing pulse flow identified in Section 1.6.1.C, the adaptively managed SMP 
identified in Section 1.6.2.E, and the collaboratively developed floodplain improvement and habitat 
complexity projects developed through the LTRHIP, the Districts and SF expect to significantly improve 
the quantity and quality of floodplain and in‐channel habitat to benefit fall‐run Chinook salmon and O. 
mykiss juvenile rearing life stages. There is no required improvement in quality or quantity of rearing 
habitat in the SWB’s SED. 
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Appendix A7: San Joaquin River Settlement 
Downstream of the Merced River (Friant 

Division) 
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1.7 San Joaquin River Settlement Below Merced River (Friant Division) 
 

1.7.1 Flow Measures 
 
The Secretary of Interior, pursuant to section 1004(a)(4)(C) of the San Joaquin River Settlement Act (P.L. 
111‐11), proposes to manage San Joaquin River Restoration Flows (Restoration Flows) that are 
otherwise capable of being recaptured and recirculated for the benefit of Friant Division Contractors 
under the San Joaquin River Restoration Settlement (SJRRS) and San Joaquin River permits 11885, 
11886, and 11887 and License 1986 

 

In all years, except for those determined to be Critical‐High or Critical‐Low under the SJRRS, Reclamation 
proposes to reduce the recapture of Restoration Flows to the extent necessary to achieve a goal of total 
Delta outflows derived from any San Joaquin River flows released below Friant Dam of 50,000 acre‐feet 
during the period of February and May (Delta Outflow Goal), subject to the following: 

 

 Reclamation proposes to recapture, protect and manage Restoration Flows for the purpose of 
reducing or avoiding impacts to water deliveries to Friant Division long‐term contractors caused 
by Restoration Flows except when, during the months of February through May, reducing 
recapture diversions as part of this agreement is necessary to satisfy the Delta Outflow Goal 
above. 

 The maximum amount of reduced recapture in any month during the period of February 
through May would be up to 50% of the total recapturable Restoration Flows for such month. 

 It is understood and allowed that in some years there would not be sufficient Restoration Flows 
to meet the Delta Outflow Goal. In such years, Reclamation would still reduce recapture of San 
Joaquin Restoration Flows by 50% of the existing flows, but the Delta Outflow Goal would not be 
satisfied, and Reclamation would not be required to take other actions or make other releases 
of water. 

 Consistent with law, Reclamation would not reduce water supply to other CVP Contractors in 
order to achieve the Delta Outflow Goal. 

 All flows released below the Friant Dam, including those flows released and/or bypassed by 
Friant Dam necessary to address flood conditions, would contribute towards satisfying the 
50,000 acre‐foot Delta Outflow Goal. 

 

1.7.2 Non‐Flow Measures 
1.7.3 Funding  
1.7.4 Timing 
1.7.5 Expected Outcomes 
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Appendix A8: Sacramento-San Joaquin 
Delta 
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1.8 Sacramento‐San Joaquin Delta 
 

1.8.1 Flow Measures 
 
Delta outflows will be augmented through the cumulative contributions of tributaries described above, 
plus a contribution from SWP and CVP of 300,000 acre‐feet of water in Above Normal, Below Normal, 
and Dry water year types. Collectively, the majority of this water can be provided April through October 
of each year it is made available. Some water could be made available earlier in the year, and specific 
flows would be determined based on coordination through the governance program described below. 
Table 1 shows the cumulative water available for Delta outflow under this proposal. 

 

Table 1. New Water Through VA 1 
WQCP 
Phase 

Tributary  Season  Source  Application2  C  D  BN  AN  W 

 
1 

Tuolumne 3, 4    Flow  45  70  89  99  99 

Friant  February ‐ March 
Reduction in recapture 
under SJR Settlement Act Flow   50  50  50  50 

 
 
 
 
 

 
2 

Sacramento  April and May5  Land fallowing  Block   100  100  100   

Feather  Spring or Summer 5  Land fallowing  Block   50  50  50   

Yuba  Assume Spring likely 5  Reservoir storage  Block   50  50  50   

 
 

American 

 
 

Spring 

Groundwater substitution   
 

Hybrid 

10  10     

Reservoir storage    10  10   

Reservoir storage and/or 
groundwatersubstitution 

 10     

Reservoir storage and/or 
groundwatersubstitution 

20  20     

 
Mokelumne4 

 
March ‐ October 

 
Reservoir storage 

 
Flow 

   45  45 
  20    

 10     

 Years 1‐7  New Water by Year Type (TAF)  75  370  369  404  194 

Years 8+ of VSA 

implementation6 

 
TBD 

 
TBD 

 
TBD 

  
300 

 
300 

 
300 

 

Total New Water by Year Type (TAF)  75  670  669  704  194 

 
 

All Delta outflow will be used to test hypotheses developed through the science program included in this 
proposal. Tributary flow contributions to outflow will be made with consideration for in‐stream flow 
needs, regulatory compliance (i.e., cold water pool), flood control, outflow scheduling for the entire 
water year, and its interaction with the total expected Delta outflow (other contributions made through 
this proposal and other hydrology). Outflow provided by the tributaries for contributions to outflow 
would be accounted for and would not be exported by the SWP or CVP. Outflow provided by the SWP 
and CVP will be at least 300,000 acre‐feet above what is required by the existing water quality control 
plan. Delta outflow resulting from SWP and CVP export reductions may exceed 300,000 acre‐feet if 
required to comply with Biological Opinions issued for operations of the SWP and CVP.. 

 
 
 

1 Above existing conditions. See Section 1.3.5 
2 “Flow” represents an instream target, “Blocks” can be scheduled within constraints, and “Hybrid” represents a combination 
3 Subject to successive D/C year relief (BN year does not reset D/C year sequence, but would require floodplain pulse) 
4 Subject to further review of dynamic local modeling to validate totals 
5 Subject to coordination with DFW (Yuba) or fisheries agencies (Sacramento, Feather) 
6 Year Types TBD. This 300TAF of water would be made available consistent with the description in Addendum H to the December 12, 
2018 Framework. Water made available through Proposition 1 storage projects will become available as projects become operational, 
without further demonstration of a science‐based need under the VA. 
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Delta outflow in this proposal is meant to be variable to accomplish two purposes: 
 

 The deliberate application of Delta outflow, combined with a monitoring and synthesis program 
(described below), to resolve long‐standing uncertainties in the outflow needed to maintain viable 
fish populations and a stable Delta ecosystem.

 

 Include enough flexibility in the timing and amount of Delta outflow to allow for annual adjustments 
to test the hypotheses in consideration of outflows absent the flows provided through this proposal.

 
In addition to the 300,000 acre‐feet and tributary contributions described above, an additional 300,000 
acre‐feet of water will be made available, subject to conditions below, through a combination of Prop 1 
storage projects that generate environmental water; purchases of additional water through the 
Agreement Framework, other willing seller/buyer arrangements; future bond funding; and, if required, 
from SWP Contractors and South of Delta CVP Contractors. Environmental water provided through Prop 
1 storage projects would be made available as these projects are constructed. If the science 
demonstrates a need, additional water to generate a total of 300,000 acre‐feet will be made available in 
year eight of the term of this proposal or beyond. This water would also be used to test specific 
hypotheses for identified species or ecosystem needs, as agreed to through the new governance 
structure by a stakeholder group. The availability of this water provided by the SWP and CVP is 
contingent upon the restructuring of the Delta science and monitoring program. 

 

1.8.2 Non‐Flow Measures 
 
Non‐flow measures for the Delta will consist of restoration of over 5,455 acres of habitat, with 
additional habitat to be identified over time through scientific findings and analysis. This primarily 
includes tidal habitat restoration, floodplain restoration, enhancement of shaded riverine and riparian 
areas, channel bank margin habitat improvement, upland habitat restoration, reoperation of water 
infrastructure to improve water quality and hydrodynamics for fish species, increase in treatment of 
invasive aquatic weeds, food web productivity and augmentation projects, establishment of a research 
station in Rio Vista to facilitate improved and advanced aquatic research to support adaptive 
management, consolidation of water diversions and addition of fish screens at the consolidated 
diversion, and increased funding for game wardens to reduce illegal take of sensitive species. 

 

1.8.3 Funding 
 

Funding for Delta flow measures 
Contributions made by the tributaries will be funded as described for each tributary above, including 
through the surcharge on CVP and SWP to generate the water purchase fund, and through contributions 
of public funding. The SWP and CVP will not be compensated for their contribution to outflow. 

 
Funding for Delta non‐flow measures 
Non‐flow measures in the Delta could be funded by a range of state funds, including but not limited 
to, the science fund generated from surcharges associated with the VAs, the Department of Water 
Resources, the Department of Fish and Wildlife, the Department of Boating and Waterways, 
Proposition 1, Proposition 84, Proposition 68, State or Federal water contractors, or other sources. 
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1.8.4 Timing 
 
For flow measures, assuming it is a Dry, Below Normal, or Above Normal Water Year Type, 300 TAF 
would be contributed through export reductions immediately after the approval by the State Water 
Resources Control Board of this proposal. Additionally, tributary releases that result in Delta outflow 
and are part of this proposal, would not be exported though South‐of‐Delta facilities and would be 
allowed to continue to flow to the San Francisco Bay. This resulting Delta outflow would happen 
immediately upon release by the upstream tributaries. 

 

For non‐flow measures, many physical habitat restoration actions would happen within 1 to 5 years 
after adoption of this proposal by the Board. Actions that generate improvements in food web 
productivity would continue for the length of this proposal. Funding for game wardens, predation 
control and increased aquatic weed removal would occur immediately after adoption of this proposal by 
the Board. Other projects, such as Dos Rios and Chipps Island are anticipated to occur in years 2021 and 
beyond. 

 

1.8.5 Expected Outcomes 
 
Over 700 TAF of water will be committed to outflow as part of this proposal. The application of this 
water across seasons and water years would vary, and would be based on direction from the 
stakeholder group through the process described below. This flexibility will allow for real‐time 
adjustments to hydrologic conditions (for example, to take advantage of pulse flows from storms), 
experimental flows to test ecological responses to landscape changes, and strategic use of flows to 
improve water quality. This also involves narrowly targeting flows to improve ecological conditions in 
specific areas, which increases the efficiency of the use of this water. Additionally, several projects are 
proposed to increase the land‐water interaction in the Delta. Freshwater flows, tidal flows, and 
landscapes would be managed together to stimulate ecosystem processes and functions to improve 
habitat conditions for fish. This increased flexibility in the timing and magnitude of freshwater flows and 
linkages to landscape modifications will increase habitat benefits and take advantage of tidal energy. For 
example, flows in combination with structural habitat projects will be used to reverse declines in food 
resources for the Delta ecosystem, maximize high‐quality habitat that favors native plants and animals, 
and manage nutrient pollution to reduce harmful algal blooms. Flow and non‐flow habitat actions can 
also be influenced by existing and planned gates and barriers to further maximize the benefits of these 
resources. Clear hypotheses would be used to monitor, report and adjust both flow and non‐flow 
actions to maximize the benefits of the water and funding made available to the Delta habitats. This 
approach has the best chance of improving our understanding of how to manage the Delta in the future. 
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1.9 Putah Crrek 
    
Monticello Dam and Lake Berryessa, located on Putah Creek in Napa County, is the central component of 
the U.S. Bureau of Reclamation’s (Reclamation) Solano Project and the primary source of agricultural and 
municipal water for Solano County.  The Solano County Water Agency (SCWA) operates the Solano 
Project on behalf of Reclamation and in this role is responsible for streamflow releases to Lower Putah 
Creek, a 22‐mile‐long stream segment located between the Putah Diversion Dam, near the town of 
Winters, and the Yolo Bypass.  During the 1990’s the Putah Creek drainage was the subject of extensive 
litigation – the Putah Creek Water Cases – that cumulated in the Condition 12 Settlement Agreement 
among appropriative water right holders upstream of Lake Berryessa, and the Putah Creek Accord, which 
addressed instream flow requirements downstream of the Solano Project and ultimately transformed 
Lower Putah Creek into a perennial stream. 
 
Prior to construction of the Solano Project in the late 1950’s, much of Lower Putah Creek was typically dry 
in the summer and fall, and therefore, provided no surface runoff to the Yolo Bypass or the Sacramento 
River during those seasons.  Since implementation of the Putah Creek Accord in 2000, Lower Putah Creek 
has been transformed into a perennial stream with significant ecological benefits to native resident fish 
populations, and more recently, anadromous salmonids, most notably fall run Chinook salmon.   
 
In addition to the augmentation of streamflows, the Putah Creek Accord established a permanent funding 
commitment by SCWA for monitoring the condition of fish and wildlife, a permanent commitment by 
SCWA to fund a “Streamkeeper” position to oversee baseline monitoring and other programs associated 
with a variety of ongoing enhancement projects on Lower Putah Creek, and created a governance 
structure – Lower Putah Creek Coordinating Committee ‐ to oversee the activities of the Streamkeeper.  
Through implementation of the Putah Creek Accord, Lower Putah Creek is now recognized as a model for 
the management of native fish populations in flow‐regulated streams.    
 
Although Lower Putah Creek has rarely ‐ if ever ‐ been identified  by State or Federal resource agencies as 
a suitable candidate for restoration of anadromous fish populations in the Sacramento‐San Joaquin 
drainage, implementation of the Putah Creek Accord has clearly demonstrated the potential for 
establishing a self‐sustaining population of fall run Chinook salmon on Lower Putah Creek.  Since 2015 
and despite limited accessibility from the Yolo Bypass, large numbers of fall run Chinook salmon  ‐ annual 
numbers ranging from 200 to 1800 adults – have successfully spawned in Lower Putah Creek. 
 
 Nearly all if not all of the Chinook salmon observed to date are thought to be hatchery strays.  
Monitoring data obtained pursuant to the Putah Creek Accord indicate that adult salmon successfully 
spawn in Lower Putah Creek, but that the current availability of spawning habitat is limiting production.  
SCWA is funding genetic and fish tagging studies by U.C. Davis to assess whether or not the progeny of 
these spawning salmon ultimately return to Lower Putah Creek in sufficient numbers to establish a self‐
sustaining population.   SCWA has also embarked on a “gravel bed scarification” project to enhance and 
expand available spawning habitats.  
 
As a part of the Voluntary Settlement Agreement and in addition to the commitments made by SCWA 
pursuant to the 2000 Putah Creek Accord, SCWA will provide additional streamflows to facilitate salmonid 
fish passage, work with private and public landowners to provide an additional two miles of suitable 
salmonid spawning habitat, and expand and increase the duration of genetic and fish tagging studies to 
more fully address the question of self‐sustaining fish populations.  These efforts will be coordinated with 
and complement the ongoing  “Lower Putah Creek Realignment Project” currently being implemented by 
the Department of Water Resources to restore ecological functions in the Yolo Bypass and to enhance fish 
passage from the Yolo Bypass to and from Lower Putah Creek, as well as Yolo Bypass Salmonid Habitat 
Restoration and Fish Passage Project planned by the Department of Water Resources and U.S. Bureau of 
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Reclamation.  
 

1.9.1 Flow Measures 
 
In 2000, when the Putah Creek Accord was adopted, the prospect of a self‐sustaining salmon population 
of any scale in Lower Putah Creek was considered questionable.  Nevertheless, the following 
“supplemental” streamflow provisions were included in the Putah Creek Accord to potentially attract 
adult Chinook salmon and to provide limited spawning and rearing habitat: 
 
  1)  “Pulse Flows” (for attraction) – 50 cfs for 5 days (between Nov. 15 and Dec 15) 
  2)  “Ramp Down Flows” (following Pulse Flows) of 19 cfs through March 31 
  3)  “Flushing Flows” (for downstream migrants) of 5 cfs from Apr. 1 through May 31 
 
SCWA will augment the aforementioned streamflows as follows: 
 
  1)   “Pulse Flows” – additional 2,500 acre‐feet to be released between Nov. 1 and Dec. 15 
  2)  “Ramp Down Flows” – additional 2,500 acre‐feet to be released immediately following  

Pulse Flow releases and continuing through March 31.    
  3)  “Flushing Flows” – additional 1,000 acre‐feet to be released from Apr. 1 through  

May 31.    
 
The timing and magnitude of the augmented streamflows will be determined in consultation with the 
Lower Putah Creek Coordinating Committee, the Department of Water Resources, and U.S. Bureau of 
Reclamation to optimize operation of the Lower Putah Creek Realignment Project and habitat 
management in the Yolo Bypass. 
 

1.9.2 Non Flow Measures  
 
SCWA will work with private and public landowners along Lower Putah Creek to expand available 
spawning habitats by an additional two miles through a combination of gravel scarification (loosening of 
cemented gravels) and construction of side channels within the existing Lower Putah Creek flood plain. 
In addition, SCWA will extend funding of the ongoing Chinook genetic/tagging study for five years 
(program set to expire at the conclusion of 2020). 
 

1.9.3 Funding 
 
The cost of all Flow Measures will be borne by SCWA.  To the degree possible, SCWA will seek funding 
from private and public sources to finance Non‐Flow Measures and in any event that private and/or 
public funding sources are insufficient, will self‐ fund any remaining amounts required to accomplish the 
Non‐Flow Measures identified above. 
 

1.9.4 Timing 
 
SCWA is prepared to implement the Flow Measures and Non Flow Measures identified above

immediately following adoption of the Voluntary Settlement Agreement. 

 

   

1.9.5 Expected Outcomes 
 
Together, the Flow Measures and Non Flow Measures identified above are expected to: 
  1)  Enhance Chinook population by improving access to a quality/quantity of spawning 

habitats. 
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  2)  Complement and expand the benefits to be provided by the Lower Putah Creek   
Realignment Project (in addition to supplemental fish passage flows, provide an   
additional and reliable source of water for up to 430 acres of floodplain habitat and 90  
acres of tidal freshwater habitat to be constructed as a part of the Lower Putah Creek  
Realignment Project)  

   
   
   
   
  3)  Compliment benefits of Yolo Bypass Habitat Restoration and Fish Passage Project by  

providing additional spawning and rearing habitats accessible from the Yolo Bypass, and  
additional water to support habitat enhancement within the Yolo Bypass. 

   
   
  4)   Determine whether a self‐sustaining population of Chinook salmon has been  

established in Lower Putah Creek. 
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1 Appendix A10: Illustrative Scope and 
Magnitude of Non-flow Projects 
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1.10.1 Sacramento River Habitat Projects 
 

 
Project 

 
Identified In… 

 
Description 

 
Targeted Habitat 

 
Benefits 

 
Years 

 
Timeline without VSA 

 
Life Stage 

 

Possible Funding 
Source(s) 

 
Implementation Lead 

 
Contingency 

 
Planning/CEQA Status 

 

Construction/Action 
Started? 

 

Regulatory 
Requirement? 

Spawning Habitat Keswick to Red Bluff Diversion Dam; Objective – Annually place 40,000 to 55,000 tons of gravel at the Keswick and/or Salt Creek injection site(s). Create at least three site-specific gravel restoration projects upstream of Bonnyview Bridge within 5 years. 

Salt Creek Gravel Injection Upper Sac AFHRP Improve substrate conditions for 
spawning salmonids at key riffles 

 
up to 25,000 CY Increase existing suitable spawning habitat area Bi-Annually (1-10 years) unknown S Upper Sac AFHRP, 

Bond, Science Fund Potentially USBR, SRSC No No No No 

Market Street Upper Sac AFHRP Improve substrate conditions for 
spawning salmonids at key riffles 

 
up to 12,000 CY Increase existing suitable spawning habitat area Tri-Annually unknown S Upper Sac AFHRP, 

Bond, Science Fund Potentially USBR, SRSC No N/A Year by Year No 

Turtle Bay Island Side Channels and Gravel Upper Sac AFHRP 
Improve substrate conditions for 

spawning salmonids at key riffles and 
side channel 

 
place and shape 25,000 CY Increase existing suitable spawning habitat area Tri-Annually unknown S,R Upper Sac AFHRP, 

Bond, Science Fund Potentially USBR, SRSC No No No No 

Keswick Dam Gravel Injection Upper Sac AFHRP Improve substrate conditions for 
spawning salmonids at key riffles 

 
up to 25,000 CY Increase existing suitable spawning habitat area Annually (1-15 years) Yes currently (but annual 

funds are not assured) S Upper Sac AFHRP, 
Bond, Science Fund Potentially USBR, SRSC  No N/A Year by Year No 

Rearing Habitat Keswick to Red Bluff Diversion Dam; Objective – Create a total of 40 to 60 acres of side channel habitat at no fewer than 10 sites in Shasta and Tehama County 

South Shea Levee Upper Sac AFHRP Creation and improvement of side channel 
habitat TBD Increase existing suitable spawning habitat area; improve of natural river

morphology; increase floodplain habitat, riparian habitat, and instream cover 0-5 years unknown S,R Upper Sac AFHRP, 
Bond, Science Fund Potentially USBR, SRSC No No No No 

Shea Levee Upper Sac AFHRP Creation and improvement of side channel 
habitat TBD Increase existing suitable spawning habitat area; improve natural river 

morphology and connection to historic side channel habitat 0-5 years unknown S,R Upper Sac AFHRP, 
Bond, Science Fund Potentially USBR, SRSC No No No No 

Tobiasson Island - Side Channel/South Bank Upper Sac AFHRP Creation and improvement of side channel 
habitat TBD Increase existing suitable spawning habitat area; improve of natural river 

morphology; increase floodplain habitat, riparian habitat, and instream cover 0-5 years unknown S,R Upper Sac AFHRP, 
Bond, Science Fund Potentially USBR, SRSC No No No No 

Side Channel Habitat - Cypress Ave. Bridge Downstream Upper Sac AFHRP Creation and improvement of side channel
habitat TBD Improve natural river morphology, riparian habitat, instream cover, and habita

complexity 0-5 years Potentially in 2019 R Upper Sac AFHRP, 
Bond, Science Fund Potentially USBR, SRSC  No No No No 

Shea Island Channel/Rearing Upper Sac AFHRP Creation and improvement of side channel 
habitat TBD Improve natural river morphology, riparian habitat, instream cover, and habita

complexity 0-5 years unknown R Upper Sac AFHRP, 
Bond, Science Fund Potentially USBR, SRSC No No No No 

Anderson River Park Channel/Rearing Upper Sac AFHRP Creation and improvement of side channel 
habitat TBD Improve natural river morphology, riparian habitat, instream cover, and habita

complexity 0-5 years Potentially in 2020 but need
permits R Upper Sac AFHRP, 

Bond, Science Fund Potentially USBR, SRSC No No No No 

Kutras Lake Project Upper Sac AFHRP Creation and improvement of side channel 
habitat TBD Improve natural river morphology, riparian habitat, instream cover, and habita

complexity 6-10 years Potentially 2020 R Upper Sac AFHRP, 
Bond, Science Fund Potentially USBR, SRSC No No No No 

Tobiasson Island Channel/Rearing Upper Sac AFHRP Creation and improvement of side channel 
habitat TBD Improve natural river morphology, riparian habitat, instream cover, and habita

complexity 6-10 years unknown R Upper Sac AFHRP, 
Bond, Science Fund Potentially USBR, SRSC No No No No 

Kapusta Island and River Right Bank Channel/Rearin Upper Sac AFHRP Creation and improvement of side channel 
habitat TBD Improve natural river morphology, riparian habitat, instream cover, and habita

complexity 6-10 years unknown R Upper Sac AFHRP, 
Bond, Science Fund Potentially USBR, SRSC  No No No No 

Reading Island Channel/Rearing Upper Sac AFHRP Creation and improvement of side channel 
habitat TBD Improve natural river morphology, riparian habitat, instream cover, and habita

complexity 6-10 years Potentially in 2020 but need 
permits R Upper Sac AFHRP, 

Bond, Science Fund Potentially USBR, SRSC No No No No 

Rancho Briesgau Channel/Rearing Upper Sac AFHRP Creation and improvement of side channel
habitat TBD Improve natural river morphology, riparian habitat, instream cover, and habita

complexity 11-15 years unknown R Upper Sac AFHRP, 
Bond, Science Fund Potentially USBR, SRSC No No No No 

China Gardens Side Channel Upper Sac AFHRP Creation and improvement of side channel 
habitat TBD Increase existing suitable spawning habitat area; improve of natural river

morphology; increase floodplain habitat, riparian habitat, and instream cove 11-15 years unknown R Upper Sac AFHRP, 
Bond, Science Fund Potentially USBR, SRSC No No No No 

Rio Vista Upper Sac AFHRP Creation and improvement of side channel 
habitat TBD Improve natural river morphology, riparian habitat, instream cover, and habita

complexity 11-15 years unknown R Upper Sac AFHRP, 
Bond, Science Fund Potentially USBR, SRSC No No No No 

East Sand Slough Upper Sac AFHRP Creation and improvement of side channel
habitat TBD Improve natural river morphology, riparian habitat, instream cover, and habita

complexity 11-15 years unknown R Upper Sac AFHRP, 
Bond, Science Fund Potentially USBR, SRSC No No No No 

Rearing Habitat Red Bluff Diversion Dam to Verona; Objective – Enhance ~ 2,000 acres of floodplain habitat in the Sutter Bypass within the term of the Voluntary Agreement. Provide fish passage and floodplain habitat at Tisdale Weir within 5 years and Colusa Weir within 10 - 15 years. Inventory historic oxbows and design fish passage and floodplain projects within 5 years and implement projects within 10 years. 

Off-Channel Rearing Habitat Restoration Projects - Side
Channel/Oxbow/Floodplain on Lower Battle Creek 

(below Coleman Hatchery) on Lands Owned by BLM 
and CDFW 

SRS Study and Determine potential ox bow 
restoration sites TBD Improve natural river morphology, riparian habitat, instream cover, and habita

complexity 6-10 years No R Bond, DWR SRSC, CDFW, BLM, USBR No No No No 

Tisdale Weir and Bypass Multibenefit Project SRS/SVSRP Operable Weir None, weir modification only but 
required to inundate Sutter bypass 

Operable weir to allow for adult passage for upstream migration, and out
migrating juveniles to access Sutter Bypass 0-5 years No AM, R, M Bond, DWR SRS/SVSRP No No No No 

Tisdale Bypass into Sutter Bypass Improve the bypass property into suitable
habitat 500 acres Property already owned by CDFW and accessible, create habitat for 

outmigrating salmon 0-7 years unknown R, A Bond, DWR, CDFW SRSC/DWR/CDFW No No No No 

Lower Colusa Basin Drain Floodplain Flood lower basin lands through Knights
Landing Outfall Gates (KLOG) 300 acres Operations of KLOG to allow passage of outmigrating salmon onto floodplain 0-5 years No R Bond, DWR SRSC/SVSRP/DWR No No No No 

Sutter Bypass Area Multibenefit Project SRS Increase Suitable Habitat 2000 acres Increase suitable habitat for out-migrating juveniles to access Sutter Bypass 6-15 years No R, M SRS SRSC, CDFW, BLM, USBR No No No No 

Setback Levee Construct setback levee on existing Sac 
levees with willing landowners 200 acres Additional rearing habitat connected with Sac River 10-15 years No R Bond, CDFW, DWR SRSC, DWR, Corp No No No No 

Colusa Weir Multibenefit Improvements Operable Weir None, weir modification only but 
required to inundate Sutter bypass 

Operable weir to allow for adult passage for upstream migration, and out- 
migrating juveniles to access Sutter Bypass 6-10 years No AM, R, M Bond, DWR SRS/SVSRP No No No No 

Sutter Bypass Weir 1 - Rehabilitation of Weir Structure
and Fish Ladder. Coupled with New Lower Butte/Sutte

Bypass Water Management Plan 
SRS Operable Weir None, weir modification to benefit 

migrating juveniles and adults 
Operable weir to allow for adult passage for upstream migration, and out- 

migrating juveniles to access Sutter Bypass 0-5 years No AM Bond, DWR SRS/SVSRP No No No No 
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Sutter Bypass Weir 2 Multibenefit Project SRS/SVSRP Operable Weir None, weir modification to benefit 

migrating juveniles and adults 
Operable weir to allow for adult passage for upstream migration, and out- 

migrating juveniles to access Sutter Bypass 0-5 years No AM Bond, DWR SRS/SVSRP No No No No 

Man Made Structures Keswick-Verona; Objective – Complete remaining high-priority fish screen projects. Reduce lighting to 3 lux or less at fish screens and bridges within 5 years. Incorporate ongoing redd dewatering coordination with Anderson Cottonwood Irrigation District into a Voluntary Agreement. Address fish passage issues at Weir 1 and Weir 2 within 5 years 

Perform study on bridges and lighting 
conditions and work with agencies to

reduce lighting 
Reduced Lighting and Sacramento River Bridges Upper Sac AFHRP  TBD Increase survival of migrating fish by reducing predation risks 0-5 years No M Upper Sac AFHRP SRS/SVSRP No No No No 

Screen Meridian Farms Water Company SRS/SVSRP Install fish screen N/A Fish screen, benefits based on the Sac Valley fish screen program 0-5 years No M AFRP USBR, SRSC No No No No 

Screen Natomas Mutual Water Company SRS/SVSRP Install fish screen N/A Fish screen, benefits based on the Sac Valley fish screen program 0-5 years No M AFRP USBR, SRSC No No No No 

Anderson Cottonwood Irrigation District Dam 
Operations to Project Salmon Redds SVSRP Weir and bypass operations TBD Increase existing suitable spawning habitat area 0-5 years No I AFRP USBR, SRSC No No No No 

Study, Design, and Implement Modifications to Known 
Redd Dewatering Locations 

Perform study on redd locations and 
water elevations based on river stagesNew TBD Increase existing suitable spawning habitat area 0-10 years (annual) No I AFRP  USBR, SRSC, CDFW No No No No 

Program for Identification of Predation Hot Spots. 
Adaptively Manage for the Reduction/Improvement of 

Predator Contract Points at Man-Made Structures Where 
Predator Interactions Have Been Observed 

AFRP, CDFW, SRSC
NCWA New Perform Study TBD Study, currently occurring 0-2 years Yes M CDFW No No Yes No 

Study Route-Specific Survival at Key Diversion Facilitie 
and Implement Appropriate Devices that Reduce Route 

Selection Into Lower Survival Areas 

0-10 years; Annual plan within 
one year New Perform Study TBD Study No M AFRP USBR, SRSC No No No No 
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1.10.2 Feather River Habitat Projects  
 

 

Project 
 

Identified In… 
 

Description 
 

Targeted Habitat 
 

Benefits 
 

Years 
 

Timeline without VSA 
 

Life Stage Possible Funding 
Source(s) 

 

Implmentation Lead 
 

Contingency 
 

Planning/CEQA Status 
 

Construction/Action Started? Regulatory 
Requirement? 

Gravel augmentation New Improve substrate conditions for spawning salmonids at key riffles 25,000 cu. yd. Increase existing suitable spawning habitat area 0-5 years Unknown S DWR, Prop 1, CVPIA DWR None None No No 

 
Remove Sunset Pumps and associated rock dam 

 
SRS 

 
Remove barrier/entrainment risk for upstream salmonid and sturgeon passage 

 
Over 25 miles upstream Improve fish passage for salmon, steelhead, and

sturgeon and allow for access to more habitat 
   0 – 5 years 

 
Unknown 

 
AM, M 

 
Prop 1 

 
SBFCA 

 
None 

 
None 

 
No 

 
No 

 
Oroville Wildlife Flood Stage Reduction Project 

 
CVFPP Weir improvements and ecosystem restoration and Oroville Wildlife Area to 

allow floodplain access 

 
100 – 600 acres 

Improve natural river morphology; increase 
floodplain habitat, riparian habitat, and instream

cover 
 
 

1 – 3 years 
 

1-3 years 
 

R 
 

DWR, Prop 1 
 

SBFCA 
 

None 
 

Final CEQA April 2013 
 

Construction started 8/1/2018 
 

No 

 
Nelson Slough Floodplain Restoration 

 
FRRFMP Provide optimal habitat for floodplain rearing and reduce stranding during high 

flow events 

 
20 acres 

Improve natural river morphology; increase 
floodplain habitat, riparian habitat, and instream 

cover 

 
3 – 15 years 

 
Unknown 

 
R 

 
DWR, Prop 1 

 
DWR 

 
None 

 
None 

 
No 

 
No 

 
Abbott Lake Re-Connection/Restoration 

 
FRRFMP Provide optimal habitat for floodplain rearing and reduce stranding during high

flow events 
  

440 acres 
Improve natural river morphology; increase 

floodplain habitat, riparian habitat, and instream 
cover 

 
3 – 15 years 

 
Unknown 

 
R 

 
DWR, Prop 1 

 
DWR 

 
None 

 
None 

 
No 

 
No 

 
Star bend Setback Levee 

 
CVFPP Provide optimal habitat for floodplain rearing and reduce stranding during high 

flow events 

 
50 acres 

Improve natural river morphology; increase 
floodplain habitat, riparian habitat, and instream 

cover 

 
3 – 15 years 

 
Unknown 

 
R 

 
DWR, Prop 1 

 
DWR 

 
None 

 
None 

 
No 

 
No 

Feather River Setback Levee below Yuba River
on River Left Floodplain 

   FRRFMP Provide optimal habitat for floodplain rearing and reduce stranding during high 
flow events 

 
1,100 acres 

Improve natural river morphology; increase 
floodplain habitat, riparian habitat, and instream 

cover 

 
3 – 15 years 

 
Unknown 

 
R 

 
DWR, Prop 1 

 
DWR 

 
None 

 
None 

 
No 

 
No 

Identification of Predation Hot Spots and 
Adaptive Management for Predator Reduction 

 
New 

 
Improve rearing and migration conditions by reducing predation 

 
Entire reach of river 

 
Improve salmon and steelhead survival 

 
0 – 15 years 

 
Unknown 

 
R, M 

 
TBD 

 
DWR/DFW 

 
None 

 
None 

 
No 

 
No 

 
 

Project 
  

Description 
 

Targeted Habitat 
 

Benefits 
 

Years after FERC License Timeline without VSA after
FERC License 

   Life Stage Possible Funding 
Source(s) 

 
Implmentation Lead 

 
Contingency 

 
Planning/CEQA Status 

 
Construction/Action Started? Regulatory 

Requirement? 

 

Habitat Improvement Plan (A101) FERC SA Develop and adaptive management plan to respond to restoration project 
feedback 

n/a Identifies actions under the AMP 2 years 3 years All DWR DWR FERC license 
CEQA completed, 401 

issued, NMFS BiOp 
obtained 

No Yes 

Gravel Supplementation Improvement Program 
(A102) FERC SA File a gravel supplementation and improvement plan to respond to restoration

project feedback 94,000m2 (23.2 acres) Increase existing suitable spawning habitat area 2 projects within 2 years; 5 
within 5; 10 within 10 1 project within 5 years S DWR DWR FERC license 

CEQA completed, 401 
issued, NMFS BiOp 

obtained 
No Yes 

Channel Improvement Program (A103) FERC SA Creation and improvement of side channel habitat 1.0 acre of improved habitat; 5 
acres of new 

Improve natural river morphology and riparian 
habitat 

Develop plan within 2 years; 3
channels in 5; all channels 

within 7 

Plan in 4 years; All channels
within 10 years S, R DWR DWR FERC license 

CEQA completed, 401 
issued, NMFS BiOp 

obtained 
No Yes 

Structural Habitat Program (A104) FERC SA Installation of large woody debris, boulders, etc. and filing a plan for 
implementation 00 pieces LWD and 25 boulders Improve instream cover and habitat complexity Submit plan within 1 year; 

implement within 2 years 
Submit plan in 2 years, 

implement within 5 years R DWR DWR FERC license 
CEQA completed, 401 

issued, NMFS BiOp 
obtained 

No Yes 

Fish Weir Program (A105) FERC SA Filing plans for weir installation, installation of monitoring and segregation weirs 67 acres (spring-run habitat after
seg weir install) Provide adult salmon with protected habitat Install count weir within 1 year

and segregation weir within 3 
Plan filed in 8 years and weir

installed after AM, S DWR DWR FERC license 
CEQA completed, 401 

issued, NMFS BiOp 
obtained 

No Yes 

Riparian Floodplain Program (A106) FERC SA Filing of recommendations for riparian projects, physical completion of projects 1100 acres 
Improve natural river morphology; increase 

floodplain habitat, riparian habitat, and instream 
cover 

Screening level within 3 years
1 project within 10; 2 projects

within 15 

Full implementation in 25 
years R DWR DWR FERC license 

CEQA completed, 401 
issued, NMFS BiOp 

obtained 
No Yes 

Hatchery Improvement Implementation (A107) FERC SA Implementation of temperature targets, filing a hatchery genetics management 
plan (HGMP), data collection – minimize straying 

no increase in habitat, HGMP will 
significantly improve genetic 

fitness of SR over time 

Provide biologically-based propagation managemen
strategies that ensure the conservation and recovery

of salmon and steelhead populations 

Target hatchery temperatures
and data collection 

immediately; HGMP within 1
year 

HGMP within 2 years AM, S DWR DWR FERC license 
CEQA completed, 401 

issued, NMFS BiOp 
obtained 

No Yes 
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1.10.3 Yuba River Habitat Projects 
 

 
 
 

Project1 

 
 

 
Identified In… 

 
 

 
Description 

 
 

 
Targeted Habitat (acres) 

 
 

 
Benefits 

 
 

 
Years 

 
 

 
Timeline without VSA 

 
 

 
Life Stage 

 
 
 

Possible Funding 
Source(s) 

 
 

 
Implmentation Lead 

 
 

 
Contingency 

 
 

 
Planning/CEQA Status 

 
 

 
Construction/Action Started? 

 
 
 

Regulatory 
Requirement? 

 
 

Barton's Bar 

 
 

New 

 
Create a new side channel by terraforming, and add riparian plantings stabilized  
with bioengineering features (e.g., boulders, engineered log jams [ELJs] and large
woody material [LWM]) to improve channel complexity and habitat diversity. 

 

2 

Increase juvenile rearing habitat availability, increase 
channel complexity and habitat diversity, provide hydraulic 
roughness elements, instream object cover and overhanging 

escape cover; enhance productivity by increaing riparian 
habitat 

 
 

6-10 years 

 
 

Unknown 

 
 

R 

 
YWA, bond, science 

fund2 

 
 

YCWA 

 
 

None 

 
 

None 

 
 

No 

 
 

No 

 
 

Big Ravine 

 
 

New 

 
Create a permanent off-channel backwater area by terraforming/lowering. Add

riparian plantings stabilized with bioengineering features to improve habitat 
complexity and diversity. 

 
 
 

4 

Increase juvenile rearing habitat availability, increase habitat
complexity and diversity, provide hydraulic roughness 
elements, instream object cover and overhanging escape 

cover; enhance productivity by increaing riparian habitat 

  
 

6-10 years 

 
 

Unknown 

 
 

R 

 
YWA, bond, science 

fund2 

 
 

YCWA 

 
 

None 

 
 

None 

 
 

No 

 
 

No 

 
 

Upper Gilt Edge Bar 

 
 

New 

 
Use terraforming/lowering to increase side channel inundation frequency and 
duration, enhance stability of existing side channel inlet to protect against high 

flows, and add riparian plantings stabilized with bioengineering features. 

 
 

5 

Increase juvenile rearing habitat availability, improve habitat
complexity and diversity, provide hydraulic roughness 
elements, instream object cover and overhanging escape 

cover; enhance productivity by increaing riparian habitat 

  
 

0-5 years 

 
 

Unknown 

 
 

R 

 
YWA, bond, science 

fund2 

 
 

YCWA 

 
 

None 

 
 

None 

 
 

No 

 
 

No 

 
 

Long Bar Pond 

 
 

New 

Use terraforming/lowering to re-connect areas of suitable off-channel rearing 
habitat (pond) with the lower Yuba River, and lower areas of high terrace to 

create additional shallow, slow velocity off-channel rearing habitat. Add riparian
plantings stabilized with bioengineerng features to improve channel complexity 

and diversity

 

. 

 
 

11 

Increase juvenile rearing habitat availability, increase habitat
complexity and diversity, provide hydraulic roughness 
elements, instream object cover and overhanging escape 

cover; enhance productivity by increaing riparian habitat 

  
 

10-15 years 

 
 

Unknown 

 
 

R 

 
YWA, bond, science 

fund2 

 
 

YCWA 

 
 

None 

 
 

None 

 
 

No 

 
 

No 

 
 

Bar B Pond 

 
 

New 

Use terraforming/lowering to improve the inlet connection between suitable off-
channel rearing habitat and the lower Yuba River, and lower areas to create 

additional shallow, slow-velocity rearing habitat. Add riparian plantings 
stabilized with bioengineering features to improve habitat complexity and 

diversity. 

  
 

4 

Increase juvenile rearing habitat availability, improve habitat
complexity and diversity, provide hydraulic roughness 
elements, instream object cover and overhanging escape 

cover; enhance productivity by increaing riparian habitat 

  
 

6-10 years 

 
 

Unknown 

 
 

R 

 
YWA, bond, science

fund2 
 

 
 

YCWA 

 
 

None 

 
 

None 

 
 

No 

 
 

No 

 
BVID Diversion 

 
New Add riparian plantings stabilized with bioengineering features to improve habitat 

productivity, complexity and diversity. 

 
8 

Increase juvenile rearing habitat availability, enhance 
productivity by increaing riparian habitat, and provide 
instream object cover and overhanging escape cover. 

 
0-5 years 

 
Unknown 

 
R 

YWA, bond, science 
fund2 

 
YCWA 

 
None 

 
None 

 
No 

 
No 

 

Pond Upstream of Daguerre Point Dam 

 

New 

Use terraforming to stabilize the inlet connections between off-channel 
slackwater areas and the lower Yuba River to create more permanent shallow, 

slow-velocity rearing habitat. Add riparian plantings stabilized with 
bioengineering features to improve habitat complexity and diversity. 

 

3 

Increase juvenile rearing habitat availability, improve habitat 
complexity and diversity, provide instream object cover and 
overhanging escape cover; enhance productivity by increaing 

riparian habitat 

 

6-10 years 

 

Unknown 

 

R 

 
YWA, bond, science 

fund2 

 

YCWA 

 

None 

 

None 

 

No 

 

No 

 
YWA Diversion 

 
New Add riparian plantings stabilized with bioengineering features to improve habitat 

productivity, complexity and diversity. 

 
1 

Increase juvenile rearing habitat availability, enhance 
productivity by increaing riparian habitat, and provide 
instream object cover and overhanging escape cover. 

 
0-5 years 

 
Unknown 

 
R 

YWA, bond, science 
fund2 

 
YCWA 

 
None 

 
None 

 
No 

 
No 

 
 

Walnut Pond 

 
 

New 

Use terraforming/lowering to create a permanent off-channel backwater habitat 
with suitable water depths and flow velocities for juvenile Chinook salmon and 
steelhead rearing. Add riparian plantings stabilized with bioengineering features 

to improve habitat complexity and diversity. 

 
 

5 

Increase juvenile rearing habitat availability, improve habitat 
complexity and diversity, provide hydraulic roughness 
elements, instream object cover and overhanging escape 

cover; enhance productivity by increaing riparian habitat 

 
 

6-10 years 

 
 

Unknown 

 
 

R 

 
YWA, bond, science 

fund2 

 
 

YCWA 

 
 

None 

 
 

None 

 
 

No 

 
 

No 

 

 
Recology Pond 

 

 
New 

Use terraforming/lowering to create: (1) a permanent off-channel backwater 
habitat with suitable water depths and flow velocities for juvenile Chinook 

salmon and steelhead rearing; and (2) a side channel from the lower Yuba River 
to the newly constructed floodplain area. Add riparian plantings stabilized with 

bioengineering features to improve habitat complexity and diversity. 

 

 
31 

 
Increase juvenile rearing habitat availability, increase habitat 
complexity and diversity, provide instream object cover and 
overhanging escape cover; enhance productivity by increaing 

riparian habitat 

 

 
10-15 years 

 

 
Unknown 

 

 
R 

 

YWA, bond, science 
fund2 

 

 
YCWA 

 

 
None 

 

 
None 

 

 
No 

 

 
No 

 
Island Stabilization Upstream of Daguerre Point

Dam 
 

 
 

New 

 
Use terraforming to create anabranching channels to provide shallow, slow-water

juvenile rearing habitat. Add riparian plantings stabilized with bioengeering 
features to improve channel complexity and diversity. 

 
 
 

2 

Increase juvenile rearing habitat availability, increase habitat
complexity and diversity, provide hydraulic roughness 
elements, instream object cover and overhanging escape 

cover; enhance productivity by increaing riparian habitat 

  
 

0-5 years 

 
 

Unknown 

 
 

R 

 
YWA, bond, science 

fund2 

 
 

YCWA 

 
 

None 

 
 

None 

 
 

No 

 
 

No 

 
First Island 

 
New 

Preserve two high value areas that provide very good spawning and rearing 
habitat by stabilizing the existing channel configuration to protect against high 

flow channel modifications. 

 
14 Protection of spawning and rearing habitat from high flow 

modifications 

 
0-5 years 

 
Unknown 

 
R, S 

YWA, bond, science 
fund2 

 
YCWA 

 
None 

 
None 

 
No 

 
No 

Pilot Studies (e.g., Waterway 13, flooded farm 
fields to increase fish growth) 

 
New 

Study potential design options to permanently eliminate an existing 
stranding/isolation hazard at Waterway 13; test use of flooded farm fields to 

produce larger anadromous salmonids 

 
10 Protection of fish species from stranding, improvement of

juvenile rearing habitat and food production 
   0-5 years 

 
Unknown 

 
R 

YWA, bond, science 
fund2 

 
YCWA 

 
None 

 
None 

 
No 

 
No 

Notes 
1 These are preliminary projects that are going through additional screening for river geomorphology, land ownership, constructability including access and greatest benefit cost. Replacement projects will be identified if the listed projects are reduced in size or eliminated. 
2 Some of these projects may be constructed by USACE funding if the Yuba River Ecosystem Study is authorized by Congress, funds appropriated by Congress and the authorized study contains these projects. If the USACE projects go forward it would not likely be until after year 5 and the USACE would construct the project with a 35% local cost share. 
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1.10.4 American River Habitat Projects 
Habitat Projects Presented as Part of Voluntary Agreement Framework 
(All projects listed may have been identified in multiple lists/documents, this spreadsheet is intended only for illustrative purposes) 

Tributary/Location  Project  Identified In…  Timeline with VA*  Funded without VA?  Life Stage Supported  Benefit 
Possible Funding 

Source(s) Implmentation Lead Contingency Planning/CEQA Status Construction/Action 
Started? 

Regulatory 
Requirement? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Paradise Beach 

 
Spawning projects: CVPIA, 

Rearing projects: New 

 

6‐8 years 

 

No 

 

S and/or R 

 
Increase existing suitable spawning habitat area; improve natural river morphology; 

increase floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop

68, Science and 

Habitat Fund, local 

cost share 

Sacramento Area Water 

Forum 
None 

Reconnaissance level 

assessment complete 
No  No 

Howe Ave. 
Spawning projects: CVPIA, 

Rearing projects: New 
No  S and/or R 

Increase existing suitable spawning habitat area; improve natural river morphology; 

increase floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop. 

68, Science and 

Habitat Fund, local 

cost share 

Sacramento Area Water 

Forum 
None 

Reconnaissance level 

assessment complete 
No  No 

Howe to Watt 
Spawning projects: CVPIA, 

Rearing projects: New 
6‐8 years  No  S and/or R 

Increase existing suitable spawning habitat area; improve natural river morphology; 

increase floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop. 

68, Science and 

Habitat Fund, local 

cost share 

 

Sacramento Area Water   

Forum 
None 

Reconnaissance level 

assessment complete 
No  No 

William Pond Outlet 
Spawning projects: CVPIA, 

Rearing projects: New 
No  S and/or R 

Increase existing suitable spawning habitat area; improve natural river morphology; 

increase floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop. 

68, Science and 

Habitat Fund, local 

cost share 

Sacramento Area Water 

Forum 
None 

Reconnaissance level 

assessment complete 
No  No 

River Bend 
Spawning projects: CVPIA, 

Rearing projects: New 
No  S and/or R 

Increase existing suitable spawning habitat area; improve natural river morphology; 

ncrease floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop.

68, Science and 

Habitat Fund, local 

cost share 

Sacramento Area Water

Forum 
None 

Reconnaissance level 

assessment complete 
No  No 

Upper River Bend 
Spawning projects: CVPIA, 

Rearing projects: New 
1‐3 years  No  S and/or R 

Increase existing suitable spawning habitat area; improve natural river morphology; 

increase floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop. 

68, Science and 

Habitat Fund, local 

cost share 

Sacramento Area Water   

Forum 
None 

Reconnaissance level 

assessment complete 
No  No 

Ancil Hoffman 
Spawning projects: CVPIA, 

Rearing projects: New 
4‐6 years  No  S and/or R 

Increase existing suitable spawning habitat area; improve natural river morphology; 

increase floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop.

68, Science and 

Habitat Fund, local 

cost share 

Sacramento Area Water   

Forum 
None 

Reconnaissance level 

assessment complete 
No  No A 

m 

e 

r 

i 

c 

a 

n 

Sacramento Bar ‐ North 
Spawning projects: CVPIA, 

Rearing projects: New 
4‐6 years  No  S and/or R 

Increase existing suitable spawning habitat area; improve natural river morphology; 

increase floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop.

68, Science and 

Habitat Fund, local 

cost share 

Sacramento Area Water   

Forum 
None 

Reconnaissance level 

assessment complete 
No  No 

. 

 

 

 

         

 
 

    
 

 
 

     
 

   
 

 
 

 
 

   
 

 
 

 
 

         
 

 
 

 
 

    
 

 
 

     
 

   
 

 
 

 
 

    
 

 
 

 

i

 
 

 
 

   
 

 
 

 
 

   
 

 
 

 
 

         
 

 
 

 
 

   
 

 
 

 
 

         
 

 
 

 
 

   
 

 
 

 
 

         
 

 
 

 
 

El Manto 

 
Spawning projects: CVPIA, 

Rearing projects: New 

 
 

4‐6 years 

 
 

No 

 
 

S and/or R 

 
Increase existing suitable spawning habitat area; improve natural river morphology; 

increase floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop.

68, Science and 

Habitat Fund, local 

cost share 

 
Sacramento Area Water

Forum 

 

 
 

None 

 
Reconnaissance level 

assessment complete 

 
 

No 

 
 

No 

 
 

Sacramento Bar ‐ South 

 
Spawning projects: CVPIA, 

Rearing projects: New 

 
 

4‐6 years 

 
 

No 

 
 

S and/or R 

 
Increase existing suitable spawning habitat area; improve natural river morphology; 

increase floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop. 

68, Science and 

Habitat Fund, local 

cost share 

 
Sacramento Area Water   

Forum 

 

None 

 
Reconnaissance level 

assessment complete 

 
 

No 

 
 

No 

 
 

Sunrise 

 
Spawning projects: CVPIA, 

Rearing projects: New 

 
 
 

1‐3 years 

 
 

No 

 
 

S and/or R 

 
Increase existing suitable spawning habitat area; improve natural river morphology; 

increase floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop. 

68, Science and 

Habitat Fund, local 

cost share 

 
Sacramento Area Water   

Forum 

 

None 

 
Reconnaissance level 

assessment complete 

 
 

No 

 
 

No 

 
 

Upper Sunrise 

 
Spawning projects: CVPIA, 

Rearing projects: New 

 
 
 

1‐3 years 

 
 

No 

 
 

S and/or R 

 
Increase existing suitable spawning habitat area; improve natural river morphology; 

increase floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop.   
68, Science and 

Habitat Fund, local 

cost share 

Sacramento Area Water   

Forum 

 

None 

 
Reconnaissance level 

assessment complete 

 
 

No 

 
 

No 

 
 

Lower Sailor Bar 

 
Spawning projects: CVPIA, 

Rearing projects: New 

  
 

No 

 
 

S and/or R 

 
Increase existing suitable spawning habitat area; improve natural river morphology; 

increase floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop. 

68, Science and 

Habitat Fund, local 

cost share 

 
Sacramento Area Water

Forum 

 

 
 

None 

 
Reconnaissance level 

assessment complete 

 
 

No 

 
 

No 

 
 

Upper Sailor Bar 

 
Spawning projects: CVPIA, 

Rearing projects: New 

  
 

No 

 
 

S and/or R 

 
Increase existing suitable spawning habitat area; improve natural river morphology; 

ncrease floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop. 

68, Science and 

Habitat Fund, local 

cost share 
i

 
Sacramento Area Water

Forum 

 

 
 

None 

 
Reconnaissance level 

assessment complete 

 
 

No 

 
 

No 

 
 

Nimbus Spawning 

 
Spawning projects: CVPIA, 

Rearing projects: New 

  
 

No 

 
 

S and/or R 

 
Increase existing suitable spawning habitat area; improve natural river morphology; 

increase floodplain habitat, riparian habitat and instream cover and habitat complexity 

CVPIA, Prop. 1, Prop. 

68, Science and 

Habitat Fund, local 
cost share 

 
Sacramento Area Water   

Forum 

 

None 

 
Reconnaissance level 

assessment complete 

 
 

No 

 
 

No 



A‐211 
 

 

1.10.5 Mokelumne River Habitat Projects 
 

Project  Identified In…  Description  Targeted Habitat  Benefits  Years  Timeline without VSA  Life Stage 
Possible Funding 

Source(s) 
Implementation Lead  Contingency  Planning/CEQA Status  Construction/Action started? 

Regulatory 
Requirement? 

Creation of Floodplain Habitat 
AFRP Final Restoration 

Plan 
Design and build floodplain habitat to maximize rearing 

capacity in a 2 o 3 year recurrence cycle  50 acres 
improve instream growth and improve survival to tidal 

influence  Years 1‐15  Unknown  R 
Federal, State
Stakeholders  EBMUD  EBMUD  None  No  No 

Identification of Predation Hot Spots
& Predator Management  CVPIA SIT Priority 

Identify Predator/Prey hotspots and develop active 
management strategies to address impacts  migratory corridor  improve survival of juveniles past predator hot spots  Years 1‐15  Unknown  R,M 

Federal, State, 
Stakeholders  EBMUD  EBMUD  None  No  No 

Screen High Priority Diversions 
AFRP Final Restoration 

Plan 

Prioritize riparian pumps for screening based on timing of 

operation and size of fish passing. Screen highest priority 
pumps 

5‐10 priority screens based on 

landowner participation 
increase survival past diversions and reduce predator 

induced losses and entrainment losses 
1 project annually  Unknown  R, M 

Federal, State, 

Stakeholders 
EBMUD  EBMUD  None  No  No 

Marking and Tagging Hatchery 

Production 
HSRG 

100% mark, 25% tag hatchery production and related 

necessary infrastructure to support action identified in the Ca
HSRG recommendations 

no increase in habitat, target is 

improving Hatchery/Natural 
proportion 

improve ability to manage natural and hatchery 

populations to maximize natural production 

Ongoing over span of 

agreement 
Unknown  all life stages  CDFW, Stakeholders  CDFW  None  None  No  No 

Hatchery and Genetics Management 

Plan 
HSRG 

Complete Fall Run HGMP and Steelhead HGMP for Mokelumne 

River 

no increase in habitat, target is 

improving Hatchery/Natural 
proportion 

provide the regulatory context and approvals to better 
manage natural populations and hatchery populations to 

meet both goals 
5 years  Unknown  all life stages  CDFW, Stakeholders  CDFW  None  None  No  Yes 

Hatchery Improvement Program  HSRG 
Capital infrastructure to support increased steelhead 

population size, and rearing space for fall run chinook to 
support new actions 

no increase in habitat, target is

improving Hatchery/Natural 
proportion 

improve ability to manage natural and hatchery 
populations to maximize natural production 

5 years  Unknown  all life stages  CDFW, Stakeholders  EBMUD  EBMUD  None  No  No 

Optimized Release Strategy  new 

Alternative means to release a portion of hatchery and 

naturally produced juveniles through the Delta to improve 

survival. Natural fish in dry/critically dry years only 

no increase in habitat, target is 

improving juvenile survival and 

reduce adult stray rates 

Improve through Delta survival and reduce straying to 

better manage hatchery and natural populations 
Years 1‐15  Unknown  M  CDFW, Stakeholders  EBMUD  EBMUD  None  No  No 

Gravel Enhancement Maintenance  AFRP charter 
Provide maintenance gravel annually to existing restored 1 

mile reach on the Lower Mokelumne River  1 river mile  maintain ecosystem function in the spawning reach  Years 1‐15  Unknown  S,I 
Federal, State, 
Stakeholders  EBMUD  EBMUD  Yes  Yes  No 

Gravel Augmentation Program  AFRP charter 
Identify and Implement new spawning habitat restoration 

Projects 

4 projects TBD, total acreage 

unknown 

Improve spawning opportunities by increasing total 
suitable spawning area. Reduce superimposition, increase

incubation survival 
Years 1‐15  Unknown  S,I 

Federal, State, 

Stakeholders 
EBMUD  EBMUD  None  No  No 

Fish community Assessment  JSA‐ WQRMP 
Monitor relationships between fish assemblages and physical 

and biological parameters to facilitate adaptive management 
of flow and non‐flow actions. 

no increase in habitat, target is 

ecosystem function evaluation 

manage the river as an ecosystem. Compile data on 

native, non‐native and predator locations to inform 
instream management decisions 

Years 1‐15  Unknown 
ecosystem 

function 
EBMUD  EBMUD  EBMUD  None  No  No 

Steelhead Population Assessment  JSA‐ WQRMP 

research and management actions that increase anadromy, 

minimize risk of inbreeding depression, increase freshwater 

and through‐Delta survival, improve adult returns to the 

hatchery and improve monitoring in freshwater, and the 
estuary 

no increase in habitat, target is

steelhead population 

management 

Better manage Federally Threatened CV steelhead in the
Mokelumne River. Compile data to inform instream 

management, hatchery management of the natural and 
hatchery populations 

Years 1‐15  Unknown  all life stages  CDFW, Stakeholders  EBMUD  EBMUD  None  No  No 

, 

 

                   

 

 

               

                   

                         

                       

   
 
               

                   

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



A‐212 
 

 

1.10.6 Sacramento‐San Joaquin Delta Habitat Projects 
 

Project Identified In… Description Targeted Habitat Benefits Years Timeline without VSA Life Stage Possible Funding 
Source(s) Implmentation Lead Contingency Planning/CEQA Status Construction/Action Started? Regulatory Requirement? 

 
 

 
North Delta Arc Ecorestore Acres 

 
 

 
EcoRestore 

 
Restore 4,500+ acres of tidal wetland, floodplain, shaded riverine/riparian, 

channel bank, and upland habitats. Implement modifications and/or reoperations o
existing water infrastructure to improve water quality and hydrodynamics for 

native fish species. These acres/projects are above and beyond existing Ecorestor e
acres/projects. 

 
Locations: Deep Water Ship Channel, 
Yolo Bypass, Cache Slough Complex, 
Miner/Georgia/Sutter Sloughs, West 

 Delta, Lower Sacramento River, Suisun 
Marsh and Bay. 

   
 Increase and improve suitable Delta Smelt, Longfin 

Smelt, sturgeon, and salmonid spawning and rearing
habitat, and help improve/increase food availability.
Similar benefits to other native aquatic and terrestrial

species. 

 

1-5 years for some projects, up-
to 15 yrs for others. 

 

 

5+ yrs for some potential 
projects. Closely linked to 
available resources/funding, 
which may be limited or 

wholly unavailable without 
VSA 

 

 
Multiple aquatic 

species at multiple
life stages 

 

 
 

DWR, CDFW, SWP, 
Reclamation, federal 

water contractors, Prop 1, 
Prop 84, Prop 68 

 
 

 
Largely DWR and CDFW 

 
 

 
None 

 

 
Concepts identified, no 

overarching CEQA 
coverage. 

 
 

 
No 

 
 

 
No 

 
 

 

 
 
 
  Complete Tidal and Channel Margin Restoration

on Sacramento River, Steamboat Slough, and 
Sutter Slough 

CWF 

 
 

 
Restored habitat would be located and designed to benefit listed aquatic species, 
including winter- and spring-run Chinook Salmon, steelhead, green sturgeon,a s 

well as Delta and Longfin Smelt 

 
 

Approximately 155 acres of tidal marsh,  
and 4.3 miles of channel margin habitat  
on Sacramento River, Steamboat Slough, 
and Sutter Slough. This would be done in 

coordination with 1,830 acres of tidal 
restoration for Delta and Longfin Smelt. 

 
 

Increase and improve suitable salmon rearing and 
holding habitat 

 
 
 
 

1-5 years 

 
 
 
 

1-7 years 

 
 

 
Multiple aquatic 

species at multiple 
life stages 

 
 
 
 

DWR, USBR, State and 
Federal Water Contractors

 
 
 
 

DWR, DCA 

 
 
 
 

None 

 
 

 
Identified at a 

programatic level in CWF
EIR/S 

 
 
 
 

No - Planning phase 

 
 
 
 

Yes 

 
 
 

 
Chipps Island Tidal Restoration 

 
 
 

 
DFW 

 
 
 

 
Tidal habitat restoration for the 2008 USFWS BiOp and 2009 CDFW ITP 

 
 
 

 
800 acres 

 
 
 

Food web support and suitable rearing habitat for 
Delta smelt, longfin smelt, and salmon 

 
 
 

 
Beginning 2021 

 
 
 

 
Beginning 2021 

 
 

 
Multiple aquatic 

species at multiple 
life stages 

 
 
 

 
SWP 

 
 
 

 
DWR 

 
 
 

Pending real estate 
acquisition process 

 
 

 
Early stages of project  

design and modeling. 
Have not started CEQA 

 
 
 

No 

 
 
 

 
Yes 

 
 
 

Increased Aquatic Weed Removal 

 
 
 

DSRS 

 
 
 

Increased treatment of aquatic weeds to improve Delta Smelt habitat quality 

 
 
 

500 acres 

 

Increase and improve suitable Delta smelt and 
salmon rearing habitat, including predation 

reduction/through-Delta survival 

 

 
Ongoing over span of 

agreement 

 
 
 

2017-2019 

 

Multiple aquatic 
species at multiple 

life stages 

 
 
 

DWR, DBW, CDFW 

 
 
 

DWR 

 
 
 

None 

 

Herbicide treatments for 
this action are covered by 
DBW's existing permits 

 
 
 

Yes 

 
 
 

No 

 
 
 
 
 

Predator Hot Spot Removal 

 
 
 
 
 

New 

 
 

 
Identify and eliminate/modify known predator hot spots (areas where predatory fis

are know to congregate and where they are known to have higher per capita 
consumption of juvenile salmonids). Remove select predatory fish from known 
locations within the Delta to improve survival of out-migrating juvenile salmonids

 
Salvage release sites, (migratory 
corridors), locations of dense and 

invasive SAV/FAV, head of old river, 
Clifton Court Forebay (radial gates), 

sunken vessels, etc. Other select 
. locations in Sacramento River, Cache 

Slough Complex, and 
Miner/Georgia/Sutter Sloughs. 

 
 
 
 

Improve out-migrating juvenile salmon through- 
Delta survival, potential benefits to Delta Smelt and 

Longfin Smelt. 

 
 
 

 
Ongoing over span of 

agreement 

 
 

 
Linked to available resources  

and funding, which may be 
limited or wholly unavailable 

without VSA's. 

 
 
 

Multiple aquatic 
species at multiple 

life stages 

 
 
 
 

DWR, CDFW, SWP, 
Reclamation, federal 

water contractors. 

 
 
 

 
CDFW, DWR, 

Reclamation 

 
 
 
 
 

None 

 
 
 
 

Concepts identified, no  

overarching CEQA 
coverage. 

 
 
 
 

Some ongoing studies. 

 
 
 
 
 

No 

 
 

North Delta Food Subsidies 

 
 

DSRS 

 
 

Augmented flows through the Yolo Bypass to deliver plankton to downstream 
areas inhabited by Delta Smelt 

 
 

North Delta 

 
 

Improve and increase suitable Delta smelt, longfin 
smelt, and salmon rearing habitat 

 
 

Ongoing over span of 
agreement 

 
 

Unknown 

 
Multiple aquatic 

species at multiple 
life stages 

 
 

DWR 

 
 

DWR/CDFW 

 

Action will not be 
conducted in extreme
high flow and drought

years 

 
 

 
 

None 

 
 

Yes 

 
 

No 

 
 
 
 
 
 

Suisun Marsh Food Subsidies 

 
 
 
 
 
 

DSRS 

 

 
Reoperation of the Suisun Marsh Salinity Control Gates: Improve habitat 
conditions for Delta Smelt by increasing habitat connectivity and food web 

interactions in the Suisun Marsh and parts of Suisun Bay. 

Roaring River Distribution System Food Production: Installation of a drain gate t
drain food rich water from the system into Grizzly Bay to augment food supplies

Coordinated managed wetlands drains to promote food export from managed 
wetlands to adjacent tidal sloughs and bays 

 
o
. 

 

 
 
 
 
 

 
Suisun Marsh sloughs, channels, and 

Grizzly Bay 

 
 
 
 
 

 
Increase and Improve suitable Delta smelt, longfin 

smelt, and salmon rearing habitat 

 
 
 
 
 
 

Ongoing 

 
 
 
 
 
 

Ongoing 

 
 
 
 
 

Multiple aquatic 
species at multiple 

life stages 

 
 
 
 
 

 
DWR, General Funds, 

SWP, Reclamation 

 
 
 
 
 
 

DWR 

 
 
 
 
 
 

None 

 
 
 

 
Initial pilot studies in 
progress/ No CEQA 

required/ addendum to 
BiOps in progress for 

2019 

 

Modified gate operations 
occurred in 2018 and will occur

in 2019. 

A new drain was installed in 
2018 and food web studies to 

begin June 2019. 

All managed wetlands surveyed
for draining capabilities in 

2018: data and action in 
progress. 

 

 

 

 
 
 
 
 
 

No 

 
Construct Rio Vista Estuarine Research Station 

(RVERS) 

 

DSRS 

 
Establishment of a research station in a central Bay-Delta location to facilitate 
improved aquatic research and monitoring in support of adaptive management 

 

Entire Delta (research area) 
Provide cohesive inter-agency science programs and

serve as an information repository to support 
decision-making 

 

1-5 years 
25 year lease-to-own 

agreement (construction start 
date unknown) 

Multiple aquatic 
species at multiple 

life stages 

 

DWR, SWP, USBR 

 

DWR 
Lack of federal funding

might prevent action 
from occurring 

Completed EIR/EIS, 
Biological Opinion, Delta 

Plan Covered Action. 

 

No 

 

No 

 
 

Consolidate and Screen Intakes at Cache Slough 

  
Consolidate existing agricultural and other water diversions within the Cache
Slough Complex into new or modified existing diversions with fish screens. 

Ensure diverted water gets to its intended area of use, while reducing fish 
entrainment. 

 
 
 

Cache Slough Complex 

 
 

Reduce Delta Smelt and Longfin Smelt entrainment 

 
 

1-5 years 

 
 

Unknown 

 

Multiple aquatic 
species at multiple 

life stages 

 
 

Unknown 

 
 

CDFW 

 
Lack of funding might 

prevent action from 
occurring (currently no
clear funding nexus) 

 

 
 

None 

 
 

No 

 
 

No 

 
Funding for Game Wardens for 

Enforcement/Boats in Delta 

 

New 
Reduce illegal take of sensitive species, including Chinook Salmon, Steelhead, an 

Green Sturgeon - this would increase funding significantly beyond existing base 
levels identified in the 1986 Delta Fish Agreement 

Sacramento-San Joaquin Delta, Norther
Sacramento Valley, Southern San 

Joaquin Valley 

 
 

Reduce poaching of sturgeon and salmon 

 
Ongoing over span of 

agreement 

Existing base funding since 
1993 would continue without 

any proposed increases 

Multiple aquatic 
species at multiple

life stages 
 

 

DWR 

 

DWR/CDFW 

 

None 

 

None 

 

Yes 

 

Yes 
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1.10.7  Tuolumne River Habitat Projects 
Native Fish Protection and Enhancement Measures (non‐flow) in the Tuolumne River included in the Voluntary Agreement (VA)1 
KEY to Highlighting:  Green = Multi Species; Blue = Geomorphology; Red = Steelhead/rainbow trout; Salmon = Chinook salmon 

 
 
Project and 
Location 

 
 
 
Description 

 
 
 
Life Stage 

 
 

 
Benefits 

 
 
Timeline 
with VA 

 
 
Timeline 
Without VA 

 
 
Funding 
Source 

 
Estimated 
Capital 
Cost 

Estimated 
Monitoring 
and  
O&M Cost2 

 

 
Riffle A2 
Rehabilitation 
RM 50.6/50.7 

Add appropriately sized 
gravel to improve substrate 
conditions for spawning and
incubation 

 

Spawning and 
incubation 

Increased spawning 
opportunity and 
improved egg-to-
emergence survival 

2 years 8 to 10 
years 

TID, MID, 
CCSF 

$0.6 million $0.3 million  

 

Riffle A3 
Rehabilitation
RM 50.4 to 
50.6 

 
Add appropriately sized 
gravel to improve substrate 
conditions for spawning and 
incubation 

Spawning and
incubation 

 Increased spawning 
opportunity and 
improved egg-to-
emergence survival 

2 years 8 to 10 
years 

TID, MID,
CCSF 

 $0.8 million  $0.3 million 

 

Riffles 3A 
and 3B  
RM 49.2 to
49.6  

Add appropriately sized 
gravel; restore banks to 
appropriate floodplain 
elevation and function; 
remove invasive hardwood 
species; restore native 
riparian vegetation 

Spawning, 
incubation and 
juvenile rearing

Improved egg-to-
emergence survival and 
 expanded floodplain 
rearing habitat  

2.5 years Not 
undertake
n 

TID, MID, 
CCSF 

$3.2 million $0.2 million 

 
 

It-----------~ --------------------------------------------------.------------------------~-------------~-----~----------------~-----------------." 

 

1 Preliminary estimated cost in 2017 dollars.
2 Estimated cost for monitoring, operation, and maintenance over the term of the Voluntary Agreement (VA).
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Gravel 
Cleaning   
RM 45-49 y 

Clean select gravel 
patches to expand 
availability of high qualit
gravel to improve 
spawning and incubation 

 
 

Spawning and 
incubation  

Improved spawning
habitat quality and 
egg-to-emergence 
survival 

 3 years 7 years TID, MID, 
CCSF 

$1.2 
million 

$2.85 million 

 

Lower 
Tuolumne 
River 
Habitat 
Improvemen
t Program 
RMs 5 to 48  

 

$38M capital fund shall be
used for a variety of 
improvement and 
restoration projects to be 
developed in conjunction 
with the TRPAC (below). 
Examples of likely 
projects include floodplain
lowering, floodplain 
connectivity, riparian 
plantings,  in-channel 
placement of LWD 

 
Juvenile 
rearing, smolt
outmigration 

  

Expanded floodplain 
rearing; expanded in-
channel rearing; and 
improved smolt 
outmigration survival

1 year 7 years TID, MID, 
CCSF 

$38 
million  

$15 million 

------------------------------. ---------------------------------------- ,---------~-------------~-----~--------~-------~---- ---~--------~ 
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Tuolumne 
Partnership
Advisory 
Committee 

 

Collaborative body to 
provide recommendations 
on specific LHTRIP 
projects, adaptive 
management, spill 
management and other 
restoration activities in the
lower Tuolumne River. 
Will consist of MID, TID, 
CCSF, DFW, US FWS 
and others  

 

 

Enhancement
and protection 
of all in-river
life stages. 

 

Coordinated 
implementation and 
development of 
habitat and flow 
improvements on the
river; cooperative 
adaptive 
management 
program 

1 year 7 years TID, MID, 
CCSF 

$0.1 million $2.9 
million 

 

Riffle A5  
RM 51.2  

Construct alternative 
riffle/pool morphology 

Over-
summering O. 
mykiss juvenile 
and adults 

Improved juvenile 
rearing; improved 
foraging; improved 
spawning habitat 

3 years 8 to 11 
years 

TID, MID, 
CCSF 

$1.5 million $0.2 
million 

 

 

Riffle A6 
RM 51.0  

 

Construct alternative 
riffle/pool morphology 

Over-
summering O. 
mykiss juvenile
and adults 

Improved juvenile 
rearing; improved 
 foraging; improved 
spawning habitat 

3 years 8 to 11 
years 

TID, MID, 
CCSF 

$1.8 million $0.3 
million 

 

 

Basso Pool 
RM 47.0 to 
47.3  

 

 
 

Construct medial bar; 
riffle pool-tail 
morphology3 

 

 

Over-
summering O. 
mykiss juvenile
and adults 
 

Improved juvenile 
rearing; improved 
foraging; improved 
spawning habitat  

 
 
 
 

3 years  

 

8 to 11 
years 

 
 

TID, MID, 
CCSF 

 
 
 

$2.2 million $0.3 
million 

3 The total amount of new, appropriately‐sized gravel to be added as a result of the specific projects identified herein is approximately 75,000 tons. 

11--~--------~----------------------------------------~------~-----------------------.---------~-----------------11 
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LWD 
enhancement 
RMs 42.5, 
47.3, 48.84  

Improve instream 
habitat complexity 
through targeted 
addition of LWD to
the lower Tuolumne
River 

 

O. mykiss
Juvenile 
rearing 

 Improved juvenile rearing and
increased in-channel rearing 
area 

 2.5 years 8 to 10 
years 

TID, MID, 
CCSF 

$3.7 $0.3 
million 

 

 

Increase in-
river flow to 
RM 26 and 
add additional
points of 
diversion at 
RM 26 as a 
multi-purpose
measure 

 

Construct 2
infiltration galleries
to be operated from
June through mid-
October, enabling 
an increase of flow 
between LGDD and
the IGs to benefit  
O. mykiss 

 
----,--------------------------------

 
 

 
 

 

O. mykiss 
Juvenile 
rearing and
over-
summering
adults. 

Expand optimal temperatures 
for  
O. mykiss juvenile rearing and 
adult habitat 

4 years 11 years TID, MID,
CCSF 

 $13.0 million $8.1 
million 

 

Gravel 
mobilizati
on flows 

 

Improve stream 
geomorphology by 
mobilizing gravel 
and redistribution 
of fines. When a 
Spill is expected to 
occur, provide 2 
days of flow 
between 6-7,000 cfs 

 

Stream 
geomorphol
ogy 

Resorting gravels and removal
of embedded fines; improve 
river functions 

 1 year 6 years TID, MID,
CCSF 

 N/A $1.0 
million 

4 Part of LTRHIP described above. 

c--------------------

. . . -----r------------------------- --------"T"'--------------~-

-----r------------------~,.-----------------------------------------r---------------~-------------------~-----~----------------~--------f---------11 

----------------------~ -------------- - - - - - - - - - - - - ------------------~- -------- ---------~ - ----- ~ - - ---- ~ --------~ ----- --- ~ ---------11 
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Riffle 
A3/4  
RM 51.5; 
Gravel 
Augmenta
tion 
/ j i

Spawning gravel 
size and distribution
integrated with 
Project flow regime 

Stream 
 geomorphol
ogy 

Resorting gravels and 
improved gravel size for 
Chinook spawning  

3 years 8 to 11 
years 

TID, MID, 
CCSF 

$0.6 $0.2 

 

Fish 
counting 
and 
barrier 
weir  
RM 25.5 

Improve rearing 
and migration 
conditions upstream
of the weir by 
preventing access 
by striped bass and 
other predators 

Fry and 
juvenile 
 rearing; 
smolt 
outmigration 

Reduce predation on fry and 
juvenile fall-run Chinook 
salmon 

3 years 10 years TID, MID, 
CCSF 

$12 million $7.3 
million 

 

Predator 
control 
and 
suppressio
n 

 

Improve rearing 
and migration 
conditions by 
reducing predation 

Fry and 
juvenile 
rearing; 
smolt 
outmigration 

Reduce predation on fry and 
juvenile fall-run Chinook 
salmon 

2 years 9 years TID, MID,
CCSF 

 $0.2 million $1.9 
million 

 

 

Reduce 
redd 
super-
imposition 
RMs 47-
52 

Construct a 
seasonal weir when 
upstream gravel 
patches are at 
capacity to 
encourage use of 
suitable habitats at 
downstream 
locations 

--------------------------

Spawning 
and 
incubation 

Improve over-all fall-run 
Chinook spawning success by 
reducing redd superimposition 

2 years 9 years TID, MID, 
CCSF 

$4.2 million $1.1 
million 

------~--------------------------

-----------------------------------------------..--------------~--------~--~~------------~----ii 

----------------- . ----------------;..-----------s------.....;........----a--------;.-.......---~--
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Spill 
managem
ent plan 
RM 52-
RM 0 

Maximize the 
benefits of Spill 
events by managing
rates, timing, 
and duration to 
benefit floodplain 
rearing, in-channel 
rearing, or 
temperature 
management 

Juvenile 
rearing and 
 smolt 
outmigration 

 1 year 7 years TID, MID, 
CCSF 

$0.7 million $2.3 
million 

 TOTALS      83.8 million 
illi

44.5 
. : : --.~-------------------i-------....----------------i-----------.-----------------------. . 
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Attachment A 
Initial Lower San Joaquin River Flow Compliance 

Measures 

Overview 
On December 12, 2018, the State Water Resources Control Board (State Water 
Board) adopted flow objectives for the Lower San Joaquin River (LSJR) and its three 
salmon bearing tributaries for the reasonable protection of fish and wildlife beneficial 
uses in amendments to the Water Quality Control Plan for the San Francisco 
Bay/Sacramento-San Joaquin Delta Estuary (Bay-Delta Plan).  The Bay-Delta Plan 
requires development of compliance measures for the unimpaired flow requirements 
within 180 days from the date of approval by the Office of Administrative Law (OAL).  
OAL approved the amendments on February 25, 2019.  This document describes 
initial measures to monitor and evaluate compliance with the LSJR flow objectives, 
which may be refined over time.   

The State Water Board has not yet assigned responsibility for implementing the 
LSJR flow objectives.  The initial compliance methods described in this document 
serve as a starting point for identifying the compliance methods that may be required 
in a future water quality or water right proceeding to implement the Bay-Delta Plan.  
The initial compliance methods discussed in this document (that are not already 
included in the Bay-Delta Plan) are not in effect.  Any proceeding to require 
additional compliance methods will provide an opportunity for public review and 
comment. 

The compliance methods discussed in this document focus on the unimpaired flow 
requirement and do not address compliance methods or issues associated with 
allowable adaptive implementation methods identified in the Bay-Delta Plan that will 
be developed at a later time (due 12 months after OAL’s approval).  This document 
also does not address compliance methods or issues associated with potential 
voluntary agreements (VAs).  As part of a VA, parties may propose specific 
compliance methods for consideration by the State Water Board.  Efforts are 
currently underway to develop a VA including a package of proposed flow and non-
flow restoration actions.  At this time, the VA is still under development and the State 
Water Board has not made any decisions relative to the VA.   

In addition to a narrative objective, the Bay-Delta Plan requires 40 percent of the 
unimpaired flow to be maintained from February through June in the Stanislaus, 
Tuolumne, and Merced Rivers, within an adaptive range of 30 to 50 percent of the 
unimpaired flow.  During this same time period, the flows at Vernalis on the San 
Joaquin River, as provided by the unimpaired flow objective, are required to be no 
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lower than a base flow of 1,000 cubic feet per second (cfs), with an adaptive range 
between 800 and 1,200 cfs, inclusive.  

As stated in the Unimpaired Flow Compliance Section of the Bay-Delta Plan, the 
State Water Board recognizes that information and specific measures are needed to 
achieve the LSJR flow objectives and to monitor and evaluate compliance:  

Implementation of the unimpaired flow requirement for February through June will require the 
development of information and specific measures to achieve the flow objectives and to monitor 
and evaluate compliance.  The STM [Stanislaus, Tuolumne, and Merced] Working Group, or 
State Water Board staff as necessary, will, in consultation with the Delta Science Program, 
develop and recommend such proposed measures.  The State Water Board or Executive Director 
will consider approving the measures within 180 days from the date of OAL’s approval of this 
amendment to the Bay-Delta Plan.  The approved measures will inform State Water Board water 
right proceedings, FERC licensing proceedings, or other implementation actions to achieve the 
February through June flows.  As information and methods improve, specific measures to achieve 
the flow objectives and to monitor and evaluate compliance may be modified and submitted for 
approval. 

The State Water Board has already developed, and included in the Bay-Delta Plan, 
the principal unimpaired flow compliance measure of how and where to determine 
compliance.  The Bay-Delta Plan includes methods to estimate unimpaired flows 
and identifies locations where flows are measured.  As part of the Bay-Delta Plan 
adoption process, in September 2016, the State Water Board released proposed 
plan amendment language and a Recirculated Draft Substitute Environmental 
Document (Draft SED), which analyzed the environmental and other effects of the 
proposed amendments and alternatives.  The 2016 proposed amendments did not 
include an equation for calculating unimpaired flow or compliance locations and 
gages in the flow objectives.  During the comment period on the proposed 
amendments and Draft SED, commenters requested that an equation for calculating 
unimpaired flow be added to the objective.  In response, the State Water Board 
amended Footnote 14 of Table 3, Water Quality Objectives for Fish and Wildlife 
Beneficial Uses, in the proposed amendments to include a method for calculating 
compliance, including gaging stations where flows would be measured to evaluate 
compliance and a method for estimating unimpaired flows.  The State Water Board 
then provided another comment period for commenters to address any revisions to 
the amendments and responded to those comments in writing.   

Although Footnote 14 provides the methodology to estimate unimpaired flow and 
identify where and how flows are measured to evaluate compliance, there are 
several issues that will need to be further addressed for implementation purposes.  
This document discusses approaches that may be used to address these issues as 
the compliance methods are refined for implementation purposes.   



State Water Resources Control Board Initial LSJR Flow Compliance Measures 

A-3 September 2019 

Unimpaired Flow 
The LSJR flow objectives are expressed as a percent of unimpaired flow.  As 
defined in the Bay-Delta Plan, unimpaired flow is the natural water production of a 
river basin, unaltered by upstream diversions, storage, or by export or import of 
water to or from other watersheds.  Unimpaired flow is therefore a direct way to 
establish a variable quantity of water that is allocated to fish and wildlife protection, 
because it represents a portion of the variable total water production in a river.  This 
is a different way to express flow requirements than was previously used in the 2006 
Bay-Delta Plan.  

The unimpaired flow approach is used in the Bay-Delta Plan because it reflects the 
frequency, timing, magnitude, and duration of the natural flows to which fish and 
wildlife have adapted and have become dependent upon.  A flow objective based on 
unimpaired flows is intended to provide for a portion of the flow to a watershed to 
remain in the stream for the fish and wildlife.  Because this approach differs from 
prior approaches, new compliance approaches are needed. 

Implementation of the LSJR flow objectives requires two primary types of data: 1) 
daily unimpaired flow at the dams of the three major reservoirs on each of the three 
tributaries (rim dams); and 2) daily stream flow at the three tributary compliance 
locations and at Vernalis (Figure 1).  

Unimpaired flow is the runoff that would have occurred had water remained in rivers 
and streams instead of being stored in reservoirs, imported, exported, or diverted.  
Unimpaired flows are calculated assuming that the river channels of the valley are in 
their present configuration, and that extant alterations such as channel 
improvements, levees, flood bypasses, and channels disconnected from the 
floodplains are in place.  Unimpaired flows do not actually represent the flows that 
would have occurred in a pre-historical or un-modified state.  

The percent of unimpaired flow requirement is based on the daily unimpaired flow, 
also referred to as full natural flow (FNF), that is estimated at the rim dams 
associated with each reservoir on each of the three LSJR tributaries, as shown in 
Figure 1.  Following are the names and associated three-letter California 
Department of Water Resources (DWR) gage codes for these three locations, which 
are collectively referred to as the three FNF stations: 

 Stanislaus at Goodwin (DWR Gage GDW)

 Tuolumne at Don Pedro (DWR Gage TLG)

 Merced at McClure (DWR Gage MRC)

DWR currently posts calculated daily unimpaired flows for these and several other 
major rivers on its California Data Exchange Center website (CDEC). Per the 
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DWR website, the FNF estimate posted on CDEC is the same thing as unimpaired 
flow: 

"Full Natural Flow" or "Unimpaired Runoff" represents the natural water production of a river 
basin, unaltered by upstream diversions, storage, or by export or import of water to or from other 
watersheds.  Gauged flows at the given measurement points are increased or decreased to 
account for these upstream operations.  The flows reported here are based on calculations done 
by project operators on the respective rivers, the US Army Corps of Engineers and/or Snow 
Surveys. 

Daily Full Natural Flow (FNF) calculations are based on less data than is available at the 
completion of each month.  The sum of daily FNF reported here will not exactly match the 
calculated monthly FNF reported on the seasonal and water year reports.  Due to the lag 
between the effect of upstream operations and downstream flow measurements, calculated daily 
FNF will fluctuate from day to day.  

Compliance Locations 
Compliance with the LSJR flow objective is determined at the following three gages 
near the confluence of each of the LSJR tributaries (as shown in Figure 1): 

 Stanislaus River at Koetitz (DWR Gage KOT)

 Tuolumne River at Modesto (U.S. Geological Survey [USGS] Gage 11290000,
also referred to as DWR Gage MOD)

 Merced River near Stevenson (DWR Gage MST)

The mainstem minimum flow requirement for the LSJR is determined at Vernalis 
(DWR Gage VNS). 

Real time daily stream flow data for the above three gages on the three tributaries is 
available on CDEC.  These stations are currently the farthest downstream gage on 
each of the three tributaries.  The Bay-Delta Plan allows the Executive Director to 
approve changes to the compliance locations (and associated gage station 
numbers) set forth in Table 3 of the Bay-Delta Plan if information shows that another 
location more accurately represent the flows of the LSJR tributary at its confluence 
with the LSJR.  
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Figure 1.  Full Natural Flow Gages and Unimpaired Flow Compliance Locations 

Compliance Methods 
Compliance with the default percent of unimpaired flow requirement1 is considered in 
the context of providing flows that protect fish and wildlife and operational rules that 
maximize operational clarity and flexibility.  The 7-day averaging period strikes a 
balance between the fish benefits of a shorter averaging period and the operational 
benefits of a longer averaging period.  In general, the shorter the averaging period, 
the more that flows provided will mimic biologically beneficial characteristics of 
unimpaired flow- matching the frequency, timing, magnitude, and duration.  Shorter 
averaging periods, however, make compliance with the flow objectives more difficult.  
This document identifies challenges with successfully monitoring compliance with 
the 7-day averaging period and describes general methods that will be further 
evaluated to address those issues. 

                                                             
1 The Bay-Delta Plan also allows for adaptive implementation of the of the LSJR flows.  
Compliance methods for adaptive implementation are forthcoming. 
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Very simply, compliance with the unimpaired flow requirement is determined by 
dividing the 7-day running average of the observed flow at a compliance location by 
the 7-day running average of the corresponding full natural flow at the three FNF 
stations, described above, as shown in Equation 1:  

 

Following are steps to evaluate compliance: 

1. Download flow data for the three compliance locations from CDEC 

2. Download FNF data for the three FNF stations from CDEC 

3. Calculate the 7-day running averages of daily flow from the above gages 

4. Divide the 7-day running average for the compliance location by the 7-day 
running average for the corresponding FNF station (Equation 1) 

5. Compare the result obtained in Step 4 with the required percentage of 
unimpaired flow  

Compliance with the flow requirement at Vernalis is determined by calculating the 7-
day running average of the daily flow recorded at VNS to make sure that the 
minimum flow requirement is also achieved.  Modeling has shown that the 40 
percent flow requirement will result in flows at Vernalis far higher than the Vernalis 
minimum flow requirement most of the time, however, when the percentage of 
unimpaired flow requirement is insufficient to meet the minimum base flow 
requirement, the three tributaries must provide the flows in proportion to their 
average unimpaired contribution to the LSJR, as specified in the Bay-Delta Plan:  

 Stanislaus River – 29 percent 

 Tuolumne River – 47 percent 

 Merced River – 24 percent 

Issues for Further Consideration 
As discussed above, there are several aspects of compliance that require further 
consideration prior to implementation of the objectives.  Conceptual methods for 
addressing these issues are discussed below, including methods for addressing the 
following issues: 

 Data reporting lag times 

 Missing data and gage outages 

 Erroneous estimates of unimpaired flow, including zero or negative values  
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 Accretions/depletions downstream of FNF stations used to determine unimpaired 
flow 

 Lagged determination of compliance 

Data Reporting Lag Times  
Unimpaired flows are currently estimated on daily and monthly time steps; however, 
the daily unimpaired flows are not generally available for real-time decision making.  
Daily flow records at the compliance locations typically lag by one day because the 
daily flow value is the mean value of river discharge measured at 15-minute intervals 
during the day.  This means the mean value for the entire day can only be 
determined by midnight of the same day, or shortly after, in the morning of the next 
day.  The FNF estimates then frequently lag by 2 to 3 days due to computational and 
data processing time.  To address this issue, State Water Board staff will evaluate 
the operational feasibility of allowing for a lag time to be incorporated to determine 
compliance with the 7-day running average unimpaired flow or relying on forecasts 
when flow conditions are relatively stable and predictable.   

Missing Data and Gage Outages  
Occasionally, gaged flow values at the compliance locations or the FNF values are 
reported as “missing” on CDEC.  This occurs when there are measuring or 
transmission equipment failures or technical problems with the gages.  For missing 
flow data, flow may be calculated using data from a nearby reference gage.  An 
initial regression analysis has been performed for each of the seven gages shown in 
Figure 1.  The regression equations provided in Table 1 show that there is a good 
correlation between the target gage and reference gage.  These correlations are 
based upon historical data.  The suitability of using these regressions to correlate 
flows, and fill in missing data, under changed future flow regimes will be evaluated. 
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Table 1.  Regression Equations developed to Estimate missing Flows at Target 
Gages 

Target Gage Reference Gage Correlation Coefficients Regression Equation 
KOT RIP 0.98 KOT = 0.87 × RIP + 56 
MOD LGN 0.99 MOD = 0.99 × LGN + 66 
MST CRS 0.97 MST = 0.92 × CRS + 33 
VNS MRB 0.98 VNS = 1.1 × MRB + 341 
GDW NML 0.95 GDW = 1.1 × NML - 174 
TLG MRC 0.94 TLG = 1.8 × MRC + 264 
MRC MBB 0.92 MRC = 0.94 × MBB + 38 

RIP = Stanislaus River at Ripon. 
LGN = Tuolumne River below La Grange Dam near La Grange. 
CRS = Merced River at Cressy. 
MRB = San Joaquin River at Maze Rd Bridge. 
NML = New Melones Reservoir. 
MRC = Merced River near Merced Falls. 
MBB = Merced River near Briceburg. 

 

In addition, missing data may result in either more or less water being provided than 
will later be determined was required on a 7-day average.  The amount of water 
provided that is in addition to what is required would be an excess flow, and any 
shortage that does not meet the required flow would be a flow deficit.  These flow 
excesses and deficits may occasionally not be known until many days after flows 
have been provided.  It may therefore be desirable to allow for, and keep track of, 
any excess and deficit flows, and to allow some operational flexibility, as long as the 
required percent of unimpaired flow is eventually provided, and fish and wildlife 
protection goals are achieved.  Potential methods for doing this will be evaluated. 

Erroneous Estimates of Unimpaired Flow, Including Zero or 
Negative Values 

Some calculated FNF values reported are zero or negative, which is physically 
impossible.  This occurs when some input parameters used in DWR’s method for 
calculating the FNF are overestimated or underestimated.  For example, changes in 
reservoir storage are used, in part, in the calculations.  Reservoir storage is, in some 
instances, determined by reservoir water elevations, which can be affected by 
environmental factors such as wind, which has the effect of pushing water higher or 
lower at the location of a stage gage.  This means that reservoir elevation and 
storage could be overestimated or underestimated.  It would not make sense to base 
required flows on negative or zero flows.   

Generally, missing and zero or negative data pose a potential problem mostly during 
times when hydrologic conditions are changing rapidly, such as rainfall or large 
snowmelt events.  At other times, when flow conditions are relatively constant, or are 
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following a simple and predictable trend, such erroneous data pose no serious 
challenge because flow trends can be used to easily replace the erroneous data.  
Whereas rapidly changing hydrologic conditions would make estimates of those 
values more uncertain, and a more sophisticated method might be needed for their 
estimation.  

Missing, negative and zero values tend to occur outside the February to June period.  
Table 2 shows the number of days and percentage that the flow values were 
reported as missing, negative or zero for the FNF stations and compliance gages.  A 
more comprehensive review of FNF data calculations will be conducted to identify 
the issues that cause missing, negative, and zero flow values. 

Table 2.  Number of Days and Percentage of Missing, Negative and Zero Flow 
Values during February and June in the Past Ten Years* 

River Stanislaus Tuolumne Merced LSJR 
Gage KOT GDW MOD TLG MST MRC VNS 
Total Number of Days Recorded 601 601 1,532 1,532 1,532 1,532 1,532 
Number of Reported Missing Values  20 0 201 2 38 1 6 
Number of Reported Zero values 0 0 0 0 1 0 0 
Number of Negative Values 0 0 0 0 0 0 0 
% of Missing Values 3.3% 0.0% 13.1% 0.1% 2.5% 0.1% 0.4% 
% of Zero and Negative Values 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 

* The recorded period for Gages KOT and GDW was from February 1, 2016 to June 30, 2019, because flow data 
for KOT was only available from July 2015.  

 

At times when conditions are not changing rapidly, it appears reasonable to replace 
zero or negative values that occur for one or two consecutive days with a value, or 
the continuing trend of the values, reported for the days prior, for which there are no 
zero or negative values (data interpolation).  If the zero or negative values occur for 
more than two days, this interpolated data can be augmented by use of correlated 
data, using the regression method discussed above.  This method will be further 
evaluated.  The State Water Board is also in the process of developing the ability to 
independently calculate FNF.  This method may also allow the State Water Board to 
eliminate or minimize the frequency of zero, negative values, or otherwise erroneous 
data. 

Accretions and Depletions Downstream of FNF Stations 
Accretions and depletions of stream flow occur in the catchment area between a 
compliance location and its corresponding FNF station, and  are not accounted for in 
the above method.  Unimpaired flows would generally be higher at downstream 
locations than at upstream locations because with the increased size of the 
watershed there is more rainfall (or snowmelt) runoff.  This means that the 
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calculated FNF at the rim dams will, in general, be lower than FNF calculated at the 
downstream compliance locations.  The difference in unimpaired flow between the 
rim dams and the confluence of each river is relatively small except during large 
rainfall runoff events on the valley floor, which could lead to significantly higher 
unimpaired flows of short duration downstream of the rim dams than at the rim dams 
themselves.  This means that accretions from rainfall runoff downstream of the rim 
dams helps to meet the unimpaired flow requirement because compliance with the 
flow requirements is based on attaining a percent of unimpaired flow for FNF 
calculated at the rim dams.  These differences would have only a small effect on the 
determination of unimpaired flows because the biggest differences would be of short 
duration during high valley floor rainfall runoff flow periods.  

Flows downstream of the rim dams are also affected by other factors, including 
groundwater losses and gains, agricultural return flows, and surface water 
diversions.  Accretions from groundwater and return flows increase flows, while 
depletions from diversions and groundwater losses reduce flows.  Water right 
holders subject to the unimpaired flow requirement would get the benefit of flow 
accretions, including the unimpaired flow accretions, but must also make up for the 
losses attributable to depletions.  

The State Water Board will evaluate the effects of depletions on compliance with the 
unimpaired flow requirement when assessing how to assign responsibility to meeting 
the flow objectives.  Characterization and quantification of accretions and depletions 
between the rim dams and the compliance locations could help to inform 
implementation actions.  The State Water Board will work with the STM Working 
Group and the other relevant stakeholders to assess the seasonal accretions and 
depletions in the subject river reaches.  

Lagged Determination of Compliance 
It may not be possible to always determine compliance with the 7-day average flow 
requirement in real time.  With imperfect data, and the general nature of water 
operations, flows higher or lower than the flow requirement may occur.  Attempts to 
make up for the resulting excess or deficit flows could result in oscillating flows 
(going from high to low and vice versa) that are not reflective of daily unimpaired 
flows and are much higher or lower flows than the percent of unimpaired flow 
requirement.  The State Water Board will seek to eliminate the potential for flow 
patterns that would result in undesirable negative effects on fish and wildlife.  For 
example, limits may need to be determined on the allowable rates of changes in 
flows, that are based on observed rates of changes in unimpaired flows.   

The State Water Board will also consider how excess flows above the percent of 
unimpaired flow requirement and deficit flows that may occur below the requirement 
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could best be tracked and accounted for in a  way that both the goals of fish and 
wildlife protection and operational feasibility are considered. 

 Public Process 
This document identifies initial measures and approaches to inform future 
compliance with the unimpaired flow objectives, as well as issues for future 
consideration.  More detailed methods and specific recommendations will be 
developed in future processes.  The State Water Board will reach out to 
stakeholders, including likely participants in the STM Working Group, and request 
their input and recommendations.  As stakeholders join the STM Working Group, 
they will engage in developing the detailed compliance methods and specific 
recommendations.  The State Water Board acknowledges that this will be an 
iterative process and welcomes the engagement of interested persons.  
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Acronyms and Abbreviations 

7DADM	 7‐day	average	of	daily	maximum		
	 	
AF	 acre‐feet		
AFRP	 Anadromous	Fish	Restoration	Program	
AFSP	 Anadromous	Fish	Screen	Program		
	 	
BAFF	 bio‐acoustic	fish	fence		
Bay	 San	Francisco	Bay		
Bay	Study	 San	Francisco	Bay	Study		
Bay‐Delta	 San	Francisco	Bay/Sacramento‐San	Joaquin	River	Delta	estuary		
Bay‐Delta	DPS	 Bay‐Delta	distinct	population	segment		
Bay‐Delta	Plan	 Water	Quality	Control	Plan	for	the	San	Francisco	Bay/Sacramento‐San	

Joaquin	River	Delta	Estuary			
BBM	 Building	Block	Method		
BiOp	 biological	opinion		
	 	
CALFED	ERP	 CALFED	Ecosystem	Restoration	Program		
CAMT	 Collaborative	Adaptive	Management	Team		
CDBW	 California	Division	of	Boating	and	Waterways		
CCF	 Clifton	Court	Forebay		
CCV	 California	Central	Valley		
CCWD	 Contra	Costa	Water	District		
CDEC	 California	Data	Exchange	Center		
CDFG	 California	Department	of	Fish	and	Game	
CDFW	 California	Department	of	Fish	and	Wildlife		
CDFW	ITP	 2009	California	Department	of	Fish	and	Wildlife	Incidental	Take	Permit	for	

longfin	smelt	issued	to	DWR	for	the	on‐going	and	long‐term	operation	of	the	
SWP		

CEC	 contaminants	of	emerging	concern		
CEQA	 California	Environmental	Quality	Act		
Central	Valley	Regional	
Water	Board	

Central	Valley	Regional	Water	Quality	Control	Board	

CESA	 California	Endangered	Species	Act		
CDEC	 California	Data	Exchange	Center		
CFGC	 California	Fish	and	Game	Commission		
cfs	 cubic	feet	per	second		
cm	 centimeters		
CPUE	 catch	per	unit	effort		
CSAMP	 Collaborative	Science	and	Adaptive	Management	Program		
CVP	 Central	Valley	Project		
CVPIA	 Central	Valley	Project	Improvement	Act		
CWT	 coded	wire	tag		
	 	
D‐1641	 State	Water	Board	Revised	Water	Right	Decision	1641		
D‐1644	 State	Water	Board	Water	Right	Decision	1644		
D‐893	 State	Water	Board	Water	Right	Decision	893		



State Water Resources Control Board  Contents
 

 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

xix 
Final

 

DCC	 Delta	Cross	Channel		
DDT	 dichlorodiphenyltrichloroethane		
DEFG	 Delta	Environmental	Flows	Group		
Delta	 Sacramento‐San	Joaquin	Delta		
Delta	Conservancy	 Sacramento‐San	Joaquin	Delta	Conservancy	
Delta	Flow	Criteria	
Report	

Development	of	Flow	Criteria	for	the	Sacramento‐San	Joaquin	Delta	Ecosystem	

Delta	ISB	 Delta	Independent	Science	Board		
Delta	Reform	Act	 Sacramento‐San	Joaquin	Delta	Reform	Act	of	2009		
Delta	RMP	 Delta	Regional	Monitoring	Program		
DETAW	 Delta	Evapotranspiration	of	Applied	Water		
DJFMP	 Delta	Juvenile	Fish	Monitoring	Program	
DMC	 Delta‐Mendota	Canal		
DO	 dissolved	oxygen		
DPIIC	 Delta	Plan	Interagency	Implementation	Committee		
DPS	 distinct	population	segment	
DRIFT	 Downstream	Response	to	Imposed	Flow	Transformation		
DSC	 Delta	Stewardship	Council		
DSP	 Delta	Science	Program		
DST	 Decision	Support	Tool		
DWR	 California	Department	of	Water	Resources		
DWSC	 Deep	Water	Ship	Channel		
	 	
EBMUD	 East	Bay	Municipal	Utility	District		
EC	 electrical	conductivity;	salinity		
EDC	 endocrine	disrupting	chemicals		
ELOHA	 Ecological	Limits	of	Hydrologic	Alteration		
ERI	 Eight	River	Index		
ERP	 Ecosystem	Restoration	Program		
ESA	 federal	Endangered	Species	Act		
ESU	 evolutionary	significant	unit		
	 	
FAS	 Fully	Appropriated	Streams		
FERC	 Federal	Energy	Regulatory	Commission		
fisheries	agencies	 California	Department	of	Wildlife,	National	Marine	Fisheries	Service,	U.S.	

Fish	and	Wildlife	Service	
FFGS	 floating	fish	guidance	structure		
FMWT	 fall	midwater	trawl		
FNF	 Full	Natural	Flows		
FSIP	 Feasibility	Study	and	Implementation	Plan		
	 	
GLC	 Grant	Line	Canal		
	 	
HAB	 harmful	cyanobacteria	algal	bloom		
HFC	 High	Flow	Channel		
HORB	 Head	of	Old	River	Barrier		
HSRG	 Hatchery	Scientific	Review	Group		
Hydro	Project	 Oroville	Facilities	Hydroelectric	Project	
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I:E	 inflow	to	export	ratios		
IEP	 Interagency	Ecological	Program		
IEP	MAST	 Interagency	Ecological	Program	Management,	Analysis,	and	Synthesis	Team	
IFIM	 Instream	Flow	Incremental	Methodology		
IPM	 Integrated	Pest	Management		
IRP	 Independent	Review	Panel		
	 	
JSA	 Joint	Settlement	Agreement		
	 	
km	 kilometers		
	 	
LFC	 Low	Flow	Channel		
LMMWC	 Los	Molinos	Mutual	Water	Company	
LSNFH	 Livingston	Stone	National	Fish	Hatchery		
LSZ	 low	salinity	zone		
	 	
MAF	 million	acre‐feet		
mmhos/cm	 millimhos	per	centimeter	
MOA	 memorandum	of	agreement	
mi2	 square	mile	
MR	 Middle	River		
MRDO	 minimum	required	Delta	outflow		
	 	
NDO	 net	Delta	outflow		
NDOI	 net	Delta	outflow	index		
NH3	 un‐ionized	ammonia	
NH4	 ammonium	
NMFS	 National	Marine	Fisheries	Service		
NMFS	BiOp	 NMFS	BiOp	on	the	Long‐Term	Operational	Criteria	and	Plan	for	coordination	

of	the	CVP	and	SWP		
NPDES	 National	Pollutant	Discharge	Elimination	System		
NTU	 Nephelometric	Turbidity	Units		
	 	
OC	 organochlorine		
OCAP	 Long‐Term	Operational	Criteria	and	Plan		
OIMA	 Office	of	Information	Management	and	Analysis		
OMR	 Old	and	Middle	Rivers		
ORT	 Old	River	near	Tracy		
	 	
PAH	 polycyclic	aromatic	hydrocarbons		
PAI	Fund	 Preservation	Agreement	Implementation	Fund		
PCB	 polychlorinated	biphenyls		
PCPP	 personal	care	products	and	pharmaceuticals		
PCWA	 Placer	County	Water	Agency		
PFMC	 Pacific	Fisheries	Management	Council		
PG&E	 Pacific	Gas	and	Electric	Company		
PHABSIM	 Physical	Habitat	Simulation		
PCWA	 Placer	County	Water	Agency	
POTW	 publically	owned	wastewater	treatment	works		
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ppb	 parts	per	billion	
ppt	 parts	per	thousand	
Projects	 the	Department	of	Water	Resources’	State	Water	Project	and	the	U.S.	Bureau	

of	Reclamation’s	Central	Valley	Project	
psu	 practical	salinity	unit		
PTM	 particle	tracking	model		
Putah	Creek	Accord	 Putah	Creek	Council,	City	of	Davis,	and	UC	Davis	settlement	agreement	with	

the	Solano	County	Water	Agency,	Solano	Irrigation	District,	and	other	Solano	
water	interests	

	 	
RAFT	 River	Assessment	for	Forecasting	Temperature		
RBDD	 Red	Bluff	Diversion	Dam		
Reclamation	 U.S.	Bureau	of	Reclamation		
Report	 Scientific	Basis	Report	in	Support	of		

New	and	Modified	Requirements	for	Inflows	from	the	Sacramento	River	and	
its	Tributaries	and	Eastside	Tributaries	to	the	Delta,	Delta	Outflows,	
Coldwater	Habitat,	and	Interior	Delta	Flows		

RM	 river	mile		
RMP	 Regional	Monitoring	Program	for	Water	Quality	in	San	Francisco	Bay	
RMT	 River	Management	Team		
RPA	 Reasonable	and	Prudent	Alternative	
	 	
SacWAM	 Sacramento	Water	Allocation	Model	
San	Francisco	Bay	
Regional	Water	Board	

San	Francisco	Bay	Regional	Water	Quality	Control	Board	

SAV	 submerged	aquatic	vegetation		
Science	Report	 Scientific	Basis	Report	in	Support	of		

New	and	Modified	Requirements	for	Inflows	from	the	Sacramento	River	and	
its	Tributaries	and	Eastside	Tributaries	to	the	Delta,	Delta	Outflows,	
Coldwater	Habitat,	and	Interior	Delta	Flows		

SEI	 Stockholm	Environment	Institute		
SEWD	 Stockton	East	Water	District		
SFEI	 San	Francisco	Estuary	Institute		
SFEP	 San	Francisco	Estuary	Partnership	
SMP	 2014	Suisun	Marsh	Habitat	Management,	Preservation,	and	Restoration	Plan		
SPW	 supplemental	project	water	
SRWTP	 Sacramento	Regional	Wastewater	Treatment	Plant		
SST	 Salmonid	Scoping	Team		
State	Water	Board	 State	Water	Resource	Control	Board		
STN	 Summer	Tow	Net	Survey		
SWP	 State	Water	Project		
	 	
TAF	 thousand	acre‐feet		
TAF/yr	 thousand	acre‐feet	per	year	
TBI	 The	Bay	Institute		
TCD	 temperature	control	device		
TCP	 temperature	compliance	points		
TMDL	 total	maximum	daily	loads		
TNC	 The	Nature	Conservancy	
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µg/g	 microgram	per	gram	
UF	 unimpaired	flow	(modeled	scenarios)	
USACE	 U.S.	Army	Corps	of	Engineers		
USDOI	 U.S.	Department	of	the	Interior	
USEPA	 U.S.	Environmental	Protection	Agency	
USFWS	 U.S.	Fish	and	Wildlife	Service		
USFWS	BiOp	 USFWS	BiOp	on	the	Long‐Term	Operational	Criteria	and	Plan	for	

coordination	of	the	CVP	and	SWP		
USGS	 U.S.	Geological	Survey		
UYRSPST	 Upper	Yuba	River	Studies	Program	Study	Team	
	 	
Water	Boards	 State	Water	Board,	Central	Valley	Regional	Water	Quality	Control	Board,	and	

San	Francisco	Bay	Regional	Water	Quality	Control	Board		
WCF	 Wastewater	Control	Facility		
WDR	 waste	discharge	requirement		
WET	 Water	Engineering	and	Technology,	Inc.	
	 	
YCI	 Year	Class	Index		
YCWA	 Yuba	County	Water	Agency		
YRDP	 Yuba	River	Development	Project	
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Chapter 1 
Overview 

1.1 Introduction 
The	State	Water	Resource	Control	Board’s	(State	Water	Board)	mission	is	to	preserve,	enhance,	and	
restore	the	quality	of	California’s	water	resources	and	drinking	water	for	the	protection	of	the	
environment,	public	health,	and	all	beneficial	uses,	and	to	ensure	proper	water	resource	allocation	
and	efficient	use,	for	the	benefit	of	present	and	future	generations.	The	State	Water	Board	protects	
water	quality	that	affects	beneficial	uses	of	water	in	the	San	Francisco	Bay/Sacramento‐San	Joaquin	
River	Delta	estuary	(Bay‐Delta)	in	part	through	its	Water	Quality	Control	Plan	for	the	Bay‐Delta	
(Bay‐Delta	Plan).	The	Bay‐Delta	Plan	identifies	beneficial	uses	of	water	in	the	Bay‐Delta,	water	
quality	objectives	to	reasonably	protect	those	uses	and	a	program	of	implementation	to	achieve	the	
objectives,	including	actions	the	State	Water	Board	will	take	(e.g.,	implementing	flow	requirements)	
and	actions	the	State	Water	Board	will	take	with	others	or	recommendations	to	others	for	actions	
they	should	take	(e.g.,	habitat	restoration	actions).		

The	State	Water	Board	is	conducting	a	review	and	update	of	the	2006	Bay‐Delta	Plan	to	ensure	that	
beneficial	uses	of	water	in	the	Bay‐Delta	watershed	are	reasonably	protected.	Phase	I	addresses	
potential	changes	to	San	Joaquin	River	flow	requirements	for	the	protection	of	fish	and	wildlife	and	
potential	changes	to	southern	Delta	salinity	requirements	for	the	protection	of	agriculture.1	Phase	II	
addresses	changes	to	the	Bay‐Delta	Plan	to	protect	native	fish	and	wildlife	in	the	Sacramento	River,	
Delta,	and	associated	tributaries.	

This	Scientific	Basis	Report	(Science	Report	or	Report)	is	being	prepared	to	support	the	Phase	II	
update	of	the	Bay‐Delta	Plan.	It	describes	the	science	on	which	proposed	changes	to	the	Bay‐Delta	
Plan	will	be	based.	A	working	draft	version	of	the	Report	was	released	on	October	19,	2016,	to	
receive	early	scientific	and	public	input	on	the	science	related	to	Phase	II	prior	to	submittal	of	the	
Report	for	external	peer	review.	The	State	Water	Board	received	input	from	a	number	of	interested	
parties	including	water	users;	environmental	groups;	and	local,	state,	and	federal	agencies.	In	
recognition	of	the	vision	for	“one	Delta,	one	science”	articulated	in	the	Delta	Stewardship	Council’s	
(DSC)	Delta	Plan,	the	State	Water	Board	also	requested	that	the	Delta	Independent	Science	Board	
(Delta	ISB)	conduct	a	review	of	the	Report.	The	State	Water	Board	appreciates	the	valuable	
comments	and	suggestions	that	have	helped	further	strengthen	the	scientific	content	in	this	version	
of	the	Report.		

In	addition,	comments	related	to	regulatory	and	policy	issues	were	raised	that	have	further	
informed	the	development	of	proposed	changes	to	the	Bay‐Delta	Plan,	including	implementation	
approaches.	The	general	components	of	these	changes	are	summarized	below	and	in	more	detail	in	
Chapter	5	for	context,	and	will	continue	to	be	refined	as	the	planning	process	moves	forward.	This	
Report	and	the	peer	reviewers’	responses	will	be	posted	on	the	State	Water	Board	web	site	and	

																																																													
1	Phase	I	is	a	separate	process	from	Phase	II.	The	term	“Phase”	to	describe	these	different	processes	is	used	for	
administrative	convenience	to	distinguish	the	different	proceedings.	The	two	water	quality	proceedings,	Phase	I	
and	Phase	II,	for	example,	involve	different	water	quality	objectives,	largely	different	geographic	areas,	and	can	be	
developed	and	implemented	independently	of	each	other.  
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become	part	of	the	record	for	this	Bay‐Delta	Plan	update.	Content	from	this	Report	will	be	included	
in	a	larger	Staff	Report	that	will	also	contain	information	on	environmental,	economic,	and	other	
analyses	of	potential	changes	to	the	Bay‐Delta	Plan,	including	regulatory	and	policy	considerations	
of	competing	uses	of	water	(including	municipal,	industrial,	agricultural,	power	production,	and	
other	environmental	uses	of	water	such	as	wetland	and	wildlife	refuge	supplies).	These	issues	are	
not	addressed	in	this	Science	Report.	Further,	while	a	description	of	the	approach	for	proposed	
changes	to	the	Bay‐Delta	Plan	is	provided,	the	exact	regulatory	language	is	still	under	development	
and	will	be	informed	by	the	science	in	this	Report	and	other	information	that	will	be	included	in	the	
Staff	Report.	The	public	and	agencies	will	continue	to	have	opportunities	to	provide	input	
throughout	this	process.		

The	proposed	Phase	II	changes	to	the	Bay‐Delta	Plan	include:	new	inflow	requirements	for	the	
Sacramento	River,	its	tributaries,	and	eastside	tributaries	to	the	Delta;	new	and	modified	Delta	
outflow	requirements;	new	requirements	for	cold	water	habitat;	new	and	modified	interior	Delta	
flow	requirements;	recommendations	for	complementary	ecosystem	protection	actions	that	others	
should	take;	and	adaptive	management,	monitoring,	evaluation,	special	study,	and	reporting	
provisions.		

While	the	science	summarized	in	this	Report	clearly	supports	the	need	for	the	flow	and	associated	
water	project	operational	requirements	for	the	protection	of	the	ecosystem	and	native	fish	and	
wildlife	beneficial	uses,	there	are	significant	challenges	that	exist	to	establishing	flow	requirements	
for	a	watershed	of	this	size	and	complexity,	particularly	given	the	importance	of	the	watershed	to	
the	State’s	water	supply	needs.	At	the	same	time,	the	need	for	action	is	critical	given	the	degraded	
status	of	the	ecosystem	and	the	lack	of	a	comprehensive	regulatory	structure	in	the	face	of	
increasing	water	demands	and	climate	change.	Thus,	the	task	before	the	State	Water	Board	requires	
crafting	the	flow	requirements	with	enough	flexibility	to	work	and	adapt	to	new	information	and	
changing	circumstances,	but	also	with	enough	specificity	to	prompt	meaningful	and	timely	
improvement	in	flow	conditions	and	habitat.		

The	proposed	changes	to	the	Bay‐Delta	Plan	are	structured	to	address	the	complexities	of	the	
watershed	while	responding	to	new	information	and	changing	conditions	and	providing	for	
meaningful	action	in	the	near	term	to	protect	the	Bay‐Delta	ecosystem.	The	proposed	changes	are	
structured	to	work	together	and	with	other	planning,	science,	restoration,	and	regulatory	efforts	in	a	
timely,	adaptive,	flexible,	and	comprehensive	manner	so	that	meaningful	action	can	be	taken	to	
ensure	the	protection	of	fish	and	wildlife	before	imperiled	species	in	the	watershed	are	no	longer	
able	to	be	restored.		

In	keeping	with	the	State	Water	Board’s	authority	and	responsibility	to	protect	the	quality	of	the	
waters	of	the	state	and	the	beneficial	uses	of	those	waters,	this	Bay‐Delta	Plan	update	focuses	largely	
on	flow‐related	issues.	However,	the	State	Water	Board	recognizes	that	other	actions,	such	as	
habitat	restoration,	are	important	to	protect	the	Bay‐Delta	ecosystem.	The	State	Water	Board	will	
work	cooperatively	with	other	agencies	and	organizations	to	promote	such	actions,	which	may	or	
may	not	be	within	the	State	Water	Board’s	authorities.	The	program	of	implementation	will	further	
address	these	actions	in	recommendations	to	other	entities,	and	describe	the	tools	that	the	State	
Water	Board	will	employ	to	ensure	that	needed	complementary	non‐flow	measures	are	pursued,	
including	those	that	may	result	in	the	need	for	less	flow	to	achieve	the	protection	of	native	fish	and	
wildlife	(e.g.,	temperature	control	may	be	achieved	with	a	temperature	control	device	more	
efficiently	than	through	flow	alone,	habitat	alterations/restoration	can	yield	food	or	predator	
evasion	or	take	less	water	to	create	floodplain	habitat).		



State Water Resources Control Board  Overview
 

 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

1‐3 
Final

 

The	State	Water	Board’s	Bay‐Delta	planning	and	implementation	efforts	are	part	of	a	multi‐faceted	
approach	needed	to	address	the	systemic	ecological	and	water	supply	concerns	in	the	Bay‐Delta	and	
reconcile	an	altered	ecosystem.	The	State	Water	Board	is	committed	to	collaborating	and	
coordinating	with	other	science,	regulatory,	and	restoration	efforts	that	inform	adaptive	
management	and	future	decisions	regarding	needed	flows	and	operational	measures.	The	State	
Water	Board	encourages	the	ongoing	efforts	of	various	parties	to	develop	meaningful	and	effective	
voluntary	agreements	that	can	achieve	greater	and	more	durable	benefits	for	the	Bay‐Delta	in	the	
short	and	long	term	than	regulation	alone.	The	proposed	changes	to	the	Bay‐Delta	Plan	described	in	
this	Science	Report	are	designed	to	encourage	and	facilitate	such	agreements.	

1.2 Final Draft Scientific Basis Report 
This	Science	Report	provides	a	review	and	summary	of	the	best	available	science	supporting	
potential	changes	to	the	Bay‐Delta	Plan’s	flow	and	water	project	operational	requirements,	building	
on	science	contained	in	the	Delta	Flow	Criteria	Report	and	other	analyses.	It	also	provides	a	
summary	of	the	science	on	other	non‐flow	stressors	and	proposed	actions	to	address	those	stressors	
in	concert	with	flow	actions.	While	perfect	science	is	not	available	and	exact	mechanisms	behind	
flow‐related	functions	and	other	stressors	are	not	fully	understood,	there	is	a	significant	and	
compelling	amount	of	information	supporting	the	need	for	new	and	modified	flow	and	related	
measures	to	protect	fish	and	wildlife	beneficial	uses	in	the	Bay‐Delta,	one	of	the	most	widely	studied	
estuaries	in	the	world.	Adaptive	management	and	implementation	processes	are	proposed	to	ensure	
flexibility	in	managing	flows	on	a	real‐time	and	long‐term	basis	to	best	protect	beneficial	uses	and	to	
better	respond	to	evolving	scientific	information	and	changing	conditions.		

This	chapter	(Chapter	1)	introduces	the	Science	Report	and	provides	a	summary	of	its	major	
findings.	Chapter	2	provides	an	analysis	of	the	flow	regime	within	the	Sacramento	River	and	its	
tributaries,	the	Delta	eastside	tributaries,	and	the	Delta,	including	how	the	magnitude,	frequency,	
duration,	timing,	and	rate	of	change	of	flows	have	been	altered.	Chapter	3	provides	a	summary	of	the	
underlying	science	supporting	the	need	for	flow	and	flow‐related	operational	requirements	for	the	
protection	of	fish	and	wildlife	beneficial	uses.	It	includes	general	information	regarding	the	
ecological	needs	for	flows,	life	history	information	and	population	information	for	several	indicator	
fish	species	of	concern	and	information	about	flow	needs	for	these	species	focused	on	population	
growth.	Chapter	4	summarizes	the	various	categories	of	other	aquatic	ecosystem	stressors	in	the	
Bay‐Delta	watershed,	how	those	stressors	interact	in	the	ecosystem	and	actions	that	are	being	taken	
or	should	be	taken	to	address	those	stressors.	Chapter	5	describes	how	the	biological	and	hydrologic	
information	provided	in	earlier	chapters	of	the	Report	were	synthesized	to	develop	potential	
modifications	to	the	Bay‐Delta	Plan.	To	assist	the	State	Water	Board	in	evaluating	a	range	of	
environmental	flows,	the	Report	includes	a	comparison	of	a	range	of	flows	with	the	flow	needs	of	
multiple	species	to	identify	the	range	of	protection	that	could	be	achieved	at	different	flow	levels.	
These	protections	are	expected	to	be	enhanced	through	targeted	adaptive	management	and	when	
combined	with	other	measures.		

1.2.1 The Bay‐Delta Watershed 

The	Sacramento	and	San	Joaquin	River	systems	drain	water	from	about	40	percent	of	California’s	
land	area	and	support	a	variety	of	beneficial	uses	of	water,	including	drinking	water	for	more	than	
two‐thirds	of	Californians,	irrigation	to	the	largest	agricultural	economy	in	the	U.S.,	and	recreational	
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opportunities	for	a	thriving	tourism	industry.	The	Delta	is	the	hub	of	California’s	water	supply	
system,	serving	as	the	source	of	water	for	the	State’s	two	largest	water	supply	projects—the	
Department	of	Water	Resources’	(DWR)	State	Water	Project	(SWP)	and	the	U.S.	Bureau	of	
Reclamation’s	(Reclamation)	Central	Valley	Project	(CVP)	(collectively,	the	Projects)—as	well	as	
many	other	large	and	small	diverters.	Water	is	essential	to	the	economy	of	California.	The	economy	
has	proven	resilient	to	fluctuations	in	water	supply,	but	faces	profound	management	challenges	
(Hanak	et	al.	2012).		

The	Bay‐Delta	is	where	California’s	two	major	river	systems	meet	to	form	the	largest	estuarine	
ecosystem	for	fish	and	waterfowl	production	on	the	west	coast	of	the	Americas.	The	Bay‐Delta	
includes	the	Delta,	Suisun	Marsh,	and	the	San	Francisco	Bay.	The	Delta	is	about	738,000	acres	of	
which	about	48,000	acres	are	now	open	freshwater	and	the	remainder	is	agricultural	or	urban,	
reflecting	an	almost	complete	loss	of	wetland	habitats	since	California	became	a	state	(Whipple	et	al.	
2012).	Suisun	Marsh	comprises	approximately	85,000	acres	of	duck	clubs,	game	refuges,	and	
sloughs.	Landforms	in	Suisun	Marsh	have	changed	little	from	natural	conditions,	but	salinities	have	
generally	risen	(Whipple	et	al.	2012).	San	Francisco	Bay	includes	about	306,400	acres	of	open	water,	
with	almost	half	of	its	wetland	habitats	having	been	restored	in	the	last	20	years	(SFEP	2015).		

The	Bay‐Delta	supports	an	exceptionally	diverse	array	of	migratory	and	resident	fish,	birds,	and	
other	valued	wildlife	and	plants.	The	estuary	is	a	crucial	part	of	the	Pacific	Flyway.	Some	birds,	
particularly	sandhill	cranes,	Canada	geese,	and	snow	geese,	over‐winter	on	flooded	Delta	fields	
while	many	other	waterfowl	rely	on	habitats	in	Suisun	Marsh	and	San	Francisco	Bay.	Migratory	fish	
include	green	and	white	sturgeon;	spring‐run,	winter‐run,	fall‐run	and	late‐fall‐run	Chinook	salmon;	
and	steelhead.	These	native	species	include	important	commercial	and	sport	fisheries	as	well	as	taxa	
listed	under	the	California	and	federal	Endangered	Species	Acts	(CESA	and	ESA,	respectively).	Unlike	
birds,	migratory	fish	must	travel	through	the	entire	estuary	to	get	to	and	from	their	spawning	
habitats	in	the	upper	watershed.	To	migrate	successfully,	fish	must	find	suitable	habitats	and	
withstand	multiple	stressors	throughout	the	estuary.	Almost	all	resident	native	fish	species	in	the	
Bay‐Delta	have	declined	in	abundance,	particularly	the	longfin	smelt	(listed	under	CESA)	and	the	
Delta	smelt	(listed	under	both	ESA	and	CESA).	Two	resident	species	have	been	extirpated:	
Sacramento	perch	and	thicktail	chub,	primarily	due	to	loss	of	suitable	habitat.	The	most	abundant	
fishes	of	the	upper	estuary	are	now	all	introduced	and	do	not	rely	on	the	habitats	and	conditions	
historically	found	in	California.	These	nonnatives,	include	striped	bass,	largemouth	bass,	and	carp	
that	were	introduced	for	harvest	and	other	species	that	invaded	by	various	pathways.	Habitat	
restoration	and	the	effects	of	climate	change	are	likely	to	further	shift	the	abundance	and	
distributions	of	species	throughout	the	estuary	(Goals	Project	2015).	

1.2.2 Purpose and Need for Bay‐Delta Update 

It	is	widely	recognized	that	the	Bay‐Delta	ecosystem	is	in	a	state	of	crisis.	Changes	in	land	use	due	to	
agricultural	practices,	urbanization,	and	flood	control	combined	with	substantial	and	widespread	
water	development,	including	the	construction	and	operation	of	the	Projects,	have	been	
accompanied	by	significant	declines	in	nearly	all	species	of	native	fish,	as	well	as	other	native	and	
nonnative	species	dependent	on	the	aquatic	ecosystem.	Fish	species	have	continued	to	experience	
precipitous	declines	since	the	last	major	update	and	implementation	of	the	Bay‐Delta	Plan	in	1995	
that	was	intended	to	halt	and	reverse	the	aquatic	species	declines	occurring	at	that	time.	In	the	early	
2000s,	scientists	noted	a	steep	and	lasting	decline	in	population	abundance	of	several	native	
estuarine	fish	species	that	has	continued	and	worsened	during	the	recent	drought.	Simultaneously,	



State Water Resources Control Board  Overview
 

 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

1‐5 
Final

 

natural	production	of	all	runs	of	Central	Valley	salmon	and	steelhead	remains	near	all‐time	low	
levels.		

These	declines	are	attributed	in	part	to	flow	modifications	due	to	dams	and	water	diversions	and	
related	operations.	At	certain	times	in	some	streams,	flows	are	completely	eliminated	or	
significantly	reduced	by	direct	water	diversions	and	impoundment	in	reservoirs.	At	other	times,	
flows	are	increased	from	reservoirs,	but	then	exported	from	the	watershed	before	contributing	to	
Delta	outflows.	At	the	same	time,	the	dams	that	impound	that	water	block	access	to	upstream	cold	
water	habitat	and	may	cause	significant	warming	of	water	downstream.	Further,	water	project	
operations	in	the	southern	Delta	alter	circulation	patterns,	interfering	with	fish	migration,	changing	
water	quality,	and	entraining	fish	and	other	aquatic	organisms.	A	significant	and	compelling	amount	
of	scientific	information	indicates	that	restoration	of	more	natural	flow	functions	throughout	the	
watershed	from	natal	streams	to	the	nearshore	ocean	is	needed	now	to	reverse	the	species	declines	
in	an	integrated	fashion	with	physical	habitat	improvements	and	other	actions.	While	it	is	not	
possible	to	replicate	natural	flows	or	the	natural	landscapes	in	which	those	flows	occurred	and	
interacted	in	the	Bay‐Delta,	it	is	possible	to	take	actions	to	provide	more	natural	functional	flows	in	
coordination	with	other	complementary	actions	to	improve	and	restore	habitat	functions	to	support	
a	resilient	ecosystem.	The	science	summarized	in	this	report	documents	these	needs.		

As	described	in	Chapter	2,	upstream	diversions	and	water	exports	in	the	Delta	have	reduced	January	
to	June	outflows	by	an	estimated	56	percent	(average),	and	annual	outflow	by	an	estimated	52	
percent	(mean).	In	the	driest	condition,	in	certain	months	outflows	are	reduced	by	more	than	80	
percent,	January	to	June	flows	are	reduced	by	more	than	70	percent	and	annual	flows	are	reduced	
by	more	than	65	percent.	Richter	et	al.	(2011)	concluded	that	flow	modifications	greater	than	20	
percent	likely	result	in	moderate	to	major	changes	in	natural	structure	and	ecosystem	function.	
Studies	of	river‐delta‐estuary	ecosystems	in	Europe	and	Asia	conclude	that	water	quality	and	fish	
resources	deteriorate	beyond	their	ability	to	recover	when	spring	and	annual	water	withdrawals	
exceed	30	and	40–50	percent	of	unimpaired	flow	respectively	(Rozengurt	et	al.	1987).	Native	fish	
and	wildlife	in	the	Bay‐Delta	watershed	have	been	significantly	impacted	by	these	reductions	of	
flow,	with	many	species	currently	on	the	verge	of	extinction.	As	discussed	in	Chapter	4,	there	are	
other	factors	involved	in	the	decline	of	these	species,	but	water	diversions	and	the	corresponding	
reduction	in	flows	are	significant	contributing	factors	for	which	the	State	Water	Board	has	
regulatory	responsibility	to	address.	As	such,	the	proposed	changes	to	the	Bay‐Delta	Plan	focus	on	
flow‐related	issues	while	acknowledging	the	importance	of	coordination	with	other	science,	
planning,	regulatory,	and	restoration	efforts	(discussed	below)	to	protect	the	Bay‐Delta	ecosystem	
as	whole.	

While	various	state	and	federal	agencies	have	acted	to	adopt	requirements	to	protect	the	Bay‐Delta	
ecosystem,	there	is	no	comprehensive	regulatory	strategy	addressing	the	watershed	as	a	whole.	
Instead,	there	are	various	regulatory	requirements	that	cover	some	areas	of	the	watershed	and	not	
others.	Many	of	these	requirements	are	the	sole	responsibility	of	the	Projects	under	the	Bay‐Delta	
Plan,	as	implemented	through	Revised	Water	Right	Decision	1641	(D‐1641),	and	two	biological	
opinions	(BiOps)	addressing	Delta	smelt	and	salmonids	and	an	incidental	take	permit	addressing	
longfin	smelt.	The	best	available	science,	however,	indicates	that	these	requirements	are	insufficient	
to	protect	fish	and	wildlife.	Further,	these	requirements	address	only	portions	of	the	watershed;	
there	are	a	number	of	tributaries	that	do	not	have	any	requirements	to	protect	fish	and	wildlife	or	
that	have	requirements	that	are	not	integrated	with	other	requirements,	including	the	Bay‐Delta	
Plan	and	CESA	and	ESA	requirements.	While	conditions	may	be	protective	of	fish	and	wildlife	in	
some	of	these	tributaries,	action	is	needed	to	ensure	that	conditions	are	not	degraded	in	the	future.	
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The	proposed	changes	to	the	Bay‐Delta	Plan	discussed	in	this	Science	Report	are	intended	to	begin	
to	address	these	issues	in	a	more	comprehensive	way	by	looking	at	the	Sacramento	River	watershed	
and	related	tributaries	and	the	Delta	as	a	whole	interconnected	system.	

1.2.3 Bay‐Delta Water Quality Control Planning Background 

The	State	Water	Board	has	authority	to	adopt	statewide	water	quality	control	plans	and	adopts	the	
Bay‐Delta	Plan	because	of	its	ecological	and	water	supply	importance	to	the	state.	The	Bay‐Delta	
Plan	addresses	water	diversions	and	use	in	the	water	quality	control	planning	context,	in	
accordance	with	the	state	Porter‐Cologne	Water	Quality	Control	Act	and	other	laws.	The	current	
Bay‐Delta	Plan	requirements	were	established	in	1995	based	in	part	on	an	agreement	between	state	
and	federal	agencies	regarding	measures	for	ecosystem	protection	in	the	Bay‐Delta	estuary.	The	
State	Water	Board	updated	the	1995	Bay‐Delta	Plan	in	2006	with	minor	modifications.	

The	Bay‐Delta	Plan	identifies	various	beneficial	uses	of	water	in	the	Bay‐Delta	and	establishes	water	
quality	objectives	designed	to	reasonably	protect	those	uses.	Certain	objectives	are	expressed	as	
flows	and	others	as	salinity	(electrical	conductivity	[EC]	or	chloride)	and	dissolved	oxygen	(DO)	
levels	that	are	largely	achieved	through	flows	and	Project	operations.	The	Bay‐Delta	Plan	also	
includes	narrative	fish	and	wildlife	protection	objectives	for	salmon	and	the	Suisun	Marsh.	The	Bay‐
Delta	Plan	includes	a	program	of	implementation	identifying	how	the	objectives	will	be	achieved,	
including	a	description	of	actions	necessary	to	achieve	the	objectives;	a	time	schedule	for	taking	the	
actions;	and	monitoring,	evaluation,	and	reporting	measures	to	determine	compliance	with	the	
objectives	and	evaluate	the	effectiveness	of	implementation	measures.		

Currently,	the	Projects	have	primary	responsibility	for	meeting	Bay‐Delta	Plan	objectives,	including	
existing	Delta	inflow,	outflow,	salinity,	and	other	requirements.	In	D‐1641,	the	State	Water	Board	
accepted	various	agreements	between	DWR	and	Reclamation	and	other	water	users	to	assume	
responsibility	for	meeting	specified	Bay‐Delta	Plan	objectives	for	a	period	of	time	through	
conditions	on	DWR’s	and	Reclamation’s	water	rights	for	the	SWP	and	CVP,	respectively.	As	
evidenced	in	the	recent	drought,	the	Projects’	ability	to	maintain	responsibility	for	meeting	all	Bay‐
Delta	Plan	flow	and	water	quality	requirements	in	the	watershed	while	preserving	water	for	cold	
water	purposes	is	not	realistic	in	the	face	of	climate	change	and	increasing	water	demands.	
Currently,	the	Projects	supplement	flows	during	much	of	the	summer	and	fall	with	storage	releases	
at	the	expense	of	cold	water	and	other	reserves,	particularly	during	drought	periods	when	water	
demands	are	increased	and	flows	are	diminished.	The	current	Bay‐Delta	Plan	does	not	provide	
sufficient	flexibility	in	the	program	of	implementation	to	address	these	and	other	conditions.	

In	2008,	the	State	Water	Board	adopted	the	2008	Bay‐Delta	Strategic	Workplan,	which	prioritized	
State	Water	Board,	Central	Valley	Regional	Water	Quality	Control	Board	(Central	Valley	Regional	
Water	Board)	and	San	Francisco	Bay	Regional	Water	Quality	Control	Board	(San	Francisco	Bay	
Regional	Board)	(collectively	referred	to	as	Water	Boards)	Bay‐Delta	planning	and	regulatory	
activities	to	address	environmental	and	water	supply	crises	in	the	Bay‐Delta	within	the	Water	
Boards’	authorities,	including	the	review	and	update	of	the	Bay‐Delta	Plan.	In	2009,	the	State	Water	
Board	conducted	a	periodic	review	of	the	Bay‐Delta	Plan,	and	prepared	a	Periodic	Review	Staff	
Report	recommending	further	review	of	existing	and	potential	new	Bay‐Delta	Plan	requirements	
including:	Delta	outflow	and	Suisun	Marsh	parameters,	various	interior	Delta	flow	limits,	floodplain	
habitat,	and	monitoring	and	special	studies.	Inflows	were	added	to	the	water	quality	planning	
considerations	consistent	with	the	2010	Delta	Flow	Criteria	Report	findings	that	proportionate	
inflows	should	generally	be	provided	from	tributaries	to	the	Delta	watershed	to	provide	for	
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continuity	and	diversification	of	flows	and	increased	Delta	outflows	for	migratory	and	estuarine	
species.		

1.2.4 The Delta Reform Act and Delta Flow Criteria Report 

The	Legislature	acknowledged	the	ecosystem	crisis	in	the	Delta	watershed	in	adopting	the	
Sacramento‐San	Joaquin	Delta	Reform	Act	of	2009	(Delta	Reform	Act)	(Wat.	Code,	§	85000	et	seq.).	
The	Delta	Reform	Act	codified	two	coequal	goals	for	the	Delta	of	providing	a	more	reliable	water	
supply	for	California	and	protecting,	restoring,	and	enhancing	the	Delta	ecosystem,	both	of	which	
are	to	be	achieved	in	a	manner	that	protects	and	enhances	the	unique	cultural,	recreational,	natural	
resource	and	agricultural	values	of	the	Delta	as	an	evolving	place.	To	achieve	this,	the	Delta	Reform	
Act	established	the	DSC	and	tasked	the	DSC	with	developing,	adopting,	and	implementing	an	
enforceable	long‐term	plan	for	the	Delta.	The	DSC’s	Delta	Plan	(DSC	2013)	includes	policies	that	are	
legally	binding	on	covered	activities	as	well	as	advisory	recommendations.2	The	Delta	Plan	identified	
reducing	reliance	on	the	Delta	through	improved	regional	self‐reliance	for	water	and	updating	the	
Bay‐Delta	Plan	flow	and	water	quality	requirements	as	priority	actions	to	protect	the	Delta	
ecosystem	and	the	reliability	of	the	Delta’s	water	supplies	(DSC	2013,	p.	19	[WR	P1	and	ER	P1]).	The	
Delta	Plan	calls	for	adequate	seaward	flows	in	Delta	channels,	on	a	schedule	more	closely	mirroring	
historical	rhythms	(natural,	functional	flows),	and	specifically	identifies	the	State	Water	Board	as	the	
agency	charged	with	this	task	under	its	water	rights	and	water	quality	authority.3	The	Delta	Plan	
also	identifies	the	DSC,	together	with	DWR	and	the	State	Water	Board	as	the	lead	agencies	for	
achieving	reduced	reliance	on	the	Delta.	In	addition,	the	California	Water	Action	Plan,	issued	jointly	
by	the	California	Natural	Resources	Agency,	California	Department	of	Food	and	Agriculture,	and	the	
California	Environmental	Protection	Agency,	establishes	actions	to	sustainably	manage	California’s	
water	resources.	The	Water	Action	Plan	identifies	implementation	of	the	Delta	Plan	and	completion	
of	the	Bay‐Delta	Plan	update	as	key	elements	to	achieve	the	coequal	goals	for	the	Delta.		

For	the	purpose	of	informing	planning	decisions	for	the	Delta	Plan	and	other	efforts,	the	Delta	
Reform	Act	required	the	State	Water	Board	to	develop	new	flow	criteria	for	the	Delta	ecosystem	to	
protect	public	trust	resources.	In	August	2010	the	State	Water	Board	completed	a	technical	report	
on	the	Development	of	Flow	Criteria	for	the	Sacramento‐San	Joaquin	Delta	Ecosystem	(Delta	Flow	
Criteria	Report).	The	Delta	Flow	Criteria	Report	made	a	number	of	findings	and	identified	specific	
criteria	for	inflows,	outflows,	and	interior	Delta	flows	if	fishery	protection	was	the	sole	purpose	for	
which	waters	were	put	to	beneficial	use	without	considering	the	need	for	cold	water	reserves	and	
balancing	of	supplies	for	other	beneficial	uses	of	water.	The	report	noted	that	there	are	many	other	
important	beneficial	uses	that	these	waters	support	such	as	municipal,	industrial,	agricultural,	
hydropower,	recreation,	and	other	environmental	uses	such	as	wetlands	and	refuge	water	supplies	

																																																													
2	The	DSC	has	authority	to	ensure	that	covered	actions	–	projects,	plans,	or	programs	that	occur	in	the	Delta	and	
have	a	significant	impact	on	achievement	of	the	coequal	goals	–	are	consistent	with	the	Delta	Plan.	(Wat.	Code,	§§	
85225,	85057.5.)	The	State	Water	Board’s	regulatory	actions,	including	its	water	quality	and	water	right	
proceedings,	are	exempt	from	the	definition	of	covered	actions	and	the	DSC’s	consistency	determinations.	(Id.,	§	
85057.5,	subd.	(b)(1).)	
3	On	June	24,	2016,	the	Sacramento	Superior	Court	ruled	to	set	aside	the	Delta	Plan	and	any	applicable	regulations	
until	specified	revisions	are	completed	to	include	quantified	or	otherwise	measurable	targets	associated	with	
achieving	reduced	Delta	reliance,	reduced	environmental	harm	from	invasive	species,	restoring	more	natural	flows,	
and	increased	water	supply	reliability.	The	DSC	appealed	and	the	Superior	Court’s	invalidation	of	the	Delta	Plan	is	
stayed	pending	that	appeal.		
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that	must	be	considered	when	determining	regulatory	flow	requirements.	The	report	noted	that	the	
State	Water	Board	is	required	by	law	to	establish	flow	and	other	requirements	that	ensure	the	
reasonable	protection	of	beneficial	uses	and	that	in	order	for	any	flow	requirements	to	be	
reasonable,	the	State	Water	Board	will	consider	and	balance	competing	uses	of	water	in	its	decision‐
making.		

With	respect	to	specific	flow	criteria,	the	Delta	Flow	Criteria	Report	found	that	flow	criteria	should	
reflect	the	frequency,	duration,	timing,	and	rate	of	change	of	flows,	and	not	just	volumes	or	
magnitudes	and	proposed	criteria	based	on	a	percentage	of	the	unimpaired	hydrograph	as	a	way	of	
achieving	these	attributes.	The	Delta	Flow	Criteria	Report	specifically	identified	a	Delta	outflow	
criteria	of	75	percent	of	unimpaired	Delta	outflow	from	January	through	June	and	an	inflow	criteria	
of	75	percent	of	unimpaired	Sacramento	River	inflow	from	November	through	June.	The	report	also	
identified	criteria	for	increased	fall	Delta	outflow	in	wet	and	above	normal	years;	fall	pulse	flows	on	
the	Sacramento	River;	and	interior	Delta	flows.	

The	Delta	Flow	Criteria	Report	further	found	that	inflows	should	generally	be	provided	from	
tributaries	to	the	Delta	watershed	in	proportion	to	their	contribution	to	unimpaired	flow	and	that	
studies	and	demonstration	projects	for,	and	implementation	of,	floodplain	restoration,	improved	
connectivity	and	passage,	and	other	habitat	improvements	should	proceed	to	provide	additional	
protection	of	public	trust	uses	and	potentially	allow	for	the	reduction	of	flows	otherwise	needed	to	
protect	public	trust	resources	in	the	Delta.	The	report	also	found	that	it	is	important	to	establish	
seaward	gradients	and	create	more	slough	networks	with	natural	channel	geometry.	The	report	
emphasized	the	importance	of	a	strong	science	program	and	a	flexible	management	regime	in	
implementing	flow	requirements.	The	report	also	included	a	number	of	other	findings	germane	to	
the	State	Water	Board’s	Bay‐Delta	Plan	update,	including	the	following:	

 The	effects	of	non‐flow	changes	in	the	Delta	ecosystem,	such	as	nutrient	composition,	
channelization,	habitat,	and	invasive	species,	need	to	be	addressed	and	integrated	with	flow	
measures.	

 There	is	sufficient	scientific	information	to	support	the	need	for	increased	flows	to	protect	
public	trust	resources;	while	there	is	uncertainty	regarding	specific	numeric	criteria,	scientific	
certainty	is	not	the	standard	for	agency	decision‐making.	

 Recent	Delta	flows	are	insufficient	to	support	native	Delta	fishes	for	today’s	habitats.	Flow	
modification	is	one	of	the	immediate	actions	available	although	the	links	between	flows	and	fish	
response	are	often	indirect	and	are	not	fully	resolved.	Flow	and	physical	habitat	interact	in	
many	ways,	but	they	are	not	interchangeable.	

This	Science	Report	and	the	proposed	changes	to	the	Bay‐Delta	Plan	build	on	and	refine	the	flow	
criteria	concepts	identified	in	the	Delta	Flow	Criteria	Report	as	discussed	below.		

1.2.5 Science and Technical Workshops to Inform Phase II 

To	inform	the	update	of	the	Bay‐Delta	Plan,	the	State	Water	Board	held	a	series	of	three	
informational	workshops	in	2012	to	receive	additional	information	and	conduct	discussions	
regarding	the	scientific	and	technical	basis	for	potential	changes	to	the	Bay‐Delta	Plan.	The	
workshops	focused	on	(1)	Ecosystem	Changes	and	the	Low	Salinity	Zone,	(2)	Bay‐Delta	Fishery	
Resources,	and	(3)	Analytical	Tools	for	Evaluating	the	Water	Supply,	Hydrodynamic,	and	
Hydropower	Effects	of	the	Bay‐Delta	Plan.	Each	workshop	included	the	participation	of	an	
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independent	expert	panel	organized	by	the	Delta	Stewardship	Council’s	Delta	Science	Program	
(DSP),	technical	presentations	by	panels	representing	interested	parties,	and	public	comment.	The	
workshops	were	summarized	in	a	report	that	categorized	issues	into	areas	of	agreement,	
disagreement,	and	uncertainty	(ICF	2013).	The	State	Water	Board	requested	input	from	the	DSP	
lead	scientist	on	the	areas	of	disagreement	or	uncertainty	that	should	be	further	prioritized	for	
evaluation	to	inform	the	Phase	II	update	of	the	Bay‐Delta	Plan.	Delta	outflows,	interior	Delta	flows,	
and	predation	were	identified	as	issues	that	should	receive	additional	review.	As	a	result	of	this	
recommendation,	the	State	Water	Board	collaborated	with	DSP	to	hold	two	independent	science	
workshops	on	Delta	Outflows	and	Related	Stressors	(February	2013;	summarized	in	Reed	et	al.	
2014)	and	Interior	Delta	Flows	and	Related	Stressors	(April	2014;	summarized	in	Monismith	et	al.	
2014).	An	additional	independent	science	workshop	was	held	by	the	California	Department	of	Fish	
and	Wildlife	(CDFW),	DSP,	and	the	National	Marine	Fisheries	Service	(NMFS)	to	address	fish	
predation	on	Central	Valley	salmonids	in	the	Bay‐Delta	watershed	(July	2013;	summarized	in	
Grossman	et	al.	2013).		

The	information	presented	in	each	of	these	workshops	as	well	as	the	summary	reports	have	
informed	the	development	of	this	Science	Report.	Numerous	parties	participated	and	contributed	
valuable	input	in	the	workshops	and	other	processes	described	above.	The	State	Water	Board	
appreciates	the	continued	efforts	and	public	input	as	reconciliation	of	the	Bay‐Delta	ecosystem	will	
require	an	unprecedented	level	of	coordination	and	cooperation	with	interested	parties,	including	
the	DSP,	fisheries	and	water	management	agencies,	water	users,	environmental	groups,	and	other	
parties.	

1.3 Response to Comments on Working Draft Report 
The	State	Water	Board	received	written	comments	through	December	16,	2016,	on	the	October	
2016	working	draft	version	of	this	Science	Report	and	held	a	technical	workshop	on	December	7,	
2016,	to	hear	recommendations	from	the	public	and	other	agencies	regarding	any	additional	
scientific	information	that	should	be	considered	during	development	of	the	final	Science	Report.	
Below	is	a	summary	of	the	primary	topics	raised	by	commenters	on	the	working	draft	and	how	
these	comments	have	been	addressed	in	this	version	of	the	Science	Report	or	will	be	addressed	in	
upcoming	related	processes.		

1.3.1 Flow Requirements 

During	the	workshop	and	in	the	written	comments,	there	was	significant	discussion	regarding	the	
proposed	approach	to	developing	flow	requirements,	including	use	of	unimpaired	flows.	Many	
commenters,	including	CDFW,	NMFS,	and	the	U.S.	Fish	and	Wildlife	Service	(USFWS)	(collectively	
“fisheries	agencies”),	were	supportive	of	the	proposed	approach,	but	others	requested	more	clarity	
on	the	use	of	unimpaired	flows	and	the	conceptual	framework	for	changes	to	flow	requirements.	In	
particular,	some	commenters	argued	for	a	functional	flow	approach	and	the	consideration	of	
tributary	specific	circumstances	and	agreements	while	others	focused	on	the	differences	between	
unimpaired	flows	and	natural	flows.	Other	commenters	expressed	concerns	about	the	proposed	
new	Delta	outflow	requirements	assuming	that	those	requirements	would	only	be	implemented	by	
the	Projects.	This	Report	provides	additional	clarity	regarding	the	State	Water	Board’s	proposed	
approach	for	establishing	environmental	flows	that	is	based	on	a	holistic	methodology	that	
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recognizes	the	importance	of	the	flow	regime	and	providing	for	natural	flow	functions	that	address	
the	ecosystem	as	a	whole	in	context	with	human	needs	for	water.		

For	inflow,	the	unique	needs	and	circumstances	of	individual	tributaries	are	recognized	and	
appropriate	adaptive	management	provisions	will	be	proposed	to	address	these.	While	tributary	
inflow	requirements	were	originally	recommended	to	be	based	on	a	numeric	range	of	percent	
unimpaired	flow	in	each	tributary,	the	numeric	inflow	requirements	are	now	proposed	as	combined	
inflows	from	the	tributaries	within	a	range	that	provides	more	flexibility	for	tributaries	to	work	
together	to	meet	ecological	and	operational	needs.	This	inflow	requirement	would	be	implemented	
through	tributary	or	regional	implementation	plans	tailored	to	each	tributary’s	or	region’s	specific	
circumstances.	The	tributary	plans	would	be	required	to	meet	a	narrative	objective	that	describes	
the	ecological	purpose	of	inflow	requirements	and	to	contain	a	flow	element	that	generally	provides	
the	same	quantities	of	flow	as	the	numeric	objective.	The	tributary	plans	would	then	provide	for	that	
quantity	of	flow	to	be	sculpted	and	shaped	as	necessary	to	maximize	benefits	for	fish	and	wildlife	
within	the	tributary	and	Delta,	including	management	of	cold	water	resources.	The	tributary	plans	
may	also	include	complementary	non‐flow	measures	that	will	help	to	meet	the	narrative	objective,	
potentially	at	the	lower	end	of	the	range.	The	plans	would	be	required	to	include	provisions	for	
drought	as	well	as	monitoring,	reporting,	and	evaluation	provisions.	The	State	Water	Board	
recognizes	the	local	expertise	and	ingenuity	within	watersheds	and	the	fact	that	coordination	and	
cooperation	with	interested	parties	is	crucial.	As	such,	tributary	plans	may	be	proposed	through	
voluntary	agreements	with	locals,	provided	that	those	agreements	meet	the	inflow	requirements	
and	other	requirements	regarding	rigor.	Where	voluntary	agreements	are	not	reached,	the	State	
Water	Board	would	develop	the	plans	with	input	from	stakeholders	and	other	agencies.	

Comments	on	recommended	numeric	Delta	outflow	requirements	were	critical	of	various	technical	
aspects	of	the	recommendation.	In	the	working	draft	Science	Report,	recommended	revised	Delta	
outflow	requirements	(modifications	to	Table	4	of	the	existing	Bay‐Delta	Plan)	would	be	determined	
through	a	complex	equation	similar	to	the	existing	Delta	outflow	requirements	but	updated	to	the	
current	month’s	hydrology	rather	than	the	prior	month’s	to	better	link	the	Delta	outflow	and	inflow	
requirements.	Some	commenters	expressed	concerns	over	the	operational	feasibility	of	such	an	
outflow	requirement	under	the	assumption	that	the	requirement	would	largely	be	implemented	by	
the	Projects	and	the	potential	for	overburdening	certain	tributaries.	In	response	to	these	comments	
and	to	better	integrate	the	inflow	and	outflow	requirements,	while	also	providing	flexibility,	the	
proposed	outflow	requirements	have	been	replaced	by	an	“inflow‐based	Delta	outflow”	
requirement.	The	proposed	requirement	specifies	that	required	inflows	be	provided	as	outflows	
with	appropriate	adjustments	for	other	accretions	(e.g.,	Yolo	Bypass	inflows)	and	depletions	(e.g.,	
evapotranspiration	and	seepage).	Similar	to	the	inflow	requirements,	a	plan	for	addressing	the	
various	technical	aspects	of	compliance	with	the	Delta	outflow	requirements	would	be	produced	
with	Delta	water	users	(including	the	Projects),	fisheries	agency	staff	and	other	technical	experts.	
The	plan	for	implementing	Delta	outflows	would	necessarily	interact	with	the	tributary	plans	
discussed	above.	The	plan	would	also	be	required	to	address	long‐standing	technical	issues	with	
measurement	and	compliance	with	Delta	outflows,	including	measuring	and	accounting	for	
depletions	and	accretions	in	the	Delta,	which	currently	require	improvement	as	discussed	in	
Chapter	2.	In	response	to	comments	that	the	discussion	of	the	effect	of	Delta	outflow	should	not	be	
limited	to	its	effects	on	the	Delta	and	Suisun	Bay,	Section	3.2.3	was	added	to	discuss	the	physical	and	
biological	effects	of	Delta	outflow	on	San	Francisco	Bay	and	the	nearshore	coastal	ocean.	
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1.3.2 Adaptive Management 

Many	commenters	expressed	support	for	adaptive	management	provisions	but	requested	more	
specificity	on	how	adaptive	management	will	be	implemented.	Comments	focused	on	striking	the	
right	balance	between	flexibility	and	accountability.	The	State	Water	Board	agrees	that	striking	the	
right	balance	will	be	critical.	Provisions	will	need	to	be	flexible	enough	to	address	the	complexities	
of	this	watershed,	climate	change,	and	new	and	changing	information	in	a	collaborative	fashion	that	
provides	for	timely	and	durable	solutions.	At	the	same	time,	those	provisions	will	need	to	be	
rigorous	enough	to	ensure	meaningful	action	and	the	reasonable	protection	of	fish	and	wildlife.	The	
program	of	implementation	will	include	specific	adaptive	management	provisions	and	
requirements,	monitoring,	reporting,	and	evaluation	measures,	including	provisions	for	the	
development	of	biological	goals	by	which	success	at	achieving	the	narrative	objectives	will	be	
measured	that	will	inform	adaptive	management	of	the	numeric	requirements.	Guidelines	for	these	
measures	will	be	included	in	the	program	of	implementation	with	specific	measures	that	must	be	
included	in	the	tributary	and	Delta	implementation	plans.	Processes	will	be	established	for	regular	
planning,	review,	and	adjustment	of	implementation	measures	based	on	new	information	and	
changing	conditions.	The	State	Water	Board	will	continue	to	work	with	the	DSC,	DSP,	Delta	ISB,	
fisheries	agencies,	and	others	to	ensure	that	adaptive	management	and	associated	monitoring,	
reporting,	and	assessment	efforts	are	sufficiently	rigorous.	The	State	Water	Board	will	specifically	
work	to	coordinate	upstream	actions	on	tributaries	with	downstream	Delta	science	activities	and	to	
support	a	common	Delta	science	program	as	recommended	by	the	Delta	ISB	in	its	comments	on	the	
working	draft	Science	Report.	The	State	Water	Board	agrees	that	a	common	scientific	and	technical	
program	will	greatly	support	the	effectiveness	of	environmental	flow	regulations,	whether	
implemented	through	voluntary	agreements	or	other	mechanisms.		

1.3.3 Climate Change 

In	its	comments	on	the	working	draft	Science	Report,	the	Delta	ISB	noted	that	to	address	climate	
change	effects,	“longer‐term	adaptability,	particularly	in	implementing	regulations,	will	require	
strategic	changes	in	regulatory	philosophy	and	methods.”	Existing	and	prior	Bay‐Delta	Plan	
requirements	were	written	in	a	rigid	and	largely	unadaptable	manner	requiring	a	lengthy	multistep	
process	to	adjust	that	presented	challenges	to	implement	effectively	at	the	watershed	level.	The	
proposed	changes	to	the	Bay‐Delta	Plan	are	meant	to	address	these	issues	while	also	retaining	some	
of	the	more	rigid	backstops	from	the	current	Bay‐Delta	Plan.		

The	proposed	approach	for	environmental	flows	is	a	major	shift	in	regulatory	philosophy	and	
methods,	meant	to	address	the	effects	of	climate	change	and	other	needs	for	adaptive	management	
to	respond	to	new	and	changing	information	and	conditions.	In	particular,	the	proposed	approach	
for	inflows	and	the	inflow‐based	outflow	requirements	scale	to	water	availability	in	a	watershed	
that	may	change	as	a	result	of	climate	change	allowing	the	State	Water	Board	to	reasonably	protect	
the	environment	while	considering	other	uses	of	water.	A	range	for	environmental	flows	provides	
for	adjustment	that	may	be	needed	to	provide	more	protection	for	the	environment	or	more	
consideration	of	limited	water	availability	due	to	droughts.	Sculpting	and	shaping	of	flows	is	
provided	in	recognition	that	rainfall	and	snowmelt	patterns	have	changed	and	will	continue	to	
change,	as	has	the	physical	environment,	and	that	consideration	of	and	adaptation	to	these	changes	
are	needed	to	protect	native	fish	and	wildlife.	In	addition,	cold	water	habitat	requirements	are	
proposed	and	emphasized	in	response	to	these	same	issues.	These	requirements	acknowledge	that	
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different	tools	may	be	needed	to	address	climate	change	and	other	factors,	including	cold	water	pool	
management	in	reservoirs,	passage	projects,	riparian	reforestation,	and	other	measures.	

The	State	Water	Board	also	acknowledges	that	actions	by	others	will	be	needed	to	address	climate	
change,	physical	changes	to	the	environment,	and	other	issues	and	that	the	State	Water	Board	has	a	
role	in	promoting	and	supporting	those	actions.	The	Delta	ISB	specifically	recommended	that	the	
Science	Report	discuss	the	effect	of	climate	change	on	hydrologic	conditions	in	the	Delta	and	near	
term	management	actions	that	might	be	taken	now	to	sustain	native	fish	and	the	aquatic	ecosystem	
in	the	long	term.	Potential	management	actions	include	purchasing	land	to	prepare	tidal	marshes	
and	other	habitats	for	higher	sea	level	later	and	developing	plans	for	changing	water	temperature	
controls	at	dams	and	other	infrastructures	facilities	to	accommodate	increases	in	water	temperature	
in	the	future.	

In	response	to	the	Delta	ISB’s	comments,	Section	4.6	was	revised	to	more	fully	describe	the	effect	of	
climate	change	on	the	hydrology	in	the	Delta	and	how	these	changes	might	have	cascading	effects	on	
fish	and	food	webs.	The	section	ends	with	recommended	management	actions	that	might	be	taken	
now	to	ameliorate	the	long‐term	effects	of	climate	change.	Section	4.3.4	was	also	expanded	with	
recommendations	on	additional	monitoring	and	modeling	that	should	be	undertaken	in	reservoirs	
and	downstream	in	river	channels	to	the	Delta.	Comprehensive	reservoir	and	stream	temperature	
monitoring	and	modeling	is	needed	to	provide	a	better	estimate	of	the	magnitude	and	temperature	
of	the	cold	water	pool	available	at	individual	reservoirs	for	downstream	protection	of	salmonid	
spawning	and	rearing.	Development	of	thermal	mass	balance	models	to	predict	real	time	
temperatures	in	river	channels	between	reservoirs	and	the	Delta	would	provide	quantitative	
information	on	the	factors	responsible	for	temperature	changes	and	how	these	might	be	better	
managed	now	and	in	the	future	with	climate	change	to	protect	native	fish	species.	

1.3.4 Water Temperature 

In	its	comments,	the	Delta	ISB	recommended	more	emphasis	on	managing	water	temperature,	
including	(1)	further	assimilation	and	synthesis	of	fish	temperature	relationships	and	how	the	
information	might	be	used	in	management;	(2)	ongoing	temperature	collection,	modeling,	and	
monitoring	efforts	in	major	rivers	to	inform	future	management;	and	(3)	recommendations	for	
research	to	aid	management	of	water	temperature	in	real	time.	In	addition,	several	commenters	
noted	that	the	thermal	requirements	for	salmonids	were	scattered	throughout	the	document	and	
required	clarification.		

Section	3.4.2.1,	describing	Chinook	salmon	life	histories,	was	revised	and	now	incorporates	all	the	
thermal	requirements	of	each	life	stage	in	one	location.	In	addition,	a	new	Section	3.4.4	was	written	
on	dam	and	reservoir	effects	on	salmonids.	The	section	describes	the	limiting	factors	for	Chinook	
salmon	below	major	dams	and	identifies	maintaining	cold	water	storage	as	a	primary	factor	limiting	
the	ability	of	reservoirs	to	meet	water	temperature	requirements	for	spawning	and	rearing,	
especially	during	droughts	and	critically	dry	periods.	The	section	recommends	additional	
temperature	monitoring	and	modeling	to	better	understand	the	factors	influencing	thermal	
dynamics	in	reservoirs	and	downstream	channels.	Calibrated	models	will	provide	quantitative	
information	on	the	factors	responsible	for	temperature	changes	and	may	suggest	real‐time	options	
for	managing	the	system	in	the	future	with	climate	change	to	protect	native	fish	species,	including	
implementation	of	the	proposed	cold	water	habitat	requirement.	
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1.3.5 Non‐Flow Stressors 

The	Delta	ISB	commented	that	more	information	and	a	greater	scientific	understanding	of	non‐flow	
stressors	could	provide	a	better	basis	for	negotiated	agreements	among	responsible	entities.	Other	
parties	requested	more	quantitative	information	on	the	effect	of	non‐flow	stressors	on	native	fish,	
on	interactions	of	each	stressor	with	flow,	possible	methods	for	reducing	the	effect	of	stressors,	and	
identification	of	agencies	responsible	for	regulating	stressors.	In	response	to	these	comments,	
Chapter	4	was	updated	with	an	emphasis	on	a	stronger	problem	statement	for	each	stressor	that	
describes	its	effect	on	the	aquatic	ecosystem,	interactions	with	flow,	identification	of	actions	that	are	
being	taken	or	should	be	taken	to	address	those	issues	and	identification	of	who	is	or	should	be	
doing	that	work.	While	the	Delta	ISB	requested	quantitative	assessments	of	the	effects	of	different	
stressors	on	native	species	abundance	and	the	ecosystem,	this	information	is	not	readily	available	
for	many	stressors.	When	possible,	however,	this	information	is	provided.	The	chapter	ends	with	a	
stronger	conclusion	section	summarizing	critical	non‐flow	issues,	and	potential	actions	to	address	
problems.	This	information	will	inform	the	development	of	recommendations	for	other	entities	in	
the	program	of	implementation.	

1.3.6 New Science and Uncertainty 

A	number	of	comment	letters	suggested	that	the	Science	Report	review	and	include	more	recent	
information	in	at	least	three	areas.	First,	the	Collaborative	Adaptive	Management	Team’s	(CAMT)	
Salmonid	Scoping	Team	released	their	Gap	Analysis	Report	in	early	2017.	Among	other	things,	this	
report	summarizes	the	most	recent	information	on	salmon	survival	in	the	interior	Delta.	Second,	
Fong	et	al.	(2016)	published	results	on	correlations	between	pyrethroid	insecticide	use	in	the	
Central	Valley	and	Delta	and	indices	of	native	species.	The	analysis	suggests	that	pyrethroid	
insecticides	may	be	a	contributor	to	fish	population	declines	in	the	Delta.	Finally,	recent	
investigations	into	the	cause	of	low	egg	to	fry	survival	below	Shasta	Reservoir	for	winter‐run	
Chinook	salmon	indicates	that	existing	temperature	requirements	may	not	be	sufficiently	protective	
and	may	need	to	be	modified	to	address	elevated	embryo	mortality.		

Section	3.4.5.2	was	modified	to	include	new	information	on	salmonid	survival	in	the	interior	Delta	
from	the	Salmonid	Scoping	Team	Gap	Analysis	Report.	The	new	findings	do	not	significantly	change	
any	of	the	flow	proposals	in	Chapter	5.	However,	in	recognition	that	information	continues	to	evolve,	
the	proposed	interior	Delta	flow	requirements	discussed	in	Chapter	5	have	been	refined	to	provide	
flexibility	to	address	changing	information.	Section	4.3.1.1	was	expanded	to	include	a	discussion	of	
the	potential	impact	of	pyrethroid	insecticides	on	native	species.	Regular	monitoring	for	pyrethroids	
in	the	Delta	and	special	studies	to	determine	their	effect	on	fish	and	wildlife	health	are	
recommended.	Finally,	a	new	Section	3.4.4	was	added	on	dam	and	reservoir	effects	on	salmonids.	
The	new	information	on	temperature‐related	embryo	mortality	is	discussed	there.	As	noted	
previously,	a	new	recommendation	is	made	for	additional	temperature	monitoring	and	modeling	in	
reservoirs	and	in	river	channels	downstream	of	reservoirs	to	the	Delta.	These	studies	may	provide	
additional	information	on	how	to	manage	reservoir	cold	water	storage	and	the	downstream	system	
better	to	avoid	thermal	impacts	and	will	inform	implementation	of	the	cold	water	habitat	
requirement	discussed	below	and	in	more	detail	in	Chapter	5.		

Several	commenters	recommended	that	the	Science	Report	provide	estimates	of	uncertainty	for	the	
flow	abundance	and	logistic	regression	analyses	in	Chapter	3	in	accordance	with	the	DSP	
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independent	panel	report	on	Delta	outflows	(Reed	et	al.	2014).	In	response,	the	Report	now	includes	
95	percent	confidence	limits	for	all	graphs	of	statistical	analyses	in	Chapter	3.	

1.4 Potential Modifications to the Bay‐Delta Plan 
Following	is	a	general	summary	of	proposed	changes	to	the	Bay‐Delta	Plan	to	reasonably	protect	the	
Bay‐Delta	ecosystem	and	associated	native	fish	and	wildlife	beneficial	uses	as	well	as	a	brief	
discussion	regarding	how	these	proposed	changes	interact	with	other	related	processes.	The	
proposed	changes	reflect	agency	and	public	comments	on	the	working	draft	Science	Report.	The	
exact	language	of	proposed	changes	to	the	Bay‐Delta	Plan	will	be	determined	based	on	the	final	
Science	Report	and	environmental,	economic,	and	other	analyses	prepared	to	determine	what	is	
reasonably	needed	to	protect	fish	and	wildlife	in	consideration	of	all	of	the	information	before	the	
State	Water	Board.	The	policy	and	implementation	discussion	is	provided	for	context	and	does	not	
contain	new	scientific	findings	that	require	scientific	peer	review	under	Health	and	Safety	Code	
section	57004.	The	categories	of	potential	changes	to	the	Bay‐Delta	Plan	include:	Sacramento	River	
and	Delta	eastside	tributary	(Mokelumne,	Cosumnes,	and	Calaveras	Rivers)	inflows,	Delta	outflows,	
cold	water	management	and	interior	Delta	flows,	as	well	as	associated	adaptive	management,	
monitoring,	evaluation,	and	reporting	requirements	and	recommendations	to	others	for	actions	they	
should	take	to	address	ecosystem	stressors	and	complement	the	flow	actions.	Together	the	
proposed	changes	to	the	inflow,	outflow,	cold	water	habitat	and	interior	Delta	flow	provisions	of	the	
Bay‐Delta	Plan,	along	with	other	habitat	restoration	actions	are	proposed	to	work	together	to	
provide	comprehensive	protection	to	native	aquatic	species	from	natal	streams	through	the	Delta	
and	Bay.	To	the	extent	that	existing	Bay‐Delta	Plan	requirements	are	not	mentioned,	no	substantive	
changes	are	recommended	to	those	requirements	at	this	time.	

1.4.1 Coordination with Other Science, Planning, and 
Regulatory Efforts 

This	Science	Report	includes	various	proposed	modifications	to	the	Bay‐Delta	Plan	that	are	related	
to	other	planning,	science,	and	regulatory	efforts.	Specifically	the	report	includes	recommendations	
that	are	consistent	with	requirements	included	in	the	2008	USFWS	and	2009	NMFS	BiOps	on	the	
Long‐Term	Operational	Criteria	and	Plan	(OCAP)	for	coordination	of	the	CVP	and	SWP	(USFWS	BiOp	
and	NMFS	BiOp,	respectively)	and	the	2009	CDFW	Incidental	Take	Permit	(ITP)	for	longfin	smelt	
issued	to	DWR	for	the	ongoing	and	long‐term	operation	of	the	SWP	(CDFW	ITP).	Any	Bay‐Delta	Plan	
requirements	that	are	related	to	the	USFWS	and	NMFS	BiOps,	CDFW	ITP,	or	other	regulatory	
requirements	are	proposed	to	be	coordinated	to	avoid	unnecessary	redundancy	and	inefficiencies	
while	ensuring	that	the	State	Water	Board	meets	its	obligations	to	reasonably	protect	fish	and	
wildlife	beneficial	uses.	

The	State	Water	Board	will	continue	to	coordinate	with	the	DSP	and	Delta	ISB	as	appropriate	
through	completion	and	implementation	of	updates	to	the	Bay‐Delta	Plan.	The	State	Water	Board	is	
also	committed	to	collaborating	and	coordinating	with	other	science	efforts	including	the	Delta	Plan	
Interagency	Implementation	Committee	(DPIIC),	Interagency	Ecological	Program	(IEP),	the	
Collaborative	Science	and	Adaptive	Management	Program	(CSAMP)	and	other	efforts.	In	particular,	
the	State	Water	Board	is	interested	in	input	from	these	groups	on	adaptive	management,	
monitoring,	reporting,	and	analysis	efforts.		
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The	State	Water	Board	recognizes	that	ecosystem	recovery	in	the	Delta	depends	on	more	than	just	
adequate	flows,	and	that	a	multi‐faceted	approach	is	needed	to	address	Delta	concerns	and	reconcile	
an	altered	ecosystem.	The	2006	Bay‐Delta	Plan	recognized	that	there	are	ongoing	efforts	by	state	
agencies,	the	federal	government,	and	agricultural,	urban,	and	environmental	interests	to	identify,	
fund,	and	implement	measures	to	address	multiple	other	aquatic	ecosystem	stressors,	including	
improving	fisheries	management,	addressing	invasive	and	nonnative	species,	and	restoring	and	
protecting	habitat.	As	part	of	this	update	process,	many	parties	provided	significant	amounts	of	
information	regarding	other	aquatic	ecosystem	stressors	and	potential	actions.	This	information	will	
help	inform	revisions	to	Bay‐Delta	Plan,	including	recommendation	to	other	entities.	There	are	
various	planning	and	implementation	activities	that	are	underway	or	currently	being	planned	by	
other	agencies	that	the	State	Water	Board	also	plans	to	coordinate	and	collaborate	with	including	
measures	included	in	the:	California	Water	Action	Plan;	species	Recovery	Plans	required	by	the	ESA;	
California	EcoRestore;	the	Water	Quality,	Supply,	and	Infrastructure	Improvement	Act;	and	others.	
Successful	implementation	of	these	activities	is	expected	to	complement	the	State	Water	Board’s	
water	quality	control	planning	and	implementation	efforts	and	will	inform	adaptive	management	
decisions	regarding	needed	flows	and	operational	measures.	

1.4.2 Environmental Flows, Adaptive Management and 
Biological Goals 

There	are	several	methods	for	determining	flows	needed	for	the	protection	of	aquatic	ecosystems.	
Chapter	5	generally	describes	these	different	methods	and	recommends	an	approach,	referred	to	as	
a	holistic	flow	approach	(discussed	in	more	detail	in	Chapter	5),	in	which	flows	are	developed	to	
address	the	ecosystem	as	a	whole	that	generally	resemble	the	natural	flow	regime	to	which	native	
species	are	adapted	while	providing	for	deviation	from	the	natural	flow	regime	in	watersheds	that	
have	been	highly	altered	and	support	a	variety	of	beneficial	uses.	This	approach	is	proposed	to	be	
implemented	in	a	flexible	way	that	recognizes	the	realities	of	this	complex	watershed	and	climate	
change	while	also	recognizing	the	need	for	expedient	action.	New	inflow	and	cold	water	habitat	
requirements	are	proposed	for	the	Sacramento	River	and	its	tributaries	and	eastside	tributaries	to	
the	Delta,	and	new	and	modified	Delta	outflows	and	interior	Delta	flow	requirements	are	proposed,	
as	well	as	complementary	actions	to	address	other	stressors	and	monitoring,	evaluation,	and	
reporting	requirements.		

Many	of	the	streams	under	consideration	have	no	inflow,	cold	water	habitat	or	Delta	outflow	
requirements.	Where	requirements	do	exist	they	may	only	be	for	parts	of	the	year	or	may	be	
inadequate,	particularly	with	respect	to	contribution	to	Delta	outflows.	The	proposed	inflow	
requirements	would	establish	a	uniting	regulatory	approach	for	instream	flow	requirements	for	all	
salmonid	bearing	tributaries	in	the	Bay‐Delta	watershed	for	the	entire	year	that	provides	for	
contributory	Delta	outflows	and	maintenance	of	cold	water	habitat.	The	approach	is	structured	to	
address	the	reality	of	the	existing	altered	hydrology	and	landscape	in	which	these	flow	
requirements	will	be	established	and	the	reality	that	flows	are	also	needed	for	a	variety	of	purposes.	
Simply	put,	under	the	proposed	approach,	a	portion	of	the	inflow	to	a	watershed	would	be	dedicated	
to	environmental	purposes.	This	dedicated	quantity	of	environmental	flows	would	then	be	provided	
based	on	the	unique	needs	and	circumstances	of	each	tributary	and	on	a	regional	basis	to	provide	
for	critical	functions	within	the	streams	and	as	contributory	flows	to	the	Delta.		
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The	environmental	flows	are	derived	from	the	unimpaired	flow	of	a	water	body	that	could	be	
implemented	based	on	the	specific	needs	and	circumstances	within	each	tributary.	Unimpaired	flow	
represents	the	total	amount	of	water	available	at	a	specific	location	and	time,	a	percentage	of	which	
can	be	allocated	to	beneficial	uses	and	the	environmental	functions	supporting	those	uses.	In	a	
regulatory	setting,	use	of	unimpaired	flows	allows	the	State	Water	Board	to	allocate	a	certain	
amount	of	the	available	supply	of	a	stream	to	the	environment	while	recognizing	other	consumptive	
uses	of	water.	While	unimpaired	flow	is	not	the	same	as	natural	flow,	it	is	generally	reflective	of	the	
frequency,	timing,	magnitude,	and	duration	of	the	natural	flows	to	which	fish	and	wildlife	have	
adapted.	Where	unimpaired	flows	may	not	entirely	provide	for	natural	flow	functions,	those	flows	
may	be	shaped	and	sculpted	under	the	proposed	approach.	Ranges	for	the	unimpaired	flows	and	
flexibility	in	implementing	flows	while	achieving	the	narrative	inflow	requirement	are	proposed	to	
address	specific	needs	within	tributaries,	climate	change,	drought	circumstances,	cold	water	needs	
and	other	factors.		

The	numeric	inflow	and	associated	outflow	requirement	may	be	implemented	in	a	variety	of	ways	
depending	on	the	specific	needs	for	flow	to	provide	maximum	benefits	to	fish	and	wildlife,	including	
targeted	pulses	to	cue	migration,	summer	cold	water	releases,	base	flows	and	other	functions.	Flows	
could	be	implemented	in	a	manner	that	generally	follows	unimpaired	flows	in	watersheds	where	
there	is	little	alteration	to	the	landscape	and	where	such	flows	would	provide	for	the	natural	
functional	conditions	to	which	native	species	are	adapted.	In	more	physically	altered	watersheds,	
the	pattern	of	these	flows	would	likely	be	modified	from	unimpaired	to	achieve	specific	functions.	
With	increasing	climate	change,	it	is	expected	that	further	sculpting	and	shaping	of	flows	would	be	
needed.	New	and	existing	tools	could	be	used	for	shaping	the	flows	based	on	the	availability	of	
information	for	a	watershed	(e.g.,	specific	instream	flow	studies,	presence	of	reservoirs).	Monitoring	
and	special	studies	would	then	inform	adaptive	management	of	the	environmental	flows.	Biological	
goals	that	incorporate	“SMART”	(specific,	measurable,	achievable,	relevant,	and	time‐bound)	
principles	that	are	tied	to	controllable	factors	within	specific	watersheds	are	proposed	to	be	
developed	as	a	bar	against	which	flow	and	other	management	actions	are	measured	for	determining	
adaptive	management	actions	and	assessment	of	flow	and	other	actions.	The	specific	
implementation	parameters	for	use	of	unimpaired	flows,	adaptive	management,	and	biological	goals	
are	being	developed	in	the	draft	proposed	water	quality	objectives	and	program	of	implementation	
language.		

1.4.3 Tributary Inflows 

This	report	describes	the	science	supporting	proposed	inflow	requirements	for	tributaries	to	the	
Sacramento	River	basin	and	Delta	eastside	tributaries	to	protect	fish	and	wildlife	beneficial	uses.	
These	tributaries	are	displayed	in	Figure	1.4‐1.	
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Figure 1.4‐1. Major Tributaries of the Sacramento River and Eastside Tributaries to the Delta 
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Inflows	to	the	Bay‐Delta	are	highly	modified	by	upstream	water	withdrawals	and	releases	for	water	
supply,	power	production,	and	flood	control,	as	well	as	by	channel	modifications	and	obstructions,	
in	ways	that	adversely	affect	fish	and	wildlife.	Currently,	there	are	no	inflow	requirements	included	
in	the	Bay‐Delta	Plan	for	the	area	with	the	exception	of	minimal	fall	Sacramento	River	inflow	
requirements	at	Rio	Vista.	Existing	outflow	requirements	result	in	inflows;	however,	only	the	
Projects	are	responsible	for	those	requirements	and	the	means	by	which	the	Projects	achieve	those	
requirements	and	other	Project	purposes	can	be	incompatible	with	other	fish	and	wildlife	needs	
within	the	tributaries,	including	preservation	of	cold	water	resources.	There	are	some	flow	
requirements	for	other	tributaries,	but	those	requirements	are	not	consistent	between	tributaries	or	
coordinated	with	Bay‐Delta	Plan	Delta	outflow	requirements.	Some	tributaries	also	have	no	
environmental	flow	requirements	at	all.	While	conditions	may	currently	be	protective	of	fish	and	
wildlife	in	some	of	these	tributaries,	flow	requirements	may	be	needed	to	prevent	future	impacts	on	
fish	and	wildlife.	In	addition,	some	of	these	tributaries	may	dry	up	at	times	of	year	impacting	fish	
and	wildlife	due	to	the	lack	of	flow	requirements	and	others	may	have	inadequate	flow	and	water	
quality	conditions	to	protect	fisheries	resources.	Accordingly,	the	science	and	recommendations	for	
inflows,	outflows,	cold	water	habitat,	and	interior	Delta	flows	are	necessarily	interconnected.	

This	Report	describes	how	year‐round	inflow	requirements	are	needed	to	provide	for	ecological	
processes	including	continuity	of	flows	and	specifically	to	protect	anadromous	and	other	fish	and	
wildlife	species	that	inhabit	the	Bay‐Delta	and	its	tributaries	throughout	the	year	as	juveniles	or	
adults.	Those	inflows	are	needed	to	provide	appropriate	habitat	conditions	for	migration	and	
rearing	of	anadromous	fish	species	(primarily	Chinook	salmon	and	steelhead)	that	have	runs	that	
inhabit	the	Delta	and	its	tributaries	all	year.	Those	flows	are	also	needed	to	contribute	to	Delta	
outflows	to	protect	estuarine	species.	The	Report	specifically	finds	that	flows	are	needed	that	more	
closely	mimic	the	conditions	to	which	native	fish	species	have	adapted,	including	the	frequency,	
timing,	magnitude,	and	duration	of	flows,	as	well	as	the	proportionality	of	flows	from	tributaries.	
These	flow	attributes	are	important	to	protecting	native	species	populations	by	supporting	key	
functions	including	floodplain	inundation,	temperature	control,	migratory	cues,	reduced	stranding	
and	straying	and	other	functions.	Providing	appropriate	flow	conditions	throughout	the	watershed	
and	throughout	the	year	is	critical	to	genetic	and	life	history	diversity	that	allows	native	species	to	
distribute	the	risks	that	disturbances	from	droughts,	fires,	disease,	food	availability,	and	other	
natural	and	humanmade	stressors	present	to	populations.	Given	the	altered	physical	and	hydrologic	
state	of	the	watershed,	the	Science	Report	acknowledges	that	adaptive	management	should	be	
provided	to	maximize	the	effectiveness	of	flow	measures	and	to	respond	to	additional	science	and	
changing	conditions.		

As	discussed	above,	the	proposed	changes	to	inflow	requirements	and	other	requirements	are	
structured	to	provide	necessary	flexibility	and	adaptive	management	provisions	to	address	the	
complexities	of	inflow	needs	and	constraints	in	the	watershed	in	a	reasonable	and	protective	
manner.	The	proposed	new	inflow	objectives	are	expressed	both	numerically	and	narratively.4	The	
narrative	portion	of	the	objectives	describes	the	inflow	conditions	necessary	to	reasonably	protect	
native	fish	populations,	including	through	contribution	to	Delta	outflows	to	protect	estuarine	
species	as	discussed	below.	The	new	numeric	inflow	objective	is	proposed	to	reasonably	protect	
native	fish	populations,	including	by	implementing	the	narrative	objective	and	integrating	inflows	

																																																													
4	The	existing	Sacramento	River	at	Rio	Vista	inflow	requirements	during	September	through	December	would	be	
retained	in	order	to	maintain	the	minimal	level	of	protection	currently	provided	by	these	base	flows.		
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and	outflows	in	a	comprehensive	manner.	The	numeric	inflow	requirement	would	require	a	
combined	amount	of	the	inflow	from	the	Sacramento	River,	its	tributaries,	and	the	Delta	eastside	
tributaries	to	remain	in	the	stream	for	environmental	flows.	The	proposed	numeric	requirements	
may	be	managed	as	a	block	of	water	for	the	environment	to	provide	functional	and	other	
scientifically	based	flow	regimes.	That	block	would	be	established	based	on	a	percentage	of	the	
inflows	to	the	watersheds	assuming	there	were	no	diversions	occurring	(unimpaired	flows),	thereby	
allocating	a	portion	of	the	water	in	the	watershed	to	the	environment	to	be	managed	to	optimize	
benefits	for	fish	and	wildlife	for	inflow	and	outflow	purposes	(percent	of	unimpaired	flow	
requirement).	Through	adaptive	management,	unimpaired	flows	could	be	sculpted	to	provide	
maximum	benefits	to	fish	and	wildlife,	including	targeted	pulses	to	cue	migration,	summer	cold	
water	releases,	base	flows,	and	other	functions.	The	proposed	inflow	requirements	are	also	
specifically	intended	to	provide	for	increasing	the	frequency	and	duration	of	floodplain	inundation	
to	improve	ecological	functions	in	the	Bay‐Delta	for	the	benefit	of	native	species.	The	adaptive	
management	provisions	of	the	inflow	and	outflow	requirements	will	provide	for	floodplain	
inundation	and	the	accounting	and	other	factors	needed	for	that	to	occur.	Preservation	of	flow	levels	
in	some	less	impaired	tributaries	is	also	proposed	where	existing	flows	are	providing	important	
functions.	This	will	ensure	that	those	flows	are	not	reduced	and	thus	will	maintain	existing	
protective	conditions.	

The	numeric	inflow	requirement	is	proposed	to	include	a	range	for	the	flows	such	that	flow	levels	
could	be	adjusted	up	or	down	within	the	range	in	order	to	address	the	unique	needs	and	conditions	
of	the	tributaries	(including	cold	water	pool	needs),	changing	information	(new	science)	and	
changing	conditions	(implementation	of	non‐flow	measures,	drought,	etc.)	in	a	way	that	reasonably	
protects	fish	and	wildlife.	The	proposed	range	for	the	inflow	objective	has	not	yet	been	determined	
and	will	be	determined	after	considering	the	information	in	this	Science	Report,	along	with	
information	the	State	Water	Board	needs	to	consider.	This	includes	the	past,	present,	and	future	
beneficial	uses	of	water;	the	environmental	characteristics	of	the	hydrographic	unit	under	
consideration;	economic	considerations;	environmental	effects	of	alternatives;	public	comments;	
and	other	information.	The	range	under	consideration	is	from	35	to	75	percent	of	unimpaired	flows	
and	generally	does	not	provide	for	flows	lower	than	existing	conditions.	In	some	tributaries	where	
flows	are	currently	significantly	impaired,	these	new	inflow	requirements	are	needed	to	improve	
conditions	for	fish	and	wildlife	in	those	tributaries	and	to	provide	for	connectivity	and	contribution	of	
flow	to	the	Delta.	In	other	tributaries	where	flows	are	less	impaired,	new	inflow	requirements	are	
needed	to	ensure	that	those	flows	do	not	become	impaired	to	the	detriment	of	fish	and	wildlife.		

The	exact	method	by	which	the	flows	will	be	achieved	has	not	been	determined.	The	program	of	
implementation	would	require	the	development	of	tributary	plans	(discussed	in	more	detail	in	
Chapter	5),	containing	a	flow	element	that	will	achieve	the	narrative	requirement	and	fall	within	the	
range	of	the	numeric	requirement.	A	specific	tributary	flow	may	fall	outside	of	the	range	of	the	
numeric	if	two	or	more	tributaries	work	together	such	that	their	combined	flows	meet	the	numeric	
requirement	and	the	specific	tributary	flow	still	meets	the	narrative	requirement	(e.g.,	maintain	
connectivity	and	contribute	to	outflow).	In	recognition	of	the	local	expertise	within	tributaries	and	
the	potential	benefit	of	collaborative	solutions,	the	program	of	implementation	would	provide	a	
period	of	time	for	regional	and	tributary‐based	flow	and	other	measures	to	be	developed	by	
stakeholders	for	approval	by	the	State	Water	Board.	If	a	tributary	plan	is	not	developed	or	is	found	
to	be	unsatisfactory,	the	State	Water	Board	would	exercise	its	legislative	or	adjudicative	powers	
involving	water	rights	and	water	quality,	or	both,	to	require	implementation	of	the	objectives.	
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1.4.4 Delta Outflows  

This	report	describes	the	science	supporting	proposed	new	and	modified	Delta	outflow	
requirements	to	protect	fish	and	wildlife	beneficial	uses	from	the	Delta	out	to	the	nearshore	ocean.	
Monitoring	of	fish	and	invertebrate	abundance	in	the	Bay‐Delta	estuary	continues	to	show	the	
importance	of	Delta	outflows	for	the	protection	of	various	species	and	the	ecosystem.	The	location	
where	lighter	freshwater	from	the	rivers	mixes	with	heavy	seawater	from	the	ocean	in	the	estuary	
(referred	to	as	the	low	salinity	zone	or	“LSZ”)	is	correlated	with	the	survival	and	abundance	of	many	
species.	This	mixing	concentrates	suspended	solids	and	aquatic	organisms	to	comprise	the	estuarine	
habitat	that	supports	multiple	life	stages	for	a	diversity	of	fishes	and	other	species.	The	location	and	
extent	of	estuarine	habitat	fluctuates	in	response	to	river	flows,	ocean	tides,	weather,	and	
geographic	features	(e.g.,	levees,	the	depth	and	breadth	of	stream	channels,	connectivity	to	adjacent	
wetlands).		

The	location	of	the	LSZ	is	measured	by	the	location	of	the	two	parts	per	thousand	salinity	isohaline	
(or	X2)	(as	measured	in	kilometers	(km)	from	the	Golden	Gate).	Generally,	the	further	X2	is	located	
downstream	of	the	confluence	of	the	confined	deep	channels	of	the	Sacramento	and	San	Joaquin	
Rivers	and	the	effects	of	the	Project	export	facilities	and	downstream	into	the	broad,	shallow,	cool	
channels	of	Suisun	Marsh	and	Suisun	Bay,	the	better	fish	and	other	species	respond.	While	the	exact	
mechanisms	behind	this	relationship	are	not	understood,	these	more	westerly	X2	positions	
generally	provide	significantly	improved	habitat	conditions	for	native	species.	

The	relationships	between	outflow	and	estuarine	fish	abundance	and	several	other	measures	of	the	
health	of	the	Bay‐Delta	estuary	have	been	known	for	some	time	(Jassby	et	al.	1995)	and	are	the	basis	
for	the	current	spring	Delta	outflow	objectives.	A	more	recent	study	determined	that	updated	Delta	
outflow	species	relationships	were	similar	to	those	previously	reported	and	are	seen	in	a	wide	
variety	of	estuarine	species	(Kimmerer	et	al.	2009).	Fish	species	that	respond	positively	to	increased	
outflow	include	longfin	smelt,	Sacramento	splittail,	white	sturgeon,	and	starry	flounder.	Invertebrate	
species	that	respond	positively	to	increased	outflow	include	California	bay	shrimp,	Eurytemora	
affinis	and	Neomysis	mercedis.	Recent	information	indicates	that	fall	and	summer	outflows	are	also	
important	to	Delta	smelt	and	possibly	other	fish	species.		

Stream	flow	and	Delta	outflow	are	also	important	factors	in	the	survival	of	Chinook	salmon	and	
steelhead	(NMFS	2014a).	Delta	outflows	affect	migration	patterns	of	anadromous	fish	and	the	
availability	of	estuarine	habitat.	Freshwater	flow	is	an	important	cue	for	upstream	spawning	
migration	of	adult	salmon	and	other	estuarine‐dependent	species,	and	is	a	factor	in	the	survival	of	
salmon	smolts	moving	downstream	through	the	Delta.	Freshwater	outflow	influences	chemical	and	
biological	conditions	through	its	effects	on	loading	of	nutrients	and	organic	matter,	pollutant	
concentrations,	and	residence	time.	While	the	exact	mechanisms	that	drive	all	of	these	relationships	
are	not	perfectly	understood,	perfect	science	is	not	required	to	move	forward.	Further,	the	proposed	
changes	to	the	Bay‐Delta	Plan	are	proposed	to	be	developed	and	implemented	in	a	way	that	
improves	scientific	understanding	and	responds	to	new	information.	

The	last	5	years	have	provided	a	dramatic	example	of	the	importance	of	flow	for	native	fish	species.	
Following	the	wet	conditions	of	2011,	population	abundance	of	longfin	smelt,	Delta	smelt,	
Sacramento	splittail,	and	other	species	all	increased.	The	next	4	years	were	very	dry	and	the	
abundance	of	each	of	these	species	has	fallen	and	is	now	at	or	near	its	all‐time	recorded	lowest	level.	
High	flows	have	resulted	in	greater	abundance	of	native	fish	while	low	flows	produced	population	
declines.	These	results	are	consistent	with	earlier	observations	and	demonstrate	that	the	aquatic	
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estuarine	community	still	responds	positively	to	increased	Delta	outflow	that	improves	habitat	
conditions	for	native	species.		

As	discussed	above,	the	effect	of	Delta	outflows	in	protecting	fish	and	wildlife	involves	complex	
interactions	with	other	flows	in	the	Delta	and	with	other	parameters	including	the	physical	
configuration	of	the	Delta.	The	proposed	outflow	modifications	to	the	Bay‐Delta	Plan	recognize	the	
role	of	source	inflows	used	to	meet	Delta	outflows,	Delta	hydrodynamics,	tidal	action,	hydrology,	
water	diversions,	water	project	operations,	and	cold	water	pool	storage	in	upstream	reservoirs.	For	
estuarine‐dependent	species,	the	declines	in	population	size	of	Sacramento	splittail	and	longfin	and	
Delta	smelt	have	continued	since	implementation	of	D‐1641.	The	declines	suggest	that	the	current	
Bay‐Delta	Plan	as	implemented	in	D‐1641	is	not	sufficiently	protective	for	these	species	and	
additional	actions	are	required	to	recover	the	species.		

Based	on	the	above	issues,	to	protect	native	fish	and	wildlife	species	rearing	in	and	migrating	
through	the	Delta,	this	report	includes	proposed	new	and	modified	narrative	and	numeric	Delta	
outflow	objectives.	The	narrative	Delta	outflow	objective	is	proposed	to	describe	the	outflow	
conditions	that	reasonably	protect	native	estuarine	and	anadromous	fish	and	aquatic	species	
populations.	Specifically,	it	requires	maintenance	of	Delta	outflows	sufficient	to	support	and	
maintain	the	natural	production	of	viable	native	fish	and	aquatic	species	populations	rearing	in	or	
migrating	through	the	Bay‐Delta.	Changes	to	the	numeric	Delta	outflow	requirements	are	proposed	
to	achieve	the	narrative	requirement	and	better	integrate	the	Delta	outflow	requirements	with	the	
proposed	inflow	requirements.	Together	the	Delta	outflow,	inflow,	and	other	requirements	are	
proposed	to	provide	comprehensive	protection	for	fish	and	wildlife	from	natal	streams	through	the	
Delta	and	Bay	and	nearshore	ocean	while	providing	necessary	flexibility	and	adaptive	management	
provisions	to	address	the	complexities	of	providing	Delta	outflows	from	the	watershed	in	a	
reasonable	and	protective	manner.		

Proposed	changes	to	the	numeric	Delta	outflow	requirements	include	maintaining	some	existing	
requirements,	removing	some	existing	requirements,	adding	new	requirements,	and	incorporating	
existing	BiOp	requirements	for	the	Projects.	In	order	to	ensure	that	minimum	quantities	of	Delta	
outflow	are	provided	to	the	estuary	in	all	months	and	all	years,	base	Delta	outflows	from	the	current	
Bay‐Delta	Plan	would	be	maintained.	Specifically,	the	existing	base	Delta	outflow	requirements	that	
are	included	in	Table	3	of	the	Bay‐Delta	Plan	that	range	from	3,000	to	8,000	cubic	feet	per	second	
(cfs)	would	be	maintained.	However,	as	discussed	below,	the	methods	by	which	this	requirement	
may	be	met	are	proposed	to	be	reevaluated	to	ensure	that	intended	protections	are	provided,	while	
providing	flexibility	to	reduce	water	supply	impacts.	The	remaining	existing	Delta	outflow	
requirements	are	proposed	to	be	replaced	with	an	“inflow‐based	Delta	outflow”	objective	that	is	
expected	to	better	achieve	the	proposed	new	narrative	Delta	outflow	objective	in	an	integrated	
fashion	with	the	proposed	new	inflow	requirements	discussed	above.		

The	proposed	new	inflow‐based	Delta	outflow	objective	specifies	that	the	required	inflows	from	the	
Sacramento	and	San	Joaquin	Rivers	and	their	tributaries	and	the	three	Delta	eastside	tributaries	are	
provided	as	outflows	with	appropriate	adjustments	for	depletions	and	accretions,	including	
adjustments	for	floodplain	inundation	flows	and	other	side	flows.	The	intent	of	the	inflow‐based	
Delta	outflows	is	to	provide	continuity	of	flows	from	upstream	tributaries	through	the	Delta	and	out	
to	the	Bay	to	improve	estuarine	habitat	conditions.	Like	the	inflow	objectives,	the	outflow	objectives	
are	not	proposed	to	be	lower	than	existing	conditions.	Also	like	the	inflow	objectives,	the	inflow‐
based	Delta	outflow	objective	would	allow	for	adaptive	management	and	shifting	and	sculpting	of	
flows	and	would	require	the	development	of	a	plan	that	addresses	implementation	measures	by	
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Delta	users,	including	the	Projects,	as	well	as	monitoring	and	evaluation	measures.	The	plan	would	
address	accounting	measures	for	the	existing	and	new	requirements,	including	integration	with	
tributary	plans	to	the	extent	possible,	accretions	and	depletions,	and	evaluation	of	the	existing	and	
new	methods	of	compliance	with	Delta	outflows	to	ensure	they	are	protective,	including	the	
compliance	methods	for	the	base	flows	discussed	above.		

In	addition	to	the	above,	the	fall	Delta	outflow	requirements	from	the	USFWS	BiOp	would	be	
incorporated	into	the	Bay‐Delta	Plan.	These	requirements	include	additional	Delta	outflow	
requirements	in	September	through	December	when	the	preceding	hydrologic	period	was	a	wet	or	
above	normal	water	year.	The	proposed	changes	to	the	Bay‐Delta	Plan	would	allow	for	adjustments	
to	these	requirements	based	on	new	information,	including	changes	in	the	BiOp.	

1.4.5 Cold Water Management  

This	report	describes	the	science	supporting	a	new	narrative	cold	water	habitat	requirement	to	
ensure	the	preservation	of	cold	water	for	salmonids	and	other	species.	Specifically,	the	requirement	
would	ensure	that	cold	water	releases	from	reservoirs	are	maintained	and	timed	to	provide	suitable	
downstream	temperatures	and	flows	for	aquatic	species	or	that	alternate	measures	are	
implemented	to	protect	anadromous	fish	from	temperature	impacts	(e.g.,	passage	above	dams).	It	
would	also	ensure	that	adequate	water	remains	in	storage	over	time	to	provide	for	critical	flows	at	
other	times,	and	prevent	drawdown	of	reservoirs	that	may	occur	due	to	increased	and	existing	
water	demands.	Elevated	temperatures	during	the	salmonid	egg	incubation	and	rearing	life	stages	
reduce	survival	of	juvenile	salmonids.	Needed	temperature	conditions	throughout	the	year	to	
protect	against	temperature‐induced	mortality	depend	on	the	race	of	salmonid,	life	stage,	and	other	
factors.	Specific	actions	needed	to	achieve	temperature	management	in	tributaries	also	depend	on	
the	specific	circumstances	of	that	tributary,	such	as	availability	of	stored	water,	opportunities	for	
passage	to	cold	habitat	areas,	and	opportunities	for	the	use	of	reservoir	temperature	control	
devices.	Specific	implementation	actions	will	need	to	be	developed	according	to	the	needs	of	the	fish	
in	each	tributary	and	the	actions	that	are	available	to	protect	salmonids	from	temperature	effects.	As	
such,	this	report	includes	a	recommendation	for	a	general	narrative	objective	for	cold	water	
management	with	specific	implementation	actions	to	be	developed	on	a	stream‐by‐stream	basis	and	
included	in	the	tributary	plans	discussed	above.		

1.4.6 Interior Delta Flows 

This	Report	describes	the	science	supporting	new	and	modified	narrative	and	numeric	interior	
Delta	flow	requirements	to	protect	fish	and	wildlife	beneficial	uses.	Specifically,	this	report	discusses	
the	science	supporting	the	need	for	interior	Delta	flow	requirements	to	provide	for	more	natural	
flow	patterns	from	natal	streams	out	to	the	ocean	and	to	provide	more	natural	ecosystem	functions.	
Diversions	in	the	south	Delta	and	associated	operations	cause	unnatural	flow	patterns	with	inflows	
traveling	toward	the	Project	export	facilities,	rather	than	toward	the	ocean.	Here	poor	habitat	
conditions	exist	for	native	species	and	mortality	is	high	due	to	predation,	impingement,	and	other	
factors.	More	natural	flow	patterns	are	specifically	needed	to	protect	fish	and	other	species	
migrating	out	of	the	Delta	and	rearing	in	the	Delta	and	to	provide	for	homing	fidelity	for	fish	
migrating	upstream	through	the	Delta.	The	narrative	requirement	would	establish	the	overall	flow	
conditions	in	the	Delta	to	reasonably	protect	native	fish	populations	migrating	through	and	rearing	
in	the	Delta.		
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Changes	to	the	numeric	interior	Delta	flow	requirements	would	reasonably	protect	beneficial	uses	
and	help	to	implement	the	narrative	requirement.	Numeric	objectives	would	be	consistent	with	
requirements	that	are	already	included	in	the	USFWS	BiOp,	NMFS	BiOp,	and	CDFW	ITP	including:	
new	Old	and	Middle	River	(OMR)	reverse	flow	limitations	and	changes	to	export	and	Delta	Cross	
Channel	(DCC)	gate	restrictions	to	expand	the	level	of	protection	for	those	existing	requirements	in	
the	Bay‐Delta	Plan.	Similar	to	the	existing	process,	the	interior	Delta	flow	requirements	for	OMR	
reverse	flows,	export	limits,	and	DCC	gate	closures	would	be	determined	and	based	on	monitoring	of	
fish	presence	and	a	consultation	process	involving	staff	from	the	fisheries	agencies,	DWR,	and	
Reclamation,	with	the	addition	of	the	State	Water	Board.	Adaptive	management	provisions	are	
proposed	for	all	of	the	interior	Delta	flow	requirements	such	that	the	requirements	can	adapt	to	new	
scientific	knowledge	as	it	becomes	available,	through	the	Delta	Science	Program,	CSAMP,	CAMT,	IEP,	
and	other	efforts.		

1.4.6.1 Delta Cross Channel Gate Operations 

When	open,	the	DCC	gates	allow	high‐quality	Sacramento	River	water	to	flow	into	the	interior	Delta	
channels	toward	the	SWP	and	CVP	export	facilities.	When	open,	salmonids	and	other	fish	from	the	
Sacramento	River	and	its	tributaries	may	be	diverted	through	the	gates	into	the	interior	Delta,	
where	chances	of	survival	and	outmigration	are	greatly	reduced.	The	DCC	gates	are	required	to	be	
closed	at	certain	times	pursuant	to	D‐1641	and	the	NMFS	BiOp	to	protect	fish	and	wildlife	
(specifically	migrating	salmonids).	The	Science	Report	proposes	to	extend	the	time	period	when	the	
DCC	gates	may	be	required	to	be	closed	in	the	fall	to	include	a	greater	portion	of	the	salmonid	
migration	period.	The	gates	would	be	closed	at	times	in	October	when	monitoring	information	
indicates	that	migrating	salmonid	are	in	the	vicinity	of	the	DCC	gates	consistent	with	the	NMFS	BiOp	
and	in	coordination	with	the	implementation	of	the	BiOp	and	any	modified	BiOp	that	may	be	issued	
in	the	future.		

1.4.6.2 Old and Middle River (OMR) Flows 

Net	OMR	reverse	flows	are	caused	by	the	fact	that	the	major	freshwater	source,	the	Sacramento	
River,	enters	on	the	northern	side	of	the	Delta	while	the	two	major	pumping	facilities,	the	SWP	and	
CVP,	are	located	in	the	south.	This	results	in	a	net	water	movement	across	the	Delta	in	a	north‐south	
direction	along	a	web	of	channels	including	Old	and	Middle	Rivers	instead	of	the	more	natural	
pattern	from	east	to	west	or	from	land	to	sea.	A	negative	value,	or	a	reverse	flow,	indicates	a	net	
water	movement	across	the	Delta	along	Old	and	Middle	River	channels	to	the	export	facilities.	

High	net	OMR	reverse	flows	have	several	negative	ecological	consequences.	First,	net	reverse	
OMR	flows	draw	fish,	especially	the	weaker	swimming	larval	and	juvenile	forms,	into	the	SWP	
and	CVP	export	facilities.	Second,	net	OMR	reverse	flows	reduce	spawning	and	rearing	habitat	for	
native	species,	like	Delta	smelt.	Third,	net	OMR	reverse	flows	result	in	a	confusing	environment	for	
migrating	juvenile	salmonids	leaving	the	San	Joaquin	River	Basin.	Finally,	net	OMR	reverse	flows	
reduce	the	natural	variability	in	the	Delta	by	drawing	Sacramento	River	water	across	and	into	the	
interior	Delta.	Net	OMR	reverse	flow	restrictions	are	included	in	the	USFWS	BiOp,	the	NMFS	BiOp,	
and	the	CDFW	ITP.	The	Science	Report	proposes	inclusion	of	the	BiOp	and	ITP	OMR	reverse	flow	
limits	in	the	Bay‐Delta	Plan	in	a	coordinated	fashion	with	the	BiOps	and	ITP	(and	consideration	of	
any	new	federal	ESA	or	CESA	requirements)	to	protect	natural	ecosystem	functions	and	specifically	
for	the	protection	of	salmonids,	Delta	smelt,	and	longfin	smelt.	
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1.4.6.3 Project Export Limits  

Project	exports	have	a	significant	effect	on	continuity	of	San	Joaquin	River	flows	out	to	the	ocean	
because	of	the	location	of	facilities	in	the	south	Delta	immediately	adjacent	to	the	San	Joaquin	River	
and	the	relatively	lower	flows	of	the	San	Joaquin	River	compared	to	the	Sacramento	River.	The	2006	
Bay‐Delta	Plan	includes	limitations	that	constrain	exports	during	a	30‐day	period	in	the	spring	to	a	
ratio	of	1	to	1	between	San	Joaquin	River	flows	and	exports,	or	minimal	specified	pumping	levels	
(1,500	cfs),	to	minimize	entrainment	and	salvage	losses	of	outmigrating	juvenile	salmonids	from	the	
San	Joaquin	River.	The	NMFS	BiOp	includes	more	stringent	constraints	that	are	based	on	water	year	
type	and	that	extend	for	60	days	in	the	spring.	The	limited	30‐day	period	included	in	the	2006	Bay‐
Delta	Plan	only	covers	a	fraction	of	the	time	period	when	juvenile	salmonids	outmigrate	from	the	
San	Joaquin	River.	In	addition,	the	current	requirements	do	not	provide	for	much,	if	any	of	the	San	
Joaquin	River	water	to	flow	to	the	Delta	so	that	smaller	weaker	swimming	juvenile	fish	have	positive	
flow	cues	to	guide	outmigration.	The	Science	Report	proposes	more	restrictive	export	constraints	as	
a	function	of	San	Joaquin	River	flows	up	to	the	NMFS	BiOp	levels	of	between	4	to	1	and	1	to	1	of	San	
Joaquin	River	flows	to	exports	during	the	spring	to	protect	outmigrating	juvenile	Chinook	salmon.	
Adaptive	management	provisions	are	proposed	such	that	the	constraints	could	be	adaptively	
managed	for	up	to	60	days	between	February	and	June	time	period	in	coordination	with	NMFS.	The	
requirement	would	also	be	coordinated	with	the	NMFS	BiOp,	Phase	I,	and	installation	of	the	Head	of	
Old	River	Barrier	discussed	in	more	detail	in	Chapter	3.		

1.5 Next Steps 
The	scientific	basis	of	any	statewide	plan,	basin	plan,	plan	amendment,	guideline,	policy,	or	
regulation	must	undergo	external	scientific	peer	review	before	adoption	by	the	State	Water	Board	
or	Regional	Water	Quality	Control	Boards	(Health	&	Saf.	Code,	§	57004).	The	State	Water	Board	has	
made	revisions	to	the	working	draft	Science	Report	and	has	refined	the	description	of	proposed	
changes	to	the	Bay‐Delta	Plan	in	this	version	of	the	report.	This	report	will	be	updated	as	needed	
based	on	the	peer	review	and	the	substance	of	this	report	will	provide	a	portion	of	the	Staff	Report	
supporting	the	proposed	changes	to	the	Bay‐Delta	Plan.	There	will	be	additional	opportunities	for	
public	participation	and	comment	on	the	Staff	Report	as	the	planning	process	moves	forward.	

In	establishing	water	quality	objectives,	the	State	Water	Board	must	ensure	the	reasonable	
protection	of	beneficial	uses,	and	consider	various	factors	including	other	beneficial	uses	of	water,	
the	environmental	characteristics	of	the	area,	and	economics.	In	addition,	the	State	Water	Board	
must	comply	with	the	California	Environmental	Quality	Act	(CEQA)	in	evaluating	the	effects	of	the	
project	on	the	environment,	as	well	as	other	applicable	law.		

State	Water	Board	regulations	(Cal.	Code.	of	Regs.,	tit.	23,	§	3777)	require	that	any	water	quality	
control	plan	proposed	for	approval	or	adoption	be	accompanied	by	environmental	documentation.	
The	State	Water	Board’s	water	quality	control	planning	program	is	certified	by	the	Secretary	of	the	
California	Resources	Agency	as	exempt	from	CEQA’s	requirements	for	the	preparation	of	
environmental	impact	reports,	negative	declarations,	and	initial	studies	(Pub.	Resources	Code,	§	
21080.5;	Cal.	Code	Regs.,	tit.	14,	§	15251,	subd.	(g)).	Agencies	qualifying	for	such	exemptions	must	
still	comply	with	CEQA’s	goals	and	policies,	including	the	policy	of	avoiding	significant	adverse	
effects	on	the	environment	where	feasible.		
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The	Staff	Report	for	the	proposed	amendments	to	the	2006	Bay‐Delta	Plan	will	include	identification	
of	any	significant,	or	potentially	significant,	adverse	environmental	impacts	of	the	proposed	project,	
analysis	of	reasonable	alternatives	and	mitigation	measures	to	avoid	or	reduce	impacts,	
environmental	analysis	of	the	reasonably	foreseeable	methods	of	compliance,	and	other	analyses	
and	documents	the	State	Water	Board	may	decide	to	include.	The	Staff	Report	will	include	the	
identification	of	any	potentially	significant	environmental	impacts	of	any	new	or	changed	
requirements	in	the	watersheds	in	which	Delta	flows	originate,	in	the	Delta,	and	in	the	areas	in	
which	Delta	water	is	used	or	from	which	Delta	water	is	imported.	It	will	also	include	an	analysis	of	
the	economic	impacts	that	could	result	from	changes	to	the	requirements.	The	public	will	have	the	
opportunity	to	review	and	comment	on	the	Staff	Report	and	associated	analyses.	



 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

2‐1 
Final

 

Chapter 2 
Hydrology 

2.1 Introduction 
This	chapter	provides	a	description	of	the	hydrology	of	the	Delta,	main	stem	Sacramento	River,	its	
tributaries,	and	the	three	eastside	tributaries	to	the	Delta.	Throughout	the	watershed,	current	
hydrologic	conditions	are	compared	with	unimpaired	conditions	to	assess	the	types	of	changes	in	
the	flow	regime	that	have	occurred.	This	information	is	provided	as	background	and	supporting	
information	for	subsequent	chapters.	

The	hydrologic	analysis	of	Delta	outflows	indicates	that	diversions	and	exports	have	reduced	
average	annual	outflow,	reduced	winter	and	spring	outflow,	and	reduced	seasonal	variability.	The	
hydrologic	analysis	also	indicates	that	water	development	in	regulated	tributaries,	such	as	the	
Sacramento	River	at	Freeport,	has	generally	resulted	in	reduced	annual	Delta	inflow,	a	reduction	in	
spring	inflow,	an	increase	in	summer	inflow,	and	a	decrease	in	hydrologic	variability.	The	analysis	
indicates	that	tributaries	without	large	reservoirs	generally	have	lower	flows	in	late	spring	and	
summer.	Finally	the	hydrodynamic	analysis	indicates	that	Project	pumping	in	the	south	Delta	and	
associated	operations	have	increased	the	magnitude	and	frequency	of	reverse	(upstream)	flows	on	
Old	and	Middle	Rivers	and	other	alterations	in	the	hydrodynamics	of	the	Delta.		

2.1.1 Natural and Unimpaired Flow 

Unimpaired	hydrology	or	“unimpaired	flow”	represents	an	index	of	the	total	water	available	to	be	
stored	or	put	to	any	beneficial	use	within	a	watershed	under	current	physical	conditions	and	land	
uses.	Unimpaired	flow	is	different	than	the	“natural	flow”	that	would	have	occurred	absent	human	
development	of	land	and	water	supply.	The	use	of	unimpaired	flows	in	the	Bay‐Delta	watershed	is	
often	misunderstood	and	to	some	degree	controversial,	owing	in	part	to	genuine	uncertainty	
regarding	the	relationship	between	unimpaired	and	natural	flows	and	their	intended	use	from	a	
regulatory	perspective.	Differences	between	natural	flows	and	unimpaired	flows	are	thought	to	be	
relatively	small	in	the	upper	watersheds	where	fewer	physical	modifications	to	the	landscape	have	
occurred	and	more	natural	runoff	patterns	exist	(Figure	2.1‐1)	(DWR	2016a).	While	unimpaired	
flows	and	natural	flows	may	be	very	similar	in	these	areas,	flow	management	must	still	consider	the	
effects	of	dams	and	other	physical	modifications	that	block	access	to	historical	habitats	and	alter	
temperatures	and	other	conditions	important	to	aquatic	species.	On	the	valley	floor	and	in	the	Delta,	
where	the	greatest	land	use	changes	have	occurred,	the	differences	between	unimpaired	flow	and	
natural	flows	may	be	substantial	at	times	(DWR	2016a),	but	are	not	known	with	certainty.	
Estimating	natural	flow	requires	making	assumptions	about	many	physical	attributes	of	the	pre‐
development	landscape,	including	the	distribution	of	wetland	and	riparian	vegetation,	channel	
configurations,	detention	of	overbank	flows,	and	groundwater	accretions.	All	of	these	conditions	
differ	from	the	current	physical	condition	and	land	use	of	the	watershed	to	unknown	degrees	(DWR	
2016a).	Estimates	of	evapotranspiration	by	natural	vegetation	(Howes	et	al.	2015)	and	its	combined	
effects	with	other	elements	of	a	hypothetical	pre‐development	condition	on	net	Delta	outflow	(Fox	
et	al.	2015)	and	throughout	the	Bay‐Delta	watershed	(DWR	2016a)	have	been	published	recently.	
These	estimates	are	produced	by	routing	historical	unimpaired	flows	from	the	upper	watersheds	
over	a	hypothetical,	reconstructed	valley	floor	and	Delta	(Fox	et	al.	2015;	DWR	2016a),	producing	
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estimates	of	the	flow	that	“would	have”	occurred	over	the	historical	record	in	the	absence	of	human	
development.	DWR	(2016a)	concludes	that	“relative	seasonal	(i.e.,	monthly)	distributions	of	
unimpaired	and	natural	Delta	outflow	estimates	are	not	widely	different,”	but	that,	due	to	an	
imperfect	scaling	and	difference	in	annual	magnitude,	“unimpaired	flow	estimates	are	poor	
surrogates	for	natural	flow	conditions.”		

	

	
Figure 2.1‐1. Quartile Distributions of Natural and Unimpaired Flows at Two Sample Rim Dam 
Locations, as Estimated by DWR (2016a). Monthly patterns and magnitudes are similar, but not 
identical. 

	

To	evaluate	the	potential	differences	between	unimpaired	flow	and	natural	flow,	the	monthly	
distributions	of	DWR’s	(2016a)	estimates	of	the	two,	along	with	estimates	of	historical	flow	(also	
provided	by	DWR	(DWR	2017)	are	compared	over	time.	Figures	2.1‐2	and	2.1‐3	show	these	
comparisons	for	Delta	inflow	and	net	Delta	outflow	as	quartile	distributions	on	a	monthly	time	scale.	
As	with	a	box	and	whisker	plot,	the	black	horizontal	line	shows	the	median,	and	the	box	spans	the	
range	between	the	25th	and	75th	percentile;	whiskers	and	outliers	are	omitted	for	clarity.	The	
figures	show	the	most	significant	differences	between	unimpaired	and	natural	Delta	flows	during	
the	peak	snowmelt	season	of	April	through	June,	and	generally	throughout	the	drier	months,	due	
largely	to	the	assumed	presence	of	significant	additional	vegetation	in	the	natural	flow	estimates.	At	
the	same	time,	the	figures	also	show	other	significant	differences	between	historical	flows	and	
estimates	of	unimpaired	and	natural	flows	over	time,	particularly	during	the	wet	months	of	winter	
and	spring,	due	to	water	development.	This	increasing	alteration	of	flows	identifies	a	pattern	of	
decreasing	Delta	outflow	over	time	that	can	be	expected	to	continue	without	additional	regulation.	
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Figure 2.1‐2. Quartile Distributions of DWR Estimates of Historical, Natural, and Unimpaired Delta 
Inflow. Water supply development has reduced wet season Delta inflow and increased dry season 
Delta inflow relative to both estimated unimpaired and natural flows over time. Natural and 
unimpaired flow estimates are from DWR (2016a), and historical estimates are from Dayflow 
(DWR 2017). 

	
	

	

Figure 2.1‐3. Quartile Distributions of DWR Estimates of Historical, Natural, and Unimpaired Delta 
Outflow. Water supply development has reduced wet season Delta outflow relative to both 
estimated unimpaired and natural flows over time. Natural and unimpaired flow estimates are 
from DWR (2016a), and historical estimates are from Dayflow (DWR 2017). 
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Unimpaired	flows	are	used	throughout	this	report	in	several	ways	that	acknowledge	and	respect	the	
differences	between	natural	and	unimpaired	flows	discussed	above.	Unimpaired	flows	are	used	to	
help	characterize	how	human	uses	of	water	have	altered	the	magnitude,	timing,	and	duration	of	
flows	in	the	watershed	under	the	current	physical	configuration	of	the	watershed	over	time.	This	
information	can	then	be	evaluated	against	species	declines	to	help	understand	how	changes	in	
hydrology	have	contributed	to	those	declines.	At	the	same	time,	impacts	from	the	changes	in	the	
physical	configuration	of	the	watershed	are	also	discussed.	In	addition,	unimpaired	flows	are	used	
as	an	index	of	water	availability	to	understand	and	help	balance	between	environmental	and	other	
uses	since	water	supplies	for	all	purposes	are	limited.	Unimpaired	flows	are	also	used	as	an	
approximation	of	more	natural	flow	conditions	protective	of	native	aquatic	species.	However,	as	
discussed	further	in	Chapters	1	and	5,	regulatory	requirements	based	on	unimpaired	flows,	
acknowledge	that	the	physical	environment	has	been	modified	and	that	adaptive	management	is	
needed	to	allow	for	sculpting	and	shaping	of	those	flows	to	address	the	realities	of	that	altered	
landscape	that	native	species	now	inhabit	and	the	fact	that	this	landscape	will	change	over	time	with	
climate	change,	habitat	restoration,	and	other	factors.		

2.1.2 Watershed Overview 

California	has	a	Mediterranean	climate	that	is	characterized	by	mild,	wet	winters	and	dry,	hot	
summers.	Eighty‐five	percent	of	the	annual	precipitation	falls	in	the	winter	months	and	in	the	
summer,	many	parts	of	the	watershed	will	go	more	than	90	days	without	any	precipitation.	
California	also	shows	great	inter‐annual	variability	in	runoff,	with	Sacramento	Valley	runoff	
ranging	from	an	estimated	5.1	million	acre‐feet	(MAF)	in	water	year	1977	to	37.7	MAF	in	water	
year	1983	(DWR	2016b).	For	over	150	years,	humans	have	altered	the	Sacramento	River	and	its	
tributaries	to	reclaim	wetlands,	tame	floods	and	provide	irrigation	during	the	dry	months.	Two	of	
the	largest	water	projects	in	the	world,	the	SWP	and	the	CVP,	move	water	from	the	Sacramento	
watershed	through	the	Delta	and	deliver	it	to	farmers	and	cities	in	southern	California.		

The	Sacramento	River	extends	from	the	Modoc	Plateau	and	the	southern	Cascades	near	the	
Oregon	border	to	the	Pacific	Ocean,	draining	an	area	of	27,000	square	miles.	The	Sacramento	
River	has	an	average	annual	unimpaired	flow	of	21	MAF	(based	on	values	for	water	years	1922–
2014),	which	is	approximately	one‐third	of	the	total	runoff	in	California	(DWR	2016a).	It	has	more	
than	20	major	salmon	bearing	tributaries,	a	number	of	other	tributaries	with	intermittent	flows	
that	salmon	do	not	inhabit	on	a	sustained	basis,	and	a	series	of	flood	basins,	and	is	home	to	an	
extensive	community	of	fish	and	wildlife.		

Below	its	source	near	Mount	Shasta,	the	Sacramento	River	is	impounded	by	the	largest	reservoir	
in	California,	Shasta	Reservoir.	Below	Shasta,	the	Sacramento	River	proceeds	southward	through	a	
series	of	leveed	river	channels	bordered	by	overflow	basins	and	weirs.	The	capacity	of	its	reaches	
increases	and	decreases	as	it	proceeds	downstream.	Its	main	tributaries	are	the	Feather	River	fed	
by	the	Yuba	and	Bear	Rivers	and	the	American	River.	At	the	bottom	of	the	watershed,	the	
Sacramento	River	meets	the	San	Joaquin	River	to	form	the	Sacramento‐San	Joaquin	Delta.	Below	
the	Delta,	the	river	flows	through	San	Francisco	Bay	to	the	Pacific	Ocean.		

The	main	hydrologic	features	of	the	Sacramento	River,	its	tributaries,	the	flood	basins	bordering	
the	streams,	the	Delta,	and	the	Suisun	region	are	described	below.	The	descriptions	of	the	
tributaries	have	been	organized	into	the	functional	hydrological	groups	shown	in	the	list	below	
and	are	based	on	watershed	drivers	of	local	hydrology	that	include	elevation,	precipitation	
patterns,	geology,	surface	water	origins,	groundwater	contributions	to	surface	flow,	and	shared	
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geomorphic	history.	Some	smaller,	intermittent	tributaries	for	which	there	is	no	or	limited	
hydrologic	information	are	not	discussed	in	this	report.	

 Main	Stem	Sacramento	

 Tributaries	of	Mt.	Lassen	

 Cow	Creek,	Battle	Creek	

 Tributaries	of	the	Chico	Monocline	

 Antelope	Creek,	Deer	Creek,	Mill	Creek,	Paynes	Creek	

 Tributaries	of	the	Klamath	Mountains	

 Clear	Creek	

 Tributaries	of	the	Paleochannels	and	Tuscan	Formation	

 Butte	Creek,	Big	Chico	Creek	

 Tributaries	of	the	Northern	Sierra	Nevada	

 Feather	River,	Yuba	River,	Bear	River,	American	River	

 Tributaries	of	the	Eastside	of	the	Delta	

 Mokelumne	River,	Cosumnes	River,	Calaveras	River	

 Tributaries	of	the	Northern	Coast	Range,	Northern	

 Stony	Creek,	Cottonwood	Creek,	Thomes	Creek,	Elder	Creek	

 Tributaries	of	the	Northern	Coast	Range,	Southern	

 Cache	Creek,	Putah	Creek	

The	Sacramento	River,	the	major	tributaries,	and	the	major	reservoirs	are	shown	in	Figure	2.1‐4.	
The	eastern	tributaries	from	the	Calaveras	River	in	the	south	to	the	Yuba	River	in	the	north	are	
Sierra	Nevada	streams.	The	Calaveras,	Mokelumne,	and	Cosumnes	Rivers	are	tributaries	of	the	San	
Joaquin	River	but	could	just	as	easily	be	described	as	tributaries	of	the	Delta	based	on	the	fact	that	
their	convergences	are	all	in	tidewater.	The	North	Fork	of	the	Feather	River	is	the	general	dividing	
line	between	the	Sierra	Nevada	streams	to	the	south	and	the	Cascade	Range	streams	to	the	north.	
Clear	Creek	is	the	sole	Klamath	Range	stream.	The	western	streams	from	Cottonwood	Creek	south	
to	Stony	Creek	are	Northern	Inner	Coast	Range	streams	while	Cache	and	Putah	Creeks,	almost	twin	
streams,	originate	in	the	Southern	Inner	Coast	Range.	Elevation	in	the	Phase	II	project	area	varies	
enormously	from	east	to	west	and	from	north	to	south	(Figure	2.1‐5).	The	Coast	Range	produces	a	
significant	rain	shadow	effect	on	its	eastern	slope	and	in	the	valley	by	wringing	precipitation	out	of	
storms	approaching	from	the	west,	as	storms	typically	do	at	this	latitude.	The	Golden	
Gate/Carquinez	Straight	gap	in	the	Coast	Range	has	the	effect	of	focusing	storms	directly	at	the	
watersheds	of	the	American	and	Feather	Rivers.	If	the	approach	of	the	storm	front	is	perpendicular	
to	the	slope	of	the	Sierra	Nevada	large	localized	precipitation	events	will	occur.	However,	if	the	
storm	strikes	a	glancing	blow	it	will	generate	a	low	level	south	to	north	flowing	atmospheric	jet	
stream	and	turbulent	updrafts	that	will	distribute	the	precipitation	over	a	much	larger	area	for	a	
longer	period	of	time	(Neiman	et	al.	2014).	These	factors	are	why	the	amount	of	precipitation	shown	
in	Figure	2.1‐6	does	not	necessarily	correspond	to	the	highest	areas	of	the	mountain	ranges	and	why	
the	watersheds	of	the	American	and	Feather	Rivers	receive	so	much	precipitation.	Mount	Lassen	is	
an	exception	to	this	pattern	due	to	its	high	elevation	and	northern	location.	The	Klamath	Range	is	
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also	exceptional	as	it	is	far	enough	north	that	it	receives	more	frequent	storms	which	results	in	more	
annual	precipitation.	

	

Figure 2.1‐4. Major Tributaries and Watersheds in the Project Area 
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Figure 2.1‐5. Elevation Map of Northern California 
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Figure 2.1‐6. Annual Precipitation in Northern California 
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Elevation	also	affects	the	form	of	the	precipitation	with	higher	elevations	receiving	proportionally	
more	precipitation	as	snow.	This	effect	is	constant	for	elevations	above	7,000	feet	but	varies	by	
water	year	type	from	7,000	feet	down	to	the	5,500‐foot	snow	line.	Figure	2.1‐7	illustrates	the	
differences	in	distribution	and	extent	of	the	amount	of	water	stored	in	the	snow	pack	by	month	
during	dry	and	wet	years.	Additionally,	storms	originating	in	the	southwest	near	Hawaii	are	much	
warmer	than	storms	approaching	from	the	northwest	and	if	they	produce	rain‐on‐snow	events	can	
generate	extremely	large	flood	flows.	Ultimately,	the	amount,	form,	and	temperature	of	the	
precipitation	determine	the	hydrological	responses	of	the	streams	and	the	ability	to	capture	the	
runoff	above	dams.	

	

Figure 2.1‐7. Water Year Type Snow Water Equivalents 

As	the	streams	leave	the	foothills	their	lowest	reaches	interact	with	the	many	different	sedimentary	
rock	formations	of	the	valley	(Figure	2.1‐8)	and	the	stream	channels	running	over	those	formations	
have	complex	groundwater/aquifer	and	surface	water	interactions	that	vary	by	each	stream.	The	
natural	boundaries	of	aquifers	are	difficult	to	map	but	groundwater	models	require	subdivisions	to	
reduce	the	computational	requirements.	Figure	2.1‐9	shows	the	subregions	used	for	the	C2VSim	
model	that	has	been	widely	adopted	for	use	in	the	Central	Valley	(Brush	et	al.	2013).	

The	amount	of	water	flowing	into	and	out	of	the	Sacramento	River	Valley	groundwater	storage	has	
fluctuated	significantly	from	year	to	year	with	groundwater	levels	declining	in	dry	years	and	
recovering	in	wet	years.	Average	annual	stream	depletion	throughout	the	Central	Valley	has	been	
approximately	700	thousand	acre‐feet	per	year	(TAF/yr)	from	1989–2009	and	shows	an	increasing	
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trend.	Assuming	2009	land	use	conditions,	studies	estimate	stream	losses	to	groundwater	will	
reduce	instream	flows	by	an	average	of	1.3	MAF	per	year	across	the	Central	Valley	over	the	next	
several	decades	(TNC	2014).	

	
Figure 2.1‐8. Generalized Geologic Map of the Valley Floor 
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Figure 2.1‐9. Map‐C2VSim Model Groundwater Subregions 
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Many	of	the	tributaries	in	the	Sacramento	watershed	have	been	extensively	developed	for	
hydropower,	flood	control,	and	agricultural	and	urban	uses.	The	consumptive	uses	are	primarily	in	
the	valley	floor.	However,	large	quantities	of	water	from	Shasta,	Oroville,	and	Folsom	Reservoirs	
flow	all	the	way	to	the	Delta	and	are	then	exported	for	use	in	other	watersheds.	Some	non‐project	
tributaries	such	as	the	Yuba	River	also	move	water	through	the	Delta	under	water	transfer	
agreements.	The	altered	hydrology	of	each	tributary	has	a	unique	story	summarized	in	Table	2.1‐1;	
however,	two	general	patterns	dominate.	In	watersheds	with	reservoirs,	winter	and	spring	runoff	
peaks	are	now	lower	and	summer	flows	are	now	higher	and	warmer.	In	watersheds	without	
reservoirs	but	with	substantial	land	use	development,	winter	and	early	spring	flows	typically	
resemble	unimpaired	flows,	and	late	spring	through	fall	flows	are	reduced	by	direct	diversion,	
mainly	for	irrigation.	The	descriptions	of	the	tributaries	that	follow	discuss	the	factors	that	
contribute	to	their	unique	hydrographs.	The	flood	basin	section	follows	the	descriptions	of	the	
tributaries	and	is	in	turn	followed	by	the	description	of	the	Sacramento/San	Joaquin	Delta.	The	
description	of	the	Suisun	region	follows	that	of	the	Delta.		

To	illustrate	the	hydrology	under	current	conditions	and	unimpaired	conditions,	results	from	the	
Sacramento	Water	Allocation	Model	(SacWAM)	were	used	(State	Water	Board	2017).	Modeled	
streamflows	were	used	to	represent	current	hydrologic	conditions	rather	than	observed	data	
because	stream	gages	are	not	located	at	the	mouth	of	most	Sacramento	River	tributaries.	Therefore,	
to	better	describe	the	impairment	of	each	entire	tributary,	SacWAM	results	were	used.	Unimpaired	
flows	used	in	this	analysis	have	been	estimated	using	SacWAM	as	well	with	different	sets	of	
assumptions	described	in	detail	in	Appendix	A.	The	plots	in	the	discussion	that	follows	characterize	
the	impairment	of	each	tributary	by	comparing	the	simulated	“current	conditions”	to	the	
“unimpaired	flows”	to	illustrate	the	general	levels	of	impairment	and	trends	in	impairments.		

SacWAM	is	a	peer‐reviewed	hydrology/system	operations	model	developed	by	the	Stockholm	
Environment	Institute	(SEI)	and	State	Water	Board	to	assess	potential	revisions	to	instream	flow	
and	other	requirements	in	the	2006	Bay‐Delta	Plan.	SacWAM	is	currently	the	most	advanced	
representation	of	the	Sacramento	watershed	which	includes	69	reservoirs,	131	demands,	complex	
operations	of	the	SWP	and	CVP,	and	an	artificial	neural	network	to	estimate	Delta	salinity.	More	
information	about	the	SacWAM	model	can	be	found	in	the	SacWAM	Model	Documentation	(State	
Water	Board	2017).	

The	following	analysis	provides	information	on	the	level	of	impairment	in	the	main	stem	
Sacramento	River	and	various	tributaries	on	a	monthly,	seasonal,	and	annual	basis	given	different	
hydrologic	conditions	(cumulative	distributions	of	the	percent	of	unimpaired	flow).	These	analyses	
show	significant	differences	in	impairment	between	months,	hydrologic	conditions,	and	streams,	
with	generally	much	greater	impairment	during	drier	years	when	unimpaired	flows	are	already	low.		

Figure	2.1‐10	shows	simulated	impaired	flows	as	a	percentage	of	unimpaired	flows	for	the	
Sacramento	River	and	its	major	tributaries	ranked	by	Sacramento	water	year	index.	The	water	year	
index	is	an	index	of	total	runoff,	3.11	being	the	driest	year	and	15.29	being	the	wettest	(DWR	
2016b).	Darker	red	colors	indicate	a	greater	reduction	in	the	flow	at	this	location	relative	to	
unimpaired,	and	the	darker	blue	colors	indicate	a	greater	increase	in	current	conditions	flow	
relative	to	the	unimpaired	flow.	Regulated	tributaries	with	large	reservoirs	such	as	the	American,	
Bear,	Yuba,	and	Feather	Rivers	have	lower	percent	of	unimpaired	flow	in	the	spring	in	drier	years,	
whereas	unregulated	tributaries	show	a	higher	percent	of	unimpaired	flow	in	all	years.	
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WY	 WYI	

Water	
Year	
Type	

Delta	
Outflow	

American	
River	

Bear	
River	

Yuba	
River	

Feather	
River	at	
Sac.	River	

Feather	
abv.	conf.	
of	Yuba	
River	

Sacramento	
River	below	
Keswick	

Sacramento	
River	at	
Freeport	

Mokelumne	
River	

Calaveras	
River	

Cache	
Creek	

Putah	
Creek	

Clear	
Creek	

Stony	
Creek	

Antelope	
Creek	

Mill	
Creek	

Deer	
Creek

Battle	
Creek	

Big	
Chico	
Creek	

Cosumnes	
River	

Cottonwood	
Creek	

Cow	
Creek	

Thomes	
Creek	

Paynes	
Creek	

Butte	
Creek

1977	 3.11	 C	 63%	 86%	 112%	 57%	 68%	 70%	 136%	 83%	 32%	 23%	 118%	 71%	 161%	 77%	 91%	 61%	 87%	 98%	 100%	 99%	 105%	 85%	 57%	 100%	 305%
1931	 3.66	 C	 44%	 48%	 68%	 32%	 51%	 57%	 138%	 73%	 21%	 13%	 68%	 36%	 89%	 47%	 87%	 71%	 95%	 99%	 100%	 90%	 101%	 90%	 89%	 100%	 240%
1924	 3.87	 C	 53%	 62%	 74%	 37%	 67%	 78%	 163%	 84%	 27%	 17%	 81%	 31%	 142%	 70%	 86%	 67%	 91%	 100%	 100%	 91%	 104%	 89%	 92%	 100%	 221%
2015	 4.01	 C	 47%	 44%	 72%	 31%	 57%	 66%	 133%	 74%	 22%	 13%	 51%	 17%	 64%	 25%	 89%	 70%	 92%	 96%	 100%	 90%	 101%	 94%	 90%	 100%	 200%
1992	 4.06	 C	 42%	 32%	 53%	 36%	 34%	 29%	 84%	 60%	 10%	 13%	 40%	 13%	 30%	 13%	 96%	 79%	 97%	 97%	 100%	 95%	 100%	 98%	 94%	 100%	 196%
1934	 4.07	 C	 38%	 56%	 44%	 22%	 34%	 37%	 88%	 55%	 21%	 12%	 25%	 14%	 73%	 23%	 90%	 76%	 100% 100%	 100%	 91%	 100%	 95%	 85%	 100%	 190%
2014	 4.07	 C	 43%	 53%	 46%	 25%	 41%	 47%	 119%	 66%	 18%	 23%	 69%	 20%	 167%	 22%	 91%	 76%	 98%	 98%	 100%	 92%	 102%	 97%	 87%	 100%	 199%
1991	 4.21	 C	 39%	 36%	 41%	 30%	 37%	 38%	 89%	 57%	 17%	 21%	 49%	 8%	 89%	 11%	 96%	 79%	 98%	 99%	 100%	 92%	 101%	 96%	 92%	 100%	 180%
1933	 4.63	 C	 29%	 52%	 40%	 19%	 28%	 30%	 65%	 47%	 16%	 6%	 30%	 14%	 46%	 14%	 100%	 75%	 96%	 100%	 100%	 89%	 102%	 94%	 82%	 100%	 222%
1988	 4.65	 C	 38%	 35%	 40%	 37%	 41%	 42%	 86%	 59%	 17%	 17%	 22%	 13%	 60%	 67%	 99%	 74%	 100% 100%	 100%	 90%	 100%	 97%	 88%	 100%	 191%
1990	 4.81	 C	 37%	 48%	 64%	 28%	 34%	 32%	 85%	 58%	 19%	 16%	 56%	 22%	 65%	 35%	 100%	 82%	 91%	 100%	 100%	 91%	 102%	 98%	 81%	 100%	 255%
1994	 5.02	 C	 39%	 59%	 77%	 37%	 46%	 47%	 109%	 69%	 18%	 11%	 37%	 22%	 77%	 26%	 95%	 79%	 94%	 100%	 100%	 93%	 101%	 96%	 89%	 100%	 236%
2008	 5.16	 C	 37%	 55%	 46%	 27%	 31%	 31%	 73%	 58%	 16%	 13%	 32%	 9%	 46%	 47%	 100%	 78%	 100% 99%	 100%	 91%	 100%	 96%	 92%	 100%	 224%
1929	 5.22	 C	 30%	 41%	 37%	 22%	 35%	 41%	 93%	 54%	 19%	 6%	 65%	 26%	 99%	 29%	 100%	 68%	 100% 100%	 100%	 89%	 101%	 94%	 75%	 100%	 233%
1976	 5.29	 C	 39%	 63%	 80%	 47%	 54%	 55%	 109%	 68%	 26%	 5%	 62%	 41%	 82%	 28%	 99%	 68%	 100% 100%	 100%	 90%	 101%	 95%	 76%	 100%	 258%
1932	 5.48	 D	 28%	 48%	 58%	 42%	 29%	 16%	 61%	 45%	 8%	 11%	 27%	 14%	 49%	 24%	 100%	 81%	 97%	 100%	 100%	 94%	 101%	 97%	 88%	 100%	 177%
1939	 5.58	 D	 38%	 54%	 77%	 24%	 41%	 46%	 103%	 62%	 20%	 17%	 37%	 36%	 90%	 38%	 93%	 74%	 95%	 100%	 100%	 92%	 102%	 95%	 78%	 100%	 236%
1947	 5.61	 D	 35%	 55%	 62%	 25%	 36%	 37%	 77%	 55%	 17%	 12%	 34%	 14%	 83%	 13%	 100%	 79%	 97%	 100%	 100%	 93%	 101%	 96%	 88%	 100%	 201%
1961	 5.68	 D	 38%	 35%	 47%	 18%	 31%	 34%	 77%	 55%	 16%	 24%	 17%	 13%	 43%	 33%	 100%	 83%	 99%	 100%	 100%	 92%	 100%	 98%	 91%	 100%	 207%
1926	 5.75	 D	 42%	 53%	 70%	 30%	 32%	 27%	 79%	 58%	 17%	 13%	 57%	 6%	 39%	 54%	 97%	 85%	 98%	 100%	 100%	 95%	 101%	 97%	 94%	 100%	 192%
2001	 5.76	 D	 42%	 54%	 51%	 34%	 39%	 39%	 86%	 64%	 17%	 55%	 34%	 10%	 31%	 35%	 100%	 78%	 98%	 99%	 100%	 94%	 101%	 96%	 93%	 100%	 227%
2009	 5.78	 D	 32%	 39%	 63%	 43%	 30%	 19%	 57%	 47%	 12%	 14%	 48%	 13%	 34%	 14%	 100%	 82%	 100% 100%	 100%	 93%	 101%	 97%	 90%	 100%	 176%
2013	 5.83	 D	 37%	 73%	 68%	 36%	 45%	 45%	 105%	 66%	 19%	 12%	 29%	 13%	 124%	 56%	 100%	 76%	 98%	 100%	 100%	 91%	 101%	 94%	 83%	 100%	 217%
1987	 5.86	 D	 42%	 35%	 79%	 37%	 41%	 37%	 84%	 61%	 20%	 29%	 39%	 18%	 65%	 16%	 97%	 80%	 100% 100%	 100%	 94%	 101%	 97%	 91%	 100%	 206%
1930	 5.9	 D	 35%	 38%	 68%	 45%	 32%	 21%	 71%	 52%	 13%	 13%	 27%	 8%	 46%	 16%	 100%	 84%	 98%	 100%	 100%	 92%	 101%	 98%	 94%	 100%	 178%
1949	 6.09	 D	 40%	 55%	 71%	 35%	 36%	 32%	 79%	 59%	 16%	 10%	 48%	 8%	 39%	 49%	 95%	 84%	 96%	 100%	 100%	 95%	 101%	 96%	 93%	 100%	 215%
1989	 6.13	 D	 38%	 56%	 88%	 45%	 34%	 21%	 76%	 61%	 14%	 15%	 23%	 14%	 43%	 11%	 100%	 85%	 99%	 100%	 100%	 92%	 100%	 98%	 93%	 100%	 175%
1955	 6.14	 D	 32%	 42%	 45%	 24%	 31%	 32%	 75%	 49%	 15%	 10%	 18%	 26%	 76%	 37%	 100%	 79%	 97%	 100%	 100%	 93%	 101%	 96%	 81%	 100%	 207%
2007	 6.19	 D	 37%	 44%	 78%	 39%	 43%	 41%	 89%	 58%	 16%	 12%	 20%	 19%	 102%	 22%	 100%	 75%	 100% 100%	 100%	 94%	 100%	 96%	 82%	 100%	 209%
1960	 6.2	 D	 34%	 43%	 53%	 39%	 29%	 20%	 62%	 49%	 15%	 9%	 23%	 7%	 44%	 49%	 100%	 81%	 100% 100%	 100%	 92%	 101%	 98%	 93%	 100%	 203%
1981	 6.21	 D	 44%	 54%	 75%	 28%	 40%	 42%	 85%	 63%	 18%	 18%	 29%	 10%	 33%	 45%	 96%	 84%	 97%	 100%	 100%	 95%	 100%	 98%	 94%	 100%	 213%
1944	 6.35	 D	 34%	 36%	 61%	 27%	 32%	 30%	 73%	 51%	 15%	 14%	 36%	 9%	 93%	 16%	 100%	 80%	 98%	 100%	 100%	 96%	 101%	 97%	 84%	 100%	 209%
2002	 6.35	 D	 38%	 42%	 71%	 40%	 32%	 21%	 82%	 55%	 15%	 12%	 31%	 10%	 35%	 67%	 100%	 82%	 97%	 100%	 100%	 95%	 100%	 98%	 93%	 100%	 179%
1925	 6.39	 D	 38%	 57%	 65%	 38%	 28%	 17%	 47%	 55%	 26%	 23%	 34%	 5%	 24%	 45%	 100%	 85%	 99%	 100%	 100%	 95%	 100%	 98%	 95%	 100%	 179%
1964	 6.41	 D	 36%	 42%	 72%	 31%	 37%	 36%	 87%	 55%	 17%	 23%	 29%	 18%	 71%	 58%	 100%	 74%	 100% 100%	 100%	 94%	 101%	 93%	 82%	 100%	 222%
1985	 6.47	 D	 35%	 50%	 70%	 29%	 37%	 37%	 97%	 57%	 15%	 13%	 30%	 14%	 103%	 25%	 100%	 74%	 96%	 100%	 100%	 96%	 101%	 95%	 85%	 100%	 222%
1950	 6.62	 BN	 37%	 63%	 74%	 50%	 32%	 16%	 64%	 53%	 28%	 8%	 29%	 8%	 71%	 28%	 100%	 85%	 99%	 100%	 100%	 96%	 101%	 98%	 92%	 100%	 177%
1962	 6.65	 BN	 38%	 39%	 68%	 47%	 33%	 20%	 80%	 56%	 12%	 10%	 39%	 6%	 38%	 52%	 100%	 85%	 98%	 100%	 100%	 93%	 100%	 97%	 89%	 100%	 178%
1979	 6.67	 BN	 41%	 54%	 87%	 40%	 36%	 26%	 65%	 56%	 28%	 57%	 32%	 7%	 47%	 36%	 100%	 83%	 99%	 100%	 100%	 97%	 101%	 98%	 94%	 100%	 197%
1959	 6.75	 BN	 42%	 44%	 71%	 23%	 31%	 31%	 83%	 58%	 17%	 15%	 32%	 10%	 36%	 52%	 98%	 84%	 98%	 100%	 100%	 94%	 101%	 98%	 92%	 100%	 193%
1945	 6.8	 BN	 40%	 63%	 82%	 51%	 34%	 19%	 70%	 56%	 35%	 30%	 28%	 9%	 50%	 36%	 100%	 91%	 94%	 100%	 100%	 98%	 101%	 99%	 91%	 100%	 174%
1937	 6.87	 BN	 43%	 61%	 80%	 42%	 36%	 26%	 53%	 56%	 28%	 54%	 41%	 7%	 45%	 40%	 100%	 84%	 99%	 100%	 100%	 98%	 101%	 98%	 91%	 100%	 175%
2012	 6.89	 BN	 39%	 51%	 85%	 39%	 37%	 30%	 75%	 57%	 15%	 12%	 30%	 9%	 45%	 21%	 99%	 82%	 99%	 100%	 100%	 96%	 101%	 97%	 90%	 100%	 181%
1935	 6.98	 BN	 37%	 52%	 83%	 54%	 33%	 16%	 42%	 54%	 21%	 7%	 44%	 4%	 37%	 37%	 100%	 88%	 100% 100%	 100%	 96%	 100%	 98%	 94%	 100%	 155%
1923	 7.06	 BN	 40%	 64%	 89%	 50%	 39%	 24%	 82%	 57%	 30%	 36%	 22%	 13%	 47%	 40%	 99%	 80%	 97%	 100%	 100%	 99%	 101%	 96%	 88%	 100%	 186%
2010	 7.08	 BN	 42%	 57%	 70%	 42%	 29%	 18%	 74%	 58%	 24%	 10%	 37%	 5%	 20%	 59%	 100%	 93%	 95%	 100%	 100%	 95%	 100%	 99%	 95%	 100%	 178%
1948	 7.12	 BN	 39%	 45%	 76%	 46%	 28%	 14%	 67%	 53%	 14%	 4%	 14%	 11%	 43%	 10%	 100%	 100%	 93%	 100%	 100%	 94%	 101%	 100% 95%	 100%	 168%
1966	 7.16	 BN	 40%	 43%	 77%	 34%	 35%	 31%	 88%	 59%	 15%	 15%	 34%	 7%	 33%	 51%	 100%	 82%	 97%	 100%	 100%	 95%	 101%	 97%	 92%	 100%	 189%
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WY	 WYI	

Water	
Year	
Type	

Delta	
Outflow	

American	
River	

Bear	
River	

Yuba	
River	

Feather	
River	at	
Sac.	River	

Feather	
abv.	conf.	
of	Yuba	
River	

Sacramento	
River	below	
Keswick	

Sacramento	
River	at	
Freeport	

Mokelumne	
River	

Calaveras	
River	

Cache	
Creek	

Putah	
Creek	

Clear	
Creek	

Stony	
Creek	

Antelope	
Creek	

Mill	
Creek	

Deer	
Creek

Battle	
Creek	

Big	
Chico	
Creek	

Cosumnes	
River	

Cottonwood	
Creek	

Cow	
Creek	

Thomes	
Creek	

Paynes	
Creek	

Butte	
Creek

1968	 7.24	 BN	 50%	 58%	 96%	 36%	 44%	 43%	 87%	 66%	 16%	 17%	 58%	 7%	 41%	 60%	 100%	 86%	 98%	 100%	 100%	 96%	 101%	 98%	 94%	 100%	 191%
1972	 7.29	 BN	 35%	 40%	 71%	 42%	 33%	 24%	 82%	 52%	 16%	 5%	 13%	 23%	 49%	 27%	 100%	 83%	 98%	 100%	 100%	 95%	 100%	 97%	 91%	 100%	 202%
2004	 7.51	 BN	 48%	 44%	 91%	 47%	 40%	 31%	 94%	 67%	 17%	 12%	 77%	 33%	 27%	 68%	 100%	 87%	 98%	 100%	 100%	 95%	 100%	 99%	 95%	 100%	 157%
1946	 7.7	 BN	 44%	 63%	 86%	 52%	 51%	 48%	 69%	 61%	 33%	 17%	 70%	 18%	 56%	 60%	 100%	 84%	 97%	 100%	 100%	 99%	 101%	 98%	 89%	 100%	 180%
1936	 7.75	 BN	 49%	 73%	 94%	 59%	 44%	 28%	 71%	 66%	 42%	 60%	 40%	 6%	 28%	 63%	 100%	 87%	 99%	 100%	 100%	 98%	 100%	 98%	 94%	 100%	 163%
1957	 7.83	 AN	 39%	 48%	 84%	 43%	 31%	 19%	 76%	 53%	 17%	 9%	 18%	 10%	 33%	 43%	 100%	 91%	 94%	 100%	 100%	 96%	 101%	 98%	 92%	 100%	 197%
2003	 8.21	 AN	 45%	 57%	 92%	 59%	 38%	 21%	 83%	 63%	 22%	 10%	 61%	 7%	 23%	 60%	 100%	 94%	 96%	 100%	 100%	 96%	 100%	 99%	 94%	 100%	 142%
1928	 8.27	 AN	 50%	 63%	 107%	 59%	 54%	 45%	 85%	 70%	 31%	 35%	 34%	 6%	 25%	 63%	 100%	 86%	 99%	 100%	 100%	 98%	 100%	 98%	 93%	 100%	 156%
2005	 8.49	 AN	 46%	 71%	 88%	 57%	 42%	 28%	 75%	 64%	 49%	 43%	 35%	 9%	 26%	 72%	 100%	 94%	 94%	 100%	 100%	 98%	 100%	 99%	 95%	 100%	 165%
1954	 8.51	 AN	 50%	 48%	 90%	 47%	 47%	 43%	 86%	 67%	 15%	 8%	 44%	 6%	 24%	 65%	 100%	 95%	 95%	 100%	 100%	 97%	 100%	 99%	 95%	 100%	 164%
1993	 8.54	 AN	 48%	 64%	 94%	 60%	 45%	 32%	 57%	 64%	 34%	 53%	 60%	 5%	 20%	 78%	 100%	 100%	 93%	 100%	 100%	 97%	 101%	 100% 97%	 100%	 155%
1973	 8.58	 AN	 55%	 71%	 100%	 66%	 56%	 44%	 85%	 75%	 37%	 56%	 62%	 9%	 21%	 78%	 100%	 95%	 93%	 100%	 100%	 98%	 101%	 99%	 95%	 100%	 165%
1978	 8.65	 AN	 50%	 58%	 84%	 54%	 42%	 31%	 75%	 73%	 23%	 11%	 55%	 4%	 18%	 74%	 100%	 95%	 97%	 100%	 100%	 95%	 100%	 100% 97%	 100%	 152%
1940	 8.88	 AN	 56%	 65%	 93%	 60%	 52%	 44%	 83%	 74%	 33%	 25%	 53%	 4%	 22%	 64%	 100%	 91%	 99%	 100%	 100%	 98%	 100%	 99%	 97%	 100%	 148%
2000	 8.94	 AN	 53%	 58%	 89%	 54%	 46%	 35%	 87%	 69%	 32%	 58%	 53%	 7%	 19%	 59%	 100%	 93%	 94%	 100%	 100%	 99%	 100%	 99%	 96%	 100%	 176%
1922	 8.97	 AN	 46%	 66%	 101%	 66%	 55%	 43%	 63%	 64%	 46%	 64%	 32%	 11%	 30%	 32%	 100%	 95%	 93%	 100%	 100%	 97%	 101%	 99%	 93%	 100%	 153%
1980	 9.04	 AN	 61%	 77%	 109%	 68%	 59%	 47%	 90%	 77%	 54%	 63%	 62%	 5%	 26%	 77%	 100%	 90%	 99%	 100%	 100%	 99%	 100%	 99%	 96%	 100%	 150%
1951	 9.18	 AN	 55%	 70%	 120%	 61%	 65%	 62%	 78%	 70%	 42%	 61%	 55%	 8%	 37%	 57%	 100%	 91%	 95%	 100%	 100%	 99%	 101%	 98%	 93%	 100%	 164%
1975	 9.35	 W	 52%	 56%	 95%	 55%	 51%	 44%	 81%	 67%	 33%	 41%	 60%	 20%	 23%	 71%	 100%	 100%	 90%	 100%	 100%	 98%	 101%	 100% 95%	 100%	 173%
1927	 9.52	 W	 56%	 76%	 102%	 69%	 55%	 42%	 85%	 72%	 35%	 24%	 70%	 4%	 22%	 73%	 100%	 95%	 93%	 100%	 100%	 98%	 100%	 99%	 95%	 100%	 162%
1953	 9.55	 W	 54%	 60%	 97%	 56%	 58%	 57%	 81%	 70%	 24%	 18%	 59%	 6%	 29%	 68%	 100%	 100%	 93%	 100%	 100%	 97%	 101%	 100% 95%	 100%	 150%
1963	 9.63	 W	 56%	 74%	 116%	 70%	 65%	 57%	 82%	 78%	 42%	 16%	 53%	 4%	 31%	 71%	 100%	 93%	 97%	 100%	 100%	 98%	 100%	 99%	 95%	 100%	 158%
1943	 9.77	 W	 60%	 77%	 109%	 68%	 65%	 59%	 76%	 76%	 54%	 73%	 70%	 15%	 50%	 64%	 100%	 94%	 96%	 100%	 100%	 99%	 101%	 99%	 95%	 100%	 167%
1999	 9.8	 W	 59%	 74%	 101%	 65%	 70%	 70%	 82%	 74%	 53%	 63%	 71%	 22%	 24%	 60%	 100%	 95%	 93%	 100%	 100%	 99%	 101%	 99%	 93%	 100%	 162%
1986	 9.96	 W	 65%	 80%	 107%	 71%	 63%	 54%	 96%	 76%	 59%	 70%	 67%	 42%	 26%	 80%	 100%	 91%	 99%	 100%	 100%	 99%	 100%	 99%	 97%	 100%	 149%
1984	 10	 W	 49%	 63%	 106%	 59%	 57%	 52%	 76%	 64%	 44%	 30%	 79%	 73%	 46%	 40%	 100%	 85%	 98%	 100%	 100%	 99%	 100%	 96%	 88%	 100%	 165%
1965	 10.15	 W	 56%	 73%	 120%	 69%	 69%	 66%	 78%	 73%	 56%	 50%	 77%	 5%	 33%	 67%	 100%	 93%	 96%	 100%	 100%	 99%	 100%	 99%	 94%	 100%	 153%
1967	 10.2	 W	 56%	 76%	 106%	 70%	 58%	 48%	 80%	 71%	 52%	 42%	 60%	 15%	 23%	 68%	 100%	 100%	 93%	 100%	 100%	 98%	 101%	 100% 95%	 100%	 158%
1996	 10.26	 W	 62%	 77%	 112%	 68%	 71%	 70%	 84%	 76%	 51%	 66%	 71%	 5%	 28%	 76%	 100%	 93%	 97%	 100%	 100%	 98%	 100%	 99%	 96%	 100%	 164%
1971	 10.37	 W	 50%	 66%	 97%	 63%	 57%	 52%	 78%	 66%	 36%	 27%	 63%	 39%	 25%	 56%	 100%	 100%	 89%	 100%	 100%	 98%	 101%	 100% 94%	 100%	 162%
1970	 10.4	 W	 67%	 76%	 105%	 67%	 73%	 73%	 94%	 75%	 48%	 69%	 76%	 70%	 26%	 79%	 100%	 90%	 100% 100%	 100%	 99%	 100%	 99%	 96%	 100%	 150%
2011	 10.54	 W	 61%	 78%	 109%	 73%	 67%	 59%	 81%	 80%	 64%	 71%	 67%	 4%	 26%	 65%	 100%	 100%	 94%	 100%	 100%	 100%	 101%	 100% 95%	 100%	 152%
1997	 10.82	 W	 70%	 79%	 108%	 72%	 75%	 73%	 88%	 72%	 63%	 82%	 89%	 69%	 35%	 75%	 100%	 90%	 99%	 100%	 100%	 100%	 100%	 98%	 94%	 100%	 147%
1969	 11.05	 W	 64%	 81%	 104%	 73%	 66%	 58%	 87%	 80%	 61%	 70%	 72%	 55%	 20%	 79%	 100%	 95%	 97%	 100%	 100%	 99%	 100%	 100% 97%	 100%	 151%
1942	 11.27	 W	 64%	 77%	 109%	 71%	 72%	 69%	 84%	 79%	 51%	 48%	 85%	 64%	 23%	 78%	 100%	 100%	 94%	 100%	 100%	 98%	 101%	 100% 96%	 100%	 150%
1956	 11.38	 W	 64%	 76%	 118%	 71%	 74%	 72%	 85%	 77%	 60%	 67%	 85%	 3%	 25%	 78%	 100%	 94%	 97%	 100%	 100%	 99%	 100%	 99%	 96%	 100%	 146%
1941	 11.47	 W	 65%	 68%	 104%	 67%	 62%	 55%	 91%	 86%	 38%	 46%	 83%	 22%	 17%	 88%	 100%	 100%	 94%	 100%	 100%	 97%	 100%	 100% 97%	 100%	 144%
1958	 12.16	 W	 69%	 78%	 102%	 72%	 68%	 63%	 92%	 84%	 51%	 52%	 80%	 22%	 23%	 86%	 100%	 100%	 94%	 100%	 100%	 99%	 100%	 100% 98%	 100%	 149%
1952	 12.38	 W	 63%	 82%	 108%	 74%	 71%	 67%	 80%	 84%	 60%	 75%	 69%	 4%	 25%	 76%	 100%	 100%	 93%	 100%	 100%	 99%	 101%	 100% 95%	 100%	 155%
1938	 12.62	 W	 69%	 80%	 107%	 76%	 76%	 74%	 87%	 84%	 63%	 73%	 82%	 3%	 19%	 81%	 100%	 100%	 93%	 100%	 100%	 99%	 100%	 100% 96%	 100%	 147%
1982	 12.76	 W	 67%	 83%	 110%	 78%	 78%	 74%	 85%	 84%	 71%	 68%	 83%	 56%	 20%	 72%	 100%	 90%	 99%	 100%	 100%	 100%	 100%	 99%	 94%	 100%	 140%
1995	 12.89	 W	 65%	 79%	 105%	 73%	 67%	 61%	 83%	 84%	 55%	 61%	 66%	 3%	 17%	 83%	 100%	 100%	 96%	 100%	 100%	 98%	 100%	 100% 98%	 100%	 140%
1974	 12.99	 W	 66%	 76%	 114%	 74%	 76%	 74%	 89%	 79%	 50%	 50%	 89%	 64%	 18%	 77%	 100%	 95%	 98%	 100%	 100%	 99%	 100%	 99%	 96%	 100%	 135%
2006	 13.2	 W	 72%	 82%	 114%	 76%	 78%	 76%	 108%	 91%	 72%	 67%	 92%	 81%	 19%	 79%	 100%	 100%	 94%	 100%	 100%	 100%	 100%	 100% 97%	 100%	 135%
1998	 13.31	 W	 70%	 73%	 105%	 70%	 65%	 58%	 89%	 81%	 56%	 64%	 79%	 56%	 20%	 89%	 100%	 100%	 96%	 100%	 100%	 99%	 100%	 100% 99%	 100%	 147%
1983	 15.29	 W	 80%	 84%	 109%	 78%	 81%	 81%	 98%	 87%	 73%	 78%	 94%	 82%	 18%	 88%	 100%	 100%	 96%	 100%	 100%	 100%	 100%	 100% 98%	 100%	 146%

Figure 2.1‐10. Simulated Impaired Flows as a Percentage of Unimpaired Flows Ranked by Water Year Index for the Sacramento River, Its Major Tributaries, and Eastside Tributaries to the Delta for January–June 
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Table 2.1‐1. Summary Information used in SacWAM for the Major Tributaries to the Sacramento River and the Eastside Tributaries to the Delta 

River	

Drainage	
Area	
(mi2)	

Mean	
Annual	
Runoff	
(TAF/yr)1	

Total	
Storage	as	
modeled	
in	
SacWAM	
(TAF)	

Runoff	
to	
Storage	
Ratio	

Average	
Annual	
Stream	
Gain/Loss	
to	GW	
(TAF/yr)2	 Hydrologic	Regime	 Major	Reservoirs		 Instream	Flow	Requirements3 

Cow	Creek		 430	 431	 No	Major	
Storage	

No	
Major	
Storage	

‐7	 Mixed	rain	and	snow‐	rain	dominant‐	
unimpaired	

None	 None 

Battle	Creek		 357	 347	 No	Major	
Storage	

No	
Major	
Storage	

8	 Mixed	rain	and	snow,	significant	discharge	
from	springs‐	rain	dominant‐	hydropower	and	
diversion	impacts	

None	 None 

Butte	Creek		 797	 926	 No	Major	
Storage	

No	
Major	
Storage	

‐32	 Mixed	rain	and	snow‐interbasin	import	and	
diversion	impacted	during	irrigation	season	

None	 None 

Antelope	
Creek		

202	 100	 No	Major	
Storage	

No	
Major	
Storage	

13	 Mixed	rain	and	snow‐	rain	dominant‐	
diversion	impacts	in	Valley	

None	 None 

Deer	Creek	 298	 228	 No	Major	
Storage	

No	
Major	
Storage	

‐1	 Mixed	rain	and	snow‐	rain	dominant‐	
diversion	impacts	in	Valley	

None	 None 

Mill	Creek	 130	 215	 No	Major	
Storage	

No	
Major	
Storage	

2	 Mixed	rain	and	snow‐	rain	dominant‐	
diversion	impacts	in	Valley	

None	 None 

Paynes	
Creek	

93	 52	 No	Major	
Storage	

No	
Major	
Storage	

8	 Rain	driven‐	flashy‐	diversion	impacts	in	valley	 None	 None 

Clear	Creek	 249	 140	 241	 0.58	 0	 Interbasin	import	dominated‐	regulated	 Whiskeytown	Reservoir	 Combination	of	1960	MOA	between	DWR	and	
CDFG,	(b)2	actions,	and	2009	NMFS	BiOp	

Big	Chico	
Creek	

72	 101	 No	Major	
Storage	

No	
Major	
Storage	

0	 Rain	driven‐	flashy‐	flood	control	impacts	in	
valley	

None	 None 

Feather	
River		

4,400	 4,998	 5,131	 1.17	 ‐7	 Mixed	rain	and	snow‐	heavily	regulated‐	
diversion	and	flood	control	impacts	in	valley	

Lake	Oroville;	Lake	Davis;	Bucks	Lake;	Butt	Valley;	Antelope	Reservoir;	Frenchman	
Lake;	Lake	Almanor;	Poe	Reservoir;	Cresta	Reservoir;	Rock	Creek	Reservoir;	Belden	
Reservoir;	Little	Grass	Valley	Reservoir;	Philbrook‐Round	Valley	Reservoirs;	
Mountain	Meadows	Reservoir	

1986	MOU	between	CDFG	and	DWR	(High	Flow	
Channel,	Low	Flow	Channel	and	Verona)	

Yuba	River	 1,339	 1,654	 1,408	 1.17	 ‐16	 Mixed	rain	and	snow‐	heavily	regulated‐	
diversion	and	flood	control	impacts	in	valley	

Englebright	Reservoir;	New	Bullard's	Bar	Reservoir;	Bowman	Lake;	Scotts	Flat	
Reservoir;	Lake	Fordyce;	Merle	Collins	Reservoir;	Jackson	Meadows	Reservoir;	
Lake	Spaulding		

Lower	Yuba	River	Accord/State	Water	Board	
Revised	D‐1644	(Yuba	River	near	Marysville,	Yuba	
River	near	Smartville)	

Bear	River		 292	 472	 176	 2.67	 ‐20	 Rain	dominated‐	heavily	regulated‐	
import/export	impacted	

Camp	Far	West	Reservoir;	Rollins	Reservoir;	Lake	Combie	 1994	Settlement	Agreement	between	DWR,	South	
Sutter	Water	District,	and	Camp	Far	West	
Irrigation	District	

American	
River		

1,900	 2,711	 1,759	 1.54	 ‐44	 Mixed	rain	and	snow‐	heavily	regulated‐	
import/export	impacted	

Folsom	Lake;	Lake	Natoma;	Caples	Lake;	Loon	Lake;	Gerle	Creek	Reservoir;	Buck	
Island;	Sly	Creek	Reservoir;	French	Meadows;	Lake	Valley;	Stumpy	Meadows;	Hell	
Hole;	Union	Valley	Reservoir;	Camino	Reservoir;	Junction	Reservoir;	Silver	Lake;	
Jenkinson	Lake;	Chili	Bar;	Slab	Creek;	Ice	House	

Lower	American	River	Flow	Management	
Standard;	1958	WDR‐893	(H	St.)	
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River	

Drainage	
Area	
(mi2)	

Mean	
Annual	
Runoff	
(TAF/yr)1	

Total	
Storage	as	
modeled	
in	
SacWAM	
(TAF)	

Runoff	
to	
Storage	
Ratio	

Average	
Annual	
Stream	
Gain/Loss	
to	GW	
(TAF/yr)2	 Hydrologic	Regime	 Major	Reservoirs		 Instream	Flow	Requirements3 

Mokelumne	
River		

660	 744	 998	 0.74	 ‐75	 Mixed	rain	and	snow‐	snow	dominant‐	heavily	
regulated‐	diversion	impacted	

Pardee	Reservoir;	Camanche	Reservoir;	Lower	Bear;	Salt	Springs;	Lake	Amador	 1998	Joint	Settlement	Agreement	and	FERC	
license	for	the	Lower	Mokelumne	Hydroelectric	
Project	(FERC	No.	2916)	(below	Comanche,	below	
Woodbridge	Diversion	Dam);	2001	FERC	License	
for	the	North	Fork	Mokelumne	Project	(FERC	No.	
137)	(Below	PG&E	Dams,	below	Electra	
Powerhouse,	Below	Electra	Dam)	

Cosumnes	
River	

940	 387	 No	Major	
Storage	

9.43	 ‐2	 Mixed	rain	and	snow‐	rain	dominant‐	mostly	
unimpaired‐	diversion	impacts	in	valley	

Jenkinson	Reservoir	 None 

Calaveras	
River	

470	 160	 317	 0.50	 ‐46	 Rain	driven‐	regulated‐	diversion	impacts	in	
valley	

New	Hogan	Dam	 None 

Stony	Creek	 741	 418	 245	 1.71	 ‐23	 Rain	driven‐	regulated‐	diversion	and	export	
impacted	

East	Park	reservoir;	Stony	Gorge	Reservoir;	Black	Butte	Reservoir	 Below	Black	Butte	Reservoir	and	Below	Northside	
Dam 

Cottonwood	
Creek	

927	 551	 No	Major	
Storage	

No	
Major	
Storage	

‐9	 Rain	driven‐	flashy‐	mostly	unimpaired‐	
import	impacts	in	valley	during	irrigation	
season		

None	 None 

Thomes	
Creek	

301	 263	 No	Major	
Storage	

No	
Major	
Storage	

‐19	 Rain	driven‐	flashy‐	unimpaired	 None	 None 

Elder	Creek	 151	 67	 No	Major	
Storage	

No	
Major	
Storage	

0	 Rain	driven‐	flashy‐	unimpaired	 none	 None 

Cache	Creek	 1,139	 508	 1,456	 0.35	 ‐90	 Rain	driven‐	natural	lake	buffers	extreme	
events‐	some	regulation	on	tribs‐flood	control	
and	diversion	impacts	in	valley	

Clear	Lake;	Indian	Valley	Reservoir	 None 

Putah	Creek	 710	 358	 1,602	 0.22	 ‐10	 Rain	driven‐	regulated‐	impacted	by	exports	in	
valley	

Lake	Berryessa	 2000	Putah	Creek	Accord/Settlement	Agreement	
flow	requirements:	below	Putah	Diversion	Dam;	
at	I‐80	road	bridge	

mi2	 =	 square	miles.		

TAF/yr	=	 thousand	acre‐feet	per	year.	

MOA	 =	 memorandum	of	agreement.		

CDFG	 =	 California	Department	of	Fish	and	Game.	

DWR	 =	 California	Department	of	Water	Resources.	

WDR	 =	 waste	discharge	requirement.	

FERC	 =	 Federal	Energy	Regulatory	Commission.	

PG&	E	 =	 Pacific	Gas	and	Electric	Company.	
1	 Estimated	using	SacWAM	Current	Conditions	results	by	adding	all	upstream	inflows	and	rainfall‐runoff.		
2	 As	estimated	in	SacWAM	(State	Water	Board	2017).	
3	 As	estimated	in	SacWAM	(State	Water	Board	2017).	
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2.2 Hydrology of the Sacramento River and Major 
Tributaries 

2.2.1 Sacramento River 

The	Sacramento	River	is	the	longest	river	in	the	state	of	California.	There	are	many	factors	such	as	
elevation,	geology,	reservoir	operations,	flood	control	structures,	and	imports	to	the	watershed	from	
the	Trinity	River	system	that	affect	the	Sacramento	River’s	hydrology.	The	main	stem	Sacramento	
River	flows	through	the	Sacramento	Valley	from	Mount	Shasta	to	the	Delta.	

The	Sacramento	River	watershed	above	Shasta	and	Keswick	dams	is	6,500	square	miles	(DWR	
2013a).	The	Pit	River	and	the	McCloud	River	are	two	major	tributaries.	The	high	desert	region	above	
Shasta	Reservoir	produces	runoff	from	winter	rains,	spring	snowmelt,	and	summer	base	flows	
sustained	by	large	springs.	Shasta	Reservoir	is	the	largest	reservoir	in	California	with	a	capacity	of	
4.55	MAF.	Releases	from	Shasta	are	typically	made	through	the	Shasta	Power	Plant	timed	for	
efficient	energy	production.	Nine	miles	downstream	of	Shasta	Dam	is	Keswick	Reservoir	with	a	
capacity	of	28	TAF	which	re‐regulates	the	flow	from	Shasta	Powerhouse.	

The	Sacramento	River	also	receives	imports	from	the	Trinity	River	system	through	operations	of	the	
CVP.	Water	is	transferred	to	the	Sacramento	River	basin	from	the	Trinity	River	basin	through	a	
system	of	dams,	reservoirs,	tunnels,	and	power	plants.	Releases	from	Trinity	Dam	through	the	
Trinity	Power	Plant	are	stored	downstream	at	Lewiston	Reservoir	where	the	water	can	be	diverted	
to	the	Sacramento	River	watershed	through	the	Clear	Creek	Tunnel	to	Whiskeytown	Lake,	where	it	
can	then	either	be	released	to	Keswick	Reservoir	through	the	Spring	Creek	Tunnel	or	be	released	to	
Clear	Creek,	which	enters	the	Sacramento	River	downstream	of	Keswick	Reservoir	(DWR	2013a).	
Annual	imports	from	the	Trinity	River	into	Keswick	Reservoir	averaged	734	TAF	per	year	from	
water	years	1985–2009	(Figure	2.2‐1).	

	
Figure 2.2‐1. Annual Total Observed Imports from the Trinity River to the Sacramento Watershed 
via the Clear Creek Tunnel for Water Years 1985–2009 (Source: CDEC) 
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From	Keswick	Dam	downstream	to	the	city	of	Redding	the	channel	is	generally	straight,	stable,	and	
bedrock	controlled	as	it	runs	across	the	erosion	resistant	metamorphic	rock	of	the	Copley	
Formation	(DWR	2013a).	From	Redding	downstream	to	Red	Bluff	the	channel	continues	to	be	
bedrock	controlled	as	it	runs	across	the	Tehama	and	Tuscan	Formations	although	there	are	a	couple	
of	reaches	where	the	channel	can	meander.	Here	the	channel,	while	stable,	is	no	longer	straight,	but	
has	cut	deep	and	sinuous	bends	into	the	Tehama	and	Tuscan	Formations	as	well	as	through	basalt	
flows	(WET	1998;	DWR	2013a).		

Releases	from	Keswick	Reservoir	are	generally	lower	than	unimpaired	conditions	in	the	winter	and	
spring,	and	higher	in	the	summer	and	fall	as	shown	in	the	Sacramento	River	below	Keswick	
Reservoir	boxplot	below	(Figure	2.2‐2).	Boxplots	within	this	chapter	summarize	monthly	current	
simulated	hydrologic	conditions	(gray	box)	and	simulated	unimpaired	flow	(white	box)	at	various	
locations.	Shown	in	the	plots	are	maximum	and	minimum	flows	(top	and	bottom	whiskers),	upper	
quartile	(top	of	box),	median	(line	within	box)	and	lower	quartile	(bottom	of	box)	of	the	flow	data.	

Releases	from	Shasta	and	Keswick	Reservoirs	are	controlled	by	flood	operations,	agricultural	
demands	in	the	Sacramento	Valley,	stream	temperature	requirements,	Delta	demands	(including	
salinity	control	and	fish	and	wildlife	protection),	and	for	exports	to	the	Central	Valley	as	well	as	
major	urban	centers	in	southern	California	and	the	San	Francisco	Bay	area	(Reclamation	2017).	
Mean	annual	current	flow	conditions	are	higher	than	mean	annual	unimpaired	flow	conditions	
below	Keswick	because	of	imports	from	the	Trinity	River.	In	all	but	the	most	extreme	years,	the	
Sacramento	River	below	Keswick	Reservoir	under	current	conditions	is	greater	than	65	percent	of	
unimpaired	flow	on	average	during	the	winter‐spring	period,	although	monthly	flows	are	often	
more	impaired,	with	monthly	median	flows	in	March	and	April	less	than	50	percent	of	unimpaired	
flows	(Table	2.2‐1).	In	late	spring	through	fall,	flows	below	Keswick	Reservoir	are	generally	higher	
than	unimpaired,	due	to	storage	releases	for	use	within	the	basin,	export,	and	salinity	control.	

For	the	Sacramento	River,	as	in	other	systems	dependent	on	snow	pack	and	snow	melt,	the	typical	
components	of	the	unimpaired	flow	regime	generally	include:	fall	storm	flows,	winter	storm	flows,	
spring	snowmelt,	and	summer	base	flows	(Kondolf	et	al.	2001;	Cain	et	al.	2003;	Epke	2011;	Yarnell	
et	al.	2010;	Kondolf	et	al.	2012;	Yarnell	et	al.	2013).	These	characteristics	are	present	in	the	
Sacramento	Valley	streams	in	nearly	all	years,	with	wide	temporal	variations	in	magnitude	
throughout	the	year	and	from	year	to	year.	These	characteristics	are	illustrated	below	for	a	wet	
water	year	(2011)	(Figure	2.2‐3)	and	a	critically	dry	water	year	(2008)	(Figure	2.2‐4),	respectively	
for	the	Sacramento	River	below	Keswick	Reservoir.	Though	the	overall	flow	magnitudes	may	be	
different,	the	other	characteristics	of	the	flow	regimes	of	the	other	regulated	tributaries	are	similar.	
Water	diversion	and	storage	has	significantly	changed	the	shape	of	the	instream	hydrograph.	In	
both	water	year	types	shown,	fall	and	winter	peak	flows	are	reduced.	The	recession	limb	of	the	
spring	snowmelt	is	truncated	or	absent,	and	summer	base	flows	are	augmented.		
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Figure 2.2‐2. Sacramento River below Keswick Reservoir Simulated Current Conditions (gray) and 
Unimpaired (white) Monthly Flows 

	
	

Table 2.2‐1. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Sacramento River below Keswick Reservoir 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 70	 36	 21	 20	 14	 19	 16	 43	 106	 137	 173	 82	 42	 90	 73	

10%	 121	 74	 58	 41	 30	 27	 30	 70	 109	 235	 223	 138	 65	 145	 100	

20%	 147	 100	 72	 47	 36	 32	 36	 85	 127	 252	 247	 155	 75	 151	 103	

30%	 158	 104	 77	 52	 43	 35	 41	 96	 162	 265	 260	 161	 78	 160	 105	

40%	 164	 108	 85	 59	 51	 42	 43	 100	 179	 297	 274	 170	 81	 165	 108	

50%	 171	 114	 92	 64	 59	 49	 46	 103	 200	 316	 280	 182	 83	 175	 110	

60%	 177	 123	 96	 70	 65	 56	 54	 116	 216	 334	 289	 202	 85	 181	 112	

70%	 180	 129	 102	 83	 84	 68	 60	 138	 245	 349	 300	 241	 87	 189	 116	

80%	 192	 147	 106	 89	 98	 80	 68	 150	 281	 386	 310	 258	 90	 193	 120	

90%	 202	 166	 145	 105	 115	 94	 89	 202	 354	 422	 327	 278	 102	 205	 129	

100%	 228	 217	 192	 147	 132	 122	 168	 391	 488	 601	 355	 304	 163	 244	 184	
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Figure 2.2‐3. Daily Hydrograph of the Sacramento River below Keswick Reservoir for Water Year 
2011 with Unimpaired Flow (SHA) and Observed Flow (KWK)1 

	

																																																													
1	Daily	unimpaired	flows	presented	here	are	produced	by	DWR	as	Full	Natural	Flows	at	Shasta	Reservoir	(FNF).	
Source:	CDEC.	
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Figure 2.2‐4. Daily Hydrograph of the Sacramento River below Keswick Reservoir for Water Year 2007 
with Unimpaired Flow and Observed Flow2  
	

Downstream	of	Red	Bluff,	the	general	location	of	the	channel	within	the	Sacramento	Valley	and	its	
reach‐specific	geomorphology	are	controlled	by	geologic	fault	systems	and	river	sediment	loads	that	are	
primarily	delivered	from	westside	tributaries	(Jones	et	al.	1972;	WET	1998;	Schumm	2000;	Larsen	et	al.	
2002;	DWR	2013a).	Between	Red	Bluff	to	just	above	Stony	Creek	the	Sacramento	River	has	established	a	
wide	floodplain	and	has	a	sandy	and	gravelly	bottom.	From	Stony	Creek	through	the	Delta	to	the	town	of	
Clarksburg	the	channel	runs	between	natural	levees	and	the	outboard	flood	basins	(Bryan	1923;	
Olmsted	and	Davis	1961;	DWR	1994,	2010a,	2010b;	Whipple	et	al.	2012).		

Downstream	of	the	city	of	Sacramento,	the	river	enters	the	Delta	where	the	hydrograph	has	been	
modified	by	diversions,	flood	basins,	and	inflows	discussed	below.	The	flow	at	Freeport	includes	all	
water	that	has	entered	the	Sacramento	River,	except	Sacramento	River	water	that	passes	through	the	
Yolo	Bypass.	At	Freeport,	the	Sacramento	River	has	a	greater	level	of	impairment	than	it	does	upstream	
below	Keswick	Reservoir	(Figure	2.2‐5).	The	largest	difference	between	current	conditions	and	
unimpaired	flows	at	Freeport	are	in	the	months	of	April	and	May	where	in	half	of	the	years	the	flows	are	
below	39	percent	and	48	percent	of	unimpaired	flows,	respectively	(Table	2.2‐2).		
	

																																																													
2	Daily	unimpaired	flows	presented	are	produced	by	DWR	as	Full	Natural	Flows	(FNF).	Source:	CDEC.	
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Figure 2.2‐5. Sacramento River at Freeport Simulated Current Conditions (gray) and Unimpaired 
(white) Monthly Flows 

	
	

Table 2.2‐2. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Sacramento River at Freeport 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 55	 57	 47	 46	 43	 41	 29	 26	 47	 79	 83	 47	 45	 70	 61	

10%	 94	 79	 74	 60	 54	 49	 32	 34	 65	 111	 133	 108	 53	 107	 73	

20%	 105	 87	 76	 67	 59	 52	 34	 40	 67	 133	 155	 126	 56	 112	 76	

30%	 114	 94	 79	 73	 65	 56	 37	 42	 69	 149	 168	 143	 58	 118	 79	

40%	 122	 99	 84	 76	 69	 58	 38	 45	 72	 164	 180	 182	 60	 123	 80	

50%	 128	 108	 91	 79	 71	 61	 39	 48	 79	 182	 188	 194	 64	 128	 84	

60%	 137	 118	 96	 85	 76	 66	 45	 51	 83	 195	 192	 218	 68	 134	 86	

70%	 142	 123	 100	 90	 85	 72	 52	 56	 91	 207	 197	 239	 73	 140	 88	

80%	 148	 130	 111	 98	 94	 81	 59	 65	 109	 221	 205	 253	 76	 146	 89	

90%	 156	 137	 130	 100	 100	 96	 73	 70	 128	 231	 214	 299	 83	 158	 91	

100%	 180	 166	 178	 125	 100	 100	 99	 119	 185	 284	 236	 339	 91	 189	 105	
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2.2.2 Tributaries of Mount Lassen and Volcanic Buttes Region 

2.2.2.1 Battle Creek 

Battle	Creek	has	a	relatively	large	watershed	of	357	square	miles	most	of	which	is	spread	among	a	
number	of	relatively	high	elevation	tributaries	(Jones	&	Stokes	2005;	Myers	2012).	It	has	three	
significant	tributaries	with	headwaters	on	Mount	Lassen	(10,500	feet)	and	two	others	with	
headwaters	in	basins	encircled	by	7,000‐foot	peaks.	The	main	stem,	north	and	south	forks,	and	the	
tributaries	run	across	very	complex	terrain	over	volcanic	rock	of	various	types	and	ages	(Helley	et	
al.	1981;	DWR	1984;	Clynne	and	Muffler	2010).		

The	north	fork	of	Battle	Creek	is	especially	unique	as	it	has	an	unusually	low	precipitation	to	runoff	
ratio	and	a	number	of	large	cold‐water	springs	that	discharge	at	low	elevations	immediately	above	
impassable	fish	migration	barriers	(Jones	&	Stokes	2005;	Myers	2012).	The	locations	of	the	springs	
are	due	to	the	relatively	high	elevation	of	the	watershed	which	favors	slower	and	extended	
infiltration	from	melting	snow	compared	to	infiltration	plus	rapid	runoff	from	rain.		

Because	of	the	high	elevation	of	most	of	its	watershed	Battle	Creek	has	a	mixed	snow/rainfall	runoff	
regime	(Myers	2012).	Snow	accumulations	in	the	upper	watershed	store	a	significant	amount	of	
water,	dampen	large	precipitation	events,	and	shift	discharge	later	in	the	spring.	Rain‐on‐snow	
events	are	significant	in	terms	of	large	stream	pulse	flows	with	the	largest	daily	discharge	recorded	
being	35,000	cubic	feet	per	second	(cfs)	(Reclamation	2001).	The	numerous	springs	in	the	
watershed	contribute	to	a	relatively	high	late‐summer	and	fall	base	flow	of	250	cfs	and	to	cool	
stream	water	temperatures	below	the	springs	(Jones	&	Stokes	2005;	Myers	2012)	(Figure	2.2‐6).	
Stream	groundwater	interaction	studies	generally	indicate	that	most	of	Battle	Creek	receives	
groundwater	discharge	(DWR	1984).	

Battle	Creek	has	few	diversions	for	consumptive	use	but	has	been	developed	for	hydropower	and	
has	an	extensive	system	of	small	dams,	diversions,	and	canals	(Jones	&	Stokes	2005).	An	ongoing	
restoration	program	has	removed	migration	barriers	and	adjusted	or	eliminated	power‐generating	
operations	to	preserve	cold	water	temperatures	and	migratory	cues	for	salmonids	within	the	
watershed	(Jones	&	Stokes	2005;	Greater	Battle	Creek	Watershed	Working	Group	2017).		

Hydropower	operations	in	the	Battle	Creek	watershed	primarily	affect	flows	on	a	sub‐monthly	
timescale;	however,	Figure	2.2‐6	shows	on	average	Battle	Creek	is	lower	than	unimpaired	flows	in	
the	summer	months	(see	also	Table	2.2‐3).	
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Figure 2.2‐6. Battle Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 

	
	

Table 2.2‐3. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Battle 
Creek 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 92	 100	 100	 100	 100	 100	 100	 93	 67	 55	 59	 72	 96	 88	 93	

10%	 100	 100	 100	 100	 100	 100	 100	 100	 96	 75	 71	 86	 100	 91	 96	

20%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 79	 80	 89	 100	 93	 97	

30%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 82	 82	 93	 100	 94	 98	

40%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 85	 86	 95	 100	 95	 98	

50%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 90	 89	 98	 100	 96	 99	

60%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 94	 92	 100	 100	 98	 99	

70%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 99	 100	 100	 100	 99	 100	

80%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	

90%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	

100%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	

	

2.2.2.2 Cow Creek 

Cow	Creek	has	a	broad	and	relatively	large	watershed	of	430	square	miles	that	is	almost	equally	
divided	into	fifths	among	the	main	stem	and	four	essentially	coequal	tributaries	(SHN	2001;	
Western	Shasta	Resource	Conservation	District	2005).	Its	headwaters	reach	peaks	that	are	generally	
6,500–7,300	feet	in	elevation	so	it	has	a	mixed	snow/rain	precipitation	regime.	Significant	rain‐on‐
snow	events	can	occur	with	48,700	cfs	being	the	highest	recorded	event	(SHN	2001).	There	are	no	
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impassable	fish	migration	barriers	in	the	main	stem.	There	are	no	significant	dams	in	the	watershed;	
therefore,	simulated	current	hydrologic	conditions	are	very	similar	to	unimpaired	flows	(Figure	2.2‐
7;	Table	2.2‐4).	Stream	flow	in	the	lower	and	middle	reaches	during	the	summer	and	fall	is	typically	
very	low	due	to	diversions	for	irrigation,	recreation,	and	hydropower	(Western	Shasta	Resource	
Conservation	District	2005;	VESTRA	Resources	2007).		

	

	
Figure 2.2‐7. Cow Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 

	
	

Table 2.2‐4. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Cow 
Creek 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 3	 87	 98	 100	 100	 76	 69	 21	 19	 17	 23	 22	 85	 75	 87	

10%	 58	 99	 100	 100	 100	 100	 91	 62	 30	 23	 34	 33	 95	 87	 95	

20%	 71	 99	 100	 100	 100	 100	 100	 79	 42	 26	 39	 38	 96	 90	 96	

30%	 77	 100	 100	 100	 100	 100	 100	 84	 51	 29	 43	 40	 97	 91	 96	

40%	 84	 100	 100	 100	 100	 100	 100	 86	 59	 34	 46	 46	 98	 93	 97	

50%	 88	 100	 100	 100	 100	 100	 100	 90	 67	 39	 55	 51	 98	 95	 97	

60%	 93	 100	 100	 100	 100	 100	 100	 96	 70	 43	 68	 58	 99	 95	 98	

70%	 99	 100	 100	 100	 100	 100	 100	 100	 77	 50	 92	 84	 99	 96	 98	

80%	 100	 100	 100	 100	 100	 100	 100	 100	 83	 57	 101	 101	 99	 97	 99	

90%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 101	 102	 101	 100	 99	 100	

100%	 101	 100	 100	 100	 100	 100	 100	 100	 100	 113	 105	 102	 100	 100	 100	
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2.2.3 Tributaries of the Chico Monocline 

2.2.3.1 Antelope Creek 

Antelope	Creek	has	a	long	and	narrow	watershed	of	202	square	miles	of	which	123	square	miles	are	
above	the	valley	floor	(Armentrout	et	al.	1998;	Tehama	County	Resource	Conservation	District	
2010;	Stillwater	Sciences	2011,	2015).	The	three	forks	of	Antelope	Creek	originate	on	the	west	and	
south	slopes	of	6,900	foot	Mount	Turner.	

Because	of	the	relatively	high	elevation	of	its	upper	watershed	Antelope	Creek	has	a	mixed	
snow/rainfall	runoff	regime	(Tehama	County	Resource	Conservation	District	2010).	Snow	
accumulations	in	the	upper	watershed	store	a	significant	amount	of	water,	damp	large	precipitation	
events,	and	shift	discharge	later	in	the	spring.	However,	rain‐on‐snow	events	can	create	large	daily	
flows	with	the	largest	recorded	being	17,200	cfs.	The	lower	elevation	portion	of	the	upper	
watershed	receives	precipitation	primarily	as	rain	and	local	runoff	is	rapid	due	to	the	shallow	soil	
and	impervious	surface	of	the	Tuscan	Formation	which	underlies	this	portion	of	the	watershed.	The	
numerous	springs	discharging	from	the	canyon	walls	of	the	upper	watershed	also	contribute	to	
summer	base	flow	and	lower	water	temperatures	(Armentrout	et	al.	1998)	(Figure	2.2‐8).	

There	are	few	diversions	in	the	upper	watershed,	but	immediately	downstream	of	the	mouth	of	its	
canyon,	Antelope	Creek	is	blocked	by	the	Edwards	Ranch/Los	Molinos	Mutual	Water	Company	
diversion	dam	and	water	is	diverted	north	and	south	(Tehama	County	Resource	Conservation	District	
2010;	Stillwater	Sciences	2011,	2015).	There	are	several	other	smaller	diversions	below	the	diversion	
dam.	Stream/groundwater	interactions	on	Antelope	Creek	have	not	been	well	studied,	but	results	
from	C2VSIM	and	SacWAM	show	that	it	is	a	gaining	reach	(State	Water	Board	2017).	

Fish	migration	is	blocked	approximately	2–3	miles	above	the	confluences	of	each	of	the	three	forks	
on	Antelope	Creek	(Armentrout	et	al.	1998).	Flow‐related	constraints	on	fisheries	are	low	summer	
flows	from	the	canyon	mouth	to	the	Sacramento	River	and	numerous	beaver	dams	that	have	the	
potential	to	cause	stranding	and	impair	migration	(Stillwater	Sciences	2011,	2015).	Diversions	in	
the	summer	months	reduce	the	instream	flow	by	50	percent	or	more	in	more	than	half	of	the	years	
(Figure	2.2‐8;	Table	2.2‐5).	
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Figure 2.2‐8. Antelope Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 

	
	

Table 2.2‐5. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Antelope Creek 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 52	 100	 100	 100	 100	 100	 100	 34	 29	 26	 18	 22	 86	 65	 81	

10%	 100	 100	 100	 100	 100	 100	 100	 100	 41	 31	 29	 33	 96	 74	 90	

20%	 100	 100	 100	 100	 100	 100	 100	 100	 95	 33	 32	 36	 100	 76	 92	

30%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 36	 33	 38	 100	 79	 93	

40%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 37	 35	 40	 100	 81	 94	

50%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 39	 38	 43	 100	 83	 95	

60%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 44	 39	 69	 100	 84	 96	

70%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 58	 41	 87	 100	 87	 96	

80%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 44	 100	 100	 91	 98	

90%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 53	 100	 100	 95	 98	

100%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	

	

2.2.3.2 Deer Creek 

Deer	Creek	has	a	watershed	area	of	298	square	miles	(including	the	valley	reach)	(Armentrout	et	al.	
1998;	Tompkins	and	Kondolf	2007a)	and	originates	from	a	number	of	tributaries	flowing	from	the	
Mill	Creek	Plateau,	the	Lost	Creek	Plateau,	and	a	number	of	individual	peaks	with	Butt	Mountain,	at	
an	elevation	of	approximately	7,900	feet,	being	the	highest.	Because	of	the	relatively	high	elevation	
of	its	upper	watershed	Deer	Creek	has	a	mixed	snow/rainfall	runoff	regime	(Armentrout	et	al.	1998;	
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Tompkins	and	Kondolf	2007a).	Snow	accumulations	and	the	relatively	large	area	of	the	meadow	
system	in	the	upper	watershed	store	a	significant	amount	of	water,	damp	large	precipitation	events,	
and	shift	discharge	later	in	the	spring.	However,	rain‐on‐snow	events	can	create	large	daily	flows	
with	the	largest	recorded	being	24,000	cfs	(Tompkins	and	Kondolf	2007a).	The	lower	elevation	
areas	of	the	upper	watershed	receive	precipitation	primarily	as	rain	and	local	runoff	is	rapid	due	to	
the	shallow	soil	and	impervious	surface	of	the	Tuscan	Formation.	

The	late	spring	and	summer	hydrology	of	the	valley	floor	section	of	Deer	Creek	has	been	extensively	
modified	by	three	diversion	dams:	Stanford–Vina	Ranch	Diversion	Dam,	Cone‐Kimball	Diversion	
Dam,	and	the	Deer	Creek	Irrigation	District	Diversion	Dam	(Tompkins	and	Kondolf	2007a).	There	is	
also	a	flood	control	levee	system	that	constrains	and	diverts	flood	flows	up	to	peak	flows	of	
approximately	16,000	cfs	(Tompkins	and	Kondolf	2007a).	

Studies	have	shown	that	minimal	streamflow	is	lost	to	shallow	aquifers	on	the	lower	portion	of	Deer	
Creek	(Brown	and	Caldwell	2013;	DWR	2004,	2009a).	Only	1	TAF/yr	is	estimated	to	be	lost	on	Deer	
Creek	to	groundwater	on	average	in	the	current	conditions	simulation	in	SacWAM.	

Fish	migration	is	blocked	at	Upper	Deer	Creek	Falls	(Armentrout	et	al.	1998).	Fishery	constraints	are	
restricted	to	the	valley	floor	reach	and	include	diversion	dams	that	impede	or	block	passage,	
elevated	water	temperatures,	and	low	flows	in	late	spring	and	summer	(Armentrout	et	al.	1998).	
Diversions	primarily	affect	the	instream	flows	on	Deer	Creek	in	the	summer	months	when	the	
unimpaired	flows	are	already	very	low.	Deer	Creek	has	essentially	no	water	in	the	summer	months	
in	many	years	(Figure	2.2‐9;	Table	2.2‐6).	

	

	
Figure 2.2‐9. Deer Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 
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Table 2.2‐6. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Deer 
Creek 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 32	 100	 100	 100	 100	 100	 77	 25	 1	 2	 2	 3	 87	 52	 81	

10%	 100	 100	 100	 100	 100	 100	 88	 75	 42	 3	 3	 4	 93	 63	 87	

20%	 100	 100	 100	 100	 100	 100	 89	 81	 74	 4	 4	 7	 94	 71	 89	

30%	 100	 100	 100	 100	 100	 100	 92	 86	 98	 6	 4	 28	 95	 74	 90	

40%	 100	 100	 100	 100	 100	 100	 94	 95	 100	 20	 5	 51	 96	 78	 91	

50%	 100	 100	 100	 100	 100	 100	 96	 100	 100	 29	 6	 81	 97	 79	 92	

60%	 100	 100	 100	 100	 100	 100	 97	 100	 100	 61	 13	 94	 98	 83	 93	

70%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 86	 28	 100	 98	 85	 94	

80%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 58	 100	 99	 89	 95	

90%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 84	 100	 100	 95	 97	

100%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 99	

	

2.2.3.3 Mill Creek 

Mill	Creek	has	a	watershed	area	of	130	square	miles	(Armentrout	et	al.	1998;	Kondolf	et	al.	2001).	
Its	watershed	is	very	narrow	and	elongated	and	originates	on	the	upper	slopes	of	Mount	Lassen	
(10,500	feet),	flows	southward	to	the	Mill	Creek	Plateau,	and	soon	afterward	bends	to	the	southwest	
toward	the	Sacramento	Valley	(Armentrout	et	al.	1998;	Kondolf	et	al.	2001;	CDFW	2014).	Mill	Creek	
runs	in	its	deep	canyon	and	has	no	significant	tributaries	(Armentrout	et	al.	1998;	Kondolf	et	al.	
2001;	Clynne	and	Muffler	2010;	DWR	2014;	Muffler	and	Clynne	2015).		

Because	of	the	relatively	high	elevation	of	its	upper	watershed	Mill	Creek	has	a	mixed	snow/rainfall	
runoff	regime	(Armentrout	et	al.	1998;	Kondolf	et	al.	2001).	Snow	accumulations	on	the	sides	of	the	
high	elevation	peaks	in	the	upper	watershed	store	a	significant	amount	of	water,	damp	large	
precipitation	events,	and	shift	discharge	later	in	the	spring.	However,	rain‐on‐snow	events	can	create	
large	daily	flows,	with	the	largest	recorded	being	36,400	cfs	(Kondolf	et	al.	2001).	The	lower	elevation	
areas	of	the	upper	watershed	receive	precipitation	primarily	as	rain	and	local	runoff	is	rapid	due	to	the	
shallow	soil	and	impervious	surface	of	the	Tuscan	Formation.	A	significant	amount	of	summer	and	fall	
base	flow	originates	from	hydrothermal	springs	on	Brokeoff	Mountain,	Bumpass	Mountain,	and	
Diamond	Peak	(Armentrout	et	al.	1998;	Clynne	and	Muffler	2010;	Muffler	and	Clynne	2015).	

The	hydrology	of	the	floodplain	section	of	Mill	Creek	has	been	affected	by	two	diversion	dams:	
Upper	Diversion	Dam	and	Ward	Dam	Diversion	(Armentrout	et	al.	1998;	CDFW	2014;	Tehama	
Environmental	Solutions	2015).	Diversions	from	those	dams	significantly	affect	late‐spring,	
summer,	and	fall	flows	but	those	impacts	are	partially	mitigated	through	surface	water	transfer	and	
groundwater	conjunctive	use	agreements	(USDOI	2002;	LMMWC	2007)	(Figure	2.2‐10).	A	stream	
and	groundwater	interaction	study	for	a	Mill	Creek	found	that	interactions	were	very	small	(Brown	
and	Caldwell	2013).	SacWAM	estimates	that	2	TAF/yr	is	gained	on	Mill	Creek	from	groundwater	on	
average	in	the	current	conditions	simulation.	

Fish	migration	is	blocked	in	Mill	Creek	48	miles	above	the	Sacramento	River	near	the	Little	Mill	
Creek	confluence	(Armentrout	et	al.	1998).	The	primary	impairments	for	anadromous	fish	in	the	
Mill	Creek	watershed	are	low	late‐spring,	summer,	and	fall	flows	(Table	2.2‐7)	and	related	
temperature	issues	(Armentrout	et	al.	1998;	USDOI	2002;	LMMWC	2007).		
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Figure 2.2‐10. Mill Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 

	
	

Table 2.2‐7. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Mill 
Creek 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 6	 39	 99	 100	 100	 80	 31	 2	 2	 4	 3	 5	 61	 36	 51	

10%	 19	 99	 100	 100	 100	 100	 82	 23	 4	 4	 6	 6	 74	 45	 68	

20%	 32	 99	 100	 100	 100	 100	 100	 40	 4	 5	 7	 7	 79	 50	 71	

30%	 40	 100	 100	 100	 100	 100	 100	 53	 15	 5	 7	 8	 82	 55	 74	

40%	 44	 100	 100	 100	 100	 100	 100	 60	 21	 6	 8	 8	 84	 58	 76	

50%	 49	 100	 100	 100	 100	 100	 100	 65	 35	 6	 8	 9	 85	 61	 79	

60%	 56	 100	 100	 100	 100	 100	 100	 76	 45	 7	 9	 10	 90	 64	 84	

70%	 66	 100	 100	 100	 100	 100	 100	 100	 55	 8	 10	 27	 93	 71	 86	

80%	 82	 100	 100	 100	 100	 100	 100	 100	 62	 16	 72	 99	 95	 77	 90	

90%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 98	 100	 100	 92	 97	

100%	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	 100	

	

2.2.3.4 Paynes Creek 

Paynes	Creek	has	a	watershed	area	of	93	square	miles	(Tehama	County	Resource	Conservation	
District	2010)	with	its	origin	at	an	elevation	of	approximately	5,300	feet.	The	upper	watershed	of	
Paynes	Creek	receives	precipitation	primarily	as	rain	and	runoff	is	rapid	due	to	the	shallow	soil	and	
impervious	surface	of	the	Tuscan	Formation,	which	underlies	this	portion	of	the	watershed.	A	peak	
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daily	flow	of	10,600	cfs	has	been	recorded	and	flows	during	the	summer	are	very	small	and	the	
stream	can	become	intermittent	(Tehama	County	Resource	Conservation	District	2010).	There	are	
no	dams	on	Paynes	Creek	but	there	are	several	small	diversions	that	reduce	the	spring	and	summer	
flows	(Tehama	County	Resource	Conservation	District	2010).	SacWAM	does	not	include	any	
diversions	from	Paynes	Creek;	therefore,	the	current	simulated	conditions	are	equal	to	the	
unimpaired	results,	so	the	box	plot	and	table	are	not	presented.		

2.2.4 Tributaries of the Klamath Mountains 

2.2.4.1 Clear Creek 

Clear	Creek	has	a	watershed	area	of	249	square	miles	but	only	49	square	miles	and	16	river	miles	
are	below	the	Whiskeytown	Dam.	As	a	result,	reservoir	operations	completely	dominate	the	
hydrology	of	Lower	Clear	Creek	(Western	Shasta	Resource	Conservation	District	1996).	Above	the	
reservoir	numerous	small	tributaries	head	into	the	Trinity	Mountains	and	a	number	of	isolated	
peaks	with	maximum	elevations	of	6,200	feet	(Tetra	Tech	1998).	Occasionally	there	are	large	winter	
peak	flow	events	and	snow	can	remain	on	the	peaks	through	June.	Approximately	21	percent	of	the	
volume	of	water	in	the	Whiskeytown	Reservoir	is	from	Upper	Clear	Creek	and	the	other	79	percent	
is	imported	from	the	Trinity	River.	About	13	percent	of	the	stored	water	is	released	into	Lower	Clear	
Creek	and	the	remaining	87	percent	is	diverted	to	the	Spring	Creek	Powerhouse	and	discharged	into	
the	Keswick	Reservoir,	which	reduces	the	instream	flow	in	Clear	Creek	in	the	spring	(Figure	2.2‐11;	
Table	2.2‐8).	Flows	on	Clear	Creek	are	often	higher	than	unimpaired	flows	in	the	summer	and	fall	
due	to	an	instream	flow	requirement	at	Igo	designed	to	protect	native	fisheries	during	the	hot	
summer	months.		

	

	

Figure 2.2‐11. Clear Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 
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Table 2.2‐8. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Clear 
Creek 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 54	 14	 14	 14	 14	 14	 14	 19	 19	 24	 14	 15	 17	 24	 20	

10%	 117	 32	 15	 14	 15	 14	 14	 39	 37	 49	 60	 79	 20	 46	 28	

20%	 135	 59	 20	 15	 15	 15	 18	 47	 53	 61	 75	 115	 23	 54	 30	

30%	 190	 86	 31	 21	 16	 18	 23	 55	 63	 80	 116	 145	 25	 69	 35	

40%	 272	 132	 41	 26	 19	 21	 31	 74	 75	 93	 172	 257	 29	 78	 39	

50%	 328	 172	 64	 36	 23	 26	 41	 86	 89	 104	 213	 337	 35	 89	 48	

60%	 417	 189	 86	 55	 32	 34	 48	 118	 102	 155	 324	 600	 43	 112	 59	

70%	 523	 253	 101	 75	 44	 40	 56	 143	 131	 220	 458	 909	 47	 171	 67	

80%	 729	 345	 199	 101	 58	 53	 71	 176	 158	 287	 814	 AZ	 65	 255	 80	

90%	 AZ	 590	 369	 159	 98	 79	 101	 253	 228	 984	 AZ	 AZ	 89	 372	 116	

100%	 AZ	 AZ	 AZ	 AZ	 258	 279	 339	 AZ	 AZ	 AZ	 AZ	 AZ	 167	 1,057	 251	

“AZ”	indicates	that	the	unimpaired	flow	is	approaching	zero	and	is	very	low.	

	

2.2.5 Tributaries of the Paleochannels and Tuscan Formation 

2.2.5.1 Butte Creek 

Butte	Creek	is	formed	by	the	convergence	of	a	number	of	small	tributaries	flowing	from	the	
7,000‐foot	peaks	surrounding	the	relatively	large	Jonesville	basin,	which	is	at	an	elevation	of	6,000	
feet	(Butte	Creek	Watershed	Project	1998).	Its	upper	watershed	comprises	140	square	miles	of	its	
total	797	square	miles.	During	the	irrigation	season	Butte	Creek	discharges	through	the	Butte	
Slough	Outfall	Gates	at	the	western	side	of	the	Sutter	Buttes	but	otherwise	it	drains	southward	into	
Butte	Slough	in	the	Sutter	Bypass,	passes	through	large	areas	of	irrigated	agriculture,	and	discharges	
through	the	Sacramento	Slough	into	the	Sacramento	River	(Butte	Creek	Watershed	Project	1998).	

Because	of	the	relatively	high	elevation	of	its	upper	watershed	Butte	Creek	has	a	mixed	
snow/rainfall	runoff	regime	(Butte	Creek	Watershed	Project	1998).	Snow	accumulations	in	the	
upper	watershed	store	a	significant	amount	of	water,	dampen	large	precipitation	events,	and	shift	
discharge	later	in	the	spring.	The	lower	elevation	portion	of	the	upper	watershed	receives	
precipitation	primarily	as	rain	and	local	runoff	is	rapid	due	to	the	shallow	soil	and	impervious	
surface	of	the	Tuscan	Formation	which	underlies	this	portion	of	the	watershed.	There	are	infrequent	
rain‐on‐snow	events	which	have	generated	daily	flows	of	up	to	26,600	cfs	and	minimum	wet	season	
flows	during	drought	are	approximately	500	cfs	(Butte	Creek	Watershed	Project	1998).	

The	hydrology	of	Butte	Creek	has	been	extensively	modified	and	developed.	In	the	upper	watershed	
there	are	a	number	of	dams,	hydroelectric	projects,	and	diversions,	and	imported	water	from	the	
Feather	River	watershed	that	significantly	alter	the	timing	and	magnitude	of	flows	and	also	affect	
water	temperature	(Butte	Creek	Watershed	Project	1998;	Williams	et	al.	2002).		

Sacramento	River	flood	flows	often	completely	overtop	the	valley	floor	reach	of	Butte	Creek	in	the	
Butte	and	Sutter	basins.	These	combined	flows	start	in	the	upper	two‐thirds	of	the	Butte	basin	and	
drain	into	the	wide	upper	end	of	the	Butte	Sink	area	which	is	the	southernmost	section	and	
remaining	one‐quarter	of	Butte	basin.	The	combined	flows	enter	Butte	Sink	at	the	60‐foot	elevation	
contour	near	the	Moulton	Weir	(Bryan	1923),	converge	southward,	and	wrap	around	the	west	side	
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of	the	Sutter	Buttes.	Butte	Sink	is	bounded	to	the	west	by	the	30‐foot	high	natural	levee	of	the	
Sacramento	River	which	forces	Butte	Creek	to	the	southeast	and	is	bounded	to	the	east	by	the	Sutter	
Buttes.	The	naturally	incised	channel	of	Butte	Creek,	while	sometimes	immersed	deeply	by	basin	
and	sink	flood	flows,	persists	as	a	defined	channel	that	discharges	into	Butte	Slough	which	drains	
into	the	Sutter	basin	(USGS	1913;	Bryan	1923;	Carpenter	et	al.	1926;	Olmsted	and	Davis	1961;	DWR	
2012).	

Sacramento	River	flows	can	enter	the	Butte	basin	through	six	locations	(DWR	2010a,	2010b,	2012).	
When	flows	in	the	Sacramento	River	exceed	30,000	cfs,	flood	waters	flow	over	the	Colusa	Weir	
(70,000	cfs	designed	capacity)	into	the	main	section	of	the	Butte	Sink	(DWR	2010a,	2012).	Normally,	
the	Colusa	Weir	does	not	overtop	until	after	the	Tisdale	Weir	is	also	spilling,	when	Sacramento	River	
flow	is	greater	than	about	23,000	cfs,	except	for	flood	events	that	are	characterized	by	rapid	rise	in	
Sacramento	River	stage	(CDFW	2017;	USGS	2017).	When	flows	in	the	Sacramento	River	exceed	
70,000	cfs,	flood	waters	flow	into	the	upper	end	of	the	Butte	Sink	over	the	Moulton	Weir	(25,000	cfs	
designed	capacity)	(DWR	2010a,	2012).	When	flows	in	the	Sacramento	River	exceed	100,000	cfs	
water	can	pass	into	the	basin	at	its	upper	end	through	the	M&T	and	Parrot	Plug	flow	relief	
structures,	the	Three‐Bs	overflow	area,	and	an	emergency	overflow	roadway	(DWR	2010a,	2012).	

The	valley	floor	reach	is	known	to	lose	surface	water	to	groundwater	recharge	where	it	traverses	
the	Chico	alluvial	fan	but	the	amount	of	that	loss	has	not	been	determined	by	site‐specific	studies	
(Moran	et	al.	2005).	SacWAM	estimates	the	stream	loss	to	groundwater	to	be	‐32	TAF/yr	on	average	
from	Butte	Creek	(State	Water	Board	2017).	

The	Quartz	Bowl	Falls,	about	a	mile	below	the	DeSabla	Powerhouse,	is	a	natural	barrier	that	can	
block	fish	passage	(Butte	Creek	Watershed	Project	1998).	Salmon	and	steelhead	cannot	get	
upstream	of	the	Quartz	Bowl	Falls	on	a	regular	basis	but	have	been	observed	in	several	instances	
when	spring	flows	were	greater	than	2,000	cfs	(Ward	and	Moberg	2004;	DWR	2005).	Low	flows	and	
high	water	temperatures	during	the	summer,	imported	water	obscuring	migratory	cues	from	natal	
stream	water,	and	the	lack	of	a	defined	channel	from	the	lower	Butte	basin	to	the	Sacramento	River	
are	the	primary	fishery	issues.		

Imported	water	in	the	foothill	reach	provides	beneficial	colder	water	during	the	summer,	and	runoff	
from	rice	fields	in	the	Feather	River	Service	Area	augments	the	flows	in	other	months	(Figure	2.2‐12;	
Table	2.2‐9).	
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Figure 2.2‐12. Butte Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 

	
	

Table 2.2‐9. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Butte 
Creek 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 121	 127	 150	 132	 108	 122	 112	 145	 197	 283	 290	 149	 135	 200	 157	

10%	 187	 272	 180	 145	 118	 134	 120	 161	 249	 381	 411	 209	 147	 237	 172	

20%	 198	 356	 215	 170	 125	 140	 123	 181	 264	 409	 439	 222	 151	 269	 180	

30%	 212	 430	 260	 187	 131	 148	 126	 187	 294	 446	 470	 233	 158	 317	 196	

40%	 225	 500	 329	 202	 134	 156	 128	 193	 327	 465	 481	 241	 165	 352	 208	

50%	 230	 585	 378	 227	 137	 159	 130	 204	 348	 480	 498	 252	 176	 395	 222	

60%	 239	 664	 465	 264	 142	 164	 132	 214	 376	 509	 524	 267	 180	 431	 234	

70%	 252	 724	 573	 295	 147	 173	 135	 232	 409	 528	 544	 275	 196	 455	 258	

80%	 259	 783	 630	 352	 152	 182	 138	 247	 443	 567	 556	 293	 207	 494	 275	

90%	 275	 861	 825	 422	 162	 200	 145	 278	 483	 585	 589	 311	 222	 525	 299	

100%	 331	 994	 1,064	 648	 196	 278	 156	 385	 670	 675	 649	 404	 305	 607	 383	

	

2.2.5.2 Big Chico Creek 

Big	Chico	Creek	originates	from	surface	runoff	and	springs	from	Colb	Mountain	and	has	a	72	square	
mile	watershed	in	the	foothills	(Big	Chico	Creek	Watershed	Alliance	2014)	and	a	combined	
valley/foothill	watershed	of	359	square	miles.	Because	of	Colb	Mountain’s	relatively	low	maximum	
elevation	of	5,400	feet,	most	of	its	precipitation	falls	as	rain	but	colder	winter	storms	often	produce	
significant	amounts	of	snow	which	can	persist	in	the	shade	of	the	mountain’s	mixed	coniferous	
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forest	reducing	the	peak	storm	runoff	and	increasing	the	duration	of	winter	flows.	However,	rainfall	
is	the	dominant	source	of	precipitation	over	most	of	the	watershed	and	runoff	is	rapid	due	to	the	
shallow	soil	and	impervious	surface	of	the	Tuscan	Formation	which	underlies	the	entire	upland	
watershed.	Big	Chico	Creek	has	two	significant	tributaries,	Mud	and	Rock	Creeks,	which	originate	in	
the	foothills	at	elevations	below	4,000	feet.	Their	watersheds	are	also	on	the	Tuscan	Formation	and	
therefore,	runoff	is	rapid.	

There	are	no	large	reservoirs	or	diversions	on	the	upland	reaches	of	Big	Chico	Creek	or	its	
tributaries	(Big	Chico	Creek	Watershed	Alliance	2014).	At	the	lower	end	of	Butte	Meadows	at	an	
elevation	of	4,400	feet	there	is	a	small	dam	that	creates	a	swimming	pond.	Big	Chico	Creek	is	free	
flowing	from	the	Butte	Meadows	to	the	Five	Mile	Dam	flood	control	structure	which	diverts	winter	
flood	flows	into	the	Lido	Flood	Control	Channel.	Those	flows	and	the	flows	of	the	Sycamore	
Diversion	Canal	rejoin	Big	Chico	Creek	2.5	miles	upstream	of	its	confluence	with	the	Sacramento	
River.	Mud	and	Rock	Creeks	join	Big	Chico	Creek	below	the	Lido	Flood	Control	Channel	confluence.	
Below	Five	Mile	Dam	is	One	Mile	Dam,	an	inflatable	dam	and	fish	ladder	complex	that	is	operated	
during	the	warm	season	to	create	a	swimming	pond	within	the	channel	of	Big	Chico	Creek.	There	are	
a	number	of	small	water	diversions	from	Big	Chico	Creek	and	its	tributaries.	Big	Chico	Creek	
maintains	a	summer	base	flow	of	20–25	cfs	in	its	reach	across	the	valley	floor	to	the	Sacramento	
River	while	its	tributaries	become	dry	before	reaching	the	valley	floor.	

The	valley	floor	reach	is	known	to	lose	surface	water	to	groundwater	recharge	where	it	and	the	Lido	
Flood	Control	Channel	traverse	the	Chico	alluvial	fan	but	the	amount	of	that	loss	has	not	been	
determined	by	site‐specific	studies	(Moran	et	al.	2005).	

The	waterfall	above	the	Higgins	Hole	at	river	mile	(RM)	24	on	Big	Chico	Creek	is	an	impassable	
barrier	for	anadromous	fish.	That	hole	and	a	number	of	other	holes	immediately	downstream	
generally	provide	excellent	over	summer	holding	habitat	for	spring‐run	Chinook	salmon	(Big	Chico	
Creek	Watershed	Alliance	2014).	The	reach	from	the	Sacramento	River	to	just	upstream	of	the	Lido	
Flood	Control	Channel	provides	good	rearing	habitat.	Juveniles	are	sometimes	stranded	in	the	Lido	
Flood	Control	Channel	when	flood	flows	drop	rapidly.	The	primary	impairments	for	anadromous	
fish	in	the	Big	Chico	Creek	watershed	are	low	late‐spring	and	summer	flows	and	deficiencies	of	the	
Iron	Canyon	Fish	Ladder.	The	hydrology	of	Big	Chico	Creek	has	not	been	significantly	impaired	on	a	
monthly	timescale	by	upstream	diversions.	SacWAM	does	not	include	any	diversions	from	Big	Chico	
Creek	in	the	model;	therefore,	the	simulated	current	conditions	and	the	unimpaired	flows	are	the	
same,	so	the	chart	and	table	are	not	presented.	

2.2.6 Tributaries of the Northern Sierra Nevada 

2.2.6.1 Feather River 

The	Feather	River	has	a	watershed	of	4,400	square	miles	with	3,600	square	miles	above	Lake	
Oroville	and	the	remainder	below—not	counting	the	watersheds	of	the	Yuba	and	Bear	Rivers	and	
other	foothill	tributaries	(Koczot	et	al.	2005;	Sacramento	River	Watershed	Program	2010).	It	runs	to	
its	confluence	with	the	Sacramento	River	from	an	elevation	of	10,400	feet	on	Mount	Lassen	although	
most	of	its	headwaters	in	the	Sierra	Nevada	and	Diamond	Mountains	are	below	7,000	feet	(Koczot	et	
al.	2005).		

Above	Lake	Oroville	there	are	four	main	forks	that	include	the	West	Branch,	the	North	Fork,	the	
Middle	Fork,	and	the	South	Fork.	Additionally,	the	North	Fork	is	often	considered	to	have	an	Upper	
North	Fork	(upstream	of	Lake	Almanor	[1.3	MAF	capacity])	and	an	East	Branch.	The	four	river	forks	
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and	two	branches	of	the	North	Fork	provide	an	average	annual	inflow	to	Lake	Oroville	(3.54	MAF	
capacity)	of	4.54	MAF.	Pacific	Gas	and	Electric	Company	(PG&E)	diverts	approximately	45	TAF	from	
the	West	Branch	through	the	Toadtown	Canal	to	Butte	Creek.	The	South	Feather	Power	Project	
diverts	approximately	85	TAF/yr	from	Slate	Creek	(tributary	of	the	North	Yuba	River)	into	the	
Feather	River	watershed.	Additionally,	Sierra	Valley	on	the	Middle	Fork	and	Indian	Valley	on	the	
East	Branch	contain	large	areas	of	irrigated	agriculture	for	forage	and	hay	(Koczot	et	al.	2005;	
George	et	al.	2007).	

With	the	generally	low	elevation	of	the	ranges	and	because	approximately	60	percent	of	the	
watershed	lies	below	the	5,500‐foot	snow	line,	the	type	of	precipitation	is	very	sensitive	to	
temperature	frequently	with	rain‐on‐snow	during	the	day	and	snow	at	night	(Koczot	et	al.	2005).	
The	Feather	River	watershed	is	responsive	to	large	rain‐on‐snow	events	and	during	February	1986	
instantaneous	inflow	to	Lake	Oroville	reached	266,000	cfs	(USGS	2013a).	The	timing	of	peak	
monthly	inflow	into	Lake	Oroville	varies	from	March	through	May	according	to	the	phase	of	the	
Pacific	Decadal	Oscillation	and	hydropower	operations	(Koczot	et	al.	2005).		

Oroville	Dam	is	an	impassable	fish	barrier	and	the	loss	of	habitat	is	a	major	impact	on	fisheries	
although	spawning	habitat	restoration	actions	are	being	implemented	in	the	Lower	Feather	River	
(DWR	2007a).	Flows	in	the	Lower	Feather	River	are	highly	dependent	on	releases	from	Oroville	
Dam	and	diversions	from	Thermalito	Afterbay.	Additional	diversions	for	agriculture	by	water	rights	
holders	as	well	as	SWP	contractors	reduce	instream	flows	above	the	confluence	with	the	Yuba	River.	
The	large	effect	of	SWP	operations	on	the	Feather	River	is	shown	in	Figure	2.2‐13	and	Table	2.2‐10,	
where	under	current	conditions	winter	and	spring	flows	are	greatly	reduced	and	summer	flows	are	
much	higher	than	unimpaired	flows.	The	January–June	impairment	of	the	Feather	River	above	the	
confluence	with	the	Yuba	River	ranges	between	14	and	81	percent,	and	more	than	half	of	the	years	
modeled,	the	impaired	flow	is	less	than	42	percent	of	the	estimated	unimpaired	flow	during	
January–June	(Table	2.2‐10).	

	

	
Figure 2.2‐13. Feather River above Confluence with the Yuba River Simulated Current Conditions 
(gray) and Unimpaired (white) Monthly Flows 
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Table 2.2‐10. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Feather River above Confluence of Yuba River 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 19	 8	 11	 11	 11	 9	 5	 7	 13	 49	 32	 33	 14	 43	 38	

10%	 76	 35	 18	 19	 16	 16	 9	 12	 32	 107	 96	 83	 20	 98	 55	

20%	 96	 50	 23	 25	 22	 20	 11	 16	 43	 182	 204	 98	 26	 114	 62	

30%	 139	 63	 34	 29	 25	 25	 12	 21	 52	 240	 266	 193	 31	 131	 68	

40%	 179	 70	 43	 35	 29	 27	 14	 27	 63	 288	 315	 330	 36	 152	 70	

50%	 201	 80	 53	 43	 37	 37	 17	 31	 66	 330	 359	 371	 42	 167	 74	

60%	 216	 93	 66	 48	 46	 53	 21	 38	 75	 353	 376	 407	 45	 181	 76	

70%	 231	 109	 75	 64	 56	 62	 34	 44	 93	 387	 406	 448	 54	 209	 80	

80%	 250	 124	 94	 78	 75	 79	 47	 52	 120	 409	 432	 483	 60	 225	 83	

90%	 283	 135	 132	 94	 92	 91	 63	 63	 132	 439	 464	 531	 70	 252	 90	

100%	 323	 164	 300	 145	 106	 110	 87	 161	 262	 544	 544	 615	 81	 329	 119	

	

Groundwater	interactions	are	complex	along	the	Lower	Feather	River	as	they	respond	to	droughts,	
seasonal	groundwater	pumping,	seepage	from	the	Thermalito	Reservoir,	local	expression	of	the	
underlying	geologic	formations,	and	flows	from	the	river	channel	through	underlying	paleochannels	
of	the	Feather	River	(Busacca	et	al.	1989;	Baker	and	Pavlik	1990;	Blair	et	al.	1992;	CDM	2008;	
Springhorn	2008;	Wood	Rodgers	2012).	In	SacWAM	under	current	conditions,	stream	losses	to	
groundwater	are	estimated	to	be	‐138	TAF/yr	in	a	wet	year	but	gains	61	TAF/yr	on	average	in	a	
critical	year	(State	Water	Board	2017).	

Below	inflows	from	the	Yuba	and	Bear	Rivers,	the	much	larger	Feather	River	(Figure	2.2‐14)	
meanders	for	12	miles	where	two	minor	agricultural	diversions	exist	before	meeting	with	the	
Sacramento	River.	The	Yuba	and	Bear	Rivers	add	more	flow	in	the	spring	to	the	Feather	River,	often	
increasing	the	percent	of	unimpaired	flow	reaching	the	Sacramento	River.	Above	the	confluence	
with	the	Sacramento	River,	the	January–June	current	conditions	as	a	percentage	of	unimpaired	flow	
ranges	from	28	to	81	percent	and	is	less	than	43	percent	in	half	of	the	years.	Monthly	average	
unimpaired	flows	during	the	fall,	winter,	and	spring	are	significantly	lower	in	some	years,	with	flows	
as	low	as	11	percent	of	unimpaired	in	April	and	May	(Table	2.2‐11).		
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Figure 2.2‐14. Feather River at Confluence with the Sacramento River Simulated Current 
Conditions (gray) and Unimpaired (white) Monthly Flows 

	
	

Table 2.2‐11. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Feather River at Confluence of Sacramento River 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 41	 26	 19	 22	 19	 19	 11	 11	 37	 69	 42	 49	 28	 47	 45	

10%	 77	 44	 30	 29	 28	 27	 15	 24	 61	 109	 110	 102	 31	 92	 56	

20%	 97	 52	 36	 36	 31	 29	 16	 28	 67	 170	 175	 118	 33	 105	 60	

30%	 118	 59	 41	 41	 36	 32	 17	 31	 71	 206	 221	 187	 36	 117	 64	

40%	 143	 69	 49	 46	 39	 35	 18	 33	 74	 243	 257	 255	 39	 126	 68	

50%	 152	 79	 52	 49	 45	 41	 21	 38	 83	 275	 278	 299	 43	 138	 71	

60%	 164	 89	 66	 56	 49	 55	 24	 46	 87	 298	 298	 329	 51	 151	 73	

70%	 173	 97	 75	 67	 60	 64	 37	 51	 94	 322	 311	 347	 58	 169	 76	

80%	 180	 111	 89	 77	 77	 72	 48	 59	 109	 340	 336	 377	 66	 182	 79	

90%	 197	 118	 114	 91	 87	 84	 62	 67	 135	 368	 364	 409	 71	 213	 81	

100%	 244	 146	 230	 114	 97	 98	 77	 118	 196	 414	 443	 452	 81	 264	 95	

	

2.2.6.2 Yuba River 

The	Yuba	River	has	a	watershed	of	1,339	square	miles	and	runs	to	its	confluence	with	the	Feather	
River	from	an	elevation	of	8,600	feet	at	the	crest	of	the	Sierra	Nevada	(HDR	and	SWRI	2007).	There	
are	three	forks	with	the	following	watershed	areas:	North	Fork,	490	square	miles;	Middle	Fork,	210	
square	miles;	and	South	Fork	350	square	miles	(UYRSPST	2007).	The	Yuba	River	watershed	is	



State Water Resources Control Board  Hydrology
 

 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

2‐39 
Final

 

responsive	to	rain‐on‐snow	events	and	during	the	January	1997	rain‐on‐snow	event	instantaneous	
flow	at	Marysville	reached	180,000	cfs	(Entrix	2003).	Historically,	prior	to	the	construction	of	New	
Bullards	Bar	and	Englebright	Dams,	peak	monthly	runoff	was	generated	by	snow	melt	during	April	
and	May	(Pasternack	2009).	Flows	in	the	Lower	Yuba	River	during	the	July	to	January	low‐flow	
season	appear	to	have	increased	since	construction	of	the	dams	(Pasternack	2009)	but	stream	flow	
gage	records	only	began	after	most	of	the	high	elevation	dams	had	been	constructed.	

The	North	and	Middle	Forks	of	the	Yuba	River	join	in	the	foothills	just	below	New	Bullards	Bar	
Reservoir	and	a	few	miles	more	downstream	are	joined	by	the	South	Fork,	which	then	flows	into	the	
relatively	small	Englebright	Lake	(70	TAF).	Yuba	River	can	be	naturally	divided	into	three	sections.	
The	upper	sections	of	each	of	the	three	forks	run	through	a	series	of	glaciated	basins	at	elevations	
ranging	from	5,500	to	7,000	feet	(James	et	al.	2002;	James	2003;	NID	2011).	Below	the	glaciated	
basins	to	the	toe	of	the	foothills	just	below	Englebright	Reservoir	the	three	forks	and	main	stem	run	
through	deep	and	narrow	parallel	canyons	with	relatively	steep	gradients	(NID	2011).		

There	are	many	hydropower	reservoirs	and	diversions	in	the	upper	watershed	which	affect	the	
timing	of	inflows	to	New	Bullards	Bar	and	Englebright	Reservoirs.	Additionally	there	are	major	
transfers	of	water	out	of	the	watershed.	The	Slate	Creek	Diversion	(discussed	above	in	the	Feather	
River	section)	diverts	on	average	about	85	TAF/yr	from	the	North	Fork	Yuba	River	into	the	Feather	
River	watershed,	and	the	Drum	Canal	diverts	on	average	about	350	TAF/yr	from	the	South	Fork	
Yuba	River	at	Lake	Spaulding	to	the	Bear	River.	

New	Bullards	Bar	Reservoir	on	the	North	Fork	is	by	far	the	largest	reservoir	in	the	Yuba	River	
watershed,	with	storage	capacity	of	about	960	TAF.	While	reservoirs	on	the	Middle	Fork	are	smaller,	
North	Fork	water	can	be	transferred	to	either	the	North	Fork	or	the	South	Fork	upstream	at	Our	
House	Diversion	Dam,	Log	Cabin	Diversion	Dam,	and	Milton	Reservoir.	Similarly,	reservoirs	on	the	
South	Fork	are	relatively	small,	but,	as	stated	above,	South	Fork	water	can	be	transferred	to	the	Bear	
River	at	Lake	Spaulding.	As	a	result,	winter	and	spring	flows	on	the	Lower	Yuba	River	may	be	
dominated	by	unregulated	South	Fork	flow	downstream	of	Lake	Spaulding,	Middle	Fork	flow	that	
could	not	be	transferred	to	the	other	forks,	or	flow	from	Deer	and	Dry	Creeks.	However,	when	flood	
releases	are	made	from	New	Bullards	Bar	Reservoir	on	the	North	Fork,	these	flows	may	dominate	
flows	in	the	Lower	Yuba	River.		

Englebright	Dam	blocks	fish	passage	on	the	Yuba	River	and	the	major	impacts	on	fisheries	are	
primarily	due	to	the	loss	of	spawning	habitat	above	Englebright	and	the	other	dams.	There	have	
been	a	number	of	operations	agreements	to	maintain	flow	and	water	temperature	below	
Englebright	Dam	(Pasternack	2009;	NID	2011;	USACE	2013,	2014)	and	provide	spawning	habitat	
restoration	actions	in	the	Lower	Yuba	River	(Pasternack	2009;	NID	2011;	USACE	2013,	2014).	Plans	
for	fish	passage	above	Englebright	Reservoir	and	New	Bullards	Bar	Reservoir	are	being	discussed	as	
part	of	the	BiOp	for	continued	operation	of	Englebright	Reservoir	and	Daguerre	Point	Dam	and	the	
multiple	Federal	Energy	Regulatory	Commission	(FERC)	projects	going	through	relicensing	in	the	
Yuba	River	watershed	(DWR	2016c).	

Groundwater	interactions	are	complex	along	the	Lower	Yuba	River	as	they	respond	to	droughts,	
seasonal	groundwater	pumping,	and	movement	of	stream	water	into	and	out	of	the	large	deposits	of	
hydraulic	mining	sediment	(Entrix	2003).	However,	despite	those	complexities,	flow	in	the	Lower	
Yuba	River	is	dominated	by	the	operations	of	New	Bullards	Bar	Reservoir	and	diversions	at	
Daguerre	Point	Dam.	Reservoir	storage	and	diversions	on	the	Yuba	River	have	greatly	reduced	flows	
on	the	Lower	Yuba	River	during	the	spring	months,	have	reduced	winter	peak	flows	and	have	
reduced	the	variability	in	monthly	flows	(Figure	2.2‐15).	The	winter‐spring	Yuba	River	impaired	
flow	as	a	percentage	of	unimpaired	flow	ranges	from	18	to	78	percent	and	is	less	than	47	percent	
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half	of	the	years.	Flows	in	all	months	except	September	are	also	significantly	reduced	in	some	years,	
but	are	generally	reduced	in	the	wet	season	and	increased	in	the	dry	season	(Table	2.2‐12).		

	
	

 
Figure 2.2‐15. Yuba River Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 

	
	

Table 2.2‐12. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Yuba River 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 35	 28	 17	 21	 18	 18	 10	 8	 10	 26	 37	 82	 18	 43	 34	

10%	 52	 39	 31	 29	 26	 24	 14	 20	 37	 98	 128	 135	 27	 79	 42	

20%	 58	 44	 36	 34	 31	 25	 17	 30	 67	 116	 140	 150	 33	 82	 47	

30%	 63	 49	 40	 39	 34	 29	 18	 37	 101	 149	 148	 155	 37	 85	 50	

40%	 70	 56	 46	 42	 39	 33	 19	 45	 104	 168	 157	 163	 42	 87	 55	

50%	 76	 63	 51	 53	 47	 38	 23	 53	 107	 200	 163	 170	 47	 94	 58	

60%	 82	 69	 58	 59	 56	 42	 25	 60	 112	 218	 171	 177	 55	 105	 64	

70%	 88	 78	 65	 69	 64	 52	 32	 65	 115	 244	 179	 190	 60	 113	 69	

80%	 93	 90	 71	 73	 70	 57	 40	 72	 124	 267	 186	 200	 68	 125	 72	

90%	 106	 106	 83	 80	 77	 65	 49	 78	 138	 298	 205	 229	 72	 139	 76	

100%	 196	 131	 140	 185	 129	 79	 73	 84	 226	 387	 269	 269	 78	 173	 79	
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2.2.6.3 Bear River 

The	Bear	River	has	a	watershed	of	292	square	miles	and	runs	from	an	elevation	of	5,500	feet	in	the	
Sierra	Nevada	to	its	confluence	with	the	Feather	River.	The	Bear	River	can	be	divided	into	an	upper	
section	above	Rollins	Reservoir,	a	middle	section	above	Camp	Far	West	Reservoir,	and	a	lower	
section	in	the	Sacramento	Valley	from	Camp	Far	West	Reservoir	to	the	Feather	River	confluence	
(James	1989).		

The	hydrology	of	the	Bear	River	has	been	extensively	altered	through	a	complex	series	of	power	
diversion	and	storage	dams,	exports	and	imports	of	water	to	and	from	adjacent	watersheds,	and	the	
filling	and	subsequent	incision	of	the	hydraulic	mining	sediment	in	the	channel	(State	Water	Board	
1955;	James	1989;	NID	2008,	2010,	2011;	NMFS	2014b).	Low	minimum	flow	releases	from	Camp	
Far	West	Reservoir	during	most	of	the	year	are	the	largest	impact	on	anadromous	fish	in	the	river	
(NMFS	2014b),	with	flows	frequently	below	50	percent	of	unimpaired	in	winter‐spring	months	
(Table	2.2‐13;	Figure	2.2‐16).	

	
	

 
Figure 2.2‐16. Bear River Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 
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Table 2.2‐13. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Bear 
River 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 31	 28	 24	 16	 15	 24	 24	 33	 48	 55	 94	 65	 37	 40	 53	

10%	 51	 36	 34	 29	 27	 36	 36	 50	 75	 85	 121	 88	 51	 61	 63	

20%	 55	 48	 42	 36	 38	 61	 42	 67	 82	 93	 140	 105	 68	 70	 71	

30%	 63	 59	 48	 44	 55	 84	 52	 82	 86	 111	 161	 118	 71	 75	 77	

40%	 71	 66	 58	 55	 74	 95	 62	 89	 92	 124	 179	 133	 77	 84	 83	

50%	 78	 79	 69	 61	 87	 104	 82	 93	 98	 145	 200	 153	 85	 92	 87	

60%	 87	 84	 78	 85	 97	 108	 92	 97	 104	 162	 225	 183	 92	 99	 91	

70%	 102	 94	 86	 95	 105	 111	 102	 99	 115	 182	 260	 221	 101	 105	 97	

80%	 112	 112	 97	 103	 108	 113	 113	 110	 147	 207	 295	 242	 107	 117	 101	

90%	 132	 139	 113	 112	 112	 122	 125	 124	 199	 260	 335	 340	 109	 133	 104	

100%	 305	 378	 144	 135	 138	 142	 210	 232	 299	 300	 406	 592	 120	 175	 128	

	

2.2.6.4 American River 

The	American	River	has	a	watershed	of	1,900	square	miles	that	ranges	in	elevation	from	23	to	more	
than	10,000	feet	(USFWS	1995).	In	the	lower	foothills,	the	river	branches	into	the	North,	Middle,	and	
South	Forks.	Additionally,	the	South	and	Middle	Forks	have	significant	tributaries,	Silver	Creek	and	the	
Rubicon	River,	respectively	(PCWA	2007;	FERC	2008;	NID	2008).	The	American	River	watershed	is	
very	responsive	to	rain‐on‐snow	events	as	it	has	an	almost	equal	proportion	of	rain	and	snow,	a	
significant	area	of	its	watershed	at	moderate	elevations,	is	located	where	storms	are	most	likely	to	
produce	intense	precipitation,	and	is	in	the	relatively	small	region	of	the	Sierra	Nevada	and	Cascade	
Range	that	becomes	warmest	during	rain‐on‐snow	events	(Dettinger	2005).	During	the	January	1997	
rain‐on‐snow	event	instantaneous	inflow	to	Folsom	Reservoir	reached	253,000	cfs	(NOAA	2016).		

There	are	a	large	number	of	diversions	in	the	watershed,	13	major	reservoirs,	and	imports	of	water,	
as	well	as	transfers	between	the	three	forks	(USFWS	1995;	PCWA	2007;	FERC	2008;	NID	2008,	
2011).	Hydropower	reservoirs,	diversions,	and	inter‐basin	transfers	upstream	of	Folsom	Reservoir	
reduce	the	inflow	to	Folsom	Reservoir	during	the	spring	and	increase	the	inflow	during	the	summer	
months.	There	are	two	transfers	of	water	into	the	American	River	watershed;	one	via	the	South	
Canal	from	the	Bear	River	which	transfers	about	100	TAF/yr	on	average	and	one	from	Sly	Park	
Creek,	a	tributary	of	the	Cosumnes	River,	of	approximately	20	TAF/yr.	There	are	two	main	
diversions	above	Folsom	Reservoir	to	Placer	County	Water	Agency	(PCWA)	and	El	Dorado	Irrigation	
District.		

Folsom	Reservoir	is	operated	for	flood	control,	urban	uses	within	the	basin,	Delta	salinity	control,	
and	agricultural	uses	south	of	the	Delta.	How	each	of	these	uses	control	releases	can	be	complex;	
however,	flows	on	the	lower	American	are	lower	in	the	spring	and	higher	in	the	summer	when	
compared	to	unimpaired	conditions	(Figure	2.2‐17).	Table	2.2‐14	shows	that	current	conditions	are	
less	than	50	percent	of	unimpaired	flow	at	the	mouth	of	the	American	River	nearly	70	percent	of	the	
time	in	April	and	70	percent	of	the	time	in	May.	January–June	flows	range	from	32	to	86	percent	of	
unimpaired	flows.		
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Groundwater	interactions	north	of	the	current	channel	are	dominated	by	well	pumping	in	the	Mehrten	
and	Laguna	Formations	(DWR	1974)	and	now	is	considered	to	be	a	losing	reach	(DWR	2013a).	In	
SacWAM	under	current	conditions	the	reach	is	assumed	to	lose	about	‐44	TAF/yr	on	average.		

	

	
Figure 2.2‐17. American River Simulated Current Conditions (gray) and Unimpaired (white) 
Monthly Flows 

	
	

Table 2.2‐14. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
American River 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar Apr May Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 102	 43	 17	 18	 7	 10	 6	 8	 33	 66	 268	 73	 32	 115	 64	

10%	 174	 73	 43	 38	 28	 29	 19	 24	 60	 118 407	 335	 40	 142	 73	

20%	 227	 101	 81	 58	 37	 37	 27	 29	 70	 158 452	 441	 44	 163	 81	

30%	 306	 146	 92	 72	 62	 41	 31	 34	 75	 268 507	 527	 52	 193	 87	

40%	 350	 207	 100	 85	 79	 45	 33	 36	 78	 332 585	 602	 55	 259	 90	

50%	 411	 273	 102	 97	 99	 52	 40	 39	 81	 428 628	 682	 58	 300	 92	

60%	 475	 339	 119	 101	 101	 55	 45	 43	 86	 520 741	 795	 63	 337	 94	

70%	 562	 423	 208	 106	 104	 62	 51	 47	 101 624 804	 902	 71	 384	 98	

80%	 672	 535	 258	 113	 110	 70	 58	 54	 129 783 1,060 1,262 76	 492	 103	

90%	 815	 774	 386	 188	 119	 76	 65	 65	 189 947 1,487 AZ	 79	 593	 107	

100%	 1,407	 1,075	 564	 293	 185	 87	 76	 94	 366 AZ	 AZ	 AZ	 86	 904	 164	

“AZ”	indicates	that	the	unimpaired	flow	is	approaching	zero	and	is	very	low.	
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2.2.7 Tributaries of Eastside of the Delta 

Three	rivers	with	very	different	hydrological	responses	comprise	this	grouping.	The	Mokelumne	
and	Calaveras	Rivers	are	within	the	San	Joaquin	fluvial	fan	system	while	the	Cosumnes	River	
occupies	a	small	geological	and	hydrological	gap	between	that	system	and	the	northern	Sierra	
Nevada	tributaries.	

2.2.7.1 Mokelumne 

The	Mokelumne	River	watershed	is	660	square	miles	and	extends	from	10,400	feet	in	the	Sierra	
Nevada	to	sea	level	at	its	confluence	with	the	San	Joaquin	River	in	the	Delta	(RMC	2006,	2007).	The	
watershed	is	generally	divided	into	an	upper	section	with	three	large	forks,	a	middle	section	with	
the	Pardee	and	Camanche	Reservoirs	and	no	significant	tributaries,	and	a	lower	section	which	
connects	to	the	San	Joaquin	River	and	receives	inflow	from	the	Cosumnes	River	and	Dry	Creek.	The	
hydrology	of	the	Mokelumne	River	is	dominated	by	the	flows	of	its	North	Fork	and,	lower	in	the	
watershed,	by	releases	from	Pardee	and	Camanche	Reservoirs.		

The	North	Fork,	is	its	largest	tributary	at	370	square	miles	and	produces	85	percent	of	the	river’s	
flow	(RMC	2006).	Because	of	the	high	elevation	of	its	catchment,	much	of	the	North	Fork’s	flow	
originates	from	melting	snowpack	which,	while	reduced	and	truncated	by	power‐generating	dams	
(Ahearn	et	al.	2005),	sustains	high	flows	into	Pardee	and	Camanche	Reservoirs	through	July	in	wet	
years	and	through	May	in	dry	years	(Piper	et	al.	1939;	RMC	2006,	2007).		

Pardee	and	Camanche	Reservoirs	are	operated	by	East	Bay	Municipal	Utility	District	(EBMUD)	with	
the	purposes	of	flood	control,	urban	uses,	and	hydropower.	EBMUD	diverts	approximately	200	
TAF/yr	on	average	from	Pardee	Reservoir	through	the	Mokelumne	Aqueduct.	Below	Camanche	
Reservoir,	the	lower	Mokelumne	River	winds	through	a	pattern	of	incised	channels.	There	are	many	
diversions	on	the	Mokelumne	River	for	agricultural	uses,	the	largest	at	Woodbridge	Diversion	Dam.		

Current	simulated	flow	conditions	on	the	Mokelumne	River	above	the	confluence	with	the	
Cosumnes	River	are	much	lower	for	all	months	except	the	late	summer	and	fall	when	compared	with	
the	unimpaired	simulation	(Figure	2.2‐18).	The	unimpaired	flow	approaches	or	reaches	zero	
frequently	in	late	summer	through	early	fall	(Figure	2.2‐18;	Table	2.2‐15).	Reservoir	operations	and	
diversions	on	the	Mokelumne	River	have	reduced	the	simulated	current	flows	to	below	24	percent	
of	the	unimpaired	January–June	flows	in	50	percent	of	the	years.		

During	the	FERC	license	modification	process	for	the	Lower	Mokelumne	River,	negative	fishery	
effects	were	identified	as	insufficient	flow,	insufficient	habitat,	migration	barriers,	and	predatory	
fish.	In	1996	the	Joint	Settlement	Agreement	was	concluded	and	EBMUD	assumed	responsibility	for	
a	range	of	stream	flow,	reservoir	cold‐water	pool,	habitat	restoration,	and	predator	control	
responsibilities	(EBMUD	et	al.	1996).		
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Figure 2.2‐18. Mokelumne River Simulated Current Conditions (gray) and Unimpaired (white) 
Monthly Flows 

	
	

Table 2.2‐15. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Mokelumne River 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar Apr May Jun Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 89	 19	 20	 9	 10	 4	 5	 0	 0	 0	 0	 2	 8	 46	 18	

10%	 236	 47	 27	 31	 18	 13	 7	 1	 0	 0	 1	 13	 15	 100	 27	

20%	 384	 83	 47	 37	 28	 17	 8	 7	 0	 0	 2	 29	 16	 112	 31	

30%	 546	 101	 54	 51	 37	 20	 10	 8	 0	 1	 4	 84	 17	 132	 35	

40%	 651	 121	 69	 60	 41	 23	 12	 8	 15	 1	 8	 365	 20	 153	 39	

50%	 814	 161	 81	 68	 50	 25	 14	 11	 30	 65	 222	 685	 24	 170	 45	

60%	 968	 222	 111	 77	 58	 27	 16	 24	 44	 75	 427	 881	 32	 209	 50	

70%	 1,255	 286	 142	 92	 70	 33	 19	 37	 54	 82	 549	 1,167 38	 247	 58	

80%	 1,482	 336	 168	 110	 77	 43	 29	 45	 63	 93	 747	 1,350 51	 287	 63	

90%	 AZ	 421	 266	 175	 89	 55	 38	 57	 68	 119 1,023 AZ	 59	 364	 68	

100%	 AZ	 AZ	 808	 465	 456	 109	 70	 86	 76	 221 AZ	 AZ	 73	 500	 80	

A	zero	(0)	indicates	that	the	simulated	current	conditions	are	zero.	
“AZ”	indicates	that	the	unimpaired	flow	is	approaching	zero	and	is	very	low.	

	



State Water Resources Control Board  Hydrology
 

 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

2‐46 
Final

 

2.2.7.2 Cosumnes River 

The	Cosumnes	River	watershed	is	940	square	miles	that	extends	from	an	elevation	of	7,500	feet	in	the	
Sierra	Nevada	to	a	few	feet	above	sea	level	at	its	confluence	near	the	mouth	of	the	Mokelumne	River	
(Robertson‐Bryan	2006a).	There	are	three	main	tributaries	to	the	Cosumnes	River—the	North,	
Middle,	and	South	Forks—which	all	converge	in	the	foothills	immediately	above	the	Central	Valley.		

The	watershed	of	the	Cosumnes	River	is	unique	among	those	of	the	Sierra	Nevada	as	there	are	no	
major	dams	on	its	main	stem	and	only	one	significant	dam	(Sly	Park	[41	TAF];	5	percent	of	average	
total	flow	which	is	exported	to	the	American	River	watershed)	on	an	upstream	tributary,	so	it	
retains	a	relatively	natural	hydrograph	for	wet	season	flows	(Mount	et	al.	2001;	Robertson‐Bryan	
2006a)	(Figure	2.2‐19).	In	contrast	to	the	Mokelumne	River,	while	the	headwaters	of	the	Cosumnes	
River	receives	similar	mean	annual	precipitation,	the	elevation	of	the	headwaters	is	lower,	between	
5,000	and	7,000	feet,	and	any	precipitation	falling	as	snow	generally	melts	during	the	wet	season	
and	does	not	produce	high	flows	during	late	spring	and	summer	(DWR	1974;	Booth	et	al.	2006;	
Ahearn	et	al.	2004,	2005;	Epke	2011).	Rain‐on‐snow	events	can	occur	and	the	largest	recorded	
maximum	flow	was	93,000	cfs	in	January	1997	(USGS	1999).	Other	than	some	minor	diversions	on	
the	lower	Cosumnes	and	operations	of	Jenkinson	Lake	by	El	Dorado	Irrigation	District,	the	current	
conditions	are	very	similar	to	the	unimpaired	conditions	shown	in	Figure	2.2‐19	and	Table	2.2‐16	

Historically,	groundwater	discharge	maintained	several	large	perennial	ponds	in	the	lowest	reach	
on	the	valley	floor	(USGS	1908,	1910;	Shlemon	et	al.	2000).	More	recently,	groundwater	approaches	
the	surface	in	this	same	area	but	does	not	discharge	into	the	channel	(Mount	et	al.	2001;	
Fleckenstein	et	al.	2006;	Meirovitz	2010).	Previous	groundwater	modeling	studies	have	shown	
uncertainty	in	stream‐aquifer	interactions	on	the	Lower	Cosumnes	River,	which	range	from	losing	
up	to	85	TAF/yr	(Mount	et	al.	2001)	to	2	TAF/yr	(Brush	et	al.	2013).	Stream–aquifer	interactions	in	
SacWAM	are	based	on	results	from	the	model	of	Brush	et	al.	(2013),	and	thus	show	very	little	
stream‐aquifer	interaction	on	the	lower	Cosumnes	River	under	current	conditions.	

Latrobe	Falls,	in	the	foothills	just	above	the	valley	floor,	blocks	fish	migration	(Moyle	et	al.	2003).	
Impacts	on	fisheries	have	been	identified	as	the	intermittent	flow	characteristics	of	the	valley	floor	
reach	due	to	lowered	local	and	regional	water	tables	and	the	loss	of	tidal	marsh	spawning	and	
rearing	habitat.	In	2005,	a	fisheries	enhancement	study	determined	the	feasibility	and	water	cost	of	
enhancing	natural	fall	flows	in	the	valley	floor	reach	by	pre‐wetting	the	stream	bed	(Robertson‐
Bryan	2006b).	The	study	began	in	October	2005	and	a	wetting	front	was	established	and	reached	
tide	water	by	the	end	of	November	2005	at	a	water	cost	of	less	than	1,000	acre‐feet	(AF).	An	
intentional	levee	breach	to	restore	floodplain	habitat	along	a	portion	of	the	channel	immediately	
above	tide	water	was	successful	for	some	native	fish	species	(Crain	et	al.	2004).		
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Figure 2.2‐19. Cosumnes River Simulated Current Conditions (gray) and Unimpaired (white) 
Monthly Flows 

	
	

Table 2.2‐16. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Cosumnes River 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 86	 83	 86	 81	 85	 86	 80	 85	 85	 95	 90	 82	 89	 91	 92	

10%	 93	 91	 92	 91	 90	 88	 87	 89	 90	 96	 95	 94	 91	 94	 94	

20%	 97	 93	 93	 92	 91	 91	 92	 92	 91	 96	 97	 105	 93	 95	 94	

30%	 98	 94	 94	 93	 93	 92	 98	 95	 93	 97	 105	 111	 94	 96	 95	

40%	 101	 95	 95	 94	 94	 94	 99	 96	 93	 98	 109	 115	 95	 97	 96	

50%	 105	 96	 96	 95	 95	 97	 99	 97	 94	 101	 119	 127	 96	 98	 97	

60%	 108	 97	 97	 97	 97	 100	 99	 98	 95	 106	 126	 133	 98	 100	 97	

70%	 114	 99	 98	 98	 99	 100	 100	 98	 97	 110	 133	 147	 98	 104	 98	

80%	 126	 101	 99	 100	 100	 100	 100	 99	 98	 116	 143	 172	 99	 108	 98	

90%	 143	 110	 102	 100	 100	 100	 100	 99	 106	 133	 173	 199	 99	 117	 99	

100%	 363	 150	 118	 107	 101	 101	 100	 99	 138	 176	 219	 1,210	 100	 140	 109	

	

2.2.7.3 Calaveras River  

The	watershed	of	the	Calaveras	River	extends	from	4,400	feet	in	elevation	to	sea	level,	is	470	square	
miles,	and	produces	an	average	runoff	of	157	TAF	at	the	New	Hogan	Reservoir.	The	hydrology	of	the	
watershed	of	the	Calaveras	River	is	entirely	rain‐fed	and	inflow	to	New	Hogan	Reservoir	drops	to	
base‐levels	in	April	(DWR	2007b)	(Figure	2.2‐20).	



State Water Resources Control Board  Hydrology
 

 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

2‐48 
Final

 

New	Hogan	Reservoir	has	a	capacity	of	approximately	twice	the	mean	annual	runoff	of	the	
watershed	and	the	only	spills	occur	in	wet	years	to	maintain	storage	capacity	for	flood	control.	
Water	from	the	New	Hogan	Project	is	used	for	irrigation	and	municipal	purposes	with	the	water	
right	permit	held	by	Reclamation.	In	1970,	Stockton	East	Water	District	(SEWD)	and	the	Calaveras	
County	Water	District	contracted	with	Reclamation	for	the	project’s	entire	water	supply.	In	1978,	
SEWD	began	to	divert	water	at	Bellota	Weir,	downstream	of	New	Hogan,	further	altering	water	flow	
patterns	in	the	river	system.	(DWR	2007b.)		

Below	New	Hogan	Reservoir	the	Calaveras	River	splits	into	two	channels	on	the	alluvial	fan	with	the	
primary	channel,	Mormon	Slough,	to	the	south	and	Old	Calaveras	River	to	the	north.	Outside	of	the	
April	to	October	irrigation	season,	Mormon	Slough	and	the	Old	Calaveras	River	downstream	of	the	
Headworks	may	have	little	to	no	flow	due	to	reduced	releases	from	the	reservoir	and	diversion	into	
the	SEWD	municipal	diversion	at	Bellota.	(DWR	2007b.)	

Except	for	infrequent	flood	spills,	the	Calaveras	River	dries	up	before	it	connects	to	the	San	Joaquin	
River	shown	by	zeros	in	Table	2.2‐17	and	in	Figure	2.2‐20.	In	the	unimpaired	simulation,	river	flows	
peak	in	February	and	cease	between	April	and	October	of	most	years	(Table	2.2‐17).	In	January–
June	the	current	conditions	for	the	Calaveras	River	are	less	than	21	percent	of	the	unimpaired	
conditions	in	half	of	the	years.		

Impacts	on	fisheries	have	been	identified	as	the	large	number	of	migration	barriers	in	the	lower	
watershed,	lack	of	attraction	flows,	rapid	dewatering	in	the	Old	Calaveras	River	and	Mormon	Slough	
channels,	and	the	lack	of	connecting	flow	from	the	San	Joaquin	River	to	the	reach	between	the	
Bellota	Weir	and	the	New	Hogan	Dam	(DWR	2007b).	

	

	
Figure 2.2‐20. Calaveras River Simulated Current Conditions (gray) and Unimpaired (white) 
Monthly Flows 
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Table 2.2‐17. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Calaveras River 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 0	 0	 0	 5	 0	 0	 0	 0	 0	 0	 0	 0	 4	 0	 5	

10%	 1	 5	 10	 9	 8	 0	 0	 0	 0	 0	 0	 0	 10	 9	 10	

20%	 2	 12	 12	 10	 11	 4	 0	 0	 0	 0	 0	 0	 12	 14	 13	

30%	 3	 16	 16	 12	 13	 7	 0	 0	 0	 0	 0	 2	 13	 15	 14	

40%	 5	 19	 18	 14	 15	 9	 0	 0	 0	 1	 0	 3	 16	 18	 17	

50%	 9	 26	 21	 20	 18	 13	 0	 0	 0	 3	 0	 5	 21	 20	 22	

60%	 21	 32	 26	 29	 29	 17	 0	 0	 0	 4	 0	 9	 29	 25	 35	

70%	 33	 40	 32	 44	 35	 49	 1	 0	 2	 5	 3	 15	 49	 32	 51	

80%	 72	 50	 51	 63	 58	 61	 2	 0	 4	 15	 7	 44	 59	 37	 60	

90%	 137	 90	 93	 83	 80	 79	 6	 1	 8	 25	 18	 64	 68	 60	 66	

100%	 AZ	 AZ	 830	 122	 91	 90	 62	 5	 56	 42	 90	 146	 82	 403	 89	

A	zero	(0)	indicates	that	the	simulated	current	conditions	are	zero.	
“AZ”	indicates	that	the	unimpaired	flow	is	approaching	zero	and	is	very	low.	

	

2.2.8 Tributaries of the Northern Coast Range, Northern 

2.2.8.1 Stony Creek 

Stony	Creek	has	a	watershed	of	741	square	miles	with	a	mean	annual	flow	of	about	425	TAF/yr.	It	
has	three	reservoirs	operated	for	flood	control	and	agricultural	irrigation.	Reclamation	operates	two	
reservoirs:	East	Park	Reservoir	(50,000	AF)	and	Stony	Gorge	Reservoir	(50,000	AF)	as	part	of	the	
Orland	Project.	Black	Butte	Reservoir	(160,000	AF)	is	the	lowest	reservoir	and	is	managed	
November–March	for	flood	control	and	April–October	for	irrigation.	Prior	to	Black	Butte	Dam,	daily	
flood	flows	exceeded	30,000	cfs	about	every	5	years,	with	maximum	flows	over	80,000	cfs	(HT	
Harvey	and	Associates	2007).	Orland	Project	operations	have	greatly	reduced	flows	and	variability	
on	Stony	Creek	(Figure	2.2‐21).	For	example,	during	March,	current	conditions	flows	are	less	than	
18	percent	of	unimpaired	flows	in	half	of	the	modeled	years	(Table	2.2‐18).	
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Figure 2.2‐21. Stony Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 

	
	

Table 2.2‐18. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Stony Creek 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 38	 9	 13	 9	 4	 3	 3	 6	 16	 18	 77	 71	 10	 42	 16	

10%	 82	 37	 30	 47	 5	 5	 9	 16	 20	 80	 124	 144	 17	 58	 34	

20%	 139	 72	 55	 69	 7	 6	 13	 18	 27	 104	 158	 238	 27	 91	 50	

30%	 189	 100	 71	 78	 10	 8	 15	 25	 41	 135	 223	 300	 37	 101	 59	

40%	 323	 125	 78	 82	 15	 13	 23	 31	 52	 156	 283	 423	 47	 114	 66	

50%	 461	 182	 86	 93	 23	 18	 37	 38	 71	 189	 357	 504	 57	 125	 73	

60%	 541	 249	 91	 97	 43	 29	 46	 50	 79	 217	 442	 773	 63	 140	 77	

70%	 961	 347	 94	 99	 56	 46	 63	 59	 92	 266	 687	 958	 68	 184	 79	

80%	 AZ	 456	 97	 99	 68	 61	 74	 69	 136	 361	 1,022	 AZ	 76	 261	 84	

90%	 AZ	 578	 100	 99	 77	 72	 85	 77	 192	 644	 AZ	 AZ	 79	 341	 87	

100%	 AZ	 1,318	 101	 100	 91	 90	 168	 182	 457	 AZ	 AZ	 AZ	 89	 567	 115	

“AZ”	indicates	that	the	unimpaired	flow	is	approaching	zero	and	is	very	low.	
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2.2.8.2 Cottonwood Creek 

Cottonwood	Creek	has	a	watershed	of	927	square	miles	with	three	forks	that	head	in	the	Northern	
Coast	Range	(8,000	feet)	and	the	southernmost	peaks	of	the	Klamath	Range	(CH2M	Hill	2002;	
Graham	Matthews	and	Associates	2003).	The	hydrology	of	the	watershed	is	extremely	variable	with	
a	peak	recorded	flow	of	86,000	cfs	and	annual	flow	volumes	that	range	from	68,000	AF	to	2	MAF	
(CH2M	Hill	2002;	Graham	Matthews	and	Associates	2003).	Cottonwood	Creek,	like	all	of	the	larger	
creeks	with	headwaters	in	the	Northern	Coast	Range,	produces	large	amounts	of	gravel,	sand,	and	
sediment	during	floods.		

Late‐fall	flows	are	low	and	variable	but	generally	around	60	cfs.	Cottonwood	Creek	is	unique	in	that	18	
miles	of	its	lowest	section	run	within	a	1‐mile‐wide,	alluvium‐filled	trench	to	its	confluence	with	the	
Sacramento	River.	There	is	one	small	4,800‐AF	reservoir	on	the	North	Fork,	but,	otherwise,	Cottonwood	
Creek	is	unregulated;	therefore,	current	conditions	and	unimpaired	simulations	are	very	similar	
(Figure	2.2‐22).		

Results	from	SacWAM	show	that	Cottonwood	Creek	loses	9	TAF/yr	on	average	to	groundwater	
under	current	conditions;	however,	previous	studies	showed	that	historically	it	was	a	gaining	reach	
under	dry	conditions	(Blodgett	et	al.	1992).	The	Anderson‐Cottonwood	Irrigation	District	imports	
approximately	18,000	AF	of	Sacramento	River	water	to	the	watershed	for	irrigation	that,	through	
losses	and	return	flows,	contributes	significantly	to	summer	base	flows	(Blodgett	et	al.	1992)	(Table	
2.2‐19).	

	

	
Figure 2.2‐22. Cottonwood Creek Simulated Current Conditions (gray) and Unimpaired (white) 
Monthly Flows 
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Table 2.2‐19. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Cottonwood Creek 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 77	 98	 100	 100	 100	 100	 83	 94	 91	 104	 102	 98	 100	 101	 100	

10%	 100	 100	 100	 100	 100	 100	 98	 101	 103	 107	 119	 106	 100	 102	 101	

20%	 100	 100	 100	 100	 100	 100	 100	 101	 104	 111	 132	 117	 100	 103	 101	

30%	 101	 100	 100	 100	 100	 100	 100	 102	 104	 114	 139	 126	 100	 104	 101	

40%	 102	 101	 100	 100	 100	 100	 100	 102	 105	 121	 145	 132	 100	 105	 101	

50%	 103	 101	 100	 100	 100	 100	 100	 103	 106	 126	 153	 136	 101	 107	 102	

60%	 105	 101	 101	 100	 100	 100	 100	 103	 107	 135	 160	 145	 101	 109	 102	

70%	 109	 101	 101	 100	 100	 100	 100	 104	 109	 146	 173	 151	 101	 111	 102	

80%	 114	 102	 101	 101	 100	 100	 100	 105	 110	 151	 188	 157	 101	 115	 103	

90%	 119	 102	 102	 101	 101	 100	 102	 106	 113	 163	 201	 166	 101	 121	 104	

100%	 181	 104	 105	 103	 101	 121	 105	 111	 206	 224	 261	 240	 105	 135	 109	

	

2.2.8.3 Thomes Creek 

Thomes	Creek	has	a	watershed	area	of	301	square	miles	which	heads	in	the	Inner	Northern	Coast	
Range	at	an	elevation	of	6,600	feet	(VESTRA	Resources	2006;	Tehama	County	Flood	Control	and	
Water	Conservation	District	2012).	It	has	an	extremely	variable	hydrology	with	a	maximum	daily	
recorded	flow	of	37,800	cfs	and	very	low	late‐summer	flows	of	approximately	6	cfs	that	can	fall	to	
zero	in	dry	years.	Thomes	Creek,	like	all	of	the	larger	creeks	with	headwaters	in	the	Northern	Coast	
Range,	produces	large	amounts	of	gravel,	sand,	and	sediment	during	floods.	After	leaving	the	
foothills	its	channel	flows	25	miles	through	a	narrow	alluvial	valley	cut	into	relatively	impermeable	
Tehama	and	Red	Bluff	Formations	to	the	Sacramento	River	(Tehama	County	Flood	Control	and	
Water	Conservation	District	2012).	There	are	no	significant	dams	on	the	watershed	and	few	surface	
diversions.	The	current	conditions	simulation	shows	very	similar	hydrology	when	compared	with	
the	unimpaired	flows	in	the	winter	months	(Figure	2.2‐23;	Table	2.2‐20).	Diversions	during	the	
summer	months	reduce	flows	compared	with	unimpaired	conditions.	About	88	percent	of	the	water	
used	in	the	region	is	obtained	from	groundwater	for	irrigated	agriculture	(VESTRA	Resources	2006).	
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Figure 2.2‐23. Thomes Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 

	
	

Table 2.2‐20. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Thomes Creek 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 21	 43	 73	 100	 100	 58	 7	 8	 6	 24	 52	 61	 57	 73	 64	

10%	 31	 88	 95	 100	 100	 95	 65	 15	 9	 43	 72	 82	 83	 84	 87	

20%	 44	 94	 99	 100	 100	 100	 77	 28	 11	 50	 75	 84	 88	 86	 90	

30%	 50	 97	 100	 100	 100	 100	 84	 42	 12	 57	 81	 86	 91	 90	 92	

40%	 52	 98	 101	 100	 100	 100	 87	 53	 14	 63	 85	 87	 92	 92	 93	

50%	 57	 100	 101	 101	 100	 100	 93	 64	 17	 71	 88	 90	 94	 95	 94	

60%	 70	 101	 101	 101	 100	 100	 94	 75	 25	 76	 92	 93	 94	 96	 95	

70%	 74	 101	 101	 101	 101	 100	 96	 79	 30	 79	 95	 97	 95	 97	 95	

80%	 82	 102	 102	 102	 101	 100	 97	 86	 40	 82	 96	 99	 96	 98	 96	

90%	 95	 103	 103	 103	 101	 101	 100	 90	 61	 88	 100	 101	 97	 99	 96	

100%	 109	 105	 106	 108	 102	 101	 101	 97	 92	 101	 102	 102	 99	 101	 98	

	

2.2.8.4 Elder Creek 

Elder	Creek	has	a	watershed	area	of	151	square	miles	which	heads	in	the	Inner	Northern	Coast	
Range	at	an	elevation	of	5,500	feet	(VESTRA	Resources	2006;	Tehama	County	Flood	Control	and	
Water	Conservation	District	2012).	It	has	an	extremely	variable	hydrology	with	a	maximum	daily	
recorded	flow	of	17,700	cfs	and	very	low	late‐summer	base	flow	that	frequently	falls	to	zero.	After	
leaving	the	foothills,	its	channel	flows	20	miles	through	a	narrow	alluvial	valley	cut	into	relatively	
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impermeable	Tehama	and	Red	Bluff	Formations	to	the	Sacramento	River	(Tehama	County	Flood	
Control	and	Water	Conservation	District	2012).	There	are	no	significant	dams	on	the	watershed	and	
few	surface	diversions.	SacWAM	does	not	include	any	diversions	from	Elder	Creek;	therefore,	the	
current	simulated	conditions	are	equal	to	the	unimpaired	results,	so	the	box	plot	and	table	are	not	
presented.		

2.2.9 Tributaries of the Northern Coast Range, Southern 

2.2.9.1 Cache Creek 

Cache	Creek	has	a	watershed	area	of	1,139	square	miles	with	1,044	square	miles	occurring	in	the	
Interior	Southern	Coast	Range	(Yolo	County	2006;	Water	Resources	Association	of	Yolo	County	
2007).	The	headwaters	of	its	south	fork	extend	from	elevations	of	4,000	feet	and	accumulate	in	Clear	
Lake,	a	large,	shallow,	natural	lake,	before	flowing	through	a	narrow	canyon	to	the	Sacramento	
Valley.	The	volume	of	the	lake	and	the	small	natural	outlet	from	Clear	Lake	significantly	reduce	the	
magnitude	of	peak	flows	into	the	canyon	(Water	Resources	Association	of	Yolo	County	2007).	The	
headwaters	of	the	north	fork	are	at	slightly	lower	elevations	but	also	run	through	a	narrow	canyon.	
The	river	canyon	opens	into	the	Capay	Valley	immediately	above	the	Sacramento	Valley.	Cache	
Creek,	like	all	of	the	larger	creeks	with	headwaters	in	the	Northern	Coast	Range,	produces	large	
amounts	of	gravel,	sand,	and	sediment	during	floods.	

In	its	natural	state,	the	lower	reach	of	Cache	Creek	flowed	as	a	wide	braided	stream	from	the	mouth	of	
Capay	Valley	to	the	Yolo	basin,	where	its	waters	mixed	with	waters	from	overflow	from	the	
Sacramento	River,	Willow	Slough,	and	Putah	Creek	and	the	combined	flow	drained	southward	to	the	
confluence	of	the	Yolo	basin	with	the	Sacramento	River	(Water	Resources	Association	of	Yolo	County	
2007).	When	flows	exceeded	approximately	20,000	cfs	at	the	mouth	of	the	Capay	Valley	the	excess	
flow	would	overtop	the	low	natural	levees	and	flood	the	Hungry	Hollow	basin	to	the	north	and	the	
much	larger	Cache‐Putah	basins	to	the	south.	Because	of	these	overflows	to	flood	basins	there	are	no	
records	of	flows	exceeding	20,000	cfs	in	Cache	Creek	prior	to	its	regulation	by	dams	(Water	Resources	
Association	of	Yolo	County	2007)	but	peak	flows	likely	exceeded	80,000	cfs.	Overbank	flood	basin	
flows	in	the	Cache‐Putah	basin	merged	with	overbank	flood	flows	from	Putah	Creek	and	flowed	
through	Willow	Slough	into	the	Yolo	basin.	The	Sacramento	Valley	section	of	Cache	Creek	has	been	
extensively	modified	by	instream	gravel	mining,	flood	levees	at	its	lower	end	with	designed	capacities	
of	36,800	cfs,	and	a	sediment	settling	basin	immediately	adjacent	to	the	Yolo	basin.		

There	are	three	significant	dams	on	Cache	Creek.	The	Clear	Lake	Impoundment	Dam	is	immediately	
below	the	outlet	from	Clear	Lake	and	regulates	outflows	from	the	lake	but	doesn’t	significantly	affect	
lake	carryover	capacity.	Clear	Lake	loses	an	estimated	171	TAF/yr	on	average	to	net	evaporation	
under	current	conditions	as	estimated	in	SacWAM	(State	Water	Board	2017).	Both	irrigation	
releases	and	flood	releases	are	regulated	under	the	Solano	and	Bemmerly	decrees.	Indian	Valley	
Reservoir	on	the	north	fork	has	a	capacity	of	301	TAF	and	is	used	for	irrigation	storage	and	flood	
control.	The	Capay	Diversion	dam	at	the	mouth	of	Capay	Valley	is	a	15‐foot	high	structure	that	can	
be	raised	an	additional	5	feet	with	an	inflatable	bladder.	The	diverted	water	supports	agriculture	in	
the	basins	on	either	side	of	Cache	Creek.	

Cache	Creek	has	been	severely	impaired	by	upstream	diversions	and	storage	and	under	current	
conditions;	it	is	much	lower	than	unimpaired	flows	in	all	months	(Figure	2.2‐24;	Table	2.2‐21).		
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In	about	10	percent	of	the	years,	Cache	Creek	January–June	current	conditions	are	more	than	80	
percent	unimpaired	flows,	but	in	half	of	the	years,	the	current	conditions	are	less	than	53	percent	of	
unimpaired	flows	during	the	January–June	period.	

Surface	water	in	the	channel	of	Cache	Creek	loses	water	to	groundwater	from	the	Capay	Dam	to	the	
Dunnigan	Hills	where	it	is	briefly	a	gaining	reach	before	becoming	a	losing	reach	again	all	the	way	to	
the	Yolo	basin	(Yolo	County	2006).	Current	condition	simulations	estimate	an	average	‐90	TAF/yr	of	
streamflow	is	lost	to	groundwater	from	Cache	Creek	(State	Water	Board	2017).	

	

	
Figure 2.2‐24. Cache Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 

	

Table 2.2‐21. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Cache Creek 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 10	 21	 9	 8	 8	 1	 6	 6	 3	 14	 18	 9	 13	 20	 16	

10%	 69	 69	 21	 20	 21	 13	 9	 14	 35	 36	 50	 42	 24	 30	 30	

20%	 81	 75	 33	 27	 28	 22	 13	 24	 48	 50	 70	 64	 30	 40	 35	

30%	 92	 91	 41	 34	 35	 28	 17	 28	 57	 61	 86	 83	 34	 52	 38	

40%	 100	 103	 52	 41	 45	 47	 25	 35	 68	 77	 92	 98	 40	 67	 43	

50%	 108	 108	 70	 48	 59	 58	 35	 43	 83	 94	 106	 116	 53	 77	 53	

60%	 118	 115	 81	 63	 74	 79	 44	 49	 89	 109	 124	 128	 60	 86	 58	

70%	 126	 130	 90	 74	 84	 83	 53	 58	 95	 120	 143	 146	 66	 98	 62	

80%	 135	 152	 103	 82	 94	 89	 68	 65	 101	 131	 147	 156	 71	 104	 70	

90%	 146	 182	 121	 100	 99	 96	 85	 91	 110	 138	 159	 166	 82	 116	 75	

100%	 540	 411	 191	 188	 130	 107	 103	 125	 138	 189	 223	 424	 118	 137	 121	
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2.2.9.2 Putah Creek 

Putah	Creek	has	a	watershed	area	of	710	square	miles	with	600	square	miles	occurring	in	the	
Interior	Southern	Coast	Range	(Water	Resources	Association	of	Yolo	County	2007).	Its	headwaters	
extend	from	elevations	of	4,800	in	the	Mayacamas	Mountains	and	its	various	tributaries	flowing	
through	a	series	of	small	valleys	and	narrow	canyons.	Putah	Creek,	like	all	of	the	larger	creeks	with	
headwaters	in	the	Northern	Coast	Range,	produces	large	amounts	of	gravel,	sand,	and	sediment	
during	floods	but	all	are	trapped	behind	Monticello	Dam.	At	the	mouth	of	its	last	canyon	Putah	Creek	
flows	over	its	large	alluvial	fan	as	it	enters	the	Sacramento	Valley.	Historically,	from	the	lower	edge	
of	the	alluvial	fan	Putah	Creek	flowed	between	low	natural	levees	with	occasional	breaches	leading	
to	intermittent	sloughs	that	drained	either	northward	into	the	Cache‐Putah	basin	or	southward	
across	the	Putah	Plains.	The	main	channel	flowed	through	what	is	now	the	city	of	Davis	and	emptied	
into	a	section	of	the	Yolo	basin	known	as	the	Putah	Sink	where	its	waters	mixed	with	waters	from	
overflow	from	the	Sacramento	River,	Willow	Slough,	and	Cache	Creek	and	the	combined	flow	
drained	southward	to	the	confluence	of	the	Yolo	basin	with	the	Sacramento	River	(EDAW	2005;	
Water	Resources	Association	of	Yolo	County	2007).	Flood	control	modifications	to	the	channels	near	
the	city	of	Davis	isolated	the	main	channel	to	the	Yolo	basin	and	forced	Putah	Creek	to	flow	through	
a	bypass	channel	with	constructed	levees	from	the	city	of	Davis	to	the	Yolo	basin.	

Monticello	Dam	forms	Lake	Berryessa,	located	in	the	upper	end	of	the	last	canyon	before	the	
Sacramento	Valley,	and	has	a	capacity	of	1.6	MAF.	The	maximum	recorded	flood	prior	to	the	dam	
was	81,000	cfs	and	predicted	100‐year	flood	events	post‐dam	are	32,000	cfs	(Water	Resources	
Association	of	Yolo	County	2007).	The	Putah	Creek	Diversion	Dam,	29	feet	high,	is	located	at	the	end	
of	the	canyon	and	diverts	water	south	into	Solano	County	(Redmond	2000).	The	minimum	flow	
requirements	below	the	dam	under	the	water	right	license	have	been	supplemented	with	flows	
designed	to	maintain	salmonids	in	the	lower	section	of	Putah	Creek	under	the	Putah	Creek	Accord	
(EDAW	2005).	

Simulated	current	conditions	below	Putah	Diversion	Dam	are	much	lower	than	the	unimpaired	
flows	throughout	the	spring,	with	variability	of	flow	conditions	greatly	reduced	(Figure	2.2‐25).	
Putah	Creek	goes	dry	under	unimpaired	conditions	from	July–October	in	about	30	percent	of	the	
years	(Table	2.2‐22).	In	more	than	half	of	the	years,	current	conditions	are	less	than	13	percent	of	
unimpaired	flows	from	January–June.	

Groundwater	pumping	for	agriculture	and	municipalities	has	lowered	the	regional	groundwater	
table	but	historically	Putah	Creek	was	a	losing	stream	from	the	top	of	its	alluvial	fan	to	the	Yolo	
Bypass	except	for	the	short	reach	that	crosses	the	Plainfield	Ridge	(Bryan	1923;	Thomasson	et	al.	
1960).	Current	stream	losses	to	groundwater	average	‐10	TAF/yr	(State	Water	Board	2017).	Self‐
sustaining	populations	of	anadromous	fish	have	returned	to	Putah	Creek	in	response	to	the	flow	
releases	of	the	Putah	Creek	Accord	and	extensive	restoration	efforts	(EDAW	2005)	and	in	2015,	the	
fifth	year	of	drought,	500	fall‐run	Chinook	salmon	spawned	in	lower	Putah	Creek	(Shaw	2015).	
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Figure 2.2‐25. Putah Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 

	
	

Table 2.2‐22. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Putah Creek 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 20	 1	 1	 1	 1	 2	 2	 6	 15	 32	 12	 31	 3	 5	 4	

10%	 46	 6	 2	 2	 2	 4	 6	 11	 35	 74	 144	 93	 4	 7	 6	

20%	 94	 11	 2	 2	 3	 6	 8	 18	 43	 104	 337	 173	 6	 9	 8	

30%	 209	 24	 4	 3	 3	 7	 12	 26	 66	 164	 602	 262	 7	 13	 10	

40%	 324	 40	 5	 4	 4	 9	 18	 31	 78	 320	 1,034	 498	 9	 22	 12	

50%	 504	 62	 8	 6	 5	 17	 21	 38	 98	 571	 AZ	 830	 13	 35	 14	

60%	 1,167	 131	 12	 10	 6	 25	 26	 47	 149	 1,010	 AZ	 AZ	 14	 52	 17	

70%	 AZ	 348	 38	 16	 9	 32	 32	 60	 235	 AZ	 AZ	 AZ	 19	 76	 22	

80%	 AZ	 1,225	 95	 25	 24	 45	 51	 76	 322	 AZ	 AZ	 AZ	 26	 183	 29	

90%	 AZ	 AZ	 299	 68	 61	 88	 68	 120	 888	 AZ	 AZ	 AZ	 56	 299	 52	

100%	 AZ	 AZ	 AZ	 AZ	 99	 113	 324	 AZ	 AZ	 AZ	 AZ	 AZ	 82	 AZ	 96	

“AZ”	indicates	that	the	unimpaired	flow	is	approaching	zero	and	is	very	low.	
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2.3 Flood Basins 
Land	development	over	the	past	century	in	the	Sacramento	Valley	has	been	made	possible	by	
reclaiming	the	“inland	sea”	by	routing	the	Sacramento	River	through	a	series	of	flood	basins.	
Beginning	just	above	Stony	Creek	near	Hamilton	City	and	continuing	to	Rio	Vista	in	the	Delta,	the	
Sacramento	River	runs	between	natural	levees	and	the	outboard	flood	basins	(Bryan	1923;	Olmsted	
and	Davis	1961;	DWR	1994,	2010a,	2010b;	Whipple	et	al.	2012).	There	are	six	flood	basins	which	in	
order	from	upper	to	lower	are:	Butte,	Colusa,	Sutter,	Yolo,	American,	and	Sacramento.	Because	the	
flow	of	the	Sacramento	River	is	highly	variable	and	can	range	from	approximately	3,000	cfs	in	the	
summer	during	droughts	to	500,000	cfs	during	floods,	the	flood	basins	function	both	as	short‐term	
storage	reservoirs	and	as	the	main	channels	of	the	Sacramento	River	during	floods.	Additionally,	the	
lower	halves	of	the	Yolo	and	Sacramento	basins	are	tidal	and	experience	two	high	and	two	low	tides	
each	day	with	greater	and	then	lesser	tidal	ranges	over	the	14‐day	spring/neap	tidal	cycle.	At	their	
upstream	ends	the	levees	along	the	Sacramento	River	are	broad	and	low,	3–5	miles	apart,	and	
historically	were	often	cut	by	active	meander	channels.	Each	cut	was	relatively	permanent	and	
discharged	channel	water	into	the	Butte	and	Colusa	flood	basins	at	flows	significantly	below	flood	
stage.	The	frequency	of	the	levee	cuts	decreased	downstream	to	zero	near	the	town	of	Colusa.		

Functionally,	flood	basins	differ	from	floodplains	because	they	drain	more	slowly	and	may	contain	
areas	of	permanent	open	water.	The	upper	flood	basins	of	the	Sacramento	River	have	greater	slopes	
than	the	lower	and	tend	to	drain	more	rapidly.	The	flood	waters	transport	sediment	to	the	basins	and	
small	clay‐size	particles	of	sediment	remain	suspended	longer	while	the	coarser	sediment	remains	in	
or	adjacent	to	the	Sacramento	River.	The	relatively	slow‐moving	water	of	the	basins	traps	the	slowly	
sinking	clay	particles	and	causes	the	bottoms	and	sides	of	the	basins	to	be	lined	with	clay	soils.	
Percolation	of	flood	basin	water	to	groundwater	is	blocked	by	those	extensive	impermeable	clay	soils.		

The	precise	boundaries	of	the	transitions	from	flood	basins	upward	onto	the	lower	floodplains	of	the	
tributaries	are	difficult	to	determine	as	the	change	in	elevation	is	very	gradual	and	the	depth	and	
duration	of	flood	waters	highly	variable.	However,	the	consistently	longer	inundation	of	the	deeper	
sections	of	the	flood	basins	produces	vegetation	and	habitat	types	that	are	distinct	from	those	of	the	
floodplains.		

The	natural	hydrology	of	all	of	the	basins	has	been	extensively	altered.	A	flood	control	system	of	levees	
and	weirs	has	been	constructed	along	the	Sacramento	River	adjacent	to	the	flood	basins	and	bypass	
floodways	run	through	the	Sutter	and	Yolo	basins	(DWR	2010a,	2010b,	2012).	All	of	the	basins	have	
been	extensively	modified	by	reclamation	actions	and	are	intensively	farmed	with	irrigation	intensive	
crops	such	as	rice,	alfalfa,	row	crops,	and	orchards.	Additionally,	each	basin	has	areas	permanently	set	
aside	as	habitat	for	waterfowl	with	nearby	agricultural	lands	providing	incidental	habitat	during	the	
cropping	season	and	managed	habitat	during	fall	and	winter	(Garone	2011).	

2.3.1 Butte Flood Basin 

The	Butte	flood	basin	combines	attributes	of	both	a	flood	basin	and	a	floodplain;	Holmes	and	Nelson	
(1913)	describe	it	as	a	semibasin	and	Olmsted	and	Davis	(1961)	uniquely	describe	it	as	the	Butte	
Creek	Lowland.	Olmsted	and	Davis	(1961)	note	that	its	slope	of	2	feet	per	mile	is	greater	than	any	of	
the	other	flood	basins,	and	Bryan	(1923)	describes	it	in	flood	stage	as	a	vast	sheet	of	slowly	moving	
water.	The	transit	time	of	flood	waters	through	the	basin	is	2	days	(DWR	2012).		
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Flood	flows	from	the	upper	two‐thirds	of	the	basin	merge	and	drain	into	the	wide	upper	end	of	the	
Butte	Sink	area	which	is	the	southernmost	section	and	remaining	one‐quarter	of	the	basin.	The	
combined	flows	enter	Butte	Sink	at	the	60‐foot	elevation	contour	near	the	Moulton	Weir	(Bryan	
1923),	converge	southward,	and	wrap	around	the	west	side	of	the	Sutter	Buttes.	Butte	Sink	is	
bounded	to	the	west	by	the	30‐foot	high	levee	of	the	Sacramento	River	which	forces	Butte	Creek	to	
the	southeast	and	is	bounded	to	the	east	by	the	Sutter	Buttes.	The	naturally	incised	channel	of	Butte	
Creek,	while	sometimes	immersed	deeply	by	basin	and	sink	flood	flows,	persists	as	a	defined	
channel	that	discharges	into	Butte	Slough	which	drains	into	the	Sutter	basin	(USGS	1913;	Bryan	
1923;	Carpenter	et	al.	1926;	Olmsted	and	Davis	1961;	DWR	2012).	

The	vegetation	of	the	Butte	basin	outside	of	the	Butte	Sink	was	rapidly	converted	to	extensive	
agriculture	when	California	became	a	state	and,	as	late	as	1912,	agriculture	within	the	Butte	basin	
was	primarily	grazing	and	areas	of	dry‐farmed	grain	(Strahorn	et	al.	1911).	Commercial	rice	
production	of	1,400	acres	began	in	the	same	area	in	1912	(Robertson	1917;	Adams	1920;	Dunshee	
1928),	expanded	to	almost	95,000	acres	by	1920	(California	Department	of	Public	Works	1923).	To	
irrigate	the	rapidly	growing	acreage	of	rice	fields,	water	was	diverted	from	the	Feather	River	and	
run	down	existing	sloughs	and	transferred	to	lateral	canals	to	irrigate	rice	fields	west	and	northwest	
of	Biggs	and	Gridley	as	well	as	the	area	of	eastern	Colusa	County	that	lies	within	the	Butte	basin	and	
rice	field	drainage	water	was	released	into	natural	channels	running	to	the	Butte	Sink	(USGS	1912a;	
State	Water	Commission	1917;	Carpenter	et	al.	1926).	

Butte	basin	is	unique	among	the	basins	because	flood	waters	are	not	specifically	directed	within	the	
basin	through	engineered	structures	such	as	bypasses,	drains,	or	systems	of	levees	(Garone	2011;	
DWR	2012).	When	the	Butte	basin	is	full	it	holds	approximately	1	MAF	of	water	which	enters	the	
basin	from	the	Sacramento	River	through	six	locations	(DWR	2010a,	2010b,	2012).	When	flows	in	
the	Sacramento	River	exceed	30,000	cfs,	flood	waters	flow	over	the	Colusa	Weir	into	the	main	
section	of	the	Butte	Sink,	which	has	a	designed	capacity	of	70,000	cfs	(DWR	2010a,	2012).	When	
flows	in	the	Sacramento	River	exceed	70,000	cfs,	flood	waters	flow	into	the	upper	end	of	the	Butte	
Sink	over	the	Moulton	Weir,	which	has	a	designed	capacity	of	25,000	cfs	(DWR	2010a,	2012).	When	
flows	in	the	Sacramento	River	exceed	100,000	cfs,	water	can	pass	into	the	basin	at	its	upper	end	
through	the	M&T	and	Parrot	Plug	flow	relief	structures,	the	Three‐Bs	overflow	area,	and	an	
emergency	overflow	roadway	(DWR	2010a,	2012).	The	Butte	Slough	outfall	gates	at	the	lower	end	of	
the	Butte	Sink	direct	low	flows	within	the	basin	and	irrigation	flows	back	into	the	Sacramento	River	
but	are	otherwise	closed.		

2.3.2 Colusa Flood Basin 

The	Colusa	flood	basin	is	an	irregular	50‐mile‐long	trough	lying	between	the	coalesced,	clay‐soil	
alluvial	fans	of	the	small	creeks	flowing	eastward	from	the	Northern	Coast	Range	and	the	western	
natural	levee	of	the	Sacramento	River.	Lengthwise,	it	extends	from	the	border	of	Glenn	and	Colusa	
Counties	to	the	Knights	Landing	ridge	and	consists	of	two	functionally	distinct	sub‐basins	located	
above	and	below	the	alluvial	ridge	of	Upper	Sycamore	Slough	(Bryan	1923;	Olmsted	and	Davis	1961).		

Historically,	flood	waters	entered	the	Colusa	basin	at	its	upper	end	between	the	towns	of	Princeton	
and	Glenn	when	flows	in	the	Sacramento	River	exceeded	summer	base	flows,	along	its	entire	
western	margin	when	creeks	such	as	Willow	Creek	began	flowing	eastward	out	of	the	Northern	
Coast	Range,	and	through	levee	breaks	immediately	above	and	below	the	town	of	Colusa	(California	
Department	of	Engineering	1914;	McComish	and	Lambert	1918;	DWR	1964;	Kelley	1989).	Flood	
water	in	the	upper	sub‐basin	drains	relatively	rapidly	through	a	generally	smooth	and	slightly	
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concave	trough	while	flows	through	the	lower	sub‐basin	historically	drained	through	the	defined	
channel	of	lower	Sycamore	Slough	but	backed	up	at	the	Knights	Landing	Ridge.	Historically,	in	the	
lower	sub‐basin,	several	permanent	breaches	in	the	natural	levee	of	the	Sacramento	River,	upper	
Sycamore	Slough	being	the	largest,	discharged	flood	flows	into	the	Colusa	basin	when	the	
Sacramento	River	was	at	flood	stage	(Mann	et	al.	1911;	State	Water	Commission	1917;	Bryan	1923).	
As	noted	in	the	Butte	basin	discussion,	at	the	highest	Sacramento	Valley	flood	flows	the	combined	
Butte	basin	flows	consisting	of	the	local	streams,	the	sloughs	draining	the	cuts	in	the	Sacramento	
River	levee,	and	the	Feather	River	flood	water	pouring	into	the	Butte	basin	sometimes	overtopped	
the	Sacramento	River	levees	and	forced	flood	waters	westward	into	the	Colusa	basin	(California	
Department	of	Engineering	1914).	

The	start	of	rice	growing	in	the	Colusa	basin	was	2	years	later	than	in	the	Butte	basin.	Commercial	
rice	production	of	147	acres	began	in	the	Colusa	basin	in	1914	(McComish	and	Lambert	1918)	and	
rapidly	expanded	to	170,000	acres	by	1920	(California	Department	of	Public	Works	1923).		

Flood	protection	in	the	Colusa	basin	is	designed	to	prevent	flooding	by	the	Sacramento	River,	to	
reduce	winter	and	spring	flooding	from	the	creeks	flowing	eastward	from	the	Northern	Coast	Range,	
and	to	provide	drainage	for	large	amounts	of	summer	and	fall	rice	irrigation	water	(State	Water	
Commission	1917;	DWR	1964).	A	levee	system	was	constructed	along	the	Sacramento	River	from	
the	Stony	Creek	alluvial	fan	to	the	Knights	Landing	Ridge	Cut	which	prevents	flooding	of	the	Colusa	
basin	by	the	Sacramento	River	(DWR	1964,	2010a,	2012).	Along	the	west	side	of	the	basin	a	back	
levee	with	an	upslope	drain	constructed	in	the	borrow	pit	of	the	levee	conveys	winter	flows	from	the	
Northern	Coast	Range	tributaries	and	summer	flows	from	rice	fields	south	through	the	basin,	
through	the	Knights	Landing	Ridge	Cut,	and	into	the	Yolo	basin	(DWR	1964,	2010a).	Before	the	
Knight’s	Landing	Ridge	Cut	was	dredged,	natural	flows	in	Colusa	basin	drained	back	into	the	
Sacramento	River	through	the	lower	end	of	Sycamore	Slough.	However,	because	the	Sacramento	
River	was	typically	at	a	high	stage	during	the	spring,	the	water	ponded	above	the	Knights	Landing	
Ridge	could	not	drain,	which	caused	prolonged	flooding	in	the	lower	end	of	the	lower	sub‐basin	
(DWR	1964).	The	Colusa	Drain	and	the	Knights	Landing	Ridge	Cut	have	a	design	capacity	of	20,000	
cfs	(DWR	2010b,	2012).	At	low	Sacramento	River	flows	the	basin	can	drain	into	the	Sacramento	
River	through	the	Sycamore	Slough	Outfall	Gates	(DWR	2012).	

2.3.3 Sutter Flood Basin 

The	Sutter	basin	runs	30	miles,	generally	north	to	south,	from	Butte	Slough	at	the	southern	edge	of	
the	Sutter	Buttes	to	Verona	on	the	Sacramento	River.	It	lies	between	the	natural	levees	of	the	
Sacramento	River	to	the	west	and	the	natural	levees	of	the	Feather	River	to	the	east	(Singer	et	al.	
2008;	Singer	and	Alto	2009;	DWR	2012).	Today	and	historically,	the	majority	of	its	flood	waters	
originate	from	Butte	Slough	(Bryan	1923;	Singer	et	al.	2008;	Singer	and	Alto	2009;	DWR	2012;	
Kelley	1989).	Historically,	the	Sutter	basin	also	received	flood	waters	through	permanent	breaks	in	
the	levee	of	the	Sacramento	River	such	as	the	Cole	Grove	Point	break,	which	is	north	of	Kirkville,	
from	overflows	of	the	Feather	River	through	permanent	breaks	in	its	levee	such	as	Gilsizer	Slough,	
as	well	as	periodic	overflow	near	the	confluence	of	the	Feather	and	Sacramento	Rivers	(Bryan	
1923).		

The	conversion	of	the	wetlands	of	the	basin	to	agriculture	was	slower	than	the	conversions	in	the	
Butte	and	Colusa	basins	because	the	Sutter	basin	was	the	main	flood	way	of	the	Sacramento	River.	
Early	attempts	to	prevent	flooding	in	the	basin	by	the	Park’s	Dam	initiated	what	are	known	as	the	
levee	wars	and	eventually	resulted	in	the	construction	of	a	series	of	flood	bypasses	(Kelley	1989;	
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Singer	et	al.	2008;	Singer	and	Alto	2009).	The	Sutter	Bypass	was	established	to	convey	flood	flows	
down	the	central	portion	of	the	basin	(Figure	2.3‐1;	Table	2.3‐1).	The	bypass	receives	flows	from	
Butte	Slough	(150,000	cfs),	the	Tisdale	Weir	(38,000	cfs),	and	the	Feather	River	(300,000	cfs),	and	
has	a	designed	flow	of	416,500	cfs	in	the	section	that	joins	the	Sacramento	River	(DWR	2010a,	
2010b,	2012).	

	

	
Figure 2.3‐1. Sutter Bypass Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 

	
	

Table 2.3‐1. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Sutter Bypass 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 74	 72	 36	 33	 14	 22	 13	 27	 74	 185	 243	 124	 46	 57	 59	

10%	 101	 267	 101	 66	 42	 43	 29	 58	 215	 293	 297	 148	 67	 112	 84	

20%	 106	 337	 106	 84	 53	 53	 43	 136	 237	 309	 313	 156	 78	 139	 91	

30%	 111	 390	 189	 94	 68	 63	 58	 157	 248	 327	 319	 161	 84	 224	 95	

40%	 115	 454	 336	 104	 78	 78	 73	 168	 266	 351	 335	 166	 88	 300	 100	

50%	 120	 546	 417	 225	 91	 99	 88	 177	 277	 366	 344	 175	 91	 327	 105	

60%	 128	 609	 487	 260	 99	 111	 104	 190	 282	 396	 349	 187	 94	 359	 111	

70%	 133	 671	 547	 328	 111	 134	 135	 207	 291	 454	 356	 219	 103	 378	 128	

80%	 141	 710	 650	 358	 119	 156	 139	 216	 319	 481	 362	 239	 147	 394	 188	

90%	 166	 781	 788	 430	 137	 179	 145	 226	 342	 508	 383	 307	 194	 416	 250	

100%	 275	 943	 1,016	 563	 177	 320	 161	 345	 1,465	 615	 552	 407	 229	 462	 309	
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2.3.4 American Flood Basin 

The	American	flood	basin	is	a	small	basin	that	lies	immediately	east	of	the	confluence	of	the	Feather	
and	Sacramento	Rivers,	is	immediately	north	of	the	American	River,	and	historically	received	the	
flows	of	the	Feather	River	and	the	tributaries	of	the	Sierra	foothills	(Bryan	1923;	DWR	2012).	It	lies	
between	the	plains	of	the	foothills	and	the	levees	of	the	bounding	rivers	(Olmsted	and	Davis	1961).	
Historically,	the	basin	drained	to	the	Sacramento	River	through	a	number	of	deep	sloughs	(Bryan	
1923).	Currently,	the	basin	is	drained	by	a	network	of	creeks	and	canals	that	merge	into	the	
Natomas	Cross	Canal	which	has	a	capacity	of	22,000	cfs	and	which	discharges	into	the	Sacramento	
River	(DWR	2010a,	2012).	The	tributaries	of	the	American	River	basin	include,	from	north	to	south,	
Coon	Creek,	Auburn	Ravine,	and	the	Dry	Creek	system,	including	Secret	and	Miners	Ravines.	While	
Coon	Creek	and	Auburn	Ravine	enter	the	Sacramento	River	via	the	Natomas	Cross	Canal,	the	Dry	
Creek	system	does	so	via	the	Natomas	East	Main	Drainage	Canal,	which	enters	the	Sacramento	River	
via	Bannon	Slough.	

2.3.5 Yolo Flood Basin 

The	Yolo	Bypass	is	the	last	large	floodplain	with	a	direct	connection	to	the	Delta.	The	bypass	is	a	
57,000‐acre	flood	conveyance	system	created	to	divert	Sacramento	River	water	around	the	city	of	
Sacramento	during	flood	conditions.	The	Yolo	basin	is	40	miles	long	and	runs	north	to	south	along	
the	west	bank	of	the	Sacramento	River	from	the	Knights	Landing	Ridge	to	the	town	of	Clarksburg	
where	it	continues	south	immediately	west	of	the	river’s	secondary	channel,	Elk/Sutter/Steamboat	
Slough,	to	the	confluence	with	Cache	Slough	(Bryan	1923;	Whipple	et	al.	2012).	The	western	edge	of	
the	basin	transitions	into	the	broad	alluvial	fans	of	Cache	and	Putah	Creeks	(Bryan	1923;	Graymer	et	
al.	2002;	Whipple	et	al.	2012).		

Historically,	the	basin	filled	when	the	combined	flows	of	the	Sacramento,	Feather,	and	American	
Rivers	overtopped	the	natural	levee	of	the	Sacramento	River,	and	when	the	Northern	Coast	Range	
streams,	principally	Cache	and	Putah	Creeks,	flooded	(Bryan	1923;	Water	Resources	Association	of	
Yolo	County	2005).	The	main	upstream	entry	point	for	flood	water	into	the	current	managed	bypass	
is	at	the	Fremont	Weir.	The	343,000	cfs	capacity	weir	is	a	passive	cement	structure	that	begins	to	
spill	into	the	bypass	when	Sacramento	River	flows	at	Verona	exceed	55,000	cfs	(Sommer	et	al.	
2001b;	DWR	2010a,	2010b,	2012).	Overtopping	events	that	lead	to	at	least	2	weeks	of	downstream	
floodplain	inundation	only	occur	in	about	40	percent	of	years	(DWR	2012).	Water	also	enters	the	
bypass	from	the	Sacramento	Weir	and	from	Putah	and	Cache	Creeks.	The	Sacramento	Weir	is	
another	operable	weir	near	the	town	of	Sacramento	that	discharges	into	the	Yolo	Bypass	with	a	
design	capacity	of	112,000	cfs	(DWR	2010a,	2010b,	2012).		

All	these	sources	join	the	Toe	Drain,	a	perennial	channel	on	the	eastside	of	the	bypass	that	
discharges	back	to	Cache	Slough	and	the	Delta	several	miles	above	Rio	Vista.	The	Toe	Drain	begins	to	
spill	onto	the	floodplain	when	flows	exceed	3,500	cfs	at	the	Lisbon	Weir	(Feyrer	et	al.	2006b).	Some	
portion	of	the	Yolo	Bypass	typically	floods	in	about	60	percent	of	years	with	peak	inundation	
occurring	between	January	and	March	(DWR	2012;	Feyrer	et	al.	2006a;	Sommer	et	al.	2001b).		

In	contrast	to	the	upstream	basins,	the	Yolo	basin	is	tidally	influenced	and	the	higher	high	tide	of	
spring	tides	extends	to	just	above	the	sink	of	Putah	Creek	(Bryan	1923;	Jones	&	Stokes	2001;	
Whipple	et	al.	2012).	
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As	was	the	case	with	the	Butte	and	Colusa	basins,	rice	was	the	first	crop	grown	on	the	clay	soils	of	
the	Yolo	basin’s	floor	and	sides	with	14,210	acres	grown	in	the	upper	portion	of	the	basin	by	1920	
(California	Department	of	Public	Works	1923).	Rice	was	not	grown	in	the	lower	section	of	the	basin	
because	of	that	section’s	cooler	summer	temperatures	due	to	its	proximity	to	the	Delta’s	marine	
influenced	climate	(Jones	&	Stokes	2001).	As	with	the	other	basins,	not	only	are	agricultural	fields	
used	by	wildlife	during	the	cropping	season	but	they	often	have	a	substantial	role	in	supporting	
waterfowl	in	the	late	fall	and	during	the	wet	season	(CDFG	2008).	Additionally,	both	the	upper	and	
lower	sections	of	the	basin	support	spawning	habitat	for	floodplain‐adapted	fish	such	as	Sacramento	
splittail	and	provide	valuable	rearing	habitat	for	Chinook	salmon	and	steelhead	(Sommer	et	al.	
2005;	Feyrer	et	al.	2006a,	2006b;	CDFG	2008;	Sommer	et	al.	2014).	

Within	the	bypass	there	is	a	network	of	drainage	canals	that	convey	flows	from	the	Northern	Coast	
Range	creeks,	Delta	waters,	agricultural	drainage,	and	irrigation	water	(Jones	&	Stokes	2001;	NHC	
2012).	The	primary	north	to	south	conduits	are	the	Tule	Canal/Toe	Drain	on	the	east	side	and	the	
Conway	Canal	on	the	west	side	(Jones	&	Stokes	2001).	The	Lisbon	Weir	spans	the	Toe	Drain	
approximately	8.5	miles	south	of	the	Sacramento	Weir	(Jones	&	Stokes	2001).	The	top	of	the	weir	is	
2.5	feet	above	mean	sea	level,	the	tops	of	the	banks	of	the	Toe	Drain	are	8.5	feet	above	mean	sea	
level,	and	the	higher	high	tides	during	each	spring	tide	cycle	range	to	approximately	4.5	feet	above	
mean	sea	level.	The	maximum	design	capacity	of	the	upper	end	of	the	bypass	is	377,000	cfs	and	is	
490,000	cfs	where	it	discharges	into	the	Delta	(DWR	2010a,	2010b).	Under	current	conditions	
outflow	from	the	Yolo	Bypass	is	lower	than	unimpaired	simulations	especially	during	the	winter	and	
spring	months	due	to	less	frequent	weir	spills	and	less	inflow	from	Cache	and	Putah	Creeks	(Figure	
2.3‐2;	Table	2.3‐2).	Yolo	Bypass	outflows	under	simulated	current	conditions	and	unimpaired	
conditions	have	maximum	monthly	flows	of	over	100,000	cfs	for	January–March.	

	

	
Figure 2.3‐2. Yolo Bypass Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 
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Table 2.3‐2. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Yolo 
Bypass 

	 Oct	 Nov	 Dec	 Jan	 Feb Mar Apr May Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 70	 20	 18	 10	 10	 8	 4	 2	 15	 31	 22	 46	 15	 27	 22	

10%	 121	 67	 30	 22	 21	 19	 12	 19	 75	 56	 58	 152	 33	 47	 44	

20%	 211	 101	 40	 26	 28	 24	 17	 28	 99	 76	 69	 169	 38	 88	 54	

30%	 588	 149	 53	 35	 35	 35	 19	 57	 128	 396	 78	 187	 46	 110	 63	

40%	 812	 294	 64	 43	 42	 41	 23	 66	 141	 439	 84	 195	 50	 140	 67	

50%	 880	 527	 74	 56	 49	 52	 28	 82	 172	 479	 92	 202	 55	 216	 71	

60%	 954	 884	 93	 61	 59	 61	 38	 91	 202	 531	 120	 218	 61	 282	 77	

70%	 1,023	 1,113	 137	 68	 66	 78	 51	 111	 390	 556	 584	 719	 69	 385	 82	

80%	 1,086	 1,427	 184	 93	 83	 91	 65	 132	 548	 586	 641	 888	 78	 469	 92	

90%	 1,192	 AZ	 523	 110	 98	 104 135 453	 619	 626	 695	 997	 87	 648	 124	

100%	 1,426	 AZ	 AZ	 894	 373 318 421 710	 788	 710	 813	 AZ	 397	 813	 476	

“AZ”	indicates	that	the	unimpaired	flow	is	approaching	zero	and	is	very	low.	

	

2.3.6 Sacramento Flood Basin 

The	Sacramento	basin	is	approximately	20	miles	long	and	extends	from	near	the	current	southern	
border	of	the	city	of	Sacramento	to	just	beyond	the	southern	end	of	Snodgrass	Slough	near	the	north	
and	south	Delta	forks	of	the	Mokelumne	River	(Whipple	et	al.	2012).		

The	State	Plan	Flood	Control	levee	runs	along	the	east	bank	of	the	Sacramento	River,	which	has	a	
capacity	of	56,500	cfs	in	this	area	(DWR	2010a).	However,	the	basin	discharges	through	the	
Mokelumne	River	into	the	San	Joaquin	River	and	not	into	the	Sacramento	River.	A	discontinuous	
series	of	non‐project	levees	direct	flow	through	Sutter	and	Snodgrass	Sloughs	to	the	Mokelumne	
River	and	constrain	flows	within	the	Cosumnes	and	Mokelumne	Rivers	(DWR	2010a).	These	levees	
have	been	breached	by	large	floods	and	have	also	been	intentionally	breached	to	restore	floodplain	
habitat	(Swenson	et	al.	2003).	

2.4 Sacramento–San Joaquin Delta 
The	Delta	is	the	region	where	channels	of	the	Sacramento	and	San	Joaquin	Rivers	meet	and	mix	with	
saline	water	from	the	Pacific	Ocean.	The	“legal	Delta”	is	a	geographic	boundary	of	the	region	that	
encompasses	1,150	square	miles	roughly	between	the	city	of	Sacramento	to	the	north,	Stockton	to	
the	east,	Tracy	to	the	south	and	Pittsburg	to	the	west.	There	are	over	1,000	miles	of	levees	lining	
hundreds	of	miles	of	Delta	watercourses	(DWR	2010a)	(Figure	2.4‐1).	While	not	part	of	the	“legal	
Delta,”	Suisun	Marsh	is	an	important	ecological	area	closely	associated	with	the	Delta.	It	is	the	
marshland	located	north	of	Suisun	and	Honker	Bays,	west	of	Pittsburg.	

Historically,	the	Delta	contained	innumerable	channels	of	various	sizes	but	only	a	few	of	the	largest	
channels	remain	and	many	of	those	have	been	altered	by	meander	cuts	and	dredging	to	make	
navigation	more	efficient	(Whipple	et	al.	2012).	The	largest	sources	of	freshwater	to	the	Delta	are	
the	Sacramento	River	and	Yolo	Bypass	to	the	north,	the	Mokelumne	and	Calaveras	Rivers	to	the	east,	
and	the	San	Joaquin	River	to	the	south.	An	additional	and	essentially	unlimited	source	of	saline	
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water	to	the	Delta	is	the	Pacific	Ocean	and	its	daily	and	seasonal	tidal	cycles	that	propagate	up	
Suisun	Bay	and	influence	the	entire	Delta.	

	

	

Figure 2.4‐1. Generalized Delta Map 
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The	natural	geomorphology	of	the	Delta	and	Suisun	Marsh	has	been	greatly	altered	by	
anthropogenic	changes	in	sediment	supply,	flood	control	projects	including	levee	building	and	
draining,	mosquito	ditches	in	Suisun	Marsh,	and	by	large	dam	and	diversion	projects	throughout	its	
watershed.	Levees	and	various	land	uses	have	reduced	the	depth	of	peat	soils	within	the	confines	of	
the	levees	to	depths	of	‐24	feet	(‐7.25	meters)	(Drexler	et	al.	2009),	which	creates	an	enormous	
volume	of	space	that,	in	the	event	of	a	levee	break,	will	bring	saline	and	brackish	water	from	the	
west	further	into	the	Delta	(Mount	and	Twiss	2005).	

There	are	a	large	number	of	agricultural	diversions	directly	from	the	channels	of	the	Delta	(DWR	
2010a).	Additionally,	there	are	large	diversions	and	pumping	plants	for	distant	municipal,	industrial,	
and	agricultural	uses	(DWR	2010a).	While	these	diversions	are	managed	to	satisfy	multiple	
objectives	they	influence	flow	through	the	Delta	and	can	have	consequences	such	as	entrainment	
loss	and	increased	predation	to	imperiled	native	species	of	fish.	Agricultural	diversions	and	pumped	
exports	remove	phytoplankton	biomass	and	reduce	the	Delta’s	carrying	capacity	for	consumers	in	
this	low	productivity	ecosystem	where	food	limitation	is	pervasive	across	trophic	levels	(Monsen	et	
al.	2007).	

In	the	north,	the	Freeport	Regional	Water	Authority	diverts	from	the	Sacramento	River	at	Freeport,	
and	the	North	Bay	Aqueduct	and	the	City	of	Vallejo	Pipeline	divert	water	from	sloughs	at	the	lower	
end	of	the	Yolo	Bypass.	In	the	east,	the	City	of	Stockton	diverts	from	the	main	stem	of	the	San	
Joaquin	River	near	Medford	Island.	In	the	southwest,	the	CVP,	SWP,	Contra	Costa	Water	District	
(CCWD),	East	Contra	Costa	Irrigation	District,	and	Byron‐Bethany	Irrigation	District	divert	from	the	
Old	River	channel	of	the	San	Joaquin	River	and	other	southern	Delta	channels.	The	Sacramento	River	
is	a	major	source	of	the	freshwater	in	the	Old	River	channel	which	is	pulled	upstream	through	
Georgiana	Slough	and	the	DCC	gates	(DWR	2010a).		

2.4.1 Delta Inflows 

Despite	its	name,	the	Delta	is	not	simply	the	merging	of	two	river	deltas,	but	is	instead	an	elongated	
complex	network	of	deltas	and	flood	basins.	Based	on	current	unimpaired	flow	estimates,	the	
Sacramento	River	is	the	largest	source	of	flows	and	contributes	an	average	of	61	percent	of	inflows	
to	the	Delta;	the	Yolo	Bypass	contributes	about	14	percent,	the	eastside	tributaries	including	the	
Mokelumne	River	contribute	about	4	percent,	and	the	San	Joaquin	River	contributes	21	percent.		

Currently,	during	flood	stages,	approximately	82	percent	of	flows	from	the	Sacramento	River	pass	
through	the	Yolo	Bypass	(Roos	2006).	The	flood	stage	flows	can	have	many	sources	including	direct	
flows	from	tributaries	such	as	the	Feather	and	American	Rivers	as	well	as	through	a	system	of	
passive	and	active	weirs	(James	and	Singer	2008;	Singer	et	al.	2008;	Singer	and	Aalto	2009;	DWR	
2010a,	2012).	The	San	Joaquin	River	discharges	into	a	broad	network	of	sloughs	and	channels,	and	
the	Mokelumne	River	delta	merges	with	the	San	Joaquin	River	delta	on	the	eastern	side	of	the	Delta.	
On	the	southwest	side	of	the	Delta,	the	Marsh	Creek	delta	merges	with	the	San	Joaquin	River	delta.		

Under	pre‐development	conditions,	inflows	from	both	the	Sacramento	and	San	Joaquin	Rivers	were	
much	lower	July–November	compared	to	December–June	(TBI	1998).	This	difference	was	more	
dramatic	in	the	San	Joaquin	River.	The	San	Joaquin	River	has	an	upper	watershed	consisting	of	
impermeable	granitic	rock.	In	contrast,	the	upper	watershed	of	the	Sacramento	River	is	composed	of	
permeable	volcanic	rock.	As	a	result,	groundwater	discharge	from	this	volcanic	system	historically	
maintained	a	summer	base	flow	at	Red	Bluff	of	approximately	4,000	cfs	and	about	800	cfs	in	the	
Feather	River,	without	which	the	Sacramento	River	would	have	nearly	dried	up	during	the	fall	(TBI	
1998).	Water	diversions	in	the	San	Joaquin	Valley	began	earlier	than	those	in	the	Sacramento	Valley	
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and,	by	1870,	flows	of	the	San	Joaquin	River	were	significantly	reduced	(California	Department	of	
Public	Works	1931;	Jackson	and	Patterson	1977).	Sacramento	River	diversions,	particularly	those	in	
late	spring	and	summer	for	rice	irrigation,	increased	dramatically	from	1912	to	1929,	and	the	
combination	of	significant	drought	periods	and	increased	diversion	during	the	annual	low‐flow	
period	resulted	in	an	unprecedented	salinity	intrusion	into	the	Delta	in	the	fall	of	1918	(California	
Department	of	Public	Works	1931;	Jackson	and	Patterson	1977;	TBI	1998).	The	economic	impacts	of	
these	diversion‐caused	saltwater	intrusions	ultimately	led	to	the	creation	of	the	CVP	and	the	
construction	of	dams	for	the	release	of	freshwater	flow	to	prevent	salinity	intrusion	(Jackson	and	
Patterson	1977).	Construction	of	dams	and	diversions	on	all	major	rivers	contributing	to	the	Delta	
between	the	1930s	and	1960s	resulted	in	substantial	changes	to	Delta	inflows	(Figure	2.4‐2;	Table	
2.4‐1).	Winter	flood	peaks	and	spring	snowmelt	runoff	from	Delta	tributaries	have	been	greatly	
reduced	by	upstream	storage	and	replaced	by	increased	flows	in	summer	and	early	fall,	compared	to	
pre‐Project	hydrology	(Kimmerer	2002a,	2004).		

Table	2.4‐1	and	Figure	2.4‐2	show	the	large	effects	of	water	development	upstream	of	the	Delta.	
Current	conditions	in	the	spring	are	less	variable	and	inflows	are	less	than	57	percent	of	unimpaired	
flows	in	half	of	the	years.	The	months	of	April	and	May	are	the	most	extreme	where	current	Delta	
inflow	is	less	than	50	percent	of	unimpaired	flows	more	than	70	percent	of	the	period.	Table	2.4‐2	
shows	that	Delta	inflows	from	the	San	Joaquin	River	are	the	most	impaired	followed	by	Delta	
eastside	tributaries	and	the	Sacramento	River	is	the	least	impaired	contribution	to	Delta	inflow.	

	

	
Figure 2.4‐2. Delta Inflow Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 
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Table 2.4‐1. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow for 
Delta Inflow 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 83	 59	 47	 49	 42	 38	 28	 24	 30	 72	 93	 71	 38	 78	 53	

10%	 104	 81	 68	 60	 53	 48	 32	 29	 42	 83	 140	 133	 48	 99	 65	

20%	 129	 90	 74	 65	 59	 52	 35	 33	 47	 98	 152	 148	 50	 107	 69	

30%	 140	 97	 76	 69	 65	 55	 36	 34	 50	 113	 166	 167	 53	 114	 72	

40%	 150	 109	 81	 73	 68	 58	 39	 37	 52	 127	 172	 190	 54	 118	 73	

50%	 158	 120	 87	 78	 71	 63	 41	 39	 56	 142	 178	 207	 57	 129	 75	

60%	 164	 135	 96	 82	 76	 65	 43	 40	 60	 164	 187	 230	 61	 134	 77	

70%	 171	 145	 106	 90	 83	 72	 49	 46	 66	 180	 194	 243	 65	 146	 79	

80%	 179	 151	 122	 95	 89	 78	 54	 51	 81	 196	 204	 262	 71	 155	 82	

90%	 191	 161	 145	 101	 95	 87	 66	 57	 103	 210	 210	 297	 75	 165	 86	

100%	 216	 197	 185	 141	 106	 100	 82	 83	 163	 256	 239	 351	 87	 193	 105	

	

Table 2.4‐2. Median Current Conditions as Percent of Unimpaired Flow for Delta Inflow by Major 
Tributary  

		 January–June	 July–December	 Annual	

Yolo	Bypass	 55	 216	 71	

Sacramento	at	Freeport	 64	 128	 84	

San	Joaquin	at	Vernalis	 35	 114	 48	

Eastside	Tributaries	 46	 129	 62	

	

2.4.2 Delta Hydrodynamics 

Human	management	of	water	and	changes	to	the	physical	structure	of	the	Delta	have	significantly	
changed	the	timing,	magnitude,	and	flow	paths	through	the	Delta,	with	adverse	effects	on	fish	and	
wildlife.	During	the	summer‐fall	dry	season,	the	Delta	channels	essentially	serve	as	a	conveyance	
system	for	moving	water	from	reservoirs	in	the	north	to	the	CVP	and	SWP	export	facilities,	which	
are	operated	jointly	under	the	Coordinated	Operations	Agreement,	as	well	as	the	smaller	CCWD	
facility,	for	subsequent	delivery	to	farms	and	cities	in	the	San	Joaquin	Valley,	southern	California,	
and/or	other	areas	outside	the	watershed	(Kimmerer	2002a).		

The	CVP	Delta	facilities	consist	of	the	C.W.	“Bill”	Jones	Pumping	Plant	(formerly	Tracy	Pumping	
Plant),	Tracy	Fish	Collection	Facility,	and	Delta‐Mendota	Canal	(DMC).	Along	with	these	facilities,	
Reclamation	directs	the	operation	of	the	DCC	to	improve	the	transfer	of	water	from	the	Sacramento	
River	to	the	pumping	plant	(Reclamation	2009).	The	design	capacity	of	the	Jones	Pumping	Plant	is	
4,600	cfs,	but	until	2012	a	variety	of	factors,	including	subsidence	in	the	DMC,	limited	the	maximum	
pumping	rate	to	approximately	4,200	cfs.	In	April	2012,	an	intertie	(two	108‐inch‐diameter	pipes)	
was	completed	from	the	SWP	to	the	CVP.	The	intertie	allows	up	to	900	cfs	to	gravity	flow	from	the	
California	Aqueduct	to	the	DMC.	Completion	of	the	intertie	is	expected	to	have	some	effects	on	the	
tidal	elevations	at	the	DMC	intake	and	smaller	effects	on	tidal	elevations,	flows,	and	velocities	in	
south	Delta	channels	(Reclamation	2009).	Water	is	pumped	by	the	Jones	Pumping	Plant	into	the	
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DMC	for	delivery	to	CVP	contractors	in	the	Central	Valley	or	storage	in	San	Luis	Reservoir,	a	shared	
CVP/SWP	facility.		

The	SWP	Delta	facilities	consist	of	the	Harvey	O.	Banks	Pumping	Plant,	the	Clifton	Court	Forebay	
(CCF),	the	California	Aqueduct	and	also	the	Barker	Slough	Pumping	Plant	for	export	through	the	
North	Bay	Aqueduct	(Reclamation	2009).	The	installed	capacity	of	the	Banks	Pumping	Plant	is	
10,300	cfs.	However,	a	U.S.	Army	Corps	of	Engineers	(USACE)	permit	limited	diversions	into	CCF	at	
the	historic	maximum	daily	average	rate	of	6,680	cfs	(USACE	1981).	When	San	Joaquin	River	flow	at	
Vernalis	exceeds	1,000	cfs	during	the	period	from	mid‐December	to	mid‐March,	the	diversion	into	
CCF	may	be	increased	by	one‐third	of	the	Vernalis	flow	(USACE	1981).	Banks	is	operated	to	
minimize	the	impact	on	power	loads	on	the	California	electrical	grid	to	the	extent	practical,	using	the	
CCF	as	a	holding	reservoir	and	running	all	available	pumps	at	night	and	a	reduced	number	during	
the	higher	energy	demand	hours,	even	when	the	CCF	is	admitting	the	maximum	permitted	inflow.	
Banks	Pumping	Plant	is	almost	always	operated	to	the	maximum	extent	possible,	subject	to	the	
limitation	of	water	quality,	Delta	standards,	and	other	variables,	until	all	needs	are	satisfied	and	all	
storage	south	of	Delta	is	full	(USDOI	2008).	Water	is	pumped	by	the	Banks	Pumping	Plant	for	
delivery	to	SWP	contractors	in	the	San	Joaquin	Valley	and	southern	California	and	for	storage	in	San	
Luis	Reservoir	and	multiple	terminal	and	local	reservoirs,	the	largest	and	newest	being	Diamond	
Valley	Lake	in	Riverside	County,	which	was	completed	in	2003,	with	a	capacity	of	800	TAF.		

Habitat	conditions	in	the	Delta	are	driven	by	the	rise	and	fall	of	the	tides,	which	results	in	upstream	
and	downstream	movement	of	large	volumes	of	water	and	produces	flows	and	velocities	that	are	
generally	much	greater	than	what	is	associated	with	net	flows.	However,	net	flows	also	play	a	role	in	
the	ecosystem.	Export	operations	combined	with	changes	in	channel	geometry,	gates,	and	barriers	
and	have	greatly	altered	the	natural	direction	of	net	flow	in	the	Delta	with	effects	on	water	quality,	
fish	migration,	and	habitat	suitability	(DSC	2012).	Historically,	the	natural	flow	of	freshwater	
through	the	Delta	was	generally	from	the	Sacramento	River,	San	Joaquin	River,	and	eastside	
tributaries	westward	toward	San	Francisco	Bay.	Currently,	net	flow	is	generally	from	the	
Sacramento	River	southward	toward	the	export	pumps,	except	during	high	flow	events	(Figure	2.4‐
3).	The	San	Joaquin	River’s	small	relative	flow	contribution	combined	with	high	export	pumping	
rates	has	caused	reverse	flows	in	the	southern	Delta	and	reduced	outflow	from	the	Delta	into	the	
San	Francisco	Bay.	
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Figure 2.4‐3. Flow Direction in the South Delta. The left panel depicts the tidally averaged flow 
direction in the absence of export pumping. The right panel depicts reversal of tidally averaged flows 
that occurs during times of high exports (pumping) and low inflows to the Delta (DSC 2012). 
	

Delta	gates	and	diversions	can	substantially	redirect	tidal	and	river	flows	creating	net	flow	patterns	
and	salinity	and	turbidity	distributions	that	did	not	occur	prior	to	development.	Barriers	are	used	in	
the	Delta	to	control	water	quality	in	various	locations	in	the	Delta	by	changing	the	hydrodynamics.		

2.4.3 Delta Barriers 

Hydrodynamics	in	the	south	Delta	are	affected	by	four	seasonal	rock	barriers	installed	to	improve	
water	levels	for	agricultural	diverters	and	to	reduce	entrainment	of	native	fish.	The	south	Delta	
Temporary	Barriers	Project	includes	three	agricultural	barriers	at	Old	River	near	Tracy	(ORT),	
Middle	River	(MR)	near	its	confluence	with	Victoria	and	North	Canals,	and	on	Grant	Line	Canal	
(GLC),	and	one	fisheries	barrier,	the	Head	of	Old	River	Barrier	(HORB)	(NMFS	2012).		

The	three	agricultural	barriers	are	installed	seasonally	from	April	15	to	September	30,	on	ORT,	MR,	
and	GLC.	The	tops	of	the	barriers	are	below	the	mean	high	tide	level,	allowing	flow	to	enter	on	the	
flood	tide,	but	restricting	it	from	exiting	on	the	ebb	tide.	This	trapped	water	provides	sufficient	draft	
for	agricultural	pumps	in	the	south	Delta	to	operate	without	interruption,	but	also	blocks	the	natural	
flow	and	circulation	patterns	of	these	streams	(NMFS	2009a).		

The	HORB	is	installed	in	the	spring	to	keep	migrating	San	Joaquin	Chinook	salmon	in	the	main	San	
Joaquin	River	channel	and	away	from	the	pumps	and	predators	in	the	interior	Delta	and	again	in	the	
fall	to	improve	low	DO	conditions	in	the	Stockton	Deep	Water	Ship	Channel	(DWSC)	by	increasing	
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flow	(NMFS	2012).	The	barrier	is	fitted	with	culverts	to	allow	a	minimum	of	approximately	500	cfs	
to	flow	into	Old	River.	HORB	is	installed	in	mid‐September,	at	the	discretion	of	CDFW,	and	is	
completely	removed	by	November	30.	Throughout	this	period,	the	barrier	is	notched	to	allow	for	the	
upstream	passage	of	adult	salmon	and	steelhead	(NMFS	2012).	Unlike	the	agricultural	barriers,	the	
HORB	is	not	submerged	at	high	tide.		

Installation	of	the	south	Delta	agricultural	barriers	reduces	tidal	exchange	in	the	south	Delta.	The	
barriers	create	a	delay	in	the	tidal	signal	and	difference	in	elevation	between	the	channels	upstream	
and	downstream	of	the	barriers.	Installation	of	the	HORB	reduces	net	flows	into	Old	River	(NMFS	
2012).	There	is	evidence	that	the	presence	of	the	HORB	magnifies	negative	OMR	flows,	thus	
increasing	entrainment	of	Delta	smelt	(NMFS	2009b).	This	can	occur	when	water	that	is	blocked	by	
the	HORB	from	entering	Old	River	proceeds	down	the	San	Joaquin	River	and	then	is	drawn	into	Old	
and	Middle	Rivers	toward	the	CVP	and	SWP	diversion	points.		

Areas	of	null	flows	(flows	with	no	net	upstream	or	downstream	motion)	can	occur	in	the	interior	
sections	of	the	south	Delta	channels.	Null	flows	become	more	common	when	south	Delta	irrigation	
demands	are	high	and	inflow	from	the	San	Joaquin	River	is	low	(e.g.,	when	HORB	is	in	place).	The	
flow	patterns	in	the	interior	of	the	south	Delta	under	these	conditions	create	a	“hydraulic	trap”	for	
particles	(or	fish)	moving	with	the	river’s	flow.	These	null	flow	areas	are	also	associated	with	low	
DO	and	poor	water	quality	(NMFS	2012).		

2.4.4 Delta Cross Channel Gate Operations 

The	DCC	is	a	controlled	diversion	built	in	1951,	located	in	Walnut	Grove	and	operated	and	
maintained	by	the	San	Luis	Delta‐Mendota	Water	Authority	at	the	direction	of	Reclamation.	The	
gates	have	a	physical	capacity	of	3,500	cfs	and	can	divert	a	significant	portion	of	the	Sacramento	
River	flows	into	the	eastern	Delta	(State	Water	Board	2010).	Flows	are	controlled	by	gates	that	are	
normally	kept	open	to	maintain	cross‐Delta	flows.	The	DCC	gates	are	closed	in	the	late	summer	and	
autumn,	to	facilitate	salmon	emigration	(Monsen	et	al.	2007).	The	DCC	significantly	affects	Delta	
hydrodynamics	by	sending	Sacramento	River	water	into	Snodgrass	Slough	and	the	North	Fork	
Mokelumne	River	and	then	to	the	interior	Delta	(Reclamation	2006).	This	diversion	significantly	
improves	water	quality	in	the	southern	Delta	and	at	the	export	pumps,	but	also	increases	the	
probability	of	entrainment	of	juvenile	salmon	migrating	past	its	gates	into	the	interior	Delta,	
resulting	in	lower	survival.	When	the	gates	are	open,	40–50	percent	of	the	Sacramento	River	flow	
enters	the	interior	Delta	via	the	DCC	and	Georgiana	Slough.	When	the	gates	are	closed,	only	15–20	
percent	of	the	Sacramento	River	flow	enters	the	interior	Delta	(Low	et	al.	2006).	The	gates	are	
closed	during	migration	periods	to	protect	Chinook	salmon	and	also	at	high	flows	to	prevent	
flooding	(Reclamation	2006).	The	effect	of	the	DCC	on	fish	is	discussed	in	more	detail	in	Section	
3.4.5,	Flow	Effects	on	Salmonids.	

Closure	of	the	DCC	gates	alters	the	circulation	in	the	north	Delta	by	directing	more	Sacramento	River	
water	down	its	main	stem	and	away	from	the	central	Delta.	This	closure	results	in	less	freshwater	
available	to	prevent	salinity	intrusion	on	the	San	Joaquin	River	stem	of	the	Delta.	While	salinity	will	
decrease	at	Emmaton	on	the	Sacramento	River,	salinity	will	increase	on	the	San	Joaquin	at	Jersey	
Point	(Monsen	et	al.	2007).		
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2.4.5 South Delta Exports and Old and Middle River Reverse 
Flows 

Exports	from	the	south	Delta	include	SWP’s	Banks	Pumping	Plant,	CVP’s	Jones	Pumping	Plant	and	
CCWD’s	Victoria	Canal	and	Old	River	Pumping	Plants.	The	combined	capacity	of	the	CVP	and	SWP	
south	Delta	pumping	plants	is	about	15,000	cfs,	with	median	and	maximum	daily	combined	
diversions	since	water	year	2000	of	6,854	and	13,720	cfs,	respectively	(Dayflow).	The	combined	
capacity	of	CCWD	south	Delta	intakes	is	about	500	cfs,	with	median	and	maximum	daily	combined	
diversions	since	water	year	2000	of	133	and	460	cfs,	respectively	(Dayflow).	Exports	from	south	
Delta	channels	can	greatly	reduce	Delta	outflow	and	alter	Delta	hydrodynamics	by	drawing	water	
from	the	central	Delta	towards	the	export	facilities	in	the	south	Delta.	South	Delta	exports	have	
increased	since	the	late	1950s	when	Jones	Pumping	Plant	was	developed.	The	highest	pumping	rates	
have	occurred	in	the	years	2000–2009	after	the	adoption	of	D‐1641,	particularly	in	the	summer	and	
fall	(Figure	2.4‐4).	During	2010–2015,	south	Delta	exports	have	been	reduced	by	the	
implementation	of	the	BiOps	to	protect	endangered	species	(NMFS	2009a;	USDOI	2008)	and	
reduced	available	water	for	export	due	to	drought	conditions.	

	

	

Figure 2.4‐4. Total Seasonal SWP and CVP South Delta Exports by Decade (Source: Dayflow). The 
year shown on the x‐axis represents the start year of the decade, for example “2000s” represents 
2000–2009 and “2010s” represents 2010–2015.  

	

The	most	prominent	example	of	changes	in	net	flow	direction	in	the	Delta	occurs	in	the	Old	River	
and	Middle	River	channels	of	the	San	Joaquin	River.	Fleenor	et	al.	(2010)	documented	the	change	in	
both	the	magnitude	and	frequency	of	net	OMR	reverse	flows	as	water	development	occurred	in	the	
Delta	(Figure	2.4‐5).	The	disparity	between	pumping	rates	as	compared	to	the	streamflow	in	the	San	
Joaquin	River	creates	net	reverse	flows	(water	flowing	upstream)	on	the	Old	and	Middle	Rivers.	The	
magnitude	of	these	net	reverse	flows	can	at	times	be	as	great	as	12,000	cfs	flowing	from	the	central	
Delta	toward	the	export	pumps.	These	reverse	flows	can	entrain	fish	into	the	pumps,	confuse	
migratory	cues	that	juvenile	salmonids	use	to	navigate	towards	the	ocean,	and	affect	water	quality	
in	the	Delta	(Jassby	2005;	Kimmerer	2008).		
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The	1925–2000	unimpaired	line	in	Figure	2.4‐5	represents	the	best	estimate	of	“quasi‐natural”	or	
net	OMR	values	before	most	modern	water	development	(Fleenor	et	al.	2010).	The	other	three	lines	
represent	changes	in	the	frequency	and	magnitude	of	net	OMR	flows	with	increasing	development.	
Net	OMR	reverse	flows	are	estimated	to	have	occurred	naturally	about	15	percent	of	the	time	before	
modern	water	development	(Figure	2.4‐5,	Point	A).	The	magnitude	of	natural	net	OMR	reverse	flows	
was	seldom	more	negative	than	a	couple	of	thousand	cfs.	In	contrast,	between	1986	and	2005	net	
OMR	reverse	flows	had	become	more	frequent	than	90	percent	of	the	time	(Figure	2.4‐5,	Point	B).		

	

	

Figure 2.4‐5. Cumulative Probability of OMR Flows from Fleenor et al. 2010 
	

OMR	flows	are	monitored	by	the	U.S.	Geological	Survey	(USGS)	at	two	sites	using	rated	velocity	
meters	combined	with	stage	to	estimate	discharge	every	15	minutes.	Tidal	influences	are	digitally	
“filtered”	out,	which	results	in	a	measured	net	OMR	flow.	The	tidal	filter	uses	past	and	future	
measurements	which	imposes	a	delay	of	35	hours	until	the	net	flow	data	is	available	to	operators,	
enforcement	agencies,	and	the	public.	The	USGS	measured	net	OMR	flow	has	been	criticized	as	being	
a	poor	compliance	index	and	difficult	to	operate	to	because	of	the	time	delay	and	frequent	missing	
or	erroneous	data	(CCWD	2012).	

Starting	in	early	2014,	Reclamation	and	DWR,	with	concurrence	from	NMFS	and	USFWS,	began	a	
1‐year	demonstration	project,	which	was	later	extended,	to	test	the	ability	to	manage	OMR	through	
a	numerical	index	developed	by	Metropolitan	Water	District	of	Southern	California.	During	the	
project	duration,	the	SWP	and	CVP	will	monitor	and	compare	both	the	USGS	tidally	filtered	OMR	
measurements	and	the	index	values.	The	index	is	intended	to	be	equally	protective	of	fish	and	more	
predictable	to	operate	to	(Reclamation	2014;	NMFS	2014c).	
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2.4.6 Delta Outflow and X2 

Two	commonly	used	metrics	of	flow	magnitude	through	the	Delta	are	outflow	and	X2.	Outflow	is	
expressed	as	a	net	flow	from	the	Delta	to	the	San	Francisco	Bay	with	the	tidal	signal	removed.	X2	is	
defined	as	the	horizontal	distance	in	kilometers	up	the	axis	of	the	estuary	from	the	Golden	Gate	
Bridge	to	where	the	tidally	averaged	near‐bottom	salinity	is	2	practical	salinity	units	(Jassby	et	al.	
1995).	Delta	outflow	and	the	position	of	X2	are	closely	and	inversely	related	with	a	time	lag	of	about	
2	weeks	(Jassby	et	al.	1995;	Kimmerer	2004),	with	the	lag	being	inversely	dependent	on	the	
magnitude	of	Delta	outflow.		

Tides	are	driven	by	gravitational	pull	by	the	sun	and	the	moon,	air	pressure,	and	wind	currents.	The	
flow	driven	by	the	tides	is	greatest	closer	to	the	ocean.	Summer	tidal	flows	can	reach	up	to	340,000	
cfs	at	the	mouth	of	the	estuary	near	Pittsburg	and	are	weaker	upstream	on	the	Sacramento	and	San	
Joaquin	Rivers	(Figure	2.4‐6).	Large	tidal	exchanges	below	the	confluence	of	the	Sacramento	and	the	
San	Joaquin	Rivers	make	it	difficult	to	measure	flow	through	the	large	channels.	Recently	USGS	
installed	monitoring	stations	to	measure	Delta	outflow;	however,	they	are	subject	to	frequent	
outages,	imprecision,	and	error.	To	better	account	for	hydrology	within	the	Delta	in	the	absence	of	
measured	data,	tools	such	as	Dayflow	have	been	developed	to	estimate	interior	Delta	flows	and	net	
Delta	outflow.	

Dayflow	is	a	model	developed	by	DWR	in	1978	as	an	accounting	tool	for	water	in	the	Delta.	State	
Water	Board	Water	Rights	Decision	D‐1485	set	Delta	outflow	standards;	however,	the	technology	to	
gage	the	large	flow	exchange	at	the	mouth	of	the	Delta	was	not	available.	Dayflow	was	developed	to	
provide	an	estimate	of	outflow	and	to	gain	estimates	of	historic	Delta	outflow.	Dayflow	calculates	the	
daily	average	net	Delta	outflow	index	(NDOI)	based	on	precipitation	gages,	inflow	gages,	Project	
exports,	channel	depletions,	and	agricultural	consumptive	uses.	In	addition	to	NDOI,	Dayflow	
provides	estimates	of	net	flow	through	the	DCC	and	Georgiana	Slough,	net	flow	at	Jersey	Point	
(QWEST),	and	X2.		

Recently	studies	have	shown	that	NDOI	is	an	inaccurate	measure	of	Delta	outflow	during	certain	
times	of	the	year	and	particularly	at	times	of	low	Delta	outflow.	During	these	times,	measured	
salinity	values	can	be	used	to	estimate	Delta	outflow	using	historical	relationships	between	salinity	
and	outflow	(Brown	and	Huber	2015;	DWR	2016d).	Discrepancies	between	salinity	values	and	NDOI	
may	be	indicative	of	errors	in	the	NDOI	terms,	particularly	Delta	consumptive	use.	

DWR,	UC	Davis,	and	others	have	been	working	to	improve	the	estimates	of	in‐Delta	consumptive	
uses	and	channel	depletion	which	will	improve	the	estimates	of	Delta	outflow	and	ultimately	
hydrodynamics	and	the	LSZ	(Medellín‐Azuara	et	al.	2016).	One	of	these	new	tools	is	Delta	
Evapotranspiration	of	Applied	Water	(DETAW).	Remote	sensing	techniques	have	the	potential	to	
improve	the	accuracy	of	these	tools;	however,	the	new	methods	are	still	under	development	and	
may	require	significant	resources	to	be	applied	to	the	entire	Delta.	Current	Dayflow	estimates	tend	
to	underestimate	Delta	consumptive	uses	in	the	summer,	which	affects	outflow	and	LSZ	estimates	
when	compared	to	newer	estimates	using	DETAW	(DWR	2016d).	The	future	release	of	DETAW	and	
other	models	will	hopefully	more	accurately	estimate	Delta	uses	and	improve	estimates	of	Delta	
salinity,	outflow,	and	hydrodynamics.	
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Figure 2.4‐6. Delta Tidal Flows over a 25‐Hour Cycle in Summer Conditions (values in cfs) 
(DWR 1995) 
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USGS	has	installed	a	monitoring	station	network	that	now	allows	for	a	comparison	between	direct	
estimates	of	net	Delta	outflow	(NDO)	and	Dayflow	NDOI;	however,	because	of	the	large	tidal	
fluctuations,	the	measured	net	flow	is	prone	to	errors	(DWR	2016d).	In	the	absence	of	measurement	
error	or	error	in	the	estimates	of	the	NDOI	components,	NDO	and	NDOI	would	be	similar	except	for	
differences	caused	by	the	spring–neap	tidal	cycle,	which	causes	the	Delta	to	fill	and	drain	over	a	
2‐week	period.	At	times	of	very	low	Delta	outflow,	the	filling	and	draining	of	the	Delta	associated	
with	the	spring–neap	tidal	cycle	can	cause	negative	NDO.	When	NDO	is	very	low,	errors	in	the	
components	of	the	Dayflow	estimate	of	NDOI	and	the	spring–neap	filling	and	draining	of	the	Delta	
can	cause	a	relatively	large	discrepancy	between	NDOI	and	actual	NDO	(DWR	2012).	The	State	
Water	Board	recently	conducted	a	peer	review	through	the	DSC’s	DSP	of	the	above	issues	as	
summarized	by	DWR	(2016d)	to	provide	recommendations	on	improvements	to	Delta	outflow	
estimates.	The	peer	review	report	(Fleenor	et	al.	2016)	was	received	in	the	fall	of	2016,	and	will	be	
used	to	inform	the	future	implementation	of	regulatory	requirements	for	Delta	outflow.	

The	combined	effects	of	water	exports	and	upstream	diversions	have	contributed	to	reduce	the	
average	annual	net	outflow	from	the	Delta	by	33	percent	and	48	percent	during	the	1948–1968	and	
1986–2005	periods,	respectively,	as	compared	to	unimpaired	conditions	(Fleenor	et	al.	2010).	
Dayflow	data	also	show	a	trend	for	decreasing	Delta	outflow	through	time.	Since	the	1990s,	there	
has	been	a	reduction	in	spring	outflow	and	a	reduction	in	the	variability	of	Delta	outflow	throughout	
the	year	(Figure	2.4‐8)	due	largely	to	the	combined	effects	of	exports,	diversions,	and	variable	
hydrology.		

SacWAM	results	for	unimpaired	and	current	conditions	indicate	the	degree	and	variability	of	
impairment	of	total	Delta	outflow	by	month	(Table	2.4‐3;	Figure	2.4‐7).	The	San	Joaquin	River	
watershed	is	not	part	of	the	SacWAM	model.	Instead,	San	Joaquin	River	inflow	to	the	Delta	is	a	
model	input.	For	the	SacWAM	simulation	of	unimpaired	conditions,	the	Vernalis	inflow	values	came	
from	DWR	as	outlined	in	the	fourth	edition	unimpaired	flows	report	(DWR	2007c).	For	the	SacWAM	
simulation	of	current,	impaired	conditions,	the	Vernalis	inflow	values	were	those	simulated	by	
CalSim	II	for	the	2015	Delivery	Capability	Report	(DWR	2015).	

May	and	June	show	the	largest	impairment,	where	in	80	percent	of	those	months	Delta	outflow	is	
less	than	44	percent	and	46	percent	of	the	unimpaired	flow,	respectively	(Table	2.4‐3).	For	
simulated	current	conditions,	Delta	outflow	is	much	lower	in	the	spring	and	frequently	higher	in	
September	compared	with	unimpaired	Delta	outflow,	and	variability	is	reduced	in	all	months	except	
September	(Figure	2.4‐7).	Table	2.4‐4	shows	the	contributing	sources	of	unimpaired	Delta	outflow	
by	season.	The	Sacramento	River	at	Freeport	contributes	61	percent	of	the	outflow	in	the	winter‐
spring,	and	77	percent	in	the	summer	and	fall.	The	other	major	annual	average	contributions	to	
Delta	outflow	originate	from	the	Feather,	American,	and	San	Joaquin	River	watersheds	(25	percent,	
9	percent,	and	21	percent,	respectively).		
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Figure 2.4‐7. Delta Outflow Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 

	
	

Table 2.4‐3. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Delta 
Outflow 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 27	 27	 26	 34	 34	 28	 20	 16	 17	 28	 36	 31	 28	 38	 32	

10%	 40	 33	 30	 45	 40	 35	 23	 21	 23	 35	 44	 44	 35	 44	 39	

20%	 45	 40	 34	 50	 43	 38	 26	 24	 25	 39	 47	 45	 38	 49	 40	

30%	 49	 45	 37	 52	 48	 42	 28	 27	 27	 43	 50	 48	 39	 53	 43	

40%	 52	 52	 45	 56	 52	 43	 33	 29	 29	 47	 52	 55	 42	 55	 45	

50%	 55	 55	 50	 58	 56	 46	 34	 30	 32	 49	 54	 59	 44	 57	 48	

60%	 61	 62	 52	 63	 60	 52	 37	 34	 36	 55	 57	 103	 50	 60	 53	

70%	 74	 71	 57	 66	 67	 60	 42	 36	 40	 59	 63	 131	 55	 63	 56	

80%	 86	 85	 62	 71	 77	 66	 50	 44	 46	 65	 67	 144	 61	 67	 62	

90%	 104	 91	 68	 82	 84	 75	 60	 51	 60	 72	 78	 179	 65	 73	 66	

100%	 122	 107	 98	 122	 95	 96	 77	 62	 102	 108	 98	 237	 80	 92	 78	
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Figure 2.4‐8. Seasonal Net Delta Outflow Index by Decade (Source: Dayflow). The year shown on 
the x‐axis represents the start year of the decade, for example “2000s” represents 2000–2009 and 
“2010s” represents 2010–2015.  

	
	

Table 2.4‐4. Simulated Unimpaired Contributions to Total Delta Outflow from Various Locations in 
the Project Area (percent of Delta outflow) 

Location	 Jan–Jun	 Jul–Dec	 Annual	Total	

Sacramento	River	below	Keswick	 17.4	 27.7	 19.7	

Sacramento	River	at	Freeport	 61.2	 77.1	 64.8	

Cow	Creek	at	Confluence	with	Sacramento	River	 1.5	 1.6	 1.5	

Battle	Creek	at	Confluence	with	Sacramento	River	 1	 2	 1.2	

Butte	Creek	near	Durham	 1.4	 1.5	 1.4	

Antelope	Creek	at	Confluence	with	Sacramento	River	 0.4	 0.5	 0.4	

Deer	Creek	 0.8	 0.9	 0.8	

Mill	Creek	 0.7	 1	 0.8	

Paynes	Creek	 0.2	 0.2	 0.2	

Clear	Creek	 1.2	 1.1	 1.1	

Big	Chico	Creek	 0.4	 0.4	 0.4	

Feather	River	at	Confluence	with	Sacramento	River	 24.2	 25.9	 24.6	

Feather	River	above	Confluence	with	Yuba	River	 15.1	 17	 15.5	

Yuba	River	 	8.3	 	7.6	 	8.1	

Bear	River	at	Confluence	with	Feather	River	 	1.3	 	1.4	 	1.3	

American	River	at	Confluence	with	Sacramento	River	 9.7	 6.7	 9.1	

Mokelumne	River	above	the	confluence	with	Cosumnes	 2.4	 1.3	 2.2	

Cosumnes	River	at	confluence	with	Mokelumne	 1.7	 1	 1.5	

Calaveras	River	 0.5	 0.3	 0.4	

Stony	Creek	 1.5	 1.1	 1.4	

Cottonwood	Creek	 2	 1.6	 1.9	

Thomes	Creek	 0.9	 0.8	 0.9	
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Location	 Jan–Jun	 Jul–Dec	 Annual	Total	

Elder	Creek	 0.2	 0.2	 0.2	

Cache	Creek	 1.7	 1	 1.5	

Putah	Creek	 1.2	 0.8	 1.1	

Sutter	Bypass	Outflow	 10.1	 6.1	 9.2	

Yolo	Bypass	 9.6	 5.1	 8.6	

San	Joaquin	River	at	Vernalis	 22.7	 15.9	 21.2	

Delta	Outflow	 100	 100	 100	

	

Delta	outflow	and	X2	are	closely	and	inversely	related.	Higher	Delta	outflows	push	saline	waters	
from	the	Pacific	further	toward	the	Golden	Gate	Bridge,	therefore	reducing	the	value	of	X2,	which	
scales	as	the	logarithm	of	net	Delta	outflow.	However,	because	antecedent	conditions	are	also	
important,	especially	at	times	when	there	is	a	large	variability	in	daily	outflow,	the	relationship	
between	current	outflow	and	X2	weakens	(Monismith	et.	al.	2002).	On	a	monthly	time	step,	the	
relationship	between	outflow	and	X2	is	quite	clear,	as	shown	in	Figure	2.4‐9.	

	

	
Figure 2.4‐9. Time Series of X2 (thin line, left axis, scale reversed) and Outflow (heavy line, right 
axis, log scale), Annual Averages for January to June. Flow data from DWR; X2 calculated as in 
Jassby et al. (1995) (Source: Kimmerer 2002b, Figure 3). 

	

Hydrodynamic	simulations	conducted	by	Fleenor	et	al.	(2010)	indicate	that	the	position	of	X2	has	
been	skewed	eastward	in	the	recent	past,	as	compared	to	pre‐development	conditions	and	earlier	
impaired	periods,	and	that	the	variability	of	salinity	in	the	western	Delta	and	Suisun	Bay	has	been	
significantly	reduced	(Figure	2.4‐10).		
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Figure	2.4‐10	shows	the	cumulative	probability	distributions	of	simulated	daily	X2	locations	showing	
unimpaired	flows3	(green	solid	line)	and	three	historical	periods,	1949–1968	(light	solid	blue	line),	
1969–1985	(long‐dashed	brown	line)	and	1986–2005	(short‐dashed	red	line),	illustrating	progressive	
reduction	in	salinity	variability	from	unimpaired	conditions.	Paired	letters	indicate	geographical	
landmarks:	CQ,	Carquinez	Bridge;	MZ,	Martinez	Bridge;	CH,	Chipps	Island;	CO,	Collinsville;	EM,	
Emmaton;	and	RV,	Rio	Vista.	The	higher	X2	values	shown	in	this	figure	(refer	to	Point	“B”)	indicate	the	
LSZ	is	farther	upstream	for	a	more	prolonged	period	of	time.	Point	“B”	demonstrates	that	during	the	
period	from	1986	to	2005	the	position	of	X2	was	located	upstream	of	71	km	nearly	80	percent	of	the	
time,	as	opposed	to	unimpaired	flows	which	were	equally	likely	to	place	X2	upstream	or	downstream	
of	the	71	km	location	(50	percent	probability).	(Fleenor	et	al.	2010.)		

Historically,	X2	exhibited	a	wide	seasonal	range	tracking	the	unimpaired	Delta	outflows;	however,	
seasonal	variation	in	X2	range	has	been	reduced	by	nearly	40	percent	as	compared	to	pre‐dam	
conditions	(TBI	2003).	

	

	

Figure 2.4‐10. Cumulative Probability of Daily X2 Locations, from Fleenor et al. 2010 
	

Hutton	et	al.	(2015)	estimated	X2	position	based	on	salinity	measurements	for	1922–2012.	This	
analysis	evaluated	trends	through	time	by	month,	as	opposed	to	the	analysis	presented	above	that	
combined	results	for	all	months	(Fleenor	et	al.	2010).	As	might	be	expected	based	on	increases	
through	time	in	the	storage	and	release	of	water,	analysis	for	the	entire	91	years	showed	increases	
in	X2	through	time	(i.e.,	more	saltwater	intrusion)	during	the	period	when	water	is	most	typically	
stored	(November–June)	and	decreases	in	X2	(i.e.,	less	saltwater	intrusion)	during	dry	months	when	
water	is	typically	released	from	storage	(August	and	September).	Comparison	of	X2	position	during	

																																																													
3	Daily	unimpaired	flows	shown	here	are	estimated	using	DWR’s	previous	method	of	estimating	unimpaired	flows	
described	in	California	Central	Valley	Unimpaired	Flow	Data,	Fourth	Edition	(DWR	2007c).	
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pre‐Project	water	years	(1922–1967)	and	post‐Project	water	years	(1968–2012)	showed	the	largest	
monthly	differences	occurring	during	critical	water	years,	when	reservoir	storage	and	release	has	a	
greater	effect	on	hydrology.	Figure	2.4‐11	was	produced	from	the	Hutton	et	al.	(2015)	daily	X2	
position	data	and	resembles	Figure	2.4‐10	in	most	salient	features.	The	inclusion	of	the	1922–1945	
highlights	one	of	the	problems	that	occurred	in	the	watershed	after	the	diking	and	draining	of	the	
Delta	and	the	development	but	before	the	completion	of	upstream	storage	projects,	including	Shasta	
Reservoir.	During	dry	months,	and	in	particular	during	severe	droughts,	salinity	intruded	deep	into	
the	Delta,	as	shown	in	the	red	line	in	Figure	2.4‐11.	Such	severe	salinity	intrusions	were	likely	much	
rarer	prior	to	the	widening	and	deepening	of	Delta	channels	(Whipple	et	al.	2012).	In	the	period	
since	1945,	X2	positions	have	reduced	in	variability	due	in	part	to	a	greater	ability	to	repel	salinity	
during	dry	conditions,	but	have	generally	skewed	upstream	under	all	but	the	driest	conditions,	as	
shown	in	both	Figures	2.4‐10	and	2.4‐11.	

	

	

Figure 2.4‐11. Exceedance Frequency Distribution of Daily X2 Positions. Data are divided into four 
historical periods: prior to the completion of Shasta Reservoir (1922–1945), prior to the 
completion of Oroville Reservoir (1946–1967), prior to the adoption of D‐1641 (1968–1999), and 
following the adoption of D‐1641 (2000–2012). Data shown are the Sacramento River daily X2 
positions from Hutton et al. 2015. 

	

Although	X2	was	originally	conceived	of	as	a	regulatory	parameter	for	the	winter‐spring	period	
(Jassby	et	al.	1995),	more	recent	research	has	suggested	that	the	position	of	X2	in	fall	may	affect	
Delta	smelt	populations	(Chapter	3,	Scientific	Knowledge	to	Inform	Fish	and	Wildlife	Flow	
Recommendations).	Work	by	USFWS	(2011)	has	shown	that,	since	1967,	fall	X2	has	increased	and	
variability	has	decreased	through	time	(Figure	2.4‐12).	This	increase	in	fall	X2	during	project	water	
years	(1968–2012)	was	corroborated	in	work	by	Hutton	et	al.	(2015)	that	showed	increases	in	X2	
during	September–December.	However,	the	Hutton	et	al.	(2015)	work	showed	that	during	
pre‐Project	water	years	(1922–1967),	there	was	a	trend	of	decreasing	X2	during	August–December.	
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Figure 2.4‐12. Time Series of Fall X2 since 1967. Water year types represent the preceding spring. 
A LOESS smooth is fitted to the data (USFWS 2011). 

	

The	Dayflow	methodology	is	often	used	to	estimate	X2	based	on	outflow	for	operational	and	
management	decisions.	Dayflow’s	X2	estimate	is	based	on	a	20‐year‐old	autoregressive	equation,	
which	produces	significant	discrepancies	from	measured	values	recorded	by	the	California	Data	
Exchange	Center	(CDEC)	(Figure	2.4‐13)	(Mueller‐Solger	2012).	Various	alternative	approaches	
have	been	described	for	improving	the	method	for	calculating	daily	X2	(Monismith	et	al.	2002;	
Huber	and	Brown	2014;	MacWilliams	et	al.	2015;	Hutton	et	al.	2015;	Rath	et	al.	2016).	

	

	

Figure 2.4‐13. Dayflow, Flow‐Based Estimation of X2, and CDEC Water‐Quality Based X2 Values 
(Bourez 2012) 
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2.5 Suisun Region 
Functionally,	Suisun	Marsh	is	similar	to	the	larger	Delta	in	having	a	delta	(Green	Valley	
Creek/Suisun	Creek/Cordelia	Slough)	embedded	within	a	tidal	marsh.	It	differs	because	it	lies	
between	the	Delta	and	the	San	Francisco	Bay	Estuary.	While	Sacramento‐San	Joaquin	River	flows	
have	a	significant	effect	on	flow	and	salinity	gradients	in	the	Suisun	region,	localized	factors	can	
have	large	effects	on	flows	and	salinity	gradients	within	the	marsh.	The	vegetation	of	brackish	tidal	
marsh	wetlands	and	non‐tidal	managed	wetlands	are	biological	expressions	of	those	gradients,	and	
the	wetlands	and	sloughs	are	particularly	important	habitat.	

Suisun	Creek	and	Green	Valley	Creek	are	regulated	by	dams	and	have	an	estimated	combined	
average	annual	runoff	of	16,420	AF	(Jones	&	Stokes	Associates	and	EDAW	1975).	Summer	base	flow	
in	both	creeks	is	currently	<1	cfs	(Resource	Management	Associates	2009).	In	addition	to	the	
discharge	of	the	two	creeks,	the	Fairfield‐Suisun	Sewer	District	Treatment	Plant	discharges	
approximately	20	cfs	of	treated	wastewater	into	Boynton	Slough	during	the	dry	season	and	
significantly	more	during	the	wet	season	(San	Francisco	Bay	Water	Board	2009,	2014).	Boynton	
Slough	drains	into	the	upper	reach	of	Suisun	Slough.	Natural	flows	for	other	creeks	in	the	Suisun	
region	have	not	been	reported	and	those	creeks	flow	through	developed	areas	that	have	significant	
treated	wastewater	or	irrigation	base	flows	during	the	summer.	

Tides	in	the	San	Francisco	Bay	Estuary	and	in	the	Suisun	region	are	mixed	semi‐diurnal	(two	
dissimilar	high	tides	and	two	dissimilar	low	tides	each	day)	(Malamud‐Roam	2000;	Resource	
Management	Associates	2009),	and	present	day	tidal	flows	in	the	main	channel	range	from	
approximately	300,000	cfs	at	the	eastern	end	to	approximately	600,000	cfs	at	the	western	end	
(Siegel	et	al.	2010;	Enright	2014).	The	cycling	of	the	tides	affects	the	tidal	marsh	ecosystem	by	
flooding	some	areas	only	during	the	highest	of	the	two	daily	high	tides	and	some	areas	only	during	
the	period	of	the	highest	tides	each	month,	affecting	the	temperature	and	salinity	of	water	in	
adjacent	tidal	channels	and	on	soil	salinity	in	the	tidal	marsh.	Those	factors	in	turn	control	the	
distribution	of	plants	and	animals	on	the	marsh	plains	and	channels.	

The	2006	Bay‐Delta	Plan	contains	salinity	objectives	for	the	Suisun	region.	The	Suisun	Marsh	
Salinity	Control	Gates	are	operated	to	assist	in	meeting	those	objectives	and	have	been	shown	to	be	
very	effective	at	conveying	relatively	fresh	water	from	Collinsville	downstream	in	Montezuma	
Slough	and	through	Hunter	Cut	into	Suisun	Slough	(Enright	2008).	The	net	flow	during	the	fall	can	
be	approximately	2,800	cfs	through	the	gates	at	times	when	the	Delta	Outflow	Index	ranges	from	
2,000	to	8,000	cfs	(Enright	2008).	Operation	of	the	gates	has	a	significant	freshening	effect	on	high	
and	low	tide	salinity	at	the	Suisun	Slough	salinity	compliance	point	(S‐42)	and	at	high	tide	at	the	
Chadbourne	Slough	compliance	site	(S‐21)	(Enright	2008).	Operation	of	the	gates	has	a	significant	
effect	on	tidal	dynamics	with	effects	that	range	from	damping	to	increasing	the	range	of	tides.	
Additionally,	the	operation	of	the	gates	during	the	fall	period	causes	increases	in	salinity	in	the	Delta	
resulting	in	a	3	km	upstream	shift	in	X2	(Enright	2008).	
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2.6 Drought 
The	Bay‐Delta	hydrology	has	historically	been	defined	by	extreme	events	ranging	from	large	winter	
and	spring	floods	to	multi‐year	droughts.	From	water	year	2012	through	2016	runoff	into	the	Delta	
has	been	below	normal,	with	3	very	dry	years	in	a	row	(2013–2015).	Modeling	data	for	the	current	
drought	period	is	included	in	the	analysis	throughout	this	chapter.	

The	recent	drought	period	was	severe;	however,	it	is	similar	to	previous	droughts	throughout	the	
94‐year	analysis	in	both	severity	and	duration.	The	average	Sacramento	Valley	annual	runoff	
estimated	by	DWR	from	2012–2015	was	10.2	MAF,	which	is	slightly	higher	than	the	longer	1987–
1992	and	1929–1934	droughts	(Table	2.6‐1).	The	1976–1977	drought	was	short	and	severe	even	
when	compared	with	2014–2015,	which	were	the	driest	2	years	of	the	recent	drought.	

Table 2.6‐1. Sacramento Valley Unimpaired Runoff  

Period	(Water	Years)	 Average	Annual	Runoff	(MAF)	

2012–2015	 10.2	

2014–2015	 8.4	

1987–1992	 10.0	

1976–1977	 6.7	

1929–1934	 9.8	

Source:	DWR	2016b.	

	

2.7 Climate Change 
Many	studies	indicate	that	the	next	94	years	will	likely	be	very	different	than	the	94	years	analyzed	
above	(Null	et.	al.	2010;	Milly,	et	al.	2008;	Barnett	et	al.	2008;	Null	and	Viers	2013)	but	exactly	how	
the	hydrology	of	the	Sacramento	watershed	will	be	affected	by	climate	change	is	uncertain.	
California	will	likely	experience	more	extreme	winter	floods	and	longer,	more	severe	droughts	in	
years	to	come.	Air	and	water	temperatures	will	likely	be	higher	and	evapotranspiration	will	be	
greater.	The	amount	of	precipitation	that	falls	as	snow	in	the	mountains	will	decrease,	and	sea	level	
rise	will	likely	affect	salinity	intrusion	in	the	Delta.	The	potential	effects	of	climate	change	are	
discussed	in	more	detail	in	Chapter	4,	Other	Aquatic	Ecosystem	Stressors,	in	Section	4.6,	Climate	
Change.	

2.8 Conclusions 
Current	hydrologic	conditions	in	the	Sacramento	watershed	are	very	different	than	simulated	
unimpaired	hydrologic	conditions.	The	Sacramento	River	has	been	termed	“the	hardest	working	
river	in	the	state”	because	of	the	many	beneficial	uses	it	provides	(LA	Times	1989).	It	provides	
drinking	water	for	millions	of	people	throughout	the	state,	and	it	is	the	primary	supply	for	
agriculture	throughout	the	Central	Valley.	In	general,	this	development	has	reduced	winter	and	
spring	flows	and	increased	summer	flows	while	reducing	the	hydrologic	variability	for	regulated	
tributaries.	In	unregulated	tributaries	hydrologic	development	has	reduced	flows	during	the	
irrigation	season,	resulting	in	low,	warm	flows,	particularly	in	the	summer.	
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Regulated	tributaries	show	the	largest	difference	between	current	conditions	and	unimpaired	
conditions	in	January–June.	These	differences	are	largest	for	non‐Project	tributaries	such	as	the	
Mokelumne	River,	Putah	Creek,	and	Cache	Creek,	where	flows	are	less	than	23	percent,	13	percent,	
and	53	percent	of	unimpaired	flow	in	half	of	the	years,	respectively.	Project	tributaries	such	as	Clear	
Creek	and	the	Feather	and	American	Rivers	have	higher	flows	than	non‐Project	tributaries	most	of	
the	years;	however,	during	dry	years	they	still	show	a	large	decrease	in	flows.	For	example,	Clear	
Creek,	and	the	Feather	and	American	Rivers	are	below	20	percent,	31	percent,	and	40	percent	of	
unimpaired	flow	in	10	percent	of	the	years,	respectively.	

Current	water	management	has	increased	the	stability	of	the	Delta’s	annual	inflows	and	salinity.	
Annual	incursions	of	saline	water	into	the	Delta	still	occur	each	summer,	but	have	been	substantially	
muted	compared	to	their	historical	levels	by	the	release	of	summer	water	from	the	reservoirs	
(Herbold	and	Moyle	1989).	Simulated	Delta	outflow	under	current	conditions	is	less	than	44	percent	
of	unimpaired	Delta	outflow	during	January–June	in	half	of	the	years,	with	the	greatest	impairment	
generally	occurring	during	April–June.	In	contrast	to	the	reduced	saline	intrusion	during	the	
summer,	these	reductions	in	outflow	during	January–June	are	associated	with	an	increase	in	X2	and	
salinity	intrusion.	
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Chapter 3 
Scientific Knowledge to Inform Fish and 

Wildlife Flow Recommendations 

3.1 Introduction 
This	chapter	provides	a	review	and	summary	of	the	best	available	science	on	flow	needs	for	the	
protection	of	aquatic	fish	and	wildlife	beneficial	uses.	Specifically,	this	chapter	describes	the	
ecosystem	functions	provided	by	flows	and	describes	the	distribution	and	abundance	of	several	
native	Bay‐Delta	aquatic	species	and	their	relationships	to	flow	building	on	the	State	Water	Board’s	
2010	Delta	Flow	Criteria	Report.	As	discussed	in	Chapter	1,	the	Delta	Flow	Criteria	Report	presented	
a	technical	assessment	of	non‐regulatory	flow	criteria	and	operational	requirements	intended	to	
protect	aquatic	resources,	but	did	not	consider	other	competing	uses	of	water	or	tributary‐specific	
needs	for	cold	water	and	other	purposes	that	will	be	considered	in	the	Phase	II	process.	

This	chapter	focuses	on	flows	to	support	native	species	and	aquatic	habitat	and	will	inform	the	
analyses	in	Chapter	5	on	recommended	changes	to	the	Bay‐Delta	Plan	to	protect	fish	and	wildlife,	
including	changes	to	Sacramento	and	Delta	eastside	tributary	inflows,	Delta	outflow,	interior	Delta	
flow,	and	cold	water	habitat	requirements.	Other	important	uses	such	as	municipal,	agricultural,	and	
hydropower	will	also	factor	into	the	State	Water	Board	decision‐making	regarding	updates	to	the	
Bay‐Delta	Plan.		

Many	stressors	other	than	flows	can	also	affect	ecosystem	processes.	Each	of	these	stressors	has	the	
potential	to	interact	with	flow	to	affect	available	aquatic	habitat.	As	discussed	in	more	detail	in	
Chapters	4	and	5,	fish	and	wildlife	protection	cannot	be	achieved	solely	through	flows—habitat	
restoration	and	stressor	reduction	are	also	needed.	The	dynamic	nature	of	flow	interacts	with	the	
physical	environment	to	produce	aquatic	habitats	suitable	for	native	fish	and	wildlife.	The	function	
and	ability	of	ecosystems	to	support	these	species	can	be	reduced	by	stressors.	One	cannot	
substitute	one	for	another;	flow	improvements,	stressor	reduction,	and	habitat	restoration	are	all	
essential	for	protecting	fish	and	wildlife	resources.	Suitable	flows	are	a	critical	element	of	protection	
and	restoration	and	are	the	subject	of	this	chapter.	

This	chapter	relies	on	scientific	and	empirical	evidence	from	published	and	peer	reviewed	articles,	
exhibits,	and	testimony	in	the	record	of	the	2010	Delta	Flow	Criteria	Report	proceeding,	and	original	
analyses	prepared	by	State	Water	Board	staff.	Where	information	is	available,	this	Report	identifies	
flows	that	are	associated	with	population	growth	of	specific	native	indicator	aquatic	species	
populations	more	than	half	of	the	time	or	maintain	populations	near	abundance	goals	previously	
identified	in	the	Delta	Flow	Criteria	Report.	

The	following	specific	scientific	information	is	relied	upon	in	this	Report:	

 Ecological	function‐based	analyses	for	desirable	species	and	ecosystem	attributes. 
 Statistical	relationships	between	flow	and	species	abundance.		

 Unimpaired	flows	and	historical	impaired	flows	that	supported	more	desirable	ecological	
conditions.	
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3.2 Flow and the Ecosystem 
This	section	describes	the	importance	of	the	flow	regime	in	protecting	the	aquatic	ecosystem	that	
supports	fish	and	wildlife	beneficial	uses.	In	general,	naturally	variable	flow	conditions	provide	the	
conditions	needed	to	support	the	biological	and	ecosystem	processes	which	are	imperative	to	the	
protection	of	fish	and	wildlife	beneficial	uses.	Conversely,	altered	flow	regimes	have	been	shown	to	
be	a	major	source	of	degradation	to	aquatic	ecosystems	worldwide	(Petts	2009).	

Flow	is	commonly	regarded	as	a	key	driver	or	“master	variable”	governing	the	environmental	
processes	in	riverine	and	estuarine	systems	such	as	the	Bay‐Delta	and	its	watershed	(Poff	et	al.	
1997;	Bunn	and	Arthington	2002;	Kimmerer	2002a;	Petts	2009;	Montagna	et	al.	2013;	Yarnell	et	al.	
2015).	Flow	is	not	simply	the	volume	of	water,	but	also	the	direction,	timing,	duration,	rate	of	
change,	and	frequency	of	specific	flow	conditions.	Bunn	and	Arthington	(2002)	present	four	key	
principles	underlying	the	links	between	hydrology	and	aquatic	biodiversity	and	the	impacts	of	
altered	flow	regimes:	(1)	flow	is	a	major	determinant	of	physical	habitat;	(2)	aquatic	species	have	
evolved	life	history	strategies	based	on	natural	flow	regimes;	(3)	upstream‐downstream	and	lateral	
connectivity	are	essential	to	organism	viability;	and	(4)	invasion	and	success	of	nonnative	species	is	
facilitated	by	flow	alterations.		

The	effects	of	flow	modifications	on	biological	resources	have	been	reviewed	by	several	authors	
who	have	found	that	fish	abundance	and	diversity	declined	in	response	to	reductions	in	flow	across	
a	wide	range	of	biological	communities	all	over	the	world	(Lloyd	et	al.	2004;	Poff	and	Zimmerman	
2010;	Rozengurt	et	al.	1987).	Although	there	is	no	universal	quantitative	relationship	between	flow	
alteration	and	ecological	response,	the	risk	of	ecological	change	increases	with	greater	magnitudes	
of	flow	alteration	(Poff	and	Zimmerman	2010).	Richter	et	al.	(2011)	concluded	that	“alterations	
greater	than	20	percent	will	likely	result	in	moderate	to	major	changes	in	natural	structure	and	
ecosystem	functions,	with	greater	risk	associated	with	greater	levels	of	alteration	in	daily	flow.”	
Studies	of	river‐delta‐estuary	ecosystems	in	Europe	and	Asia	concluded	that	water	quality	and	fish	
resources	deteriorate	beyond	their	ability	to	recover	when	spring	and	annual	water	withdrawals	
exceed	30	and	40–50	percent	of	unimpaired	flow,	respectively	(Rozengurt	et	al.	1987).	Upstream	
diversions	and	water	exports	in	the	Delta	have	reduced	median	January	to	June	and	average	annual	
outflow	by	56	and	48	percent,	respectively	(Chapter	2;	Fleenor	et	al.	2010).	

3.2.1 Riverine Flows 

Altered	flow	regimes	negatively	affect	native	fish	communities	and	their	aquatic	ecosystem	(Pringle	et	
al.	2000;	Freeman	et	al.	2001;	Bunn	and	Arthington	2002;	Moyle	and	Mount	2007).	An	assessment	of	
streams	across	the	conterminous	U.S.	shows	a	strong	correlation	between	simplified	or	diminished	
streamflows	and	impaired	biological	communities	including	fish	(Carlisle	et	al.	2011).	In	addition,	
when	streams	are	dammed	and	flow	regimes	are	simplified	by	dam	releases,	stream	fish	communities	
tend	to	become	simplified	and	more	predictable,	usually	dominated	by	species	that	thrive	in	simplified	
and	less	variable	habitats	(Brown	and	Bauer	2009;	Kiernan	et	al.	2012).	This	has	been	found	to	be	the	
case	in	the	Bay‐Delta	watershed,	where	native	fish	and	other	aquatic	organisms	have	been	increasingly	
replaced	by	nonnative	species	(Feyrer	and	Healey	2003;	Brown	and	May	2006;	Brown	and	Michniuk	
2007;	Brown	and	Bauer	2009;	Mahardja	et	al.	2017).	Within	the	watershed,	the	regions	of	greatest	
flow	alteration	are	the	most	dominated	by	nonnative	species	(Brown	and	May	2006;	Brown	and	
Michniuk	2007),	where	the	altered	hydrology	likely	creates	conditions	more	favorable	for	spawning	
and	rearing	of	nonnatives	than	natives	(Brown	and	Bauer	2009).	Implementation	of	a	more	natural	
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flow	regime	with	high	spring	flows	has	been	shown	to	favor	native	over	nonnative	species	in	Putah	
Creek,	although	nonnatives	still	dominate	in	the	lowermost	reach	(Kiernan	et	al.	2012).	

Native	communities	of	fish	and	other	aquatic	species	are	adapted	to	spatial	and	temporal	variations	
in	river	flows	under	which	those	species	evolved,	including	extreme	events	such	as	floods	and	
droughts	(Sparks	1995;	Lytle	and	Poff	2004).	On	the	other	hand,	permanent	or	more	constant	flows,	
created	by	damming	or	diverting	river	flows,	favor	introduced	species	(Moyle	2002;	Moyle	and	
Mount	2007;	Poff	et	al.	2007;	Brown	and	Bauer	2009;	Kiernan	et	al.	2012).	Long‐term	success	(i.e.,	
integration)	of	an	invading	species	is	much	more	likely	in	an	aquatic	system,	like	the	Bay‐Delta	
watershed,	that	has	been	permanently	altered	by	human	activity.	Systems	altered	by	human	activity	
tend	to	resemble	one	another	across	broad	geographical	areas	and	favor	introduced	species	that	are	
valued	by	humans	as	game	or	food	fish	(Gido	and	Brown	1999;	Moyle	and	Mount	2007).		

More	natural	flow	regimes	support	the	various	life	history	characteristics	of	native	aquatic	
organisms	that	are	adapted	to	the	natural	flow	regime	(Bunn	and	Arthington	2002;	King	et	al.	2003;	
Lytle	and	Poff	2004).	For	example,	most	fish	species	native	to	California	in	general,	and	the	Bay‐
Delta	in	particular,	have	evolved	to	spawn	during	the	spring	or	otherwise	use	spring	flows	to	access	
spawning	and	rearing	habitat	(Moyle	2002).	A	more	natural	flow	regime,	including	variation	in	
tributary	inflows,	provides	additional	protection	of	genetically	distinct	sub‐populations	of	aquatic	
organisms	that	evolved	from	individual	rivers	and	their	tributaries.	Sub‐populations	are	important	
in	maintaining	genetic	diversity	and	the	resilience	of	aquatic	communities.	Sub‐populations	exhibit	
important	genetic	diversity	that	when	preserved	allows	use	of	a	wider	array	of	environments	than	
without	it	(McElhany	et	al.	2000;	Moyle	2002;	NMFS	2014a).	Maintaining	the	diversity	of	sub‐
populations	of	salmonids	on	the	major	Bay‐Delta	tributaries	has	been	identified	as	an	important	
factor	for	achieving	population	viability	(Moyle	2002;	Carlson	and	Satterthwaite	2011;	NMFS	
2014a).	

The	genetic	and	life‐cycle	diversity	provided	by	maintaining	sub‐populations	and	varied	life	history	
timing	of	Central	Valley	salmonids	through	achieving	a	more	natural	flow	regime	with	improved	
temporal	and	spatial	variability	would	help	protect	populations	against	both	short‐term	and	long‐
term	environmental	disturbances.	Fish	with	differing	characteristics	among	sub‐populations	(i.e.,	
greater	diversity)	have	different	likelihoods	of	persisting,	depending	on	local	environmental	
conditions.	Thus,	the	more	diverse	a	species	is,	the	greater	the	probability	that	some	individuals	will	
survive	and	reproduce	when	presented	with	environmental	variation	(McElhany	et	al.	2000;	
TBI/NRDC	2010a;	Carlson	and	Satterthwaite	2011;	Lindley	et	al.	2007).	Genetic	diversity	also	
provides	the	raw	material	for	surviving	long‐term	environmental	changes.	Salmonids	regularly	face	
cyclic	or	directional	change	in	their	freshwater,	estuarine,	and	ocean	environments	due	to	natural	
and	human	causes.	Sustaining	genetic	and	life‐cycle	diversity	allows	them	to	persist	through	these	
changes	(McElhany	et	al.	2000;	Moore	et	al.	2010;	Carlson	and	Satterthwaite	2011).		

While	hydrological	conditions	in	the	region	have	been	changing	as	a	result	of	global	climate	change,	
these	changes	are	not	outside	of	the	range	under	which	native	species	adapted.	Prior	to	1900,	
California	experienced	much	longer	and	more	severe	droughts	and	floods	than	anything	seen	since	
1900	(summarized	in	Ingram	and	Malamud‐Roam	2013),	and	native	species	were	able	to	persist	
under	those	conditions	due	to	their	adaptations.	Continuing	to	support	those	adaptations	of	genetic	
and	life‐history	diversity	through	providing	more	naturally	variable	flows	is	an	important	
management	strategy	in	addressing	climate	change	effects.	This	is	particularly	important	for	
salmonid	species,	but	also	applies	to	the	aquatic	ecosystem	as	a	whole,	including	the	food	web	and	
other	native	warm	and	cold	water	fish	communities.		
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Ocean	conditions	constantly	change,	and	will	continue	to	cycle	between	more	and	less	favorable	
conditions.	As	seen	recently	in	the	mid‐2000s,	poor	ocean	conditions	caused	a	collapse	in	nearshore	
oceanic	food	supplies	that	eventually	resulted	in	the	collapse	of	the	ocean	salmon	fishery.	The	extent	
of	the	collapse	was	exacerbated	by	weak	salmon	runs	that	have	lost	much	of	their	genetic	and	life	
history	variability	that	normally	affords	them	greater	resilience	to	poor	ocean	conditions	(Lindley	et	
al.	2009).		

A	more	natural	flow	regime	is	anticipated	to	maintain,	and	perhaps	even	enhance	the	remaining	
genetic	and	life‐history	diversity	of	natural	stocks	(Zeug	et	al.	2014;	Sturrock	et	al.	2015).	Preserving	
the	genetic	and	life‐history	diversity	in	wild	stocks	helps	protect	salmon	populations	from	
significant	loss	of	genetic	diversity	associated	with	hatchery	production.	Historically,	hatchery	
production	of	fall‐run	Chinook	salmon	has	resulted	in	artificial	selection	of	traits	that	has	likely	led	
to	reduced	genetic	diversity	and	fitness	of	wild	populations	due	to	interbreeding	of	hatchery	salmon	
with	wild	fish	(California	Hatchery	Scientific	Review	Group	2012).	The	increasing	dominance	of	
hatchery	fish	within	the	Central	Valley	coupled	with	substantial	straying	rates	has	likely	magnified	
the	genetic	and	ecological	risks	of	hatchery	production	on	genetic	diversity	and	viability	of	wild	
populations	(Nehlsen	et	al.	1991;	Lindley	et	al.	2007;	California	Hatchery	Scientific	Review	Group	
2012).	As	discussed	in	Chapter	4,	complementary	actions	that	improve	hatchery	management	and	
restore	habitat	could	also	help	reduce	these	risks.		

The	rim	dams	and	altered	flow	regimes	have	caused	a	loss	of	geomorphic	processes	related	to	the	
movement	of	water	and	sediment	that	are	important	to	the	ecosystem	(Poff	et	al.	1997).	Important	
benefits	that	these	processes	provide	include	increased	complexity	and	diversity	of	the	channel,	
riparian	and	floodplain	habitats,	and	mobilization	of	the	streambed	and	upstream	sediment	(Grant	
1997).	Floods,	and	their	associated	sediment	transport,	are	important	drivers	of	the	river‐riparian	
system.	Small	magnitude,	frequent	floods	maintain	channel	size,	shape,	and	bed	texture,	while	
larger,	infrequent	floods	provide	beneficial	disturbance	to	both	the	channel	and	its	adjacent	
floodplain	and	riparian	corridor.		

A	more	natural	flow	regime	generates	processes	that	create	a	less	homogenous	channel	with	
structures	that	are	important	for	fish	habitat,	such	as	meanders,	pools,	riffles,	overhanging	banks,	
and	gravel	substrates	of	appropriate	sizes	(Thompson	and	Larsen	2002;	Mount	and	Moyle	2007).	
Scour	and	bed	mobilization,	associated	with	geomorphic	processes	that	are	driven	by	more	variable	
flows,	rejuvenate	riparian	forests	and	clean	gravel	for	salmon,	benthic	macroinvertebrates,	and	
benthic	diatoms	(Poff	et	al.	1997).	Native	fish	and	other	aquatic	species	have	adapted	their	life	cycle	
to	these	processes	and	exploit	the	diversity	of	physical	habitats	these	processes	create	(Poff	et	al.	
1997;	Thompson	and	Larsen	2002;	Lytle	and	Poff	2004).		

Increasing	turbidity	events	from	more	variable	flows	and	the	associated	geomorphic	processes	also	
decreases	predation	and	provides	environmental	cues	needed	to	stimulate	migration	(Gregory	and	
Levings	1998;	Baxter	et	al.	2008;	NMFS	2009a).	Juvenile	salmonids	emigrate	during	periods	of	
increased	turbidity	that	originally	arose	from	the	winter	storm	and	spring	snowmelt	phases	of	the	
flow	regime.	Turbidity	reduces	predation	on	young	salmon	by	providing	a	form	of	protective	cover,	
enabling	them	to	evade	detection	or	capture	(Gregory	1993;	Gregory	and	Levings	1998).	Reservoir	
construction	has	reduced	turbidity	by	capturing	the	majority	of	flow	and	associated	sediment	
(Schoellhamer	et	al.	2016).	

Altered	flow	regimes	tend	to	decrease	habitat	connectivity	in	riverine	and	deltaic	systems	which	
results	in	a	loss	of	longitudinal	and	lateral	connectivity	(Bunn	and	Arthington	2002).	A	more	natural	
flow	regime	in	the	Bay‐Delta	watershed	can	increase	longitudinal	connectivity,	create	more	
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beneficial	migration	transport,	less	hostile	rearing	conditions	(protection	from	predators),	greater	
net	downstream	flow,	and	connectivity	with	the	estuary	and	nearshore	ocean	during	periods	that	
are	beneficial	for	aquatic	organisms	who	have	adapted	to	this	system	(Kondolf	et	al.	2006;	Poff	et	al.	
2007;	TBI	2016).	A	more	natural	flow	regime	can	also	increase	the	frequency	and	duration	of	lateral	
connectivity	to	riparian	and	floodplain	habitats,	allowing	for	energy	flow	between	wetland	areas	
and	the	river,	and	providing	the	river	and	estuary	with	nutrients	and	food.	Floodplain	inundation	
provides	flood	peak	attenuation	and	promotes	exchange	of	nutrients,	organic	matter,	organisms,	
sediment,	and	energy	between	the	terrestrial	and	aquatic	systems	(Sommer	et	al.	2001;	TBI	1998;	
Whipple	et	al.	2012).	It	also	improves	juvenile	fish	survival	by	improving	food	availability	in	
addition	to	providing	refuges	from	predators	during	the	critical	spawning,	rearing,	and	migration	
period	of	several	native	Central	Valley	fish	species,	especially	Sacramento	splittail	and	salmonids	
(Sommer	et	al.	2001;	Jeffres	et	al.	2008;	TBI/NRDC	2010a).		

Floodplain	inundation,	particularly	when	associated	with	the	ascending	and	descending	limbs	of	the	
hydrograph,	often	provides	most	of	the	organic	matter	that	drives	aquatic	food	webs	downstream	
(Sommer	et	al.	2001).	Jeffres	et	al.	(2008)	found	floodplain	habitat	promotes	rapid	growth	of	
juvenile	salmon.	Properly	managed	floodplains	can	have	widespread	benefits	at	multiple	levels	
ranging	from	individual	organisms	to	ecosystems	(Junk	et	al.	1989;	Moyle	et	al.	2007).	On	the	
Sacramento	River,	floodplain	inundation	is	a	function	of	precipitation,	weir	and	gate	design,	flood	
control	operations,	and	flow	requirements.	

Dams	and	reservoirs,	and	their	associated	operations,	alter	the	temperature	regime	of	rivers,	often	
to	the	detriment	of	cold	water	species	such	as	salmonids	and	other	aquatic	plants	and	animals	that	
have	adapted	to	colder	waters	and	the	variability	associated	with	a	more	natural	flow	regime	
(Richter	and	Thomas	2007;	NMFS	2014a).	Water	stored	in	reservoirs	is	warmer	at	the	surface	and	
cooler	below,	often	with	a	sharp	thermocline	in	deeper	waters.	In	California,	there	is	a	strong	
seasonal	aspect	to	thermal	dynamics;	typically	surface	waters	of	reservoirs	warm	during	summer	
due	to	high	solar	radiation	and	low	inflow,	which	results	in	strong	stratification	in	the	large	
reservoirs	at	the	low	end	of	most	Central	Valley	tributaries.	Low	reservoir	volume,	high	reservoir	
inflows	or	high	winds	can	all	alter	the	thermal	structure	of	reservoirs.	The	temperature	of	water	
within	these	layers	is	generally	different	than	the	temperature	of	water	entering	the	reservoir	at	any	
given	time	depending	on	the	season,	and	is	also	dissimilar	to	downstream	water	temperatures	that	
would	occur	under	a	natural	flow	regime	(USACE	1987;	Bartholow	et	al.	2001).		

Temperature	control	devices	(TCD)	can	control	the	temperature	of	water	released	from	dams	for	
the	protection	of	downstream	fisheries	by	varying	operations	of	release	gates.	Shasta	was	fitted	with	
shutters	to	allow	water	to	be	drawn	from	different	levels	in	order	to	conserve	cold	water	for	the	
spawning	of	winter‐run	salmon.	Similar	outlet	shutters,	to	benefit	resident	trout	and	fall‐run	
salmon,	are	found	on	Folsom	and	Oroville	dams.	A	horizontal	thermal	curtain	is	used	in	Lewiston	
and	Whiskeytown	reservoirs	to	isolate	cold	inflowing	waters	on	the	Trinity	River	to	maintain	cold	
water	outflows	(Deas	and	Lowney	2000).	The	other	rim	dams	of	the	Central	Valley	lack	temperature	
control	devices,	so	temperature	management	can	only	be	achieved	directly	through	flow	
management	(NMFS	2009a).	See	Sections	3.4.4	and	3.5.4	for	more	discussion	on	managing	cold	
water	habitat	below	reservoirs.	

Often,	water	released	from	reservoirs	is	colder	in	the	summer	and	warmer	in	the	winter	compared	
to	water	temperatures	that	would	have	occurred	in	the	absence	of	dams	and	reservoirs	(Williams	
2006).	Water	temperatures	are	dominated	by	reservoir	release	temperatures	immediately	below	
dams,	but	are	dominated	by	meteorological	conditions	further	downstream,	such	that	ambient	
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water	temperatures	are	approached	exponentially	with	distance	downstream	(Deas	and	Lowney	
2000;	Kimmerer	2004).		

In	addition	to	changes	in	temperature	due	to	reservoir	storage	and	releases,	reservoirs	and	
diversions	also	modify	the	temperature	regime	of	downstream	river	reaches	by	altering	the	volume	
and	thermal	mass	of	water.	A	smaller	quantity	of	water	has	less	thermal	mass	and,	therefore,	a	
decreased	ability	to	absorb	temperatures	from	the	surrounding	environment	(air	and	solar	
radiation)	without	being	impacted	(USACE	1987).	The	greatest	impact	occurs	with	less	flow	(less	
thermal	mass)	and	warmer	climate	(increased	solar	radiation),	usually	in	the	late	spring,	summer,	
and	early	fall	periods	(Deas	and	Lowney	2000).	The	colder	summer	temperatures	may	mitigate	to	
some	extent	for	loss	of	cooler	habitat	for	salmonids	upstream	of	dams	and	other	habitat	alterations	
that	impact	summer	survival	of	aquatic	organisms.	At	the	same	time,	warmer	temperatures	(62°	to	
68°F)	during	salmonid	rearing	periods	may	also	promote	optimal	growth	provided	food	availability	
is	not	a	limiting	factor	(Myrick	and	Cech	2004).	However,	temperatures	that	exceed	these	levels	can	
raise	metabolic	rates	above	the	ability	of	fish	to	forage	and	thereby	decrease	salmonid	growth	and	
survival	rates,	and	reduce	the	amount	of	suitable	habitat	for	rearing	(McCullough	1999;	Myrick	and	
Cech,	Jr.	2001).		

3.2.2 Freshwater Flow and Estuarine Resources 

The	declining	ecological	and	economic	value	of	estuaries	is	a	national	(Correigh	et	al.	2015)	and	
world‐wide	(Barbier	et	al.	2011;	Vasconcelos	et	al.	2015;	Lotze	et	al.	2006)	concern.	Freshwater	flow	
is	the	primary	source	of	physical	and	chemical	variability	in	estuaries,	and	thus	plays	an	important	
role	in	structuring	estuarine	habitat,	species	distributions,	and	biotic	interactions	(Drinkwater	and	
Frank	1994;	Jassby	et	al.	1995;	Kimmerer	2002a;	Kimmerer	2004;	Montagna	et	al.	2013).	In	
particular,	variation	in	freshwater	flow	affects	the	spatial	and	temporal	overlap	of	dynamic	
components	of	estuarine	habitat	such	as	salinity	gradients	and	circulation	patterns	with	more	
stationary	components	such	as	bathymetry	and	marshes	(Peterson	2003;	Moyle	et	al.	2010).	

In	their	key	points	to	the	State	Water	Board,	the	Delta	Environmental	Flows	Group	(DEFG)	expert	
panel	noted	that	“[e]cological	theory	and	observations	overwhelmingly	support	the	argument	that	
enhancing	variability	and	complexity	across	the	estuarine	landscape	will	support	native	
species.”	(DEFG	2010)	“High	winter‐spring	inflows	to	the	Delta	cue	native	fish	spawning	migrations	
(Harrell	and	Sommer	2003;	Grimaldo	et	al.	2009a),	improve	the	reproductive	success	of	resident	
native	fishes	(Meng	et	al.	1994;	Sommer	et	al.	1997;	Matern	et	al.	2002;	Feyrer	2004),	increase	the	
survival	of	juvenile	anadromous	fishes	migrating	seaward	(Sommer	et	al.	2001;	Newman	2003),	and	
disperse	native	fishes	spawned	in	prior	years	(Feyrer	and	Healey	2003;	Nobriga	et	al.	2006).”	
Similarly,	winter	and	spring	outflows	benefit	species	further	down	in	the	estuary,	including	starry	
flounder,	bay	shrimp,	and	longfin	smelt	through	various	mechanisms	including	larval‐juvenile	
dispersal,	floodplain	inundation,	reduced	entrainment,	and	increased	up‐estuary	transport	flows.	
“The	estuary’s	fish	assemblages	vary	along	the	salinity	gradient	(Matern	et	al.	2002;	Kimmerer	
2004),	and	along	the	gradient	between	predominantly	tidal	and	purely	river	flow.	In	tidal	
freshwater	regions,	fish	assemblages	also	vary	along	a	gradient	in	water	clarity	and	submerged	
vegetation	(Nobriga	et	al.	2005;	Brown	&	Michniuk	2007),	and	smaller	scale	gradients	of	flow,	
turbidity,	temperature	and	other	habitat	features	(Matern	et	al.	2002;	Feyrer	&	Healey	2003).	
Generally,	native	fishes	have	their	highest	relative	abundance	in	Suisun	Marsh	and	the	Sacramento	
River	side	of	the	Delta,	which	are	more	spatially	and	temporally	variable	in	salinity,	turbidity,	
temperature,	and	nutrient	concentration	and	form	than	other	regions.” Over	the	past	several	
decades,	persistent	low	fall	outflows	(Feyrer	et	al.	2007)	and	other	related	stressors	such	as	
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submerged	vegetation,	in	both	Suisun	Marsh	and	the	Delta	have	reduced	habitat	availability	and	led	
to	the	decline	of	native	fishes	(Matern	et	al.	2002;	Brown	and	Michniuk	2007).	A	greater	sensitivity	
to	these	stressors	exists	in	the	summer	and	fall	when	many	native	fishes	are	“near	their	thermal	
limits”	(State	Water	Board	2010,	p.	32).	 

Natural	flows	from	upstream	tributaries	create	habitat	by	pushing	the	salt	field	down	the	estuary	in	
the	spring	during	snowmelt	events	as	temperatures	warm.	Historical	evidence	suggests	a	dynamic	
gradient	between	freshwater	and	saline	waters	in	the	estuary;	however,	these	accounts	generally	
indicate	that	freshwater	predominated	in	the	Delta	during	the	early	1800s	with	a	transition	from	
saline	to	freshwater	in	upstream	portions	of	Suisun	Bay	(Whipple	et	al.	2012).	While	there	is	high	
interannual	variability	in	unimpaired	flows	because	of	the	highly	variable	climate	of	California,	both	
Delta	outflow	and	the	position	of	the	LSZ	(X2)	(measured	in	kilometers	[km]	from	the	Golden	Gate)	
have	been	altered	as	a	result	of	numerous	factors.	The	removal	of	wetlands	and	restriction	of	the	
rivers	to	leveed	channels	removed	the	absorptive	nature	of	the	original	landscape	and	facilitated	
more	rapid	runoff	in	the	spring	and	seasonal	intrusion	of	salinity	when	the	river	flows	declined.	The	
construction	of	reservoirs	and	diversions	also	allowed	flows	to	be	removed	from	the	system	or	
changed	in	time	to	create	a	more	homogenous	flow	regime	(Whipple	et	al.	2012;	Kelley	1998).	
Hydrodynamic	simulations	conducted	by	Fleenor	et	al.	(2010)	indicate	that	the	position	of	the	LSZ	
has	skewed	eastward	in	the	recent	past,	as	compared	to	unimpaired	conditions	and	earlier	impaired	
periods,	and	that	the	variability	of	salinity	in	the	western	Delta	and	Suisun	Bay	has	been	significantly	
reduced	(Chapter	2).	Analyses	show	a	clear	trend	in	the	movement	of	the	LSZ	in	fall	months	as	well	
into	the	deeper	channels	of	the	western	Delta	and	a	restriction	in	its	area	since	1980	(MacWilliams	
et	al.	2016)	with	a	further	reduction	since	2000	(Cloern	and	Jassby	2012).	As	a	result	of	climate	
change	and	associated	changes	in	precipitation	and	sea	level	rise,	outflow	and	the	position	of	the	LSZ	
may	continue	to	shift	dramatically	in	coming	years	(Knowles	and	Cayan	2002,	2004).		

In	the	Bay‐Delta	estuary,	the	LSZ	is	an	important	nursery	habitat	for	several	estuarine‐dependent	
fish	species	(Kimmerer	2002a;	Moyle	2002),	and	is	maximized	in	area	and	volume	in	Suisun	or	San	
Pablo	Bays	(Kimmerer	et	al.	2013)	(Figure	3.2‐1).	The	intersection	of	freshwater	and	saltwater	
historically	created	a	diversity	of	habitat	due	to	broad	ranges	of	channels	and	wetland	habitat	that	
flood	during	spring	and	fall	flow	events	into	the	estuary	(TBI	1998;	Whipple	et	al.	2012).		

Statistically	significant	inverse	relationships	have	been	demonstrated	between	the	landward	extent	
of	X2	and	the	abundance	of	a	diverse	array	of	estuarine	species	ranging	from	phytoplankton‐derived	
particulate	organic	carbon	at	the	base	of	the	food	web	through	primary	consumers,	benthic	fish,	
pelagic	fish,	and	piscivores	(Jassby	et	al.	1995;	Kimmerer	2002b;	MacNally	et	al.	2010).	The	diverse	
taxonomy,	biology,	and	distribution	of	these	estuarine	organisms	showing	these	strong	relationships	
indicates	a	broad	positive	response	of	the	estuarine	community	to	increasing	outflow	(Jassby	et	al.	
1995).	The	X2‐abundance	relationships	of	many	estuarine	species	have	persisted	since	systematic	
sampling	programs	began	in	1967.	In	some	cases	the	statistical	relationships	have	shown	downward	
step	changes	in	response	following	the	1987	spread	of	the	invasive	clam	Potamocorbula;1	however,	
other	relationships	have	not	changed	through	the	period	(bay	shrimp,	Sacramento	splittail)	
(Kimmerer	2002b;	Kimmerer	et	al.	2009).	Most	of	the	flow‐abundance	relationships	persist	and	
continue	to	explain	a	large	fraction	of	the	variation	in	the	abundances	of	these	species.	Updated	
flow‐abundance	analyses	performed	by	State	Water	Board	staff	are	included	in	the	species	profiles	
later	in	this	chapter.	

																																																													
1	Potamocorbula	amurensis	(e.g.,	Crauder	et	al.	2016)	was	previously	identified	as	Corbula	amurensis,	and	is	often	
referred	to	as	such	in	the	literature.	Potamocorbula	is	used	throughout	in	this	document.	
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Figure 3.2‐1. Variation in the Position and Extent of Low Salinity Habitat as a Function of X2. When 
X2 is near Antioch (a), low salinity habitat is confined to the deep channels of the western Delta. 
As X2 moves downstream of Collinsville (b), low salinity habitat enters Suisun Bay. With X2 near 
Chipps Island (c) or Port Chicago (d), low salinity and freshwater habitat occupy the broad 
shallows of Suisun Bay. Very high outflows can freshen Suisun Bay and push the low salinity zone 
into San Pablo Bay (not pictured). Figure modified from illustrations by Delta Modeling Associates 
2014.  

	

As	discussed	in	more	detail	below,	the	specific	mechanisms	underlying	the	flow‐abundance	
relationships	are	generally	not	resolved	(Kimmerer	2002b).	Salinity	changes	and	flow	are	
inseparable	so	these	relationships	are	referred	to	as	either	flow‐abundance	relationships	or	fish‐X2	
relationships.	Further	investigations	are	recommended	and	ongoing	(Kimmerer	2002a;	Kimmerer	
2004;	Reed	et	al.	2014).	However,	most	of	the	relationships	continue	to	remain	strong	since	first	
described	and	better	understanding	of	the	likely	mechanisms	is	rapidly	developing.		

Effects	of	high	river	flows	in	freshwater	areas	are	difficult	to	separate	from	impacts	in	the	more	saline	
areas	of	the	estuary.	For	instance,	floodplain	inundation	happens	when	river	flows	overtop	the	weirs	
into	flood	bypasses.	Floodplain	inundation	has	a	variety	of	beneficial	effects	including	providing	
spawning	and	rearing	opportunities	for	Sacramento	splittail	(Sommer	et	al.	2002;	Moyle	et	al.	2004;	
Feyrer	et	al.	2006),	improved	growth	for	salmon	smolts	(Sommer	et	al.	2001,	2005),	including	
endangered	winter‐run	Chinook	salmon	(Del	Rosario	et	al.	2013),	increased	turbidity	downstream,	
and	mobilization	of	sediment	and	food	to	downstream	habitats	(Schemel	et	al.	2004).		

Increased	turbidity	associated	with	high	flows	trigger	movement	of	Delta	smelt	into	the	Delta	
(Bennett	and	Burau	2016)	and	emigration	of	young	salmon	from	the	Delta.	Increased	turbidity	also	
enhances	feeding	of	young	smelt	(Haselbein	et	al.	2013)	and	reduces	predation	on	young	salmon	
(deRobertis	et	al.	2003).	Turbidity	increases	in	the	lower	estuary	when	winds	mobilize	sediments	in	
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the	shoals	of	Grizzly	and	Honker	bays.	Under	appropriate	salinity	and	turbidity	conditions,	Delta	
smelt	are	found	most	frequently	in	samples	from	the	shoals	of	these	bays,	rather	than	nearby	
channels	(Bever	et	al.	2016).	More	broadly,	turbidity	(or	its	inverse,	water	clarity)	has	been	
identified	as	a	significant	covariate	in	statistical	analyses	of	abundance	and	declines	of	several	
pelagic	species,	including	Delta	smelt	and	longfin	smelt	(Feyrer	et	al.	2007;	Nobriga	et	al.	2008;	
MacNally	et	al.	2010;	Thomson	et	al.	2010;	Latour	2016).	Multiple	mechanisms	may	be	responsible	
for	these	relationships,	including	effects	on	habitat	suitability,	catchability	by	trawl	gear,	and	
correlations	with	other	environmental	factors.	

Longfin	smelt	show	the	strongest	statistical	relationship	with	X2.	Longfin	smelt’s	relation	to	X2	has	
undergone	a	downward	step	change	in	response	since	the	overbite	clam	invaded,	but	the	
relationship	before	and	after	the	clam’s	invasion	is	equally	strong	(Kimmerer	2002b).	Results	of	
recent	investigations	show	high	abundance	of	longfin	smelt	in	intertidal	channels	in	Suisun	and	San	
Pablo	Bays	when	salinity	in	those	areas	is	low	(Grimaldo	et	al.	2014).	This	suggests	that,	like	
Sacramento	splittail	spawning	in	the	bypass	when	it	is	wet,	longfin	smelt	spawn	in	greater	
abundance	in	springs	of	high	flow	conditions	when	their	wetland	spawning	habitat	is	fresh.	Such	
tidal	channels	are	much	more	common	in	Suisun	Bay	and	San	Pablo	Bay	than	among	the	riprapped	
levees	lining	the	Delta,	and	so	longfin	smelt	have	much	greater	spawning	habitat	when	those	bays	
are	fresh.		

Because	the	LSZ	is	an	important	nursery	habitat	in	many	estuaries	(e.g.,	Dance	and	Rooker	2015;	
Mapes	et	al.	2015),	much	work	has	been	done	to	attempt	to	identify	a	mechanism	relating	the	fish‐
X2	relationships	to	changes	in	area	of	the	LSZ.	Changes	in	the	area	of	the	LSZ	at	different	X2	values	
are	inadequate	to	explain	the	fish‐X2	relationships	(Kimmerer	et	al.	2009,	2013).	The	position	of	the	
LSZ	combines	with	the	bathymetry	at	each	location	to	provide	different	depths	and	areas	of	the	LSZ	
(MacWilliams	et	al.	2015).	If	the	LSZ	is	defined	as	the	water	between	0.5	and	6	practical	salinity	unit	
(psu),	the	resultant	volume	does	not	change	as	the	area	changes	and	so	changes	in	area	are	
accompanied	by	concomitant	changes	in	depth	(Kimmerer	et	al.	2009).	The	area	of	the	LSZ	varies	
between	50	and	100	square	kilometers	with	a	significant	decline	since	1980	in	the	area	of	the	LSZ	
from	September	through	November	in	both	areal	extent	and	the	percentage	of	time	the	zone	has	
occupied	more	than	75	square	kilometers	(MacWilliams	et	al.	2016;	Baxter	et	al.	2015).	When	the	
LSZ	is	in	Suisun	Bay,	Delta	smelt	are	much	more	regularly	found	in	the	shoals	of	Grizzly	and	Honker	
Bays	than	in	the	deeper	channels	to	the	south	(Bever	et	al.	2016).	Delta	smelt	are	visual	feeders;	
greater	depth	of	the	LSZ	decreases	the	volume	of	their	habitat	within	the	photic	zone,	where	visual	
feeding	generally	occurs.	Since	food	limitation	in	the	late	summer	and	autumn	has	been	identified	as	
a	bottleneck	in	the	growth	and	survival	of	Delta	smelt	(Baxter	et	al.	2010;	Baxter	et	al.	2015;	
Hammock	et	al.	2015),	the	decrease	in	the	extent	of	suitable	feeding	area	in	these	months	has	been	a	
crucial	concern	in	the	protection	of	Delta	smelt	since	first	addressed	in	the	USFWS	BiOp	(USFWS	
2008).		

World‐wide,	many	near	shore	marine	fish	and	invertebrates	use	gravitational	circulation	to	help	
move	their	young	into	the	usually	richer	food	environment	of	estuaries	(a	recent	case	study	and	
review	of	the	literature	is	Abrantes	et	al.	2015).	Gravitational	flows	occur	because	the	outflow	of	less	
dense	freshwater	at	the	surface	draws	denser	saltwater	into	the	bay;	such	flows	are	greater	
generally	as	outflows	increase.	Upstream	transport	flows	in	the	San	Francisco	estuary	occur	mostly	
seaward	of	Carquinez	Strait,	and	involve	larval	stages	of	various	species	including	Dungeness	crab,	
California	bay	shrimp,	English	sole,	Pacific	herring,	and	starry	flounder	and	are	one	mechanism	for	
increased	recruitment	of	some	of	these	species	following	high	Delta	outflow	in	winter	and	spring	
(Tasto	1983;	Herbold	et	al.	1992;	Kimmerer	2004).		
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3.2.3 San Francisco Bay and Nearshore Coastal Ocean 

Delta	outflow	also	affects	biological	resources	in	San	Francisco	Bay	and	the	nearshore	coastal	ocean.	
Young	salmon	migrate	on	currents	driven	by	Delta	outflows	to	the	ocean.	These	fish	are	prey	for	
birds	and	Orca	whales	in	the	Gulf	of	the	Farallones	(NMFS	2009a).	The	abundance,	reproductive	
success,	and	mortality	rate	of	Orca	whales	that	migrate	and	specialize	in	feeding	on	salmon	outside	
the	Golden	Gate	have	been	impacted	by	the	major	salmon	declines	in	recent	years	(Ford	and	Ellis	
2006;	Ford	et	al.	2010;	Ward	et	al.	2009).	Their	populations	are	food	limited	by	the	availability	of	
salmon	prey,	highlighting	the	importance	of	Delta	outflow	all	the	way	to	the	top	of	the	aquatic	food	
chain.	Similarly,	declines	in	forage	fish	such	as	longfin	smelt,	bay	shrimp,	and	mysid	shrimp	due	to	
low	Delta	outflow	pose	food	limitation	threats	to	pelagic	seabirds	(Cury	et	al.	2011)	and	marine	
mammals	(Ford	and	Ellis	2006;	Ward	et	al.	2009;	Ford	et	al.	2010).	The	abundances	of	staghorn	
sculpin,	leopard	sharks,	and	bay	shrimp	that	reside	and	rear	in	the	nearshore	coast	are	also	
correlated	with	Delta	outflow	(TBI	2016),	again	highlighting	the	far‐reaching	effects	of	freshwater	
outflows	on	the	coastal	ecosystem.	Finally,	native	oysters	are	better	able	to	withstand	the	
establishment	of	nonnative	sessile	invertebrates	that	compete	for	space	and	resources	when	higher	
freshwater	flows	lower	salinity	in	the	South	Bay	(Chang	2014).	Increased	Delta	outflows	provide	
higher	water	quality	and	habitat	complexity,	leading	to	positive	effects	on	native	fish	species	and	
food	webs.	

Delta	outflow	is	also	important	for	maintaining	physical	and	chemical	processes	in	San	Francisco	
Bay	and	the	nearshore	coast.	Freshwater	flow	through	the	Bay	transforms	into	a	plume	of	surface	
brackish	water	that	travels	out	the	Golden	Gate	in	winter	and	spring.	This	plume	transports	
nutrients	into	the	Gulf	of	the	Farallones	National	Marine	Sanctuary	(NMFS	2009a),	promoting	
phytoplankton	growth	and	contributing	to	food	web	productivity	for	invertebrates,	fish,	birds,	and	
marine	mammals	(Hurst	and	Bruland	2008).	Cold,	nutrient	rich	water	from	the	ocean	enters	the	Bay	
on	reverse	bottom	currents	driven	by	freshwater	outflow	moving	out	the	Bay	into	the	ocean.	Delta	
outflow	influences	86	percent	of	the	variability	in	salinity	at	the	Golden	Gate	(Peterson	et	al.	1994).	
Freshwater	flow	also	transports	sediments	to	help	beach	formation	along	the	coastline	outside	the	
Golden	Gate	(Barnard	et	al.	2013a,	2013b).	Lack	of	sediments	causes	beach	erosion	which	removes	
nesting	habitat	for	birds	such	as	snowy	plovers	(Tobias	2014).	Sediment	transport	is	higher	in	the	
Bay	with	greater	freshwater	flows.	This	helps	improve	the	stability	of	wetlands.	Higher	sediment	
loads	also	increase	turbidity	which	lowers	the	predation	risk	for	native	fish	(Gregory	1993;	Gregory	
and	Levings	1998;	Baxter	et	al.	2015).	These	examples	indicate	that	the	amount	of	freshwater	flow	
impacts	multiple	trophic	levels	in	San	Francisco	Bay	and	the	nearshore	environment,	cascading	up	
the	food	web	to	top	predators	like	herons,	seals,	and	whales.	

3.2.4 Interior Delta Flows and Entrainment 

Delta	hydrodynamics	have	been	modified	as	a	result	of	CVP	and	SWP	operations.	Within	the	central	
and	southern	Delta,	net	water	movement	is	toward	the	pumping	facilities,	altering	the	migratory	
cues	for	emigrating	fish	in	these	regions.	Operations	of	upstream	reservoir	releases	and	diversion	of	
water	from	the	southern	Delta	have	been	manipulated	to	maintain	a	“static”	salinity	profile	in	the	
western	Delta	near	Chipps	Island	and	provide	a	steady	supply	of	freshwater	for	export	from	the	
south	Delta.	

When	the	DCC	gates	are	open,	water	flows	into	the	central	Delta	to	supply	export	volumes.	These	
cross‐Delta	flows	draw	Sacramento	River	water	into	the	San	Joaquin	River,	Franks	Tract,	and	Old	
and	Middle	Rivers.	Such	water	movements	reduce	the	natural	flow	pattern	and	variability	in	the	
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Delta.	Migratory	fish	and	other	aquatic	organisms,	as	well	as	sediment	transported	with	flood	flows,	
accompany	the	water	as	it	is	diverted	from	the	Sacramento	River.		

Anadromous	species	use	a	variety	of	environmental	cues	to	guide	their	migrations.	In	the	ocean	they	
may	use	magnetic,	chemical,	and	celestial	cues	to	return	to	their	natal	stream	to	spawn.	Within	
estuaries	and	meandering	Delta	channels,	adults	returning	to	spawn	primarily	use	chemical	scents	
to	identify	water	from	their	natal	streams.	Evidence	exists	that	migrating	juvenile	salmonids	may	
use	hydraulic,	celestial	(e.g.,	sun	position),	magnetic,	and	chemical	(e.g.,	salinity)	cues	to	direct	their	
downstream	migrations	and	navigate	through	tidally	dominated	estuaries	and	bays	(Williams	
2006).	Consequently,	the	greatly	altered	hydrology,	migratory	pathways,	hydrodynamics,	and	
salinity	gradients	of	the	Delta	and	estuary	are	considered	stressors	for	successful	spawning	
migration	of	adults	and	downstream	migration	of	juveniles	native	salmon,	steelhead,	sturgeon,	and	
lampreys.	

Because	it	is	a	tidal	environment,	water	in	Delta	channels	flows	both	landward	and	seaward	twice	
each	day.	The	flow	volumes	of	freshwater	from	the	rivers	entering	the	Delta	are	generally	two	or	
three	orders	of	magnitude	less	than	tidal	flows.	However,	DWR	can	export	as	much	as	10,000	cfs	and	
Reclamation	can	export	as	much	as	5,000	cfs	out	of	the	south	Delta	channels.	These	facilities	usually	
export	much	more	water	than	the	median	flow	on	the	San	Joaquin	River,	thus,	most	of	the	exported	
water	must	move	from	the	Sacramento	River	and	up	Old	and	Middle	Rivers	to	Clifton	Court	Forebay	
and	the	Jones	Pumping	Plant.	Movement	of	Sacramento	River	water	from	the	central	Delta	reduces	
the	duration	and	volume	of	water	flowing	down	the	channels	of	Old	and	Middle	Rivers	and	results	in	
net	negative	flows	in	those	channels.		

These	flow	modifications	can	affect	salmonid	migration	and	estuarine	transport	of	pelagic	species	
through	alteration	of	circulation	patterns	which	leads	to	adverse	transport	flows,	changes	in	water	
quality,	changes	to	Delta	habitats,	and	entrainment	of	fish	and	other	aquatic	organisms.	The	
preferred	flow	circulation	pattern	for	achieving	a	variable,	more	complex	Bay‐Delta	estuary	is	one	
that	produces	an	east	to	west	salinity	gradient	(Moyle	et	al.	2010).	The	east	to	west	salinity	gradient	
and	water	circulation	pattern	has	been	altered	due	to	operation	of	the	DCC	and	the	SWP	and	CVP	
export	facilities.		

Reverse	flows	in	the	southern	Delta	are	associated	with	increased	entrainment	of	some	fish	species	
(Grimaldo	et	al.	2009a).	Reverse	and	otherwise	altered	flows,	the	constraints	of	artificially	
connected	Delta	channels,	plus	water	exports	affect	Delta	habitat	largely	through	effects	on	water	
residence	time,	water	temperature,	and	the	transport	of	sediment,	nutrients,	organic	matter,	and	
salinity	(Monsen	et	al.	2007).	Long‐term	water	diversions	also	have	contributed	to	reductions	in	the	
phytoplankton	and	zooplankton	populations	in	the	Delta	itself	as	well	as	alterations	in	nutrient	
cycling	within	the	Delta	ecosystem	(NMFS	2009a).	

San	Joaquin	River	flows,	outside	of	flood	conditions	or	regulatory	action,	are	often	entirely	drawn	to	
the	SWP	and	CVP	pumps.	During	these	times,	almost	no	water	from	the	San	Joaquin	River	reaches	
the	confluence	with	the	Sacramento	River.	Instead,	water	from	the	Sacramento	River	and	its	
tributaries	fills	most	of	the	Delta,	obscuring	and	confusing	the	chemical	and	flow	cues	that	adult	
salmon	and	other	migratory	fish	depend	on	to	reach	the	ocean	and	natal	streams.		

Entrainment	occurs	when	fish	and	other	aquatic	life	are	drawn	into	a	water	diversion	intake	and	are	
unable	to	escape.	In	the	Delta,	entrainment	occurs	primarily	at	the	CVP	facilities	(Tracy	Fish	Facility	
and	the	nearby	DMC)	and	the	SWP	facilities	(including	Clifton	Court	Forebay	and	the	Skinner	Fish	
Facility),	as	well	as	other	smaller	Delta	intakes.	Some	of	the	entrained	fish	are	“salvaged,”	meaning	
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they	are	caught	in	facilities	at	the	pumps	and	then	trucked	and	released	to	an	area	beyond	the	
pumps’	influence.	The	salvage	can	increase	survival	of	salmon	smolts	relative	to	their	passage	
through	the	Delta	when	flows	are	low	and	temperatures	are	high.	Unfortunately,	many	fish,	
including	Delta	smelt,	are	not	able	to	survive	the	collection,	handling,	transport,	and	release.	Also,	
high	mortality	rates	in	front	of	the	fish	screens	mean	that	the	number	of	fish	salvaged	is	a	small	
portion	of	the	fish	entrained	(Castillo	et	al.	2012).	In	addition	to	high	rates	of	predation	that	occur	at	
the	fish	screens,	much	“indirect”	mortality	is	thought	to	occur	before	fish	enter	the	facilities	at	all,	in	
the	sloughs	and	channels	leading	to	the	export	facilities.	Small	fish	drawn	into	this	part	of	the	Delta,	
or	which	migrate	in	inappropriate	directions	in	response	to	changes	in	channel	flows,	have	a	very	
low	chance	of	survival.	Juvenile	salmon	from	the	Sacramento	River,	including	listed	winter‐	and	
spring‐run	salmon,	steelhead,	and	green	sturgeon	enter	the	central	Delta	through	the	DCC	or	
Georgiana	Slough	and	have	a	lower	chance	of	survival	than	fish	staying	in	the	Sacramento	River’s	
main	stem	(ERP	2014).	

3.3 Species‐Specific Analyses  
The	remainder	of	the	chapter	examines	the	science	regarding	flow	needs	of	a	suite	of	native	Bay‐
Delta	aquatic	species	which	are	representative	of	existing	beneficial	uses	of	water	to	be	protected	
under	the	Clean	Water	Act	and	Porter‐Cologne	Water	Quality	Act,	including	Estuarine	Habitat,	Cold	
Freshwater	Habitat,	Migration	of	Aquatic	Organisms,	Spawning,	Reproduction	and/or	Early	
Development,	and	Rare,	Threatened,	or	Endangered	Species.	The	species	selected	for	evaluation	
focus	on	native	species	that	can	serve	as	indicators	of	the	overall	health	of	the	estuary	and	species	
for	which	there	is	adequate	information	on	flow	relationships	including	species	listed	under	the	
federal	ESA	and	CESA,	species	of	commercial,	recreational	and	ecological	importance,	and	
recommendations	from	CDFG	(2010b)	as	part	of	the	Delta	Flow	Criteria	Report	Proceeding.	The	
species	include	all	four	runs	of	Chinook	salmon,	Central	Valley	steelhead,	and	multiple	
estuarine‐dependent	species.	The	estuarine‐dependent	species	are	Sacramento	splittail,	longfin	
smelt,	Delta	smelt,	California	bay	shrimp,	starry	flounder,	white	and	green	sturgeon,	and	several	
zooplankton	species.	The	list	of	species	is	similar	to	that	used	in	the	2010	Delta	Flow	Criteria	Report	
except	that	it	includes	white	and	green	sturgeon.	For	each	species,	its	life	history,	population	
abundance,	and	functional	flow‐abundance	relationships	are	summarized.		

3.3.1 Updated Quantitative Analysis 

In	addition	to	discussion	of	the	life	history,	population	abundance,	and	flow‐abundance	
relationships	of	each	species	published	in	the	existing	scientific	literature,	the	sections	that	follow	
contain	updated	quantitative	analyses	performed	by	State	Water	Board	staff	to	document	
abundance	trends,	flow‐abundance	relationships,	and	to	estimate	ranges	of	flow	predicted	to	be	
protective	of	individual	species.	Staff	obtained	abundance	index	data	on	predominantly	estuarine	
species	from	the	CDFW	fall	midwater	trawl	(FMWT;	CDFW	2016a)	and	San	Francisco	Bay	Study	
(Bay	Study)	otter	trawl	(Hieb	2017)	surveys.	Staff	relied	primarily	on	the	published	literature	for	
analysis	of	the	effects	of	flow	on	salmonid	populations,	although	the	flow‐abundance	relationship	for	
unmarked	Chinook	salmon	(Brandes	and	McLain	2001)	was	updated	using	Chipps	Island	trawl	data	
from	the	Delta	Juvenile	Fish	Monitoring	Program	(DJFMP	2016a,	2016b).	In	all	cases,	staff	used	flow	
data	from	Dayflow	(DWR	2017).	Analyses	were	conducted	using	the	R	statistical	computing	
language	(R	Core	Team	2015).	
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Staff	estimated	abundance	trends	by	fitting	a	linear	regression	to	each	annual	abundance	index	as	a	
function	of	year	(e.g.,	log	(FMWT)	=	a	*	Year	+	b).	In	data	sets	that	included	abundance	indices	of	
zero,	the	response	variable	was	the	logarithm	of	the	abundance	index	plus	one	(e.g.,	log	(FMWT	+	1)	
=	a	*	Year	+	b),	since	the	logarithm	of	zero	is	undefined.	

For	negative	slopes	that	differed	significantly	from	zero	(two‐tailed	t‐test,	p<0.05),	staff	concluded	
that	the	population	was	declining	over	the	time	period	in	question.	

Staff	estimated	flows	likely	to	be	protective	of	estuarine	species	using	three	general	methods	
summarized	below,	all	of	which	require	an	abundance	goal	and	some	prior	knowledge	of	the	season	
(e.g.,	January–June)	during	which	Delta	outflow	is	likely	to	affect	the	success	of	each	species.	Staff	
used	abundance	goals	previously	identified	in	the	Delta	Flow	Criteria	Report	(State	Water	Board	
2010).	Information	on	seasons	that	should	be	used	for	the	analyses	was	taken	from	the	scientific	
literature	and	the	Delta	Flow	Criteria	Report	(Jassby	et	al.	1995;	Kimmerer	2002b;	CDFG	2010b;	
State	Water	Board	2010).	Staff	performed	analyses	as	follows:	

1. Flow‐abundance	relationships:	following	the	general	methodology	of	Jassby	et	al.	(1995)	and	
Kimmerer	(2002b),	staff	estimated	the	relationship	between	the	logarithm	of	seasonal	average	
Delta	outflow	and	the	respective	species	abundance	indices	using	the	most	recent	data	available.	
Following	the	methods	of	Kimmerer	(2002b),	staff	incremented	abundance	indices	containing	
zero	values	for	the	purposes	of	this	analysis	and	included	one	or	more	step	changes	for	species	
that	experienced	a	substantial	decline	immediately	following	the	introduction	of	Potamocorbula	
or	the	pelagic	organism	decline.	The	regression	was	then	used	to	predict	the	flow	associated	
with	the	abundance	goal.	Staff	did	not	use	this	method	if	the	predicted	flow	fell	outside	of	the	
range	of	the	observed	flow	data.	

2. Cumulative	frequency	distributions	of	flow:	if	staff	could	identify	a	period	of	years	during	which	
the	abundance	goal	was	attained	and	the	population	was	not	in	decline,	the	median	of	the	
seasonal	average	flows	over	that	period	was	used	as	an	indicator	of	the	flow	that	would	be	
protective	of	the	species.	

3. Logistic	regression	estimates	of	the	probability	of	population	growth:	for	species	that	spawn	
predominantly	at	a	single	age,	logistic	regression	was	used	to	estimate	the	response	of	
generation‐over‐generation	population	growth	to	seasonal	average	flow	(TBI/NRDC	2010a).	For	
a	given	population	index	N,	the	growth	rates	were	estimated	as	N(t)/N(t‐L),	where	L	is	the	age	
of	reproduction.	These	rates	were	converted	to	a	binary	variable	(1=growth,	0=decline)	and	
regressed	on	the	logarithm	of	average	seasonal	outflow	using	a	general	linear	model	with	a	logit	
link	function.	Staff	interpreted	the	flow	that	predicted	a	fifty	percent	probability	of	population	
growth	as	a	threshold	flow	that	would	benefit	the	species.	

The	flows	found	in	the	scientific	literature	or	estimated	using	the	above	methods	should	not	be	
taken	to	represent	absolute	flow	needs	that	must	be	met	at	all	times	or	in	all	years	to	support	native	
species.	Rather,	they	serve	as	indicators	of	conditions	that	favor	native	species,	and	constitute	a	set	
of	quantifiable	metrics	that	can	be	used	to	assess	the	relative	protection	afforded	by	a	range	of	flow	
regimes.	The	scientific	information	supporting	modifications	to	existing	flow	requirements	is	
broader	than	these	quantitative	relationships,	and	includes	knowledge	of	life	history,	ecology,	and	
the	conditions	under	which	native	species	evolved.	Generally,	higher	flows	and	lower	X2	values	in	
winter	and	spring	confer	the	greatest	benefits	for	native	species	and	the	ecosystem,	provided	
adequate	supplies	are	maintained	for	cold	water	and	flows	at	other	times.		
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3.4 Chinook Salmon (Oncorhynchus tshawytscha) and 
Central Valley Steelhead (Oncorhynchus mykiss) 

3.4.1 Overview 

A	combined	species	evaluation	has	been	prepared	for	all	four	runs	of	Chinook	salmon	and	Central	
Valley	steelhead.	Less	information	is	available	for	steelhead	than	for	salmon.	Although	distinct	
differences	exist	in	certain	aspects	of	their	life	histories	and	habitat	needs	(see	Section	3.4.2.2),	factors	
that	benefit	salmon	are	also	expected	to	benefit	steelhead	based	on	their	general	ecological	
requirements.	The	evaluation	provides	information	on	life	histories	of	the	species,	population	
abundance	trends	through	time,	population	restoration	goals,	and	where	available,	information	on	the	
functional	flow	needed	by	each	run	to	successfully	emigrate	from	upstream	tributaries	in	the	Phase	II	
area	through	the	Delta	to	the	Pacific	Ocean.	Because	inflows	from	the	San	Joaquin	River	above	the	
Delta	are	addressed	in	Phase	I	of	the	update	to	the	2006	Bay‐Delta	Plan,	those	inflows	are	not	
discussed	below.	However,	issues	below	the	San	Joaquin	River	at	Vernalis	are	discussed	as	are	issues	
related	to	the	eastside	Delta	tributaries	that	flow	into	the	downstream	portions	of	the	San	Joaquin	
River	in	the	Delta.	

The	following	evaluation	shows	that	adult	and	juvenile	salmon	benefit	from	an	increase	in	a	more	
natural	flow	pattern	in	Central	Valley	tributaries.	Increased	tributary	flow	aids	adult	upstream	
spawning	migration,	juvenile	rearing	in	tributary	watersheds	and	emigration	to	the	Delta.	Juvenile	
fall‐	and	winter‐run	salmon	are	expected	to	benefit	from	additional	spring	inflow	in	the	lower	
Sacramento	River	while	emigrating	past	Chipps	Island.	Flows	greater	than	20,000	cfs	at	Rio	Vista	
between	February	and	June	are	expected	to	improve	juvenile	salmon	survival	during	emigration.	In	
addition,	juvenile	salmon	emigrating	from	both	the	Sacramento	and	San	Joaquin	River	basins	
through	the	Delta	have	better	survival	if	they	remain	in	main	stem	river	channels	and	do	not	migrate	
through	the	interior	Delta.		

3.4.2 Life History  

3.4.2.1 Chinook Salmon 

Chinook	salmon	are	anadromous	with	adults	returning	to	their	natal	streams	to	spawn	and	die.	The	
different	Chinook	salmon	runs	have	developed	a	broad	array	of	different	life	history	characteristics.	
These	include	the	timing	of	adult	migration,	degree	of	sexual	maturation	at	the	time	of	river	entry	
and	time	of	spawning.	Juveniles	of	each	run	also	display	differences	in	the	duration	of	freshwater	
residency	and	the	timing	of	emigration.	This	diversity	in	life	history	traits	reflects	adaptations	to	
both	the	natural	flow	regimes	and	physical	attributes	of	their	natal	streams,	and	the	broad	diversity	
in	regional	and	seasonal	flow	patterns	in	the	Central	Valley.		

Chinook	salmon	are	an	important	ecological,	cultural,	subsistence,	recreational,	and	commercial	fish	
species	in	California	(Figure	3.4‐1).	Historically,	5–6	million	salmon	may	have	returned	annually	to	
California	waterways	(Gresh	et	al.	2000).	Ecologically,	the	large	salmon	runs	were	an	important	
energy	and	nutrient	source	for	invertebrates	and	small	fish	in	oligotrophic	mountain	streams	and	
riparian	areas	(Nakajima	and	Ito	2003;	Bilby	et	al.	1996,	1998,	2001).	The	commercial	and	
recreational	catch	from	1975–2014	now	averages	about	half	a	million	fish	per	year	(Azat	2015).	
Most	of	the	catch	during	this	40‐year	time	period	was	taken	in	the	marine	commercial	fishery	and	is	
from	hatchery	production.		
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Figure 3.4‐1. California Commercial and Recreational Chinook Salmon Ocean Catch, 1975 to 2014. 
The gray line shows the 40‐year mean (from Azat 2015). 

	

Four	Chinook	salmon	runs	are	present	in	the	Sacramento	River	main	stem	and	tributaries	and	Delta	
eastside	tributaries	and	are	named	for	the	timing	of	adult	upstream	migration:	fall‐run,	late‐fall‐run,	
winter‐run,	and	spring‐run	(Table	3.4‐1).		

Table 3.4‐1. General Timing of Important Life Stages of Sacramento and San Joaquin River Basin 
Chinook Salmon and California Central Valley Steelhead  

	
Adult	
Migration	
period	

Adult	
Peak	
Migration	

Adult	Spawning	
Period	

Adult	
Peak	
Spawning	
Period	

Juvenile	
Emergence	
Period	

Juvenile	
Stream	
Residency	
(Months)	

Sacramento	Basin	

Winter‐run	 Dec–Jul	 Mar	 Late	Apr–mid	Aug	 May–Jun	 July–Oct	 5–10	

Spring‐run	 Feb–Sept	 May–Jun	 Late	Aug–Nov	 Oct–Nov	 Dec–Mar	 12–16	

Late‐fall‐run	 Oct–Apr	 Dec–Jan	 Early	Jan–Apr	 Feb–Mar	 Apr–Jun	 7–13	

Fall‐run	 Jun–Dec	 Oct	 Late	Sep–Jan	 Oct	 Dec–Apr	 1–5	

San	Joaquin	Basin	

Fall‐run	 Sept–Dec	 Nov	 Nov–Jan	 Nov–Dec	 Dec–Mar	 2–5	

Steelhead	
(both	basins)	

July–Mar	 Sep–Oct	 Nov–Apr	 Dec–Apr	 Jan–May	 12–36	

Source:	Modified	from	Yoshiyama	et	al.	(1998)	and	NMFS	(2014a).	
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Chinook	salmon	adults	exhibit	two	general	freshwater	life	history	patterns	characterized	as	
“stream‐type”	and	“ocean	type”	(Healey	1991).	“Stream‐type”	adults	enter	freshwater	several	
months	before	spawning	and	complete	their	maturation	in	their	natal	streams	where	they	hold	for	
several	weeks	to	months	before	spawning.	“Ocean	type”	Chinook	salmon	enter	freshwater	at	
maturity	and	migrate	rapidly	to	their	natal	streams	where	they	spawn	shortly	after	arriving	on	the	
spawning	grounds.	Winter‐	and	spring‐run	Chinook	salmon	exhibit	a	stream‐type	pattern	as	adults,	
migrating	to	upstream	spawning	areas	where	they	hold	for	several	months	until	sexually	mature	
(Williams	2006).	Late‐fall‐run	Chinook	exhibit	a	predominantly	stream‐type	life	history	while	fall‐
run	Chinook	exhibit	a	predominantly	ocean‐type	life	history.		

Chinook	salmon	juveniles	are	also	generally	characterized	as	having	ocean‐type	and	stream‐type	life	
histories	depending	on	the	length	of	freshwater	residence	(Healey	1991).	Central	Valley	Chinook	
salmon	juveniles	have	a	largely	ocean‐type	life	history	but	exhibit	a	broad	range	of	juvenile	life	
histories	that	differ	with	respect	to	duration	of	freshwater	residence,	habitat	use,	and	size	at	which	
they	migrate	to	the	Delta	and	estuary	(Williams	2012;	Sturrock	et	al.	2015).	This	diversity	ranges	
from	fry	that	migrate	rapidly	to	the	Delta	or	estuary	where	they	continue	to	rear	before	entering	the	
ocean,	to	juveniles	that	remain	and	rear	in	their	natal	streams	for	up	to	a	year	before	migrating	
rapidly	to	the	ocean.	Seasonal	and	inter	annual	differences	in	the	timing	of	migration	also	reflect	
changing	flow	conditions	(Sturrock	et	al.	2015;	Del	Rosario	et	al.	2013;	Brandes	and	McLain	2001)	
with	variability	in	flow	contributing	to	higher	survival	indices	and	a	larger	proportion	of	juveniles	
migrating	as	pre‐smolts	(Zeug	et	al.	2014).	

Generally,	fall‐run	juveniles	emigrate	from	their	natal	streams	during	the	first	few	months	following	
emergence	with	most	migrating	as	fry	to	lower	main	stem	rivers,	Delta,	or	estuary	in	winter	or	early	
spring	followed	by	emigration	of	larger	juveniles	later	in	the	spring	(Williams	2006).	Late‐fall‐run	
juveniles	typically	rear	in	upstream	spawning	areas	through	the	summer	before	emigrating	as	
yearlings	in	the	fall	and	winter	(Williams	2006).	Winter‐run	juveniles	emigrate	as	fry	from	upstream	
spawning	reaches	in	summer	and	early	fall	and	apparently	rear	for	up	to	several	months	in	the	
Sacramento	River,	Delta,	or	estuary	before	migrating	to	the	ocean	in	spring	(Del	Rosario	et	al.	2013).	
Most	spring‐run	juveniles	follow	an	ocean‐type	life	history,	beginning	their	downstream	migration	
in	winter	as	fry,	although	some	rear	for	several	months	in	their	natal	stream	before	emigrating	later	
in	the	spring	or	in	the	following	fall,	winter,	or	spring	(Williams	2006).	

Adult	salmon	require	suitable	flows,	water	temperatures,	and	water	quality	to	access	their	natal	
streams	and	reach	the	spawning	grounds	at	the	proper	time	and	with	sufficient	energy	reserves	to	
complete	their	life	cycles	(Bjornn	and	Reiser	1991).	Adult	Chinook	salmon	require	water	depths	
greater	than	0.8	feet	and	water	velocities	less	than	8	feet	per	second	for	successful	upstream	
migration	(Thompson	1972).	Adult	salmon	migrating	upstream	mostly	use	pool	and	mid‐channel	
habitat	(Stillwater	Sciences	2004)	and	are	thought	to	be	primarily	active	during	twilight	hours.	

Suitable	water	temperatures	for	upstream	migration	of	adult	Chinook	salmon	generally	range	from	
38°	Fahrenheit	(F)	to	65°F	(Bell	1991;	Boles	1988;	CDFG	1998).	Boles	(1988)	recommended	water	
temperatures	below	65°F	for	adult	salmon	upstream	migration	in	the	Sacramento	River.	Suitable	
water	temperatures	for	adult	winter‐run	Chinook	salmon	migrating	upstream	to	spawning	grounds	
range	from	57°F	to	67°F	(NMFS	1997).	However,	cooler	water	temperatures	are	required	while	
holding	and	preparing	to	spawn;	the	maximum	suitable	water	temperature	reported	for	holding	is	
59°F	to	60°F	(NMFS	1997).	High	water	temperatures	and	low	DO	levels	can	form	barriers	to	adult	
salmon	migration.	In	general,	water	temperatures	above	70°F	and	DO	levels	below	5	milligrams	per	
liter	have	been	reported	to	block	or	cause	delays	in	migration	of	Chinook	salmon	(Hallock	et	al.	
1970;	Richter	and	Kolmes	2005).	
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Female	Chinook	salmon	select	spawning	sites	with	suitable	water	depths,	velocities,	and	substrate	
sizes	for	redd	(nest)	construction	and	successful	egg	incubation	(Bjornn	and	Reiser	1991;	Quinn	
2005).	Preferred	habitat	is	determined	by	the	need	for	sufficient	flow	of	oxygenated	water	through	
the	interstitial	spaces	in	the	streambed	to	support	the	developing	embryos.	Body	size	also	influences	
site	selection;	larger	females	can	use	sites	with	larger	gravel	and	faster	water	(Quinn	2005).	Chinook	
salmon	have	been	reported	to	utilize	a	broad	range	of	water	depths	and	velocities	for	spawning.	
Water	velocity	in	Chinook	salmon	spawning	areas	typically	range	from	1	to	5	feet	deep	with	water	
velocities	of	1–3.5	feet	per	second	(USFWS	2003).	The	USFWS	(2003)	reported	that	winter‐run	
prefer	depths	of	1.4–10	feet	and	velocities	from	1.5–4.1	feet	per	second.	

Optimal	water	temperatures	for	Chinook	salmon	egg	incubation	range	from	41°F	to	56°F	(NMFS	
2009a).	A	significant	reduction	in	egg	viability	occurs	above	57.5°F	and	total	mortality	can	occur	at	
temperatures	above	62°F	(NMFS	2014a);	the	lower	and	upper	thermal	range	causing	50	percent	
pre‐hatch	mortality	is	37°F	and	61°F,	respectively.	The	U.S.	Environmental	Protection	Agency	
(USEPA)	recommends	that	water	temperatures	(measured	as	maximum	7‐day	average	of	the	daily	
maximums	[7DADM])	for	salmon	and	trout	spawning,	egg	incubation,	and	fry	emergence	not	exceed	
55.4°F	(USEPA	2003).	This	is	generally	consistent	with	laboratory‐based	studies	of	thermal	
tolerance	of	Chinook	salmon	embryos;	however,	oxygen	limitation	has	also	shown	to	be	a	strong	
determinant	of	thermal	tolerance	in	the	field.	In	a	recent	study,	application	of	a	thermal	tolerance	
model	based	on	laboratory	data	failed	to	predict	the	effects	of	temperature	on	survival	of	winter‐run	
Chinook	salmon	in	the	Sacramento	River	(field‐derived	estimates	of	egg‐to‐fry	survival).	The	results	
suggested	an	approximately	3°C	(5.4°F)	reduction	in	thermal	tolerance	in	the	field	compared	to	the	
lab	that	was	attributed	to	egg	size	and	differences	in	water	flow	velocities	that	affected	the	ability	of	
embryos	to	obtain	sufficient	oxygen	to	meet	demands	(Martin	et	al.	2016).	

Development	time	for	Chinook	salmon	embryos	is	dependent	on	ambient	water	temperatures.	
Colder	temperatures	result	in	slower	development	rates	and	a	longer	development	time.	Within	the	
optimal	thermal	range,	embryos	hatch	in	40–60	days.	Alevins	remain	in	the	gravel	for	an	additional	
4–6	weeks	metabolizing	their	yolk	sac	for	nourishment.	When	the	yolk	sac	is	depleted,	the	fry	
emerge	from	the	gravel	to	begin	external	feeding.		

Upon	emergence,	fry	disperse	to	the	margins	of	their	natal	stream,	seeking	shallow	water	with	
slower	velocity	and	begin	feeding	on	terrestrial	invertebrates,	zooplankton,	and	aquatic	
invertebrates	(Sommer	et	al.	2001).	Some	fry	take	up	residence	in	their	natal	stream	for	up	to	a	year	
while	others	are	displaced	downstream	by	the	current.	Once	downstream	migration	begins,	fry	may	
continue	to	the	estuary	and	rear	there	or	take	up	residence	in	intermediate	upstream	river	reaches	
for	up	to	a	year	(Williams	2006,	2012;	Sturrock	et	al.	2015).		

When	juvenile	Chinook	salmon	reach	a	length	of	5–6	centimeters	(cm)	in	length,	they	move	into	
deeper	water	with	greater	current	velocities,	but	still	seek	shelter	in	quiescent	areas	to	conserve	
energy	(Healey	1991).	In	the	Sacramento	River	near	West	Sacramento,	larger	bodied	juveniles	were	
located	in	the	main	channel	while	smaller	fry	were	found	along	the	river	margin	(USFWS	1997	as	
reported	in	CDFG	2010a).	When	channel	depth	is	greater	than	9–10	feet,	juveniles	tend	to	remain	
near	the	surface	(Healey	1982).	An	increase	in	turbidity	from	storm	runoff,	increased	flows	or	
changes	in	day	length	trigger	emigration	of	juveniles	from	the	upper	Sacramento	River	basin	
(Kjelson	et	al.	1982;	Brandes	and	McLain	2001).	Juvenile	salmon	migration	rates	vary	considerably	
depending	on	the	physiological	stage	of	the	individual	and	ambient	hydrologic	conditions.	Chinook	
salmon	fry	can	travel	as	fast	as	12	miles	per	day	in	the	Sacramento	River	(Kjelson	et	al.	1982).	
Sommer	et	al.	(2001)	measured	travel	rates	as	low	as	0.5	to	more	than	6.0	miles	per	day	in	the	Yolo	
Bypass.		
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Smolting	is	the	physiological	process	that	increases	salinity	tolerance	and	enables	salmonids	to	
transition	from	freshwater	to	saltwater.	Smolting	usually	starts	when	juveniles	are	7–10	cm	in	
length	(CDFG	2010a);	consequently,	juveniles	may	begin	this	process	in	their	natal	streams,	in	the	
Delta	or	estuary,	or	during	transit	from	their	natal	streams.	Environmental	factors	such	as	increased	
stream	flow	and	changes	in	water	temperature	and	photoperiod	can	also	affect	the	onset	of	smolting	
(Rich	and	Loudermilk	1991;	Quinn	2005).	After	smolting	begins,	salmon	often	rear	further	
downstream	where	ambient	salinities	are	higher	like	Suisun	Bay	or	the	coastal	ocean	(Healey	1980;	
Levy	and	Northcote	1981).		

The	majority	of	Sacramento	River	juvenile	Chinook	salmon	enter	the	Delta	between	October	and	
May	(Table	3.4‐2).	However,	there	are	run‐specific	differences	and	substantial	variation	in	
emigration	timing	from	year	to	year	depending	on	hydrologic	conditions	(e.g.,	drought	conditions)	
and	the	timing	of	major	storm	events	(Kjelson	et	al.	1982;	Williams	2006;	del	Rosario	et	al.	2013).	
For	example,	early	peak	movements	of	winter‐run	Chinook	salmon	juveniles	past	Knights	Landing	
are	triggered	by	the	first	major	flow	events	of	the	season	(15,000	cfs	at	Wilkins	Slough)	which	
typically	occur	from	late	November	through	February	(del	Rosario	et	al.	2013).		

Table 3.4‐2. Timing of Juvenile Chinook Salmon and California Central Valley Steelhead Entry into 
the Delta from the Sacramento River Basin by Month 

Month	

Sacramento	
River	Total1,	2	
(%)	

Fall‐Run	
(%)	

Spring‐Run	
(%)	

Winter‐Run	
(%)	

Sacramento	
Steelhead3	
(%)	

January	 12	 14	 3	 17	 5	

February	 9	 13	 0	 19	 32	

March	 26	 23	 53	 37	 60	

April	 9	 6	 43	 1	 0	

May	 12	 26	 1	 0	 0	

June	 0	 0	 0	 0	 0	

July	 0	 0	 0	 0	 0	

August	 4	 1	 0	 0	 0	

September	 4	 0	 0	 0	 1	

October	 6	 9	 0	 0	 0	

November	 9	 8	 0	 3	 1	

December	 11	 0	 0	 24	 1	

Total	 100	 100	 100	 100	 100	

Source:	NMFS	2009	RPA	with	2011	amendments.	
RPA	=	Reasonable	and	Prudent	Alternative.	
1	 Midwater	trawl	data.	
2	 All	runs	combined.	
3	 Rotary	screw	trap	data	from	Knights	Landing.	

	

Rearing	by	juvenile	Chinook	salmon	in	the	Bay‐Delta	appears	to	be	an	important	life	history	
component	based	on	otolith	microchemistry	analysis	and	broad	evidence	from	other	estuaries	
(Reimers	1973;	Healey	1980;	Kjelson	et	al.	1982;	Lott	2004;	Miller	et	al.	2010;	Sturrock	et	al.	2015).	
Peak	migrations	and	estuarine	abundance	of	fry	in	the	Bay‐Delta	correlated	with	flow	magnitude,	
with	peak	abundance	and	downstream	extent	of	fry	being	highest	following	major	runoff	events	
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(Kjelson	et	al.	1982;	Brandes	and	McLain	2001).	Rearing	juveniles	are	known	to	occupy	shallow	
water	around	the	margins	of	estuaries,	utilizing	tidal	currents	to	move	in	and	out	of	wetland	and	
marsh	habitats	where	they	benefit	from	access	to	shallow	water,	protective	cover,	and	abundant	
food	resources	(McDonald	1960;	Dunford	1975;	Healey	1980;	Levy	and	Northcote	1981;	Healey	
1991,	Hering	et	al.	2010).	In	the	Bay‐Delta,	Kjelson	et	al.	(1982)	reported	evidence	of	diel	
movements	of	fry	from	shallow	water	areas	near	the	shoreline	during	daylight	to	offshore	areas	at	
night,	and	a	general	increase	in	the	size	of	juvenile	salmon	with	increasing	distance	from	the	shore.	
Cladocerans,	copepods,	amphipods,	and	dipterans	are	common	prey	items	in	the	Delta	and	estuary	
(Kjelson	et	al.	1982;	Sommer	et	al.	2001;	MacFarland	and	Norton	2002).	

Migration	timing,	residence	times,	and	habitat	use	by	juvenile	Central	Valley	Chinook	salmon	are	
highly	variable	as	reflected	by	the	diversity	of	life	history	patterns	summarized	above	(Williams	
2006,	2012).	Mark‐recapture	data	suggest	that	juvenile	fall‐run	can	enter	the	Delta	as	fry	and	rear	
for	up	to	2	months	(Kjelson	et	al.	1982),	while	comparison	of	catch	data	for	winter‐run	entering	
(Knight	Landing)	and	leaving	the	Delta	(Chipps	Island)	indicate	residence	times	ranging	from	40	to	
over	110	days	and	averaging	87	days	(del	Rosario	et	al.	2013).	Following	their	initial	downstream	
movements,	young	Chinook	salmon	may	also	rear	for	some	time	in	non‐natal	tributaries,	flood	
bypasses	(Sutter	and	Yolo	Bypasses),	and	remnant	floodplains	depending	on	the	timing	and	
duration	of	their	connection	with	the	river	(Maslin	et	al.	1997,	1998,	1999;	Sommer	et.	2005;	del	
Rosario	et	al.	2013).	Later	in	the	migration	season	(or	subsequent	migration	season	for	yearlings	in	
natal	streams),	larger	sub‐yearling	or	yearling	juveniles	(smolts)	appear	to	migrate	rapidly	to	the	
ocean	(Williams	2012).	MacFarlane	and	Norton	(2002)	presented	evidence	of	rapid	migration	and	
minimal	growth	of	fall‐run	juveniles	traversing	the	estuary	(downstream	of	Chipps	Island),	
suggesting	little	estuarine	dependency	and	rapid	ocean	entry.	These	results	appear	to	be	applicable	
primarily	to	large,	actively	migrating	juveniles	(including	hatchery	juveniles)	and	not	to	earlier	fry	
migrants	that	have	been	shown	to	exhibit	extended	Delta	and	estuarine	rearing	and	make	significant	
contributions	to	adult	production,	especially	in	wet	years	(Brandes	and	McLain	2001;	Williams	
2012;	Sturrock	et	al.	2015).	

Studies	of	the	thermal	requirements	of	Central	Valley	Chinook	salmon	indicate	that	optimal	
temperatures	for	growth	are	achieved	at	62.6–68.0°F,	provided	that	food	is	not	limiting,	and	other	
factors,	such	as	disease,	predation,	and	competition,	have	minimal	effect	(Myrick	and	Cech	2004).	
American	River	fall‐run	Chinook	salmon	achieved	maximum	growth	at	a	constant	temperature	of	
66.2°F	under	maximum	ration	and	oxygen	saturation	levels	(Myrick	and	Cech	2001).	In	another	
study,	Myrick	and	Cech	(2001)	demonstrated	that	Sacramento	River	fall‐run	Chinook	salmon,	fed	at	
levels	reported	for	juvenile	salmonids	in	the	field,	survived	and	grew	at	temperatures	up	to	75.2°F.	
However,	juveniles	reared	at	69.8–75.2°F	experienced	significantly	decreased	growth	rates,	
impaired	smoltification	indices,	and	increased	predation	vulnerability	compared	with	juveniles	
reared	at	55.4–60.8°F.		

3.4.2.2 Central Valley Steelhead 

Central	Valley	steelhead	(O.	mykiss)2	were	once	widely	distributed	in	the	Sacramento	and	San	Joaquin	
River	systems,	migrating	to	spawning	and	rearing	areas	primarily	in	intermediate	to	upper‐elevation	
Sierra	Nevada	and	Cascade	streams	(Quinn	2005;	Yoshiyama	et	al.	2001).	However,	most	of	their	
historical	spawning	and	rearing	habitat	is	now	blocked	by	dams,	restricting	anadromous	populations	
to	downstream	reaches	where	habitat	conditions	have	been	highly	modified	by	regulated	flows	and	

																																																													
2	Central	Valley	steelhead	are	recognized	as	a	member	of	the	subspecies	O.	mykiss	irideus	(Moyle	2002).	
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other	abiotic	and	biotic	stressors	(McEwan	2001;	NMFS	2014a).	Genetic	studies	have	revealed	that	
Central	Valley	steelhead	populations	generally	lack	the	strong	geographic	patterns	of	genetic	
differentiation	that	have	been	found	in	other	California	O.	mykiss	populations	(e.g.,	northern	California	
steelhead	DPS)	(Nielsen	et	al.	2005;	Pearse	and	Garza	2015).	Pearse	and	Garza	(2015)	found	that	
Central	Valley	populations	above	and	below	barrier	dams	are	not	closely	related	and	that	the	
relationships	between	below‐barrier	populations	do	not	fit	a	pattern	of	isolation‐by‐distance.	These	
results	likely	reflect	more	than	a	century	of	habitat	modification	and	hatchery	and	stocking	practices,	
including	the	use	of	out‐of‐basin	sources	to	supplement	hatchery	production	(Pearse	and	Garza	2015).	

O.	mykiss	display	highly	complex	and	diverse	life	histories,	including	both	resident	and	anadromous	
forms	(steelhead).	Central	Valley	steelhead	may	exhibit	either	an	anadromous	or	resident	life	
history,	including	the	capacity	for	resident	adults	to	produce	anadromous	offspring	and	anadromous	
adults	to	produce	resident	offspring	(Zimmerman	et	al.	2008).	In	addition,	steelhead	exhibit	great	
variability	in	age	at	emigration	and	age	at	return	and,	unlike	salmon,	are	capable	of	spawning	more	
than	once	during	their	lifetime.	These	highly	variable	life	history	patterns	reflect	adaptation	to	local	
environments	that	can	be	explained	by	a	complex	interaction	of	genetic	and	environmental	factors	
that	determine	the	developmental	pathway	of	individual	fish	(smolt	transformation,	maturation)	
based	on	condition,	growth,	and	size	(Satterthwaite	et	al.	2009,	2010).	Because	of	blocked	access	to	
historic	spawning	habitat	and	highly	altered	conditions	below	dams,	the	life	histories	of	Central	
Valley	steelhead	may	have	already	diverged	substantially	from	their	historic	patterns	and	now	
include	a	greater	proportion	of	fish	with	a	freshwater	resident	life	history	(Lindley	et	al.	2007;	
McClure	et	al.	2008).	

Central	Valley	migratory	steelhead	are	“winter	steelhead.”	The	naming	convention	refers	to	the	
timing	of	upstream	adult	migration.	Winter	steelhead	adults	migrate	from	the	ocean	as	sexually	
mature	individuals	and	are	ready	to	spawn	when	they	arrive	on	their	breeding	grounds	(Moyle	
2002;	McEwan	and	Jackson	1996).	Adult	upstream	migration	from	the	ocean	occurs	throughout	the	
year	but	peaks	in	the	Sacramento	River	in	September	and	October	(McEwan	and	Jackson	1996).	
Migration	in	the	San	Joaquin	River	begins	as	early	as	July	and	continues	through	April	with	a	peak	in	
upstream	migration	between	October	and	February	(USDOI	2008).	Adult	Central	Valley	steelhead	
mostly	uses	the	Sacramento	and	San	Joaquin	River	channels	as	a	migration	corridor	to	reach	
upstream	natal	streams	(Moyle	2002).		

Peak	spawning	generally	occurs	between	January	and	March	in	both	the	Sacramento	and	San	Joaquin	
River	watersheds	(Hallock	et	al.	1961;	McEwan	2001).	Like	Chinook	salmon,	redd	site	selection	is	a	
function	of	body	size;	steelhead	are	generally	reported	to	use	water	depths	ranging	from	6	to	36	
inches,	water	velocities	ranging	from	1	to	3.6	feet	per	second,	and	substrates	ranging	from	0.2	to	4	
inches	(Bjornn	and	Reiser	1991;	McEwan	2001).	The	time	required	for	egg	development	is	
approximately	4	weeks,	but	is	temperature	dependent	(McEwan	and	Jackson	1996).	Optimal	egg	
development	occurs	at	temperatures	between	48°F	and	52°F.	After	hatching,	the	yolk	sac	alevin	
remain	in	the	gravel	for	an	additional	4–6	weeks	before	emerging	(McEwan	and	Jackson	1996).	Upon	
emerging,	fry	move	to	shallow	protected	stream	margins.	Older,	larger	individuals	use	riffles	and	
pools.	Young	steelhead	feed	on	immature	aquatic	and	terrestrial	insects	(Moyle	2002;	Benigno	and	
Sommer	2008;	Weber	2009;	Kammerer	and	Heppell	2012).		

Juvenile	steelhead	migrate	to	the	ocean	after	spending	1–2	years	in	freshwater	(McEwan	and	
Jackson	1996).	Steelhead	migrants	from	the	Sacramento	River	watershed	are	caught	in	the	Knights	
Landing	rotary	screw	traps	from	November–March	with	peak	catches	in	February	and	March	(Table	
3.4‐2).	San	Joaquin	River	steelhead	migrate	downstream	between	late	December	and	July	with	a	
peak	in	March	and	April	(USDOI	2008).	Juvenile	steelhead	salvaged	at	the	state	and	federal	pumping	
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facilities	indicate	that	most	steelhead	are	moving	through	the	Delta	from	November–June,	with	a	
peak	emigration	period	between	February	and	May	(NMFS	2009b).	

3.4.3 Life History, Distribution, and Abundance Trends Over‐
Time 

3.4.3.1 Population Abundance Goals and Species Declines 

The	Central	Valley	Project	Improvement	Act	(CVPIA)	was	enacted	in	1992	and	has	mandated	
changes	in	the	management	of	the	CVP,	particularly	for	the	protection,	restoration	and	enhancement	
of	fish	and	wildlife.	The	CVPIA	established	the	Anadromous	Fish	Restoration	Program	(AFRP)	to	
“implement	a	program	which	makes	all	reasonable	efforts	to	ensure	that,	by	the	year	2002,	natural	
production	of	anadromous	fish	in	Central	Valley	Rivers	and	streams	will	be	sustainable,	on	a	long	term	
basis,	at	levels	not	less	than	twice	the	average	levels	attained	during	the	period	of	1967‐1991.”	This	
mandate	included	doubling	the	natural	production	for	each	Chinook	salmon	run	(Table	3.4‐3).	The	
Salmon	Protection	Objective	in	the	Bay‐Delta	Plan	and	D‐1641	is	similar,	and	provides	that	“water	
quality	conditions	shall	be	maintained	together	with	other	measures	in	the	watershed	sufficient	to	
achieve	a	doubling	of	natural	production	of	Chinook	salmon	from	average	production	of	1967‐1991,	
consistent	with	the	provisions	of	State	and	Federal	law.”		

Table	3.4‐3	indicates	significant	declines	in	the	natural	production	of	Sacramento	River	winter‐run,	
spring‐run,	and	late‐fall‐run,	and	San	Joaquin	fall‐run	notwithstanding	the	population	abundance	
goals,	although	uncertainties	associated	with	estimation	methods	can	make	estimating	natural	
production	challenging	(Cummins	et	al.	2008).	Comparable	estimates	are	not	available	for	steelhead	
because	of	limited	baseline	and	post‐baseline	monitoring	data	(see	Section	3.4.3.6).	The	best	long‐
term	data	set	are	counts	of	adults	passing	through	the	fish	ladder	at	Red	Bluff	Diversion	Dam;	
however,	changes	in	dam	operations	in	1994	precluded	the	collection	of	comparable	post‐baseline	
monitoring	data	(NMFS	2016a).	

Table 3.4‐3. Summary of the Natural Production of All Four Runs of Chinook Salmon in the 
Sacramento and San Joaquin River Basins during the Central Valley Project Improvement Act 
(CVPIA) Baseline Period of 1967–1991 and 1992–2015 

	 Natural	Production	
Annual	Average	
Baseline	(1967–
1991)	Period		

Natural	Production	
Annual	Average	for	
1992–2015	Period	

Change	in	Average	
Natural	Production	
between	1967–1991	
and	1992–2015		

Sacramento	winter‐run		 54,439	 6,090	 ‐89%	

Sacramento	spring‐run		 34,374	 13,385	 ‐61%	

Sacramento	late‐fall‐run	 33,941	 16,175	 ‐52%	

Sacramento	fall‐run	(main	stem)	 115,371	 65,791	 ‐43%	

San	Joaquin	fall‐run1	 38,388	 17,453	 ‐55%	

Data	Source:	Table	4	in	USDOI	(2016).	
1	 Stanislaus,	Tuolumne,	and	Merced	Rivers.	
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3.4.3.2 Winter‐Run Chinook Salmon 

Application	of	genetic	stock	identification	techniques	to	Chinook	salmon	sampled	in	the	California	
recreational	ocean	salmon	fishery	during	1998–2002	indicate	that	winter‐run	Chinook	salmon	occur	
largely	in	central	California	coastal	waters	between	Point	Reyes	and	Monterey	before	migrating	
inland	to	spawn	(Satterthwaite	et	al.	2015).	Adult	winter‐run	Chinook	salmon	enter	the	
Sacramento	River	between	December–July	and	spawn	between	late	April	and	mid‐August	(Table	
3.4‐1).	Most	adults	are	3	years	old	and	are	sexually	immature	when	re‐entering	freshwater	(Moyle	
2002).	Immature	adults	must	hold	in	freshwater	for	several	months	before	they	are	capable	of	
reproducing.	Winter‐run	are	unique	because	they	complete	sexual	development	and	spawn	during	
summer	when	air	temperature	in	the	Central	Valley	approaches	an	annual	maximum.	Since	the	
construction	of	Shasta	and	Keswick	Dams,	winter‐run	have	been	blocked	from	reaching	their	
native	spawning	grounds	in	the	upper	Sacramento	River,	including	the	Pit,	McCloud,	Fall,	and	
Little	Sacramento	Rivers	(Yoshiyama	et	al.	1998).	Consequently,	spawning	is	now	restricted	to	
between	Keswick	Dam	and	the	Red	Bluff	Diversion	Dam	(RBDD)	where	releases	of	cold	water	
from	Shasta	Dam	are	used	to	maintain	suitable	water	temperatures	for	spawning	and	incubation	
(Good	et	al.	2005).	Temperature	control	is	achieved	by	managing	reservoir	storage	levels	and	
operating	a	temperature	control	device,	which	was	installed	at	Shasta	Dam	in	1998	(NMFS	
2009a).	Maintaining	cold	water	in	the	Sacramento	River	below	Keswick	Reservoir	can	also	benefit	
spring‐	and	fall‐run	Chinook	salmon	and	green	sturgeon.		

Winter‐run	fry	emerge,	generally	at	night,	from	the	gravel	between	mid‐June	and	mid‐October	and	
occupy	nearshore	shallow	habitat	with	slow	water	velocity	(NMFS	2014a).	Emigration	begins	as	
early	as	mid‐July	with	most	emigrants	passing	the	RBDD	in	September	and	October	(Vogel	and	
Marine	1991;	NMFS	2009a).	Rearing	occurs	in	the	Delta	and	in	the	Sacramento	River	below	the	
RBDD	November–April	(Table	3.4‐2)	(Williams	2006).	Timing	of	migration	to	nursery	locations	is	
variable	and	is	dependent	upon	flow,	dam	operations,	and	water	temperature.	Rearing	generally	
occurs	for	5–10	months	before	smolting	and	emigration	to	the	ocean.	Marine	emigration	usually	
begins	in	the	fall	and	continues	through	the	spring	with	outbound	smolts	passing	inbound	spawners	
(Moyle	2002).		

The	Sacramento	River	winter‐run	Chinook	salmon	population	includes	hatchery	production	from	
Livingston	Stone	National	Fish	Hatchery	(LSNFH)	located	downstream	of	Shasta	Dam	(NMFS	2014a).	
Hatchery	fish	are	marked	with	a	coded	wire	tag	(CWT)	and	a	clipped	adipose	fin	to	allow	fishery	
managers	to	differentiate	between	native	and	hatchery	produced	fish.	The	LSNFH	releases	between	
about	30,000	and	250,000	pre‐smolts3	annually	each	winter	(NMFS	2014a).	In	2014	and	2015,	
juvenile	winter‐run	production	at	LSNFH	was	increased	to	mitigate	for	the	effects	of	prolonged	
drought	conditions	(elevated	water	temperatures)	on	naturally	spawning	winter‐run	Chinook	salmon	
in	the	Sacramento	River.	Increased	hatchery	production	resulted	in	the	release	of	612,000	juveniles	in	
2014	and	420,000	juveniles	in	2015	(NMFS	2016b,	2016c).	Since	the	beginning	of	hatchery	
production	at	LSNFH	in	1997,	the	proportion	of	hatchery	origin	winter‐run	Chinook	salmon	
spawning	in	the	river	has	increased.	Prior	to	2005,	the	proportion	of	in‐river	hatchery‐origin	
spawners	was	between	5	percent	and	10	percent.	However,	the	average	over	the	last	12	years	was	
approximately	13	percent	(with	peaks	of	approximately	20	percent	in	2005,	30	percent	in	2012,	and	
23	percent	in	2014),	raising	concerns	about	potential	negative	effects	on	the	genetic	integrity	of	the	
run	(NMFS	2016b).	

																																																													
3	Mean	annual	release	has	been	about	167,000	fish.	
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The	abundance	of	winter‐run	Chinook	salmon	has	declined	significantly.	Escapement	in	the	1960s	was	
near	100,000	fish	(Good	et	al.	2005).	Figure	3.4‐2	presents	escapement	for	both	natural	and	hatchery	
production	between	1975	and	2014.	Escapement	was	as	high	as	35,000	fish	in	1976	and	has	now	
declined	to	a	few	thousand	individuals	(Azat	2015).	Natural	juvenile	production	and	adult	escapement	
to	in‐river	spawning	locations	has	also	declined	relative	to	the	1967–1991	baseline	CVPIA	value	
(Figure	3.4‐3).	Natural	production	was	89	percent	less	in	1992–2015	than	in	1967–1991	(Table	3.4‐3).		

The	Sacramento	River	winter‐run	Chinook	salmon	evolutionary	significant	unit	(ESU)4	was	
originally	listed	as	endangered	under	the	federal	ESA	in	1994	(59	FR	440).	The	listing	was	
reaffirmed	in	2005	(70	FR	37160)	and	in	2011	(76	FR	50447).	The	listing	includes	both	naturally	
occurring	and	artificially	propagated	stock	(70	FR	37160).	The	ESU	was	listed	as	endangered	under	
CESA	in	1989.		

	

	

Figure 3.4‐2. Annual Winter‐Run Chinook Salmon Escapement from the Sacramento River Basin 
from 1975 to 2014 and the 40‐Year Mean Population Size (gray line) (Source Azat 2015) 

	

																																																													
4	NMFS	uses	the	term	“ESU”	to	identify	a	DPS	as	specified	in	the	Endangered	Species	Act.	The	Endangered	Species	
Act	does	not	define	DPS.	The	DPS	and	ESU	are	smaller	evolutionary	units	than	a	species.		
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Figure 3.4‐3. Estimated Yearly Adult Natural Production and in‐River Adult Escapement of Winter‐
Run Chinook Salmon in Central Valley Rivers and Streams. Data were not available for 1952–1966. 
1992–2015 numbers are from CDFG Grand Tab (Apr 11, 2016). 1967–1991 Baseline Period 
Numbers are from Mills and Fisher (CDFG 1994).5  

	

3.4.3.3 Spring‐Run Chinook Salmon  

Historically,	Central	Valley	spring‐run	Chinook	salmon	were	likely	the	most	abundant	salmon	run	in	
the	Central	Valley.	Spring‐run	used	the	headwaters	of	all	the	major	rivers	to	spawn	and	rear	(NMFS	
2014a).	Spring‐run	enter	freshwater	as	immature	adults	and	ascend	to	summer	holding	areas	that	
provide	appropriate	temperatures	and	sufficient	flow,	cover,	and	pool	depths	to	allow	successful	
maturation	(Yoshiyama	et	al.	1998).	In	the	Central	Valley	ambient	summer	water	temperatures	are	
only	suitable	above	500–1,500	feet	elevation	and	most	of	this	habitat	is	now	upstream	of	impassable	
dams	(NMFS	2005a	as	cited	in	NMFS	2014a).	As	a	result,	spring‐run	have	suffered	the	most	severe	
decline	of	all	the	four	runs	of	Chinook	salmon	in	the	Sacramento	River	basin	(Fisher	1994).		

Habitat	requirements	for	spring‐run	differ	from	those	of	winter‐run	in	that	suitable	habitat	is	
required	year‐round	for	successful	completion	of	spring‐run	freshwater	life	stages	(holding,	
spawning,	and	rearing)	(Table	3.4‐1).	Spring‐run	Chinook	migrate	to	natal	streams	between	
February	and	September,	with	peak	migration	in	May	and	June	(Yoshiyama	et	al.	1998).	Following	
the	summer	holding	period,	spawning	occurs	between	late	August	and	November	with	a	peak	in	
October–November	(Moyle	2002).	

The	development	of	embryos	and	emergence	from	the	gravel	is	dependent	on	ambient	water	
temperatures	and	DO	levels.	Optimal	water	temperatures	for	Chinook	salmon	egg	incubation	range	

																																																													
5	Figure	from	https://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.	
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from	41	to	56°F	(NMFS	2009a)	Embryos	hatch	in	40–60	days	under	these	conditions	and	the	alevin	
remain	in	the	gravel	for	an	additional	4–6	weeks	before	emerging	as	fry	(Moyle	2002).	Fry	leave	the	
gravel	between	December	and	March	(Table	3.4‐1).	Juveniles	typically	may	remain	in	freshwater	for	
12–16	months,	but	some	individuals	migrate	downstream	to	the	ocean	as	young	of	the	year	in	
winter	or	early	spring	(NMFS	2014a).	

The	Feather	River	Fish	Hatchery	is	responsible	for	replacing	the	loss	of	natural	production	of	spring‐
run	that	previously	occurred	in	the	Feather	River	watershed	above	Oroville	Dam	(USFWS	2014).	
The	production	goal	is	2	million	smolt	per	year.	The	proportion	of	hatchery	fish	in	the	returning	
population	has	steadily	increased	since	the	1970s.	Hatchery	origin	fish	may	comprise	between	20	
and	50	percent	of	total	escapement	in	recent	years	(estimated	from	Figure	2‐7	in	NMFS	2014a).		

Spawning	habitat	for	Central	Valley	spring‐run	Chinook	salmon	also	includes	the	main	stem	
Sacramento	(between	Keswick	Dam	and	RBDD),	Feather,	and	Yuba	Rivers	and	Cottonwood,	
Antelope,	Thomes,	Big	Chico,	Clear,	Battle,	Butte,	Deer,	and	Mill	Creeks	(NMFS	2014).	Self‐sustaining	
populations	occur	on	Mill,	Deer,	and	Butte	Creeks,	while	other	streams	are	dominated	by	strays	from	
hatchery	stocks	that	have	undergone	hybridization	with	fall‐run	Chinook	(NMFS	2014a).		

The	Central	Valley	is	estimated	to	have	produced	spring‐run	Chinook	salmon	runs	as	large	as	
600,000	fish	between	1880	and	1940	(CDFG	1998).	More	than	half	a	million	spring‐run	salmon	are	
believed	to	have	been	caught	in	the	commercial	fishery	in	1883	(Yoshiyama	et	al.	1998).	
Escapement	is	now	much	smaller	with	a	40‐year	average	of	about	14,500	fish	(Figure	3.4‐4).	Natural	
production	of	spring‐run	has	also	declined	(Figure	3.4‐5).	Production	in	the	CVPIA	baseline	period	
of	1967–1991	was	estimated	at	34,374	fish.	Average	production	in	1992–2015	decreased	to	13,385	
fish.	This	represents	a	61	percent	decline	over	the	baseline	period	(Table	3.4‐3)	and	is	only	20	
percent	of	the	CVPIA	doubling	goal.	

	

Figure 3.4‐4. Annual Spring‐Run Chinook Salmon Escapement to Sacramento River Tributaries 
from 1975 to 2014 and the 40‐Year Mean (gray line) (Source Azat 2015)  
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Figure 3.4‐5. Estimated Yearly Adult Natural Production and in‐River Adult Escapement of Spring‐
Run Chinook Salmon in the Central Valley Rivers and Streams. No Data Available for 1952–1966. 
1992–2015 numbers are from CDFG Grand Tab (Apr 11, 2016). 1967–1991 Baseline Period 
Numbers are from Mills and Fisher (CDFG 1994).6 

	

The	Central	Valley	spring‐run	Chinook	salmon	ESU	was	listed	as	threatened	under	the	federal	ESA	in	
1999	(64	FR	50394).	The	listing	was	reaffirmed	in	2005	and	expanded	to	include	the	Feather	River	
hatchery	stock	(70	FR	37160).	The	ESU	was	listed	as	threatened	in	1999	under	the	CESA.	Hatcheries	
that	propagate	Central	Valley	spring‐run	Chinook	salmon	are	the	Trinity	River	and	Feather	River	
Fish	Hatcheries	(CDFW	2016b).	

3.4.3.4 Late‐Fall‐Run Chinook Salmon  

Late‐fall‐run	Chinook	salmon	have	the	largest	body	size	of	the	four	runs	and	can	weigh	20	pounds	or	
more	(Moyle	2002).	Their	large	size	makes	them	a	sought	after	recreational	trophy	sport	fish.		

The	historical	abundance	and	distribution	of	the	late‐fall‐run	is	not	known	because	the	run	was	only	
recognized	as	distinct	after	construction	of	the	RBDD	in	1966	(Yoshiyama	et	al.	2001).	The	late‐fall‐
run	probably	spawned	above	Shasta	Reservoir	in	the	upper	Sacramento	River	and	its	tributaries	
(Yoshiyama	et	al.	2001).	The	primary	spawning	habitat	for	late‐fall‐run	is	now	in	the	Sacramento	
River	above	the	RBDD.	Some	spawning	also	has	been	observed	in	Clear,	Mill,	Cottonwood,	Salt,	
Battle,	and	Craig	Creeks	and	in	the	Yuba	and	Feather	Rivers.	Annual	production	from	these	
watersheds	is	thought	to	only	constitute	a	minor	fraction	of	total	population	abundance.		

																																																													
6	Figure	from	https://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.	
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Late‐fall‐run	Chinook	salmon	migrate	upstream	in	December	and	January	as	mature	fish,	although	
some	upstream	migration	has	been	documented	as	early	as	October	and	as	late	as	April	(Table	3.4‐
1)	(Williams	2006).	Spawning	occurs	in	late	December	and	January	as	fish	arrive	on	the	spawning	
grounds,	although	it	may	extend	into	April	in	some	years	(Williams	2006).	Fry	begin	to	emerge	from	
the	gravel	in	April,	with	emergence	complete	by	early	June.	Juveniles	may	hold	in	the	river	for	7–13	
months	before	migrating	downstream	to	the	ocean	(Moyle	2002).	Peak	downstream	migration	is	in	
October,	although	some	individuals	may	leave	at	an	earlier	age	and	a	smaller	body	size	(Williams	
2006).		

Construction	of	Shasta	and	Keswick	Dams	in	the	1940s	blocked	late‐fall‐run	Chinook	salmon	access	
to	upstream	spawning	areas	where	snow	melt	and	spring	water	originating	from	Mt.	Shasta	kept	
ambient	water	temperature	cool	enough	for	successful	spawning,	egg	incubation,	and	survival	of	
juvenile	salmon	year‐round.	Late‐fall‐run	Chinook	salmon	are	now	dependent	on	cold	water	release	
from	Shasta	Reservoir.	Reservoir	releases	and	installation	of	a	temperature	control	device	at	Shasta	
Dam	has	provided	cooler	water	temperatures	during	summer	for	winter‐run	Chinook	salmon	which	
likely	also	benefits	late‐fall‐run.		

As	previously	mentioned,	the	historic	abundance	of	late‐fall‐run	Chinook	salmon	is	not	known	
because	the	run	was	not	recognized	as	distinct	from	fall‐run	until	after	construction	of	the	RBDD	in	
1966.	AFRP	estimates	of	natural	production	demonstrate	a	long‐term	decline;	natural	production	
between	1992	and	2015	was	only	48	percent	of	the	production	during	the	base	period	of	1967–
1991	(Figure	3.4‐6).	The	average	number	of	returning	adults	during	the	past	40	years	(1976–2014)	
is	about	12,000	fish	(Figure	3.4‐7).	Coleman	National	Fish	Hatchery	on	Battle	Creek	produces	late‐
fall‐run	Chinook	salmon	with	a	target	of	1	million	fish	per	year.	Juvenile	fish	are	released	in	
December	at	or	near	the	hatchery	(California	Hatchery	Scientific	Review	Group	2012).	
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Figure 3.4‐6. Estimated Yearly Adult Natural Production and in‐River Adult Escapement of Late‐
Fall‐Run Chinook Salmon in Central Valley Rivers and Streams. No Data Available for 1952–1966. 
1992–2015 numbers are from CDFG Grand Tab (Apr 11, 2016). 1967–1991 Baseline Period 
Numbers are from Mills and Fisher (CDFG 1994).7  

	

																																																													
7	Figure	from	https://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.	
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Figure 3.4‐7. Annual Late‐Fall‐Run Chinook Salmon Escapement to the Sacramento River 
Watershed from 1975 to 2014 and 40‐Year Mean (gray line) (Source Azat 2015) 

	

3.4.3.5 Fall‐Run Chinook Salmon  

Historically,	fall‐run	Chinook	salmon	likely	occurred	in	all	Central	Valley	streams	with	adequate	flow	
during	the	fall	(Yoshiyama	et	al.	2001).	Fall‐run	spawned	in	valley	floor	streams	and	lower	foothill	
water	courses	and	were	limited	in	their	upstream	spawning	migration	because	of	a	deteriorating	
body	condition	(Yoshiyama	et	al.	2001).	The	cue	for	upstream	migration	appears	to	be	an	increase	in	
flow.	Adults	often	move	on	the	rising	limb	of	the	hydrograph	(USDOI	2010).	Adults	are	sexually	
mature	and	upon	arrival	in	their	natal	stream	select	spawning	sites	and	construct	redds.		

Sacramento	fall‐run	spawn	from	late	September	through	January	and	larval	hatching	occurs	about	2	
months	later	(Table	3.4‐1).	Egg	incubation	is	temperature	dependent	and	lasts	40–60	days.	Upon	
hatching,	the	alevins	remain	in	the	gravel	for	4–6	weeks	until	their	yolk	sac	has	been	absorbed	
(Moyle	2002).	Generally,	fall‐run	juveniles	emigrate	from	their	natal	streams	during	the	first	few	
months	following	emergence	with	most	migrating	as	fry	to	the	lower	main	stem	rivers,	Delta,	or	
estuary	in	winter	or	early	spring	followed	by	emigration	of	larger	juveniles	(parr	and	smolts)	later	
in	the	spring	(Williams	2006).	Peak	migrations	and	abundance	of	fry	in	the	Bay‐Delta	are	generally	
correlated	with	flow	magnitude,	with	peak	abundance,	and	downstream	extent	of	fry	being	highest	
following	major	runoff	events	(Kjelson	et	al.	1982;	Brandes	and	McLain	2001).	Evidence	from	otolith	
microchemistry	analysis	suggests	that	all	three	migratory	phenotypes	(fry,	parr,	and	smolt)	
contribute	to	adult	populations,	with	increasing	contributions	of	fry	migrants	in	wet	years	(Miller	et	
al.	2010;	Sturrock	et	al.	2015).		

Life	history	characteristics	of	the	San	Joaquin	fall‐run	population	are	similar,	but	with	small	
differences,	to	that	previously	described	for	fall‐run	from	the	Sacramento	River	basin.	Adult	San	
Joaquin	River	fall‐run	Chinook	salmon	migrate	through	the	Delta	to	their	natal	streams	from	late	



State Water Resources Control Board 
Scientific Knowledge to Inform Fish and 

Wildlife Flow Recommendations
 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

3‐30 
Final

 

September	to	early	December.	Peak	migration	occurs	in	November	(Table	3.4‐1).	Spawning	can	
occur	at	any	time	between	October	and	January	in	the	Merced,	Tuolumne,	and	Stanislaus	Rivers,	but	
typically	happens	in	November	(McBain	and	Trush	2002;	CDFG	1993).	Fry	emerge	from	the	gravel	
between	February	and	March	(McBain	and	Trush	2002).	Some	individuals	immediately	migrate	
downstream	to	the	main	stem	San	Joaquin	River	and	the	Delta	while	others	linger	in	their	natal	
stream	and	emigrate	in	April	and	May.	Peak	emigration	past	Mossdale	occurs	between	mid‐April	
and	the	end	of	May	(Figure	3.4‐10).	Juvenile	salmon	can	rear	in	the	Delta	downstream	of	Mossdale	
for	an	additional	1–3	months	before	moving	to	San	Francisco	Bay	and	the	Pacific	Ocean	(Williams	
2006).	

Fall‐run	Chinook	salmon	are	the	most	abundant	of	all	Central	Valley	salmon	runs.	The	life	history	
strategy	of	adult	Chinook	salmon	spawning	upon	entry	into	the	watershed	and	juveniles	leaving	
shortly	after	emerging	from	redds	makes	them	suitable	for	culture	in	production	hatcheries.	Fall‐run	
salmon	fry	are	raised	at	four	Central	Valley	hatcheries8	which	together	release	more	than	32	million	
smolt	each	year	(CDFW	2016b).	Hatchery	production	contributes	to	a	large	commercial	and	
recreational	ocean	fishery	and	a	popular	freshwater	sport	fishery.	However,	historic	levels	of	genetic	
and	phenotypic	diversity	of	Central	Valley	stocks	have	likely	been	substantially	reduced	by	the	
cumulative	effects	of	habitat	loss	and	degradation,	and	increasing	dominance	of	hatchery	fish	in	
spawning	populations	(Williamson	and	May	2005;	Barnett‐Johnson	et	al.	2007).	These	factors	are	
believed	to	have	contributed	to	the	reduced	resilience	of	Sacramento	fall‐run	Chinook	salmon	and	
the	collapse	of	the	run	in	response	to	poor	ocean	conditions	in	2005	and	2006	(Lindley	et	al.	2009)	
and	a	large	decline	in	escapement	in	2007	and	2008	(Figure	3.4‐8).	The	number	of	returning	adults	
has	since	recovered	and	is	now	about	at	the	40‐year	average	(Figure	3.4‐8).		

Natural	production	of	fall‐run	Chinook	salmon	in	the	main	stem	Sacramento	River	has	declined	
since	the	CVPIA	baseline	years	of	1967–1991;	average	natural	production	in	the	main	stem	
Sacramento	River	between	1992	and	2015	was	about	57	percent	of	the	baseline	period	(Figure	3.4‐
9).	Average	natural	production	of	fall‐run	Chinook	salmon	in	the	San	Joaquin	River	basin	(Stanislaus,	
Tuolumne,	and	Merced	Rivers)	during	1992–2015	has	declined	approximately	55	percent	since	the	
CVPIA	baseline	years	(Figure	3.4‐11).	

	

																																																													
8	American,	Feather,	Merced,	and	Mokelumne	River	fish	hatcheries.		
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Figure 3.4‐8. Annual Fall‐Run Chinook Salmon Escapement to the Sacramento River Watershed 
from 1975 to 2014 and 40‐Year Mean (gray line) (Source Azat 2015) 

	

	

Figure 3.4‐9. Estimated Yearly Adult Natural Production and in‐River Adult Escapement of Fall‐Run 
Chinook Salmon in the Main Stem Sacramento River. 1952–1966 and 1992–2015 numbers are 
from CDFG Grand Tab (Apr 11, 2016). 1967–1991 Baseline Period Numbers are from Mills and 
Fisher (CDFG 1994).9 

																																																													
9	Figure	from	https://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.	
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Figure 3.4‐10. San Joaquin River Basin Smolt Emigration Pattern 1988–2004 (from CDFG 2005) 
	

	

Figure 3.4.‐11. Estimated Yearly Natural Production and Instream Escapement of San Joaquin 
Adult Fall‐Run Chinook Salmon. The San Joaquin system is the sum of the Stanislaus, Tuolumne, 
and Merced Rivers. 1952–1966 and 1992–2015 numbers are from CDFG grand tab (April 11, 2016). 
1967–1991 baseline period numbers are from Mills and Fischer (CDFG 1994).10 

	

																																																													
10	Figure	from	https://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.	
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NMFS	groups	Sacramento	fall‐	and	late‐fall‐run	Chinook	salmon	in	a	single	ESU,	which	is	currently	
listed	as	a	federal	Species	of	Concern	(69	FR	19975).	CDFW	distinguishes	between	Sacramento	fall‐	
and	late‐fall‐runs,	and	both	are	identified	as	California	Species	of	Special	Concern	(Moyle	et	al.	
2015).		

The	San	Joaquin	fall‐run	Chinook	salmon	population	is	not	listed	as	either	threatened	or	endangered	
under	CESA	or	federal	ESA.	CDFW	includes	San	Joaquin	fall‐run	Chinook	in	the	Central	Valley	fall‐
run	ESU,	which	is	identified	as	a	California	Species	of	Special	Concern	(Moyle	et	al.	2015).		

3.4.3.6 Central Valley Steelhead 

Historically,	Central	Valley	adult	steelhead	were	widely	distributed	throughout	the	Sacramento	and	
San	Joaquin	watersheds	prior	to	dam	and	reservoir	construction	(NMFS	1996;	McEwan	2001).	Their	
distribution	in	the	upper	Sacramento	River	basin	likely	included	the	upper	Sacramento	and	Pitt	
Rivers,	Sacramento	River	tributaries	on	both	the	east	and	west	side	of	the	river	and	as	far	south	as	
the	Kings	River	in	the	San	Joaquin	basin	(Yoshiyama	et	al.	1996;	Lindley	et	al.	2006).	Lindley	et	al.	
estimated	that	historically	there	may	have	been	as	many	as	81	distinct	steelhead	populations	
distributed	throughout	the	Central	Valley.	

Existing	native	steelhead	populations	now	occur	in	the	Sacramento,	Yuba,	Feather,	Bear,	and	
American	Rivers	and	in	Cottonwood,	Butte,	Big	Chico,	Cow,	Stony,	Thomes,	Deer,	Mill,	Antelope,	
Clear,	and	Battle	Creeks	in	the	Sacramento	River	basin	(NMFS	2014a).	On	the	eastside	of	the	Delta,	
returning	adult	steelhead	have	been	observed	in	the	Mokelumne,	Cosumnes,	and	Calaveras	Rivers.	
In	the	San	Joaquin	River	basin,	adult	steelhead	have	been	reported	on	the	Stanislaus,	Tuolumne,	and	
Merced	Rivers	(NMFS	2014a).	Four	hatcheries	in	the	Central	Valley	produce	steelhead:	Coleman	
National	Fish	Hatchery	(Battle	Creek),	Feather	River	Fish	Hatchery,	Nimbus	Hatchery	(American	
River),	and	Mokelumne	River	Fish	Hatchery.	Together	the	hatcheries	produce	about	1.6	million	fish	
each	year	(NMFS	2014a).	

Available	data	indicate	a	long‐term	decline	in	escapement	of	steelhead	from	the	Sacramento	and	San	
Joaquin	River	basins	(McEwan	2001).	McEwan	surmised	that	between	1	million	and	2	million	adults	
may	have	spawned	in	the	Central	Valley	in	the	mid‐1880s,	and	that	abundance	declined	to	about	
40,000	in	the	1960s.	The	only	long‐term	time	series	of	adult	steelhead	(counts	of	adults	passing	
RBDD	from	1966	to	1993)	indicates	a	persistent	decline	over	this	period	from	a	peak	of	
approximately	20,000	adults	in	1967	to	an	average	of	approximately	2,000	adults	during	the	late	
1980s	and	early	1990s	(Good	et	al.	2005).	The	Chipps	Island	midwater	trawl	data	provide	the	most	
recent	indicator	of	trends	in	natural	production	of	juvenile	steelhead	in	the	Central	Valley	as	a	
whole.	Since	1998,	the	first	year	that	all	hatchery	steelhead	were	marked	with	an	adipose	fin‐clip,	
the	proportion	of	hatchery	steelhead	has	increased,	exceeding	90	percent	in	some	years	and	
reaching	a	high	of	95	percent	in	2010	(NMFS	2016a).	Because	hatchery	releases	have	been	fairly	
constant,	this	indicates	that	natural	production	of	juvenile	steelhead	has	continued	to	decline	(see	
Figure	7	in	NMFS	2016a).	

The	California	Central	Valley	(CCV)	steelhead	DPS	was	originally	listed	as	threatened	in	March	1998	
(63	FR	13347).	This	DPS	includes	naturally	spawned	anadromous	O.	mykiss	originating	below	
natural	and	constructed	impassable	barriers	from	the	Sacramento	and	San	Joaquin	Rivers	and	their	
tributaries,	and	two	artificial	propagation	programs:	Coleman	National	Fish	Hatchery	and	Feather	
River	Fish	Hatchery	(78	FR	38270).	In	its	2016	status	review,	NMFS	recommended	that	the	
Mokelumne	River	Hatchery	be	added	to	the	CCV	steelhead	DPS	based	on	new	genetic	evidence	of	the	
similarity	of	Mokelumne	River	Hatchery	fish	to	Feather	River	Hatchery	fish	(NMFS	2016a).	NMFS	
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concluded	that	CCV	steelhead	remain	listed	as	threatened,	as	the	DPS	is	likely	to	become	endangered	
within	the	foreseeable	future	throughout	all	or	a	significant	portion	of	its	range	(NMFS	2016a).		

Critical	habitat	was	designated	in	September	2005.	It	includes	the	Sacramento	and	San	Joaquin	
Rivers	and	Delta,	and	numerous	tributaries	(up	to	the	first	known	natural	or	constructed	barrier),	
including	the	Feather,	Yuba,	and	American	Rivers,	and	Deer,	Mill,	Battle,	Antelope,	and	Clear	Creeks	
in	the	Sacramento	River	basin;	and	the	Mokelumne,	Calaveras,	Stanislaus,	Tuolumne,	and	Merced	
Rivers	in	the	San	Joaquin	River	basin	(70	FR	52488).	

3.4.4 Dam and Reservoir Effects on Salmonids 

Yoshiyama	et	al.	(1998)	describes	the	long‐term	decline	of	Chinook	salmon	in	the	Central	Valley	and	
its	causes,	citing	dam	construction	as	one	of	the	major	factors	contributing	to	historical	declines	in	
distribution	and	abundance.	The	loss	of	access	to	historical	spawning	and	rearing	habitat	above	the	
dams	and	subsequent	impacts	of	dams	and	reservoir	operations	on	habitat	below	the	dams	are	cited	
as	key	reasons	for	the	listing	of	winter‐run	Chinook	salmon,	spring‐run	Chinook	salmon,	and	
steelhead	(NMFS	2014a).	While	cold	water	storage	and	releases	below	these	dams	have	allowed	
some	populations	to	persist,	other	factors	related	to	dam	construction	and	reservoir	operations	
have	caused	significant	habitat	degradation	in	downstream	reaches,	including	alteration	of	seasonal	
flow	and	temperature	patterns,	disruption	of	spawning	gravel	recruitment,	and	alteration	of	other	
natural	hydrologic	and	geomorphic	processes.	

Dam	construction	in	the	Central	Valley	began	as	early	as	the	1850s	with	the	construction	of	
permanent	dams	peaking	in	the	early	1900s	and	continuing	through	the	1970s.	Starting	in	the	
1940s,	the	rates	of	decline	of	anadromous	species	(mostly	referring	to	Chinook	salmon	but	also	
including	steelhead	and	green	sturgeon)	increased	following	the	completion	of	major	water	project	
dams	on	the	main	stems	and	most	major	tributaries	of	the	Sacramento	and	San	Joaquin	Rivers	
(USFWS	2001).	Based	on	available	information	on	the	known	or	inferred	distribution	of	historical	
migration,	holding	and	spawning	habitat,	Yoshiyama	et	al.	(2001)	estimated	that	1,126	miles	remain	
of	the	more	than	2,183	miles	of	Central	Valley	streams	that	were	historically	accessible	to	Chinook	
salmon,	indicating	an	overall	loss	of	at	least	1,057	miles	(48	percent).	Excluding	the	lower	migration	
and	rearing	corridors,	they	estimated	that	at	least	72	percent	of	the	original	holding	and	spawning	
habitat	for	Chinook	salmon	in	the	Central	Valley	is	no	longer	available.	Steelhead	also	experienced	
major	habitat	losses	based	on	their	generally	higher	migration	limits	and	need	for	suitable	rearing	
temperatures	through	the	summer	(Yoshiyama	et	al.	1998).	Using	a	modeling	approach	to	describe	
the	historical	distribution	of	Central	Valley	steelhead,	Lindley	et	al.	(2006)	estimated	that	about	80	
percent	of	the	historically	accessible	habitat	defined	as	suitable	for	steelhead	is	now	above	
impassable	dams.	

The	impacts	of	habitat	blockage	by	dams	were	particularly	severe	for	winter‐run	and	spring‐run	
(and	probably	late‐fall‐run)	Chinook	salmon	because	of	their	requirements	for	cool	summer	water	
temperatures,	all	or	most	of	which	historically	occurred	in	upper	elevation	reaches	above	large	main	
stem	and	tributary	dams	(Yoshiyama	et	al.	1998).	The	result	was	the	extirpation	of	spring‐run	
Chinook	salmon	from	the	San	Joaquin	River	basin	and	most	of	the	major	Sacramento	River	
tributaries	with	historical	spring‐run	populations	(NMFS	2014a).	Steelhead	were	likely	similarly	
affected	based	on	their	general	overlap	in	spawning	distribution	with	spring‐run	Chinook	salmon	
(McEwan	2001;	Lindley	et	al.	2006).	For	winter‐run	Chinook	salmon,	the	current	spawning	habitat,	
formerly	used	only	for	migration	and	rearing,	is	maintained	artificially	with	cool	water	releases	from	
Shasta	Dam,	requiring	management	of	available	cold	water	storage	to	maintain	suitable	water	
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temperatures	through	the	summer	incubation	period	(Yoshiyama	et	al.	1998).	Compared	to	winter‐	
and	spring‐run,	fall‐run	Chinook	salmon	were	less	affected	by	dams	because	of	their	use	of	lower	
elevation	reaches	for	spawning	and	rearing;	however,	fall‐run	also	experienced	major	habitat	losses	
because	of	upstream	diversions	and	lower‐elevation	diversion	dams	that	impeded	upstream	
migration	and	degraded	habitat	conditions	below	the	dams	(Yoshiyama	et	al.	1998).	

The	blockage	of	upstream	migration	of	spring‐run	Chinook	salmon	by	main	stem	dams	also	
eliminated	the	spatial	separation	between	spring‐	and	fall‐run	adults,	leading	to	interbreeding	and	
genetic	introgression	of	these	two	runs	in	the	Sacramento	River	below	Keswick	Dam,	Feather	River	
below	Oroville	Dam,	and	Yuba	River	below	Englebright	Dam	(Yoshiyama	1998;	NMFS	2014a).	Lack	
of	reproductive	isolation	of	spring‐	and	fall‐run	Chinook	salmon	in	combination	with	ongoing	
hatchery	management	practices	that	promote	high	straying	rates	(e.g.,	off‐site	releases	of	fall‐run	
juveniles)	of	hatchery	adults	to	natural	spawning	areas	represent	a	continued	threat	to	the	genetic	
integrity	and	diversity	of	spring‐run	and	fall‐run	stocks	(Williamson	and	May	2005;	NMFS	2014a;	
Lindley	et	al.	2009;	California	Hatchery	Scientific	Review	Group	2012).	Similarly,	it	appears	that	
much	of	the	historical	population	structure	and	genetic	diversity	of	Central	Valley	steelhead	
populations	has	been	lost	or	altered	by	dams,	habitat	modification,	and	historical	hatchery	practices	
(Lindley	et	al.	2006;	Pearse	and	Garza	2015).	

Habitat	blockage	is	also	recognized	as	an	important	factor	contributing	to	the	historical	declines	in	
the	distribution	of	green	sturgeon	in	the	Sacramento	River	basin	(Adams	et	al.	2007);	habitat	
modeling	predicts	that	suitable	spawning	habitat	for	green	sturgeon	historically	existed	in	portions	
of	the	San	Joaquin	and	lower	Feather,	American,	and	Yuba	Rivers,	much	of	which	is	currently	
inaccessible	to	green	sturgeon	because	of	impassable	dams	and	altered	hydrographs	(Mora	et	al.	
2009).	While	these	predictions	indicate	that	dams	blocked	access	to	about	9	percent	of	historically	
available	habitat,	it	is	likely	that	these	areas	contained	relatively	high	amounts	of	spawning	habitat	
based	on	the	general	distribution	patterns	of	green	sturgeon	in	other	river	systems	(Mora	et	al.	
2009).	

Dam	and	reservoir	operations	also	contributed	to	historical	impacts	and	continue	to	act	as	stressors	
on	native	Central	Valley	fish	populations	through	flow	regulation	and	the	alteration	of	natural	
hydrologic	and	geomorphic	processes	below	dams.	The	storage	and	diversion	of	natural	flows	by	
dams	have	depleted	stream	flows	and	altered	the	natural	flow	and	temperature	patterns	under	
which	Chinook	salmon,	steelhead,	and	other	fishes	evolved.	These	flow	alterations	include	shifts	in	
the	seasonal	distribution	of	flows,	reductions	in	the	magnitude	of	peak	flows,	and	overall	reductions	
in	flow	variation	compared	to	the	natural	hydrograph	(see	Chapter	2	for	information	on	changes	in	
the	hydrology	of	the	basin).	Dams	also	disrupt	the	natural	transport	of	sediment	(e.g.,	spawning	
gravel)	and	other	materials	(e.g.,	large	woody	material)	that	maintain	spawning	and	rearing	habitat	
in	these	lower	reaches.	Although	a	number	of	water	management	actions	and	habitat	restoration	
projects	have	been	successful	in	improving	habitat	conditions	for	anadromous	salmonids,	the	
physical	and	operational	effects	of	dams	and	reservoirs,	coupled	with	other	historical	impacts	on	the	
river	landscape	below	dams	(e.g.,	levee	construction),	continue	to	be	major	threats	to	Central	Valley	
salmon	and	steelhead	conservation	and	the	recovery	efforts	(NMFS	2016a,	2016c,	2016d).	

High	summer	and	fall	water	temperatures	is	recognized	as	a	major	limiting	factor	for	Chinook	
salmon	and	steelhead	populations	below	main	stem	and	tributary	dams,	and	limitations	in	cold	
water	storage	and	other	physical	and	operational	constraints	(e.g.,	carry‐over	storage)	limit	the	
ability	of	these	reservoirs	to	meet	downstream	water	temperature	requirements,	especially	during	
drought	and	critically	dry	years	(NMFS	2009a,	2014a).	Currently,	both	physical	and	operational	
measures,	including	temperature	control	structures	and	seasonal	storage	targets,	are	employed	at	a	
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number	of	Central	Valley	reservoirs	to	improve	the	reliability	of	cold	water	discharge	during	critical	
summer	and	fall	spawning	and	rearing	periods.	However,	increasing	water	demands	and	climate	
change	is	expected	to	further	limit	the	effectiveness	of	reservoir	flow	and	water	temperature	
management	in	protecting	anadromous	fish	populations	below	these	reservoirs	(Lindley	et	al.	2007;	
Cloern	et	al.	2011).	This	challenge	was	demonstrated	during	the	recent	drought	when	a	lack	of	
sufficient	inflow	and	cold	water	storage	in	Shasta	Reservoir	resulted	in	sub‐lethal	to	lethal	water	
temperatures	in	the	Sacramento	River,	contributing	to	very	low	egg‐to‐fry	survival	of	winter‐run	
Chinook	salmon	in	2014	and	2015	(NMFS	2016c).	In	response,	measures	have	been	taken	to	
improve	cold	water	pool	management,	including	efforts	to	develop	a	two‐dimensional	reservoir	
model	coupled	with	a	watershed	and	river	model	to	better	understand	the	factors	influencing	
thermal	dynamics	in	Shasta	Reservoir	(Danner	et	al.	2012).	

Reservoirs	act	as	sediment	traps	and	disrupt	the	natural	transport	of	bedload	material,	including	
spawning‐size	gravel	necessary	for	maintenance	of	Chinook	salmon	and	steelhead	spawning	habitat.	
Over	time,	this	results	in	the	depletion	of	spawning	gravel,	a	coarsening	and	armoring	of	the	channel	
bed,	and	reductions	in	the	overall	quantity	and	quality	of	spawning	habitat	in	the	reaches	below	the	
dams.	In	most	systems,	flow	regulation,	levee	and	bank	stabilization,	and	gravel	mining	have	
contributed	to	the	problem	by	impairing	other	natural	gravel	recruitment	processes	below	dams	
(e.g.,	channel	migration).	Consequently,	the	restoration	or	rehabilitation	of	spawning	habitat	below	
dams	is	identified	as	a	high‐priority	restoration	action	in	a	number	of	Central	Valley	salmon	and	
steelhead	rivers,	including	the	Sacramento	River,	Clear	Creek,	and	the	Feather,	Yuba,	American,	
Mokelumne,	Stanislaus,	Tuolumne,	and	Merced	Rivers	(NMFS	2014a).	Few	evaluations	of	the	
effectiveness	of	completed	or	ongoing	gravel	augmentation	projects	are	available.	In	the	American	
River,	however,	quantitative	evaluation	of	pre‐	and	post‐project	spawning	utilization	of	gravel	
augmentation	sites	designed	using	a	systematic	modeling	approach	(Wheaton	2004a,	2004b)	
demonstrated	significantly	increased	spawning	utilization	by	Chinook	salmon	and	steelhead	(Zeug	
et	al.	2013).	

Flow	fluctuations	from	reservoir	and	hydropower	operations	is	a	common	concern	below	Central	
Valley	reservoirs	because	of	the	potential	for	adverse	effects	on	Chinook	salmon	and	steelhead	from	
redd	dewatering	and	juvenile	stranding.	While	current	flow	management	and	hydropower	licensing	
agreements	commonly	include	limits	on	flow	fluctuations	and	ramping	rates	to	minimize	such	
impacts,	alterations	of	the	timing,	magnitude,	and	rate	of	reservoir	releases	to	meet	multiple	water	
management	objectives	continue	to	be	a	concern.	In	the	upper	Sacramento	River,	for	example,	
efforts	to	maintain	stable	flows	to	protect	winter‐run	Chinook	salmon	through	the	summer	
incubation	period	increases	the	potential	for	dewatering	of	fall‐,	spring‐,	and	potentially	late‐fall‐run	
redds	when	flows	are	subsequently	reduced	in	the	fall	for	water	conservation	purposes.	
Consequently,	annual	monitoring	of	Chinook	salmon	redds	in	the	Sacramento	River	between	
Tehama	Bridge	(RM	229)	and	Keswick	Dam	(RM	302)	is	currently	being	conducted	to	inform	
within‐season	water	management	strategies	to	address	this	risk	(Stompe	et	al.	2016).	

3.4.5 Flow Effects on Salmonids 

Protection	of	Chinook	salmon	and	steelhead	in	the	Central	Valley	and	Bay‐Delta	estuary	requires	
appropriate	flow	conditions	for	each	life	stage	in	both	freshwater	and	estuarine	water.	Adult	fish	
require	flow	of	sufficient	magnitude,	timing,	and	continuity	to	provide	the	olfactory	cues,	water	
quality,	and	passage	conditions	to	successfully	migrate	from	the	estuary	to	tributary	spawning	
areas.	Similarly,	juveniles	are	adapted	to	the	natural	hydrologic	patterns	that	provide	suitable	water	
temperatures	and	food	resources	for	larval	growth	and	development,	trigger	and	facilitate	
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downstream	migration	to	the	estuary,	and	provide	seasonal	access	to	productive	rearing	habitats	
such	as	floodplains	and	side‐channels	(Raymond	1979;	Bunn	and	Arthington	2002;	Connor	et	al.	
2003).	Finally,	emigrating	juvenile	fish	need	spring	Delta	outflow	of	sufficient	magnitude	to	ensure	
successful	passage	through	the	Delta	to	San	Francisco	Bay	and	on	to	the	Pacific	Ocean	(USFWS	1987;	
Brandes	and	McLain	2001).	The	discussion	that	follows	is	organized	by	life	stage,	starting	with	adult	
migration,	spawning,	and	incubation,	and	then	juvenile	rearing	and	emigration.		

3.4.5.1 Adult Migration, Spawning, and Incubation 

At	least	one	run	of	salmon	or	steelhead	is	migrating	through	the	Delta	or	holding	in	the	upper	
watershed	during	each	month	of	the	year	(Table	3.4‐4).	The	year‐round	upstream	migration	of	
different	runs	of	salmon	requires	that	tributary	inflows	occur	throughout	the	year	to	guide	
successful	migration	to	natal	streams	and	to	provide	appropriate	water	quality	and	flow	conditions	
to	support	holding	adult	fish	waiting	to	spawn.		

Typically,	salmon	delay	their	spawning	migration	until	water	temperatures	start	to	decline	and	flow	
increases	before	attempting	migration	through	a	tributary.	During	upstream	migration,	adult	
salmon	and	steelhead	require	flows	of	sufficient	magnitude	and	continuity	to	provide	olfactory	cues	
needed	to	successfully	find	their	natal	stream	(Moyle	2002;	Groves	et	al.	1968).	Peak	or	rising	flows	
associated	with	natural	precipitation	events	serve	as	important	triggers	for	upstream	migration	of	
fall‐run	Chinook	salmon	(Moyle	2002).	Continuous	flows	from	natal	tributaries	through	the	Delta	
may	be	more	important	for	other	runs	(CDFG	2010a).	Absence	of	a	consistent	pattern	of	chemical	
signals	increases	the	likelihood	of	straying	and	a	loss	of	genetic	integrity	and	life	history	diversity	
(NMFS	2014a).	At	the	same	time,	a	lack	of	appropriate	adult	holding	conditions	due	to	a	lack	of	flows	
and	elevated	ambient	water	temperatures	can	reduce	the	fecundity	of	fish	awaiting	spawning	
(NMFS	2014a)	and	is	a	common	problem	in	the	Bay‐Delta	watershed.	

Larger	and	more	variable	tributary	outflows	benefit	salmon	by	increasing	the	connectivity	between	
the	main	stem	and	tributaries	and	by	improving	conditions	for	adult	spawning.	Low	flows,	typically	
associated	with	higher	ambient	water	temperature,	have	been	reported	to	delay	upstream	adult	
migration	to	spawning	areas	throughout	the	range	of	anadromous	salmonids	(Bjornn	and	Reiser	
1991).	NMFS	(2014b,	Appendix	A)	found	in	an	assessment	of	salmonid	stressors	in	Central	Valley	
tributaries	that	warm	water	and	low	flows	resulted	in	a	reduction	in	adult	attraction	and	migration	
cues,	a	delay	in	immigration	and	spawning	and	a	reduction	in	the	viability	of	incubating	embryos.	
State	Water	Board	staff	analyzed	the	frequency	that	the	different	impairments	were	documented	to	
have	occurred	in	Sacramento	River	tributaries	evaluated	by	NMFS	(2014b,	Appendix	A)	and	found	
that	flow	and	warm	water	temperatures	negatively	affected	adult	salmon	reproduction	and	the	
viability	of	their	incubating	embryos	in	54	and	73	percent	of	the	tributaries	studied	(Table	3.4‐5).	
The	lack	of	flow	was	attributed	to	insufficient	releases	from	upstream	reservoirs	and	the	presence	of	
agricultural	and	municipal	diversions	on	the	valley	floor	(NMFS	2014a).	Elevated	water	temperature	
is	caused	by	agricultural	and	municipal	water	diversions	that	reduce	instream	flow,	elevated	air	
temperature,	lack	of	riparian	forest	cover	for	shade,	and	the	presence	of	irrigation	return	flows	(ERP	
2014a;	NMFS	2014a).		
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Table 3.4‐4. Timing of Adult Chinook Salmon and Steelhead Migrations through the Delta to Upstream Sacramento and San Joaquin River 
Spawning Tributaries 

	 Months1	

Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sept	 Oct	 Nov	 Dec	

Fall‐run	Chinook	salmon		 	 	 	 	 	 	 	

Spring‐run	Chinook	salmon	 	 	 	 	 	 	 	

Winter‐run	Chinook	salmon	 	 	 	 	 	 	 	

Late‐fall‐run	Chinook	salmon	 	 	 	 	 	 	 	 	 	

Central	Valley	Steelhead	 	 	 	 	 	
1	 Adapted	from	Herbold	et	al.	1992	and	USFWS	2014.	
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Table 3.4‐5. State Water Board Staff Analysis of the Frequency of Common Flow Related Stressors 
for Chinook Salmon and Central Valley Steelhead in Twenty‐Two Salmon Bearing Tributaries of 
the Sacramento River. Information is from Appendix A in NMFS (2014b).  

Watersheds	
Affected	(%)	 Water‐Related	Stress	

73	 Warm	water	temperatures	negatively	affect	adult	immigration,	holding,	spawning	or	
embryo	incubation		

54	 Low	flows	resulting	in	reduced	adult	attraction	and	migration	cues,	immigration,	holding	
or	spawning	

50	 Riparian	habitat	and	instream	cover	affecting	juvenile	rearing	and	emigration	

40	 Warm	water	temperatures	negatively	affecting	juvenile	rearing	and	emigration.	

32	 Low	flow	negatively	affecting	juvenile	rearing	and	emigration	

	

Adult	salmonids	that	migrate	through	the	Bay‐Delta	to	return	to	their	natal	streams	also	encounter	
altered	flow	pathways	resulting	from	SWP	and	CVP	southern	Delta	export	operations	that	cause	flows	
to	move	toward	the	export	facilities	rather	than	toward	the	ocean.	These	alterations	in	flow	pathways	
largely	affect	fish	returning	to	the	San	Joaquin	and	the	Mokelumne	River	basins.	Adult	fall‐run	San	
Joaquin	Chinook	salmon	migrate	upstream	through	the	Delta	primarily	during	October	when	San	
Joaquin	River	flows	are	typically	low	(Hallock	et	al.	1970;	Mesick	2001;	Marston	et	al.	2012).	As	a	
result,	if	exports	are	high,	little	if	any	flow	from	the	San	Joaquin	basin	may	make	it	out	to	the	ocean	to	
help	guide	San	Joaquin	River	basin	salmon	back	to	spawn	(Hallock	et	al.	1970;	Mesick	2001;	Marston	
et	al.	2012).	Analyses	indicate	that	increased	straying	occurs	when	exports	are	greater	than	400	
percent	of	the	flow	of	the	San	Joaquin	River	at	Vernalis,	while	straying	rates	decrease	when	export	
rates	were	less	than	300	percent	of	Vernalis	flow	(Mesick	2001).11	More	recent	analyses	by	Marston	
et	al.	(2012)	found	that	straying	rates	estimated	from	CWT	data	from	1979	through	2007	decreased	
significantly	with	increasing	San	Joaquin	River	flows	(p=0.05)	and	increased	with	increasing	
exports,	although	the	decrease	associated	with	reductions	in	exports	was	not	statistically	significant	
(p=0.1).	Marston	et	al.	(2012)	also	found	that	stray	rates	for	San	Joaquin	fish	were	greater	than	
those	observed	in	the	Sacramento	River	basin	(18	percent	vs.	less	than	1	percent,	on	average).	Taken	
together,	this	information	suggests	that	pulse	flows	and	exports	jointly	affect	straying	rates	in	the	
San	Joaquin	River	basin	(Monismith	et	al.	2014).	

Recent	studies	have	shown	that	pulse	flows	from	the	Mokelumne	River	in	combination	with	closure	
of	the	DCC	gates	during	October	increases	the	number	of	returning	Mokelumne	River	Chinook	
salmon	and	reduces	straying	rates	to	the	American	River	(Table	3.4‐6)	(EBMUD	2013;	CDFG	2012).	
CDFG	(2012)	recommended	that	the	DCC	gates	be	closed	for	up	to	14	days	in	October	in	
combination	with	experimental	pulse	flows	from	the	Mokelumne	River	to	increase	adult	salmon	
returns	and	reduce	straying.	

																																																													
11	High	straying	rates	of	hatchery‐origin	adults	(mostly	fall‐run	Chinook)	is	also	caused	by	the	current	practice	of	
releasing	most	hatchery	juveniles	at	off‐site	locations	downstream	of	the	hatchery	of	origin	or	in	the	estuary	
(California	Hatchery	Review	Report	2012).	
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Table 3.4‐6. Salmon Returns on the Mokelumne River (from CDFG 2012) 

	
	

3.4.5.2 Juvenile Rearing and Emigration 

During	their	freshwater	rearing	and	emigration	periods,	juvenile	Chinook	salmon	and	steelhead	
require	flows	of	sufficient	magnitude	to	trigger	and	facilitate	downstream	migration	to	the	estuary,	
provide	seasonal	access	to	productive	rearing	habitats	(floodplains)	and	provide	suitable	food	
resources	for	growth	and	development	(Raymond	1979;	Connor	et	al.	2003;	Smith	et	al.	2003).	
Central	Valley	Chinook	salmon	and	steelhead	exhibit	a	broad	range	of	juvenile	rearing	and	migration	
strategies	that	likely	reflect	adaptations	to	natural	hydrologic	patterns	and	the	spatial	and	temporal	
distribution	of	habitat	extending	from	their	natal	tributaries	to	the	estuary.	For	example,	the	
dominance	of	an	ocean‐type	life	history,	in	which	large	numbers	of	juveniles	migrate	from	natal	
streams	to	lower	main	stem	rivers,	Delta,	and	estuary	shortly	after	emergence,	may	be	linked,	in	
part,	to	the	high	productivity	of	formerly	extensive	floodplain,	wetland,	and	estuarine	habitat	that	
favored	rapid	growth	and	survival	of	juveniles	prior	to	seaward	migration	(Healey	1991).	

A	common	problem	in	salmon‐bearing	tributaries	in	the	Bay‐Delta	watershed	appears	to	be	a	lack	of	
juvenile	rearing	habitat	and	a	lack	of	connectivity	between	tributaries	and	the	river	due	to	lack	of	
flow	and	elevated	ambient	water	temperatures	(NMFS	2014b,	Appendix	A).	Below	is	a	discussion	of	
the	need	for	flow	for	juvenile	salmonids	through	their	migratory	corridor	from	natal	tributaries	and	
floodplains,	through	the	main	stem	rivers,	and	then	through	the	Delta	to	the	ocean.	

Tributary Habitat 

Natal	streams	are	important	initial	rearing	habitat	for	newly	hatched	larvae.	The	NMFS	(2014b,	
Appendix	A)	developed	a	watershed	profile	for	salmon	bearing	streams	in	the	Sacramento	River	
basin	and	tributaries	draining	to	the	Eastern	Delta.	Common	stressors	for	juvenile	salmon	in	the	
tributary	streams	were	“low	flow	negatively	affecting	juvenile	rearing	and	emigration”	and	“warm	
water	temperature	negatively	affecting	juvenile	salmon	rearing	and	emigration”.	An	analysis	by	State	
Water	Board	staff	determined	that	these	two	impairments	occurred	in	32	and	40	percent	of	the	
tributaries	evaluated	by	the	NMFS	(2014b,	Appendix	A)	(Table	3.4‐5).	Agricultural	diversions	and	
dams	were	reported	to	occur	in	many	of	the	same	watersheds	and	likely	contributed	to	the	
impairment	(NMFS	2014b,	Appendix	A).		

Riparian Habitat 

Riparian	forest	vegetation	is	important	to	juvenile	salmonids	for	several	reasons.	Newly	hatched	
larvae	move	to	shallow	protected	areas	associated	with	stream	margins	to	feed	(Royal	1972;	Fausch	
1984).	Terrestrial	and	aquatic	invertebrates	are	a	common	food	source	for	juvenile	salmon	(Moyle	
2002).	Juveniles	are	also	reported	to	select	sites	with	overhead	cover	(Fausch	1993)	and	appear	to	
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favor	stream	positions	with	low	ambient	light	levels	(Shirvell	1990).	Riparian	forests	also	provide	
shade	and	reduce	ambient	water	temperature	(NMFS	2014a).	Loss	of	riparian	vegetation	
destabilizes	banks	and	increases	erosion	which	degrades	the	quality	of	spawning	gravels.	Finally,	
absence	of	riparian	forests	reduces	the	amount	of	large	woody	instream	debris	that	would	add	
spatial	complexity	and	provide	refuge	from	predators	(NMFS	2014a).		

Analysis	of	information	in	the	NMFS	(2014b,	Appendix	A)	shows	that	45	percent	of	the	northern	
California	watersheds	that	were	assessed	(Table	3.4‐5)	lacked	appropriate	riparian	habitat	and	
instream	cover	for	juvenile	salmonid	rearing	and	emigration.	Watersheds	with	reduced	riparian	
forest	cover	included	Dry	Creek,	Auburn	Ravine,	Butte,	Cow,	Putah	and	Cottonwood	Creeks,	though	
success	has	been	shown	with	rehabilitation	of	habitat	in	Putah	Creek	(Kiernan	et	al.	2012).	The	
lower	American,	Feather,	and	Cosumnes	Rivers	were	also	reported	to	lack	sufficient	riparian	cover.		

CDFG	(2012)	found	that	a	key	limiting	factor	for	reestablishment	of	cottonwood	and	other	native	
riparian	trees	along	the	Sacramento	River	and	its	tributaries	was	a	drop	in	the	water	table	as	a	
result	of	water	management	and	a	reduction	in	the	magnitude	and	frequency	of	winter	overbank	
flows	needed	for	successful	germination	and	reestablishment	of	riparian	forests.	CDFG	(2012)	
recommended	a	more	variable	and	natural	flow	pattern	with	periodic	large	winter	storms	that	
overtop	channel	banks	to	saturate	the	soil	profile	to	encourage	seed	germination	and	
reestablishment	of	riparian	habitat.		

Floodplain Rearing  

Restoring	floodplain	habitat	and	connectivity	to	the	main	river	channels	has	been	identified	as	a	key	
objective	of	current	ecosystem	restoration	and	recovery	efforts	for	Chinook	salmon	and	other	native	
fishes	in	the	Central	Valley	(Moyle	et	al.	2008).	Historically,	the	Central	Valley	contained	extensive	
areas	of	seasonal	floodplains	and	wetlands	that	flooded	nearly	every	winter	and	spring.	These	
habitats	supported	significant	production	of	native	fish	species	and	may	have	contributed	
substantially	to	overall	biological	productivity	of	the	river	and	estuary	(Ahearn	et	al.	2006).	

Lateral	connectivity	of	the	main	river	channels	to	floodplains	can	greatly	expand	the	amount	of	
rearing	habitat	for	young	salmon	during	seasonal	inundation	periods.	The	main	stem	rivers	on	the	
valley	floor	now	flow	mostly	in	confined	channels	with	steep	banks,	but	remnants	of	this	formerly	
extensive	habitat	remain	in	engineered	flood	basins	of	the	Sacramento	River	(Butte	Sink,	Sutter	and	
Yolo	Bypass)	and	along	reached	of	the	Cosumnes	River	where	levees	were	breached.	Studies	of	
juvenile	rearing	in	the	Yolo	Bypass	and	Cosumnes	River	floodplain	following	connection	of	high	
winter	and	spring	flows	show	that	juveniles	grow	rapidly	in	response	to	high	prey	abundance	in	the	
shallow,	low	velocity	habitat	created	by	floodplain	inundation	(Benigno	and	Sommer	2008;	Jeffres	et	
al.	2008;	Sommer	et	al.	2001).	The	benefits	of	floodplain	habitat	likely	increase	with	increased	
duration	of	floodplain	inundation,	although	juveniles	may	benefit	from	even	short	periods	of	
flooding	(Jeffres	et	al.	2008).	The	ephemeral	nature	of	seasonal	inundated	floodplain	habitat	creates	
higher	risk	of	stranding,	thermal	stress,	and	low	DO.	However,	the	quality	of	rearing	habitat	appears	
to	be	significantly	better	than	main	stem	river	habitats,	potentially	resulting	in	greater	survival	of	
floodplain	juveniles	relative	to	those	that	stay	in	the	main	stem	channels	(Sommer	et	al.	2001).	
Faster	growth	and	associated	higher	levels	of	smolt	quality	have	been	shown	to	be	associated	with	
higher	marine	survival	in	other	west	coast	Chinook	salmon	populations	(Beckman	et	al.	1999).		

In	the	Yolo	Bypass,	the	preferred	timing	of	floodplain	inundation	is	based	on	a	combination	of	
natural	emigration	timing,	and	hydrologic	conditions	that	promote	floodplain	connection	and	
activation	(Opperman	2008).	Maximum	floodplain	rearing	opportunities	for	Chinook	salmon	
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generally	occur	from	late	November	through	April	based	on	long‐term	juvenile	emigration	
monitoring	at	Knights	Landing	and	the	timing	of	flows	of	sufficient	magnitude	and	duration	to	
overtop	the	Fremont	Weir,	trigger	major	downstream	movement	of	juveniles,	and	maximize	the	
availability	of	floodplain	habitat	in	the	Yolo	Bypass.	

The	NMFS	BiOp	requires	actions	to	restore	floodplain	rearing	habitat	for	juvenile	winter‐run,	
spring‐run	and	California	Central	Valley	steelhead	in	the	lower	Sacramento	River	to	compensate	for	
unavoidable	adverse	effects	of	CVP	and	SWP	operations	(NMFS	2009a,	pp.	608‐610).	This	may	be	
achieved	in	the	Yolo	Bypass	or	through	actions	in	other	suitable	areas	of	the	lower	Sacramento	
River.	The	action	recommends	an	initial	size	of	17,000–20,000	acres	with	an	appropriate	frequency	
and	duration	of	flooding.12	

Juvenile Emigration 

All	Central	Valley	Chinook	salmon	and	steelhead	must	migrate	through	the	Delta	as	juveniles.	In	
addition,	many	Central	Valley	Chinook	salmonids	also	rear	in	the	Delta	for	a	period	of	time	(USDOI	
2010,	p.	53).	As	will	be	discussed	below,	studies	indicate	that	higher	flows	during	these	periods	are	
protective	of	emigrating	juveniles	increasing	both	the	abundance	and	survival	of	emigrants	out	of	
the	Delta.	Studies	also	show	that	survival	is	better	if	emigrants	remain	in	the	main	stem	river	
channels	and	other	higher	survival	routes	rather	than	entering	the	interior	Delta	where	survival	is	
known	to	be	lower.	Following	is	a	discussion	of	the	science	regarding	inflows,	outflows	and	interior	
Delta	flow	conditions	needed	to	protect	emigrating	salmonids.	

Winter‐run	Chinook	salmon	enter	the	Delta	as	early	as	October	with	most	passing	Knights	Landing	
between	November	and	April	(del	Rosario	2013)	(Table	3.4‐2).	Juvenile	spring‐run	Chinook	salmon	
enter	the	Delta	from	the	Sacramento	Valley	approximately	between	January	and	April	as	yearlings	
and	from	January	through	June	as	young	of	the	year.	Juvenile	fall‐run	Chinook	salmon	from	the	San	
Joaquin,	Sacramento,	and	Mokelumne	River	systems	migrate	into	the	Delta	between	October	and	
May	(Table	3.4‐2).	The	emigration	of	native	and	hatchery	steelhead	is	spread	over	an	approximate	
5‐month	period	between	November	and	March	but	with	peak	emigration	in	February	and	March.	
Thus,	the	emigration	of	Central	Valley	salmonids	spans	the	period	from	October	to	June,	with	the	
largest	fraction	of	each	population	in	the	Delta	from	November	to	June	(see	also	Vogel	and	Marine	
1991).	

Rain‐induced	pulse	flow	events	stimulate	emigration	of	juvenile	salmon	from	the	upper	Sacramento	
River	basin	tributaries	to	the	Delta.	The	first	autumn	pulse	flow	exceeding	15,000–20,000	cfs	on	the	
Sacramento	River	at	Wilkins	Slough13	has	been	shown	to	trigger	emigration	of	about	half	the	annual	
catch	of	juvenile	winter‐run	Chinook	salmon	at	Knights	Landing	about	4	days	later	(Del	Rosario	et	al.	
2013).	The	remaining	upstream	population	continues	to	emigrate	to	the	Delta	during	subsequent	
precipitation‐induced	pulse	flow	events.	Loss	of	or	decrease	in	the	magnitude	of	a	pulse	flow	event	
because	it	was	captured	by	diversions	or	upstream	reservoirs	may	delay	emigration	of	winter‐run	
and	other	salmonids	to	the	Delta	and	increase	the	risk	of	predation	while	juvenile	fish	are	in	the	
upper	basin.		

																																																													
12	The	NMFS	BiOp	required	Reclamation	and	DWR	to	provide	NMFS	an	Implementation	Plan	by	December	2011.	In	
2013	Reclamation	and	DWR	submitted	their	Implementation	Plan	to	NMFS.	A	draft	environmental	document	for	
the	project	is	scheduled	for	completion	in	the	spring	of	2017	with	design	and	construction	to	begin	in	the	winter	of	
2017	or	the	spring	of	2018.	
13	Wilkins	Slough	is	near	Knights	Landing	and	is	about	35	miles	upstream	of	the	Delta.	
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Fall‐run	Chinook	salmon	smolt	survival	through	the	Delta	is	positively	correlated	with	Delta	outflow	
(USFWS	1987).	Kjelson	and	Brandes	(1989)	reported	that	the	survival	of	tagged	smolt	through	the	
Delta	from	the	City	of	Sacramento	to	Suisun	Bay	was	positively	related	to	mean	daily	Sacramento	
River	flow	and	inversely	related	to	water	temperature	at	Rio	Vista	during	May	or	June.	Survival	of	
fall	run	smolts	increased	with	an	increase	in	flows	from	7,000	to	25,000	cfs.	Insufficient	data	exists	
to	determine	the	relationship	above	25,000	cfs.	

Brandes	and	McLain	(2001)	reported	a	positive	relationship	between	abundance	of	unmarked	
emigrating	Chinook	salmon	and	April–June	flow	at	Rio	Vista	flow	(Figure	3.4‐12	plot	a).	Catch	
appeared	independent	of	flow	between	about	5,000	and	15,000	cfs,	suggesting	that	there	might	be	a	
lower	threshold	effect.	Catch	increased	in	a	linear	fashion	between	20,000	and	50,000	cfs.	State	
Water	Board	staff	extended	this	analysis	using	Dayflow	(DWR	2017)	and	Delta	Juvenile	Fish	
Monitoring	Program	(DJFMP)	data	(DJFMP	2016).	The	results	of	the	updated	analysis	(Figure	3.4‐12	
plot	b)	are	substantially	similar	to	the	earlier	published	results.14	

Modeling	studies	confirm	the	importance	of	Sacramento	River	flow	on	Chinook	salmon	survival	in	
the	lower	River.	Newman	(2003)	modeled	survival	of	coded	wire	tagged	fall	run	Chinook	salmon	
and	found	a	positive	relationship	between	flow	at	Freeport	and	survival	through	the	Delta.	Perry	
(2010)	modelled	acoustically	tagged	late‐fall‐run	Chinook	salmon	survival	downstream	of	Georgiana	
Slough	and	found	a	positive	correlation	with	Sacramento	River	and	Sutter	and	Steamboat	slough	
flows.	In	both	cases	the	marginal	increase	in	survival	per	unit	increase	in	flow	decreased	with	
increases	in	flow	above	about	20,000	cfs	(SST	2017a,	Appendix	E,	p.	E9‐102).	Perry	(2010)	also	
found	that	survival	increased	in	the	Sacramento	River	and	in	Steamboat	and	Sutter	Sloughs	as	fish	
size	increased.		

Del	Rosario	and	Redler	(2010)	reported	that	the	migration	of	winter‐run	Chinook	salmon	smolts	
past	Chipps	Island	begins	after	pulse	flows	exceed	20,000	cfs	at	Freeport.	Most	of	the	emigration	of	
winter‐run	occurs	between	February	and	April	with	about	half	the	run	passing	Chipps	Island	in	
March	(NMFS	2014a;	Del	Rosario	and	Redler	2010).	The	cumulative	catch	per	unit	effort	of	smolt	at	
Chipps	Island	was	a	positive	function	of	the	volume	of	water	passing	Freeport	between	November	
and	April.	In	summary,	flows	greater	than	20,000	cfs	are	expected	to	improve	the	abundance	of	fall	
and	winter‐run	salmon	smolt	migrating	past	Chipps	Island	between	February	and	June	(Table	3.4‐
7).	These	higher	flows	may	be	protective	because	they	result	in	lower	water	temperatures,	a	lower	
proportion	of	flow	diverted	into	the	Central	Delta,	and	reduced	entrainment	at	agricultural	pumps	
and	export	facilities	in	the	South	Delta	(USDOI	2010).		

No	similar	flow	abundance	information	is	available	specifically	for	spring‐run	Chinook	salmon,	
which	has	not	been	widely	studied.	However,	these	fish	have	similar	life	history	characteristics	as	
fall‐run	and	it	is	likely	that	a	similar	magnitude	of	flow	would	also	be	beneficial	for	them.	Peak	
emigration	of	juvenile	spring‐run	Chinook	salmon	past	Chipps	Island	is	between	February	and	May	
(NMFS	2014a).	For	emigrating	steelhead,	which	peak	in	abundance	at	Chipps	Island	between	March	
and	April,	higher	flows	during	these	spring	months	are	likely	to	benefit	this	species	as	well	(NMFS	
2014a).	Therefore,	spring‐run	and	steelhead	are	also	expected	to	benefit	from	flows	as	high	as	
20,000	to	30,000	cfs	at	Rio	Vista	between	February	and	May.		

	

																																																													
14	Figures	3.4‐12	a	and	b	differ	somewhat	in	the	precise	positions	of	individual	data	points.	Y‐axis	values	in	Figure	
3.4‐12b	are	based	on	a	calculation	of	catch	per	unit	effort	using	the	catch	and	sampled	water	volume	data	available	
from	DJFMP	(2016).		
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Figure 3.4‐12. Mean Catch of Unmarked Chinook Salmon Smolt per Cubic Meter (x 1,000) in the 
Midwater Trawl at Chipps Island between April and June from (a) 1978 through 1997 versus Mean 
Daily Sacramento River Flow (cfs) at Rio Vista between April and June (from Brandes and McLain 
2001), and (b) 1976–2015 (updated analysis by State Water Board staff). The updated analysis 
shows the same pattern, with somewhat weaker correlation associated with flow (y = 0.0000129 x 
+ 0.417; R2 = 0.438; p < 0.01). 
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Delta Cross Channel Gate Operations and Georgiana Slough 

Juvenile	salmonids	originating	in	the	Sacramento	River	and	its	tributaries	may	enter	the	interior	
Delta	via	the	DCC	when	the	DCC	gates	are	open	or	through	Georgiana	Slough	(USFWS	1987;	Low	et	
al.	2006;	Perry	2010).	Juvenile	salmonids	migrating	through	the	interior	Delta	experience	lower	
survival	rates	to	Chipps	Island,	often	as	low	as	half	the	survival	rates	of	fish	that	migrate	via	the	
main	stem	of	the	Sacramento	River	and	northern	Delta	routes	(Kjelson	and	Brandes	1989;	Brandes	
and	McLain	2001;	Vogel	2004,	2008;	Newman	2008;	Newman	and	Brandes	2010;	Perry	2010;	Perry	
et	al.	2013).	Lower	survival	in	the	interior	Delta	has	been	ascribed	to	a	longer	migration	route	where	
fish	are	exposed	to	increased	predation,	higher	water	temperatures,	and	entrainment	at	CVP	and	
SWP	export	facilities	(Brandes	and	McLain	2001;	NMFS	2009a;	Newman	and	Brandes	2010;	Perry	
2010).		

Information	suggested	that	juvenile	salmonids	“go	with	the	flow”	and	thus	either	stay	in	the	
Sacramento	River	or	enter	the	interior	Delta	through	the	DCC	gates	or	Georgiana	Slough	in	
proportion	to	the	flow	split	at	each	junction	(Schaffter	1980,	as	cited	in	Low	et	al.	2006;	Burau	
2004).	Information	specifically	indicates	that	proportional	losses	of	winter‐run	Chinook	increase	
with	the	proportion	of	flow	entering	the	interior	Delta	during	December	and	January	(Figures	3.4‐13	
and	3.4‐14)	(Low	et	al.	2006).	During	the	November–June	emigration	period	of	Central	Valley	
salmonids,	approximately	40–50	percent	of	Sacramento	River	flow	enters	the	interior	Delta	through	
the	DCC	gates	and	Georgiana	Slough	when	the	DCC	gates	are	open,	whereas	only	15–20	percent	of	
the	flow	enters	through	Georgiana	Slough	when	the	DCC	gates	are	closed	(Low	et	al.	2006).	In	
addition	to	eliminating	entry	to	the	interior	Delta	through	the	DCC	gates	when	they	are	closed,	
closure	of	the	DCC	gates	has	also	been	show	to	redirect	the	migration	route	of	a	portion	of	juvenile	
Sacramento	River	basin	fish	through	Sutter	and	Steamboat	Sloughs	in	the	north	Delta,	reducing	the	
fraction	of	fish	exposed	to	entrainment	at	Georgiana	Slough	(Perry	2010;	Perry	et	al.	2013).		

These	results	are	consistent	with	modeling	of	the	movements	of	acoustically	tagged	fish	in	response	
to	hydrodynamic	conditions	at	Delta	junctions.	The	modeling	indicates	that	the	proportion	of	flow	
entering	various	channels	is	an	important	predictor	of	route	selection	in	the	Delta	(Cavallo	et	al.	
2015).	At	channel	junctions	dominated	by	tidal	influence	(interior	Delta	channels),	river	inflow	and	
diversions	had	relatively	small	effects	on	predicted	fish	routing	because	of	the	large	influence	of	
tidal	action	on	the	direction	and	volume	of	flow.	The	largest	effect	of	river	inflow	and	export	
pumping	on	predicted	fish	routing	was	at	junctions	dominated	by	riverine	flow	(Sacramento	River	
at	Georgiana	Slough)	and	channel	junctions	with	direct	connections	to	the	CVP	and	SWP	pumping	
facilities	(San	Joaquin	River	at	Old	River)	(Cavallo	et	al.	2015).	This	study	is	supported	by	other	
recent	evidence	showing	that	the	interaction	of	tidal	flows	with	river	inflows	and	diversions	can	
have	a	strong	influence	on	the	migration	route	of	individual	fish	through	the	Delta	(Perry	2010).	

Modeling	results	have	also	suggested	that	diurnal	operations	of	DCC	with	gate	closures	at	night	may	
be	nearly	as	effective	at	reducing	entrainment	to	the	interior	Delta	as	seasonal	closures	(Perry	et	al.	
2015).	
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Figure 3.4‐13. Relationship between the Mean Proportion of Flow Diverted into the Interior Delta 
in January and the Proportion of Juvenile Winter‐Run Lost at the CVP and SWP Pumping Facilities 
(losses divided by the juvenile production index) October 1 through May 31, 1996–2006 (from Low 
and White 2006) 

	
	

	

Figure 3.4‐14. Relationship between the Mean Proportion of Flow Diverted into the Interior Delta 
in December and the Proportion of Juvenile Winter‐Run Chinook Salmon Lost at the CVP and SWP 
Pumping Facilities (losses divided by the juvenile production index) October 1 through May 31, 
1995–2006 (from Low and White 2006) 
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Other	studies	involving	mark‐recapture	experiments	and	detailed	hydrodynamic	analysis	have	
shown	that	entrainment	to	the	interior	Delta	via	the	DCC	and	Georgiana	Slough	depends	more	
directly	on	instantaneous	channel	velocities	than	daily	or	tidally	averaged	flows	and	the	cross	
sectional	location	of	juvenile	salmon	in	the	Sacramento	River	(Burau	2004,	2014;	Steel	et	al.	2013;	
Perry	et	al.	2015).	However,	these	velocities	arise	from	the	interaction	of	inflow	from	upstream	and	
tidal	flow,	so	entrainment	can	be	minimized	if	inflows	are	sufficient	to	prevent	tidal	reversals	at	DCC	
and	Georgiana	Slough	(Burau	2014;	Perry	2010;	Perry	et	al.	2015).	Flows	of	17,000	(USDOI	2010)	to	
20,000	cfs	(Perry	et	al.	2015)	at	Freeport	are	sufficient	to	prevent	these	reversals	and	are	expected	
to	minimize	entrainment	of	migrating	Sacramento	Valley	juvenile	salmonids	to	the	interior	Delta	
(Table	3.4‐7).	

USGS	has	recently	conducted	pilot	studies	to	evaluate	the	effectiveness	of	non‐physical	barriers	
including	a	bio‐acoustic	fish	fence	(BAFF)	that	makes	use	of	light,	sound,	and	bubbles,	and	a	floating	
fish	guidance	structure	(FFGS)	comprised	of	a	floating	boom.	Initial	results	have	shown	that	the	
BAFF	is	marginally	effective,	reducing	entrainment	to	Georgiana	Slough	from	22.3	percent	to	
7.7	percent	in	an	experiment	conducted	over	a	range	of	flow	conditions	(Perry	et	al.	2014).	A	pilot	
study	using	only	a	floating	boom	FFGS	showed	no	effect	on	entrainment	to	Georgiana	Slough,	
although	similar	structures	have	been	effective	in	the	Columbia	River	system	and	additional	studies	
are	ongoing	in	the	Delta	(Perry	et	al.	2014a).		

Interior Delta Flows 

Delta	exports	affect	salmon	migrating	through	and	rearing	in	the	Delta	by	modifying	tidally	
dominated	flows	in	the	channels.	It	is,	however,	difficult	to	quantitatively	evaluate	the	direct	and	
indirect	effects	of	these	hydrodynamic	changes.	Delta	exports	can	cause	a	false	attraction	flow	
drawing	emigrating	fish	to	the	export	facilities	where	direct	mortality	from	entrainment	may	occur	
(USDOI	2010,	p.	29;	Monismith	et	al.	2014).	More	important	than	direct	entrainment	effects,	
however,	may	be	the	indirect	effects	caused	by	export	operations	increasing	the	amount	of	time	
salmon	spend	in	channelized	habitats	where	predation	is	high	(USDOI	2010,	p.	29).	Steady	flows	
during	drier	periods	(as	opposed	to	pulse	flows	that	occur	during	wetter	periods)	may	increase	
these	residence	time	effects	(USDOI	2010,	p.	30).		

Direct	mortality	from	entrainment	at	the	south	Delta	export	facilities	is	most	important	for	salmon	
and	steelhead	from	the	San	Joaquin	River	and	eastside	tributaries	(USDOI	2010,	p.	29).	Juvenile	
salmonids	emigrate	downstream	on	the	San	Joaquin	River	during	the	winter	and	spring	(Table	3.4‐
1).	San	Joaquin	salmonids	are	at	risk	of	entrainment	at	the	export	facilities	first	at	the	head	of	Old	
River,	where	a	rock	barrier	(Head	of	Old	River	Barrier,	HORB)	is	typically	installed	in	late	spring	
(Chapter	2).	The	HORB	directs	the	majority	of	San	Joaquin	River	flow	down	the	main	stem	of	the	San	
Joaquin	River,	reducing	the	amount	of	flow	that	enters	Old	River	and	preventing	San	Joaquin	River	
salmonids	from	migrating	down	Old	River,	a	direct	route	to	the	Project	export	facilities.	Tagging	
studies	and	modeling	have	generally	demonstrated	that	installation	of	the	HORB	improves	the	
survival	of	emigrating	juvenile	Chinook	salmon	from	the	San	Joaquin	basin	in	spring	(SJRGA	2008;	
Brandes	and	McLain	2001;	Newman	2008).	Survival	of	emigrating	salmonids	from	the	San	Joaquin	
River	has	been	declining	since	the	1990s	(Perry	et	al.	2016).	In	the	recent	low‐survival	condition,	
one	recent	study	found	that	salmon	had	higher	survival	when	they	were	salvaged	at	the	CVP,	and	
were	trucked	back	to	release	points	near	Chipps	Island	than	fish	that	stayed	in	the	San	Joaquin	River	
channel	and	migrated	naturally	through	the	Delta	to	Chipps	Island	(Buchanan	et	al.	2013).	However,	
this	result	was	observed	with	a	nonphysical	barrier	at	the	Head	of	Old	River,	and	it	is	possible	that	
the	additional	flow	present	in	the	San	Joaquin	River	when	the	HORB	is	in	place	is	needed	to	increase	
survival	of	juveniles	emigrating	through	the	San	Joaquin	River	(Perry	et	al.	2016).	
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Table 3.4‐7. Sacramento River and Interior Delta Flows to Increase the Abundance and Survival of Chinook Salmon Populations. Listed flows 
(cfs) are the monthly average of net daily outflow at Rio Vista unless noted otherwise. Though not specifically identified below in the 
summary of survival and abundance relationships, tributary flows are also needed to provide for connectivity, rearing and passage. 

	

Months	

Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sept	 Oct	 Nov	 Dec	

Emigration	flows	for	juvenile	fall‐run1,	6	 	 	 	 >20,000	 	 	 	 	 	 	

Emigration	flows	for	juvenile	winter‐run1,	2	 	 >20,000	 	 	 	 	 	 	 	 	

Georgiana	Slough2	 17,000–20,000	 	 	 	 	 	 	

San	Joaquin	at	Jersey	Point3	 Positive	Flow	 	 	 	 Positive	Flow	

OMR	reverse	flow4	 ‐2,500	to	‐5,000	 	 	 	 	 	 	 	

San	Joaquin	River	export	constraint5	 	 1:1–4:1	 	 	 	 >0.3	 	 	
1	 The	flow	may	also	aid	juvenile	spring‐run	and	steelhead.	Both	species	emigrate	out	of	the	Delta	between	February	and	May.		
2	 Flow	at	Freeport.		
3	 5‐day	tidally	averaged	net	flow;	when	salmon	are	present.	
4	 14‐day	running	average	of	tidally	filtered	flow	at	Old	and	Middle	Rivers.	
5	 San	Joaquin	at	Vernalis	to	the	sum	of	CVP	and	SWP	exports	when	salmon	are	present.	
6	 Flow	at	Rio	Vista.	
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Salmonids	from	the	Calaveras	River	basin	and	the	Mokelumne	River	basin	also	use	the	lower	San	
Joaquin	River	as	a	migration	corridor.	This	lower	reach	of	the	San	Joaquin	River	between	the	Port	of	
Stockton	and	Jersey	Point	has	several	side	channels	leading	toward	the	export	facilities	that	draw	
water	through	the	channels	to	the	export	pumps	(NMFS	2009a,	p.	651).	Particle	tracking	model	
(PTM)	simulations	and	acoustic	tagging	studies	indicate	that	migrating	fish	may	be	diverted	into	
these	channels	(Vogel	2004;	SJRGA	2006,	p.	68;	SJRGA	2007,	pp.	76–77;	NMFS	2009a,	p.	651).	
Analyses	indicate	that	tagged	fish	may	be	more	likely	to	choose	to	migrate	south	toward	the	export	
facilities	during	periods	of	elevated	diversions	than	when	exports	are	reduced	(Vogel	2004).	

Statistical	analyses	have	also	shown	that	salvage	of	juvenile	salmonids	at	CVP/SWP	facilities	
increases	with	water	exports	(Kimmerer	2008;	NMFS	2009a,	pp.	368–371;	Zeug	and	Cavallo	2014).	
Many	additional	uncounted	fish	are	lost	each	year	because	of	pre‐screen	mortality	and	salvage	
making	it	is	difficult	to	evaluate	the	population‐level	direct	effects	of	exports	(Kimmerer	2008;	
NMFS	2009a,	pp.	341–352;	Zeug	and	Cavallo	2014).	

Similarly,	salmon	that	enter	the	San	Joaquin	River	through	the	DCC	or	Georgiana	Slough	from	the	
Sacramento	River	may	also	be	vulnerable	to	export	effects	(NMFS	2009a,	p.	652).	While	fish	may	
eventually	find	their	way	out	of	the	Delta,	migratory	paths	through	the	Central	Delta	channels	
increase	the	length	and	time	that	fish	take	to	migrate	to	the	ocean	increasing	their	exposure	to	
predation,	increased	temperatures,	contaminants,	and	unscreened	diversions	(NMFS	2009a,	pp.	
651–652).	

Regression	and	PTM	analyses	have	been	used	to	determine	the	risk	of	salvage	to	juvenile	salmon	
and	steelhead	and	to	establish	OMR	reverse	flow	rates	that	minimize	the	risk	of	entrainment	and	
loss.	DWR	regressed	the	monthly	loss	of	juvenile	salmon	against	average	monthly	OMR	reverse	flow	
rates	between	December	and	April,	showing	that	loss	of	juvenile	fish	at	the	CVP	and	SWP	pumping	
facilities	increased	exponentially	with	increasing	OMR	reverse	flows	(Figures	3.4‐15	and	3.4‐16)	
(NMFS	2009a,	pp.	361–362).	Both	facilities	show	a	substantial	increase	in	loss	around	‐5,000	cfs	in	
most	months	(NMFS	2009a,	pp.	361–362).	The	loss	of	fish	is	almost	linear	at	flows	below	this	level	
but	increases	rapidly	at	more	negative	flows.	PTM	analyses	indicate	that	as	net	reverse	flows	in	Old	
and	Middle	Rivers	increase	from	‐2,500	cfs	to	‐3,500	cfs,	entrainment	of	particles	inserted	at	the	
confluence	of	the	Mokelumne	and	San	Joaquin	Rivers	increase	from	10	percent	to	20	percent	and	
then	again	to	40	percent	when	flows	are	‐5,000	cfs	(NMFS	2009a,	pp.	651–652).	Based	on	these	
findings,	the	NMFS’s	BiOp	includes	requirements	that	exports	be	reduced	to	limit	negative	net	Old	
and	Middle	River	flows	of	‐2,500	cfs	to	‐5,000	cfs	depending	on	the	presence	of	salmonids	from	
January	1	through	June	15	(NMFS	2009a,	p.	648).	While	fish	are	not	neutral	particles,	they	often	
respond	to	flow	and	velocity	fields	that	direct	their	migration,	especially	at	the	earliest	life	stages	
(Kimmerer	and	Nobriga	2008).	PTM	results	provide	a	valuable	approximation	of	hydrodynamic	
effects	on	route	selection.	
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Figure 3.4‐15. Relationship between OMR Reverse Flows and Entrainment at the Federal Pumping 
Facility, 1995–2007 (from NMFS 2009a) 

	
	
	

	

Figure 3.4‐16. Relationship between OMR Reverse Flows and Entrainment at the State Pumping 
Facility 1995–2007 (from NMFS 2009a) 
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In	addition	to	effects	of	net	reverse	flows	in	Old	and	Middle	Rivers,	analyses	concerning	the	effects	of	
net	reverse	flows	in	the	San	Joaquin	River	at	Jersey	Point	were	also	conducted	and	documented	in	the	
USFWS	1995	Working	Paper	on	Restoration	Needs,	Habitat	Restoration	Actions	to	Double	the	Natural	
Production	of	Anadromous	Fish	in	the	Central	Valley	California	(1995	Working	Paper,	USFWS	1995).	
These	analyses	show	that	net	reverse	flows	at	Jersey	Point	decrease	the	survival	of	smolts	migrating	
through	the	lower	San	Joaquin	River	(Figure	3.4‐17)	(USFWS	1992).	Net	reverse	flows	on	the	lower	
San	Joaquin	River	and	diversions	into	the	central	Delta	may	also	result	in	reduced	survival	for	
Sacramento	River	fall‐run	Chinook	salmon	(USFWS	1995,	p.	3Xe‐19).	Based	on	these	factors,	net	
positive	flow	at	Jersey	Point	between	October	and	June	is	expected	to	improve	the	survival	of	
emigrating	juvenile	Chinook	salmon	(Table	3.4‐7).		

	

	

Figure 3.4‐17. Temperature Corrected (to 610F) Survival Indices for CWT Salmon Smolt Released at 
Jersey Point and Recovered at Chipps Island between 1989 and 1991. Flow estimates were the 
5‐day mean value starting on the release date (from USFWS 1992). 

	

Flows	on	the	San	Joaquin	River	versus	exports	also	appear	to	be	an	important	factor	in	protecting	
San	Joaquin	River	Chinook	salmon.	Various	studies	show	that,	in	general,	juvenile	salmon	released	
downstream	of	the	effects	of	the	export	facilities	(Jersey	Point)	have	higher	survival	out	of	the	
Delta	than	those	released	closer	to	the	export	facilities	(NMFS	2009a,	p.	74).	Studies	also	indicate	
that	San	Joaquin	River	basin	Chinook	salmon	production	increases	when	the	ratio	of	spring	flows	
at	Vernalis	to	exports	increases	(CDFG	2005;	SJRGA	2007	as	cited	in	NMFS	2009a,	p.	74).	
However,	it	should	be	noted	that	the	flow	at	Vernalis	is	the	more	significant	of	the	two	factors.	
Increased	flows	in	the	San	Joaquin	River	may	also	benefit	Sacramento	basin	salmon	by	reducing	
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the	amount	of	Sacramento	River	water	that	is	pulled	into	the	central	Delta	and	increasing	the	
amount	of	Sacramento	River	water	that	flows	out	to	the	Bay	(NMFS	2009a,	p.	74–75).	Based	on	
these	findings,	the	NMFS	BiOp	calls	for	export	restrictions	from	April	1	through	May	31	with	San	
Joaquin	River	at	Vernalis	flows	to	export	ratios	ranging	from	1.0	to	4.0	based	on	water	year	type,	
with	unrestricted	exports	above	flows	of	21,750	cfs	at	Vernalis,	in	addition	to	other	provisions	for	
health	and	safety	requirements	(NMFS	2009a,	p.	73–74).	The	NMFS	BiOp	also	requires	a	6‐year	
acoustic	tagging	study	of	steelhead	survival	in	the	south	Delta	to	inform	future	management	
(NMFS	2009a,	pp.	645–648).		

In	2013,	the	federal	district	court	with	continuing	jurisdiction	in	the	litigation	over	the	USFWS	
Delta	smelt	biological	opinion	(USFWS	BiOp)	and	the	NMFS	salmonid	BiOp	(NMFS	BiOp)	for	CVP	
and	SWP	Delta	operations	granted	defendants	and	plaintiff	intervenors	a	delay	in	the	deadline	to	
develop	revised	BiOps	so	that	those	parties	could	participate	in	CSAMP	(The	Consolidated	Delta	
Smelt	Cases,	The	Consolidated	Salmonid	Cases,	Order	Re	Motion	to	Extend	Remand	Schedule,	United	
States	District	Court	for	the	Eastern	District	of	California	(March	5,	2014)	Case	1:09‐cv‐00407‐LJO‐
BAM).	The	stated	goal	of	CSAMP	is	for	the	state	and	federal	fisheries	agencies	to	develop	a	robust	
science	and	adaptive	management	program	with	collaboration	of	the	scientists	and	experts	from	
both	the	state	and	federal	contractors	for	SWP/CVP	supplies	and	non‐governmental	
environmental	organizations.	As	part	of	CSAMP,	a	CAMT,	and	Salmonid	Scoping	Team	(SST)	were	
formed	to	evaluate	Chinook	salmon	and	steelhead	survival	in	the	south	Delta	(SST	2017a,	2017b).	
Among	other	factors,	the	SST	investigated	the	effect	of	exports	on	juvenile	salmonid	survival	
through	the	Delta.	The	SST	did	not	find	a	statistically	significant	relationship	between	combined	
CVP	and	SWP	export	rates	and	survival	based	upon	modeling	results	by	Newman	(2008),	Zeug	
and	Cavallo	(2013)	and	additional	analysis	by	the	SST.	However,	the	SST	found	that	the	lack	of	a	
statistical	relationship	may	be	due	to	the	strong	correlation	between	inflows	and	exports	and	the	
lack	of	survival	data	for	high	export	rates	(SST	2017c,	pp.	E‐83‐84).	These	issues	should	be	further	
evaluated	in	the	future	in	the	adaptive	management	context	recommended	in	Chapter	5.	

The	SST	also	evaluated	the	relationship	between	San	Joaquin	River	inflow	to	export	ratios	(I:E)	
and	juvenile	salmonid	survival	through	the	south	Delta.	The	SST	determined	that	a	positive	
correlation	existed	between	I:E	ratios	less	than	3	in	April	and	May	and	survival	of	coded	wire	
tagged	juvenile	fall	run	Chinook	salmon	with	the	HORB	in	place	(SJRGA	2007).	No	relationship	
existed	without	the	barrier.	The	SJRGA	(2007)	also	compared	adult	escapement	against	I:E	ratios	
2.5	years	earlier	for	data	from	1951	through	2003	and	found	a	positive	association.	The	SST	
(2017c)	updated	the	escapement	analysis	through	2012	and	found	similar	results.	These	
conclusions	are	consistent	with	the	hypothesis	that	higher	I:E	ratios	result	in	higher	juvenile	
survival	through	the	Delta	(SST	2017c).	Juvenile	salmonids	migrate	out	of	the	San	Joaquin	basin	
during	February	through	June	(State	Water	Board	2012),	and	may	need	protection	from	export‐
related	mortality	at	any	time	during	this	period	in	order	to	preserve	life	history	diversity.	Although	
peak	emigration	occurs	in	April	and	May	(Figure	3.4‐10),	recent	research	has	shown	that	individuals	
leaving	their	natal	tributaries	as	fry	in	February	and	March	can	make	up	a	substantial	fraction	of	
individuals	that	ultimately	return	to	spawn	(Sturrock	et	al.	2015).		
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3.5 Longfin Smelt (Spirinchus thaleichthys) 

3.5.1 Overview 

Longfin	smelt	were	once	a	common	species	in	the	San	Francisco	estuary	but	the	population	has	
declined	and	is	now	about	one‐tenth	of	1	percent	of	its	abundance	when	sampling	began	50	years	
ago.	The	abundance	of	juvenile	longfin	smelt	in	the	fall	is	positively	correlated	with	Delta	outflow	
during	the	previous	spawning	season.	Average	daily	outflows	of	42,800	cfs	in	January	to	June	are	
associated	with	a	fifty	percent	probability	of	positive	population	growth.	Adult	and	juvenile	longfin	
smelt	are	vulnerable	to	entrainment	at	the	CVP	and	SWP	pumping	facilities	when	the	population	
migrates	into	the	central	Delta	during	the	spawning	season.	However,	entrainment	is	no	longer	
considered	a	serious	population	level	effect	if	the	USFWS	(2008)	Delta	smelt	BiOp	and	the	CDFW	
longfin	smelt	ITP	for	SWP	Delta	operations	are	enforced,	which	require	OMR	reverse	flows	between	
‐1,250	and	‐5,000	cfs	when	fish	are	present	in	the	central	Delta.	

3.5.2 Life History 

Longfin	smelt	are	a	native	semi‐anadromous,	open	water	fish	moving	between	freshwater	and	
saltwater	(CDFG	2009;	Wang	2007).	Longfin	smelt	generally	live	2	years	with	females	reproducing	
in	their	second	year	(Moyle	2002;	CDFG	2009).	Adults	spend	time	in	San	Francisco	Bay	and	may	
go	outside	the	Golden	Gate	(Rosenfield	and	Baxter	2007;	Wang	2007).	Adults	aggregate	in	Suisun	
Bay	and	the	western	Delta	in	late	fall	and	migrate	upstream	to	spawn	as	water	temperatures	drop	
below	18˚C.	(CDFG	2009;	Wang	2007;	Baxter	et	al.	2009).	Spawning	habitat	in	the	Delta	is	
between	the	confluence	of	the	Sacramento	and	San	Joaquin	Rivers	(around	Point	Sacramento)	to	
Rio	Vista	on	the	Sacramento	side	and	Medford	Island	on	the	San	Joaquin	River	(Moyle	2002;	Wang	
2007).	Reproductive	activity	appears	to	decrease	with	distance	from	the	LSZ,	so	the	location	of	X2	
influences	how	far	spawning	migrations	extend	into	the	Delta	(Baxter	et	al.	2009).	Larvae	
spawned	in	the	2	parts	per	thousand	(ppt)	LSZ	were	most	abundant	in	sub‐adult	and	adult	
surveys	later	in	the	year	(Hobbs	et	al.	2010).	Spawning	takes	place	between	November	and	April	
with	peak	reproduction	in	January	to	as	late	as	April	when	water	temperature	is	between	8	and	up	
to	14.5OC	(Emmett	et	al.	1991;	CDFG	2009;	Wang	1986,	2007).	Eggs	are	deposited	on	the	bottom	
(Martin	and	Swiderski	2001;	CDFG	2010b)	and	hatch	between	December	and	May	into	buoyant	
larvae	with	a	peak	hatch	in	February	(CDFG	2010b;	Bennett	et	al.	2002).	Net	Delta	outflow	
transports	the	larvae	and	juvenile	fish	back	downstream	to	higher	salinity	habitats.	Larvae,	
juveniles	and	adults	feed	on	zooplankton	(Slater	2008).		

3.5.3 Population Abundance Trends Over Time 

Longfin	smelt	population	abundance	in	the	Bay‐Delta	has	declined	significantly	since	the	1980s	
(Moyle	2002;	Rosenfield	and	Baxter	2007;	Baxter	et	al.	2010).	Thomson	et	al.	(2010)	examined	
trends	in	abundance	using	long	term	data	sets	from	the	FMWT	and	the	San	Francisco	Bay	midwater	
and	otter	trawl	studies	and	found	a	statistically	significant	decrease	in	longfin	smelt	abundance	over	
time.	State	Water	Board	staff	reexamined	the	inter‐annual	trend	in	the	FMWT	index	using	data	
collected	through	2016	and	found	a	statistically	significant	decreasing	trend	(R2=0.51,	P<0.001,	two‐
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sided	t‐test)	(Figure	3.5‐1).	Current	indices	of	population	abundance	are	less	than	two	tenths	of	one	
percent	of	the	earliest	levels	observed	in	the	FMWT.15		

The	most	recent	FMWT	indices	are	about	five	percent	of	the	indices	observed	in	the	early	2000s16	
indicating	that	the	population	has	continued	to	decline	since	revised	Delta	outflow	requirements	
were	implemented	in	D‐1641.	The	last	3	years	of	the	trend	occurred	during	a	drought,	which	
undoubtedly	contributed	to	the	decline;	however,	the	time	since	2000	also	included	dry	periods.	As	
discussed	in	Chapter	4,	multiple	stressors	in	addition	to	flow	may	be	responsible	for	the	decline	
(Sommer	et	al.	2007).		

	

	

Figure 3.5‐1. Inter‐Annual Trend in the FMWT Index for Longfin Smelt (1967 to 2016). The solid 
orange line is the least squares linear regression of the logarithm of the FMWT index against 
years. The slope of the regression differs significantly from zero (R2=0.51; P<0.001, two‐sided 
t‐test).  

	

The	Bay‐Delta	distinct	population	segment	(Bay‐Delta	DPS)	of	longfin	smelt	is	currently	a	candidate	
for	listing	under	the	Federal	Endangered	Species	Act	(74	FR	16169).	In	2012	the	USFWS	determined	
that	listing	the	Bay‐Delta	DPS	of	longfin	smelt	was	warranted	but	precluded	by	higher	priority	
actions	at	the	time	of	publication	(77	FR	19755).	In	2009	the	Fish	and	Game	Commission	listed	
longfin	smelt	as	threatened	under	CESA	(CDFG	2009).	

																																																													
15	The	decrease	was	estimated	from	the	average	of	the	first	five	(1967–1971)	and	the	last	five	(2012–2016)	annual	
FMWT	index	values	to	account	for	inter‐annual	variability.	
16	The	decrease	was	also	calculated	from	the	average	of	the	first	five	FMWT	index	values	after	implementation	of	
D1641	(2000–2004)	and	the	most	recent	5	years	(2012–2016).	
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3.5.4 Flow Effects on Longfin Smelt  

3.5.4.1 Delta Outflow 

The	population	abundance	of	longfin	smelt	in	fall	is	positively	correlated	to	Delta	outflow	or	X2	as	its	
proxy	during	the	previous	winter	and	spring	(Jassby	et	al.	1995;	Rosenfield	and	Baxter	2007;	
Kimmerer	2002b;	Thomson	et	al.	2010;	Maunder	et	al.	2015;	Stevens	and	Miller	1983;	Nobriga	and	
Rosenfield	2016).	Statistically,	the	strongest	relationship	is	with	outflow	between	January	and	June.	
These	months	correspond	to	when	adults	are	reproductively	active	and	their	larvae	hatch,	rear	and	
are	carried	back	downstream	to	more	saline	water.		

State	Water	Board	staff	conducted	an	analysis	using	the	most	recent	FMWT	survey	data	to	
determine	whether	longfin	smelt	abundance	is	still	correlated	with	Delta	outflow.	The	flow‐
abundance	relationship	was	estimated	following	the	methods	of	Kimmerer	(2002b)	using	data	
collected	between	1967	and	2016	(Figure	3.5‐2).	Two	step	changes	were	included,	the	first	
following	the	invasion	of	the	clam	Potamocorbula	(year>1987),	and	the	second	following	the	pelagic	
organism	decline	(year>2002).	No	statistical	support	was	found	for	interactions	between	slope	and	
time	period.	These	results	are	consistent	with	those	of	Kimmerer	(2002b),	who	reported	a	step	
decline	in	longfin	smelt	recruitment	per	unit	Delta	outflow	after	the	clam	invasion,	and	Thomson	et	
al.	(2010),	who	reported	a	second	step	decline	in	catch	per	trawl	after	the	pelagic	organism	decline.	
Higher	outflow	in	winter	and	spring	is	associated	with	more	smelt	in	fall.	The	regression	analysis	
does	not	consider	the	potential	importance	of	spawning	stock	size	on	subsequent	recruitment	
(Nobriga	and	Rosenfield	2016).	More	adult	stock	could	result	in	greater	recruitment	than	predicted	
based	on	flow	alone.	

	
Figure 3.5‐2. FMWT Index Values for Longfin Smelt Regressed against January through June 
Average Daily Delta Outflow for 1967–2016 with Step Changes following 1987 and 2002. Black and 
orange points and lines are for years before and after the invasion of Potamocorbula in 1987, 
respectively. Blue points and lines represent the post‐pelagic organism decline period, beginning 
2003. The estimates of flow responses and step changes differ significantly from zero (P<0.001, 
two sided t‐tests; R2=0.83). Colored bands around the lines represent 95 percent confidence limits. 
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The	recent	pattern	of	wet	and	dry	years	confirms	the	importance	of	Delta	outflows	on	changes	in	
longfin	smelt	population	size	(Figure	3.5‐1).	The	2011	water	year	was	wet	with	high	Delta	outflow	in	
the	winter	and	spring.	The	following	5	years	were	classified	as	below	normal	to	critically	dry.	
Longfin	smelt	abundance	increased	in	2011	and	declined	in	the	following	5	years	(Figure	3.5‐1).	The	
response	indicates	that	the	longfin	smelt	population	is	still	able	to	respond	positively	to	favorable	
environmental	flow	conditions.	

State	Water	Board	staff	conducted	a	logistic	regression	analysis17	to	estimate	the	magnitude	of	flow	
associated	with	positive	longfin	smelt	population	using	data	from	1967	to	2016	(Figure	3.5‐3).	A	
similar	approach	was	used	by	The	Bay	Institute	(TBI)	(2010a)	in	analyses	submitted	for	the	2010	
Flow	Criteria	Report	(State	Water	Board	2010)	using	data	from	1988–2007.	The	flows	in	the	State	
Water	Board	analyses	associated	with	a	50	percent	probability	of	positive	population	growth	was	
42,800	cfs	between	January	and	June,	respectively	(Figure	3.5‐3).	In	comparison,	TBI	(2010a)	found	
that	positive	population	growth	was	predicted	for	51,000	cfs	between	January	and	March	or	35,000	
cfs	between	March	and	May.	The	specific	flow	estimated	to	correspond	to	a	50	percent	probability	of	
population	growth	is	sensitive	to	the	choice	of	months	and	years	included	in	the	analysis.	However,	
both	sets	of	results	are	indicative	of	the	positive	response	of	longfin	smelt	population	growth	to	an	
increase	in	Delta	outflows.	Delta	outflows	predicted	to	increase	the	longfin	smelt	population	are	
summarized	in	Table	3.5‐1.	

	
	

Figure 3.5‐3. Probability of Positive Longfin Smelt Population Growth and 95 Percent Confidence 
Limits as a Function of January through June Average Daily Delta Outflow (1967 through 2016). 
Dashed lines indicate the flow that is associated with positive population growth in 50 percent of 
years. The flow effect differs significantly from zero (P<0.01, two‐sided Wald test). 

	

																																																													
17	Logistic	regression	analysis	is	described	in	Updated	Quantitative	Analysis	(section	3.3.1).	
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3.5.4.2 Interior Delta Flows 

Export	pumping	at	the	State	and	Federal	facilities	that	causes	OMR	reverse	flow	may	result	in	the	
movement	of	large	numbers	of	fish,	including	longfin	smelt,	into	the	interior	Delta	and	result	in	their	
entrainment	(USFWS	2008;	NMFS	2009a).	Grimaldo	et	al.	(2009a)	reported	that	122,747	longfin	
smelt	were	salvaged	at	the	CVP	and	SWP	facilities	between	1992	and	2005.	However,	entrainment	
loss	of	fish,	including	longfin	smelt,	as	a	result	of	OMR	reverse	flow,	is	difficult	to	quantify	(Baxter	et	
al.	2009).	Estimates	of	salvage	do	not	account	for	indirect	mortality	as	individuals	move	down	the	
rip‐rapped	channels	toward	the	pumping	facilities,	counting	inefficiencies	at	the	salvage	facilities,	
loss	of	fish	that	pass	through	the	screen	louvers,	and	mortalities	from	handling,	transport,	and	
release	back	into	the	Delta	after	salvage	(Baxter	et	al.	2009).	Counts	of	fish	salvaged	at	the	CVP	and	
SWP	pumping	facilities	potentially	represent	only	a	small	part	of	the	overall	loss	(Baxter	et	al.	2009).	
Because	of	the	imprecise	loss	estimates,	it	is	difficult	to	know	whether	export	pumping	has	a	
negative	population	level	effect	on	longfin	smelt	and	no	statistical	evidence	currently	exists	
(Thomson	et	al.	2010;	Maunder	et	al.	2015;	Mac	Nally	et	al.	2010).		

Baxter	et	al.	(2009)	conducted	an	analysis	of	CVP	and	SWP	export	pumping	for	the	CDFW	longfin	
smelt	ITP	No.	2081‐2009‐001‐03	and	determined	that	adult	longfin	smelt	became	vulnerable	to	
entrainment	and	salvage	between	December	and	March	as	adults	moved	onto	the	spawning	
grounds.	Adult	salvage	was	found	to	have	an	inverse	logarithmic	relationship	to	net	OMR	reverse	
flow	(Figure	3.5‐4).	The	OMR	salvage	relationship	has	an	inflection	point	around	‐5,000	cfs	with	
salvage	often	increasing	rapidly	at	more	negative	reverse	flows.	The	inflection	point	is	used	as	
justification	for	not	allowing	OMR	reverse	flow	to	become	more	negative	than	‐5,000	cfs	when	adult	
longfin	smelt	are	present.		

	
Figure 3.5‐4. Total Salvage of Longfin Smelt between December and March as a Function of 
Average Old and Middle River (OMR) Flows during the Same Period for Water Years 1982–1992 
(squares) and 1993–2007 (diamonds). OMR estimates for 1982–1992 were based upon 
calculations conducted by Lenny Grimaldo; those for 1993–2007 were from measured flows by the 
USGS. A single data point with an OMR reverse flow of ‐7,744‐cfs and a salvage value of 20,962 
individuals was not included (source: Baxter et al. 2009). 
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Baxter	et	al.	also	determined	that	juvenile	longfin	smelt	were	at	risk	of	entrainment	between	April	
and	June	(Figure	3.5‐5)	(Baxter	et	al.	2009).	Like	adult	smelt,	salvage	of	juvenile	smelt	increases	
exponentially	with	increased	negative	OMR	flows.	Grimaldo	et	al.	(2009a)	found	a	similar	negative	
relationship	between	juvenile	longfin	smelt	salvage	and	the	magnitude	of	OMR	flow.	The	lowest	
salvage	rates	occurred	in	the	Baxter	et	al.	(2009)	analysis	at	positive	OMR	flows	(Figure	3.5‐5).	

 

 
Figure 3.5‐5. (A) Relationship between Average OMR Reverse Flows in April to June and the Sum 
of SWP and CVP Juvenile (age‐0) Longfin Smelt Salvage during the Same Time Period, 1993–2007. 
(B) Presents the same regression as in (A) excluding 1998 when a protracted SWP export 
shutdown allowed longfin smelt larvae to grow to salvageable size in Clifton Court before 
pumping resumed and fish salvage re‐commenced. In other years these fish would have passed 
through the system as larvae without being counted in the salvage record [from Baxter et al. 
2009].  

	

A	

B	
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Baxter	et	al.	also	found	that	juvenile	longfin	smelt	salvage	was	positively	correlated	with	X2	and	
negatively	associated	with	Delta	outflow	between	January	and	June	(Figure	3.5‐6)	(Baxter	et	al.	
2009).	Salvage	increased	exponentially	with	increasing	X2	or	decreasing	Delta	outflow.	The	lowest	
salvage	rate	occurred	at	an	X2	of	less	than	60	km	(Figure	3.5‐6).	The	Delta	outflow	salvage	
relationship	is	used	to	justify	suspending	the	OMR	reverse	flow	requirements	when	outflow	exceeds	
55,000	cfs.	

Entrainment	of	longfin	smelt	at	CVP	and	SWP	facilities	is	no	longer	considered	a	major	threat	to	the	
population	if	the	USFWS	Delta	smelt	BiOp	and	CDFW	longfin	smelt	ITP	are	enforced	(77	FR	19755;	
USFWS	2016).	

	

Figure 3.5‐6. (A) Relationship between the Average Location of X2 between January and May and 
the Sum of Juvenile (age‐0) Longfin Smelt Salvage between March and July at the SWP and CVP. 
(B) Relationship between the Average Location of X2 in April and June and the Sum of Juvenile 
(age‐0) Longfin Smelt Salvage for April to June at the SWP and CVP. Salvage was incremented by 
one and log 10 transformed [from Baxter et al. 2009].  
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In	summary,	the	salvage	export	pattern	is	consistent	with	what	is	known	about	the	spawning	
migration	habits	of	longfin	smelt	(Rosenfield	and	Baxter	2007;	Baxter	et	al.	2009).	Adults	may	travel	
farther	into	the	Delta	in	some	low	flow	years	to	reproduce	and	this	increases	the	vulnerability	of	
their	offspring	to	entrainment	from	OMR	reverse	flow	(Figure	3.5‐6).	Increased	salvage	happens	at	
OMR	reverse	flows	more	negative	than	‐5,000	cfs	(Figure	3.5‐4).	Juvenile	salvage	also	has	an	
exponential	relationship	with	negative	OMR	flows	(Figure	3.5‐5).	The	lowest	salvage	rate	was	
measured	at	positive	OMR	flow	(Figure	3.5‐5).	Ranges	of	OMR	reverse	flows	to	benefit	adult	and	
juvenile	longfin	smelt	by	reducing	entrainment	at	the	CVP	and	SWP	are	summarized	in	Table	3.5‐1	
and	are	consistent	with	the	USFWS	Delta	smelt	BiOp	and	the	CDFW	ITP	for	longfin	smelt.		

Table 3.5‐1. Delta Outflow and OMR Reverse Flows Indicated to Be Protective of Longfin Smelt 
Recruitment. Delta outflows (cfs) are the monthly averages of net daily outflow as calculated by 
Dayflow. 

Months	

Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	 Oct	 Nov	 Dec	

Delta	Outflow	 42,800	 	 	 	 	 	 	

OMR	 ‐1,250	to	‐5,000	 	 	 	 	 	 	

	

3.6 Green Sturgeon (Acipenser medirostris) and 
White Sturgeon (Acipenser transmontanus) 

3.6.1 Overview 

Green	and	white	sturgeon	are	anadromous,	long‐lived,	iteroparous,	native	species.	Green	sturgeon	is	
listed	as	threatened	under	the	federal	ESA.	Recruitment	of	both	species	has	been	episodic	in	the	San	
Francisco	estuary.	Years	with	high	precipitation	and	large	Delta	outflows	in	winter	and	spring	are	
associated	with	higher	white	sturgeon	recruitment	(Klimley	et	al.	2015;	Fish	2010),	and	similar	
relationships	are	likely	for	green	sturgeon.	Long	life	and	high	fecundity	make	it	possible	for	sturgeon	
to	maintain	a	stable	population	with	infrequent	high	outflow	years.	The	green	sturgeon	population	
size	has	always	been	much	smaller	than	white	sturgeon	and	this	has	made	green	sturgeon	difficult	
to	study.	Functional	flow	requirements	for	white	sturgeon	are	assumed	to	be	similar	to	those	of	
green	sturgeon.	Average	Delta	outflow	of	37,000	cfs	or	larger	between	March	and	July	appears	to	be	
needed	to	consistently	produce	strong	white	sturgeon	recruitment.	It	is	assumed	that	green	
sturgeon	recruitment	has	a	similar	relationship	to	flow.	

3.6.2 Life History 

3.6.2.1 Green Sturgeon 

Green	sturgeon	is	an	anadromous,	long‐lived,	iteroparous,	native	species.	Females	become	sexually	
mature	at	about	17	years	of	age	and	males	at	about	15	years	(Van	Eenennaam	et	al.	2006;	Cech	et	al.	
2000).	Adults	migrate	upstream	to	spawn	every	3	to	5	years	(NMFS	2005b,	2010)	selecting	river	
reaches	with	small	to	large	sized	gravel	and	turbulent	high	velocity	currents	for	reproduction	
(Poytress	et	al.	2015;	CDFG	2002;	Heublein	et	al.	2009).	Adhesive	eggs	are	broadcast	spawned,	
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externally	fertilized	and	sink	to	the	bottom	into	pores	in	the	gravel	where	they	develop	(Emmett	et	
al.	1991).	Females	produce	between	60,000	and	240,000	eggs	per	year	(Adams	et	al.	2002;	Van	
Eenennaam	et	al.	2001,	2006;	Moyle	2002)	and	may	live	for	up	to	70	years,	returning	repeatedly	to	
their	natal	river	to	spawn	(Van	Eenennamm	et	al.	2006;	Moyle	2002).	Studies	demonstrate	that	
successful	recruitment	is	episodic.	Years	with	high	precipitation	and	large	Delta	outflow	are	
associated	with	higher	recruitment	(Klimley	et	al.	2015;	Fish	2010).		

Spawning	is	believed	to	have	historically	occurred	on	the	Sacramento	River	above	Shasta	Dam	and	
possibly	on	the	upper	Feather	River	(USFWS	1996;	Lindley	et	al.	2004).	Construction	of	Shasta	and	
Oroville	Dams	blocked	upstream	spawning	access	above	the	dams	(USFWS	1996;	Beamesderfer	et	
al.	2004;	CDFG	2002).	Green	sturgeon	spawning	has	been	documented	in	the	Feather	River	and	
possibly	in	the	Yuba	River	(Seesholtz	2014;	Bergman	et	al.	2011).	Green	sturgeon	move	upstream	
from	San	Francisco	Bay	passing	the	Knights	Landing	rotary	screw	trap	on	the	Sacramento	River	in	
April	(Heublein	et	al.	2006).	Peak	spawning	activity	occurs	in	May	and	June	(Emmett	et	al.	1991;	
CDFG	2002;	Poytress	et	al.	2015).	Spawning	on	the	Sacramento	River	extends	from	about	36	miles	
below	the	RBDD	to	about	22	miles	upstream	(Poytress	et	al.	2015)	and	is	the	primary	remaining	
spawning	habitat	for	green	sturgeon	in	the	Central	Valley	(NMFS	2005).	Cooler	temperatures	on	the	
upstream	Sacramento	River	may	limit	the	extent	of	upstream	spawning	habitat	for	green	sturgeon	
as	laboratory	studies	indicate	a	reduction	in	hatching	rates	and	smaller	embryos	at	temperatures	as	
low	as	11°C	(Van	Eenennaam	et	al.	2005).	Average	river	temperature	between	April	and	June	are	
less	than	or	equal	to	11°C	above	the	confluence	of	Clear	Creek18	in	most	years	(Poytress	et	al.	2015).		

Young	sturgeons	remain	in	the	upper	Sacramento	River	between	the	RBDD	and	Hamilton	City	for	
the	first	several	months	before	beginning	a	slow	downstream	migration	(CDFG	2002).	Larval	green	
sturgeons	are	often	found	in	the	rotary	screw	trap	at	the	RBDD	and	at	the	Glen	Colusa	Canal	in	May	
through	July	(Beamesderfer	et	al.	2004;	CDFG	2002).	Juveniles	spend	their	first	several	years	in	the	
Delta	before	emigrating	to	saltwater	(CDFG	2002).	Upon	entering	the	ocean,	sub‐adults	remain	in	
coastal	waters	but	may	travel	great	distances.	Tagged	individuals	from	San	Pablo	Bay,	California,	
have	been	recovered	in	summer	from	as	far	south	as	Monterey	Bay,	California,	and	as	far	north	as	
Vancouver	Island,	Canada,	before	returning	the	following	spring	to	the	California	outer	coast	
(Lindley	et	al.	2008).		

The	southern	DPS	of	green	sturgeon	is	restricted	to	spawning	in	the	Sacramento	River	basin	(Lindley	
et	al.	2011;	Israel	et	al.	2004).	This	population	segment	was	listed	as	threatened	in	2009	(71	FR	
17757),	with	critical	habitat	designated	in	2009	(74	FR	52300)	and	take	prohibitions	established	in	
2010	(75	FR	30714).	

3.6.2.2 White Sturgeon  
White	sturgeon	are	also	a	long‐lived,	late	maturing,	iteroparous	species	(Moyle	2002).	Males	and	
females	become	sexually	mature	at	around	10	and	12–16	years	of	age,	respectively	(Moyle	2002).	
Spawning	occurs	every	2	to	4	years	for	females	and	every	1	to	2	years	for	males	(Chapman	et	al.	
1996).	White	sturgeon	begin	their	upstream	spawning	migration	in	late	fall	and	early	winter	
triggered	by	increased	outflow	(Miller	1972;	Kohlhorst	et	al.	1991;	Fish	2010;	Schaffter	1997).	
Spawning	occurs	from	mid‐February	through	June	with	peak	spawning	activity	in	March	and	May	
(Kohlhorst	1976;	Schaffter	1997).	After	hatching,	undeveloped	larvae	disperse	downstream.	In	
laboratory	studies,	the	downstream	dispersal	stage	may	last	for	up	to	6	days	before	larvae	seek	
cover	for	about	10	days	to	complete	absorption	of	their	egg	sac	(Deng	et	al.	2002).	After	the	egg	sac	

																																																													
18	About	15	miles	upstream	of	the	upper	limit	of	present	spawning	habitat.	
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is	absorbed,	larvae	resume	their	downstream	migration	and	begin	to	feed	at	night	(Kynard	et	al.	
2005).	Outflow	distributes	the	larvae	to	rearing	habitats	throughout	the	lower	Sacramento	River	
and	the	Delta	(McCabe	and	Tracey	1994;	Kynard	et	al.	2005).	High	spring	outflow	is	correlated	with	
increased	juvenile	recruitment	(Fish	2010;	Kolhurst	et	al.	1991).		

The	Sacramento	River	between	Knights	Landing	and	Colusa	is	the	primary	spawning	habitat	for	
white	sturgeon	(Kohlhorst	1976)	although,	some	spawning	has	been	observed	in	the	San	Joaquin	
River	(Gruber	et	al.	2012;	Jackson	and	Van	Eenennaam	2013).	Historically,	spawning	may	also	have	
occurred	in	both	the	upper	Feather	and	Sacramento	River	basins	but	these	areas	are	now	
inaccessible	because	of	the	construction	of	Shasta	and	Oroville	Dams	(Kohlhorst	1976).	

The	diet	of	sturgeon	larvae	is	varied.	The	larvae	are	bottom	feeders	that	forage	on	whatever	benthic	
prey	are	available	(Moyle	2002).	Laboratory	studies	suggest	that	larvae	consume	periphyton,	insect	
larvae,	and	zooplankton	(Buddington	and	Christofferson	1985).	Juveniles	eat	amphipods,	mysids,	
and	larval	and	juvenile	midges	(Schreiber	1962;	Radtke	1966)	but	also	consume	opossum	shrimp	
and	other	small	invertebrates	such	as	crabs,	clams,	and	shrimp	(Moyle	2002).	As	sturgeon	mature,	
they	become	more	piscivorous,	consuming	herring	and	their	eggs,	anchovies,	American	shad,	starry	
flounder,	and	gobies	(Radtke	1966;	McKechnie	and	Fenner	1971).	The	invasive	overbite	clam,	
Potamocorbula,	has	recently	become	a	major	component	of	the	diet	of	white	sturgeon	(Kogut	2008).	

3.6.3 Population Abundance Trends Over‐Time 

3.6.3.1 Green Sturgeon	

Abundance	information	for	green	sturgeon	in	the	Sacramento	basin	comes	from	genetic	studies.	
Genetic	analysis	has	indicated	that	the	size	of	mating	populations	above	the	RBDD	has	ranged	from	
32	to	124	mating	pairs	between	2002	and	2006	(Israel	2006	as	cited	in	NMFS	2009a)	with	an	
average	of	71	pairs	per	year.	These	genetic	studies	suggest	that	the	size	of	the	reproductively	active	
population	was	between	200	and	1,250	individuals,	assuming	that	adults	return	every	3	to	5	years	
to	spawn	(NMFS	2009a).	More	recent	monitoring	data	indicate	that	the	mean	number	of	adult	green	
sturgeon	in	the	Sacramento	River	between	2010	and	2015	ranged	from	an	annual	low	of	164	to	a	
high	of	526	individuals	(personal	communication	Ethan	Mora	in	NMFS	2015).	The	USFWS	(1996)	
Native	Fish	Recovery	Plan	recommends	a	restoration	goal	of	at	least	1,000	adult	fish	in	the	
Sacramento	River	and	Delta	during	spawning	season.		

A	decline	in	green	sturgeon	population	abundance	has	been	inferred	by	the	NMFS	from	reductions	
in	the	average	number	of	juveniles	salvaged	annually	at	the	SWP	and	CVP	pumping	facilities	(NMFS	
2009a).	The	mean	number	of	sturgeon	taken	per	year	at	the	SWP	was	732	individuals	between	1968	
and	1986	and	declined	to	47	between	1987	and	2001.	Similarly,	the	mean	number	of	sturgeon	
salvaged	at	the	CVP	was	889	individuals	per	year	between	1980	and	1986	and	declined	to	32	
individuals	between	1987	and	2001	(Adams	et	al.	2002).	Similar	declines	are	evident	when	salvage	
is	normalized	by	the	amount	of	water	exported	(70	FR	17386).	Salvage	estimates	have	continued	to	
be	low	since	2001	(NMFS	2009a).		

3.6.3.2 White Sturgeon 

Abundance	information	for	adult	white	sturgeon	in	the	estuary	comes	from	a	mark‐recapture	
population	study	and	other	population	estimates	from	the	CDFW	(DuBois	et	al.	2011).	The	mark‐
recapture	study	estimated	that	in	2009	there	were	70,000–75,000	individuals	≥102	cm	(TL)	and	
3,252–6,539	age‐15	fish,	which	is	below	the	CVPIA	recovery	goal	of	11,000	age‐15	fish.	Population	
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estimates	between	1979	and	2009	are	marked	with	high	temporal	variation,	having	been	as	high	as	
>300,000	individuals	≥102	cm	(TL)	in	1994	and	as	low	as	~25,000	individuals	in	1990.	

Population	trends	of	legal‐sized	individuals	are	based	on	Commercial	Passenger	Fishing	Vessel	catch	
per	unit	effort	(CPUE)	and	from	the	mark‐recapture	study	CPUE	(Dubois	and	Gingras	2013).	These	
two	measurements	generally	track	one	another	and	indicate	that	CPUE	is	highly	variable	through	
time.	DuBois	and	Gingras	(2013)	suggest	that	the	trends	can	be	explained	by	strong	year	classes	
during	1969‐1975	and	wet	years	in	the	early	1980s	and	mid‐	to	late	1990s. 

3.6.4 Flow Effects on Green and White Sturgeon 

3.6.4.1 Delta Outflow 

Less	information	exists	on	the	flow	needs	of	green	sturgeon	because	of	the	small	size	of	the	
population.	The	assumption	is	that	this	species	needs	flows	of	a	similar	magnitude	as	white	sturgeon	
(USFWS	1996).	Accordingly,	the	remainder	of	this	discussion	focuses	on	white	sturgeon.	

White	sturgeon	is	sampled	in	the	Bay	Study.	Trends	in	abundance	show	large	annual	variations	in	
recruitment.	A	few	years	of	good	recruitment	are	followed	by	multiple	years	with	negligible	
production	(Figure	3.6‐1).	Strong	recruitment	events	typically	occur	in	wet	years,	although	not	all	
wet	years	produce	good	recruitment	(for	example	1984	to	1986	and	1999).	Little	to	no	recruitment	
occurs	in	dry	and	critically	dry	water	years.	Long	life	and	high	fecundity	make	it	possible	for	
sturgeon	to	maintain	a	stable	population	with	infrequent	high	outflow	years,	though	the	population	
does	not	appear	stable	and	exhibits	progressively	diminishing	recruitment	in	recent	wet	years	
(Figure	3.6‐1).	

 

Figure 3.6‐1. White Sturgeon Year Class Indices for San Francisco Bay from 1980 through 2015  
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CDFG	(1992a)	constructed	an	index	of	white	sturgeon	year	class	strength	using	Bay	Study	survey	
data	for	1975	to	1990.	The	strongest	relationship	was	with	outflow	between	April	and	July.	The	
largest	year	classes	occurred	at	Delta	outflows	greater	than	60,000	cfs.	CDFG	(1992a)	study	also	
evaluated	SWP	salvage	data	from	1968	to	1987.	The	strongest	correlations	were	with	outflow	
between	April	and	May.	No	recruitment	occurred	at	average	Delta	outflows	less	than	20,000	cfs.		

Gingras	et	al.	(2014)	reanalyzed	the	impact	of	recreational	fishing	and	water	operations	on	white	
sturgeon	population	recruitment	and	confirmed	a	positive	relationship	between	Delta	outflow	in	
winter	and	spring	and	recruitment.	Average	Delta	outflows	of	less	than	30,000	cfs	had	a	small	
probability	of	producing	strong	year	classes	and	outflows	of	37,000	cfs	or	larger	between	March	and	
July	were	associated	with	a	50	percent	probability	of	producing	a	good	year	class.	The	analysis	also	
provided	evidence	for	a	stock‐recruitment	effect.	As	the	number	of	spawning	adults	increased,	the	
importance	of	net	Delta	outflow	declined.	Gingras	et	al.	(2014)	also	implicated	recreational	fishing	
as	a	factor	negatively	affecting	recruitment.	

Fish	(2010)	analyzed	white	sturgeon	year	class	data	from	Bay	Study	catch	data	for	1980	through	
2006.	The	study	found	statistically	significant	positive	correlations	between	catch	and	mean	daily	
Delta	outflow	for	November–February	and	for	March–July	(Figures	3.6‐2	and	3.6‐3).	Fish	(2010)	
concluded	that	white	sturgeon	year	class	strength	was	a	function	of	both	attraction	flows	between	
November–February	that	stimulated	adult	upstream	migration	and	March–July	flows	that	triggered	
spawning	and	downstream	transport	of	juvenile	fish.	Both	flow	abundance	relationships	exhibited	
threshold	values	around	32,000	cfs	(log	(4.5).	Above	the	threshold,	recruitment	was	always	positive	
(Figures	3.6‐2	and	3.6‐3),	consistent	with	conclusions	from	Gingras	et	al.	(2014).	Fish	(2010)	
observed	that	the	March–July	relationship	appeared	to	be	the	more	critical	of	the	two	flow	events	as	
all	years	with	high	spring	outflow	produced	large	sturgeon	year	classes	regardless	of	the	magnitude	
of	the	attraction	flows	that	preceded	them	in	November–February	(Table	3.6‐1).	This	conclusion	is	
consistent	with	a	recent	reassessment	of	the	flow	requirements	for	successful	white	sturgeon	
recruitment.	The	new	analysis	concluded	that	strong	recruitment	only	occurred	in	the	Sacramento	
basin	in	wet	water	years	when	the	Sacramento	water	year	index	exceeded	10	(DuBois	2017).	Robust	
monitoring	and	special	studies	will	be	needed	to	determine	the	causal	mechanisms	(temperature,	
habitat,	food	web)	to	establish	priorities	for	habitat	restoration	and	the	best	flow	regimes	to	support	
successful	reproduction	and	survivorship.	
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Figure 3.6‐2. White Sturgeon Year Class Index (YCI) from San Francisco Bay Study Otter Trawl 
Catch versus Mean Daily Delta Outflow from November through February (numbers adjacent to 
points designate year classes [from Fish 2010]) 

	
	

	

Figure 3.6‐3. White Sturgeon YCI from San Francisco Bay Study Otter Trawl Catches versus Mean 
Daily Delta Outflow for March through July (Numbers adjacent to points designate select year 
classes. Log (4.7) is equivalent to a flow rate of 50,000 cfs [from Fish 2010]). 
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Table 3.6‐1. Delta Outflow (cfs) Indicated to Be Protective of White and Green Sturgeon. Outflows are 
monthly averages. 

	 Months	

Jan	 Feb	 Mar	 Apr	 May	 Jun	 July	 Aug	 Sept	 Oct	 Nov	 Dec	

Delta	Outflow	 	 	 >37,000	 	 	 	 	 	

	

3.6.4.2 Interior Delta Flow  
Green	and	white	sturgeon	have	been	salvaged	at	the	CVP	and	SWP	pumping	facilities	during	all	
months	of	the	year	(NMFS	2009a).	The	presence	of	both	species	in	salvage	at	CVP	and	SWP	pumping	
facilities	indicates	that	the	species	are	vulnerable	to	entrainment	from	exports.	However,	no	
statistical	evidence	exists	that	exports	affect	white	sturgeon	population	abundance	(CDFG	1992a,	
2002)	and	there	are	currently	no	other	OMR	restrictions	for	green	sturgeon	included	in	the	BiOps	or	
ITPs.	

3.7 Sacramento Splittail (Pogonichthys 
macrolepidotus) 

3.7.1 Overview 

Sacramento	splittail	is	a	native	species	that	has	decreased	in	abundance,	and	the	age	0	year	class	is	
now	about	3	percent	of	its	population	size	when	sampling	began	in	1967.	Splittail	spawn	on	flooded	
vegetation	in	spring.	Large	recruitment	has	only	been	observed	in	years	when	the	Yolo	Bypass	has	
flooded	for	more	than	30	days.	The	size	of	the	juvenile	splittail	population	in	fall	is	positively	
correlated	with	Delta	outflow	during	the	previous	spring.	Analyses	presented	below	indicate	that	
Delta	outflows	of	30,000	to	47,000	cfs	are	needed	between	February	and	May	to	provide	strong	
splittail	recruitment.	These	are	among	the	largest	flows	needed	by	any	Bay‐Delta	estuarine	fish	
species	for	recruitment.	The	magnitude	of	these	flows	might	be	reduced	by	installing	an	operable	
gate	on	the	Fremont	Weir,	thereby	reducing	the	river	stage	required	to	flood	the	Yolo	Bypass.		

3.7.2 Life History 

Sacramento	splittail	is	a	native	cyprinid	minnow.	Their	distribution	is	mostly	in	the	Central	Valley	
and	Bay‐Delta	estuary	although	some	fish	have	been	collected	in	the	Napa	and	Petaluma	Rivers	
(Caywood	1974;	Moyle	2002;	Feyrer	et	al.	2015).	Fish	collected	in	the	Napa	and	Petaluma	Rivers	
have	been	identified	as	a	genetically	distinct	population	that	has	limited	overlap	with	the	Central	
Valley	population	(Baerwald	et	al.	2008,	2007).	Analysis	in	this	report	is	for	the	Central	Valley	
portion	of	the	population.	Splittail	were	historically	fished	by	both	commercial	and	Native	
Americans	and	are	now	part	of	a	small	recreational	fishery	(Moyle	2002;	Moyle	et	al.	2004).		

Adult	splittail	typically	live	5	to	7	years	and	become	sexually	mature	in	their	second	year	(Moyle	
2002;	Daniels	and	Moyle	1983).	Adults	are	mostly	observed	in	Suisun	Bay	and	Marsh	and	in	the	
western	Delta	during	summer	and	fall.	Mature	splittail	typically	migrate	upstream	for	spawning	
between	November	and	March	(Caywood	1974;	Moyle	et	al.	2004).	Seasonally	inundated	
floodplains,	vegetated	channel	margins,	and	perennial	marshes	may	be	used	for	spawning	and	



State Water Resources Control Board 
Scientific Knowledge to Inform Fish and 

Wildlife Flow Recommendations
 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

3‐67 
Final

 

rearing	(Caywood	1974;	Daniels	and	Moyle	1983;	Feyrer	et	al.	2005;	Moyle	et	al.	2004).	Eggs	are	
adhesive	and	are	laid	on	submerged	vegetation	and	hatch	in	3	to	7	days	depending	upon	
temperature	(Wang	1986;	Moyle	2002;	Moyle	et	al.	2004).	Some	juveniles	remain	upstream	during	
their	first	year	but	most	migrate	downstream	in	spring	and	summer,	either	passively	carried	by	high	
flows	or	actively	swimming	because	of	warming	water	temperature	(Baxter	1999;	Baxter	et	al.	
1996;	Sommer	et	al.	2002;	Moyle	et	al.	2004).	After	spawning,	adult	splittail	generally	migrate	
downstream	(Moyle	et	al.	2004).		

Large	splittail	recruitment	events	only	occur	when	sufficient	flow	exists	to	flood	the	Yolo	and	Sutter	
Bypasses	for	extended	periods	of	time	(Meng	and	Moyle	1995;	Feyrer	et	al.	2006;	Sommer	et	al.	
1997).	Two	factors	appear	important	for	successful	floodplain	recruitment	(Feyrer	et	al.	2006).	
First,	it	is	necessary	to	have	inundating	flows	in	January	and	February	to	stimulate	and	attract	
reproductively	active	adults	to	floodplains.	Second,	the	floodplain	must	remain	under	water	long	
enough	to	allow	eggs	to	hatch	and	larvae	to	mature	into	competent	swimmers	(Moyle	et	al.	2004).	
Very	large	splittail	recruitment	has	only	been	observed	in	years	when	the	Yolo	Bypass	has	been	
flooded	for	30	or	more	days	(Meng	and	Moyle	1995;	Feyrer	et	al.	2006).	The	largest	recruitment	
occurred	when	the	Bypass	was	flooded	for	more	than	50	days	(Meng	and	Moyle	1995).	Floodplain	
inundation	during	the	months	of	March,	April	and	May	appears	to	be	most	beneficial	for	the	
recruitment	of	a	large	year	class	(Wang	1986;	Moyle	2002).		

3.7.3 Population Abundance Trends Over Time 

State	Water	Board	staff	reexamined	the	interannual	trend	in	the	FWMT	index	for	juvenile	splittail	
recruitment	using	data	collected	through	2016	and	found	a	statistically	significant	decreasing	trend	
(R2=0.22,	P<0.001,	two‐sided	t‐test)	(Figure	3.7‐1).	Current	estimates	of	population	abundance	are	
now	about	two	percent	of	early	values.	The	USFWS	Beach	Seine	juvenile	splittail	abundance	index	
also	shows	a	decline	in	juvenile	population	abundance	(La	Luz	and	Baxter	2015).	Recruitment	in	the	
FMWT	index	has	decreased	by	91	percent	since	implementation	of	D‐1641	in	2000.		

The	2010	Flow	Criteria	Report	(State	Water	Board	2010)	recommended	a	goal	of	stabilizing	juvenile	
Sacramento	splittail	recruitment	and	beginning	to	grow	the	population.	The	long	term	population	
index	value	and	recovery	goal	evaluated	for	this	report	was	equal	to	the	median	FMWT	index	from	
1967	to	2014	as	recommended	by	the	State	Water	Board	(2010).	The	median	FMWT	value	between	
1967	and	2014	was	10.	The	average	FMWT	index	from	2012	to	2014	was	1	and	has	not	been	above	10	
since	2001	(Figure	3.7‐1).		

Sacramento	splittail	was	listed	as	threatened	under	the	federal	ESA	in	1999	but	removed	from	the	
list	in	2003	(64	FR	5963;	68	FR	55139).	In	2010	the	USFWS	reevaluated	the	status	of	the	species	and	
concluded	that	listing	was	not	warranted	(75	FR	62070).		

3.7.4 Flow Effects on Sacramento Splittail  

3.7.4.1 Delta Outflow 

The	FMWT	survey	index	of	Sacramento	splittail	is	positively	correlated	with	both	Delta	outflow	
between	February	and	May	and	with	days	of	Yolo	Bypass	floodplain	inundation	(Meng	and	Moyle	
1995;	Sommer	et	al.	1997;	Kimmerer	2002b;	CDFG	1992b).	No	change	in	the	flow	recruitment	
relationship	was	observed	after	the	invasion	of	Potamocorbula	(Kimmerer	2002b).		
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Figure 3.7‐1. Sacramento Splittail Population Recruitment as Measured in the FMWT Survey 
(1967–2016). The solid line is the least squares linear regression of the logarithm of FMWT index 
(incremented by 1) against years. The slope of the regression differs significantly from zero 
(R2=0.22; P<0.001, two‐sided t‐test). 

	

State	Water	Board	staff	reassessed	the	flow	recruitment	relationship	with	new	data	collected	
through	2016	using	the	same	method	employed	by	Kimmerer	(2002b)	(Figure	3.7‐2).	The	current	
relationship	is	still	significant	(P<0.001).	More	spring	outflow	is	associated	with	a	higher	FMWT	
index	later	in	the	year.	This	is	a	long	standing	flow	recruitment	relationship	that	has	existed	since	
sampling	began	in	1967	(Kimmerer	2002b).	Increased	outflow	between	February	and	May	coincides	
with	the	timing	of	adult	spawning	and	larval	rearing	in	riverine	floodplains	and	terraces	and	in	the	
Delta	(Moyle	et	al.	2004;	Meng	and	Matern	2001).	Increased	flow	increases	both	the	amount	of	
flooded	habitat	along	vegetated	channel	margins	and	the	acreage	of	inundated	floodplain	in	the	
Central	Valley	(Moyle	et	al.	2004).		

Two	methods	were	used	to	determine	the	flow	required	to	meet	the	population	recruitment	goal.	
First,	a	regression	analysis	was	conducted	with	Delta	outflow	during	the	February	through	May	time	
frame	and	splittail	recruitment	to	determine	that	30,000	cfs	was	correlated	with	the	recruitment	
goal	(Figure	3.7‐2).	Second,	the	USFWS	(1996)	recommended	that	Sacramento	splittail	be	
considered	fully	recovered	if	population	abundance	returned	to	values	measured	between	1967	and	
1983.	The	median	flow	during	this	16‐year	period	was	47,000	cfs	(Figure	3.7‐3).	These	analyses	
suggest	that	an	average	daily	Delta	outflow	of	30,000	to	47,000	cfs	is	needed	between	February	and	
May	to	meet	the	recruitment	goal	(Table	3.7‐1).	An	alternate	non‐flow	related	recruitment	goal	
might	be	to	recommend	the	magnitude,	duration,	and	frequency	of	periodic	flooding	of	the	Yolo	
Bypass	and	other	floodplains.		
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Figure 3.7‐2. Correlation between the Sacramento Splittail FMWT Index (1967–2016) and Average 
Daily Outflow (cfs) between February and May. The slope of the flow recruitment relationship 
differs significantly from zero (R2=0.31, P<0.001, two‐sided t‐test). The dotted line indicates that a 
flow rate of 30,000 cfs is correlated with the recommended abundance index of 10. The shaded 
band represents the 95 percent confidence limits around the regression line. 

	
Figure 3.7‐3. Cumulative Frequency Distribution of Average Daily Outflow between February and 
May for 1967 to 1983. The dotted line is the daily average outflow (47,000 cfs) that occurred in 
half of all years.  
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Table 3.7‐1. Delta Outflow Indicated to Be Protective of Sacramento Splittail. Outflows are monthly 
averages [cfs]. 

	

Months	

Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	 Oct	 Nov	 Dec	

Delta	Outflow	 	 30,000–47,000	 	 	 	 	 	 	 	

	

3.7.4.2 Interior Delta Flow 

Sacramento	splittail	have	been	salvaged	at	the	CVP	and	SWP	pumping	facilities	in	many	years	when	
San	Joaquin	flows	are	high	and	recruitment	is	good	throughout	the	Bay‐Delta	system.	The	risk	of	
splittail	entrainment	appears	greatest	during	adult	upstream	spawning	migrations	and	juvenile	
emigration	from	the	Delta	in	spring	and	early	summer	(Sommer	et	al.	1997;	Moyle	et	al.	2004).	In	
1998	over	3	million	juvenile	splittail	were	taken	at	the	export	facilities	in	early	summer,	
representing	a	quarter	of	all	the	fish	salvaged	that	year	(Arnold	1999;	Moyle	et	al.	2004).	In	2011,	
another	wet	year,	almost	9	million	splittail	were	salvaged	at	the	CVP	and	SWP	pumping	facilities	
(Aasen	2012).	

Sommer	et	al.	(1997)	evaluated	salvage	and	population	abundance	indices	to	determine	the	effect	of	
the	CVP	and	SWP	operations	on	the	Sacramento	splittail	population	size.	They	found	that	salvage	
was	highest	in	wet	years	when	population	levels	were	greatest	and	losses	were	typically	low	in	dry	
years.	Sommer	et	al.	(1997)	concluded	that,	while	entrainment	at	CVP	and	SWP	export	facilities	was	
large	in	some	years,	it	did	not	have	a	measurable	effect	on	inter‐annual	splittail	population	size.		

3.8 Delta Smelt (Hypomesus transpacificus) 

3.8.1 Overview 

Delta	smelt	were	once	a	common	native	species	in	the	Bay‐Delta	estuary.	Most	individuals	live	1	
year	with	adults	moving	into	areas	such	as	the	northern	Delta	and	Suisun	Marsh	from	Suisun	Bay	
and	the	confluence	of	the	Sacramento‐San	Joaquin	Rivers	to	spawn	and	die	and	their	offspring	
migrating	back	to	these	areas	to	rear.	There	is	also	a	resident	year‐round	freshwater	population	in	
the	Cache	Slough	complex.	Indices	of	Delta	smelt	population	abundance	have	declined	and	the	size	
of	the	population	is	now	about	2	percent	of	what	it	was	50	years	ago.	Since	2003	the	population	
abundance	of	larval	Delta	smelt	in	spring	has	been	positively	correlated	with	the	magnitude	of	Delta	
outflow	during	the	previous	winter‐spring	and	fall	periods.	Delta	smelt	are	entrained	and	lost	at	the	
CVP	and	SWP	pumping	facilities	when	adults	migrate	into	the	Delta	in	winter	and	early	spring	to	
spawn	and	again	when	the	larvae	migrate	back	downstream	in	late	spring	and	early	summer.	The	
species	is	listed	as	threatened	by	the	USFWS	and	as	endangered	by	the	CDFW.	In	2010,	USFWS	
determined	that	uplisting	Delta	smelt	to	endangered	status	was	warranted	but	was	precluded	by	the	
need	to	address	higher	priority	species	first.	

3.8.2 Life History 

Delta	smelt	are	endemic	to	the	Delta	and	upper	estuary.	The	species	has	an	annual,	1‐year	life	cycle,	
although	some	females	may	live	to	reproduce	in	their	second	year	(Bennett	2005).	Delta	smelt	were	
once	a	common	pelagic	fish	species	in	the	upper	Bay‐Delta	estuary	(USFWS	1996).		
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Adult	Delta	smelt	undergo	an	upstream	spawning	migration	from	the	LSZ	to	freshwater	(Grimaldo	
et	al.	2009a),	though	there	is	also	evidence	of	freshwater	resident	smelt	in	the	Cache	Lindsey	Slough	
complex,	Sacramento	River	Deepwater	Ship	Channel,	and	lower	Sacramento	River	in	the	vicinity	of	
Sherman	Island	(Hobbs	et	al.	2007;	Baxter	et	al.	2015).	Spawning	migrations	occur	between	late	
December	and	February,	typically	during	“first	flush”	periods	when	inflow	and	turbidity	increase	on	
the	Sacramento	and	San	Joaquin	Rivers	because	of	upstream	precipitation	(Grimaldo	et	al.	2009a;	
Sommer	et	al.	2011).	Catches	of	adult	Delta	smelt	in	the	USFWS	Chipps	Island	Survey	and	in	salvage	
at	the	CVP	and	SWP	pumping	facilities	during	first	flush	events	are	characterized	by	sharp	unimodal	
peaks,	suggesting	that	rapid	changes	in	environmental	conditions	are	a	factor	associated	with	
population‐level	migrations	(Grimaldo	et	al.	2009a;	Sommer	et	al.	2011).	Pre‐spawning	adults	move	
furthest	upstream	during	low	outflow	years.	If	the	population	migrates	into	the	lower	San	Joaquin	
River	and	the	Central	Delta,	then	the	risk	of	entrainment	at	the	CVP	and	SWP	pumping	facilities	is	
high,	and	less	if	the	migration	is	into	the	lower	Sacramento	River	and	the	Cache	Slough	complex	
(Kimmerer	and	Nobriga	2008).	

Adult	Delta	smelt	spawn	during	the	late	winter	and	early	spring,	with	most	reproduction	occurring	
in	April	through	mid‐May	(Moyle	2002).	Spawning	habitat	includes	Grizzly	Island,	the	lower	
Sacramento,	San	Joaquin,	and	Mokelumne	Rivers	and	the	northern,	western	and	southern	Delta	
(Wang	2007;	Hobbs	et	al.	2006).	Eggs	are	negatively	buoyant	and	adhesive	with	larvae	hatching	in	
about	13	days	(Wang	1986,	2007).	The	initial	distribution	of	Delta	smelt	larvae	is	similar	to	that	of	
their	parents	and	presumably	reflects	larvae	emerging	at	the	locations	where	the	eggs	were	laid.	
Upon	hatching	the	larvae	are	buoyant	for	the	first	several	days	before	becoming	semi‐buoyant,	
staying	near	the	bottom	(Mager	et	al.	2004).	Within	a	few	weeks,	larvae	develop	swim	bladders	and	
become	pelagic	utilizing	vertical	tidal	migrations	to	maintain	their	preferred	location	in	the	Delta	
(Bennett	et	al.	2002).	Dege	and	Brown	(2004)	found	that	larvae	smaller	than	20	mm	reared	several	
kilometers	upstream	of	X2.	As	larvae	grow	and	water	temperature	increases,	most	larval	and	
juvenile	distributions	shift	downstream	towards	the	LSZ	(Dege	and	Brown	2004;	Nobriga	et	al.	
2008).		

Delta	outflow	during	late	spring	and	early	summer	affects	the	distribution	of	larval	and	juvenile	
smelt	by	actively	transporting	them	seaward	toward	the	LSZ	(Dege	and	Brown	2004).	Low	outflow	
increases	Delta	smelt	residence	time	in	the	Delta,	probably	leading	to	increased	exposure	to	higher	
water	temperatures	and	increased	risk	of	entrainment	at	the	CVP	and	SWP	pumping	facilities	
(Moyle	2002).	Once	larvae	develop	into	juveniles,	they	become	capable	of	exploiting	tidal	flows	to	
move	to	new	preferred	habitat	(Bennett	et	al.	2002).	Monitoring	in	June–August	showed	that	
suitable	habitat	shifted	west	in	the	Delta	toward	the	confluence	of	the	Sacramento	and	San	Joaquin	
Rivers	and	Suisun	Bay	(Nobriga	et	al.	2008).	Preferred	juvenile	habitat	in	summer	was	defined	by	a	
combination	of	turbidity,	low	salinity	and	a	more	optimal	water	temperature.	By	fall	the	center	of	
the	distribution	of	juvenile	and	sub‐adult	Delta	smelt	is	tightly	coupled	with	X2	(Sommer	et	al.	2011)	
although	this	does	not	mean	that	all	Delta	smelt	are	confined	to	a	narrow	salinity	range	because	fish	
occur	from	freshwater	to	relatively	high	salinity	(Sommer	and	Mejia	2013).		

Larval	and	juvenile	Delta	smelt	primarily	consume	calanoid	copepods,	particularly	Eurytemora	
affinis	and	Pseudodiaptomus	forbesi	(Nobriga	2002;	Slater	and	Baxter	2014).	E.	affinis	is	abundant	
only	during	winter	and	spring	whereas	P.	forbesi	is	common	in	summer	and	fall	(Durand	2010;	
Winder	and	Jassby	2011;	Merz	et	al.	2016).	The	transition	between	the	high	abundance	of	the	two	
copepods	has	been	hypothesized	to	create	a	“food	gap”	during	spring	and	early	summer	(Bennett	
2005;	Miller	et	al.	2012).	The	analyses	of	Kimmerer	(2008)	and	Baxter	et	al.	(2015)	support	the	
hypothesis	that	Delta	smelt	abundance	and	survival	from	summer	to	fall	is	affected	by	food	
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availability	in	the	LSZ.	The	diets	of	sub‐adult	Delta	smelt	are	broader	and	include	a	higher	frequency	
of	amphipods	and	mysids	along	with	P.	forbesi	(Baxter	et	al.	2015).		

3.8.3 Population Abundance Trends Over‐Time 

The	abundance	of	larval,	juvenile	and	sub‐adult	Delta	smelt	Delta	smelt	is	measured	in	the	20‐mm	
Survey	(March–July),	the	Summer	Tow	Net	Survey	(STN)	(June–August),	Spring	Kodiak	Trawl	Index	
(January–May),	and	the	FMWT	Survey	(September–December),	respectively	(Kimmerer	et	al.	2009).	
All	four	surveys	indicate	that	the	Delta	smelt	population	has	declined	significantly	and	is	at	a	record	
low	level	(La	Luz	and	Baxter	2015).		

State	Water	Board	staff	reexamined	the	inter‐annual	trend	in	the	FMWT	index	with	data	collected	
through	2016	and	found	a	statistically	significant	decreasing	trend	(R2=0.53,	P<0.001,	two‐tailed	t‐
test)	(Figure	3.8‐1).	The	most	recent	FMWT	index	values	are	about	2	percent	of	values	measured	
around	1967.19	Present	indices	are	about	5	percent	of	values	measured	around	2000	when	D	1641	
was	implemented.	Eleven	out	of	the	last	12	years	had	the	lowest	FMWT	index	values	ever	recorded	
(Figure	3.8‐1).		

The	Delta	smelt	FMWT	index	rebounded	in	2011,	a	the	wet	year	(Figure	3.8‐1),	when	high	outflows	
occurred	throughout	the	year	(including	winter,	early	spring	and	fall)	demonstrating	that	despite	
significant	declines,	Delta	smelt	are	still	able	to	respond	positively	to	improved	environmental	
conditions.		

 
Figure 3.8‐1. Inter‐Annual Trend in the FMWT Index for Delta Smelt (1967–2016). The solid orange 
line is the least squares linear regression of the logarithm of the FMWT index against years. 
The slope of the regression differs significantly from zero (R2=0.53; P<0.001, two‐sided t‐test).  

																																																													
19	The	decrease	was	estimated	from	the	average	of	the	first	five	(1967–1971)	and	the	last	five	(2012–2016)	annual	
FMWT	index	values	to	account	for	inter	annual	variation	in	population	abundance.	Similarly,	percent	change	after	
adoption	of	1641	was	calculated	from	the	average	of	index	values	for	2000–2004	and	2012–2016.	
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Delta	smelt	was	listed	as	threatened	under	the	federal	ESA	in	1993	(58	FR	12863).	As	noted	above,	
in	2010,	USFWS	determined	that	Delta	smelt	should	be	listed	as	endangered	but	has	not	yet	
reclassified	the	species	because	of	higher	priority	listing	actions	(75	FR	17667).	Delta	smelt	was	also	
listed	as	threatened	under	CESA	in	1993	(CDFW	2016c)	and	as	endangered	in	2009	(CDFW	2016c).	
Critical	habitat	was	designated	in	1994	(59	FR	65256).	The	critical	habitat	includes	Suisun,	Grizzly,	
and	Honker	Bays,	Mallard	and	Montezuma	sloughs	and	contiguous	waters	of	the	legal	Delta	(59	FR	
65256).	

3.8.4 Flow Effects on Delta Smelt  

Much	research	has	been	devoted	to	investigating	the	factors	responsible	for	the	decline	in	Delta	
smelt	abundance	(Bennett	2005;	Kimmerer	2008;	Thomson	et	al.	2010;	Maunder	and	Deriso	2011;	
Miller	et	al.	2012).	Several	factors	have	been	implicated	in	the	decline	including	exports	(Kimmerer	
2008,	2011;	Maunder	and	Deriso	2011;	Rose	et	al.	2013),	food	(Maunder	and	Deriso	2011;	
Hammock	et	al.	2015;	Miller	et	al.	2012),	summer	water	temperature	(Mac	Nally	et	al.	2010;	
Maunder	and	Deriso	2011;	Miller	et	al.	2012;	Rose	et	al.	2013)	and	predators	(Maunder	and	Deriso	
2011;	Mac	Nally	et	al.	2010).	Emerging	evidence	also	suggests	that	spring	outflow	may	be	more	
critical	for	the	production	of	larvae	and	the	maintenance	of	the	adult	population	than	was	previously	
realized	(Baxter	et	al.	2015).	Delta	outflow	may	also	be	important	in	summer	and	fall	to	provide	
critical	habitat	for	Delta	smelt	(Feyrer	et	al.	2007;	Baxter	et	al.	2015;	CDFW	2016d).		

3.8.4.1 Winter and Spring Delta Outflow 

Historically,	Delta	smelt	had	highest	abundance	indices	at	intermediate	outflows	between	February	
and	June	and	generally	performed	more	poorly	at	both	extremely	high	and	low	outflow	(Baxter	et	al.	
2015).	This	relationship	disappeared	after	2001	(Baxter	et	al.	2015).		

Multivariate	statistical	modelling	was	used	to	explore	relationships	between	spring	and	fall	Delta	
outflow	and	juvenile	abundance	as	measured	by	the	20	mm	index.20	This	approach	is	similar	to	the	
method	used	by	Jassby	et	al.	(1995)	to	describe	the	initial	relationship	between	Delta	outflow	and	
the	abundance	of	estuarine‐dependent	species	(Baxter	et	al.	2015).	The	analyses	identified	a	
unimodal	relationship	between	X2	or	outflow	(February–June)	and	the	20	mm	index	of	larval	Delta	
smelt	after	2003.	The	Delta	outflow	abundance	relationship	became	statistically	stronger	when	the	
20	mm	index	was	standardized	by	either	the	number	of	sub‐adult	smelt	in	the	previous	year’s	
FMWT	index21	or	by	the	number	of	spawning	adults	in	the	SKT	survey22	several	months	earlier	
(Figure	3.8‐2).	The	standardization	suggests	that	both	the	number	of	available	spawners	(stock‐
recruitment	effect)	and	the	magnitude	of	spring	outflow	are	important	for	determining	larval	
abundance.	More	spawning	adults	result	in	more	larvae,	if	outflow	is	greater	during	the	spawning	
season.	The	spring	outflow	and	the	stock‐recruitment	relationships	together	explained	59	to	65	
percent	of	the	variation	in	the	20	mm	index	for	the	11	years	between	2003	and	2013	(P<0.006)	
(Baxter	et	al.	2015).	The	Baxter	et	al.	(2015)	report	recommended	that	conclusions	based	upon	the	
relationship	between	spring	outflow	and	Delta	smelt	population	abundance	be	considered	

																																																													
20	The	20	mm	survey	is	conducted	between	March	and	July	and	indexes	the	abundance	of	large	larvae	and	small	
juvenile	smelt	with	annual	indices	based	on	data	from	2	surveys	prior	and	2	surveys	after	mean	Delta	smelt	length	
reaches	20	mm.	
21	The	FMWT	survey	is	conducted	between	September	and	December	and	allows	calculation	of	an	index	of	abundance	of	
sub‐adult	smelt.		
22	The	SKT	survey	is	conducted	between	January	and	May	to	determine	the	distribution	of	adult	Delta	smelt,	and	
allows	calculation	of	an	index	of	adults	available	to	spawn.	
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preliminary	until	additional	data,	analyses	and	review	were	conducted	to	confirm	the	robustness	of	
the	results.	

	

Figure 3.8‐2. Adult (panel a, SKT) and Sub‐Adult (panel b, FMWT from previous year) to Larval (20 
mm survey) Recruitment Indices as a Function of Spring X2 (February–June) (for the 20 mm/SKT 
panel, a linear regression was calculated with and without 2013, which appears to be an outlier. 
For the 20 mm/FMWT panel, the period before the POD [1995–2002] and the 2002–2013 period 
are plotted [figure reproduced from the 2015 IEP report (Baxter et al. 2015)]).  
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3.8.4.2 Summer Outflow 

Recent	unpublished	scientific	evidence	suggests	that	Delta	smelt	abundance	in	fall	is	positively	
related	to	Delta	outflow	during	the	prior	summer.	The	science	indicates	that	when	X2	was	greater	
than	80‐km	(flows	≤7,500	cfs)	between	June	and	August,	then	the	population	experienced	a	year‐
over‐year	decrease	in	the	FMWT	index	(CDFW	2016d).	In	addition,	survival	of	Delta	smelt	in	
summer,	as	measured	by	FMWT	and	STN,23	was	a	positive	function	of	Delta	outflow	(CDFW	2016d).	
More	flow	in	July,	August	and	September	resulted	in	statistically	greater	survival	from	the	juvenile	
to	sub‐adult	stages	(Figure	3.8‐3).	Both	relationships	only	appeared	after	2002,	the	start	of	the	
pelagic	organism	decline.	Gartrell	(2016)	in	an	unpublished	report	noted	that	outflow	in	July,	August	
and	September	was	positively	correlated	with	flow	in	earlier	months,	including	spring,	when	other	
research	has	noted	a	positive	relationship	between	flow	and	recruitment	(Baxter	et	al.	2015).	The	
CDFW	(2016d)	hypothesizes	that	increased	survival	in	summer	may	result	from	an	increase	in	the	
quantity	and	quality	of	available	food,	a	decrease	in	the	magnitude	and	frequency	of	toxic	
cyanobacterial	blooms,	a	reduction	in	ambient	water	temperature	and	a	reduction	in	the	risk	of	
predation	with	an	increase	in	summer	flow.		

	

Figure 3.8‐3. Delta Smelt Survival in Fall as a Function of Monthly Mean Delta Outflow (cfs), for 
July (top left), August (top right) and September (bottom). Survival is estimated as the quotient of 
the FMWT index divided by the STN index. All three relationships are statistically significant. 
(From CDFW 2016d).  

																																																													
23	The	STN	and	FMWT	monitoring	occurs	between	June–August	and	September–December,	respectively.	
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3.8.4.3 Fall Outflow 

Feyrer	et	al.	(2007,	2011)	used	the	presence	and	distribution	of	Delta	smelt	from	the	FMWT	survey	
to	determine	the	environmental	characteristics	of	preferred	Delta	smelt	habitat	in	fall	and	used	this	
to	develop	an	abiotic	habitat	index.	The	index	quantifies	the	acreage	of	preferred	habitat	in	terms	of	
salinity	and	water	clarity.	The	analysis	found	that	if	X2	was	at	74	km	or	further	seaward	then	there	
was	about	12,000	acres	of	high	quality	habitat	located	in	Suisun	Bay	(Feyrer	et	al.	2011).	If	X2	was	
85	km	or	more	landward,	then	the	amount	of	favorable	habitat	was	about	half	as	large	and	was	
located	above	the	confluence	of	the	Sacramento	and	San	Joaquin	Rivers	(Feyrer	et	al.	2011).	
Intermediate	X2	values	had	intermediate	amounts	of	suitable	habitat	(USFWS	2008).	Historically,	
fall	X2	was	often	located	in	Suisun	Bay	in	wet	and	above	normal	water	years.	Increased	CVP	and	
SWP	exports	combined	with	declining	inflows	since	2000	in	fall	have	reduced	outflows	and	
decreased	the	abiotic	habitat	index	for	smelt	by	moving	X2	upstream	into	the	Sacramento	and	San	
Joaquin	Rivers	and	away	from	Suisun	Bay	(Baxter	et	al.	2015).	The	decrease	in	fall	outflow	and	
reduction	in	preferred	habitat	is	hypothesized	to	be	one	factor	contributing	to	the	decrease	in	Delta	
smelt	population	abundance.	Consistent	with	this	hypothesis	is	the	observation	that	the	abundance	
of	juvenile	smelt	in	summer	is	a	function	of	the	location	of	X2	during	the	previous	fall	(USFWS	
2008).	Based	on	these	observations,	the	USFWS	BiOp	requires	that	Delta	outflow	in	September	and	
October	be	managed	so	that	X2	is	no	greater	than	74	km24	and	81	km25	in	wet	and	above	normal	
water	year	types,	respectively	(Table	3.8‐1)	(USFWS	2008).	In	addition,	the	USFWS	BiOp	requires	
that	all	flow	into	CVP	and	SWP	reservoirs	in	November	during	wet	and	above	normal	water	years	be	
released	to	increase	Delta	outflow	and	move	X2	further	downstream.		

Table 3.8‐1. Delta Outflow and OMR Flows Indicated to Be Protective of Delta Smelt. Outflows are 
monthly averages [cfs]. 

	
Water	
Year	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul Aug	 Sept	 Oct	 Nov	 Dec	

Fall	X2	 AN	 	 	 	 	 	 	 	 	 7,100		 1	 	

Fall	X2	 W	 	 	 	 	 	 	 	 	 11,400	 1	 	

OMR	 All	 ‐1,250	to	‐5,0002	 	 	 	 	 	 	

Summer	 All	 	 	 	 	 	 	 X2≤80	Km3	 	 	 	
1	 Release	November	inflow	to	Sacramento	basin	CVP	and	SWP	reservoirs	to	increase	Delta	outflow.	
2	 14‐day	running	average	in	cfs.	
3	 Outflow	≥	7,500	cfs.	
	

																																																													
24	This	X2	value	is	roughly	equivalent	to	a	sustained	Delta	outflow	of	11,400	cfs.	
25	This	X2	value	is	roughly	equivalent	to	a	sustained	Delta	outflow	of	7,100	cfs.	



State Water Resources Control Board 
Scientific Knowledge to Inform Fish and 

Wildlife Flow Recommendations
 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

3‐77 
Final

 

Baxter	et	al.	2015	report	evaluated	the	effect	of	fall	X2	on	larval	Delta	smelt	abundance	as	measured	
by	the	20	mm	index.	The	analysis	found	an	inverse	relationship	between	X2	during	the	previous	fall	
and	the	abundance	of	larval	smelt	in	the	following	spring	(Figure	3.8‐4).	The	relationship	was	
statistically	significant	(P<0.001)	and	explained	48	percent	of	the	variation	in	the	20	mm	index.	The	
relationship	improved	when	the	index	was	divided	by	the	FMWT	index	value	for	the	previous	year.	
For	example,	the	previous	fall’s	X2	value	and	the	FMWT	index	together	explained	62	percent	of	the	
variation	in	the	20	mm	index	for	the	19‐year	period	between	1995	and	2013.	More	outflow	in	fall	
was	correlated	with	a	higher	20	mm	index	for	larval	Delta	smelt	the	next	year.	The	fall	X2	results	
also	support	the	importance	of	a	stock	recruitment	relationship,	more	breeding	adults	led	to	more	
offspring.		

	

 
Figure 3.8‐4. Plot of the Delta Smelt 20 mm Survey Abundance Index as a Function of the Location of 
the Previous Year’s Fall X2 (figure from Baxter et al. 2015)  
	

3.8.4.4 Interior Delta Flow 

Adult	Delta	smelt	are	vulnerable	to	entrainment	when	they	migrate	upstream	from	Suisun	Bay	and	
enter	the	Delta	to	spawn	(Baxter	et	al.	2015;	Grimaldo	et	al.	2009a).	Larval	and	juvenile	fish	are	also	
at	risk	of	entrainment	when	hatching	and	rearing	in	the	Central	Delta	or	when	moving	downstream	
to	Suisun	Bay	(USFWS	2008).	The	location	of	adult	spawning	determines	the	distribution	of	eggs	and	
larvae.	In	some	years,	a	large	fraction	of	the	adult	spawning	population	move	into	the	Sacramento	
River	and	the	north	Delta.	In	other	years,	adults	migrate	into	the	San	Joaquin	and	Mokelumne	Rivers	
and	the	central	and	south	Delta	(USFWS	2008).	The	risk	of	entrainment	for	Delta	smelt	adults	and	
larvae	is	substantially	less	when	individuals	are	located	in	the	northern	Delta	than	when	spawning	
occurs	near	the	pumps	in	the	south	and	central	Delta	(Kimmerer	and	Nobriga	2008;	USFWS	2008).		
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Pre‐spawning	adults	are	taken	in	salvage	as	they	migrate	into	the	Delta	between	December	and	
March	(Figure	3.8‐5,	USFWS	2008).	The	peak	spawning	migration	is	in	January	and	February,	
although	a	few	adults	are	salvaged	as	early	as	December	(Figure	3.8‐5).	The	cue	for	mass	upstream	
migration	appears	to	be	an	increase	in	both	outflow	and	turbidity	from	upstream	precipitation	
events	(Figure	3.8‐6;	Grimaldo	et	al.	2009a).	Flows	and	turbidity	of	at	least	20,000	to	25,000	cfs	and	
10	to	12	Nephelometric	Turbidity	Units	(NTU)	coincide	with	upstream	migration,	as	indicated	by	
peaks	in	salvage	(Figure	3.8‐6).	

Most	of	the	information	about	early	stage	larval	Delta	smelt	is	inferred	from	the	collection	of	spent	
adult	females	in	the	SKT	survey	and	larval	fish	in	the	20	mm	survey.	The	center	of	the	distribution	of	
early	stage	larval	smelt	is	downstream	of	the	location	where	spent	female	Delta	smelt	are	caught	but	
upstream	of	X2	in	spring	(Dege	and	Brown	2004).	In	addition,	a	high	percentage	of	smelt	are	now	
found	year‐round	in	freshwater	areas,	such	as	the	Cache	Slough	complex,	Sacramento	Deepwater	
Ship	Channel,	and	toe	drain	of	the	Yolo	Bypass	(Merz	et	al.	2011;	Sommer	et	al.	2011;	Sommer	and	
Mejia	2013).		

	

Figure 3.8‐5. Cumulative Proportional Adult Delta Smelt Salvage by Week for 1993 to 2006 (from 
USFWS 2008) 
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Figure 3.8‐6. Eight‐Day Running Averages of Adult Delta Smelt Salvage, Total Outflow (m3/s), Turbidity 
(NTU) for the Eight Most Abundant Delta Smelt Salvage Years between December 1992 and April 2005 
at the SWP and CVP (total Delta outflow and turbidity were standardized to a mean of zero [from 
Grimaldo et al. 2009a]) 
	

The	risk	of	entrainment	depends	on	the	location	of	larval	and	adult	Delta	Smelt	relative	to	the	export	
facilities	and	the	magnitude	of	OMR	reverse	flow	(USFWS	2008).	The	USFWS	(2008)	evaluated	adult	
salvage	by	regressing	average	OMR	between	December	and	March	against	adult	Delta	smelt	salvage	
for	1984–2007	(Figure	3.8‐7).	The	USFWS	found	that	salvage	increased	exponentially	with	
increasingly	negative	OMR	reverse	flow.	An	inflection	point	occurred	in	the	USFWS	salvage	data	
with	higher	salvage	rates	at	more	negative	OMR	flows	than	‐5,000	cfs.	An	inflection	point	at	‐5,000	
cfs	is	consistent	with	similar	increases	in	salvage	for	longfin	smelt	and	salmon	(Figures	3.5‐4	and	
3.4‐16).	The	USFWS	(2008)	used	a	piecewise	polynomial	regression	analysis	to	establish	a	break	
point	in	the	data	set	and	determined	the	reverse	flow	where	smelt	salvage	first	began	to	increase.	
The	analysis	indicated	that	this	occurred	at	about	‐1,250	cfs	suggesting	a	relatively	constant	amount	
of	entrainment	at	OMR	reverse	flows	more	positive	than	‐1,250	cfs.	The	USFWS	(2016)	determined	
in	their	species	assessment	and	listing	priority	assignment	that	entrainment	at	SWP	and	CVP	Delta	
facilities	remains	a	significant	ongoing	threat	for	the	Delta	smelt	population.	
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Figure 3.8‐7. Salvage of Adult Delta Smelt as a Function of OMR Reverse Flows for December 
through March (from USFWS 2008) 

	

The	CDFW	found	that	QWEST,	the	net	lower	San	Joaquin	River	flow	past	Jersey	Point	in	the	Delta,	is	
also	a	factor	in	controlling	entrainment.	A	positive	QWEST	flow	can	provide	net	downstream	
transport	for	organisms	in	the	San	Joaquin	River	channel	even	when	OMR	is	moderately	negative	
(Baxter	et	al.	2009).		

The	conclusions	from	analyses	of	the	salvage	data	are	consistent	with	Grimaldo	et	al.	(2009a)	and	
USFWS	PTM	results.	The	PTM	analysis	confirmed	that	the	probability	of	entrainment	was	a	function	
of	the	location	of	the	Delta	smelt	population	and	the	magnitude	of	OMR	reverse	flow	(USFWS	2008).	
Together	the	analyses	indicate	that	OMR	flows	should	be	maintained	between	‐1,250	and	‐5,000	cfs	
depending	upon	the	presence	of	Delta	smelt	and	other	physical	and	biological	factors,	including	
turbidity,	that	are	known	to	influence	entrainment	(Table	3.8‐1).	These	recommendations	are	
consistent	with	the	requirements	of	Actions	2‐3	from	the	2008	USFWS	Delta	smelt	BiOp	reasonable	
and	prudent	alternative.	

3.9 Starry Flounder (Platichthys stellatus)  

3.9.1 Overview 

Starry	flounder	is	a	native	species	that	spawns	outside	of	the	Golden	Gate	and	whose	young	are	
transported	into	brackish	freshwater	habitat	in	the	upper	estuary	on	gravitational	bottom	currents.	
Young	starry	flounder	rear	for	several	years	in	the	Delta	before	returning	to	the	ocean.	Indices	of	



State Water Resources Control Board 
Scientific Knowledge to Inform Fish and 

Wildlife Flow Recommendations
 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

3‐81 
Final

 

population	size	are	positively	correlated	with	Delta	outflow	in	spring.	An	average	Delta	outflow	of	
21,000	cfs	is	needed	between	March	and	June	to	improve	population	abundance.		

3.9.2 Life History 

Adults	are	primarily	a	marine	fish	with	a	geographic	distribution	from	Santa	Barbara,	California,	to	
the	Canadian	Arctic	(Moyle	2002;	Miller	and	Lea	1972).	Starry	flounder	are	taken	in	the	California	
commercial	and	recreational	fishery	(Wang	1986;	Haugen	1992;	Moyle	2002).	The	San	Francisco	
estuary	serves	as	rearing	habitat	for	this	benthic	species	(Moyle	2002).		

Starry	flounder	spawn	in	shallow	coastal	marine	waters	adjacent	to	sources	of	freshwater	between	
November	and	February	(Orcutt	1950).	The	pelagic	eggs	and	larvae	are	buoyant	and	are	found	
mostly	in	the	upper	water	column	(Orcutt	1950;	Wang	1986).	After	about	two	months	the	larvae	
settle	to	the	bottom	and	are	transported	by	tidal	currents	into	nearby	freshwater	and	brackish	
water,	like	San	Francisco	Bay,	between	March	and	June	(Baxter	1999).	The	juveniles	spend	the	next	
several	years	in	freshwater	and	estuarine	waters	(Haertel	and	Osterberg	1967;	Bottom	et	al.	1984;	
Wang	1986;	Baxter	1999).	Starry	flounder	are	common	in	San	Pablo	Bay	and	Suisun	Bay	and	Marsh	
and	can	be	found	upstream	of	here	in	low	flow	years	(Haertel	and	Osterberg	1967;	Bottom	et	al.	
1984;	Wang	1986).	The	abundance	and	distribution	of	starry	flounder	is	not	affected	by	entrainment	
at	the	CVP	and	SWP	exports	as	their	distribution	is	downstream	of	the	influence	of	the	two	pumping	
facilities	(Baxter	1999b).	The	distribution	of	starry	flounder	is	affected	by	temperature	with	fish	
most	often	found	at	temperatures	of	10–20°C	(Wang	1986;	Moyle	2002).		

Starry	flounder	feed	on	a	variety	of	invertebrates.	Pelagic	larvae	primarily	consume	marine	
planktonic	algae	and	small	crustaceans.	Benthic	flounder	eat	small	crustacea,	barnacle	larvae,	
polychaete	worms,	and	molluscs	(Orcutt	1950;	Wang	1986).	The	diet	in	brackish	and	marine	water	
is	similar	(Porter	1964;	Ganssle	1966;	Moyle	2002)		

3.9.3 Population Abundance and Trends Over Time 

The	population	abundance	of	young	of	the	year	and	of	1‐year‐old	starry	flounder	in	the	Bay‐Delta	
estuary	has	been	measured	by	the	San	Francisco	Bay	Study	since	1980	and	is	reported	as	an	annual	
index.	Although	there	has	been	considerable	interannual	variability,	a	statistical	trend	in	abundance	
of	1‐year‐old	starry	flounder	has	occurred	since	sampling	began	in	1980	(R2=0.22;	P<0.05)	(Figure	
3.9‐1).	There	has	been	little	or	no	additional	decline	since	implementation	of	D‐1641	in	2000.	The	
large	drop	in	population	abundance	in	2014	coincides	with	the	recent	drought.	Similar	decreases	in	
abundance	occurred	in	earlier	droughts	and	were	followed	by	a	rebound	in	the	population	in	
succeeding	years.		
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Figure 3.9‐1. Population Abundance of 1‐Year‐Old Starry Flounder as Measured in the San 
Francisco Bay Study (1980–2014). The solid orange line is the least squares linear regression of the 
logarithm of the Bay Study Otter Trawl index (incremented by 1) against years. The slope of the 
regression differs significantly from zero (R2=0.51; P<0.05, two‐sided t‐test). 

	

3.9.4 Flow Effects on Starry Flounder 

Age‐one	starry	flounder	abundance	is	positively	correlated	with	Delta	outflow	between	March	and	
June	of	the	previous	year	(CDFG	1992c;	Jassby	et	al.	1995;	Kimmerer	2002b).	A	statistically	
significant	reduction	in	the	abundance	of	starry	flounder	per	unit	outflow	occurred	after	the	
invasion	of	Potamocorbula	in	1987	(Kimmerer	2002b).	State	Water	Board	staff	reassessed	the	
relationship	with	new	data	to	determine	whether	starry	flounder	abundance	was	still	a	positive	
function	of	Delta	outflow	(Figure	3.9‐2).	The	flow‐abundance	relationship	was	estimated	following	
the	methods	of	Kimmerer	(2002b)	using	data	collected	between	1967	and	2015	(Figure	3.9‐2).	A	
single	step	change	was	included,	following	the	invasion	of	the	clam	Potamocorbula	(year>1987).	
More	outflow	in	the	previous	spring	was	associated	with	a	higher	Bay	Study	index	for	age‐one	starry	
flounder	the	following	year	(Figure	3.9‐2),	and	no	statistical	support	was	found	for	an	interaction	
between	the	slope	and	step	change.		
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Figure 3.9‐2. Correlation between the Starry Flounder Bay Study Otter Trawl Age‐1 Index (1980–
2015) and Average Daily Outflow (cfs) between March and June. The flow recruitment 
relationship is statistically significant (two sided t‐test, P<0.01; R2=0.44). The black line and points 
are for 1980–1987 while the orange line and points are for 1988–2015. Colored bands around the 
regression lines represent 95 percent confidence limits. 

	

CDFG	(2010b)	suggests	that	there	may	be	at	least	four	possible	mechanisms	to	explain	the	positive	
starry	flounder	flow	abundance	relationship.	First,	increasing	Delta	outflow	may	provide	stronger	
chemical	cues	to	aid	larvae	and	juvenile	flounder	locate	estuarine	nursery	habitat.	Second,	higher	
Delta	outflows	generate	stronger	upstream	directed	gravitational	bottom	currents	that	may	assist	
larval	immigration	into	the	Bay.	Third,	higher	flow	may	increase	the	volume	of	low	salinity	habitat	
needed	for	rearing.	Finally,	Delta	outflow	is	positively	correlated	with	the	abundance	of	the	bay	
shrimp	(Crangon	franciscorum),	another	benthic	species	that	is	an	important	food	resource	for	
young	starry	flounder	(see	Bay	shrimp	section).	

A	cumulative	frequency	distribution	was	calculated	for	average	daily	Delta	outflow	between	March	
and	June	of	1994	to	2013	to	determine	Delta	outflow	needs	of	starry	flounder	(Figure	3.9‐3).	This	
20‐year	period	was	selected	because	the	years	represent	a	period	when	the	median	annual	Bay	
Study	index	of	age‐1	starry	flounder	(280)	was	close	to	the	population	abundance	goal	in	the	2010	
Flow	Criteria	Report	of	293.	The	median	outflow	during	the	20‐year	period	was	21,000	cfs	(Table	
3.9‐1).		
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Figure 3.9‐3. Cumulative Frequency Distribution of Monthly Average Daily Delta Outflow for 
March through June (1994–2013). The dotted line is the average daily outflow of 21,000 cfs that 
occurred in half of all years. 

	

Table 3.9‐1. Delta Outflow Indicated to Be Protective of Starry Flounder. Outflows are monthly 
averages [cfs]. 

	

Months	

Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	 Oct	 Nov	 Dec	

Starry	Flounder	 	 	 21,000	 	 	 	 	 	 	
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3.10 California Bay Shrimp (Crangon franciscorum) 

3.10.1 Overview  

The	California	bay	shrimp	is	a	native	species.	Planktonic	larvae	hatch	from	eggs	released	in	San	
Francisco	Bay	or	offshore	and	are	carried	into	the	Delta	on	bottom	gravitational	currents.	Crangon	is	
important	in	the	diet	of	several	recreationally	important	fish	species	in	the	San	Francisco	estuary.	A	
positive	correlation	exists	between	indices	of	population	abundance	of	less	than	1‐year‐old	shrimp	
and	Delta	outflow	in	spring.	An	average	Delta	outflow	between	March	and	May	of	19,000	to	26,000	
cfs	is	needed	to	improve	shrimp	population	abundance.		

3.10.2 Life History 

There	are	three	common	native	species	of	Crangon	shrimp	in	the	Bay‐Delta	estuary‐‐Crangon	
franciscorum,	C.	nigricauda,	and	C.	nigromaculata	(Heib	1999).	This	report	refers	to	C.	franciscorum.	
The	California	bay	shrimp	is	widely	distributed	along	the	Pacific	Coast	of	North	America	from	San	
Diego	to	Southeastern	Alaska	(Rathbun	1904;	Hieb	1999).	The	shrimp	is	primarily	an	estuarine	
species,	common	in	bays	on	mud	and	sand	bottoms	and	also	found	in	nearshore	coastal	waters	
(Schmitt	1921).	

California	bay	shrimp	have	been	fished	commercially	in	San	Francisco	Bay	since	the	1860s.	
Historically,	fresh	shrimp	were	eaten	locally	and	dried	shrimp	were	exported	to	Asia	(Siegfried	
1989).	The	annual	San	Francisco	Bay	catch	exceeded	720	tons	per	year	in	the	1920s	and	1930s,	but	
the	fishery	gradually	evolved	into	supplying	bait	for	recreational	fishermen	and	landings	decreased	
to	about	32	tons	per	year	between	2000	and	2008	(CDFG	1987;	Siegfried	1989;	Reilly	et	al.	2001).	
Six	and	one	half	tons	were	taken	in	San	Francisco	Bay	in	2015	(California	Commercial	Landings).	

Crangon	spp.	are	a	major	component	in	the	aquatic	food	web	of	West	Coast	estuaries	(Siegfried	
1989).	In	the	Bay‐Delta,	the	shrimp	has	been	reported	in	the	diet	of	juvenile	and	adult	striped	bass,	
starry	flounder,	white	and	green	sturgeon,	American	shad,	white	catfish,	Pacific	tomcod,	brown	
smooth‐hound,	and	staghorn	sculpin	(Johnson	and	Calhoun	1952;	Heubach	et	al.	1963;	Ganssle	
1966;	McKechnie	and	Fenner	1971;	Reilly	et	al.	2001).	A	change	in	shrimp	abundance	could	have	a	
significant	“bottom	up”	effect	on	population	size	of	important	commercial	and	recreational	fish	in	
the	estuary.	

Female	California	bay	shrimp	are	reproductively	active	throughout	much	of	the	year	(Krygier	and	
Horton	1975).	Bay	shrimp	mature	in	1	year	and	may	live	for	up	to	2	years	(Hatfield	1985).	Females	
hatch	multiple	broods	during	the	breeding	season	(Siegfried	et	al.	1989)	with	larval	abundance	
peaking	in	winter	and	early	spring	in	California	(CDFG	1987).	Larval	development	is	believed	to	
require	30–40	days	(Hatfield	1985).	Early	stage	larvae	are	found	in	near	surface	water	while	later	
stages	are	located	closer	to	the	bottom	(Siegfried	1989).	The	bottom	orientation	of	late	larval	stages	
may	facilitate	passive	onshore	and	estuarine	migration	to	the	LSZ	in	bottom	gravitational	currents	
(Hatfield	1985).	Upstream	migration	primarily	occurs	between	April	and	June	(CDFG	2010b).	
Juveniles	seek	shallow	brackish	to	freshwater	nursery	habitats,	remaining	there	for	up	to	six	months	
before	commencing	a	slow	migration	back	down	the	estuary	(Hatfield	1985).	Small	juvenile	shrimp	
are	common	in	San	Pablo	and	Suisun	Bay	during	years	with	high	Delta	outflow	(CDFG	1992c;	Hieb	
1999)	while	the	population	shifts	further	upstream	to	Honker	Bay	and	the	confluence	of	the	
Sacramento	and	San	Joaquin	Rivers	during	low	flow	years.	In	fall,	adults	migrate	back	down	the	
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estuary	to	repeat	the	cycle	(Hatfield	1985).	The	larvae	are	located	too	far	west	in	the	estuary	for	
significant	entrainment	to	occur	at	the	CVP	and	SWP	pumping	facilities.	

Larval	shrimp	prey	on	small	zooplankton,	such	as	copepods	(Reilly	et	al.	2001)	and	have	been	
maintained	in	the	laboratory	on	a	diet	of	Artemia	nauplii	(Siegfried	1989).	Juvenile	and	adult	Bay	
shrimp	are	predators	(Siegfried	1982;	Wahle	1985).	In	San	Francisco	Bay	Crangon	feed	on	
crustaceans,	polychaetes,	molluscs,	and	plant	matter	(Wahle	1985).	In	the	Delta	the	most	important	
food	resource	for	bay	shrimp	in	the	past	was	the	mysid	shrimp,	Neomysis	mercedis	(Siegfried1982)	
but	the	diet	may	have	changed	since	the	invasion	of	Potamocorbula	and	the	decline	in	Neomysis	
abundance	(Kimmerer	2002b;	Hennessy	2009).	Recently,	Pseudodiaptomus	forbesi	has	been	
observed	in	the	guts	of	bay	shrimp	(Wahle	1985).		

3.10.3 Population Abundance Trends Over‐Time 

The	population	abundance	of	juvenile	bay	shrimp	in	the	Bay‐Delta	estuary	has	been	measured	by	
the	San	Francisco	Bay	otter	trawl	survey	since	1980.	Abundance	estimates	between	May	and	
October	are	reported	as	an	annual	index.	Trend	analysis	demonstrates	inter‐annual	variation	in	
abundance	but	no	long	term	change	in	population	size	(Figure	3.10‐1).	There	has	also	not	been	a	
change	in	abundance	since	implementation	of	D‐1641	in	2000.		

 
Figure 3.10‐1. Index of Juvenile Crangon franciscorum Abundance as Measured in the 
San Francisco Bay Otter Trawl Survey (1980–2015). The orange line is an estimate of the trend in 
population abundance over time; the slope of the regression does not differ significantly from 
zero (two sided t‐test, P>0.05). 
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3.10.4 Flow Effects on Bay Shrimp  

A	positive	correlation	has	been	reported	between	abundance	of	1‐year‐old	bay	shrimp	and	Delta	
outflow	from	March	to	May	(Hatfield	1985;	CDFG	1992c;	Jassby	et	al.	1995;	Kimmerer	2002b;	Hieb	
2008;	Kimmerer	et	al.	2009).	The	flow	abundance	relationship	did	not	change	with	the	invasion	of	
Potamocorbula	(Kimmerer	2002b).		

State	Water	Board	staff	reassessed	the	March	to	May	Delta	outflow	relationship	with	data	collected	
through	2014	(Figure	3.10‐2).	The	relationship	is	still	significant	(P<0.001,	R2=0.49).	More	Delta	
outflow	is	correlated	with	higher	Bay	Study	index	values	for	juvenile	bay	shrimp.		

 
Figure 3.10‐2. Relationship between Juvenile Bay Shrimp Abundance, as Measured by the San 
Francisco Bay Otter Trawl Survey (1980–2013), and Average Daily Outflow (cfs) between March 
and May of the Same Year. The flow‐abundance relationship is significant (P<0.001, R2=0.49). The 
dotted line indicates that a flow of 21,000 cfs is predicted to produce the recommended 
population abundance goal. The colored band around the regression line is the 95 percent 
confidence limits. 

	

Mechanisms	explaining	why	increased	outflow	may	increase	population	abundance	are	that	outflow	
increases	gravitational	bottom	currents	and	passive	transport	of	juvenile	bay	shrimp	from	marine	to	
brackish	water	in	the	Delta	(Siegfried	et	al.	1979;	Moyle	2002;	Kimmerer	et	al.	2009).	A	second	
mechanism	is	that	the	size	of	brackish	nursery	habitat	favored	by	juvenile	bay	shrimp	increases	with	
increasing	flow	(CDFG	2010b;	Reilly	et	al.	2001).	The	increase	in	habitat	size	may	reduce	intra‐	and	
inter‐specific	competition	for	food	and	other	resources.		
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3.10.4.1 Delta Outflow 

Three	methods	were	used	to	determine	a	flow	that	would	benefit	bay	shrimp.	First,	a	regression	of	
flow	and	abundance	was	used	to	predict	the	outflow	associated	with	the	recommended	2010	Flow	
Criteria	Report	abundance	goal.	The	regression	predicted	that	an	average	outflow	of	21,000‐cfs	
between	March	and	May	would	achieve	the	goal	(Figure	3.10‐2).	Second,	a	cumulative	frequency	
distribution	was	calculated	for	the	average	daily	outflow	between	March	and	May	of	1980	to	201326.	
The	median	flow	was	20,000	cfs	(Figure	3.10‐3).		

 
Figure 3.10‐3. Cumulative Frequency Distribution of Average Daily Outflow for March to May 
(1980–2013). The dotted line is the average daily outflow of 20,000 cfs that occurred in half of the 
years. 

	

Third,	logistic	regression	analysis	predicted	that	25,000	cfs	is	associated	with	positive	population	
growth	in	50	percent	of	years	using	Bay	Study	data	for	1980–2013	(Figure	3.10‐4).	The	estimate	is	
similar	to	that	of	TBI/NRDC	(2010a),	who	employed	the	same	approach	for	data	from	1980–
2007and	estimated	positive	growth	would	occur	in	50	percent	of	years	at	27,600	cfs	(State	Water	
Board	2010).	

In	summary,	the	three	analytical	methods	provide	an	indication	of	the	magnitude	of	Delta	outflow	
needed	to	maintain	the	present	population	size	of	C.	franciscorum	in	the	Bay‐Delta	estuary	(Table	
3.10‐1).	The	methods	indicate	that	a	median	outflow	of	20,000	to	25,000	cfs	between	March	and	
May	should	be	sufficient	to	maintain	the	present	population	size	(Table	3.10‐1).		

																																																													
26	These	years	were	selected	for	analysis	as	the	median	value	for	the	34‐year	period	(110)	is	near	the	2010	Flow	
Criteria	goal	of	103.		
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Figure 3.10‐4. Probability of Juvenile Bay Shrimp Population Growth as a Function of Delta 
Outflow from a Logistic Regression Analysis (P<0.01). The dotted line indicates that an average 
daily outflow of 25,000 cfs between March and May is associated with a 50 percent probability of 
population growth. The band around the line is the 95 percent confidence limit.  

	

Table 3.10‐1. Delta Outflows Indicated to Be Protective of Bay Shrimp. Outflows are monthly averages 
[cfs]. 

	 Months	

Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	 Oct	 Nov	 Dec	

Bay	shrimp	 	 	 20,000	to	25,000	 	 	 	 	 	 	 	

	

3.11 Zooplankton (Neomysis mercedis and Eurytemora 
affinis) 

3.11.1 Overview 

Zooplankton	are	an	important	food	resource	for	juvenile	fish	and	for	small,	pelagic	adult	fish,	such	as	
Delta	smelt	and	longfin	smelt.	Two	upper	estuary	zooplankton	species	that	have	exhibited	flow‐
abundance	relationships	are	the	mysid	Neomysis	mercedis	and	the	calanoid	copepod	Eurytemora	
affinis.	The	population	size	of	both	species	has	declined	since	the	invasion	of	the	overbite	clam,	
Potamocorbula.	Both	species	have	been	replaced	by	a	group	of	alien	copepod	taxa	from	East	Asia	
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that	may	not	be	as	available	to	planktivorous	fish.	The	CDFW	recommends	a	Delta	outflow	of	11,400	
to	29,200	cfs	between	February	and	June	for	the	benefit	of	the	zooplankton	community.		

3.11.2 Life History 

Zooplankton	is	a	general	term	for	small,	planktonic	invertebrates	that	constitute	an	essential	food	
resource	for	fish,	especially	young	fish	and	all	stages	of	pelagic	fishes	that	mature	at	a	small	size,	
such	as	longfin	and	Delta	smelt	(CDFG	1987;	Kimmerer	et	al.	1998;	Bennett	et	al.	2002;	Bennett	
2005).	Two	upper	estuary	zooplankton	species	that	have	exhibited	flow‐abundance	relationships	in	
the	past	and	are	important	food	resources	for	pelagic	fish	are	N.	mercedis	and	E.	affinis	(Jassby	et	al.	
1995;	Kimmerer	2002).	Pseudodiaptomus	forbesi	is	an	introduced	copepod	that	has	recently	become	
an	important	food	resource	for	planktivorous	fish	species.	

3.11.2.1 Neomysis mercedis 

The	mysid	shrimp,	N.	mercedis,	is	euryhaline	and	in	California	has	been	found	in	salinities	from	0.5	
to	32.0	ppt	(Orsi	and	Knutson	1979)	but	is	most	abundant	in	the	LSZ	(Orsi	and	Mecum	1996).	The	
mysid	shrimp	has	an	upper	thermal	limit	of	220C	in	San	Francisco	Bay	(Orsi	and	Knutson	1979)	with	
reproduction	occurring	year‐round	(Durand	2015).	N.	mercedis	is	omnivorous	and	feeds	on	diatoms,	
copepods,	and	rotifers	(Siegfried	and	Kopache	1980).		

The	range	of	N.	mercedis	is	from	Alaska	to	San	Francisco	Bay	(Orsi	and	Knutson	1979).	The	shrimp	is	
found	throughout	the	Delta	and	San	Francisco	Bay	but	is	most	abundant	in	the	LSZ	in	Suisun	Bay	
(Orsi	and	Knutson	1979;	Hennessy	2009;	Hennessy	and	Enderlein	2013;	Durand	2015).	E.	affinis	is	a	
major	prey	item	of	N.	mercedis	(Orsi	and	Mecum	1996).	

3.11.2.2 Eurytemora affinis 

In	the	San	Francisco	Bay	estuary	the	calanoid	copepod,	E.	affinis,	has	been	observed	from	the	LSZ	to	
freshwater	in	the	Sacramento	and	San	Joaquin	Rivers	(Orsi	and	Mecum	1996;	Durand	2010).	The	
copepod	is	omnivorous	and	feeds	on	diatoms,	particulate	organic	matter,	detritus,	
nanophytoplankton,	protozoa,	microplankton,	and	ciliates	(Siegfried	and	Kopache	1980;	Durand	
2015;	Kimmerer	2002).	

E.	affinis	can	live	for	up	to	73	days	with	females	producing	several	clutches	of	up	to	18	eggs	during	
its	lifetime	(Durand	2010;	Kipp	2013).	In	the	Delta,	egg	production	is	highest	in	the	spring	at	
locations	with	salinities	from	0.5–2.0	ppt	(Durand	2010).	E.	affinis	is	an	important	food	for	most	
small	fishes,	particularly	those	with	winter	and	early	spring	larvae,	such	as	longfin	smelt,	Delta	
smelt,	and	striped	bass	(Lott	1998;	Bennett	2005;	Nobriga	2002;	Moyle	et	al.	1992;	Slater	and	Baxter	
2014).	

3.11.3 Population Abundance and Trends Over Time  

3.11.3.1 Neomysis mercedis 

Mean	spring	and	summer	abundance	of	N.	mercedis	was	high	prior	to	1988	but	has	now	declined	to	
low	levels	in	all	seasons,	with	a	50‐fold	decline	in	summer	(Kimmerer	2002b;	Orsi	and	Mecum	1996;	
Hennessy	2009;	CDFG	2010b).	Annual	abundance	now	peaks	between	May	and	July	(Orsi	and	
Mecum	1996).	The	decline	may	be	due	to	competition	between	juvenile	mysids	and	the	invasive	
clam,	Potamocorbula,	for	diatom	food	(Orsi	and	Mecum	1996;	Winder	et	al.	2011;	Hennessy	and	
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Enderlein	2013;	Durand	2015).	The	mysid	shrimp	was	an	important	food	resource	for	many	fish	in	
the	upper	estuary	prior	to	its	decline	in	the	late	1980s	(Feyrer	et	al.	2003;	Bennet	2005).	

3.11.3.2 Eurytemora affinis 

The	calanoid	copepod	E.	affinis	used	to	be	abundant	in	the	San	Francisco	Bay	year‐round	but	
currently	is	moderately	abundant	in	winter	and	spring	and	rare	in	summer	and	fall	(Durand	2010,	
2015;	Merz	et	al.	2016).	The	abundance	of	E.	affinis	began	to	decline	in	the	1970’s	but	exhibited	a	
steep	decrease	in	spring	and	summer	after	1987,	coincident	with	the	invasion	and	establishment	of	
Potamocorbula	and	another	invasive	calanoid	copepod	P.	forbesi	(Kimmerer	and	Orsi	1996;	Orsi	and	
Mecum	1996;	Bennett	2005;	Winder	and	Jassby	2011;	Hennessy	and	Enderlein	2013).	The	decline	in	
copepod	abundance	after	1987	may	have	been	due	to	both	competition	for	food	with	and	predation	
by	Potamocorbula	(Kimmerer	2006).	Zooplankton	compete	with	benthic	filterfeeders	for	
phytoplankton	(Winder	and	Jassby	2011)	and	the	naupliar	larval	stage	of	E.	affinis	is	ingested	by	
Potamocorbula	(Kimmerer	et	al.	1994).	Grazing	rates	by	Potamocorbula	are	low	in	winter	and	spring	
but	increase	in	summer	and	fall	and	may,	in	part,	explain	the	seasonal	abundance	pattern	of	E.	affinis	
(Durand	2010;	Hennessy	and	Enderlein	2013).	The	effects	of	contaminants	may	have	also	played	a	
role	in	the	decline	(Kimmerer	2004;	Teh	et	al.	2013).	

3.11.4 Flow Effects on Zooplankton 

3.11.4.1 Neomysis mercedis 

Prior	to	1987	the	abundance	of	N.	mercedis	in	summer	increased	as	X2	moved	downstream	with	
higher	Delta	outflow	(Kimmerer	2002b;	Jassby	et	al.	1995;	Orsi	and	Mecum	1996).	After	1987	there	
was	an	inverse	relationship:	abundance	showed	a	positive	relationship	with	X2,	low	Delta	outflows	
correlated	with	higher	numbers	of	mysid	shrimp	(Kimmerer	2002b).		

The	abundance	of	adult	and	juvenile	N.	mercedis	as	a	function	of	Delta	outflow	was	reassessed	using	
abundance	data	for	the	entrapment	zone	(Hennessy,	A.	and	Z.	Burris	2017).	The	entrapment	zone	
was	defined	as	a	water	mass	moving	up	and	down	estuary	with	a	bottom	salinity	between	1	and	3	
ppt.	Preliminary	conclusions	are	that	abundance	increases	as	a	function	of	mean	daily	outflow	
between	March	and	May	(R2=0.32;	P<0.001).	These	months	were	selected	as	the	mysid	is	most	
abundant	then.		

3.11.4.2 Eurytemora affinis 

Historically,	E.	affinis	abundance	in	summer	was	not	correlated	with	X2	(Kimmerer	2002b).	After	
1987,	E.	affinis	abundance	in	spring	became	positively	related	to	Delta	outflow;	higher	abundances	
were	associated	with	more	outflow	(Kimmerer	2002b).		

The	flow	abundance	relationship	was	reassessed	for	E.	affinis	with	data	collected	between	1994	and	
2015	(Hennessy,	A.	and	Z.	Burris	2017).	Like	for	N.	mercedis,	the	analysis	used	data	for	the	
entrapment	zone.	The	preliminary	analysis	demonstrated	that	mean	CPUE	increased	with	Delta	
outflows	greater	than	about	30,000	cfs	between	March	and	June	(R2=0.58;	P<0.001)	(Figure	3.11‐1).		

The	CDFW	provided	a	combined	Delta	outflow	recommendation	for	E.	affinis	and	N.	mercedis	at	the	
2010	Informational	Proceeding	(State	Water	Board	2010)	and	recommended	maintaining	X2	
between	75	and	64	km,	corresponding	to	a	net	Delta	outflow	of	approximately	11,400	and	29,200	
cfs,	respectively,	between	February	and	June	(Table	3.11‐1).		
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Figure 3.11‐1. Mean Abundance (CPUE) in the Entrapment Zone as a Function of Delta Outflow 
(cfs) for E. affinis Adults and Eurytemora spp. Juveniles from March through June (1994 to 2015) 
(from Hennessy and Burris 2017) 

	

Table 3.11‐1. Delta Outflow Indicated to Be Protective of Zooplankton Species. Delta outflows are 
monthly averages (cfs) 

	 Months	

Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	 Oct	 Nov	 Dec	

Zooplankton	 	 11,400	to	29,200	 	 	 	 	 	 	

	

3.11.4.3 Nonnative Zooplankton 

Reduced	flows	because	of	the	extended	drought	between	1987and	1994	and	changes	in	benthic	and	
zooplankton	community	composition	have	contributed	to	the	decline	of	common	zooplankton	
species	and	facilitated	the	invasion	of	nonnative	copepod	and	mysid	shrimp	species	(Orsi	and	
Ohtsuka	1999;	Winder	and	Jassby	2011;	Kratina	et	al.	2014).	Currently,	the	Bay‐Delta	zooplankton	
community	is	dominated	by	invasive	copepod	species	from	East	Asia	which	may	be	more	difficult	to	
catch	and	therefore	less	available	than	native	copepods	to	planktivorous	fish	such	as	Delta	and	
longfin	smelt	(Winder	and	Jassby	2011).	An	exception	is	Pseudodiaptomus	forbesi	which	is	an	
important	component	in	the	diet	of	longfin	smelt,	Delta	smelt,	and	other	planktivorus	fish.		
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Pseudodiaptomus forbesi 

P.	forbesi	is	an	introduced	calanoid	copepod	that	was	first	observed	in	the	Bay‐Delta	estuary	in	1987	
(Orsi	and	Walter	1991).	The	copepod	is	stenohaline	and	distributed	from	freshwater	to	about	7	ppt	
(Orsi	and	Walter	1991;	Durand	2010).	This	corresponds	to	a	range	between	about	Rio	Vista	on	the	
Sacramento	River	and	Stockton	on	the	San	Joaquin	River	to	as	far	west	as	Suisun	Bay.	P.	forbesi	is	a	
selective	filter	feeder	consuming	primarily	diatoms	(Durand	2010;	Winder	and	Jassby	2011).		

P.	forbesi	has	become	an	important	component	of	the	zooplankton	community	in	the	Bay‐Delta	
estuary.	Population	levels	increased	rapidly	after	the	copepod’s	introduction	and	it	now	represents	
about	a	third	of	the	total	zooplankton	biomass	in	the	Delta	(Winder	and	Jassby	2011).	The	
abundance	of	the	most	common	copepods	change	seasonally	in	the	Delta	(Winder	and	Jassby	2011).	
P.	forbesi	is	most	common	in	summer	and	fall	(Durand	2010)	when	it	comprises	over	half	the	diet	of	
Delta	smelt,	longfin	smelt	and	other	zooplankton	consuming	fish	(Hobbs	et	al.	2006;	Bryant	and	
Arnold	2007;	Slater	and	Baxter	2014).		

Hennessy	and	Burris	also	assessed	the	relationship	between	mean	abundance	of	P.	forbesi	and	delta	
outflow	(Figure	3.11‐2).	In	the	preliminary	analysis,	the	authors	found	a	positive	relationship	
between	abundance	in	Suisun	Bay	and	Delta	outflow	between	June	and	September	(R2=0.39,	
P<0.001).	Monthly	outflows	greater	than	about	5,000	cfs	resulted	in	increasing	abundance	of	P.	
forbesi.		

	

Figure 3.11‐2. Mean Suisun Bay Abundance (CPUE) as a Function of Delta Outflow (cfs) for Adult P. 
forbesi and Juvenile Pseudodiaptomus spp. from June to September (1989 to 2015) (from 
Hennessy and Burris 2017)  
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3.12 Nonnative Fish Species 
American	shad	and	striped	bass	are	popular	nonnative	sport	fish.	Both	species	exhibit	positive	flow‐
abundance	relationships	in	the	Bay‐Delta	estuary.	More	Delta	outflow	in	spring	results	in	more	
juvenile	recruitment	for	both	species.		

American	shad	(Alosa	sapidissima)	was	introduced	to	the	Pacific	West	Coast	from	the	Atlantic	
seaboard	between	1871	and	1881	(MacKenzie	et	al.	1985;	Skinner	1962).	American	shad	historically	
supported	a	large	commercial	gill	net	fishery	in	California	but	this	was	banned	in	1957	in	favor	of	a	
rapidly	developing	recreational	fishery	(Moyle	2002;	Dill	and	Cordone	1997).	Shad	are	now	a	popular	
sport	fish	in	the	Central	Valley,	especially	on	the	Sacramento,	Feather	and	American	Rivers	(Titus	et	al.	
2012).		

Three‐	to	5‐year‐old	American	shad	return	from	the	ocean	and	migrate	into	freshwater	between	
March	and	May	to	spawn	(Stevens	et	al.	1987).	The	peak	of	the	spawning	migration	occurs	in	May	
with	adults	reproducing	from	May	through	early	July	in	large	river	channels	(Urquhart	1987;	
Stevens	et	al.	1987).	The	FMWT	index	for	American	shad	is	positively	correlated	with	Delta	outflow	
during	the	previous	February	to	May	spawning	season	(Kimmerer	2002b;	Kimmerer	et	al.	2009).	
The	slope	of	the	flow	abundance	relationship	has	remained	positive	since	FMWT	sampling	began	in	
1967,	although	recruitment	of	juvenile	shad	in	fall	has	increased	for	any	given	spring	Delta	outflow	
value	(intercept	of	the	regression	line)	since	the	Potamocorbula	invasion	(Kimmerer	2002b;	
Kimmerer	et	al.	2009).		

Striped	bass	(Morone	saxatilis)	was	first	introduced	to	the	Bay‐Delta	estuary	in	1879	and	within	10	
years	had	increased	in	abundance	sufficiently	to	support	a	commercial	fishery	(Herbold	et	al.	1992).	
Commercial	fishing	for	striped	bass	was	banned	in	1935	but	the	species	has	continued	to	support	the	
most	important	recreational	fishery	in	the	Bay‐Delta	estuary	(Titus	et	al.	2012;	Moyle	2002).	Adult	
bass	migrate	to	brackish	or	marine	water	in	summer	and	return	to	freshwater	in	fall	and	winter	to	
spawn.	Spawning	begins	on	the	Sacramento	River	above	the	confluence	of	the	Feather	River	in	April	
with	peak	spawning	activity	in	May	and	early	June.	Eggs	are	semi	buoyant	and	require	flow	to	keep	
them	suspended	and	carry	them	and	newly	hatched	larvae	downstream	to	low	salinity	rearing	habitat	
in	the	Delta	and	Suisun	Bay	(Moyle	2002).		

There	is	a	positive	correlation	between	the	survival	of	striped	bass	eggs	through	their	first	summer	
and	Delta	outflow	between	April	and	June	(Kimmerer	2002b;	Kimmerer	et	al.	2009).	Population	
abundance	indices	from	the	TNS,	FMWT,	Bay	midwater	trawl	and	otter	trawl	indices	are	also	
positively	correlated	with	Delta	outflow	in	spring	(Kimmerer	et	al.	2009).	In	each	case	higher	Delta	
outflows	in	spring	result	in	larger	index	values.	The	size	of	the	striped	bass	population	has	
undergone	a	long‐term	decline	since	the	1970s	and	is	one	of	the	four	pelagic	species	that	underwent	
a	further	decrease	in	population	size	around	2000	(Herbold	et	al.	1992;	Sommer	et	al.	2007).	

An	increase	in	Delta	outflow	in	spring	is	predicted	to	increase	the	population	abundance	of	striped	
bass	and	American	shad,	two	important	sport	fish	in	the	Bay‐Delta	estuary.	
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3.13 Conclusion 
The	species	evaluations	indicate	that	multiple	aquatic	species	in	the	Bay‐Delta	estuary	are	in	crisis.	
Recovery	of	native	species	will	require	both	habitat	restoration	and	increased	flow	in	Central	Valley	
tributaries	and	the	Delta.	Successful	recovery	of	native	species	is	not	possible	without	parallel	
investment	in	both	efforts.	The	focus	of	analysis	here	has	been	to	determine	the	magnitude	and	
timing	of	flow	needed	to	restore	salmonids	and	the	estuarine‐dependent	fish	and	invertebrate	
community.	The	State	Water	Board	will	address	the	need	for	non‐flow	measures	to	protect	fish	and	
wildlife	beneficial	uses	in	the	program	of	implementation	for	the	revised	Bay‐Delta	Plan.		

Indices	of	population	abundance	for	all	of	the	estuarine	species	are	at	all‐time	low	levels,	except	for	
bay	shrimp	(Table	3.13‐1;	Figure	3.13‐1).	The	population	abundance	of	Sacramento	splittail,	Delta	
smelt,	and	longfin	smelt	have	declined	by	98,	98,	and	99	percent	since	sampling	began	in	1967.	The	
three	native	species	have	continued	to	decline	since	implementation	of	D‐1641	in	2000	(Table	3.13‐
1).	Several	of	these	species	are	protected	under	the	federal	ESA	and	CESA	(Table	3.13‐1).	The	
population	abundance	of	the	California	bay	shrimp	is	an	exception	and	has	remained	near	its	long‐
term	median	abundance	since	monitoring	began	in	1980.		

Table 3.13‐1. Estuarine‐Dependent Species Listed under the California (CESA) and Federal 
Endangered Species (ESA) Acts and Changes in Indices of Their Population Abundance in the 
San Francisco Estuary 

Species	

Listing	 Statistically	
Significant	Long	
Term	Decline	Since	
Sampling	Began?	

Continued	
Decline	Since	
Adoption	of		
D‐1641	in	2000?	

Present	
Abundance3	CESA	

Federal	
ESA	

Starry	flounder	 	 	 Yes1	 No	 Lowest	on	
record	

Sacramento	
splittail	

Species	of	
concern	

	 Yes2		
(‐97%)4	

No		
(‐91%)	

Lowest	on	
record	

Longfin	smelt	 Threatened	 Candidate	 Yes2	
(‐99%)	

Yes	
(‐95%)	

Lowest	on	
record	

Delta	smelt	 Endangered	 Threatened	 Yes2		
(‐98%)	

Yes		
(‐95%)	

Lowest	on	
record	

Bay	shrimp	 	 	 No1	 No	 Near	median	
value	

1	 San	Francisco	Bay	study	(1980–present).	
2	 Fall	mid	water	trawl	Index	(1967–present).	
3	 2014/2015.	
4	 The	percent	decrease	was	estimated	from	the	average	of	the	first	3	and	last	3	years	of	index	values	to	
account	for	inter‐annual	variability.	
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Figure 3.13‐1. Trends Over Time in Indices of Abundance for Native Fish and Invertebrate Species 
from the San Francisco Estuary 

	

Population	abundance	increases	for	all	the	native	estuarine	species	and	nonnative	American	shad	
and	striped	bass	with	increasing	Delta	outflow	in	winter	and	spring.	The	slope	of	the	flow‐
abundance	relationship	has	changed	for	some	species	during	the	last	half	century	of	monitoring	but	
has	always	remained	positive.	More	Delta	outflow	in	winter	and	spring	has	consistently	been	
associated	with	a	higher	abundance	of	fish	in	fall.	The	relationship	demonstrates	that	one	option	for	
increasing	population	abundance	of	these	species	is	to	increase	Delta	outflow	in	winter	and	spring.		

Population	abundance	goals	were	previously	identified	in	the	Delta	Flow	Criteria	Report	for	
restoring	some	estuarine	species.	The	species	evaluations	contain	an	analysis	of	the	Delta	outflow	
needed	to	achieve	these	restoration	goals	and/or	a	50	percent	probability	of	positive	population	
growth.	These	flows	are	summarized	in	Table	3.13‐2.	When	possible,	multiple	methods	were	used	to	
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estimate	flows	predicted	to	increase	the	population	size	of	each	species	and	this	has	resulted	in	a	
range	of	Delta	outflows	for	some	taxa.	The	range	emphasizes	that	there	is	no	single	“correct”	outflow	
for	any	species.	Likewise,	other	restoration	goals	may	be	proposed	in	the	future	and	similar	
analytical	methods	may	be	used	to	estimate	the	new	flows	predicted	to	achieve	these	goals.	
Nonetheless,	the	present	analyses	provide	an	estimate	of	the	range	of	flows	that	are	expected	to	
benefit	each	species.	Together,	the	flows	in	Table	3.13‐2	provide	an	indication	of	the	magnitude,	
duration,	and	seasonality	of	flow	that	may	be	required	to	support	a	healthy	aquatic	estuarine	
community.	

The	analyses	indicate	that	multiple	species	benefit	from	a	similar	magnitude	and	timing	of	Delta	
outflow	(Table	3.13‐2).	For	example,	flow	from	January	through	June	for	longfin	smelt	will	also	meet	
the	flows	predicted	to	support	the	populations	of	starry	flounder,	California	bay	shrimp,	Sacramento	
splittail	and	zooplankton	during	the	same	months.	Sturgeon	need	higher	flows	after	June	than	do	
longfin	smelt.	The	flows	predicted	to	benefit	Sacramento	splittail	might	be	reduced	if	the	Yolo	
Bypass	was	able	to	be	flooded	at	a	lower	Sacramento	River	flow.	The	long	life	and	high	fecundity	
rate	of	sturgeon	make	this	species	less	dependent	on	frequent	high	Delta	outflow	than	other	species,	
although	the	population	does	not	appear	stable	and	exhibits	progressively	diminished	recruitment	
in	recent	wet	years.	Spring	recruitment	of	Delta	smelt	in	the	20	mm	index	increases	if	X2	was	
located	in	the	previous	fall	in	the	LSZ	(Figure	3.8‐2).	The	USFWS	(2008)	BiOp	requires	that	the	
location	of	X2	in	September	and	October	of	wet	and	above	normal	water	years	be	further	west	than	
74	and	81	km27,	respectively	(Table	3.13‐2).	In	addition,	recent	scientific	findings	suggest	that	the	
abundance	of	Delta	smelt	in	fall	is	positively	related	to	Delta	outflow	in	summer,	more	flow	in	July,	
August	and	September	results	in	greater	survival	in	summer	(Table	3.13‐2).	

The	timing	of	the	biological	mechanisms	that	may	account	for	the	statistically	significant	
relationships	between	Delta	outflow	and	the	population	abundance	of	estuarine‐dependent	species	
are	listed	in	Table	3.13‐3.	Most	of	the	functional	flows	provide	mechanisms	to	increase	reproductive	
output	and	survival	of	young.	The	mechanisms	include	adult	attraction	flows,	transport	flows	to	
carry	weakly	swimming	larvae	to	rearing	habitats,	and	higher	flows	to	create	spawning	and	rearing	
floodplain	habitat	in	the	Central	Valley,	and	low	salinity	rearing	habitat	in	Suisun	Bay	and	Marsh.		

Historically,	the	Delta	received	higher	outflow	in	winter	and	spring	than	in	recent	years,	placing	X2	
further	downstream	under	these	conditions	(Chapter	2).	The	highest	outflows	identified	for	
estuarine	species	were	42,800	cfs	in	January	through	June	for	longfin	smelt,	30,000–47,000	cfs	
between	February	and	May	for	Sacramento	splittail,	and	greater	than	37,000	cfs	for	white	sturgeon	
in	June	and	July	(Table	3.13‐2).	The	median	unimpaired	Delta	outflow	between	February	and	May	is	
greater	than	50,000	cfs,	but	flows	of	this	magnitude	rarely	occur	now	under	current	conditions	in	
the	watershed	(Figure	2.4‐7).	Median	unimpaired	flows	in	June	are	less	than	50,000	cfs	but	near	the	
37,000	cfs	needed	by	sturgeon	demonstrating	that	native	fish	evolved	under	a	regime	of	higher	
Delta	outflows	than	occurs	now.	Loss	of	functional	flows	in	winter	and	spring	reduce	potential	
recruitment	opportunities	and	the	viability	of	the	estuarine‐dependent	community.	

Another	indication	of	the	importance	of	flow	comes	from	a	comparison	of	the	response	of	the	
estuarine	community	to	wet	and	dry	water	years.	2011	was	wet	with	high	Delta	outflow	in	winter	
and	spring.	The	following	3	years	were	classified	as	dry	or	critically	dry.	FMWT	indices	of	population	
abundance	of	longfin	smelt,	Delta	smelt,	and	Sacramento	splittail	all	increased	in	2011	and	declined	
in	the	following	3	years	(Figure	3.13‐2).	The	increased	population	size	of	these	estuarine‐dependent	

																																																													
27	An	X2	of	74	and	81‐km	is	equivalent	to	an	average	Delta	outflow	of	11,400	and	7,100‐cfs,	respectively.	
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species	indicates	that	their	populations	are	still	able	to	respond	positively	to	favorable	
environmental	flow	conditions.		

The	natural	production	of	all	four	runs	of	Chinook	salmon	and	Central	Valley	steelhead	is	also	in	
decline.	Natural	production	of	winter‐,	spring‐,	late‐fall‐,	and	fall‐run	Chinook	salmon	have	
decreased	from	the	annual	average	baseline	in	1967–1991	by	89,	61,	52,	and	43	percent,	
respectively	(Table	3.2‐3).	Natural	production	of	steelhead	declined	by	90	percent	from	1960	to	
1998–2000.	Hatcheries	now	provide	the	majority	of	the	salmon	and	steelhead	caught	in	the	
commercial	and	recreational	fisheries.	

Adult	and	juvenile	salmonids	benefit	from	an	increased,	more	natural	flow	pattern	in	Central	Valley	
tributaries.	At	least	one	salmonid	run	is	migrating	through	the	Delta	or	holding	in	the	upper	
Sacramento	basin	each	month	of	the	year	necessitating	near	year	around	tributary	inflows	(Table	
3.4‐4).	Adult	salmonids	require	continuous	tributary	flows	of	sufficient	magnitude	to	provide	the	
olfactory	cues	to	find,	enter,	hold,	and	spawn	in	their	natal	stream.	NMFS	(2014b,	Appendix	A)	
determined	that	warm	water	and	low	flow	resulted	in	a	reduction	in	adult	attraction	and	migration	
cues,	and	a	delay	in	immigration	and	spawning	which	appear	to	negatively	affected	adult	salmon	in	
54	and	73	percent	of	the	tributaries	evaluated	(Table	3.4‐5).	The	seasonal	decrease	in	flow	that	now	
occurs	for	tributaries	is	illustrated	in	Chapter	2	for	Antelope,	Mill	and	Deer	Creeks.	The	combined	
flow	for	the	three	creeks	is	lower	between	April	and	October	than	in	unimpaired	conditions	with	the	
greatest	impairment	happening	in	May	through	September	of	drier	years	when	the	creeks	
sometimes	go	dry.		

Juvenile	salmonids	require	flows	of	sufficient	magnitude	to	trigger	and	facilitate	downstream	
migration	and	provide	seasonal	access	to	productive	floodplains.	A	problem	in	Sacramento	
tributaries	for	juvenile	salmonids	is	a	lack	of	rearing	habitat	and	connectivity	between	tributaries	
and	the	Sacramento	River	because	of	a	lack	of	flow	and	elevated	water	temperature	which	
negatively	affect	juvenile	salmonid	rearing	and	emigration	in	32	and	40	percent	of	the	tributaries	
evaluated	by	the	NMFS	in	a	recent	study	(Table	3.4‐5).	Studies	of	juvenile	salmon	rearing	in	the	Yolo	
Bypass	and	Cosumnes	River	floodplain	found	that	fish	grow	faster	on	floodplains	than	in	adjoining	
river	channels.	Faster	growth	and	higher	quality	smolt	have	been	associated	with	higher	marine	
survival	in	other	west	coast	Chinook	salmon	populations.		

The	survival	of	juvenile	salmon	migrating	down	the	Sacramento	River	to	Chipps	Island	is	twice	that	
of	fish	exiting	through	the	Central	Delta.	Juvenile	salmon	in	the	Sacramento	River	enter	the	Central	
Delta	through	the	DCC	or	Georgiana	Slough.	The	2006	Bay‐Delta	Plan	and	the	NMFS	(2009a)	BiOp	
have	DCC	gate	closure	requirements	to	prevent	juvenile	salmonids	from	entering	the	Central	Delta	
which	should	be	maintained.	Entrainment	of	juvenile	salmon	into	Georgiana	Slough	can	be	reduced	
if	tidal	reverse	flows	do	not	occur	on	the	Sacramento	River	at	Georgiana	Slough.	Reverse	flows	cease	
if	the	flow	rate	of	the	Sacramento	River	at	Freeport	is	greater	than	17,000	to	20,000	cfs	(Table	3.4‐
7).		

The	abundance	and	survival	of	juvenile	fall	and	winter	run	Chinook	salmon	emigrating	past	Chipps	
Island	increase	when	Sacramento	River	flow	is	greater	than	20,000	cfs	between	February	and	June	
(Table	3.4‐7).	Flows	of	this	magnitude	may	also	aid	emigration	of	juvenile	spring‐run	and	steelhead.	
The	Sacramento	River	is	the	main	source	of	water	for	Delta	outflow.	Current	Sacramento	River	flow	
is	less	than	the	unimpaired	flow	at	Freeport	between	February	and	June	(Figure	2.2‐5).	The	median	
flow	is	now	64	percent	of	unimpaired	flow	between	January	and	June,	with	median	April	and	May	
flows	below	50	percent	of	the	unimpaired	flow	rate.	If	higher	outflow	for	longfin	smelt	and	other	
estuarine‐dependent	species	is	provided	in	winter	and	spring	(Table	3.13‐2),	then	this	flow	will	also	
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assist	salmon	to	emigrate	past	Chipps	Island	(Table	3.4‐7).	The	survival	of	emigrating	juvenile	
salmonids	from	the	San	Joaquin	basin	increases	when	flow	at	Jersey	Point	is	positive	(Figure	3.4‐17).	
The	USFWS	(1995)	recommends	positive	flows	for	Jersey	Point	from	October	1	through	June	30	to	
improve	survival	of	salmonids	migrating	through	and	rearing	in	the	Delta	and	to	provide	attraction	
flow	for	returning	adults	(Table	3.4‐7).	

Export	pumping	at	the	CVP	and	SWP	facilities	cause	OMR	reverse	flows	and	draw	large	numbers	of	
fish	into	the	interior	Delta	resulting	in	their	entrainment	and	salvage.	The	risk	of	entrainment	
depends	upon	the	location	of	the	fish	relative	to	the	export	facilities	and	the	magnitude	of	OMR	
reverse	flows.	Juvenile	salmonids	emigrating	from	the	San	Joaquin	basin	and	eastside	tributaries	are	
at	risk	of	entrainment	when	migrating	through	the	Central	Delta.	Sacramento	River	salmon	are	
vulnerable	if	they	migrate	into	the	Central	Delta	through	the	DCC	gates	or	Georgiana	Slough.	Delta	
smelt	and	longfin	smelt	are	vulnerable	if	adults	migrate	into	the	central	Delta	to	spawn.	Salvage	data	
and	PTM	results	for	all	these	species	demonstrate	that	salvage	increases	exponentially	with	
increasingly	negative	OMR	reverse	flows	(Figures	3.4‐15,	3.4‐16,	3.5‐4,	and	3.8‐7).	An	inflection	
point	occurs	for	all	species	at	about	‐5,000	cfs	with	much	higher	salvage	rates	at	more	negative	OMR	
reverse	flows.	The	lowest	salvage	rates	are	measured	at	positive	flow	rates.	Fishery	agencies	
recommend	that	CVP	and	SWP	exports	be	managed	to	maintain	OMR	reverse	flows	between	‐1,250	
and	‐5,000	cfs	from	January	to	June	with	flows	adaptively	managed	based	upon	the	abundance	and	
distribution	of	salmonids	and	smelt	and	other	physical	and	biological	factors	known	to	affect	
entrainment	(Table	3.13‐4).		

The	production	of	San	Joaquin	basin	Chinook	salmon	increase	when	the	ratio	of	spring	flow	on	the	
San	Joaquin	River	at	Vernalis	to	combined	CVP	and	SWP	exports	increase.	The	NMFS	(2009a)	BiOp	
requires	export	restrictions	from	April	1	through	May	3128.	However,	juvenile	salmonids	migrate	
out	of	the	San	Joaquin	basin	from	February	to	June	and	may	need	protection	from	export	related	
mortality	during	this	entire	period	(Table	3.13‐4).	

	

Figure 3.13‐2. Comparison of the Change in Magnitude of FMWT Indices for Delta Smelt, Longfin 
Smelt, and Sacramento Splittail in Wet and Dry Water Years 

																																																													
28	San	Joaquin	River	at	Vernalis	flows	to	export	ratios	ranging	from	1.0	to	4.0	based	on	water	year	type.	
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Table 3.13‐2. Magnitude and Timing of Delta Outflows Indicated to Be Protective of Estuarine‐Dependent Species. Flows (cfs) are monthly 
averages. 

Species	or	Purpose	

Months	

Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sept	 Oct	 Nov	 Dec	

Estuarine	Habitat	 7,100–29,200	 	 	 	 	 	 	

Longfin	smelt	 42,800	 	 	 	 	 	 	

Starry	flounder	 	 	 >21,000	 	 	 	 	 	 	

California	bay	shrimp	 	 	 20,000–25,000	 	 	 	 	 	 	 	

Sacramento	splittail	 	 30,000–47,000	 	 	 	 	 	 	 	

White	sturgeon	 	 	 >37,000	 	 	 	 	 	

Delta	smelt	 	 	 	 	 	 	 X2≤80	km2	 Fall	X21,2	 	 	

Zooplankton	 	 11,400‐29,200	 	 	 	 	 	 	
1	 Wet	water	year	>11,400	cfs;	above	normal	water	year	>7,100	cfs.	
2	 July,	August,	and	September	of	all	years;	flow	≥	7,500	cfs.	
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Table 3.13‐3. Functional Flow Needs for Estuarine‐Dependent Species1 

Species	 Months2	

Name	 Life	stage	 Mechanism(s)	 Jan	 Feb	 Mar	 Apr	 May Jun	 Jul	 Aug	 Sep	 Oct	 Nov Dec	

Longfin	smelt	 Eggs	 Freshwater,	brackish	
habitat	

••	 ••	 •	 •	 	 	 	 	 	 	 	 •	

Longfin	smelt	 Larvae	 Freshwater‐brackish	
habitat,	transport,	
turbidity	

•	 ••	 ••	 ••	 ••	 	 	 	 	 	 	 •	

White	sturgeon	 Adults	 Attraction	 •	 •	 	 	 	 	 	 	 	 	 •	 •	

White	sturgeon	 Adults,	larvae	 Spawning,	downstream	
larval	transport	

	 	 •	 •	 •	 •	 •	 	 	 	 	 	

Green	sturgeon	 Adults	 Attraction	 	 	 •	 •	 	 	 	 	 	 	 	 	

Green	sturgeon	 Adults,	larvae	 Spawning,	downstream	
larval	transport	

	 	 	 	 •	 •	 •	 	 	 	 	 	

Sacramento	splittail	 Adults	 Floodplain	inundation,	
spawning	(can	be	short)	

•	 •	 •	 •	 	 	 	 	 	 	 	 	

Sacramento	splittail	 Eggs,	larvae	 Floodplain	habitat	
rearing	

•	 •	 ••	 ••	 ••	 	 	 	 	 	 	 	

Delta	smelt	 preadult	 Transport,	habitat	 	 	 •	 ••	 ••	 •	 •	 •	 •	 •	 •	 	

Starry	flounder	 Settled	juveniles,	
juvenile	2‐year	olds	

Estuary	attraction,	
habitat	

	 •	 •	 •	 •	 	 	 	 	 	 	 	

Bay	shrimp	 Late	stage	larvae	&	
small	juveniles	

Transport	 	 •	 •	 ••	 ••	 ••	 	 	 	 	 	 	

Bay	shrimp	 juveniles	 Nursery	habitat	 	 	 	 ••	 ••	 ••	 	 	 	 	 	 	

	Neomysis	mercedis	
(zooplankton)	

All	 Habitat	 	 	 •	 •	 •	 •	 •	 •	 •	 •	 •	 	

Eurytemora	affinis	
(zooplankton)	

All	 Habitat	 	 	 ••	 ••	 ••	 	 	 	 	 	 	 	

1	 Adapted	from	State	Water	Board	(2010)	and	CDFG	(2010).	
2	 •=Flow	timing	important	during	this	month,	••=Flow	timing	very	important	during	this	month.	
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Table 3.13‐4. Summary of Interior Delta Flows Indicated to Be Protective of Salmonids and Estuarine‐Dependent Fish Species 

	 Months	

Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sept	 Oct	 Nov	 Dec	

NMFS	Biological	Opinion	for	OMR	flow1,	4	 ‐2,500	to	‐5,000	 	 	 	 	 	 	 	

USFWS	Biological	Opinion	for	OMR	flow2,	4	 ‐1,250	to	‐5,000	 	 	 	 	 	 	

CDFW	Incidental	Take	Permit	for	OMR	flow3,	4	 ‐1,250	to	‐5,000	 	 	 	 	 	 	

Georgiana	Slough5	 17,000‐20,000	 	 	 	 	 	

San	Joaquin	River	@	Jersey	Point6	 Positive	flow	 	 	 	 	

San	Joaquin	River	Export	Constraint7	 	 1:1	‐	4:1	 	 	 	 >0.38	 	 	
1	 When	Chinook	salmon	or	steelhead	are	present.	
2	 When	adult	and	juvenile	Delta	smelt	are	present.	
3	 When	longfin	smelt	are	present.	
4	 14‐day	running	average	of	tidally	filtered	flow	at	Old	and	Middle	Rivers.	
5	 To	minimize	reverse	tidal	flow	when	salmonids	are	present.	
6	 When	salmonids	are	present.	
7	 San	Joaquin	River	at	Vernalis	to	sum	of	CVP	and	SWP	exports.	
8	 Minimize	adult	straying.	
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Chapter 4 
Other Aquatic Ecosystem Stressors 

4.1 Introduction 
The	factors	that	harm	native	species	are	broadly	referred	to	as	“stressors.”	Stressors	affect	
populations	by	altering	the	growth,	reproduction,	and	mortality	rate	of	individual	organisms.	
Stressors	may	also	interact	with	each	other	in	an	additive	or	synergistic	fashion	(Sommer	et	al.	
2007).	These	stressors	occur	both	within	the	Delta	and	upstream	in	the	greater	watershed	and	are	
unfavorable	and	unnatural	attributes	of	the	ecosystem,	leading	ultimately	to	diminished	populations	
and,	in	the	worst	case,	extinction	of	native	species	(Mount	et	al.	2012).		

The	State	Water	Board	recognizes	that	ecosystem	recovery	in	the	Delta	depends	on	more	than	just	
adequate	flows.	Many	scientific	studies	have	identified	the	involvement	of	other	aquatic	ecosystem	
stressors,	such	as	reduced	habitat,	pollutants,	nonnative	invasive	and	predatory	species,	and	abiotic	
factors,	as	contributing	factors	in	species	declines	(Sommer	et	al.	2007;	Moyle	et	al.	2012;	Mount	et	
al.	2012).	The	recognition	that	many	factors	stress	the	Delta’s	ecosystem	is	also	reflected	in	the	Delta	
Plan	(DSC	2013),	a	long‐term	enforceable	plan	for	the	Delta	which	calls	for	the	consideration	of	
multiple	stressors	to	improve	ecosystem	restoration	success.	Projects	and	programs	to	address	
these	other	stressors	are	often	referenced	generically	as	“non‐flow	actions.”	However,	that	term	is	
something	of	a	misnomer	as	it	fails	to	capture	both	how	inadequate	flows	have	contributed	to	the	
pervasiveness	and	severity	of	other	stressors	and	the	need	for	adequate	flows	to	successfully	
implement	many	“non‐flow”	measures.	The	benefits	of	flows	are	enhanced	when	implemented	in	
concert	with	habitat	restoration,	control	of	waste	discharges,	control	of	invasive	species,	fisheries	
management,	and	other	efforts.	A	multifaceted	approach	is	needed	to	address	Delta	concerns	and	
reconcile	an	altered	ecosystem	(Sommer	et	al.	2007;	Moyle	et	al.	2012).		

This	chapter	organizes	other	aquatic	ecosystem	stressors	into	five	categories:	physical	habitat	loss	
or	alteration,	water	quality,	nonnative	species,	fisheries	management,	and	climate	change.	No	one	
category	is	independent	of	the	others,	and	significant	interactions	can	amplify	or	suppress	the	
negative	effects	of	each	on	the	aquatic	ecosystem.	The	following	sections	describe	generally	how	
stressors	negatively	affect	the	aquatic	ecosystem	and	the	interactions	between	stressors.	This	
chapter	also	describes	how	flow	management	interacts	with	other	stressors,	indicating	the	need	for	
including	flow	considerations	in	strategies	for	reducing	the	effects	of	stressors	as	a	whole.	While	a	
comprehensive	assessment	of	each	stressor	is	beyond	the	scope	of	this	report,	each	section	
generally	identifies	non‐flow	actions	that	are	being,	or	should	be,	taken	to	address	stressors	that	will	
be	expanded	on	in	the	program	of	implementation.	Many	of	those	actions	are	within	the	purview	of	
other	agencies	and	entities	and	should	appropriately	be	further	developed	and	implemented	by	
those	agencies	and	entities.	The	State	Water	Board	will	help	to	facilitate	those	efforts	in	a	
coordinated	fashion	with	the	flow	actions	discussed	in	Chapter	5.		
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4.2 Physical Habitat Loss or Alteration 
For	fish,	flow	is	habitat.	The	hydraulic	structural	conditions	(depth,	velocity,	substrate,	or	cover)	
define	the	actual	living	space	of	the	organism	(USFWS	2010).	However,	in	the	Delta	watershed,	
there	also	has	been	a	dramatic	loss	in	other	aspects	of	physical	habitat	suitable	for	native	fish	
species.	For	example,	the	channels	of	the	Delta	have	been	significantly	modified	by	the	raising	of	
levees	and	armoring	of	the	levee	banks	with	stone	and	concrete	riprap.	This	reduces	the	
complexity	and	functionality	of	habitat	for	native	species,	including	reducing	the	incorporation	of	
woody	debris	and	vegetative	material	into	the	nearshore	area,	minimizing	and	reducing	local	
variations	in	water	depth	and	velocities,	and	simplifying	the	community	structure	of	the	
nearshore	environment	(NMFS	2009a).	Habitat	loss	exacerbates	the	effects	of	other	stressors,	
especially	in	ecosystems	with	low	freshwater	flows	(Mount	et	al.	2012).	Increased	habitat	
complexity	and	hydrologic	connectivity	is	needed	to	maximize	the	effectiveness	of	increased	flows	
in	supporting	native	fish	(Mount	et	al.	2012).	

A	reconciliation	strategy	has	been	proposed	for	the	Delta,	“that	blends	the	needs	of	humans	and	the	
ecosystem	in	a	landscape	and	hydrology	that	has	irreversibly	changed”	(Hanak	et	al.	2011).	
Reconciliation	includes	actions	to	create	better	conditions	to	support	native	species,	recognizing	
that	a	return	to	pristine	or	historical	conditions	is	not	possible,	particularly	in	areas	that	have	been	
transformed	by	farming	and	urbanization.	A	multi‐agency	collaboration	among	government,	
academia,	and	non‐government	entities,	guided	by	best	available	science	and	adaptive	management,	
is	needed	to	implement	actions	to	restore	and	preserve	marsh,	riparian,	and	upland	habitat	in	the	
Delta	and	its	tributaries	(Mount	et	al.	2012)	in	a	coordinated	fashion	between	upstream	and	
downstream	actions	accounting	for	the	effects	of	existing	and	future	climate	change.	Actions	may	
include	land	acquisition	to	prepare	tidal	marshes	and	other	habitats	for	higher	sea	level,	acquisition	
and	preservation	of	riparian	and	floodplain	habitat,	breaching	or	removing	levees	to	increase	
connectivity	between	floodplains	and	open	water,	and	periodic	flooding	to	encourage	establishment	
and	preservation	of	native	riparian	habitat.		

Federal,	state,	and	local	agencies	as	well	as	non‐governmental	organizations	have	made	and	are	
making	significant	investments	in	habitat	restoration	to	benefit	native	species.	Some	of	the	major	
efforts	are	discussed	below	and	in	the	specific	habitat	sections	that	follow,	though	many	smaller	
projects	are	also	being	undertaken.		

The	Ecosystem	Restoration	Program	(ERP),	a	multi‐agency	effort,	between	CDFW,	USFWS	and	NMFS	
primarily,	was	formed	to	improve	and	increase	aquatic	and	terrestrial	habitats	and	ecological	
function	in	the	Delta	and	its	tributaries.	The	ERP	has	implemented	restoration	projects	through	
grants	administered	by	the	ERP	Grants	Program,	with	over	700	million	dollars	dedicated	to	
restoration	and	other	between	as	of	2014	for	over	500	restoration	projects.	ERP	projects	include	
enhancement	or	restoration	of	over	9,000	acres	of	habitat	as	well	as	protection	of	over	48,000	acres	
of	existing	habitat	including,	but	not	limited	to,	non‐tidal	perennial	aquatic,	riparian	and	riverine	
aquatic,	freshwater	emergent	wetland,	and	seasonal	wetland	habitats	on	the	Sacramento	River,	
Feather	River,	and	Big	Chico,	Butte,	Clear,	and	Mill	Creeks	(ERP	2014b).		

In	2014,	the	Water	Quality,	Supply,	and	Infrastructure	Improvement	Act	was	enacted	allocating	
significant	additional	funding	for	restoration	and	related	projects	in	the	Bay‐Delta	watershed,	
including	nearly	1.5	billion	dollars	for	ecosystem	and	watershed	protection	and	restoration	projects	
(California	Natural	Resources	Agency	2015).	California	EcoRestore,	a	California	Natural	Resources	
Agency	initiative	implemented	in	coordination	with	state	and	federal	agencies	to	advance	the	
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restoration	of	at	least	30,000	acres	of	Delta	habitat	by	2020	is	proposed	to	be	funded	in	part	by	
Proposition	1.	EcoRestore	restoration	targets	include	3,500	acres	of	managed	wetlands,	9,000	acres	
of	tidal	and	subtidal	habitat,	and	17,500	acres	of	floodplain	restoration,	as	well	as	fish	passage	
improvements	(California	Natural	Resources	Agency	2016b).	

In	addition	to	the	above	efforts,	in	1992,	Congress	passed	the	CVPIA	(Title	34	of	Public	Law	102‐
575)	in	order	to	address	impacts	of	the	CVP	on	fish,	wildlife,	and	associated	habitats.	Included	
among	the	purposes	of	the	CVPIA	is	to	“contribute	to	the	State	of	California’s	interim	and	long‐term	
efforts	to	protect	the	San	Francisco	Bay/Sacramento‐San	Joaquin	Delta	Estuary.”	To	date,	significant	
funding	has	been	provided	for	restoration	efforts	in	the	Bay‐Delta	watershed.	The	2016	federal	
budget	included	$49.5	million	for	the	CVPIA	Restoration	Fund	for	projects	such	as	American	River	
spawning	and	rearing	habitat,	Clear	Creek	spawning	gravels	and	channel	restoration,	and	
a	and	are	associated	with	water	temperature	above	20°C,	long	wat).	These	CVPIA	Restoration	Fund	
Fund	projects	were	consistent	with	the	conservation	priorities	identified	by	ERP.		

To	help	guide	restoration	efforts	in	the	Delta,	the	San	Francisco	Estuary	Institute	and	the	Aquatic	
Science	Center	through	the	Delta	Landscapes	Project	has	produced	an	instructive	report	titled:	A	
Delta	Renewed:	A	Guide	to	Science‐Based	Ecological	Restoration	in	the	Sacramento‐San	Joaquin	Delta.	
The	report	emphasizes	process‐based	recovery	of	landscape	functions	that	integrate	natural	and	
cultural	processes,	and	maximize	resilience	to	climate	change,	invasive	species,	and	other	
challenges.	(SFEI‐ASC	2016.)	The	report	includes	regional	recommendations	and	on‐the‐ground	
strategies,	and	discusses	the	potential	for	establishing	smaller,	modified	landscapes	that	are	
resilient,	productive,	sustainable,	and	supportive	of	people	and	native	wildlife.		

The	habitat	within	the	Bay‐Delta	can	be	divided	into	distinct	segments	that	include	tidal	marsh	in	
the	north	and	south	Delta	and	Suisun	Marsh,	riparian	habitat	and	open	channels	throughout	the	
Delta	and	its	tributaries,	and	floodplain	and	wetland	habitat	in	the	north	and	south	Delta	and	its	
tributaries	(Mount	et	al.	2012;	Whipple	et	al.	2012).	Each	habitat	is	discussed	in	more	detail	below.	

4.2.1 Riparian Habitat and Open Channels  

Riparian	vegetation	is	a	critical	resource	for	native	aquatic	species,	providing	numerous	important	
habitat	features	including:	shade,	refugia,	habitat	structure,	food	resources	and	other	functions.	
Historically,	the	Sacramento	River	system	and	surrounding	tributaries	included	significant	
vegetated	riparian	areas	including	stands	of	oak,	cottonwood	and	other	deciduous	and	coniferous	
trees	(Rood	et	al.	2003)	as	well	as	vines,	shrubs,	and	grasses	that	sprung	up	when	fluvial	and	alluvial	
sediments	and	their	associated	flows	were	more	prevalent	(Roberts	et	al.	1980;	Whipple	et	al.	
2012).		

The	Sacramento	River	had	800,000	acres	of	riparian	vegetation	in	1848	but	only	12,000	acres	or	
about	1	percent	remained	by	1972	(Sands	and	Howe	1977).	The	conversion	of	forests	to	orchard	
and	field	crops,	logging,	streambank	stabilization,	channelization,	and	freshwater	flow	reduction	due	
to	dams	and	irrigation	all	contributed	to	this	loss	of	riparian	habitat	(Whipple	et	al.	2012).	
Channelization,	leveeing,	and	riprapping	of	river	reaches	and	sloughs	is	now	common	in	the	
Sacramento	River	system	and	typically	creates	channels	with	minimal	habitat	complexity,	which	
results	in	low	food	availability	and	little	protection	from	either	fish	or	avian	predators	(USACE	and	
CDFG	2010).	In	addition,	the	proliferation	of	nonnative	submerged	and	floating	aquatic	vegetation	
significantly	decreases	open	water	habitat	quantity	and	quality	for	native	fish.		
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A	combination	of	land	use	restoration	actions	coordinated	with	flow	actions	are	needed	to	address	
the	ecological	degradation	caused	by	the	loss	of	riparian	forests	and	construction	of	levees	and	
channelized	waterways.	Those	actions	include	riparian	reforestation,	channel	modifications	and	
level	design	and	management	actions	(setback	levees	and	other	actions)	that	produce	more	natural	
hydrologic	and	geomorphic	processes	that	promote	natural	ecological	processes.	Flow	actions	are	
needed	that	support	and	promote	riparian	processes,	including	the	establishment	and	maintenance	
of	native	riparian	vegetation	and	other	natural	hydrologic	and	geomorphic	processes	through	
perennial	and	periodic	storm	flows	that	overtop	channel	banks,	saturate	soils,	and	encourage	seed	
regeneration	and	other	functions.		

Federal,	state,	and	local	agencies	as	well	as	non‐governmental	organizations	have	made	and	are	
making	significant	investments	in	riparian	restoration	projects	to	benefit	native	species,	including	
through	the	ERP,	CVPIA	and	other	programs	and	projects.	For	example,	a	significant	effort	has	been	
made	to	restore	habitat	on	Battle	Creek,	one	of	the	more	ecologically	valuable	tributaries	to	the	
Delta.	Over	$110	million	has	been	invested	in	the	Battle	Creek	Salmon	and	Steelhead	Restoration	
Project,	which	is	a	collaborative	effort	between	Reclamation,	USFWS,	NMFS,	CDFW,	and	PG&E.	The	
Battle	Creek	Project	seeks	to	reestablish	approximately	42	miles	of	prime	salmon	and	steelhead	
habitat	on	Battle	Creek,	a	tributary	to	the	Sacramento	River,	by	improving	fish	passage	and	restoring	
ecological	processes	(Reclamation	2016).		

4.2.2 Tidal Marsh Habitat  

Extensive	freshwater	tidal	marshes	in	the	Bay‐Delta	watershed	historically	provided	critical	habitat	
for	many	native	species.	Tidal	marsh	habitat	supports	many	native	plant	species	and	sustains	
diverse	food	webs	and	ecosystem	processes	(Atwater	et	al.	1979).	Networks	of	sloughs	also	provide	
habitat	structure	and	cool	water	refugia	during	summer	heat	spells	(Mount	et	al.	2012).	Tidal	
marshes	also	influence	the	recycling	and	retention	of	nutrients.		

Tidal	marshes	have	changed	dramatically	over	the	past	150	years,	largely	due	to	filling	and	diking	
(Figure	4.2‐1)	(Atwater	et	al.	1979;	Nichols	et	al.	1986;	Moyle	2002;	Whipple	et	al.	2012).	The	Delta	
currently	supports	less	than	10,000	acres	of	tidal	wetland,	all	of	which	is	small	and	fragmented	
(USFWS	2008).	This	represents	about	3	percent	of	the	acreage	of	tidal	wetland	before	the	gold	rush	
(Whipple	et	al.	2012)	and	less	than	30	percent	of	tidal	mudflats	and	wetland	originally	present	in	
San	Francisco	Bay	(Callaway	et	al.	2011).	Landscape	changes	of	this	magnitude	suggest	comparable	
changes	in	the	magnitude,	transport,	and	fate	of	estuarine	derived	organic	matter	and	primary	
production	(Brown	et	al.	2016).	The	conversion	of	tidal	wetlands	to	diked	seasonal	wetlands	
resulted	in	habitat	loss	for	many	native	species	including	Delta	smelt	and	longfin	smelt.		
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Figure 4.2‐1. Comparison of Historical and Modern Delta Waterways, Tidal Wetland, and Upland 
Areas (Whipple et al. 2012)  

	

Altered	tidal	marsh	habitat	may	be	restored	by	growing	tules,	cordgrass,	and	cattails	to	reverse	
subsidence	(Wilson	and	Peter	1988;	Miller	et	al.	2008).	Alternatively,	breaching	or	removal	of	levees	
along	with	better	flow	management	may	restore	hydrologic	connectivity	and	improve	tidal	marsh	
habitats	in	anticipation	of	sea	level	rise	(Mount	et	al.	2012).	Brown	et	al.	(2016)	recommend	that	
tidal	wetland	restoration	in	the	Delta	be	conducted	as	an	experimental	program	because	there	are	
still	many	unanswered	questions	about	the	outcome	of	planned	restoration	actions.	Adoption	of	an	
experimental	adaptive	management	approach	may	achieve	the	most	for	native	species	in	the	long	
run	with	the	limited	resources	available.	

Effectiveness	monitoring	of	restoration	activities	is	important	to	determine	the	capacity,	
opportunity,	and	realized	functioning	of	tidal	wetlands	to	meet	the	needs	of	native	fish	and	other	
aquatic	species.	The	IEP,	a	multiagency	collaborative	monitoring,	research,	modeling,	and	synthesis	
effort	to	inform	planning	and	regulatory	decisions,	has	formed	a	Tidal	Wetland	Monitoring	Project	
Work	Team	(Team).	The	purpose	of	the	Team	is	to	collaborate	on	the	design	of	monitoring	
programs	for	fish	and	foodweb	resources	in	restored	tidal	wetlands	in	the	Bay	Delta	system.	In	this	
effort,	the	Team	has	developed	a	monitoring	framework	that	includes	effectiveness	monitoring	tools	
and	project‐specific	monitoring	plans	to	inform	adaptive	management	and	planning	for	future	
projects.	The	Delta	Restoration	Network	has	also	been	developed	by	the	Sacramento‐San	Joaquin	
Delta	Conservancy	(Delta	Conservancy)	as	a	forum	for	information	sharing	and	coordination	to	
ensure	an	integrated	and	accountable	restoration	program	in	the	Delta.	The	purpose	of	the	network	
is	to	coordinate	and	integrate	restoration	actions	to	ensure	integrated	performance	tracking	among	
governmental	and	non‐governmental	entities	engaged	in	restoration	and	habitat	management	in	the	
Delta	and	Suisun	Marsh	(Delta	Conservancy	2015).	
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Suisun	Marsh	is	the	largest	expanse	of	tidal	marsh	in	the	Bay‐Delta	and	is	the	largest	remaining	
brackish	wetland	in	western	North	America	(O’Rear	and	Moyle	2009).	The	marsh	provides	
important	habitat	for	many	birds,	mammals,	reptiles,	and	more	than	40	fish	species	(O’Rear	and	
Moyle	2009;	Reclamation	and	USFWS	2014).	It	also	provides	important	tidal	rearing	areas	for	
juvenile	salmonids.	Suisun	Marsh	currently	consists	of	a	variety	of	habitats,	including	managed	
diked	wetlands,	unmanaged	seasonal	wetlands,	tidal	wetlands,	sloughs,	and	upland	grasslands.	It	
encompasses	more	than	10	percent	of	California’s	remaining	natural	wetlands	(Whipple	et	al.	2012)	
with	6,300	acres	of	its	total	116,000	acres	in	tidal	wetlands.	As	a	result	of	diminished	freshwater	
inflow	in	Suisan	Marsh	(Feyrer	et	al.	2011),	increased	salinity	intrusion	has	reduced	primary	
productivity	and	biodiversity	(Reclamation	and	USFWS	2015).	

The	2014	Suisun	Marsh	Habitat	Management,	Preservation,	and	Restoration	Plan	(SMP)	is	intended	
to	be	a	flexible,	science‐based,	management	plan	designed	to	address	the	varied	beneficial	uses	of	
Suisun	Marsh,	with	a	focus	on	achieving	an	acceptable	multi‐stakeholder	approach	to	the	restoration	
of	tidal	wetlands	and	the	management	of	managed	wetlands	and	their	functions.	The	SMP	is	
intended	to	guide	near‐term	and	future	actions	over	the	next	30	years	related	to	restoration	of	tidal	
wetlands	and	managed	wetland	activities	in	Suisun	Marsh.	The	SMP	proposes	that	Reclamation	and	
DWR	implement	a	Preservation	Agreement	Implementation	Fund	(PAI	Fund).	The	PAI	Fund	is	a	
single	cost‐share	funding	mechanism	that	would	contribute	to	the	funding	of	some	activities	needed	
to	improve	managed	wetland	facility	operations	and	to	implement	restoration	actions.	(Reclamation	
and	USFWS	2015).	The	SMP	and	other	activities	should	continue	to	be	implemented	to	protect	
native	species	in	Suisun	Marsh	and	other	tidal	areas,	including	appropriate	monitoring,	evaluation	
and	coordination.	Periodic	updates	should	be	provided	to	the	State	Water	Board	and	public	on	
progress	with,	and	effectiveness	of,	restoration	and	management	actions.	 

4.2.3 Floodplain and Wetland Habitat  

Functioning	floodplains	are	important	components	of	the	aquatic	ecosystem	providing	abundant	
food	and	refugia,	spawning	grounds	and	other	critical	habit	functions(Jeffres	et	al.	2008;	Sommer	et	
al.	2001)	(Li	et	al.	1994).	Healthy	floodplains	are	morphologically	complex	and	include	backwaters,	
wetlands,	sloughs,	and	connected	channels	that	carry	and	store	floodwater.	Floodplain	areas	can	
constitute	islands	of	biodiversity	within	semi‐arid	landscapes,	especially	during	dry	seasons	and	
extended	droughts	(ERP	2014a).		

A	significant	amount	of	floodplain	habitat	in	the	Delta	has	been	lost	through	the	channelization	of	
rivers,	including	construction	of	levees	and	channel	straightening,	deepening,	and	lining	(Mount	
1995).	Since	the	early	1800s,	freshwater	emergent	wetlands	have	been	reduced	by	more	than	70	
percent	in	the	Delta	due	to	land	conversion	for	agricultural	and	urban	uses	(Whipple	et	al.	2012).	
At	the	same	time,	water	storage	and	conveyance,	flood	control	and	navigation	activities	have	
impaired	the	amount	and	timing	of	flows	onto	the	floodplain.	Further,	hydraulic	mining,	especially	
in	the	Yuba	and	Feather	Rivers,	and	other	activities	have	caused	changes	in	sediment	deposition	
within	channels	and	floodplains,	loss	of	channel	capacity,	and	aggradation	of	river	courses	(Mount	
1995).		

Some	complex,	productive	habitats	with	floodplains	remain	in	the	system	(e.g.,	Sacramento	River	
reaches	with	setback	levees	[primarily	located	upstream	of	the	City	of	Colusa]	and	flood	bypasses	
[Yolo	and	Sutter	Bypasses]).	Juvenile	life	stages	of	salmonids	are	dependent	on	the	function	of	this	
habitat	for	successful	survival	and	recruitment	(NMFS	2009a).	Native	salmonids	that	rear	on	
floodplain	habitat	in	the	Delta	watershed	grow	larger	and	faster	than	fish	that	do	not	due	to	higher	
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food	production.	In	one	study,	zooplankton	biomass	was	found	to	be	10–100	times	higher	on	the	
floodplain	than	in	open	river	habitat	(Jeffres	et	al.	2008).	Efforts	are	underway	through	EcoRestore	
and	other	efforts	to	restore	floodplain	habitat	in	the	Delta	watershed	in	a	collaborative	fashion	with	
agricultural	practices.	Included	amongst	these	projects	is	The	Knaggs	Ranch	Agricultural	Floodplain	
Study	in	the	Yolo	Bypass	which	seeks	to	emulate	highly	productive	salmon	rearing	habitat	through	a	
collaborative	effort	between	farmers	and	researchers	to	help	restore	salmon	populations	by	
reintroducing	them	during	winter	to	inundated	floodplains	that	are	farmed	with	rice	during	the	
summer	(California	Trout	2017).	

4.3 Water Quality 
Water	quality	conditions,	including	contaminants	and	associated	toxicity,	nutrients,	low	DO,	
increased	temperature,	and	reduced	turbidity	can	adversely	affect	native	fish	and	other	aquatic	
organisms	in	the	Bay‐Delta	watershed.	In	addition	to	affecting	aquatic	organisms,	various	
contaminants	may	affect	terrestrial	wildlife,	including	birds,	and	may	bioaccumulate	in	edible	fish	
tissue	to	become	a	human	health	concern.	DO	concentrations,	turbidity,	and	temperatures	are	all	
parameters	directly	influenced	by	flow	management	that	are	discussed	individually	below	and	in	the	
context	of	flow	elsewhere	in	this	Report.	Contaminants	are	also	affected	by	flows	but	are	primarily	
discussed	in	this	chapter.		

4.3.1 Contaminants 

Contaminants	are	introduced	into	Bay‐Delta	waterways	by	publically	owned	wastewater	treatment	
works	(POTW),	agricultural	and	industrial	discharges,	and	urban	storm	water	runoff.	Herbicides	and	
insecticides	are	also	applied	directly	to	Bay‐Delta	waterways	for	aquatic	plant	and	mosquito	control.	
Other	contaminants	already	exist	in	the	environment	naturally	or	are	legacy	contaminants	that	are	
no	longer	in	use	but	still	present	in	the	environment.	Many	of	these	contaminants	can	affect	the	
survival	and	fitness	of	organisms	and	alter	food	webs	and	ecosystem	dynamics.	Some	contaminants	
may	also	enter	public	drinking	water	sources	and	bioaccumulate	in	edible	fish	tissue	to	become	a	
human	health	concern	(Davis	et	al.	2013).	Other	trace	metals	and	organic	compounds	bind	strongly	
with	sediment	making	the	movement	of	sediment	a	mechanism	for	their	transport	(Schoellhamer	et	
al.	2007).		

In	general,	contaminant	effects	vary	based	on	the	magnitude	and	duration	of	exposure	and	species‐
specific	sensitivity,	with	insecticides	and	heavy	metals	being	more	likely	to	affect	zooplankton	and	
other	small‐bodied	invertebrates.	At	higher	trophic	levels,	toxic	effects	from	these	contaminants	
may	not	be	lethal,	but	sub‐lethal	effects	may	reduce	ecological	fitness	through	impaired	growth,	
reproduction,	or	behavior,	or	increase	the	organism’s	susceptibility	to	disease	(Davis	et	al.	2013).	
Moreover,	the	consequences	of	sub‐lethal	pollutant	effects	on	keystone	species	that	play	a	
disproportionate	role	in	controlling	ecosystem	function	may	manifest	throughout	the	entire	
ecosystem	(Clements	and	Rohr	2009).	

The	level	and	degree	to	which	a	species	is	exposed	to	different	contaminants	varies	based	on	a	
number	of	factors	including	the	species’	life	cycle,	geographic	range	of	that	species,	contaminant	
loading	and	other	factors.	Reduced	freshwater	inflow	from	the	Sacramento‐San	Joaquin	River	
system	may	also	reduce	the	estuary’s	capacity	to	dilute,	transform,	or	flush	contaminants	(Nichols	
1986).	Aquatic	organisms	may	be	simultaneously	exposed	to	contaminants	present	in	water,	



State Water Resources Control Board  Other Aquatic Ecosystem Stressors
 

 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

4‐8 
Final

 

sediment,	and/or	food	depending	on	the	species,	life	stage,	life	history,	trophic	level,	and	feeding	
strategy.	For	example,	early	life	stages	of	many	Delta	fish	species	inhabit	the	system	during	late	
winter	and	spring,	a	time	when	storm	water	runoff	from	agricultural	and	urban	areas	can	transport	
contaminants,	such	as	dormant	spray	pesticides	and	metals,	into	the	Delta.	Early	life	stages	are	
generally	far	more	sensitive	to	contaminants	than	adults	and	the	toxic	effects	of	these	contaminants	
may	be	far	more	serious	seasonally	for	that	reason	(Werner	et	al.	2010b;	Weston	et	al.	2014).	
Bottom‐feeding	fish	or	sediment‐dwelling	invertebrates	may	also	be	more	likely	to	be	exposed	to	
sediment‐associated	contaminants	(via	diet	and	interstitial	water),	while	pelagic	(meaning	“open	
water”)	organisms	are	mostly	exposed	to	dissolved	and	suspended	particle‐associated	contaminants	
in	the	water	column.	

The	Bay‐Delta	Plan	operates	in	conjunction	with	the	Water	Quality	Control	Plan	for	the	Sacramento	
River	and	San	Joaquin	River	basins	adopted	and	implemented	by	the	Central	Valley	Regional	Water	
Board	and	the	San	Francisco	Bay	Regional	Control	Board,	addressing	point	source	and	nonpoint	
source	discharges	and	other	controllable	water	quality	factors.	(See	also	Water	Boards’	2008	
Strategic	Workplan	for	Activities	in	the	Bay‐Delta	[and	2014	update	by	the	Central	Valley	Regional	
Water	Board].)	The	Water	Boards	have	regulatory	programs	that	control	discharges	of	wastes	from	
wastewater	treatment	facilities,	industrial	facilities,	urban	areas,	irrigated	agricultural	lands,	
dredging	operations,	and	other	sources	of	wastewater	to	the	Bay‐Delta	and	tributaries.	Water	Code	
section	13260,	subdivision	(a)	requires	that	any	person	discharging	waste	or	proposing	to	discharge	
waste	that	could	affect	the	quality	of	the	waters	of	the	state,	other	than	into	a	community	sewer	
system,	shall	file	with	the	appropriate	regional	water	board	a	report	of	waste	discharge	containing	
such	information	and	data	as	may	be	required	by	the	regional	water	board,	unless	the	regional	
water	board	waives	such	requirement.	Waste	discharge	requirements	(WDR)	prescribe	
requirements,	such	as	limitations	on	temperature,	toxicity,	or	pollutant	levels,	as	to	the	nature	of	any	
discharge.	(Wat.	Code,	§	13260,	subd.	[a].)	WDRs	may	also	include	monitoring	and	reporting	
requirements.	(See	id.	§	13267,	Cal.	Code	Regs.,	tit.	23,	§	2230.)		

The	Water	Boards	address	water	quality	impairments	that	are	caused	by	multiple	dischargers	by	
developing	total	maximum	daily	loads	(TMDL),	which	set	water	quality	objectives	or	targets	and	
allocate	allowable	loads	to	sources	of	contaminants.	TMDLs	have	been	adopted	and	are	in	the	
process	of	being	implemented	for	various	constituents	in	the	Delta	and	the	Bay	as	discussed	below.	
Over	the	years	the	contaminants	and	discharge	sources	have	changed	and	there	have	been	
significant	improvements	in	controlling	most	types	of	contaminants.	Nevertheless,	additional	efforts	
are	still	needed.	There	are	a	suite	of	contaminants	that	pose	a	concern	for	some	Delta	beneficial	uses	
and	there	is	also	concern	for	an	emerging	list	of	new	contaminant	categories	(pharmaceuticals	and	
endocrine	disrupters),	discussed	in	more	detail	below	and	the	need	for	comprehensive	monitoring	
and	assessment	activities	to	ensure	that	the	occurrence	and	effects	of	contaminants	are	understood	
and	addressed.		

4.3.1.1 Pesticides and Other Pollutants 

Water	samples	have	detected	the	widespread	occurrence	of	a	number	of	pesticides	currently	used	
throughout	the	Central	Valley	and	Bay‐Delta	estuary	(Orlando	et	al.	2013).	USGS	measured	26–27	
pesticides	or	their	primary	degradation	product	in	samples	collected	from	the	Sacramento	and	San	
Joaquin	Rivers	in	2011	and	2012	(Orlando	et	al.	2013).	The	average	number	of	detections	was	6	and	
9	pesticides	per	sample,	respectively.	The	toxicity	of	most	of	these	pesticides	singly	or	in	
combination	to	aquatic	life	is	largely	unknown	(Orlando	et	al.	2013;	Fong	et	al.	2016).	However,	
pyrethroid	insecticides	have	been	detected	in	the	Delta	at	toxic	concentrations	as	discussed	below	
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(Holmes	et	al.	2008;	Weston	et	al.	2008),	and	pyrethroids	and	other	insecticides	have	been	
implicated	as	one	of	the	factors	in	the	decline	in	the	population	of	Delta	smelt	and	other	pelagic	
fishes	(Sommer	et	al.	2007;	Orlando	2013;	Fong	et	al.	2016).		

Negative	relationships	were	found	between	total	pyrethroid	insecticide	use	in	the	six	Delta	counties	
and	annual	FMWT	indices	(1978–2014)	of	longfin	smelt,	Delta	smelt,	Sacramento	splittail,	American	
shad,	threadfin	shad,	and	striped	bass	(Figure	4.3‐1)	(Fong	et	al.	2016).	Pesticide	use	explained	
more	variation	in	recruitment	than	flow	in	all	species	except	longfin	smelt,	suggesting	pyrethroid	
insecticides	may	contribute	to	the	decline	in	fish	recruitment	(Fong	et	al.	2016),	though	there	is	a	
strong	relationship	between	pesticide	concentrations	and	flow.	The	toxicological	mechanisms	
responsible	for	reduced	fish	recruitment	are	not	known,	although	pyrethroid	insecticides	have	been	
documented	to	induce	nervous,	immune,	muscular,	and	osmoregulatory	impacts	at	the	genetic	level	
in	Delta	smelt	(Jeffries	et	al.	2015).	Pyrethroid	insecticides	have	also	elicited	histopathological	
lesions,	stress	responses,	and	abnormalities	in	splittail	larvae	(Teh	et	al.	2005).	Salmonids	may	also	
be	negatively	affected	by	insecticides	at	the	neurophysiological	level	as	suggested	by	a	recent	study	
that	showed	that	the	effects	of	pyrethroids	led	to	decreased	feeding	behavior	in	juveniles	(Baldwin	
et	al.	2009).	Pyrethroid	insecticides	also	may	negatively	affect	food	resources	for	native	fish.	Weston	
et	al.	(2010a)	measured	toxic	effects	leading	to	death	or	reduced	swimming	ability	in	the	amphipod	
Hyalella	Azteca	in	samples	containing	urban	runoff	collected	from	the	cities	of	Sacramento	and	
Vacaville.	Toxic	concentrations	of	pyrethroid	insecticides	have	also	been	detected	in	sediment	
samples	collected	from	water	bodies	draining	agricultural	and	urban	areas	in	the	Central	Valley	
(Weston	et	al.	2014),	including	those	with	wastewater	effluent	(Weston	and	Lydy	2010).	At	some	
locations,	peak	pesticide	concentrations	during	runoff	events	coincided	with	high	population	
densities	of	Delta	smelt	(Bennett	2005;	Kuivila	and	Moon	2004).		

A	pyrethroid	pesticide	control	program	for	the	Central	Valley	and	the	Delta	is	being	developed	by	
the	Central	Valley	Regional	Water	Board	that	includes:	a	conditional	prohibition	of	discharges	of	
pyrethroid	pesticides	above	certain	concentrations	into	surface	waters	with	aquatic	life	beneficial	
uses;	TMDLs	in	selected	surface	waters;	recommendations	for	agencies	that	regulate	the	use	of	
pesticides;	monitoring	requirements	and	other	provisions	to	ensure	data	and	information	is	
produced	to	assess	progress	and	inform	future	Water	Board	actions;	and	policies	and	monitoring	
requirements	that	address	alternative	pesticides	to	pyrethroids.		

	



State Water Resources Control Board  Other Aquatic Ecosystem Stressors
 

 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

4‐10 
Final

 

	

Figure 4.3‐1. Least Squares Regressions with 95 Percent Confidence Intervals for FMWT Species 
Abundance as a Function of Annual Pyrethroid Pesticide Use in Six Delta Counties (1978–2014) 
(From Fong et al. 2016) 

	

Herbicide	applications	for	control	of	invasive	aquatic	plants	may	also	have	negative	effects	on	native	
fish	and	invertebrates.	The	California	Division	of	Boating	and	Waterways	(CDBW)	applies	
glyphosate,	2,4‐D	and	Imazamox	herbicides	directly	to	water	bodies	to	control	invasive	aquatic	
weeds	(CDBW	2017).	Close	to	4,300	acres	of	waterways	were	treated	in	2016	for	control	of	water	
hyacinth,	Brazilian	waterweed,	and	curly	leaf	pondweed	(CDBW	2017).	Like	insecticides,	little	is	
known	about	the	toxic	effect	of	these	herbicides	singly	and	in	combination	on	aquatic	life.	The	
herbicides	may	decrease	the	health	of	Delta	fish	species	and	their	prey	(Fong	et	al.	2016;	Hasenbein	
et	al.	2017).	Sub‐lethal	effects	such	as	decreased	condition	factors	and	energy	reserves	were	
measured	in	Delta	smelt	in	response	to	mixtures	containing	Imazamox	(Hoffman	et	al.	2017).	
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Similarly,	Imazamox	glyphosate,	2,4‐D,	and	fluridone	herbicides	were	found	to	induce	sub‐lethal	
effects	in	Delta	smelt	embryos	and	larvae	and	cause	mortality	to	E.	affinis	at	concentrations	
measured	in	the	estuary	(Stillway	et	al.	2016).		

Mosquito	and	Vector	Control	Districts	use	Integrated	Pest	Management	(IPM)	to	control	mosquito	
populations	in	counties	surrounding	the	Delta	(Sacramento‐Yolo	Mosquito	&	Vector	Control	District	
2014).	IPM	includes	biological,	physical,	and,	as	a	last	resort,	chemical/microbial	control.	The	
chemical	and	microbial	agents	used	are	organophosphate	and	pyrethroid	insecticides,	Bacillus	
thuringensis	and	B.	sphaericus,	two	bacterial	extracts,	and	the	insect	growth	regulator	methoprene.	
Chemical	applications	include	direct	applications	on	stagnant	surface	water	including	seasonally	
flooded	wetlands.	These	chemicals	are	applied	at	toxic	concentrations	to	kill	mosquito	larvae	and	
likely	also	injure	other	small	invertebrates.		

The	State	Water	Board	administers	state‐wide	general	National	Pollutant	Discharge	Elimination	
System	(NPDES)	permits	for	pesticides,	including	aquatic	animal	invasive	species	control,	spray	
applications,	vector	control,	and	weed	control.	These	permits	require	compliance	with	applicable	
water	quality	standards,	best	management	practices,	and	compliance	with	relevant	federal	and	state	
law	(including	Department	of	Pesticide	regulations).	The	permits	do	not	authorize	discharges	of	
chemicals	in	water	bodies	listed	as	impaired	for	that	specific	chemical.	The	permits	include	
monitoring	and	reporting	provisions,	and	contain	requirements	for	corrective	action	in	the	event	of	
any	adverse	effect	on	a	federally	listed	threatened	or	endangered	species	or	its	federally	designated	
critical	habitat,	that	may	have	resulted	from	the	chemical	application.		

Fong	et	al.	(2016)	and	Healey	et	al.	(2016)	recommended	that	a	dedicated	contaminant	monitoring	
and	assessment	program	be	established	in	the	Delta	to	better	understand	the	biological	effects	of	
pesticide	applications	on	native	fish	and	wildlife.	A	description	of	current	monitoring	efforts	and	
potential	improvements	is	discussed	below.	

4.3.1.2 Legacy Contaminants 

There	are	several	legacy	contaminants	that	are	no	longer	in	use	but	are	still	present	in	the	Bay‐Delta	
watershed.	Organochlorine	(OC)	pesticides	like	dichlorodiphenyltrichloroethane	(DDT),	chlordane,	
and	dieldrin	are	now	banned,	but	were	used	extensively	in	agriculture	in	the	Central	Valley	half	a	
century	ago	(Lee	and	Jones‐Lee	2002).	Like	OCs,	polychlorinated	biphenyls	(PCB),	and	polycyclic	
aromatic	hydrocarbons	(PAH)	are	legacy	contaminants	that	were	used	for	industrial	purposes	and	
were	banned	in	the	late	1970s.	OCs	and	PCBs	are	linked	to	thyroid	and	endocrine	disorders,	genital	
malformities,	and	cancer	in	humans,	and	have	also	led	to	reproductive	declines	in	birds	and	wildlife	
(Bergman	et	al.	2012).	Fish	and	aquatic	organisms	can	absorb	these	chemicals	through	sediment	
resulting	in	in	fish	kills	and	harm	to	lower	food	chain	aquatic	invertebrates	(USGS	2012;	
Vivekanandhan	and	Duraisamy	2012).		

Presence	of	legacy	pesticides	in	fish	tissue	collected	from	Central	Valley	rivers	and	the	Delta	has	
resulted	in	the	issuance	of	advisories	recommending	limited	human	consumption	of	some	fish	
species	(De	Vlaming	2008).	OC	and	PCB	pesticide	concentrations	have	declined	and	were	
significantly	lower	in	fish	caught	in	2005	than	during	the	1970s;	however,	some	individual	fish	still	
had	concentrations	above	levels	of	concern	for	human	health	(De	Vlaming	2008).	PCB	
concentrations	in	San	Francisco	Bay	sport	fish	have	also	declined	but	are	still	more	than	10	times	
higher	than	the	threshold	of	concern	for	human	health	and	may	adversely	affect	wildlife	(Lee	and	
Jones‐Lee	2002;	Davis	et	al.	2007).	
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There	are	no	control	programs	for	reducing	OC,	PCB,	or	PAH	concentrations	in	the	Central	Valley	or	
Delta	largely	because	there	are	no	feasible	means	for	doing	so.	The	San	Francisco	Bay	Regional	
Water	Board,	however,	adopted	a	PCB	control	program	in	2007	(San	Francisco	Bay	Regional	Water	
Board	2007).	Periodic	fish	tissue	monitoring	should	continue	to	be	conducted	for	OCs,	PCBs,	and	
PAHs	in	the	Central	Valley	and	San	Francisco	Bay	to	establish	when	concentrations	of	these	legacy	
chemicals	are	no	longer	of	concern	for	human	and	wildlife	health.		

4.3.1.3 Endocrine Disruptors  

Endocrine	disrupting	chemicals	(EDC)	are	substances	found	in	pesticides,	personal	care	products	
and	pharmaceuticals	(PCPPs),	household	cleaning	products,	and	industrial	chemicals	that	disrupt	
the	endocrine	(hormone)	system	of	fish	and	wildlife	(Brander	et	al.	2016;	Fong	et	al.	2016).	At	the	
organismal	level,	EDCs	impair	reproductive	health	and	development	and	can	cause	tumors	and	
malformities.	At	the	population	level	EDCs	can	lead	to	skewed	sex	ratios	(Fong	et	al.	2016;	Bergman	
et	al.	2012)	resulting	in	declines	in	population	abundance	of	aquatic	organisms	(Bergman	et	al.	
2012).		

Special	studies	in	the	Bay‐Delta	estuary	have	shown	that	EDC	substances	are	present	and	may	be	
causing	organismal	and	population	level	effects	(Brander	et	al.	2013;	Tadesse	2016;	Riar	et	al.	
2013).	Skewed	sex	ratios	were	documented	in	Mississippi	silverside	(Menidia	audens)	at	sites	with	
high	urban	runoff	in	Suisun	Marsh	(Brander	et	al.	2013).	Sacramento	splittail	and	other	fish	have	
shown	evidence	of	feminization	through	high	levels	of	female	egg	yolk	protein	expression	in	males.	
Water	samples	with	EDC	mixtures	were	collected	in	the	same	areas	that	feminization	occurred	
(Tadesse	2016).	Impacts	of	EDCs	were	also	observed	in	invertebrate	salmon	prey	in	the	American	
River.	However,	the	chemicals	did	not	appear	to	be	at	concentrations	that	affected	the	reproductive	
health	of	local	salmonids	(Weston	et	al.	2014;	Riar	et	al.	2013;	de	Vlaming	et	al.	2006).		

Common	EDC	substances	in	the	Bay‐Delta	estuary	include	pesticides	such	as	pyrethroids	and	
fipronil,	and	PCPPs	such	as	latent	birth	control	hormones	and	microplastics.	Urban	and	agricultural	
runoff	are	sources	of	EDC	substances,	as	are	discharges	from	POTWs	(Weston	and	Lydy	2010;	Fong	
et	al.	2016).	PCPPs	may	be	hard	to	detect	(Fong	et	al.	2016).	Because	of	detection	difficulties,	EDCs	
are	also	defined	as	a	subset	of	a	group	of	chemicals	called	contaminants	of	emerging	concern	(CEC)	
(Anderson	et	al.	2010).	Generally,	CECs	are	not	commonly	monitored	in	the	environment	but	have	
the	potential	to	cause	adverse	ecological	or	human	health	impacts	(Klosterhaus	et	al.	2013).	The	
Water	Boards	have	various	monitoring	programs	and	special	studies	for	drinking	water	and	
recycled	water	for	CECs,	including	endocrine	disruptors.	

The	State	Water	Board	convened	a	Science	Advisory	Panel	in	2010	to	identify	strategies	and	
methods	for	regulating	CECs,	including	EDC	substances,	in	recycled	water.	The	panel’s	primary	
recommendations	were	to	develop	analytical	methods	to	measure	chemical	concentrations	and	to	
identify	trigger	levels	for	biological	assessment	(Anderson	et	al.	2010).	The	State	Water	Board’s	
Office	of	Information	Management	and	Analysis	(OIMA)	is	coordinating	efforts	to	gather	information	
and	develop	a	monitoring	program	for	CEC	substances	in	the	Bay‐Delta	estuary	with	Regional	Water	
Board	assistance.	Overall	goals	of	OIMA’s	program	include	verifying	the	occurrence	of	CECs	in	water,	
sediment,	and	tissue	samples	to	better	identify	status	and	trends	and	the	biological	impacts	of	CECs	
on	aquatic	organisms	(Tadesse	2016).	This	information	would	be	reviewed	by	the	Central	Valley	and	
San	Francisco	Bay	Regional	Boards	to	determine	whether	control	efforts	are	warranted.	An	existing	
stakeholder‐driven	Regional	Monitoring	Program	(RMP)	for	CECs	in	San	Francisco	Bay	may	provide	
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information	to	inform	future	control	programs	(Tadesse	2016;	RMP	2014).	Similar	monitoring	
programs	are	under	development	for	the	Central	Valley	and	Bay‐Delta	estuary.	

4.3.1.4 Ammonia/Ammonium 

Ammonia	is	a	toxic	chemical	with	the	potential	at	elevated	concentrations	to	reduce	growth,	
reproduction	and	survival	of	aquatic	organisms	(USEPA	2013).	Ammonia	exists	in	two	forms	in	water:	
un‐ionized	ammonia	(NH3)	and	ammonium	(NH4).	The	equilibrium	between	NH3	and	NH4	depends	
primarily	on	pH	and	to	a	lesser	extent	on	temperature	and	salinity	(USEPA	2013).	NH3	is	the	more	
toxic	of	the	two	forms.	Both	NH3	and	NH4	are	present	in	effluent	from	POTWs	and	confined	animal	
facilities.	Additional	sources	of	NH4	to	the	Delta	include	agricultural	and	urban	runoff,	atmospheric	
deposition	and	internal	nutrient	cycling	(Novick	and	Senn	2013).		

Toxicity	has	been	observed	in	bioassays	at	ammonia	concentrations	comparable	to	those	measured	in	
the	Sacramento	River	and	Delta.	The	USEPA	criteria	summary	of	ammonia	toxicity	found	that	unionid	
mussels	were	the	most	sensitive	warm,	freshwater	aquatic	organisms	evaluated,	while	juvenile	
salmonids	were	the	most	sensitive	cold	water	fish	species	tested	(USEPA	2013).	Surface	water	
monitoring	in	the	Delta	determined	that	ammonia	concentrations	were	lower	than	values	reported	to	
be	toxic	to	freshwater	unionid	mussels	and	juvenile	salmonids	(Foe	et	al.	2010).	Acute	7‐day	larval	
Delta	smelt	bioassay	testing	was	conducted	with	ambient	surface	water	from	the	Delta	amended	with	
ammonia,	though	no	toxicity	was	detected	(Werner	et	al.	2010b).	However,	Delta	smelt	exposed	to	
ammonia	at	concentrations	measured	in	the	Delta	exhibited	immune	and	muscular	system,	
developmental,	and	behavioral	abnormalities	(Connon	et	al.	2011;	Hasenbein	et	al.	2014).	Ammonia	
concentrations	comparable	to	values	measured	in	the	Sacramento	River	were	toxic	to	
Pseudodiaptomus	forbesi	and	Hyallela	azteca,	important	food	resources	for	native	larval	fishes	
including	Delta	smelt	(Teh	et	al.	2011;	Werner	et	al.	2010a,	2010b).		

Ammonia	concentrations	may	also	have	negative	effects	on	algal	primary	production,	standing	
biomass,	and	species	composition	in	the	Delta.	The	effect	of	ammonia	concentrations	on	algal	
primary	production	and	species	composition	in	the	Delta	is	controversial	(Dahm	et	al.	2016;	Cloern	
al	2014).	Some	recent	work	has	indicated	that	elevated	NH4	levels	reduce	algal	primary	production	
rates	in	water	samples	collected	from	Suisun	Bay	and	from	the	Delta	by	suppressing	nitrate	uptake	
(Wilkerson	et	al.	2006;	Dugdale	et	al.	2007;	Parker	et	al.	2012).	High	filtration	rates	by	the	overbite	
clam,	Potamocorbula,	and	high	turbidity	levels	are	additional	factors	responsible	for	reducing	
primary	production	and	standing	algal	biomass	in	Suisun	Bay.	Elevated	NH4	levels	have	also	been	
hypothesized	to	contribute	to	the	observed	shift	in	algal	species	composition	from	diatoms	to	blue‐
greens	and	greens	(Brown	2010)	by	selecting	for	species	less	sensitive	to	NH4	(Glibert	2010;	Glibert	
et	al.	2011).	The	shift	in	phytoplankton	community	composition	is	being	questioned	because	of	data	
quality	issues	with	the	initial	algal	cell	count	data	that	the	Glibert	papers	were	based	upon	(SFEI‐
ASC	2016).	A	non‐peer	reviewed	reanalysis	of	the	cell	count	data	does	not	support	the	observation	
that	a	shift	in	algal	species	composition	has	occurred	(SFEI‐ASC	2016).		

The	Sacramento	Regional	Wastewater	Treatment	Plant	(SRWTP),	located	at	Freeport	on	the	
Sacramento	River,	is	the	largest	POTW	discharging	into	the	Delta	and	contributes	about	90	percent	of	
the	Delta’s	annual	ammonia	load	(Jassby	2008).	The	SRWTP	is	being	upgraded,	which	should	reduce	
the	ammonia	loading	by	95	percent	or	more	by	2021	(Dahm	et	al.	2016).	Healey	et	al.	(2016)	and	
Brown	et	al.	(2016)	observed	that	the	upgrade	to	the	SRWTP	provides	a	unique	opportunity	to	
evaluate	the	effect	of	nutrient	reductions,	including	ammonia,	on	algal	primary	production	rates	and	
community	composition	and	the	overall	health	of	the	Delta	ecosystem		
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Low	flows	in	the	estuary	and	Delta	accentuate	the	effects	of	degraded	water	quality,	such	as	high	NH3	
and	NH4	levels.	Thus,	increased	flows	would	dilute	this	contaminant	and	enhance	water	quality	by	
flushing	the	estuary	more	often.	Similarly,	enhanced	flows	may	decrease	indirect	effects	of	NH3	and	
NH4,	such	as	blue	green	algal	blooms	when	excess	nutrients	are	in	the	water	(Brown	2010).		

The	primary	control	and	monitoring	programs	for	ammonia	are	through	the	Central	Valley	Regional	
Board	and	San	Francisco	Bay	Regional	Water	Board.	The	regional	boards	regulate	ammonia	in	
discharge	permits	through	application	of	effluent	limits	that	implement	narrative	and	numeric	water	
quality	objectives.	In	addition,	the	Irrigated	Lands	Regulatory	Program	regulates	waste	discharge,	
including	nitrogen‐based	fertilizers,	from	irrigated	lands	to	prevent	discharges	from	causing	or	
contributing	to	exceedances	of	water	quality	objectives.	Monitoring	of	ammonia	is	conducted	by	the	
IEP,	NPDES	permit	holders,	and	USGS.	The	two	regional	boards	recently	held	a	joint	workshop	to	
evaluate	the	role	that	NH4,	other	nutrients,	and	nutrient	ratios	play	on	algal	growth	and	species	
composition	in	the	Bay‐Delta	estuary.	The	goal	of	the	workshop	was	to	inform	further	development	of	
nutrient	research	plans	and	control	efforts.	

4.3.1.5 Cyanobacteria 

Harmful	cyanobacteria	algal	blooms	(HAB)	have	become	a	regular	occurrence	in	the	Delta	since	
1999	(Lehman	2005;	Kurobe	et	al.	2013;	Lehman	et	al.	2013).	Microcystis	aeruginosa	is	the	most	
common	cyanobacteria	species	although	Anabaena	spp.	and	Aphanizomenon	spp.	have	also	been	
detected	(Berg	and	Sutula	2015).	Blue‐green	algal	species	secrete	hepato	and	central	nervous	
system	toxins,	which	can	be	toxic	to	humans	and	aquatic	wildlife	(Lehman	et	al.	2008;	Berg	and	
Sutula	2015).		

The	toxicological	effect	of	HAB	species	on	aquatic	life	in	the	Delta	is	not	known.	Recent	research	has	
measured	microcystin	in	zooplankton,	amphipods,	and	fish	in	the	Delta	(Lehman	et	al.	2010,	2017;	
UC	Santa	Cruz	2015).	Striped	bass	and	Mississippi	silversides	collected	from	the	Delta	had	liver	
lesions	consistent	with	sub‐lethal	exposure	to	microcystin	(Lehman	et	al.	2010).	Laboratory	studies	
with	threadfin	shad	and	Sacramento	splittail	fed	Microcystis	contaminated	food	developed	similar	
liver	and	gonadal	lesions	(Acuña	et	al.	2012a,	2012b).	The	survival	of	E.	affinis	and	P.	forbesi	was	
reduced	in	laboratory	bioassays	with	increasing	concentrations	of	dissolved	microcystin	although	
the	levels	inducing	toxicity	were	higher	than	commonly	measured	in	the	Delta	(Ger	et	al.	2009).	
Survival	of	both	copepod	species	was	reduced	when	Microcystis	exceeded	10	percent	of	their	diet	
(Ger	et	al.	2010).	Dissolved	microcystin	concentrations	in	the	Delta	have	occasionally	exceeded	both	
the	Office	of	Environmental	Health	and	Hazard	Assessment’s	action	level	for	human	health	and	the	
World	Health	Organization’s	recreational	use	guideline	(Berg	and	Sutula	2015).	

The	magnitude	and	frequency	of	HABs	are	influenced	by	a	number	of	environmental	factors	that	are	
becoming	more	common	in	the	Delta.	These	include	higher	water	temperature,	longer	water	
residence	time,	increased	water	clarity,	salinity,	and	high	nutrient	concentrations,	particularly	
ammonia.	Microcystis	blooms	occur	now	during	the	summer	and	fall	in	the	central	Delta	and	are	
associated	with	water	temperature	above	20°C,	long	water	residence	time,	high	irradiance,	and	
elevated	ammonium	concentrations	(Jacoby	et	al.	2000;	Berg	and	Sutula	2015).	Ammonium	has	
been	the	preferred	nitrogen	source	for	cyanobacteria	blooms	in	the	Delta	(Lehman	et	al.	2017).	
Many	of	these	environmental	factors	are	more	common	during	drought	years	which	may,	at	least	
partially,	explain	the	recent	increase	in	cyanobacteria	blooms	in	the	Delta.	Climate	change	is	also	
associated	with	these	factors	and	may	result	in	increasing	the	frequency	and	magnitude	of	HABs	in	
the	future	(Lehman	et	al.	2017).	However,	climate	change	is	also	associated	with	sea	level	rise	and	
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increasing	salinities	in	the	Delta.	Salinities	greater	than	10	ppt	suppress	Microcystis	growth	(Berg	
and	Sutula	2015).	

Cyanobacteria	and	their	toxin	levels	are	not	routinely	measured	in	the	Delta	in	spite	of	their	regular	
occurrence	at	potentially	toxic	concentrations.	Brown	et	al.	(2016)	recommend	that	“quantitative	
monitoring	should	be	developed	and	implemented	so	blooms	and	their	effect	on	food	webs	can	be	
better	understood.”	The	Central	Valley	Regional	Water	Board	is	developing	a	research	plan	to	
determine	whether	nutrient	control,	including	ammonia,	would	reduce	the	magnitude	and	
frequency	of	cyanobacteria	blooms	and	toxin	formation	in	the	Delta.	

4.3.1.6 Selenium and Mercury 

Selenium	is	an	essential	micronutrient	at	low	levels	but	toxic	at	higher	concentrations	(Chapman	et	
al.	2009).	The	most	lethal	forms	of	selenium	are	selenomethionine	and	selenocysteine	(Chapman	et	
al.	2009).	Both	organic	forms	of	selenium	are	produced	by	microorganisms	and	biomagnify	in	
aquatic	food	chains	with	diet	being	the	primary	route	of	exposure	(Lemly	1985;	Chapman	et	al.	
2009).	At	high	concentrations,	selenium	is	a	reproductive	toxicant	(Chapman	et	al.	2009).	It	has	
been	shown	to	biomagnify	in	the	invasive	clam,	Potamocorbula,	which	is	a	food	source	for	bottom	
feeding	fish	such	as	sturgeon	(Linville	et	al.	2002).	High	selenium	concentrations	were	shown	to	
cause	reproductive	harm	to	sturgeon	(Linares‐Casenave	et	al.	2015;	Stewart	et	al.	2004).	
Historically,	the	primary	controllable	sources	of	selenium	to	the	San	Francisco	estuary	were	
subsurface	agricultural	drainage	from	the	west	side	of	the	San	Joaquin	Valley	and	discharge	of	oil	
processing	waste	from	refineries	in	the	North	Bay	(81	FR	46030).	TMDLs	were	adopted	to	control	
loads	from	both	sources.	Over	the	last	decade,	the	loads	from	agricultural	and	refinery	sources	have	
been	significantly	reduced.	In	recent	years,	the	average	selenium	water	concentrations	in	the	Bay	
have	been	~0.1	parts	per	billion	(ppb)	in	2011,	much	lower	than	the	existing	water	quality	objective	
of	5	ppb.	Ambient	water	column	concentrations	and	selenium	levels	in	fish	are	generally	below	the	
targets	established	by	the	North	San	Francisco	Bay	TMDL	adopted	in	2015.	Only	bottom	feeding	
species	with	a	high	proportion	of	Potamocorbula	in	their	diet,	such	as	white	sturgeon,	show	
selenium	concentrations	that	are	occasionally	higher	than	the	TMDL	target	of	11.3	microgram	per	
gram	(µg/g)	(Baginska	2015).	Selenium	concentrations	in	all	other	sport	fish	are	well	below	levels	of	
concern	for	human	health.		

Mercury	was	mined	in	the	California	Coast	Range	and	used	in	gold	mining	in	the	Sierra	Nevada	
(Churchill	2000).	The	mining	resulted	in	widespread	inorganic	mercury	contamination	in	water	
courses	in	the	Coast	Range,	valley	floor	and	Sierra	Nevada.	Methylmercury	is	the	most	toxic	form	of	
the	element	and	is	produced	by	sulfate	reducing	bacteria	in	anaerobic	sediment	(Compeau	and	
Bartha	1985;	Gilmour	et	al.	1992).	As	described	in	Section	4.2,	restoration	and	reconnection	of	
floodplains	benefit	ecosystems	and	native	species	in	a	variety	of	ways;	however,	elevated	flow	could	
increase	environmental	methylmercury	by	flooding	riparian	habitat	and	seasonal	wetlands,	which	
are	the	primary	sources	of	methylmercury	production	in	northern	California	(Wood	et	al.	2009).	
Control	measures	exist	for	sources	of	inorganic	mercury.	For	example,	improving	the	sediment	
trapping	efficiency	of	the	Cache	Creek	Settling	Basin	would	reduce	the	loads	of	mercury	that	enter	
the	Yolo	Bypass	from	the	Cache	Creek	watershed.		

Like	selenium,	methylmercury	bioaccumulates	in	the	aquatic	food	chain	with	the	primary	route	of	
exposure	being	through	consumption	of	mercury	contaminated	fish	(USEPA	1997).	At	greatest	risk	
are	human	and	wildlife	fetuses	and	young	(NRC	2000).	Mercury	has	also	been	implicated	in	tissue	
accumulation	causing	gill,	liver,	kidney,	and	gastrointestinal	tract	damage	to	higher	trophic‐level	
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species	like	sturgeon	and	splittail	(Huang	et	al.	2012;	Deng	et	al.	2008).	Fish	advisories	were	issued	
recommending	limited	human	consumption	of	several	fish	species	caught	in	the	Central	Valley	and	
Bay‐Delta	estuary	(OEHHA	2009).	The	San	Francisco	Bay	and	Central	Valley	Regional	Water	Boards	
adopted	mercury	TMDL	control	programs	for	San	Francisco	Bay	and	the	Delta.	Fong	et	al.	(2016)	
recommended	that	monitoring	be	conducted	to	characterize	long‐term	trends	in	bioaccumulative	
substances	in	fish.	The	trend	analysis	would	serve	as	a	performance	measure	to	evaluate	the	
effectiveness	of	ongoing	mercury	and	selenium	control	programs.		

4.3.2 Dissolved Oxygen 

DO	is	critical	to	the	health	and	survival	of	aquatic	organisms.	Low	DO	concentrations	or	hypoxia	
reduces	the	growth,	swimming	ability,	and	survival	of	aquatic	organisms	(USEPA	1986).	DO	
concentrations	in	waterways	are	affected	by	many	environmental	factors	including	flow,	
temperature,	salinity,	and	discharge	of	oxygen	requiring	substances.	DO	levels	fluctuate	diurnally	
with	oxygen	levels	typically	being	highest	during	daylight	hours	when	photosynthesis	produces	
oxygen	as	a	byproduct.	DO	levels	also	fluctuate	seasonally	with	oxygen	concentrations	typically	
being	lowest	in	summer	during	night	time	when	freshwater	flows	are	low	and	water	temperature	
high	(Spence	et	al.	1996;	Newcomb	et	al.	2010).	Warm	water	holds	less	DO	than	cold	water	and	
higher	water	temperatures	also	increase	the	metabolic	and	associated	oxygen	consumption	rates	of	
aquatic	organisms	making	warm	water	conditions	potentially	stressful	for	aquatic	life	(Myrick	and	
Cech	2000).	Cold	water	species,	such	as	developing	salmonid	embryos	and	larvae,	are	among	the	
most	sensitive	organisms	to	low	DO	concentrations	(USEPA	1986).	Temperature	and	oxygen	
requirements	of	salmonids	are	discussed	in	Chapter	3.	

Several	locations	in	the	Bay‐Delta	periodically	experience	low	DO	concentrations	which	may	have	
negative	impacts	on	native	fish.	Seven	creeks	and	sloughs	in	the	southern	and	eastern	Delta	and	
the	lower	Calaveras,	Middle,	Mokelumne,	and	Old	Rivers	in	the	central	Delta	are	listed	as	impaired	
because	of	low	DO.	The	Central	Valley	Regional	Water	Board	has	begun	to	evaluate	the	cause	of	
these	low	DO	situations.	Low	DO	also	occurs	in	low	flow	channels	and	dead‐end	sloughs	in	Suisun	
Marsh	(O’Rear	and	Moyle	2009).	Fish	mortality	has	been	observed	when	managed	wetlands	in	
Suisun	Marsh	are	flooded	and	subsequently	drained,	releasing	large	loads	of	organic	rich	matter	
and	water	with	low	DO	concentrations	into	adjacent	channels	(O’Rear	and	Moyle	2009;	Tetratech	
2013).	The	San	Francisco	Bay	Regional	Water	Board	is	in	the	process	of	refining	the	DO	objectives	
and	developing	a	TMDL	to	correct	the	low	DO	impairment	in	Suisun	Marsh.	In	the	meantime,	the	
Suisun	Resource	Conservation	District	together	with	the	duck	clubs	owners	have	started	interim	
actions	to	reduce	conditions	that	may	produce	DO	sags	in	marsh	sloughs.	As	a	result,	no	fish	kills	
have	been	observed	in	the	marsh	since	2009.		

Since	the	1930s,	the	San	Joaquin	River	and	DWSC	near	the	city	of	Stockton	has	experienced	regular	
periods	of	low	DO.	These	low	DO	conditions	occurred	year‐round	and	have	resulted	in	fish	kills	and	
delayed	the	upstream	migration	of	fall‐run	adult	Chinook	salmon	(McConnell	et	al.	2015).	In	2005,	
the	State	Water	Board	approved	the	TMDL	which	included,	as	part	of	its	implementation	
requirements,	reductions	in	point	and	nonpoint	sources	of	oxygen	requiring	substances	and	a	
requirement	to	assess	the	feasibility	of	operating	an	experimental	aeration	facility	in	the	Stockton	
DWSC.	In	2011	the	assessment	of	the	experimental	aeration	demonstration	project	was	successfully	
completed	and	showed	that	aeration	improved	water	quality	with	no	redirected	detrimental	effects.	
A	5‐year	voluntary	agreement	was	finalized	in	2012	that	provided	funding	for	operation	and	
maintenance	with	possible	extensions	after	2016.	An	upgrade	of	the	City	of	Stockton’s	Regional	
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Wastewater	Control	Facility	(WCF)	and	the	operation	of	the	aeration	facility	have	contributed	to	
significant	improvements	in	DO	conditions	in	the	DWSC.	The	DO	water	quality	objective	has	been	
violated	less	than	1	percent	of	the	time	since	2013,	when	both	the	upgrade	to	the	City	of	Stockton	
WCF	and	the	aeration	facility	were	operational	(McConnell	et	al.	2015).		

4.3.3 Sediment and Turbidity 

Turbidity	is	a	measure	of	water	clarity	related	to	suspended	sediment	that	is	important	for	estuarine	
species	in	the	Bay‐Delta	estuary	(Bennett	2005;	USFWS	2001).	The	Sacramento	River	is	the	largest	
source	of	suspended	sediment	to	the	Delta	and	is	estimated	to	have	provided	about	85	percent	of	
the	load	between	1999	and	2005	(Wright	and	Schoellhamer	2004).	Most	of	the	sediment	enters	the	
Delta	between	December	and	April	and	is	carried	in	first	flush	events	and	in	high	winter	storm	
flows.	Sediment	loads	from	the	Sacramento	basin	have	declined	by	about	50	percent	since	stream	
gaging	began	in	1957	(Wright	and	Schoellhamer	2004).	Construction	of	dams	is	thought	to	be	the	
primary	reason	for	the	decreased	sediment	load	(Schoellhamer	et	al.	2016).	Dams	reduce	sediment	
supply	because	large	reservoirs	trap	the	incoming	sediment	load	behind	the	dam	and	discharge	
clear	water	downstream	below	the	dam.	The	primary	source	of	suspended	sediment	in	the	
Sacramento	basin	is	now	from	unregulated	tributaries	that	discharge	below	rim	reservoirs	on	the	
valley	floor	(Schoellhamer	et	al.	2016).		

Turbidity	in	the	estuary	has	declined	by	about	40	percent	over	the	last	half	century	(Cloern	et	al.	
2011).	The	decline	is	attributed	to	reduced	sediment	input	from	reservoirs	and	from	the	spread	of	
submerged	aquatic	vegetation	(SAV)	in	the	Delta	(Schoellhamer	et	al.	2016).	Areas	in	the	Delta	with	
the	largest	expanse	of	SAV	have	the	greatest	decrease	in	suspended	sediment	(Hester	et	al.	2016).	
SAV	slows	water	movement,	promoting	increased	sedimentation	and	reductions	in	turbidity.	
Between	20	and	70	percent	of	the	increase	in	clarity	in	the	Delta	may	have	resulted	from	the	
expansion	in	SAV	coverage	(Hester	et	al.	2016).		

Turbidity	affects	multiple	important	biological	processes	in	the	Bay‐Delta	estuary.	For	example,	
turbidity	influences	the	amount	of	food	available	for	the	entire	food	web.	Phytoplankton	production	
in	the	estuary	is	light	limited	(Cloern	1999).	Decreasing	turbidity	levels	increase	algal	production	
and	phytoplankton	biomass,	assuming	that	primary	consumers	are	unable	to	keep	up	with	the	
increasing	algal	supply	(Dahm	et	al.	2016).	Several	native	fish	species	and	their	invertebrate	prey	
are	food	limited	(see	Chapter	3;	Brown	et	al.	2016;	Moyle	et	al.	2016).	Phytoplankton	are	an	
important	food	resource	for	these	organisms	and	increasing	food	levels	are	likely	to	increase	
population	abundance.	However,	higher	water	clarity	may	lead	to	phytoplankton	blooms,	
eutrophication,	and	harmful	cyanobacteria	blooms	(Dahm	et	al.	2016).	Reductions	in	turbidity	are	
also	associated	with	declines	in	estuarine	habitat	for	Delta	smelt,	striped	bass,	and	threadfin	shad.	
These	fish	are	found	in	high	abundance	near	X2,	an	area	of	high	turbidity	(Hasenbein	et	al.	2012).		

The	reason	for	the	fish	distributions	are	not	altogether	clear,	but	laboratory	studies	have	shown	that	
Delta	smelt	require	turbidity	for	successful	feeding	(Baskerville	et	al.	2004)	and	for	refuge	from	
predators	(Nobriga	et	al.	2008).	The	Delta	Smelt	Resiliency	Strategy	is	assessing	the	feasibility	of	
adding	suspended	sediment	to	the	LSZ	for	the	benefit	of	Delta	smelt	(California	Natural	Resources	
Agency	2016a).	Another	example	of	the	importance	of	turbidity	is	the	positive	feedback	loop	
between	reductions	in	turbidity	and	expansion	of	SAV	coverage.	Nonnative	SAV,	like	Egeria	densa,	
are	light	limited.	An	expansion	in	their	range	promotes	additional	sedimentation,	further	reductions	
in	turbidity,	and	further	range	expansion	(Hester	et	al.	2015).	Monitoring	of	sediment	via	a	sentinel	
monitoring	system	throughout	the	estuary	should	be	a	high	priority	to	track	trends	in	suspended	
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sediment	in	the	water	column,	and	to	better	understand	sediment	budgets,	as	well	as	sediment	fate	
and	transport.	Increasing	sediment	loads	with	sea	level	rise	could	help	maintain	tidal	wetlands	at	an	
optimal	elevation	for	plant	establishment	and	growth	(Schoellhamer	et	al.	2016).		

Improved	reservoir	management	and	SAV	control	may	increase	sediment	loading	and	turbidity	in	
the	Delta.	Currently,	reservoirs	capture	peak	flood	flows	and	their	associated	suspended	sediment	
loads	for	flood	control,	irrigation,	and	water	supply.	Studies	should	be	undertaken	to	determine	the	
increase	in	suspended	sediment	load	that	would	result	if	first	flush	events	were	bypassed	through	
reservoirs	and	allowed	to	be	discharged	down	river	channels	to	the	Delta.	Similarly,	a	study	should	
be	undertaken	to	determine	the	increase	in	turbidity	in	the	Delta	that	would	result	from	a	vigorous	
aquatic	weed	control	program.	

4.3.4 Temperature 

Water	temperature	is	a	key	factor	in	defining	habitat	suitability	for	aquatic	organisms.	High	water	
temperature	can	be	stressful	for	many	aquatic	organisms	(Kammerer	and	Heppell	2012),	
particularly	fish	that	are	near	the	southern	edge	of	their	distribution	(Matthews	and	Berg	1997).	
High	water	temperature	also	increases	the	growth	and	distribution	of	many	nonnative	species,	
increasing	their	ability	to	successfully	compete	for	limited	food	and	habitat	with	native	organisms	
(Moyle	2002;	Kiernan	et	al.	2012).	Major	factors	that	increase	water	temperature	and	negatively	
impact	the	health	of	the	Bay‐Delta	ecosystem	include	disruptions	of	historical	streamflow	patterns,	
loss	of	riparian	forest	vegetation,	reduced	flows,	discharges	from	agricultural	drains,	and	climate	
change	(USFWS	2001).	Many	of	these	factors	occur	in	unregulated	Sacramento	River	tributaries	and	
negatively	affect	salmonid	spawning	and	rearing.	The	effect	of	elevated	temperature	on	juvenile	and	
adult	salmonids	in	tributaries	is	discussed	in	Chapter	3.		

Exposure	of	Chinook	salmon	and	steelhead	populations	to	elevated	water	temperature	is	a	major	
factor	contributing	to	their	decline	(see	Section	3.4;	Myrick	and	Cech	2001).	Reductions	in	cold	
water	storage	impede	reservoirs	from	meeting	their	downstream	water	temperature	requirements,	
especially	during	critically	dry	years	(NMFS	2009a,	2014a).	Physical	and	operational	measures,	
including	TCDs	and	seasonal	storage	targets,	are	employed	at	Central	Valley	reservoirs	to	improve	
the	reliability	of	cold	water	discharge	during	critical	summer	and	fall	spawning	and	rearing	periods.	
Increasing	water	demand	and	climate	change	is	expected	to	further	limit	the	effectiveness	of	
reservoir	flow	and	water	temperature	management	in	protecting	anadromous	fish	populations	
below	reservoirs	(Lindley	et	al.	2007;	Cloern	et	al.	2011).	These	conditions	occurred	in	2014	and	
2015	when	a	lack	of	sufficient	inflow	and	cold	water	storage	in	Shasta	Reservoir	resulted	in	sub‐
lethal	to	lethal	water	temperatures	in	the	downstream	Sacramento	River,	contributing	to	very	low	
egg‐to‐fry	survival	for	winter‐run	Chinook	salmon	(NMFS	2016c).		

There	is	recognition	of	the	need	to	improve	data	collection	and	modeling	at	Shasta	Reservoir	and	
other	rim	reservoirs	to	better	understand	the	physical	processes	affecting	thermal	dynamics	and	
determine	the	most	effective	strategies	for	meeting	the	downstream	temperature	requirements	of	
salmonids	(Anderson	et	al.	2015).	Current	efforts	to	improve	water	temperature	management	at	
Shasta	Reservoir	include	developing	a	river	temperature	model	(River	Assessment	for	Forecasting	
Temperature	[RAFT])	and	incorporating	it	into	a	publically	available	Decision	Support	Tool	(DST)	
(Danner	et	al.	2012;	Danner	2015).	RAFT	uses	a	reservoir	model	and	7‐	day	meteorological	data	to	
predict	downstream	river	temperatures.	RAFT	does	not	model	the	17	km	reach	between	Shasta	and	
Keswick	Dams	(Danner	2015).	The	goal	for	Shasta	Reservoir	is	to	use	the	suite	of	DST	models	to	
more	effectively	manage	the	reservoir’s	limited	cold	water	resources	for	protection	of	winter‐run	
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Chinook	salmon.	The	DST	would	link	reservoir	models,	including	operation	of	the	TCD,	and	RAFT,	
with	biological	models	that	evaluate	temperature	exposure	and	sub‐lethal	effects	on	downstream	
salmon	redds.	The	DST	would	have	the	capability	to	operate	in	both	a	fore	and	hindcast	mode	to	
examine	a	range	of	operating	alternatives	for	managing	downstream	temperatures	while	
minimizing	impacts	on	cold	water	resources	in	the	reservoir.	If	the	DST	is	successfully	developed	
and	used	at	Shasta	Reservoir,	then	similar	modelling	tools	should	be	considered	at	other	rim	
reservoirs.	

Flow	and	temperature	data	continue	to	be	collected	in	Shasta	Reservoir	and	downstream	in	the	
river	to	calibrate,	validate,	and	refine	the	suite	of	linked	models	in	the	DST	to	determine	potential	
biological	effects.	A	refined	suite	of	linked	DST	models	would	have	the	added	value	of	providing	the	
means	to	evaluate	potential	thermal	impacts	of	restoration	projects	(riparian	forest	habitat	
restoration,	gravel	replenishment,	channel	and	floodplain	rehabilitation)	and	alternatives	for	
minimizing	climate	change.	If	the	DST	is	found	to	be	valuable,	then	it	should	be	expanded	and	used	
to	manage	temperature	at	other	rim	reservoirs.	

4.3.5 Monitoring and Assessment  

A	thorough	contaminant	monitoring	and	assessment	program	is	needed	to	ensure	that	the	nature	
and	extent	of	the	effects	of	existing	and	new	contaminants	that	may	be	introduced	in	the	Delta	are	
understood	and	addressed	as	needed	through	regulatory	and	other	actions	(Healey	et	al.	2016).	The	
CALFED	Ecosystem	Restoration	Program	(CALFED	ERP)	and	the	DSP	recognized	the	potential	
negative	effects	of	contaminants	on	Delta	organisms	and	identified	pollutants	that	enter	the	Delta	as	
a	topic	requiring	further	research	(DSC	2013;	Healey	et	al.	2008;	CALFED	2000).	Fong	et	al.	(2016)	
and	Healey	et	al.	(2016)	in	their	assessments	of	2016	Bay‐Delta	Science	also	concluded	that	a	
dedicated	contaminant	monitoring	and	assessment	program	was	needed	for	the	Delta.	The	
monitoring	and	assessment	should	be	developed	to	answer	management	questions	about	the	
biological	effect	of	natural	and	anthropogenic	toxicants	being	detected	in	the	Bay.	To	answer	
management	questions,	the	program	will	need	to	include	temporal	and	spatial	chemical	monitoring	
to	establish	sources,	transport,	fate,	and	trends	over	time.	Chemical	monitoring	should	be	coupled	
with	biological	studies	to	determine	the	effect	on	fish	and	wildlife.	In	the	past,	water	quality	
monitoring	has	emphasized	acute	bioassays	coupled	with	toxicity	identification	evaluations	and	
chemical	analysis.	Future	monitoring	should	also	include	an	evaluation	of	biochemical	and	
molecular	end	points	that	are	linked	to	sub‐lethal	effects	(Fong	et	al.	2016).	TMDL	control	programs	
have	been	developed	for	a	number	of	contaminants,	including	bioaccumulative	substances,	like	
legacy	pesticides,	PCBs,	PAHs,	mercury,	and	selenium.	However,	there	is	no	long‐term	fish	tissue	
monitoring	program	to	ascertain	whether	fish	tissue	concentrations	are	declining	as	expected.	
Periodic	special	studies	may	be	needed	to	answer	short‐term	management	questions.	For	example,	
before	and	after	studies	are	needed	to	determine	the	effect	of	the	SRWTP	upgrade	on	nitrogen	
cycling	in	the	estuary	and	potential	changes	of	nitrogen	concentrations	on	algal	species	composition,	
primary	production	rates,	and	reductions	in	the	magnitude	of	cyanobacteria	blooms	(Dahm	et	al.	
2016;	Brown	et	al.	2016).		

The	Delta	Regional	Monitoring	Program	(Delta	RMP)	began	in	2015	and	is	now	monitoring	mercury,	
pathogens,	and	pesticides	and	synthesizing	nutrient	information	to	identify	knowledge	gaps	and	
inform	future	nutrient	monitoring	efforts.	Participation	in	the	Delta	RMP	is	required	for	any	
discharger	impacting	Delta	water	quality.	Fong	et	al.	(2016)	recommended	that	the	Delta	RMP	be	
supported	to	enable	it	to	evolve	into	a	long‐term	comprehensive	monitoring	and	assessment	effort	
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capable	of	informing	regulatory	and	management	decisions.	The	Delta	RMP	should	be	closely	
coordinated	with	other	ongoing	monitoring	efforts	in	the	estuary	including	the	San	Francisco	Bay	
Regional	Monitoring	Program,	the	Environmental	Monitoring	Program,	the	State	Water	Board	
Surface	Water	Ambient	Monitoring	Program,	and	the	USGS	National	Water	Quality	Assessment	
Program.	Closer	integration	of	these	different	efforts	would	facilitate	better	interdisciplinary	
evaluations	of	data	and	lead	to	a	more	informed	understanding	of	potential	negative	water	quality	
effects	of	contaminants.	Finally,	the	Delta	RMP	should	insure	regular	synthesis	and	analysis	of	the	
monitoring	and	biological	effects	data	to	both	inform	adaptive	management	and	be	responsive	to	
management	questions.  

4.4 Nonnative Species 
The	Sacramento	River,	Bay‐Delta,	and	major	tributaries	to	both	Suisun	Bay	and	Suisun	Marsh	are	
home	to	a	diverse	assemblage	of	native	and	nonnative	species.	While	native	species	evolved	and	
adapted	to	the	unique	hydrology	of	the	area,	nonnatives	were	introduced	over	time	deliberately	and	
accidentally	by	government	agencies	and	others,	ship	ballast	water	releases	and	other	vessel	
introductions,	releases	of	aquarium	species,	and	bait	bucket	releases	(Kimmerer	2004).	Species	
were	deliberately	introduced	for	several	reasons	including:	(1)	improving	fishing	and	aquaculture,	
(2)	providing	bait	for	anglers,	and	(3)	providing	biological	control	of	aquatic	pests	or	disease	vectors	
(Moyle	2002).	There	are	over	250	introduced	species,	including	fish,	invertebrates,	and	plants,	in	the	
Bay‐Delta	(Cohen	and	Carlton	1995;	USFWS	2004).		

When	nonnative	species	are	introduced	to	an	ecosystem,	they	can	have	direct	and	indirect	effects	on	
native	species	and	affect	ecosystem	processes.	Nonnatives	can	reduce	ecosystem	biodiversity	by	
placing	additional	stress	on	native	species	through	(1)	competition,	(2)	predation,	(3)	hybridization,	
(4)	habitat	interference,	and	(5)	disease	(Moyle	2002;	Mount	et	al.	2012).	Regions	in	the	Bay‐Delta	
watershed	with	the	greatest	alteration	in	flow	are	most	dominated	by	nonnative	species	(Brown	and	
May	2006;	Brown	and	Michniuk	2007).	All	parts	of	the	ecosystem	are	highly	invaded	with	the	
majority	of	individuals	or	biomass	at	any	location	being	introduced	organisms	(Brown	et	al.	2016).	
The	presence	of	so	many	nonnative	species	is	considered	a	major	impediment	to	recovery	of	native	
taxa	(Healey	et	al.	2016).	

Nonnative	species	include	fish,	invertebrates,	and	aquatic	plants,	each	discussed	in	more	detail	
below.	Invasive	species	are	very	difficult	to	eradicate	once	a	successful	introduction	has	occurred;	
however,	various	efforts	have	been	and	continue	to	be	made	to	address	the	problem.	The	California	
Natural	Resources	Agency	recognizes	the	importance	of	controlling	aquatic	invasive	species	and	has	
developed	the	California	Aquatic	Invasive	Species	Management	Plan	(CDFG	2008).	The	plan	
provides	a	comprehensive	coordinated	effort	to	prevent	new	invasions,	minimize	impacts	from	
established	nonnative	aquatic	species,	and	establish	a	suite	of	priority	actions.	The	management	
plan	also	lays	out	a	process	for	annual	evaluations	of	the	program	so	that	it	can	continue	to	be	
managed	in	an	efficient	manner.	The	plan	should	continue	to	be	implemented	with	periodic	reports	
to	the	State	Water	Board	and	the	public	on	progress	in	achieving	management	goals.		

4.4.1 Fishes 

The	Bay‐Delta	alone	has	roughly	51	nonnative	freshwater	fish	species	that	have	become	part	of	the	
ecosystem	(Moyle	2002).	It	has	been	acknowledged	by	the	scientific	community	that	the	Bay‐Delta	
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estuary	has	become	a	novel	ecosystem	given	all	the	nonnative	introductions	(Moyle	et	al.	2012).	
Many	are	considered	to	be	recreationally	or	commercially	important	such	as	striped	bass,	
largemouth	bass,	and	threadfin	shad,	all	of	which	interact	with	native	species	but	some	of	which	are	
also	in	decline	(Sommer	et	al.	2007;	Moyle	et	al.	2012).	The	altered	hydrology	creates	more	
competitively	favorable	conditions	for	spawning	and	rearing	of	nonnative	species	than	for	native	
organisms	(Brown	and	Bauer	2009)	suggesting	that	a	return	to	a	more	natural	hydrology	may	be	
one	of	the	few	ways	of	favoring	native	species	at	the	expense	of	introduced	ones	(Bunn	and	
Arthington	2002).		

NMFS	considers	predation	by	nonnative	species	an	important	factor	affecting	Sacramento	River	
winter‐run	Chinook	salmon,	Central	Valley	spring‐run	Chinook	salmon,	Central	Valley	fall‐	and	late‐
fall‐run	Chinook	salmon,	and	Central	Valley	steelhead	(CDFG	2011a).	Native	predators	of	salmon	
and	steelhead	include	pikeminnow	(Ptychocheilus	grandis),	several	avian	species	(BPA	2010)	in	the	
Delta,	along	with	the	occasional	marine	mammal	(CDFG	2011a;	Grossman	et	al.	2013).	Invasive	
fishes	may	either	eat	or	compete	with	smelts	and	other	natives	for	food	(Sommer	et	al.	2007;	Moyle	
2002),	most	notably	centrarchids	such	as	bass	species,	the	major	ones	discussed	here	(DSC	2013).	
As	discussed	below,	centrarchids	interfere	with	native	species	through	predation	and	competition	
(Grossman	et	al.	2013).	

Silversides	(Menidia	beryllina)	are	an	example	of	a	nonnative	species	that	both	preys	upon	and	
competes	with	native	species	for	limited	food	resources.	Silversides	school	in	large	numbers	over	
sand	and	gravel	bottoms	and	are	the	most	abundant	fish	in	many	shallow	areas	of	the	estuary	
(Chernoff	et	al.	1981;	Kramer	et	al.	1987;	Moyle	2002).	Their	distribution	overlaps	that	of	native	
species	like	Delta	smelt,	juvenile	salmonids,	and	Sacramento	splittail	(Moyle	2002).	Silversides	may	
outcompete	other	small	planktivorous	fish	for	limited	food	resources	(Moyle	2002).	They	are	also	
voracious	predators	on	larval	fish	and	are	abundant	in	shallow	areas	where	Delta	smelt	spawn,	
especially	during	low	flow	years	(Swanson	et	al.	2000;	Moyle	2002).	Silversides	also	prey	heavily	on	
Delta	smelt	eggs	and	larvae	(Baerwald	et	al.	2012).	The	introduction	of	silversides	coincided	with	
and	may	have	contributed	to	the	decline	of	Delta	smelt	populations.	The	continued	abundance	of	
silversides	may	inhibit	the	recovery	of	Delta	smelt	(Swanson	et	al.	2000;	Moyle	2002).	Other	
important	nonnative	predators	include	striped	bass,	white	and	channel	catfish,	and	largemouth	
bass.	These	species	also	better	tolerate	highly	altered	environments	characterized	by	low	flow	and	
low	DO	conditions	than	native	species	(Moyle	2002;	Feyrer	et	al.	2004).		

Predation	by	nonnative	fish	on	Chinook	salmon	larvae	remains	a	controversial	issue	in	the	Bay‐Delta	
estuary	(Grossman	et	al.	2013).	Removal	of	striped	bass	or	other	predacious	fish	species	has	been	
suggested	as	a	method	to	improve	juvenile	Chinook	salmon	survival.	Predator	removal	experiments	
improved	juvenile	Chinook	salmon	survival	in	small	areas	of	the	Delta	for	a	short	time	(Cavallo	et	al.	
2012)	but	did	not	increase	salmon	survival	in	the	long‐run	(Grossman	et	al.	2016).	The	majority	of	
fish	predators	in	the	Bay‐Delta	are	nonnative	species	(more	than	20	taxa)	and	many	consume	
juvenile	Chinook	(Grossman	et	al.	2016).	Removing	a	single	species	increases	the	number	of	other	
nonnative	competitors	(Grossman	2016).	For	example,	a	field	study	found	that	predation	by	other	
nonnative	fish	tripled	after	striped	bass	removal	(Cavallo	et	al.	2012).	Bridges,	water	infrastructure	
facilities,	unnatural	bends,	and	gravel	removal	pits	in	river	channels	have	been	identified	as	
predator	hotspots	(Sabal	et	al.	2016).	Identification	and	modification	of	these	structures	to	eliminate	
hiding	and	ambush	sites	for	nonnative	predators	may	be	a	limited	but	more	effective	predator	
control	method	than	predator	removal.		
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The	extent	of	predation	by	nonnative	fish	on	native	populations	remains	largely	unknown	since	
multiple	stressors	negatively	impact	native	fish.	Predation	is	only	one	of	these	factors.	Other	factors	
include	warm	water,	lower	turbidity,	contaminants,	and	low	flow.	Stressors	interact	and	may	act	in	
conjunction	with	each	other	so	it	is	difficult	to	determine	how	much	each	stressor	affects	fish	in	
isolation.	Increasing	winter	and	spring	flows	to	maintain	low	temperatures	and	elevated	turbidity	
may	be	better	solutions	for	recovery	of	native	species	than	predator	removal.	This	is	consistent	with	
the	observation	that	more	permanent	or	more	constant	flows	created	by	damming	and	diverting	
river	flows	favor	introduced	species	(Moyle	and	Mount	2007;	Poff	et	al.	2007).	The	reestablishment	
of	more	natural	flow	regimes	in	Putah	Creek	provided	higher	spring	flows,	cooler	water	
temperatures,	and	more	shaded	habitat,	which	improved	native	fish	spawning	and	rearing	at	the	
expense	of	nonnative	species	(Marchetti	and	Moyle	2001;	Kiernan	et	al.	2012).	Studies	may	be	
warranted	that	examine	the	consequences	if	nonnative	fish	are	not	salvaged	at	the	SWP	and	CVP.	
The	CVP	and	SWP	salvaged	over	32	million	striped	bass,	3	million	silversides,	half	a	million	
largemouth	bass,	and	5	million	white	catfish	between	1992	and	2005	(Grimaldo	et	al.	2009a).	More	
than	95	percent	of	the	fish	salvaged	at	the	CVP	and	SWP	facilities	were	nonnative	species	(Aasen	
2016).	Not	salvaging	these	fish	may	be	a	cost‐effective	way	to	reduce	the	population	size	of	
nonnatives	without	having	a	negative	impact	on	native	organisms.		

Four	recommendations	are	made	to	reduce	the	abundance	and	distribution	of	nonnative	fish	
species.	First,	the	California	Fish	and	Game	Commission	(CFGC)	should	deny	all	requests	for	the	
introduction	of	new	aquatic	species	unless	it	finds	that	the	introduction	will	not	have	deleterious	
effects	on	native	organisms.	Second,	Reclamation	and	DWR	should	evaluate	the	cost	effectiveness	
and	efficacy	of	not	salvaging	nonnative	fish	species	at	the	CVP	and	SWP.	Third,	large	numbers	of	
salmonids	are	lost	at	predation	hot	spots	(Sabal	et	al.	2016).	Studies	should	be	conducted	to	
determine	the	location	of	these	sites,	the	characteristics	that	make	them	valuable	ambush	sites	for	
predators,	and	how	the	locations	might	be	modified	to	reduce	their	availability	to	predators.	Finally,	
studies	should	be	undertaken	to	determine	the	efficacy	of	a	more	natural	flow	pattern	for	
discouraging	the	growth	and	reproduction	of	nonnative	fish	species	while	increasing	the	abundance	
and	distribution	of	native	taxa	in	both	upstream	tributaries	of	the	Sacramento	River	and	the	
downstream	Bay‐Delta	estuary.		

4.4.2 Invertebrates 

The	value	of	the	Bay‐Delta	estuary	as	a	nursery	area	for	native	species	has	been	compromised	by	the	
successful	invasion	of	nonnative	invertebrates	including	several	species	of	bivalves,	crustaceans,	
and	jelly	fish.	These	organisms	now	dominate	both	the	benthic	and	planktonic	environments	of	the	
estuary	and	disrupt	the	base	of	the	estuarine	food	web	(Jassby	et	al.	2002;	Sommer	et	al.	2007;	
Mount	et	al.	2012).	Complex	trophic	interactions	make	it	difficult	to	predict	the	biological	effect	of	
these	invasions	on	the	native	invertebrate	community,	including	its	composition	and	abundance	
(York	et	al.	2013).	However,	observed	changes	in	the	Bay‐Delta	suggest	a	shift	has	occurred	in	
energy	flow	from	a	phytoplankton‐based	pelagic	food	web	to	a	detritus‐derived	benthic	food	web	
(Winder	and	Jassby	2011).		

Potamocorbula	and	Corbicula	fluminea	are	two	common	introduced	bivalves	in	the	Bay‐Delta	
estuary.	A	long‐term	decline	in	phytoplankton	biomass	(chlorophyll‐a)	occurred	in	Suisun	Bay	after	
the	introduction	of	Potamocorbula	in	1986	(Figure	4.4‐1)	(Jassby	et	al.	2002;	Lucas	et	al.	2002;	
Kimmerer	2006;	Jassby	2008).	Corbicula	fluminea	is	native	to	Asia	and	was	first	reported	in	the	Bay‐
Delta	in	1945	(Cohen	and	Carlton	1995).	As	filter	feeders,	the	two	clam	species	consume	large	
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quantities	of	phytoplankton,	bacterioplankton,	and	small	zooplankton	such	as	rotifers	and	copepod	
nauplii	(Greene	et	al.	2011;	Durand	2010)	which	decreases	food	availability	for	larger	zooplankton	
and	mysids	that	serve	as	prey	for	fish	species	in	the	Bay‐Delta	(Mount	et	al.	2012).		

Invasive	bivalves	have	affected	native	fish	species	in	the	Bay‐Delta.	Soon	after	the	Potamocorbula	
invasion	there	was	a	large	decline	in	the	carrying	capacity	of	the	estuary	for	Delta	smelt,	longfin	
smelt,	and	starry	flounder	(Bennett	2005;	Moyle	et	al.	2016;	see	discussion	in	Chapter	3).	
Recruitment	per	unit	Delta	outflow	for	longfin	smelt	and	starry	flounder	decreased	by	4.3±1.4	and	
3.9±1.51	fold,	respectively	and	has	not	recovered	(Figure	3.5‐2	and	Figure	3.9‐2).	Today	
Potamocorbula	dominates	the	entire	brackish	transition	zone	of	the	estuary.	C.	fluminea	is	widely	
dispersed	as	the	most	abundant	bivalve	species	in	the	freshwater	portion	of	the	Delta	(Lucas	et	al.	
2002).	Because	of	the	widespread	distribution	of	these	two	invasive	clams,	there	are	very	few	
locations	in	the	estuary	where	phytoplankton	assemblages	can	develop	as	occurred	prior	to	the	two	
invasions.	Reduced	standing	chlorophyll	levels	are	considered	a	major	factor	in	controlling	
secondary	production	and	fish	abundance	in	the	estuary	(Kimmerer	2002;	Brown	et	al.	2016).	As	a	
result,	the	capacity	of	the	system	to	produce	food	for	fish	is	now	more	limited.	Studies	are	needed	to	
determine	whether	physical	or	biological	control	of	Potamocorbula	is	practical	and	feasible.	
Biological	controls	might	include	encouraging	more	predation	by	diving	ducks	and	white	sturgeon.		

	

	

Figure 4.4‐1. Clam Abundance and Chlorophyll Concentrations in the Low Salinity Zone before and 
after the Invasion of the Clam Potamocorbula in 1987 (vertical dashed line). Figure from Kimmerer 
2006.  

	

Between	the	early	1960s	and	mid‐1990s,	eight	East	Asian	pelagic	copepods	invaded	the	Bay‐Delta	
estuary	where	they	replaced	native	species	and	disrupted	the	aquatic	food	chain.	Those	species	
included	Acartiella	sinensis,	Limnoithona	sinensis,	Limnoithona	tetraspina,	Oithona	davisae,	
Pseudiodiaptomus	forbesi,	Pseudodiaptomus	marinus,	Sinocalanaus	doerri,	and	Tortanus	dextrilobatus	
(Orsi	and	Ohtsuka	1999).	During	the	late	1980s	and	early	1990s,	the	nonnative	copepod	P.	forbesi	
largely	replaced	the	native	Eurytemora	affinis	as	Potamocorbula	became	abundant	in	the	low‐
salinity	reaches	of	the	estuary	(Winder	and	Jassby	2011).	E.	affinis	still	achieves	high	population	
levels	during	spring,	but	it	is	replaced	by	P.	forbesi	in	summer	and	fall.	While	small	native	fish	such	

																																																													
1	Mean	±	standard	error.	
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as	smelts	can	switch	between	the	two	prey	types,	they	may	not	benefit	consuming	the	nonnative	
copepod,	P.	forbesi,	which	is	a	faster	swimmer	than	E.	affinis	and	may	be	more	difficult	to	catch	and	
not	as	cost‐efficient	a	prey	item	to	consume	(Meng	and	Orsi	1991;	Morgan	et	al.	1997;	Slater	and	
Baxter	2014;	Moyle	et	al.	2016).	Some	of	these	nonnative	copepods	are	also	generally	less	nutritious	
for	native	fish.	P.	forbesi,	Acartiella	spp.,	and	Limnoithona	are	smaller	than	native	copepods	such	as	
Eurytemora	spp.	and	Acartia	spp.,	take	more	energy	to	capture,	and	are	less	available	to	predators	
(Meng	and	Orsi	1991;	Winder	and	Jassby	2011;	Mount	et	al.	2012).	

The	Native	mysid,	N.	mercedis,	and	the	Crangonid	shrimp,	Crangon	franciscorum,	were	common	
species	in	the	estuary.	Native	mysid	populations,	which	are	the	preferred	and	more	nutritious	prey	
for	both	juvenile	and	adult	native	fish	species,	have	declined	(Winder	and	Jassby	2011)	and	have	
been	replaced	by	nonnatives	including	Gammarus	daiberi	(Kimmerer	2004).	A	recent	unpublished	
analysis	of	the	outflow	requirements	of	important	introduced	and	native	zooplankton	was	
summarized	in	Chapter	3.	The	analysis	suggested	that	increasing	net	Delta	outflow	between	March	
and	September	will	increase	the	abundance	of	E	affinis,	P.	forbesi,	and	N.	mercedis	(Hennessy	and	
Burris	2017).		

Two	species	of	jelly	fish	(Maeotias	marginata,	Moerisia	sp.)	are	now	established	in	Suisun	and	San	
Pablo	Bays	(Rees	and	Gershwin	2000;	Wintzer	et	al.	2011).	Not	much	is	known	about	these	species	
but	there	is	concern	that	these	predatory	jelly	fish	will	further	alter	the	aquatic	community	by	
capturing	and	consuming	zooplankton,	larvae,	and	juvenile	fish	(Rees	and	Gershwin	2000).		

4.4.3 Aquatic Plants 

A	suite	of	nonnative	plants	have	colonized	the	Delta	(Boyer	and	Sutula	2015).	These	include	
Brazilian	waterweed	(Egeria	densa),	water	hyacinth	(Eichhornia	crassipes),	water	primrose	
(Ludwigia	sp.),	curly	leaf	pondweed	(Potamogeton	sp.),	and	Eurasian	watermilfoils	(Myriophyllum	
spicatum)	(Ferrari	et	al.	2013;	CDBW	2014;	DSC	2013;	Boyer	and	Sutula	2015).	Native	submerged	
and	floating	aquatic	vegetation	also	occur	in	the	Delta.	Common	native	species	are	pondweed	
(Stuckenia	sp.)	and	coontail	(Ceratophyllum	demersum).	The	most	problematic	nonnative	aquatic	
plants	are	Brazilian	waterweed	and	water	hyacinth	because	of	their	ability	to	spread	rapidly	under	
the	right	environmental	conditions,	displacing	native	species,	clogging	waterways,	altering	turbidity,	
and	negatively	affecting	other	aquatic	species.	These	invasive	species	are	called	“ecosystem	
engineers”	because	of	their	ability	to	affect	food	chains	and	other	aquatic	species	by	modifying	the	
surrounding	physical	environment	(Mount	et	al.	2012).		

Brazilian	waterweed	has	detrimental	effects	on	the	Bay‐Delta	ecosystem	(Boyer	and	Sutula	2015).	
Brazilian	waterweed	is	native	to	South	America,	was	introduced	to	the	United	States	in	1893,	and	
became	established	in	shallow	littoral	areas	of	the	freshwater	Delta	during	the	1980s.	From	2004	to	
2006,	the	distribution	of	Brazilian	waterweed	increased	by	more	than	10	percent	per	year	and	has	
continued	to	increase	during	the	recent	drought	(Conrad	et	al.	2016).	Brazilian	waterweed	now	
covers	60	percent	of	central	Delta	channels	(Santos	et	al.	2011)	and	5–10	percent	of	all	Delta	
waterways	(Santos	et	al.	2016).	These	estimates	are	only	approximate	because	no	regular	
monitoring	program	exists	to	determine	biomass	and	coverage	of	aquatic	vegetation	(Boyer	and	
Sutula	2015).	E.	densa	occurs	in	dense	canopies	that	shade	the	understory	and	reduce	
phytoplankton	growth	and	exclude	other	submerged	native	aquatic	plants,	decrease	oxygen	levels	at	
night,	and	increase	water	temperature	and	water	clarity	by	reducing	water	circulation	and	
promoting	sedimentation.	Brazilian	waterweeds	also	provide	cover	for	large	nonnative	fish	
predators	that	prey	on	smaller	native	fish.	USFWS	(2016)	considers	predation	in	SAV	a	limiting	
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factor	for	Delta	smelt	survival.	Brazilian	waterweed	does	not	occur	in	Suisun	Bay	because	of	its	
intolerance	of	salinities	greater	than	5	ppt	(Borgnis	and	Boyer	2015).	Colonization	of	the	Delta	by	
SAV	established	a	new	food	web.	Brazilian	waterweed	provides	structural	complexity	and	surface	
area	for	attached	epiphytic	algae	and	invertebrates	and	a	refuge	for	fish	(Brown	and	Michnick	2007;	
Schultz	and	Dibble	2012;	Brown	et	al.	2016).	A	stable	isotope	diet	study	found	that	centrarchids	ate	
amphipods	that	were	consuming	epiphytic	algae	attached	to	SAV	(Grimaldo	et	al.	2009b).	Some	
open	water	fish—juvenile	Chinook	salmon	and	silversides—may	also	have	also	entered	the	SAV	
canopy	at	high	tide	and	consumed	attached	food	organisms.		

Water	hyacinth	also	has	detrimental	effects	on	the	Bay‐Delta	ecosystem	(Boyer	and	Sutula	2015).	
Water	hyacinth	is	native	to	South	America	and	was	introduced	to	the	United	States	in	1884	(DSC	
2013).	Since	its	introduction	into	the	Delta,	water	hyacinth	has	proliferated	and	eradication	is	no	
longer	an	option	(CDBW	2012).	Water	hyacinth	increased	four‐fold	from	2004–2007	to	2014	and	
now	covers	about	800	hectares	in	the	Delta	(Boyer	and	Sutula	2015).	Negative	issues	associated	
with	water	hyacinths	are	similar	to	those	caused	by	Brazilian	waterweed.	Water	hyacinths	now	
cover	the	entire	water	surface	of	many	back	sloughs,	blocking	sunlight	for	phytoplankton	and	other	
submersed	autotrophs,	decreasing	DO,	creating	barriers	to	navigation,	changing	turbidities	in	the	
water	column,	and	affecting	fish	feeding	and	passage	(Villamagna	and	Murphy	2010).	Water	
hyacinths	are	sensitive	to	salinity	and	exhibit	stress	at	2.5	ppt	(Haller	et	al.	1974)	and	mortality	
above	6–8	ppt	(as	summarized	in	Boyer	and	Sutula	2015).	Little	is	known	about	the	food	web	effect	
of	water	hyacinths	on	native	fish	and	the	aquatic	ecosystem	(Brown	et	al.	2016).		

Climate	change	may	increase	the	abundance	and	distribution	of	invasive	aquatic	plants	in	the	Delta	
(Boyer	and	Sutula	2015).	Climate	change	is	predicted	to	result	in	warmer	water	temperatures	and	
an	increased	frequency	of	droughts.	These	factors	will	favor	the	increased	dominance	of	Brazilian	
waterweed	and	water	hyacinth.	However,	sea	level	rise	and	increased	saltwater	intrusion	into	the	
western	Delta	could	slow	the	spread	of	these	salt	intolerant	plants.		

Control	measures	to	reduce	the	biomass	and	spread	of	nonnative	aquatic	vegetation	have	not	been	
effective.	This	has	resulted	in	the	search	for	novel,	more	effective	ways	to	control	nonnative	aquatic	
plants.	The	CDBW	routinely	applies	chemical	herbicides	to	control	the	spread	of	both	E.	densa	and	E.	
crassipes	and	has	experimented	with	mechanical	shredding	(Boyer	and	Sutula	2015;	CDBW	2006).	
Sub‐lethal	effects	on	aquatic	organism	have	been	documented	from	these	herbicide	applications	
(see	Section	4.3).	Mechanical	shredding	of	water	hyacinth	resulted	in	low	DO	levels	and	localized	
fish	kills	because	of	decomposition	of	the	shredded	organic	material	(Greenfield	et	al.	2007).	The	
U.S.	Department	of	Agricultural	Research	Services	and	the	California	Department	of	Food	and	
Agriculture	are	investigating	the	potential	introduction	of	biological	control	agents	for	control	of	
aquatic	weeds	(reviewed	in	Boyer	and	Sutula	2015).	The	Central	Valley	Regional	Water	Board	has	
assembled	a	Science	Work	Group	and	is	developing	a	research	plan	to	determine	whether	nutrient	
control	could	reduce	the	abundance	and	distribution	of	nonnative	macrophytes	(Central	Valley	
Water	Board	2014).	A	more	variable	flow	pattern	that	allowed	periodic	low	Delta	outflow	and	some	
saltwater	intrusion	into	the	western	Delta	could	naturally	restrict	the	distribution	of	these	
nonnative	aquatic	plants.		

Nonnative	aquatic	plants	are	now	a	permanent	part	of	the	Bay‐Delta	ecosystem.	Three	
recommendations	are	made	to	better	understand	their	effect	on	the	aquatic	ecosystem	and	to	
develop	control	strategies.	First,	routine	monitoring	of	floating	and	submerged	aquatic	vegetation	is	
needed	to	assess	trends	over	time	and	estimate	biomass,	net	primary	production,	and	species	
composition	(Boyer	and	Sutula	2015).	Second,	potential	control	strategies	need	to	be	evaluated	to	
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determine	their	effectiveness	at	reducing	live	biomass	and	limiting	colonization	of	new	habitat.	The	
review	of	control	strategies	should	include	an	evaluation	of	mechanical,	chemical,	biological,	salinity	
and	nutrient	management	(Boyer	and	Sutula	2015).	Finally,	more	research	needs	to	be	undertaken	
to	understand	the	effect	of	invasive	aquatic	plants	and	their	control	on	native	fish	and	the	Bay‐Delta	
aquatic	ecosystem.		

Two	groups,	the	Delta	Region	Areawide	Aquatic	Weed	Project	and	the	IEP	Aquatic	Vegetation	
Project	Work	Team	are	beginning	to	carry	out	these	recommendations.	The	Delta	Region	Areawide	
Aquatic	Weed	Project—a	collaboration	among	National	Aeronautics	and	Space	Administration,	U.S.	
Department	of	Agriculture‐Agricultural	Research	Service,	University	of	California‐Davis,	and	local	
agencies—was	formed	in	2011	and	is	evaluating	the	use	of	remote	sensing‐based	geospatial	
information	to	determine	aquatic	weed	distributions	and	is	also	conducting	research	on	more	
effective	herbicides	and	biocontrol	methods.	The	IEP	Aquatic	Vegetation	Project	Work	Team—
composed	of	federal	and	state	scientists—was	formed	in	2016	and	is	investigating	the	impacts	of	
nonnative	aquatic	vegetation	and	treatment	efforts	on	Bay‐Delta	habitats	and	wildlife.		

4.5 Fishery Management 
This	section	focuses	on	the	effects	of	fisheries	management	activities	on	the	aquatic	ecosystem	in	
the	Delta	and	its	tributaries	such	as	harvest,	hatchery	operations,	and	unscreened	diversions.		

4.5.1 Harvest  

The	Delta	and	its	tributaries	currently	support	recreational	and	commercial	fisheries.	Recreational	
fisheries	include	a	marine	and	freshwater	fishery	for	striped	bass,	largemouth	bass,	black	bass,	
white	sturgeon,	Chinook	salmon,	steelhead,	catfish,	and	American	shad	(CDFG	2011b).	The	only	
commercial	fisheries	in	the	Delta	are	for	threadfin	shad	and	crayfish,	though	the	Delta	and	its	
tributaries	also	support	a	commercial	ocean	salmon	fishery	(Water	Science	and	Technology	Board	et	
al.	2012;	Mesick	2001;	Moyle	2002).	As	discussed	in	Chapter	3,	there	has	been	a	substantial	decline	
in	population	abundance	of	salmonids,	sturgeon,	splittail,	starry	flounder,	and	bay	shrimp	over	the	
last	50	years.	There	are	a	number	of	factors	contributing	to	these	declines,	including	loss	of	flow	and	
physical	habitat,	along	with	the	effects	of	other	stressors	(Sommer	et	al.	2007;	Fong	et	al.	2016).	An	
additional	factor	may	be	a	potentially	unsustainable	take	of	adult	breeding	stock	in	commercial	and	
recreational	fisheries.	Loss	of	adult	breeding	stock	can	reduce	recruitment,	future	population	
abundance,	and	the	viability	of	the	fishery.		

In	its	recommendations	to	other	agencies,	the	2006	Bay‐Delta	Plan’s	program	of	implementation	
suggested	that	the	CDFW,	CFGC,	Pacific	Fisheries	Management	Council	(PFMC),	and	NMFS	review	
and	modify,	if	necessary,	existing	commercial	and	sport	fish	take	regulations;	and,	that	CDFW	should	
expand	efforts	to	reduce	illegal	harvest.		

The	CFGC,	PFMC,	and	NMFS	has	evaluated	the	effect	of	take	and	recommended	more	stringent	
fishing	regulations	to	the	CFGC	for	native	and	special	status	Bay‐Delta	species	(CDFW	2017).	Some	
of	these	regulations	are	summarized	in	Table	4.5‐1.	In	addition,	PFMC	conducts	a	dynamic	annual	
regulatory	setting	process	to	adjust	salmonid	harvest	rates	based	on	stock	size	and	distribution.	For	
example,	PFMC	implemented	a	near	full	closure	of	the	ocean	salmon	fishery	in	2008–2009	because	
of	reduced	stock	size.	Reductions	in	the	recreational	take	of	sturgeon	and	Sacramento	splittail	have	
also	occurred.	Finally,	poaching	represents	an	illegal	form	of	harvest	and	has	been	a	continuing	
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problem	in	the	Delta	especially	for	sturgeon	(Mount	et	al.	2012).	CDFW	uses	wardens	and	other	
surveillance	methods	to	discourage	and	prosecute	illegal	poaching.	

Table 4.5‐1. Summary of Recent Take Regulations to Reduce the Impact of Commercial and 
Recreational Harvest on Native Fish Species 

Effective	Year	 Regulation	Change	 Intended	Impact	

Salmonids	

2008‐2009	 Near‐full	closure	of	ocean	salmon	fisheries	 Protection	of	collapsed	fall‐run	
Chinook	salmon	population		

>1989	 Winter‐run	Chinook	salmon:	Since	winter‐run	
Chinook	salmon	were	listed	as	ESA	threatened	in	
1989,	various	ocean	area	and	river	reach	fishing	
closures	and	reduced	size	limits,	and	truncated	
seasons	have	been	used	to	reduce	the	catch	of	
winter‐run	Chinook	salmon	in	commercial	and	
recreational	fisheries		

Reduced	winter‐run	Chinook	
salmon	harvest	rates	(which	
has	been	successful)	

Sturgeon	

2006	 Green	sturgeon:	zero	bag	limit	 No	legal	harvest	

2007	 White	sturgeon:	1‐fish	daily,	3‐fish	annual	bag	limits	 Reduced	adult	harvest	rate	

2007	 White	sturgeon:	Reduced	maximum	legal	size		 Improved	survival	of	
older/larger	spawners		

>2006	 Sturgeon	general:	Various	fishing	restrictions,	
including	substantial	river‐reach	closures,	weir	basin	
closures,	and	gear	restrictions	

Reduced	catch	of	non‐legal	
sizes,	reduced	legal	and	illegal	
harvest	in	vulnerable	areas		

Other	Species	

2010	 Splittail:	2‐fish	daily	bag	limit	 Reduction	in	total	annual	
harvest	

	

CDFW,	CFGC,	PFMC,	and	NMFS	are	responsible	for	maintaining	sustainable	populations	of	native	
Bay‐Delta	fish	species.	These	agencies	should	continue	to	review	the	status	of	native	species	of	
concern	at	least	every	2	years.	The	status	review	should	include	an	evaluation	of	the	effect	of	
commercial	and	recreational	harvest	on	population	dynamics	and	the	sustainability	of	the	
population.	The	status	review	should	make	recommendations	on	whether	additional	harvest	
regulations	are	needed.	Management	actions	may	also	include	development	and	implementation	of	
a	fisheries	management	program	to	provide	short‐term	protection	for	aquatic	species	of	concern	
through	area	closures	and	gear	restrictions	to	reduce	capture	and	mortality	of	species	of	concern.	
An	enhanced	program	to	further	restrict	illegal	harvest	may	also	be	beneficial.		

4.5.2 Hatcheries 

Hatchery	production	is	recognized	as	an	important	component	of	salmon	and	steelhead	
conservation	and	recovery	efforts	but	historically	has	posed	a	threat	to	wild	Chinook	salmon	and	
steelhead	stocks	through	genetic,	ecological,	and	management	impacts	(Waples	1991;	California	
Hatchery	Scientific	Review	Group	2012;	NMFS	2014a).	Most	hatcheries	in	California	are	operated	as	
production	hatcheries	to	mitigate	for	the	loss	of	habitat	(lost	access	to	spawning	and	rearing	habitat	
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above	dams)	with	the	primary	goal	of	supporting	ocean	commercial	and	recreational	salmon	
fisheries	and	in‐river	recreational	salmon	and	steelhead	fisheries	(California	Hatchery	Scientific	
Review	Group	2012).	Annual	production	from	salmon	and	steelhead	hatcheries	in	California	
approaches	50	million	juveniles,	with	over	32	million	fall‐run	Chinook	salmon	produced	at	five	
Central	Valley	hatcheries	in	most	years	(California	Hatchery	Scientific	Review	Group	2012).	
Currently,	hatchery‐origin	Chinook	salmon	make	up	a	substantial	proportion	of	Central	Valley	
salmon	runs,	and	spawning	escapement	of	fall‐run	Chinook	salmon	in	some	of	the	major	tributaries	
are	now	dominated	by	hatchery‐origin	fish	(Yoshiyama	et	al.	2000;	Barnett‐Johnson	et	al.	2007).	

Hatcheries	can	have	positive	effects	on	salmonid	populations.	Artificial	propagation	has	been	shown	
to	be	effective	in	bolstering	the	numbers	of	naturally	spawning	fish,	conserving	genetic	resources,	
and	guarding	against	catastrophic	loss	of	naturally	spawned	populations	at	critically	low	abundance	
levels,	as	was	the	case	for	the	winter‐run	population	during	the	1990s	(NMFS	2014a).	The	
Livingston	Stone	National	Fish	Hatchery	was	established	as	a	conservation	hatchery	program	to	
augment	the	naturally	spawning	winter‐run	Chinook	salmon	population	in	the	Sacramento	River	
and	is	currently	managed	to	maintain	genetic	diversity	and	minimize	potential	adverse	effects	
associated	with	artificial	propagation.	However,	an	increasing	proportion	of	hatchery	fish	among	
returning	adults	in	recent	years	has	raised	concerns	about	potential	effects	on	the	genetic	integrity	
and	fitness	of	the	population	(NMFS	2016a).	

Fish	produced	in	hatcheries	can	also	have	detrimental	genetic,	ecological,	and	management	effects	
on	natural	salmonid	populations	(Kostow	2009;	Araki	et	al.	2008;	California	Hatchery	Scientific	
Review	Group	2012).	Hatcheries	can	cause	unintentional	evolutionary	change	in	populations	that	
can	lead	to	loss	of	local	adaptations	and	reductions	in	genetic	diversity	and	fitness	of	wild	
populations	(Reisenbichler	and	Rubin	1999;	Bisson	et	al.	2002).	For	example,	evidence	exists	that	
large	off‐site	releases	of	fall‐run	Chinook	salmon	from	Central	Valley	hatcheries	and	resulting	high	
levels	of	straying	of	hatchery	adults	to	natural	spawning	areas	has	genetically	homogenized	the	ESU,	
contributing	to	losses	in	biodiversity	and	reduced	resilience	and	viability	of	the	ESU	(Williamson	
and	May	2005;	Lindley	et	al.	2009).	In	addition,	high	levels	of	straying	of	hatchery	fish	can	adversely	
affect	natural	stocks	through	ecological	interactions,	including	disease	transmission,	predation,	and	
competition	for	spawning	habitat	or	other	resources	(California	Hatchery	Scientific	Review	Group	
2012).	Large‐scale	hatchery	production	and	historically	high	harvest	rates	in	mixed‐stock	fisheries	
has	also	contributed	to	reductions	in	natural	diversity	through	overharvest	of	naturally	produced	
stocks	(Lindley	et	al.	2009).	The	California	Hatchery	Scientific	Review	Group	(HSRG)	identified	
current	harvest	rates	on	naturally	produced	Sacramento	River	fall‐run	Chinook	salmon	as	a	
continued	concern	because	of	degraded	conditions	for	downstream	migration	throughout	the	basin	
(California	Hatchery	Scientific	Review	Group	California	Hatchery	Review	Report	2012).	

Along	with	habitat	loss	and	degradation,	hatchery	management	was	identified	as	an	important	
factor	contributing	to	the	listings	of	Central	Valley	spring‐run	Chinook	salmon	and	steelhead	(NMFS	
2014a).	Most	of	the	spring‐run	Chinook	salmon	production	in	the	Central	Valley	is	of	hatchery‐
origin,	and	introgression	of	spring‐	and	fall‐run	and	significant	straying	of	adults	from	Feather	River	
Hatchery	have	posed	a	significant	threat	to	the	genetic	integrity	of	natural	spawning	fall‐	and	spring‐
run	Chinook	salmon	in	other	watersheds	(NMFS	2014a).	Over	the	past	several	decades,	the	genetic	
integrity	of	Central	Valley	steelhead	has	been	diminished	by	increases	in	the	proportion	of	hatchery	
fish	relative	to	naturally	produced	fish,	use	of	out‐of‐basin	stocks	for	hatchery	production,	and	
straying	of	hatchery	produced	fish	(NMFS	2014a).	Recent	reviews	and	evaluations	of	these	hatchery	
programs	(California	Hatchery	Scientific	Review	Group	2012	and	Hatchery	Genetic	Management	
Plans)	have	led	to	a	number	of	proposed	strategies	or	recommended	changes	in	hatchery	policies	



State Water Resources Control Board  Other Aquatic Ecosystem Stressors
 

 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

4‐29 
Final

 

and	management	to	address	these	impacts	and	assist	in	the	conservation	and	recovery	of	listed	
evolutionary	significant	units	and	distinct	population	segments	and	other	naturally	spawning	
Chinook	salmon	populations.	In	addition,	NMFS	is	currently	in	the	process	of	reviewing	Hatchery	
Genetic	Management	Plans	to	evaluate	hatchery	impacts	and	assist	in	the	development	of	hatchery	
management	strategies	to	support	the	conservation	and	recovery	of	listed	salmon	and	steelhead.	

4.5.3 Unscreened Diversions 

Loss	of	juvenile	salmonids	at	unscreened	water	diversions	in	the	Sacramento	River	and	Delta	has	
been	identified	as	a	reason	for	the	listing	of	winter‐	and	spring‐run	Chinook	salmon,	and	steelhead	
(NMFS	2014a).	The	potential	for	entrainment	of	young	fish	at	unscreened	or	poorly	screened	
diversions	used	for	agricultural,	municipal,	and	industrial	use,	and	managed	wetlands	continues	to	
be	recognized	as	a	major	stressor	to	these	species	and	other	special‐status	fish	(USFWS	1996;	NMFS	
2014a).	While	entrainment	losses	have	likely	increased	with	increases	in	water	withdrawals,	the	
role	of	this	stressor	in	the	historical	declines	and	current	status	of	these	populations	remains	largely	
unquantified	(Moyle	and	Israel	2005).	As	part	of	the	CVPIA’s	fish	restoration	efforts,	the	
Anadromous	Fish	Screen	Program	(AFSP)	was	established	in	1994	to	address	this	issue	and	provide	
technical	guidance	and	cost‐share	funding	for	fish	screen	projects.	The	AFSP2	also	supports	activities	
and	studies	to	assess	the	potential	benefits	of	fish	screening,	determine	the	highest	priority	
diversions	for	screening,	improve	the	effectiveness	and	efficiency	of	fish	screens,	encourage	the	
dissemination	of	information	related	to	fish	screening,	and	reduce	the	overall	costs	of	fish	screens.	

Many	of	the	large	water	diversions	(greater	than	150	cfs)	on	the	Sacramento	River	are	screened	or	
are	currently	proposed	for	screening	(NMFS	2014a).	However,	there	are	over	3,700	water	
diversions	on	the	Sacramento	and	San	Joaquin	Rivers,	their	tributaries,	and	in	the	Delta;	most	of	
these	are	unscreened	(Mussen	et	al.	2013).	In	2009–2012,	the	AFSP	and	CALFED	ERP	conducted	fish	
entrainment	monitoring	at	12	agricultural	diversion	sites	on	the	Sacramento	River	and	Steamboat	
Slough	to	evaluate	site‐specific	physical,	hydraulic,	and	habitat	characteristics	to	assist	with	future	
fish	screening	prioritization	efforts.	This	monitoring	program,	like	past	studies,	indicated	that	
entrainment	of	salmon	was	low	relative	to	other	fish	species	(Vogel	2013).	In	general,	the	factors	
affecting	fish	entrainment	at	unscreened	diversions	are	complex	and	poorly	understood	because	of	
the	many	site‐specific	variables	that	influence	the	exposure	and	vulnerability	of	fish	to	entrainment	
(Vogel	2013).	Laboratory	experiments	using	a	large	river‐simulation	flume	indicate	that	
entrainment	losses	of	juvenile	salmon	are	likely	related	to	several	factors,	including	the	numbers	of	
unscreened	diversions	to	which	the	fish	are	exposed;	the	proximity	of	individual	fish	to	the	
diversion	intake	structure	as	they	pass	the	site;	water	velocity	(sweeping	velocities);	water	
diversion	rates;	turbidity;	and,	light	levels	(Mussen	et	al.	2013).	The	2009–2012	study	monitoring	
results	indicate	that	some	of	the	most	important	determinants	of	salmon	entrainment	likely	include	
the	initial	timing	of	irrigation	diversions	in	the	spring,	hydrologic	conditions	preceding	the	onset	of	
irrigation	diversions,	and	the	natural	emigration	timing	of	salmon	in	relation	to	the	timing	of	
diversions.	For	example,	a	major	factor	contributing	to	the	low	incidence	of	salmon	entrainment	in	
these	years	appears	to	be	the	timing	of	emigration	(as	influenced	by	the	timing	of	peak	flow	events)	
relative	to	the	timing	of	diversions	(Vogel	2013).	

																																																													
2	https://www.fws.gov/cno/fisheries/cvpia/AnadromFishScreen.cfm.	
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CDFW,	NMFS,	USFWS,	and	local	water	district	and	landowners	should	continue	to	evaluate	
unscreened	diversions	in	the	Sacramento	River	basin	and	in	the	Bay‐Delta	for	their	potential	to	
cause	mortality	to	migrating	salmonids	and	other	threatened	and	endangered	fish	species	and	
implement	fish	screening	solutions,	including	modifications	to	the	timing	of	water	diversions,	as	
appropriate.		

4.6 Climate Change 
Climate	change	can	exacerbate	stressors,	particularly	through	increased	water	temperatures,	changing	
patterns	of	runoff,	and	salinity	intrusion	(Knowles	and	Cayan	2002,	2004).	In	the	Bay‐Delta	climate	
change	impacts	are	predicted	to	include	higher	ambient	temperatures,	increased	salinity	intrusion,	
and	reduced	water	supply	reliability.	The	trend	of	increasing	temperature	through	the	20th	century	
has	decreased	the	controllable	water	supply,	raised	flood	risk,	and	contributed	to	the	severity	of	recent	
droughts	(Roos	2005;	DWR	2013b).	Since	1900,	the	global	average	temperature	has	risen	by	1.5°F	and	
may	increase	an	additional	2.5–10.4°F	by	the	end	of	the	century	(IPCC	2001;	Mirchi	et	al.	2013).	Future	
temperature	increases	of	1	to	3	degrees	are	expected	to	decrease	the	magnitude	of	the	snowpack	and	
cause	up	to	40	percent	more	of	the	winter	precipitation	to	fall	as	rain	(Knowles	and	Cayan	2002,	2004;	
DSC	2013).	The	shift	in	precipitation	from	snow	to	rain	may	result	in	larger	runoff	prior	to	April	and	
less	snowmelt‐driven	runoff	in	later	months.	This	shift	may	also	lead	to	higher	flooding	risks	in	spring	
(Knowles	and	Cayan	2004;	Knowles	et	al.	2006)	and	lower	Sacramento	River	runoff	later	in	the	year	
(Figure	4.6‐1).	Climate	change	may	alter	the	magnitude	and	timing	of	future	unimpaired	flow.	Reduced	
snowfall	will	also	diminish	the	volume	of	water	held	in	the	snowpack	and	the	inter‐annual	water	
carry‐over	capacity	of	the	system,	negatively	affecting	the	state’s	water	supply	reliability	and	
maintenance	of	cold	water	habitat	below	reservoirs	for	salmonids	(DSC	2013;	Mirchi	et	al.	2013).		

Warmer	water	temperature	because	of	less	runoff	from	snow	melt	in	spring	and	summer	may	
directly	affect	the	life	cycle	of	many	fish	species.	Increased	water	temperature	will	negatively	affect	
cold	water‐dependent	fish	species,	including	salmonids	and	smelt	species,	and	will	likely	increase	
the	range	of	invasive	species	(Healey	et	al.	2008;	Villamanga	and	Murphy	2010).	Climate‐induced	
increases	in	ambient	water	temperature	in	Sierra	Nevada	streams	could	be	from	1	to	5°C	(Ficklin	et	
al.	2013).	Water	temperature	increases	of	2–2.5°C	will	result	in	a	10	percent	reduction	of	DO	(Ficklin	
et	al.	2013).	Higher	temperature	and	lower	DO	levels	will	favor	nonnative	species	that	are	better	
adapted	to	those	conditions	than	native	fish	(Kiernan	et	al.	2012;	Moyle	et	al.	2013).	Moreover,	
warmer	water	and	more	extreme	events	will	decrease	cold	water	habitats	for	important	fisheries.	
The	projected	effects	of	climate	change	are	particularly	problematic	for	species	like	Delta	smelt	
because	of	their	low	temperature	tolerances	(Wagner	et	al.	2011).	By	the	end	of	the	21st	century,	
warming	temperatures	is	projected	to	compress	Delta	smelt	maturation	windows	by	15–25	percent,	
leading	to	declines	in	growth	and	egg	production	(Brown	et	al.	2016).	Similar	reductions	in	habitat	
quality	may	occur	for	other	native	species.	Elevated	ambient	water	temperatures	can	stimulate	
growth	of	nuisance	aquatic	plants	and	blooms	of	harmful	algae,	which	can	also	lead	to	decreases	in	
DO	and	increases	in	organic	carbon	(DSC	2013).	Higher	evaporation	rates	from	warmer	
temperatures,	particularly	during	the	hot	summer	months,	contribute	to	reduced	stream	flows	that	
lead	to	drier	soils,	reduced	groundwater	infiltration,	higher	evaporative	losses	of	water	from	surface	
reservoirs,	increased	urban	and	agricultural	demand	for	irrigation	water,	and	less	water	available	
for	ecosystem	and	habitat	protection	(DWR	2008).	
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Sea	level	rise,	predicted	to	increase	by	as	much	as	55	inches	by	2100	(OPC	2011;	DSC	2013),	is	
already	occurring	in	the	San	Francisco	Bay	(Grenier	2016).	Sea	level	rise	will	create	greater	salinity	
intrusion	into	the	interior	Delta,	which	can	impair	water	quality	for	agricultural	and	municipal	uses,	
and	has	already	changed	habitat	for	fish	species	(Feyrer	et	al.	2011;	Moyle	et	al.	2010;	Grenier	
2016).	Increased	salinity	intrusion	may	also	change	the	distribution,	range,	and	abundances	of	
organisms	because	X2	may	move	upstream	of	Suisan	Bay	and	into	habitat	which	is	less	ideal	for	
growth	and	reproduction	of	native	fish	(see	Section	3.2).	Rising	sea	level	also	increases	the	risk	of	
levee	failure	and	disruption	of	water	exports,	particularly	in	the	interior	Delta	where	substantial	
Delta	island	subsidence	has	already	occurred	(Mount	and	Twiss	2005;	DWR	2008).	Increased	
salinity	intrusion	into	the	Delta	may	require	higher	freshwater	releases	from	upstream	reservoirs	to	
repel	saltwater	(DWR	2009b).	This	may	result	in	a	10	percent	reduction	in	available	freshwater	by	
mid‐century	and	a	25	percent	reduction	by	end	of	the	century	(DWR	2009b).	Rising	sea	level	
inundates	freshwater	marshes	and	other	freshwater	aquatic	habitats	with	brackish	water,	reducing	
habitat	for	native	plants	and	wildlife	and	shifting	intertidal	to	subtidal	habitat,	and	low‐lying	upland	
areas	to	intertidal	habitat	(Mount	and	Twiss	2005;	Whipple	et	al.	2012;	DSC	2013).	Additionally,	
adjacent	higher	elevation	habitat	will	be	necessary	for	wildlife	to	escape	flooding	(ERP	2014;	
Grenier	2016).	

Actions	to	prepare	and	mitigate	effects	of	climate	change	may	include	acquisition	of	additional	
higher	elevation	wetland	habitat	for	wildlife	to	escape	flooding	in	the	estuary	(ERP	2104;	Grenier	et	
al.	2016;	Goals	Project	2015).	In	the	upper	basin,	fish	passages	may	need	to	be	built	around	dams	to	
facilitate	upstream	migration	of	salmonids	above	reservoirs	to	cooler	habitats.	Additionally,	
operators	may	need	to	change	water	temperature	controls	from	dams	and	other	infrastructure	to	
adjust	for	climate	change	effects.	Acquisition	of	additional	wetland	habitat	is	the	responsibility	of	
local	entities	and	the	Resource	Agency	while	alterations	in	dam	construction	and	operations	are	the	
responsibility	of	reservoir	operators.	However,	the	extent	and	magnitude	of	climate	change	is	
uncertain,	making	planning	and	management	difficult.	
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Figure 4.6‐1. Declining Trend in April–July Contribution to Total Water Year Runoff in the 
Sacramento River System, 1907–2010 (from Roos 2012) 

4.7 Summary 
The	State	Water	Board’s	Bay‐Delta	planning	and	implementation	efforts	are	part	of	a	multi‐facetted	
approach	needed	to	address	the	systemic	ecological	and	water	supply	concerns	in	the	Bay‐Delta	and	
reconcile	an	altered	ecosystem.	Other	actions	are	important	to	protect	the	Bay‐Delta	ecosystem,	
such	as	habitat	restoration.	The	proposed	changes	to	the	Bay‐Delta	Plan	are	structured	to	address	
the	complexities	of	the	watershed	while	responding	to	new	information	and	changing	conditions	
and	providing	for	meaningful	action	in	the	near	term	to	protect	the	Bay‐Delta	ecosystem.	The	
proposed	changes	are	structured	to	work	together	and	with	other	planning,	science,	restoration,	and	
regulatory	efforts	in	a	timely,	adaptive,	flexible	and	comprehensive	manner	so	that	meaningful	
action	can	be	taken	to	ensure	the	protection	of	fish	and	wildlife	before	imperiled	species	in	the	
watershed	are	no	longer	able	to	be	restored.	Like	the	flow	measures,	non‐flow	measures	should	be	
accompanied	by	research	and	coordinated	adaptive	management	to	adjust	to	further	scientific	
understanding	of	the	Delta	ecosystem	and	changing	circumstances.	

The	precise	effect	of	non‐flow	stressors	on	the	abundance	and	distribution	of	native	species	is	not	
known.	It	is	difficult	to	determine	how	much	each	stressor	affects	fish	in	isolation	because	stressors	
interact	and	may	act	in	conjunction	with	each	other.	A	few	stressors	have	been	shown	to	have	
measurable	effects	on	native	fish	and	the	aquatic	ecosystem.	The	invasion	of	Potamocorbula	reduced	
both	chlorophyll	biomass	in	Suisun	Bay	(Figure	4.4‐1)	and	the	carrying	capacity	per	unit	Delta	
outflow	for	starry	flounder	and	longfin	smelt	(Figures	3.5‐2	and	3.9‐2)	(Kimmerer	2002b).	
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Construction	of	dams	blocked	upstream	migration	of	salmonids	and	lack	of	cold	water	habitat	below	
dams	have	reduced	the	abundance	of	Chinook	salmon	and	Central	Valley	steelhead	(Section	3.4.4).	A	
negative	relationship	exists	between	application	of	pyrethroid	insecticides	and	the	FMWT	index	for	
five	fish	species	in	the	Delta	(Figure	4.3‐1)	(Fong	et	al.	2016)	suggesting	that	insecticides	may	
contribute	to	the	decline	in	fish	recruitment.	Other	stressors	have	been	documented	to	cause	
toxicity	in	laboratory	bioassays,	to	reduce	the	size	and	quality	of	critical	habitat,	and	to	increase	
competition	and	predation	on	native	species.	The	presumption	is	that	these	stressors	have	
negatively	impacted	native	taxa	(Moyle	2002;	Mount	et	al.	2012)	but	further	studies	would	be	
needed	to	quantify	the	magnitude	of	these	impacts.		

A	dedicated	contaminant	monitoring	and	research	program	is	needed	for	the	Delta	(Fong	et	al.	2016;	
Healey	et	al.	2016).	The	monitoring	program	should	include	traditional	temporal	and	spatial	
chemical	monitoring	and	be	coupled	with	acute	and	sub‐lethal	toxicity	endpoints	of	organismal	
health.	Special	studies	to	evaluate	the	effect	of	other	non‐flow	stressors	on	fish	and	wildlife	are	also	
needed.	Regular	synthesis	of	data	will	be	required	to	answer	management	questions	and	adaptively	
manage	the	program.	The	RMP	has	a	history	of	conducting	high‐quality	monitoring	and	assessment	
studies	in	the	San	Francisco	Bay.	The	Delta	RMP	has	recently	been	established	and	begun	to	monitor	
contaminants	in	the	Delta.	The	two	programs	should	consider	developing	and	implementing	a	
coordinated,	comprehensive	non‐flow	stressor	program	for	the	Bay‐Delta	estuary	under	the	
direction	of	the	San	Francisco	Bay	and	Central	Valley	Regional	Water	Boards.	The	goal	of	the	
program	should	be	to	inform	water	quality	management	and	evaluate	success	in	meeting	water	
quality	goals.		

In	addition,	there	are	many	other	ongoing	efforts	by	state	agencies,	the	federal	government,	and	
agricultural,	urban,	and	environmental	interests	to	identify,	fund,	and	implement	measures	to	
address	multiple	other	aquatic	ecosystem	stressors,	including	improving	fisheries	management,	
addressing	invasive	and	nonnative	species,	and	restoring	and	protecting	habitat.	The	program	of	
implementation	will	include	specific	adaptive	management	provisions	and	requirements,	
monitoring,	reporting	and	evaluation	measures,	including	provisions	for	the	development	of	
biological	goals	by	which	success	at	achieving	the	narrative	objectives	will	be	measured	that	will	
inform	adaptive	management	of	the	numeric	requirements.	Information	on	other	stressors,	and	
non‐flow	actions	will	be	included	in	the	assessments	as	appropriate.	The	State	Water	Board	will	
continue	to	work	with	the	DSC’s	DSP,	Delta	ISB,	fisheries	agencies,	and	others	to	ensure	that	
adaptive	management	and	associated	monitoring,	reporting,	and	assessment	efforts	are	sufficiently	
rigorous.	This	includes	efforts	to	coordinate	upstream	actions	on	tributaries	with	downstream	Delta	
science	activities	and	to	support	a	common	Delta	science	program.		

The	population	abundance	of	native	fish	in	the	Bay‐Delta	is	in	decline.	Recovery	of	the	native	fish	
community	will	require	investment	in	increased	instream	flows	and	Delta	outflows,	habitat	
restoration	and	reductions	in	other	non‐flow	stressors.	The	State	Water	Board	will	work	
cooperatively	with	other	agencies	and	organizations	to	promote	such	actions,	which	may	or	may	not	
be	within	the	State	Water	Board’s	authorities.	The	program	of	implementation	will	further	address	
these	actions	in	recommendations	to	other	entities,	and	describe	the	tools	that	the	State	Water	
Board	will	employ	to	ensure	that	needed	complementary	non‐flow	measures	are	pursued.	In	
addition,	management	actions,	including	habitat	restoration	may,	at	least	in	part,	be	implemented	
through	tributary	plans	discussed	in	Chapter	5.		
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Chapter 5 
Recommended New and Revised Flow Requirements 

5.1 Introduction 
This	chapter	describes	proposed	new	and	revised	flow	requirements	for	the	Bay‐Delta	Plan	in	four	
general	categories,	including	new	inflow	requirements	for	the	Sacramento	River,	its	tributaries,	and	
eastside	tributaries	to	the	Delta;1	modified	Delta	outflow	requirements;	new	cold	water	habitat	
requirements;	and	modified	interior	Delta	flow	requirements.	The	requirements	consist	of	new	and	
revised	water	quality	objectives	that	describe	flow	and	other	water	quality	conditions	necessary	to	
protect	beneficial	uses,	and	the	program	of	implementation	that	describes	how	objectives	will	be	
achieved,	including	specific	adaptive	management,	monitoring,	evaluation,	and	reporting	
requirements.	This	chapter	includes	a	description	of	the	proposed	changes	to	water	quality	
objectives	and	articulates	a	general	approach	to	the	program	of	implementation.	However,	the	exact	
regulatory	language	is	still	under	development	and	will	be	informed	by	the	science	in	this	Report,	
environmental	and	economic	analyses,	and	public	comment	as	the	planning	process	moves	forward.	

The	new	and	revised	requirements	are	being	developed	to	ensure	the	reasonable	protection	of	fish	
and	wildlife	beneficial	uses	and	to	address	the	significant	species	declines	and	ecosystem	collapse	
that	has	occurred	since	the	Bay‐Delta	Plan	was	last	updated	and	implemented.	The	flow	
requirements	are	intended	to	be	implemented	in	coordination	with	complementary	actions	
described	in	Chapter	4.	The	scientific	evidence	summarized	in	the	preceding	chapters	indicates	that	
the	current	Bay‐Delta	Plan	requirements	are	inadequate	to	protect	the	ecosystem	and	its	native	fish	
and	wildlife	and	that	a	comprehensive	regulatory	approach	is	needed	that	protects	the	ecosystem	
and	Bay‐Delta	fish	and	wildlife	throughout	their	migratory	range	that	integrates	inflows,	outflows,	
cold	water	and	interior	Delta	flow	requirements	throughout	the	year	in	a	coordinated	manner.		

While	the	science	summarized	in	this	Report	clearly	supports	the	need	for	the	flow	and	associated	
operational	requirements	for	the	protection	of	fish	and	wildlife	beneficial	uses,	there	are	significant	
challenges	that	exist	to	establishing	flow	requirements	for	a	watershed	of	this	size	and	complexity,	
particularly	given	the	importance	of	the	watershed	to	the	State’s	water	supply	needs.	At	the	same	
time,	the	need	for	action	is	critical	given	the	degraded	status	of	the	ecosystem	and	the	lack	of	a	
comprehensive	regulatory	structure	in	the	face	of	increasing	water	demands	and	climate	change.	
Thus,	the	task	before	the	State	Water	Board	requires	crafting	the	flow	requirements	with	enough	
flexibility	to	work	and	adapt	to	new	information	and	changing	circumstances,	but	also	with	enough	
specificity	to	prompt	meaningful	and	timely	improvement	in	flow	conditions	and	habitat.	

Currently,	the	Bay‐Delta	Plan	does	not	include	adequate	environmental	flow	and	related	
requirements	to	provide	for	critical	functions	to	protect	beneficial	uses	within	tributaries	and	in	the	
Delta	including	appropriate	migration,	holding,	spawning	and	rearing	conditions.	Inadequate	or	
nonexistent	requirements	may	lead	to	insufficient	flows	(including	cold	water	flows)	to	protect	fish	
and	wildlife,	redirected	impacts	to	times	of	year	when	flow	requirements	are	less	strict	or	do	not	
apply,	and	overreliance	on	one	tributary	to	meet	flow	and	water	quality	requirements.	While	there	
are	additional	flow	and	operational	requirements	included	in	ESA	and	CESA	requirements	to	avoid	

																																																													
1	Mokelumne,	Calaveras,	and	Cosumnes	Rivers.	
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jeopardy	of	listed	species,	the	State	Water	Board	has	an	independent	and	distinct	obligation	to	
reasonably	protect	fish	and	wildlife	that	may	extend	beyond	the	ESA	and	CESA	requirements.	

The	Projects	have	primary	responsibility	for	meeting	existing	Bay‐Delta	Plan	objectives,	including	
existing	Delta	outflow,	salinity,	and	other	requirements.	In	D‐1641,	the	State	Water	Board	accepted	
various	agreements	between	DWR	and	Reclamation	and	other	water	users	to	assume	responsibility	
for	meeting	specified	Bay‐Delta	Plan	objectives	for	a	period	of	time	through	conditions	on	DWR’s	
and	Reclamation’s	water	rights	for	the	SWP	and	CVP,	respectively.	As	evidenced	in	the	recent	
drought,	the	Projects’	ability	to	maintain	responsibility	for	meeting	all	Bay‐Delta	Plan	flow	and	
water	quality	requirements	in	the	watershed	while	preserving	water	for	cold	water	purposes	is	not	
realistic	in	the	face	of	climate	change	and	increasing	water	demands.	Currently,	the	Projects	
supplement	flows	during	much	of	the	summer	and	fall	with	storage	releases	at	the	expense	of	cold	
water	and	other	reserves,	particularly	during	drought	periods	when	water	demands	greatly	exceed	
supplies	and	flows	are	diminished.	The	Bay‐Delta	Plan	does	not	provide	sufficient	flexibility	in	the	
program	of	implementation	to	address	these	and	other	conditions.	

Chapters	2,	3,	and	4	on	hydrology,	biology,	and	other	stressors	include	strong	scientific	evidence	to	
support	development	of	new	and	revised	requirements	to	address	the	issues	discussed	above	in	an	
adaptive	management	framework.	Additional	analyses	are	presented	in	this	chapter	to	synthesize	
the	information	in	prior	chapters	and	to	develop	the	proposed	changes	to	the	Bay‐Delta	Plan	that	
will	be	further	refined	in	the	Staff	Report.	The	bases	for	all	of	the	requirements	are	supported	by	the	
best	available	scientific	information,	including	functional	flow	needs	of	individual	species	and	the	
ecosystem	as	well	as	statistical	and	other	correlation	relationships	between	flows	and	species	needs.	
Because	the	Bay‐Delta	ecosystem	is	exceedingly	complex	it	is	not	possible	to	identify	every	function	
that	drives	a	correlation	relationship	with	certainty,	particularly	since	it	may	change	given	different	
circumstances	(e.g.,	temperature	relationships	may	change	as	a	result	of	availability	of	food).	
Nevertheless,	the	relationships	themselves	are	strong	information	given	their	endurance	through	
time	and	the	relatively	strong	statistical	significance	for	a	biologically	based	relationship.	Estimates	
of	specific	flow	needs	to	protect	fish	and	wildlife	beneficial	uses	are	also	imprecise	given	the	various	
complicating	factors	between	abiotic	and	biotic	factors	in	this	ecosystem.	These	issues	can	be	
addressed	in	part	through	monitoring	and	adaptive	management.		

Chapter	2	provides	information	to	demonstrate	how	altered	the	current	hydrology	is	in	the	
Sacramento	River,	its	tributaries	and	the	eastside	Delta	tributaries	and	the	Delta	compared	to	
unimpaired	conditions.	While	unimpaired	conditions	are	not	natural	conditions,	they	are	similar	to	
natural	conditions	and	when	compared	to	impaired	conditions	serve	as	an	indication	of	the	amount	
of	water	that	has	been	removed	from	the	system	and	the	shift	in	timing	of	flows	that	has	occurred	
over	the	years.	When	combined	with	other	habitat	modifications,	the	flow	alterations	have	
significantly	impacted	fish	and	wildlife.	In	some	streams,	at	certain	times,	flows	are	completely	
eliminated	or	significantly	reduced.	At	other	times,	flows	are	increased,	but	then	exported	before	
contributing	to	Delta	outflows.	At	the	same	time,	the	dams	that	impound	that	water	block	access	to	
upstream	habitat	and	may	cause	significant	warming	of	flows.	

Scientific	evidence	presented	in	Chapter	3	shows	that	native	fish	and	other	aquatic	species	require	
more	flow	of	a	more	natural	pattern	than	is	currently	required	under	the	Bay‐Delta	Plan	to	support	
specific	functions	for	anadromous	and	estuarine	species	that	provide	appropriate	habitat	quantity	
and	quality.	Given	the	dynamic	and	variable	environment	to	which	fish	and	wildlife	adapted,	and	our	
imperfect	understanding	of	these	factors,	developing	precise	numeric	prescriptive	flow	
requirements	that	will	provide	absolute	certainty	with	regard	to	protection	of	fish	and	wildlife	
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beneficial	uses	is	not	possible.	However,	the	science	indicates	that	more	natural	flows	that	more	
closely	mimic	the	shape	of	the	unimpaired	hydrograph,	including	the	general	seasonality,	
magnitude,	and	duration	of	flows,	generally	provide	those	functions.	Due	to	the	altered	nature	of	the	
watershed,	it	is	also	necessary	to	consider	flows	and	cold	water	habitat	preservation	requirements	
that	do	not	mimic	the	natural	hydrograph,	but	nonetheless	produce	more	natural	temperature,	
salinity,	or	other	water	quality	conditions	for	fish	in	locations	where	these	fish	now	have	access	to	
them.	This	is	the	case	to	some	extent	in	the	summer	and	fall	when	it	may	be	necessary	to	provide	
additional	colder	reservoir	release	flows	for	salmonids	due	to	lack	of	access	to	historic	upstream	
cooler	spawning	and	rearing	habitat	after	construction	of	dams.	It	may	also	be	the	case	for	pelagic	
species	in	the	summer	and	fall	that	require	more	Delta	outflow	to	position	X2	in	a	hospitable	habitat	
location	where	temperatures,	food	resources	and	other	conditions	are	appropriate	since	these	
conditions	are	no	longer	appropriate	much	of	the	time	within	the	Delta.	It	is	possible	that	flow	needs	
could	be	reduced	by	addressing	habitat	and	other	aquatic	ecosystem	stressors	that	are	discussed	in	
Chapter	4,	but	these	interact	with	flow	and	as	such,	adequate	flows	are	critical.		

5.1.1 Methods for Developing Environmental Flow 
Requirements 

The	recognition	of	the	adverse	effects	of	flow	alteration	on	aquatic	ecosystems	has	led	to	the	
development	of	a	large	number	of	methods	for	determining	flows	needed	to	preserve	the	physical	
and	biological	integrity	of	these	systems,	often	referred	to	as	environmental	flows	(Tharme	2003;	
Annear	et	al.	2004;	Linnansaari	et	al.	2013).	Although	an	exhaustive	review	of	environmental	flow	
methods	is	beyond	the	scope	of	this	Report,	a	brief	summary	of	different	methods	is	provided	below,	
including	a	description	of	the	method	the	proposed	approach	aligns	with.	Environmental	flow	
methods	can	be	classified	into	four	mostly	distinct	categories:	(1)	hydrological	methods,	(2)	
hydraulic	rating	methods,	(3)	habitat	simulation	methods,	and	(4)	holistic	methods	(Tharme	2003;	
Linnansaari	et	al.	2013).	Most	of	the	research	to	date	has	focused	on	formulating	methods	for	rivers,	
while	estuaries	have	received	much	less	attention	(Adams	2014).	

Hydrological	methods	range	in	sophistication	from	rules	of	thumb	based	on	mean	annual	flows	(e.g.,	
the	Tennant	or	“Montana”	method;	Tennant	1976),	and	do	not	include	flow	variability,	to	more	
contemporary	methods	that	attempt	to	capture	physically	and	biologically	important	variability	in	
the	flow	regime	(e.g.,	the	“Range	of	Variability	Approach”;	Richter	et	al.	1997)	(Linnansaari	et	al.	
2013).	These	methods	are	the	least	resource‐intensive,	because	they	require	only	hydrological	
information	and	can	be	carried	out	in	office	settings,	provided	that	gaged	or	modeled	hydrological	
data	are	available	for	the	region	of	interest.	Hydrological	methods	have	been	subject	to	criticism	for	
lack	of	a	strong	scientific	basis,	particularly	in	the	absence	of	information	on	flow‐ecology	
relationships	(Linnansaari	et	al.	2013).	Additionally,	many	hydrological	methods	result	in	fixed	
minimum	flows,	omitting	biologically	important	variability	(often	referred	to	as	“flatlining”	rivers;	
Linnansaari	et	al.	2013).		

Hydraulic	rating	methods	are	based	on	the	premise	that	habitat	for	stream	and	riparian	plants	and	
animals	is	related	to	habitat	quantity	that	varies	with	flow.	Most	often	this	is	expressed	as	the	
wetted	area	of	a	channel	cross‐section	at	a	critical	riffle	or	some	other	limiting	location	(Tharme	
2003).	The	general	methodology	involves	collecting	the	necessary	data	to	plot	wetted	area	as	a	
function	of	flow,	and	choosing	a	breakpoint	that	is	interpreted	as	a	significant	degradation	of	habitat	
(Tharme	2003;	Linnansaari	et	al.	2013).	Hydraulic	rating	methods	have	also	been	criticized	for	
lacking	a	strong	scientific	basis	and	for	resulting	in	flow	recommendations	that	do	not	protect	the	
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full	range	of	conditions	needed	to	support	river	ecosystems	(Tharme	2003;	Moyle	et	al.	2011;	
Linnansaari	et	al.	2013).	

Habitat	simulation	methods	were	developed	as	an	attempt	to	more	explicitly	capture	the	
relationship	between	flow	and	the	physical	habitat	requirements	of	fish.	Similar	to	hydraulic	rating	
methods,	the	premise	is	that	flow	is	related	to	the	quantity	and	quality	of	habitat	for	one	or	more	life	
stages	of	the	species	of	concern	(Linnansaari	et	al.	2013).	The	most	frequently	used	habitat	
simulation	method	is	the	Physical	Habitat	Simulation	(PHABSIM),	the	central	tool	of	the	Instream	
Flow	Incremental	Methodology	(IFIM;	Bovee	et	al.	1998;	Tharme	2003;	Moyle	et	al.	2011;	
Linnnansaari	et	al.	2013).	Habitat	simulation	methods	require	considerable	data,	including	the	
physical	data	needed	to	support	hydraulic	rating	methods,	as	well	as	observational	data	on	habitat	
use	by	the	focal	species	(Linnansaari	et	al.	2013).	Habitat	simulation	methods	have	frequently	been	
criticized	for	their	typical	focus	on	a	single	species	of	management	concern,	although	it	is	possible	to	
deploy	these	methods	more	broadly.	The	most	serious	criticism	of	habitat	simulation	methods	is	
that	the	habitat	indices	derived	from	them	have	not	been	demonstrated	to	predict	performance	at	
the	population	level,	and	thus	may	offer	a	false	sense	of	a	strong	quantitative	basis	for	flow	
recommendations	(Anderson	et	al.	2006;	Moyle	et	al.	2011	and	references	therein;	Linnansaari	et	al.	
2013).	Nonetheless,	habitat	simulation	methods	can	provide	valuable	information	for	establishing	
environmental	flows	when	the	appropriate	data	are	available	and	the	significance	of	the	habitat	
index	is	well‐understood	(Railsback	2016).	

Holistic	methodologies	began	emerging	in	the	1990s,	and	currently	comprise	the	most	actively	
developed	approaches	for	determining	environmental	flows	(Arthington	et	al.	1992;	King	and	Louw	
1998;	Tharme	2003;	Linnansaari	et	al.	2013).	Holistic	methods	first	emerged	in	Australia	and	South	
Africa,	where	highly	variable	hydrology	and	the	lack	of	detailed	ecological	information	presented	
challenges	to	using	existing	environmental	flow	methods	effectively	(Arthington	et	al.	1992;	King	
and	Louw	1998;	Tharme	2003).	These	methods	also	emerged	in	response	to	a	realization	that	
riverine	and	estuarine	processes	operate	at	the	scale	of	the	whole	ecosystem,	and	thus	the	status	of	
the	whole	ecosystem	and	all	of	the	abiotic	and	biotic	processes	influencing	it	must	be	considered	in	
setting	environmental	flows	(Arthington	et	al.	1992;	King	and	Louw	1998;	Tharme	2003;	Annear	et	
al.	2004;	Petts	2009;	Poff	et	al.	2010).	Thus,	holistic	methods	rely	on	a	wide	range	of	information,	
including	hydrological	data	reflecting	developed	and	undeveloped	conditions,	regional	or	location‐
specific	understanding	of	flow‐ecosystem	relationships,	and	more	general	ecological	understanding	
of	aquatic	systems.	Specific	holistic	frameworks	that	have	been	developed	include	the	Building	Block	
Method	(BBM;	King	and	Louw	1998;	King	et	al.	2008),	Downstream	Response	to	Imposed	Flow	
Transformation	(DRIFT;	King	et	al.	2003),	and	Ecological	Limits	of	Hydrologic	Alteration	(ELOHA;	
Poff	et	al.	2010).	Each	of	these	methods	is	based	on	the	premise	that	managed	flow	regimes	need	to	
generally	resemble	the	natural	flow	regime	to	which	native	species	are	adapted,	but	that	some	
deviation	from	the	natural	flow	regime	is	needed	in	watersheds	that	must	support	other	
consumptive	uses	of	water	(Linnansaari	et	al.	2013).		

Recent	literature	and	input	from	stakeholders	has	begun	to	emphasize	a	philosophy	that	
environmental	flows	should	be	designed	to	serve	specific,	well‐understood	functions	of	flow,	
particularly	in	heavily‐modified	systems	such	as	the	Bay‐Delta	(Acreman	et	al.	2014;	Yarnell	et	al.	
2015),	and	that	a	greater	understanding	of	the	mechanisms	behind	flow‐ecosystem	relationships	is	
needed	to	improve	management	of	flow	to	protect	aquatic	ecosystems	(Delta	ISB	2015).	Similar	to	
the	BBM	(King	and	Louw	1998;	King	et	al.	2008),	a	“functional‐flow”	(Yarnell	et	al.	2015)	or	
“designer	flow”	(Acreman	et	al.	2014)	approach	relies	on	an	understanding	of	the	functions	
provided	by	particular	hydrograph	components,	such	as	large	floods	that	maintain	channels,	flows	
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that	create	and	maintain	floodplain	connectivity	that	supports	spawning,	food	production,	and	
rearing,	and	predictable	rates	of	decline	in	flow	resulting	from	snowmelt	recession.	The	risk	
inherent	in	a	wholesale	adoption	of	this	approach	is	similar	to	the	risks	associated	with	approaches	
solely	based	on	habitat	needs	of	single	species	or	life	stages—flow	components	may	be	omitted	
simply	because	their	significance	is	not	appreciated	or	understood,	resulting	in	less	protection	than	
intended	(Acreman	et	al.	2014).	

The	scientific	information	summarized	in	this	Report	is	consistent	with	the	information	that	is	used	
to	support	holistic	methodologies	for	development	of	environmental	flows.	Chapter	2	reviews	the	
hydrology	and	hydrodynamics	of	the	Sacramento	River,	its	tributaries,	the	Delta	eastside	tributaries,	
and	the	Delta	itself.	Comparisons	of	a	94‐year	record	of	modeled	flows	under	current	conditions	and	
unimpaired	conditions	provide	an	indication	of	the	level	of	flow	alteration	that	has	resulted	from	
water	development,	although	it	is	acknowledged	that	unimpaired	flows	do	not	exactly	represent	
natural	flows	that	would	have	occurred	in	a	pre‐development	landscape.	Chapter	3	reviews	the	
available	information	on	the	relationship	between	flow	and	ecosystem	structure	and	function.	
Chapter	3	also	includes	information	on	species‐specific	responses	to	flow,	including	statistical	
analyses	of	the	relationships	between	flow	and	abundance	or	population	growth.	Although	
mechanistic	understanding	of	these	flow‐ecosystem	and	flow‐species	relationships	is	not	complete,	
the	information	available	in	the	Bay‐Delta	watershed	and	summarized	in	this	Report	is	on	par	with	
that	used	in	other	environmental	flow	assessments,	and	provides	a	reliable	basis	for	assessing	the	
likely	relative	outcomes	of	new	flow	requirements	(see,	e.g.,	the	discussion	of	flow	alteration‐
ecological	response	relationships	in	Poff	et	al.	2010).	

The	scientific	information	summarized	in	this	Report	establishes	the	need	for	inflow	requirements	
in	the	Sacramento	River,	its	tributaries	and	the	Delta	eastside	tributaries	and	the	needs	for	Delta	
outflow,	cold	water	habitat	and	interior	Delta	flow	requirements	that	work	together	in	a	
comprehensive	framework	with	other	complementary	actions	to	protect	the	Bay‐Delta	ecosystem.	
Inflow	requirements	are	needed	to	provide	for	instream	flow	needs	within	tributaries	for	salmonids	
and	other	native	species	and	to	contribute	to	Delta	outflows	and	the	critical	functions	those	flows	
provide	for	estuarine	species.	Inflow	requirements	are	needed	on	some	tributaries	to	preserve	
existing	protective	flows	and	are	needed	on	others	to	improve	existing	flow	conditions.	While	the	
needs	for	inflows	and	associated	outflows	are	clear,	there	are	significant	challenges	to	establishing	
flow	requirements	for	a	watershed	of	this	size	and	complexity	that	is	so	critical	to	the	State’s	water	
supply	needs.	At	the	same	time,	the	need	for	action	is	critical	given	the	degraded	status	of	the	
ecosystem	and	lack	of	a	comprehensive	regulatory	structure	in	the	face	of	increasing	water	demands	
and	climate	change.	A	holistic	instream	flow	approach	applied	at	the	programmatic	and	regional	
level	is	proposed	to	address	these	issues.	In	particular,	the	approach	recognizes	that	(1)	the	flow	
regime	is	the	primary	determinant	of	structure	and	function	in	riverine	ecosystems,	(2)	
environmental	flows	should	be	based	generally	on	the	natural	flow	regime,	(3)	all	features	of	the	
ecosystem	should	be	considered	and	(4)	that	the	reality	of	multiple	needs	for	water	must	play	a	
significant	role.	

Together	the	proposed	changes	to	the	inflow,	outflow,	and	interior	Delta	flow	requirements	of	the	
Bay‐Delta	Plan,	along	with	other	habitat	restoration	actions	of	others	are	proposed	to	work	together	
to	provide	comprehensive	protection	to	the	ecosystem	and	native	aquatic	species	from	natal	
streams	through	the	Delta	and	Bay	in	a	manner	consistent	with	the	holistic	approach.	Similar	to	the	
draft	Phase	I	San	Joaquin	River	flow	requirements,	the	use	of	unimpaired	flows	is	recommended	to	
create	a	water	supply	budget	for	the	protection	of	the	ecosystem	and	native	fish	and	wildlife	in	the	
Sacramento	River,	its	tributaries	and	eastside	tributaries	to	the	Delta.	Those	inflows,	and	inflows	
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from	the	San	Joaquin	River	would	provide	outflow	to	protect	fish	and	wildlife	throughout	their	
migratory	range	as	discussed	further	below.	Unimpaired	flow	represents	the	total	amount	of	water	
available	at	a	specific	location	and	time,	a	percentage	of	which	can	be	allocated	to	beneficial	uses	and	
the	environmental	functions	supporting	those	uses.	As	discussed	previously,	while	unimpaired	flow	
is	not	the	same	as	natural	flow,	it	is	generally	reflective	of	the	frequency,	timing,	magnitude,	and	
duration	of	the	natural	flows	to	which	fish	and	wildlife	have	adapted,	particularly	in	tributaries.	
Where	unimpaired	flows	may	not	provide	for	all	of	the	attributes	of	natural	flow	functions	that	
would	be	protective	of	the	ecosystem,	adaptive	management	provisions	are	proposed.	A	flow	
requirement	based	on	a	percent	of	unimpaired	flow	is	intended	to	ensure	that	a	minimum	amount	of	
available	supply	from	a	watershed	is	allocated	for	the	reasonable	protection	of	native	fish	and	
wildlife	beneficial	uses.	Adaptive	management	provisions,	including	any	necessary	sculpting	of	that	
flow,	would	provide	specific	functional	flows	to	improve	fish	and	wildlife	protection.	Biological	goals	
would	be	used	to	help	inform	adaptive	management	decisions.	

As	discussed	in	Chapter	3,	the	flow	regime	has	widespread	effects	on	physical	and	biological	
processes	in	both	the	riverine	and	tidal	portions	of	the	Bay‐Delta	watershed.	The	long‐term	physical	
characteristics	of	flow	variability	have	strong	ecological	consequences	at	local	to	regional	scales,	and	
at	time	intervals	ranging	from	days	(ecological	effects)	to	millennia	(evolutionary	effects)	(Lytle	and	
Poff	2004).	Nearly	every	other	habitat	factor	that	affects	community	structure,	from	temperature	to	
water	chemistry	to	physical	habitat	complexity,	is	influenced	by	flow	(Moyle	et	al.	2011).	
Consequently,	using	a	river’s	unaltered	hydrographic	condition	as	a	foundation	for	determining	
ecosystem	flow	requirements	is	well	supported	by	the	current	scientific	literature	(Poff	et	al.	1997;	
Tennant	1976;	Orth	and	Maughan	1981;	Marchetti	and	Moyle	2001;	Mazvimavi	et	al.	2007;	Moyle	et	
al.	2011;	Kiernan	et	al.	2012).	For	these	reasons	regulatory	programs	in	Texas,	Florida,	Australia,	
and	South	Africa	have	developed	flow	prescriptions	based	on	unimpaired	hydrographic	conditions	
in	order	to	enhance	or	protect	aquatic	ecosystems	(Arthington	et	al.	1992,	2004;	NRC	2005;	Florida	
Administrative	Code	2010).	The	World	Bank	also	now	uses	a	framework	for	ecosystem	flows	based	
on	the	unaltered	quality,	quantity,	and	timing	of	water	flows	(Hirji	and	Davis	2009).	Researchers	
involved	in	developing	ecologically	protective	flow	prescriptions	concur	that	mimicking	the	
unimpaired	hydrographic	conditions	of	a	river	is	essential	for	protecting	populations	of	native	
aquatic	species	and	promoting	natural	ecological	functions	(Sparks	1995;	Walker	et	al.	1995;	Richter	
et	al.	1996;	Poff	et	al.	1997;	Tharme	and	King	1998;	Bunn	and	Arthington	2002;	Richter	et	al.	2003;	
Tharme	2003;	Poff	et	al.	2006;	Poff	et	al.	2007;	Brown	and	Bauer	2009).	In	their	report	describing	
methods	for	deriving	flows	needed	to	protect	the	Bay‐Delta	and	watershed,	Fleenor	et	al.	(2010)	
suggest	that	while	using	unimpaired	flows	may	not	indicate	precise,	or	optimal,	flow	requirements	
for	fish	under	current	conditions,	it	would	provide	the	general	seasonality,	magnitude,	and	duration	
of	flows	important	for	native	species	(see	also	Lund	et	al.	2010).		

Unimpaired	flow	is	not	a	fixed	quantity,	but	varies	with	local	and	seasonal	hydrology,	so	it	is	more	
reflective	of	the	conditions	to	which	the	species	being	protected	are	adapted	(State	Water	Board	
2010)	and	to	the	availability	of	water	for	all	purposes.	The	percent	of	unimpaired	flow	approach	
encourages	the	diversity	of	flow	needed	for	ecosystem	functions	described	in	Chapter	3.	Specifically,	
information	indicates	that	salmonids	respond	to	variations	in	flow	and	need	continuity	of	flow	
between	natal	streams	and	the	Delta	for	transport	and	homing	fidelity.	Healthy	salmonid	
populations	also	require	healthy	subpopulations	in	different	streams	with	different	life	history	
strategies	to	maintain	genetic	diversity	and	distribute	risk	to	the	population	that	may	occur	from	
ecological	disturbances.	The	historic	practice	of	developing	fixed	monthly	flow	criteria	to	be	met	
from	a	few	sources	is	not	optimal	for	providing	these	functions	while	unimpaired	flow	requirements	
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from	different	tributaries	are.	At	the	same	time,	however,	given	the	impediments	to	fish	passage	into	
historic	spawning	and	rearing	areas,	there	are	also	needs	within	some	tributaries	to	diverge	from	
the	natural	hydrograph	at	certain	times	of	the	year	to	provide	more	flow	than	might	have	naturally	
occurred	or	less	flow	to	ensure	that	sufficient	water	is	available	at	other	times	of	year	to	mitigate	for	
loss	of	access	to	appropriate	habitat,	particularly	during	summer	and	fall.		

In	addition	to	the	scientific	basis	for	the	unimpaired	flow	approach,	the	approach	affords	public	
transparency	as	to	the	allocation	of	water	between	fish	and	wildlife	and	other	beneficial	uses.	The	
percent	of	unimpaired	flow	approach	identifies	the	allocation	of	a	seasonally	and	annually	variable	
quantity	of	water	for	the	reasonable	protection	of	fish	and	wildlife	and	other	beneficial	uses.	In	
contrast,	a	table	of	different	flow	requirements	to	protect	fish	and	wildlife	in	different	seasons	and	
under	different	hydrologic	conditions	provides	no	indication	of	the	allocation	that	has	occurred	
between	beneficial	uses	of	the	water.	The	use	of	a	percent	of	unimpaired	flow	approach	assigns	a	
percent	of	the	available	water	to	fish	and	wildlife,	and	leaves	the	remainder	for	other	uses.		

Based	on	the	above,	this	Report	recommends	the	use	of	the	unimpaired	flow	approach	for	inflows	
and	outflows.	Adaptive	management	would	allow	for	the	percent	of	unimpaired	flow	budget	to	be	
sculpted	to	provide	for	specific	functional	flows,	adaptive	management	experiments	and	to	respond	
to	new	information	and	changing	circumstances.	To	assist	the	State	Water	Board	in	determining	the	
amount	of	water	that	should	be	provided	to	reasonably	protect	fish	and	wildlife	beneficial	uses	in	
the	Sacramento	River	basin	and	Delta,	a	range	of	percent	of	unimpaired	flow	is	analyzed	in	this	
Report.	The	Report	analyzes	a	range	from	35	to	75	percent	of	unimpaired	flow	from	the	Sacramento	
River	and	eastside	tributaries	to	determine	the	frequency	of	achieving	flows	protective	of	specific	
species	identified	in	Chapter	3	and	the	potential	for	increasing	native	fish	abundance	as	a	function	of	
increasing	the	percent	of	unimpaired	flow	provided	to	fish	and	wildlife.	While	specific	flow	versus	
species	abundance	relationships	are	evaluated	in	this	chapter,	there	are	also	benefits	that	occur	at	
lower	and	higher	flows	that	are	identified	in	the	tables	and	figures	included	in	Chapter	3.	Generally,	
the	higher	the	flows	up	to	100	percent	of	unimpaired	flow	(and	higher	in	the	summer	and	fall),	the	
greater	the	benefits	are	for	native	species	and	the	ecosystem	provided	adequate	supplies	are	
maintained	for	cold	water	and	flows	at	other	times.		

These	initial	analyses	compare	modeled	current	conditions	with	a	range	of	potential	percent	of	
unimpaired	Delta	inflow	and	Delta	outflow	scenarios.	This	range	will	be	refined	with	modeling	to	
develop	alternatives	for	additional	analysis	that	consider	the	needs	for	cold	water	storage	and	other	
uses.	Specifically,	unimpaired	flow	data	from	SacWAM	(Appendix	A)	are	combined	with	results	from	
the	SacWAM	model	of	current	conditions	(State	Water	Board	2017)	to	compare	the	flow	that	would	
occur	under	a	range	of	unimpaired	flows	to	the	modeled	SacWAM	current	conditions	flows.	For	the	
analysis	of	Delta	outflow,	modeled	values	of	existing	minimum	required	Delta	outflow	(MRDO)	
pursuant	to	the	requirements	of	the	2006	Bay‐Delta	Plan,	D‐1641,	and	the	USFWS	BiOp	are	provided	
for	comparison	as	well.		

The	percent	of	unimpaired	flow	lines	in	the	figures	contained	in	this	chapter	represent	the	minimum	
flows	that	would	be	required	if	the	specified	percent	of	unimpaired	flow	was	imposed	as	a	flow	
requirement	in	the	specified	reach	(see	Appendix	A	for	more	information	on	the	development	of	
unimpaired	flows).	Thus,	these	lines	illustrate	the	flows	that	would	be	expected	to	occur	if	meeting	
the	percent	of	unimpaired	flow	level	was	the	only	factor	controlling	flows	in	the	reach.	The	percent	
of	unimpaired	flow	lines	in	the	figures	do	not	include	other	flows	that	would	occur	as	a	result	of	
flood	control	releases,	other	regulatory	flow	requirements,	or	other	reasons	that	are	not	associated	
with	the	percent	of	unimpaired	flow	requirement.	In	reality,	these	additional	flows	would	occur,	
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particularly	in	wetter	conditions,	and	would	increase	the	actual	expected	flows	under	each	scenario.	
As	such,	while	the	unimpaired	flow	lines	do	not	represent	the	expected	flows	that	would	occur	
under	an	unimpaired	flow	regulatory	requirement,	they	generally	represent	the	expected	minimum	
flows	that	would	result	under	such	a	requirement.	Modeling	analyses	that	include	the	additional	
expected	flows	from	flood	control,	other	regulatory	requirements	etc.,	will	be	provided	in	the	Staff	
Report.	

Likewise,	for	the	Delta	outflow	figures,	similar	to	the	percent	of	unimpaired	flow	lines,	the	MRDO	
lines	in	the	figures	do	not	include	any	other	flows	beyond	the	Bay‐Delta	Plan	or	USFWS	BiOp	flow	
requirements	that	would	occur	as	a	result	of	flood	control	releases,	other	regulatory	flow	
requirements	or	other	reasons.	Additional	flows	expected	to	occur	in	reality	as	a	result	of	flood	
control	releases,	other	regulatory	flow	requirements,	or	other	reasons	are	reflected	in	the	existing	
flows	shown	in	the	figures.	The	difference	between	the	MRDO	lines	in	the	figures	and	the	existing	
flow	level	in	the	figures	represents	flows	that	are	not	required	under	the	Bay‐Delta	Plan	and	the	
USFWS	BiOp	that	could	potentially	be	diminished	in	the	future	as	the	result	of	additional	diversions	
in	the	absence	of	additional	regulatory	flow	requirements.	The	significant	difference	between	these	
flow	levels	indicates	that	existing	Bay‐Delta	Plan	and	BiOp	flow	requirements	are	not	adequate	to	
ensure	Delta	outflow	conditions	necessary	for	the	reasonable	protection	of	fish	and	wildlife	
beneficial	uses.		

Because	there	are	very	limited	existing	flow	requirements	for	inflows	in	the	Bay‐Delta	Plan	and	
BiOps,	a	similar	comparison	for	inflows	would	be	with	zero	flow	instead	of	the	MRDO	lines,	meaning	
that	on	many	streams	there	are	limited	or	no	requirements	that	prevent	flows	from	being	
completely	removed	from	streams.	Again,	this	circumstance	indicates	that	existing	inflow	
requirements	included	in	the	Bay‐Delta	Plan	and	BiOps	are	inadequate	to	reasonably	protect	fish	
and	wildlife	beneficial	uses.	The	inflow	and	outflow	levels	that	are	needed	to	reasonably	protect	fish	
and	wildlife	beneficial	uses	in	a	way	that	balances	those	needs	with	other	needs	for	water	is,	in	part,	
a	policy	decision	that	will	be	informed	by	the	science	in	this	Report,	evaluation	of	the	potential	
environmental	and	economic	effects	of	different	alternatives,	public	and	agency	comments	and	
other	relevant	information.	

5.2 Tributary Inflows 

5.2.1 Introduction 

New	inflow	requirements	are	proposed	for	anadromous	fish‐bearing	tributaries	in	the	Sacramento	
River	basin	and	Delta	eastside	tributaries	(see	map	in	Figure	1.4‐1).2	Year‐round	inflows	are	needed	
to	protect	anadromous	and	other	native	fish	and	wildlife	species	that	inhabit	the	Bay‐Delta	and	its	
tributaries	throughout	the	year	as	juveniles	or	adults.	Specifically,	inflows	are	needed	to	provide	
appropriate	habitat	conditions	for	migration,	spawning	and	rearing	of	anadromous	fish	species	
(primarily	Chinook	salmon	and	steelhead)	that	inhabit	the	Delta	and	its	tributaries,	and	to	

																																																													
2	An	exception	to	the	general	approach	is	currently	being	considered	for	Cache	Creek,	which	does	not	support	
anadromous	fish	but	discharges	to	the	Yolo	Bypass	(see	Chapter	2).	Increased	flows	from	Cache	Creek	would	cause	
localized	flooding	in	the	Yolo	Bypass	(CDFG	2008,	p.	3.4‐19),	increasing	the	acreage	of	floodplain	inundation,	and	
enhancing	spawning	and	rearing	opportunities	for	Sacramento	splittail	and	rearing	habitat	for	juvenile	Chinook	
salmon	in	winter	and	spring	while	also	contributing	to	Delta	outflow	(see	also	discussion	of	floodplain	rearing	in	
Section	3.4.5.2).	
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contribute	to	Delta	outflows	needed	to	support	migrating,	spawning,	and	rearing	estuarine	species.	
Preservation	of	high	flow	levels	that	are	already	being	provided	in	some	less	impaired	tributaries	is	
also	proposed	where	existing	flows	are	providing	important	functions	to	ensure	that	those	flows	are	
not	reduced	(e.g.,	maintain	existing	protective	conditions).	The	proposed	changes	to	inflow	
requirements	are	structured	to	provide	necessary	flexibility	and	adaptive	management	provisions	
(for	specific	functional	flows,	scientifically	based	experiments,	and	coordination	with	other	
complementary	restoration	efforts)	to	address	the	complexities	of	inflow	needs	and	constraints	in	
the	watershed	in	a	reasonable	and	protective	manner.	In	recognition	of	the	local	expertise	within	
tributaries	and	the	potential	benefit	of	collaborative	solutions,	the	program	of	implementation	
would	provide	a	period	of	time	for	regional	and/or	tributary	based	flow	and	other	measures	to	be	
developed	by	stakeholders,	approved,	and	implemented	that	achieve	the	inflow	and	cold	water	
habitat	requirements	while	also	contributing	to	Delta	outflows.		

5.2.2 Current Bay‐Delta Plan and D‐1641 Requirements 

The	only	inflow	requirements	for	the	Sacramento	River,	its	tributaries	and	Delta	eastside	tributaries	
in	the	Bay‐Delta	Plan	are	minimal	monthly	average	flows	on	the	Sacramento	River	at	Rio	Vista	for	
September	through	December	that	range	from	3,000	to	4,500	cfs	based	on	water	year	types.3	There	
is	an	additional	requirement	that	the	7‐day	running	average	flow	during	this	period	not	be	less	than	
1,000	cfs	below	the	monthly	objective.		

D‐1641	currently	assigns	responsibility	to	DWR	and	Reclamation	for	meeting	these	flow	
requirements	through	conditions	of	their	water	rights	for	the	SWP	and	CVP.	There	are	currently	no	
other	instream	flow	requirements	for	the	Sacramento	River	basin	and	Delta	eastside	tributaries	in	
the	Bay‐Delta	Plan.	However,	numerous	other	agreements	and	various	regulatory	requirements	
exist	that	apply	some	flow	requirements	to	specific	tributaries.		

D‐1641	specifically	includes	flow	requirements	on	the	Mokelumne	River	system	from	the	
Mokelumne	River	Joint	Settlement	Agreement	as	that	tributary’s	contribution	to	meeting	existing	
Bay‐Delta	Plan	requirements.4	D‐1641	requires	releases	from	Camanche	Reservoir	based	on	time	
period	and	water	year	type.	From	July	through	September,	releases	are	required	to	be	at	least	100	
cfs	and	for	all	other	months	of	the	year,	releases	are	required	to	be	at	least	100	to	325	cfs.		

5.2.3 Discussion 

Currently,	inflows	to	the	Delta	are	largely	controlled	by	upstream	water	withdrawals	and	releases	
for	water	supply,	power	production,	and	flood	control.	As	a	result,	inflows	from	tributaries	do	not	
provide	habitat	or	contribute	flow	to	the	Delta	in	the	same	proportions	as	they	would	have	
naturally.	At	the	same	time,	historic	upstream	habitat	for	salmonids	and	other	species	on	many	
tributaries	is	blocked	by	dams	and	other	structures.	As	discussed	in	Chapter	2,	construction	of	
upstream	dams	and	increased	in‐basin	water	demand	has	resulted	in	a	decrease	in	net	annual	
inflow	to	the	Delta	and	a	seasonal	shift	in	inflows	from	winter‐spring	to	summer‐fall.	Peak	runoff	
from	winter	rainstorms	and	spring	snowmelt	is	now	captured	in	the	upstream	reservoirs	and	
released	later	for	downstream	use.	The	result	of	water	development	in	the	Sacramento	basin	is	a	

																																																													
3	Flows	in	September	of	all	year	types	are	required	to	be	3,000	cfs.	Flows	in	October	of	critical	year	types	are	
required	to	be	3,000	cfs	and	in	all	other	year	types	flows	are	required	to	be	4,000	cfs.	Flows	in	November	and	
December	of	critical	year	types	are	required	to	be	3,500	cfs	and	in	all	other	year	types	are	required	to	be	4,500	cfs.	
4	See	D‐1641	pages	170	through	178.	
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river	system	with	less	seasonal	and	annual	variability	and	a	smaller	total	outflow,	with	outflows	
reduced	by	more	than	60	percent	in	some	years	and	by	more	than	80	percent	in	certain	months.	
Regulated	(reservoir	controlled)	tributaries	to	the	Sacramento	River	and	Delta	show	similar	altered	
seasonal	and	annual	flow	patterns	with	flow	significantly	reduced	in	some	of	the	tributaries	by	more	
than	80	percent	on	an	annual	basis	and	100	percent	in	certain	months.		

Water	development	has	also	altered	the	hydrology	of	unregulated	tributaries	to	the	Sacramento	
River	and	Delta	(NMFS	2014).	These	smaller	waterways	do	not	have	large	water	storage	facilities	in	
their	upper	basin	but	often	have	small	dams	and	other	diversion	structures	on	the	valley	floor	above	
the	confluence	with	the	Sacramento	River	and	Delta.	The	diversions	reduce	much,	and	at	times	all,	of	
downstream	channel	flow	during	spring	and	summer,	with	the	greatest	impairments	occurring	in	
June	through	September	of	drier	years	when	flows	may	be	reduced	by	over	90	percent	in	drier	years	
on	some	streams.		

Currently,	there	are	no	inflow	requirements	included	in	the	Bay‐Delta	Plan	for	the	Phase	II	area	with	
the	exception	of	minimal	fall	Sacramento	River	inflow	requirements.	Existing	outflow	requirements	
result	in	inflows;	however,	only	the	Projects	are	responsible	for	those	requirements	and	the	means	
by	which	the	Projects	achieve	those	requirements	and	other	Project	purposes	can	be	incompatible	
with	other	fish	and	wildlife	needs	within	the	tributaries,	including	preservation	of	cold	water	
resources.	There	are	some	flow	requirements	for	other	tributaries,	but	those	requirements	are	not	
consistent	between	tributaries	or	coordinated	with	Bay‐Delta	Plan	Delta	outflow	requirements.	
Some	tributaries	also	have	no	environmental	flow	requirements	at	all.	While	conditions	may	
currently	be	protective	of	fish	and	wildlife	in	some	of	these	tributaries,	flow	requirements	are	
needed	to	prevent	future	impacts	on	fish	and	wildlife.	In	addition,	some	of	these	tributaries	may	dry	
up	at	times	of	year	impacting	native	fish	and	wildlife	due	to	the	lack	of	flow	requirements,	and	
others	may	have	inadequate	flow	and	water	quality	conditions	to	protect	fisheries	resources.	Year‐
round	inflow	requirements	are	needed	in	the	Sacramento	River,	its	tributaries,	and	the	Delta	
eastside	tributaries	to	address	these	issues.	

Inflows	are	needed	to	provide	for	ecological	processes	including	continuity	of	flows	from	tributaries	
to	the	Delta	and	specifically	to	protect	anadromous	and	other	fish	and	wildlife	species	that	inhabit	
the	Bay‐Delta	and	its	tributaries	throughout	the	year	as	juveniles	or	adults.	Inflows	are	needed	to	
provide	appropriate	habitat	conditions	for	migration	and	rearing	of	anadromous	fish	species	like	
salmonids	that	have	runs	that	inhabit	the	Delta	and	its	tributaries	all	year.	Those	flows	are	also	
needed	to	contribute	to	Delta	outflows	to	protect	native	estuarine	species.	Specifically,	flows	are	
needed	that	more	closely	mimic	the	conditions	to	which	native	fish	species	have	adapted,	including	
the	frequency,	quality,	timing,	magnitude	and	duration	of	flows,	as	well	as	the	proportionality	of	
flows	from	tributaries.	These	flow	attributes	are	important	to	protecting	native	species	populations	
by	supporting	key	functions	including	floodplain	inundation,	temperature	control,	migratory	cues,	
reduced	stranding	and	straying	and	other	functions.	Providing	appropriate	flow	conditions	
throughout	the	watershed	and	throughout	the	year	is	critical	to	genetic	and	life	history	diversity	
that	allows	native	species	to	distribute	the	risks	that	disturbances	from	droughts,	fires,	disease,	food	
availability,	and	other	natural	and	manmade	stressors	present	to	populations.		

As	discussed	in	Chapter	3,	at	least	one	salmonid	run	is	migrating	through,	rearing	in,	or	holding	in	
the	Sacramento	River,	its	tributaries	or	the	Delta	and	its	tributaries	each	month	of	the	year	
necessitating	year‐round	tributary	inflows.	Adult	salmonids	require	continuous	tributary	flows	of	
sufficient	magnitude	to	provide	the	olfactory	cues	to	find,	enter,	hold,	and	spawn	in	their	natal	
streams	(Moyle	2002).	Juvenile	salmonids	also	require	continuous	tributary	flows	with	adequate	
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temperature	and	dissolved	oxygen	levels	for	rearing	and	successful	emigration.	A	lack	of	tributary	
flow	affects	hydrologic	connectivity	between	tributaries	and	the	main	stem	Sacramento	River	and	
Delta	and	reduces	juvenile	rearing	habitat	quantity	and	quality.		

As	discussed	in	Chapter	3,	flows	greater	than	about	20,000	cfs	from	February	through	June	on	the	
lower	Sacramento	River	have	been	found	to	increase	survival	and	abundance	of	juvenile	fall‐	and	
winter‐run	Chinook	salmon.	Flows	of	this	magnitude	are	also	expected	to	aid	in	emigration	of	
juvenile	spring‐run	Chinook	salmon	and	steelhead.	In	half	of	all	years,	flow	in	April	and	May	are	
currently	less	than	50	percent	of	unimpaired	in	the	lower	Sacramento	River.	These	reductions	in	
flows	significantly	reduce	the	occurrence	of	flows	of	20,000	cfs	or	more	in	the	lower	Sacramento	
River.		

The	exceedance	plots	in	Figures	5.2‐1	and	5.2‐2	show	the	distributions	of	average	lower	Sacramento	
River	flows	at	Rio	Vista	under	modeled	current	conditions	(SacWAM;	State	Water	Board	2017)	and	
35	to	75	percent	of	unimpaired	flow	(SacWAM;	Appendix	A)	during	April–June	and	February–April,	
respectively.	The	existing	flows	do	not	represent	required	flows,	particularly	since	many	tributaries	
do	not	have	flow	requirements.	Also,	the	35	to	75	percent	of	unimpaired	flow	scenarios	do	not	
include	any	other	regulatory	flows	that	may	exist	on	tributaries	and	do	not	include	uncontrolled	
flows	that	would	occur	that	may	exceed	the	percent	of	unimpaired	flow	scenario.	As	discussed	
previously,	when	accounting	for	those	flows,	flows	at	certain	times	would	be	much	higher	than	
indicated	below.	This	is	generally	the	case	for	the	wettest	and	driest	years	in	the	period	of	record	
examined.	Additional	analyses	will	be	provided	in	the	Staff	Report	that	account	for	these	additional	
flows.	The	dashed	horizontal	lines	indicate	flows	of	20,000	cfs	to	support	outmigration	of	juvenile	
Chinook	salmon,	and	their	intersections	with	the	exceedance	curves	provides	an	estimate	of	how	
frequently	these	flows	would	be	observed	under	this	range	of	conditions.	Even	without	accounting	
for	controlled	and	uncontrolled	flows,	flows	greater	than	55	percent	of	unimpaired	increase	the	
frequency	of	average	April	through	June	and	February	through	June	flows	exceeding	20,000	cfs	
relative	to	current	conditions	(Figures	5.2‐1	and	5.2‐2).		
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Figure 5.2‐1. Frequency of Meeting April–June Sacramento River at Rio Vista Flows of 20,000 cfs 
for Current Conditions as Modeled by SacWAM, and 35 to 75 Percent of Unimpaired Flow at Rio 
Vista 
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Figure 5.2‐2. Frequency of Meeting February–April Sacramento River at Rio Vista Flows of 20,000 
cfs for Current Conditions as Modeled by SacWAM, and 35 to 75 Percent of Unimpaired Flow at 
Rio Vista 

	

In	addition	to	the	Rio	Vista	flow	levels	discussed	above,	Chapter	3	also	explains	how	flows	exceeding	
17,000–20,000	cfs	at	Freeport	on	the	Sacramento	River	prevent	reverse	flows	at	Georgiana	Slough,	
thus	decreasing	the	likelihood	of	entrainment	of	Sacramento	River	basin	salmonids	to	the	interior	
Delta,	where	survival	is	lower.	Figure	5.2‐3	shows	the	exceedance	frequency	distributions	of	
monthly	Freeport	flows	during	November	through	May	for	current	conditions	and	the	range	of	35	to	
75	percent	of	unimpaired	flow.	Similar	to	the	pattern	seen	for	Rio	Vista	flows,	higher	percentages	of	
unimpaired	flow	provide	conditions	more	often	that	prevent	flow	reversals	in	late	fall	and	winter.	
Again,	actual	flows	under	a	percent	of	unimpaired	flow	requirement	would	be	higher	when	
accounting	for	storm	flows,	other	uncontrolled	flows,	and	other	regulatory	flows,	particularly	for	the	
lower	percent	of	unimpaired	flow	levels	and	the	wettest	and	driest	hydrologies.	However,	even	
without	accounting	for	these	other	flows,	in	April	and	May	flows	of	17,000	cfs	would	be	achieved	
more	often	at	flows	of	65	percent	and	higher.	Because	there	are	only	limited	flow	requirements	for	
this	time	period,	additional	flow	requirements	will	ensure	that	minimal	levels	of	flow	are	provided	
as	well.	
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Figure 5.2‐3. Exceedance Frequency of Monthly Flow at Freeport on the Sacramento River for 
November–May under Current Conditions as Modeled by SacWAM, and 35 to 75 Percent of 
Unimpaired Flow. Flows greater than 17,000 (orange dashed line) to 20,000 cfs (blue dashed line) 
prevent tidal reversal at Georgiana Slough. 

	

In	addition	to	the	Sacramento	River	inflow	relationships	discussed	above,	year‐round	flow	is	needed	
on	other	tributaries	to	the	Sacramento	River	and	Delta	to	support	migration,	rearing,	and	holding	of	
salmonids	and	to	contribute	to	Delta	outflow.	As	discussed	in	Chapter	3,	the	most	common	stressor	
for	both	adult	and	juvenile	salmonids	is	a	lack	of	hydrologic	connection	between	tributaries	and	the	
Sacramento	River,	particularly	during	the	summer	when	water	temperatures	are	often	too	high	and	
flows	are	too	low	to	fully	sustain	salmonids.	As	discussed	above,	some	tributaries	have	no	flow	
requirements	at	all	or	only	minimal	requirements	that	are	not	adequate	to	protect	fish	and	wildlife.	
While	conditions	may	currently	be	protective	of	fish	and	wildlife	in	some	of	these	tributaries,	flow	
requirements	are	needed	to	ensure	that	the	current	conditions	are	not	degraded	over	time	as	the	
result	of	new	or	modified	diversions.	In	addition,	some	of	these	tributaries	may	dry	up	at	times	of	
year	due	to	the	lack	of	regulatory	flow	requirements	and	others	may	have	inadequate	flow	and	
water	quality	conditions	to	protect	fishery	resources.	Tributary	inflows	also	contribute	to	Delta	
outflows	that	are	critical	for	both	salmonids	and	estuarine‐dependent	species.	Table	3.13‐2	
summarizes	the	flow	relationships	of	several	estuarine	species	that	serve	as	indicators	of	ecosystem	
health.		
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Based	on	the	above,	new	inflow	requirements	are	proposed	for	the	Sacramento	River	and	its	
tributaries	and	eastside	tributaries	to	the	Delta.	The	proposed	changes	to	inflow	requirements	are	
structured	to	provide	necessary	flexibility	and	adaptive	management	provisions	to	address	the	
complexities	of	inflow	needs	and	constraints	in	the	watershed	in	a	reasonable	and	protective	
manner.	Biological	goals	are	proposed	to	inform	how	adaptive	management	is	conducted.	The	
biological	goals	are	proposed	to	incorporate	“SMART”	(specific,	measurable,	achievable,	relevant,	
and	time	bound)	principles	and	will	be	tied	to	controllable	factors	within	specific	watersheds.		

In	accordance	with	the	holistic	instream	flow	method,	the	proposed	inflow	requirements	would	
establish	a	uniting	regulatory	approach	for	instream	flow	requirements	for	all	salmonid‐bearing	
tributaries	in	the	Bay‐Delta	watershed	for	the	entire	year	that	provides	for	contributory	Delta	
outflows	emphasizing	the	need	to	protect	the	ecosystem	as	a	whole.	Further,	the	approach	is	
structured	to	address	the	realities	of	the	existing	altered	landscape	in	which	these	flow	
requirements	will	be	established	in	terms	of	the	physical	alterations	from	channelization,	
construction	of	dams	and	other	issues	and	the	realities	that	flows	are	also	needed	for	human	
purposes.		

The	proposed	new	inflow	requirements	include	a	numeric	and	narrative	component.	The	narrative	
portion	describes	the	inflow	conditions	necessary	to	reasonably	protect	native	fish	populations,	
including	through	contribution	to	Delta	outflows	to	protect	estuarine	species.	The	new	numeric	
inflow	requirement	is	proposed	to	reasonably	protect	native	fish	populations,	including	by	
implementing	the	narrative	component	and	integrating	inflows	and	outflows	in	a	comprehensive	
manner.	The	proposed	inflow	requirements	would	dedicate	a	portion	of	the	inflow	of	a	watershed	to	
environmental	purposes	based	on	the	unimpaired	flow	of	that	stream.	This	dedicated	quantity	of	
environmental	flows	would	then	be	provided	based	on	the	unique	needs	and	circumstances	of	each	
tributary	and	on	a	regional	basis	to	provide	for	critical	functions	within	the	streams	and	as	
contributory	flows	to	the	Delta.	Given	the	altered	physical	and	hydrologic	state	of	the	watershed	and	
its	size	and	complexity,	inflow	requirements	need	to	be	developed	in	an	adaptive	and	flexible	
framework	in	a	coordinated	fashion	with	outflows,	cold	water	habitat,	and	interior	Delta	flows	to	
maximize	the	effectiveness	of	flow	measures	while	providing	for	meaningful	and	prompt	action	that	
responds	to	new	science	and	changing	conditions.		

5.2.4 Conclusion and Proposed Requirements 

Available	scientific	information	supports	the	proposed	year‐round	inflow	requirements	for	the	
Sacramento	River,	its	tributaries,	and	the	Delta	eastside	tributaries	to	ensure	the	reasonable	
protection	of	fish	and	wildlife	beneficial	uses,	including	the	natural	production	of	viable	native	fish	
populations	rearing	in	and	migrating	to	and	from	tributaries	and	the	Delta.	In	tributaries	where	
flows	are	currently	significantly	impaired,	these	new	inflow	requirements	are	needed	to	improve	
conditions	for	fish	and	wildlife	and	to	provide	for	connectivity	and	contribution	of	flow	to	the	Delta.	In	
tributaries	where	flows	are	less	impaired,	new	inflow	requirements	are	needed	to	ensure	that	those	
flows	do	not	become	impaired	to	the	detriment	of	fish	and	wildlife.	The	purpose	of	the	proposed	
changes	to	inflow	requirements	is	to	improve	ecosystem	functions	by	providing	appropriate	habitat	
conditions	for	adult	salmonid	immigration	and	holding	and	juvenile	rearing	and	outmigration,	and	
contributing	to	Delta	outflow	to	support	native	anadromous	and	estuarine	species.	The	proposed	
inflow	requirements	are	also	specifically	intended	to	provide	for	increasing	the	frequency	and	
duration	of	floodplain	inundation	for	the	benefit	of	native	species,	including	for	Sacramento	splittail	
spawning	and	Sacramento	splittail	and	salmonid	rearing,	as	well	as	the	production	of	estuarine	food	
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supplies	for	other	species.	The	existing	Sacramento	River	at	Rio	Vista	inflow	requirements	during	
September	through	December	would	be	retained	in	order	to	maintain	the	minimal	level	of	
protection	currently	provided	by	these	base	flows.		

The	proposed	new	inflow	objective	is	expressed	both	numerically	and	narratively.	The	narrative	
portion	of	the	objective	describes	the	inflow	conditions	necessary	to	reasonably	protect	native	fish	
populations,	including	through	contribution	to	Delta	outflows.	The	numeric	inflow	objective	is	
proposed	to	include	a	range	for	the	flows	such	that	flow	levels	could	be	adjusted	up	or	down	within	
the	range	in	order	to	address	the	unique	needs	and	conditions	of	the	tributaries	(including	cold	
water	pool	needs),	changing	information	(new	science)	and	changing	conditions	(implementation	of	
non‐flow	measures,	drought,	etc.)	in	a	way	that	reasonably	protects	fish	and	wildlife.	The	proposed	
numeric	requirements	may	be	managed	as	a	budget	of	water	for	the	environment.	That	budget	
would	be	established	based	on	a	percentage	of	the	inflows	to	the	watersheds	assuming	there	were	
no	diversions	occurring	(percent	of	unimpaired	flow),	thereby	allocating	a	portion	of	the	water	in	
the	watershed	to	the	environment	to	be	managed	to	improve	benefits	for	fish	and	wildlife	for	inflow	
and	outflow	purposes.	Through	adaptive	management,	unimpaired	flows	could	be	sculpted	to	
provide	maximum	benefits	to	fish	and	wildlife,	including	targeted	pulses	to	cue	migration,	summer	
cold	water	releases,	base	flows	and	other	functions.	The	tributary	inflows	are	intended	to	be	
protected	from	the	tributaries	out	through	the	Delta	and	to	provide	for	floodplain	inundation.	

The	proposed	range	for	the	numeric	inflow	objective	has	not	yet	been	determined	and	will	be	
determined	after	considering	the	information	in	this	Report,	along	with	information	the	State	Water	
Board	needs	to	consider	when	establishing	water	quality	objectives,	including	past,	present,	and	
future	beneficial	uses	of	water,	the	environmental	characteristics	of	the	hydrographic	unit	under	
consideration,	economic	considerations,	the	environmental	effects	of	alternatives,	public	comments	
and	other	information.	The	range	under	consideration	is	from	35	to	75	percent	of	unimpaired	flows	
and	generally	does	not	provide	for	flows	lower	than	current	conditions.	

The	proposed	narrative	inflow	component	of	the	objective	is	as	follows:	

Maintain	inflow	conditions	from	the	Sacramento	River	and	its	tributaries	and	the	Delta	Eastside	
Delta	tributaries	sufficient	to	support	and	maintain	the	natural	production	of	viable	native	fish	
populations	and	to	contribute	to	Delta	outflows.	Inflow	conditions	that	reasonably	contribute	
toward	maintaining	viable	native	fish	populations	include,	but	may	not	be	limited	to,	flows	that	
more	closely	mimic	the	natural	hydrographic	conditions	to	which	native	fish	species	are	adapted,	
including	the	relative	magnitude,	duration,	timing,	quality	and	spatial	extent	of	flows	as	they	
would	naturally	occur.		

Indicators	of	native	fish	species	viability	include	population	abundance,	spatial	extent,	distribution,	
productivity	and	genetic	and	life	history	diversity.	Viability	is	dependent	on	maintaining	migratory	
pathways,	sufficient	quantities	of	high	quality	spawning	and	rearing	habitat	and	a	productive	food	
web.	

The	proposed	numeric	inflow	component	of	the	objective	is	as	follows:	

Combined	inflows	from	the	Sacramento	River	and	its	tributaries	and	Delta	tributaries	(excluding	
the	lower	San	Joaquin	River	inflows	specified	below)	shall	be	maintained	between	X	(e.g.,	45)	
percent–X	(e.g.,	65)	percent	of	unimpaired	flow.		
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Together	the	proposed	changes	to	the	inflow,	outflow,	and	interior	Delta	flow	provisions	of	the	Bay‐
Delta	Plan,	along	with	other	habitat	restoration	actions	of	others	are	proposed	to	work	together	to	
provide	comprehensive	protection	to	fish	and	wildlife	from	natal	streams	through	the	Delta	and	Bay.	
The	proposed	changes	to	inflow	requirements	are	structured	to	provide	necessary	flexibility	and	
adaptive	management	provisions	to	address	the	complexities	of	inflow	needs	and	constraints	in	the	
watershed	in	a	reasonable	and	protective	manner.		

The	exact	method	by	which	the	inflows	will	be	achieved	has	not	been	determined.	The	program	of	
implementation	would	require	the	development	of	tributary	plans,	containing	a	flow	element	that	
will	achieve	the	narrative	requirement	and	fall	within	the	range	of	the	numeric	requirement.	A	
specific	tributary	flow	may	fall	outside	of	the	range	of	the	numeric	objective	if	two	or	more	
tributaries	work	together	such	that	their	combined	flows	meet	the	numeric	requirement	and	the	
specific	tributary	flow	still	meets	the	narrative	requirement	(e.g.,	maintain	connectivity	and	
contribute	to	outflow).	Flow	from	tributary	streams	to	connect	migration	corridors	and	contribute	
to	Delta	outflow	will	necessarily	involve	contributions	from	other	water	users,	as	the	requirements	
cannot	reasonably	be	achieved	by	the	Projects	alone.	In	recognition	of	the	local	expertise	within	
tributaries	and	the	potential	benefit	of	collaborative	solutions,	the	program	of	implementation	
would	provide	a	period	of	time	for	regional	and/or	tributary‐based	flow	and	other	measures	to	be	
developed	by	stakeholders	for	approval	by	the	State	Water	Board.	If	a	tributary	plan	is	not	
developed	or	is	found	to	be	unsatisfactory,	the	State	Water	Board	would	exercise	its	legislative	or	
adjudicative	powers	involving	water	rights	and	water	quality	to	require	implementation	of	the	
objectives.	

The	program	of	implementation	would	clarify	that	the	tributary	inflows	are	to	be	protected	from	the	
confluences	of	the	tributaries	out	through	the	Delta.	These	flows	would	not	be	considered	
abandoned,	and	could	not	be	diverted	by	downstream	users.	The	program	of	implementation	would	
direct	State	Water	Board	staff	to	continue	developing	proper	enforcement	mechanisms,	and	as	
necessary,	draft	regulations	for	the	State	Water	Board’s	consideration	to	assist	with	this	effort,	and	
consider	updates	to	the	Fully	Appropriated	Streams	(FAS)	list	to	ensure	that	tributaries	already	
protective	are	not	degraded.		

5.3 Delta Outflow 

5.3.1 Introduction 

New	and	modified	Delta	outflow	requirements	are	proposed	throughout	the	year	to	support	and	
maintain	the	natural	production	of	viable	native	fish	populations	residing	in,	rearing	in,	or	migrating	
through	the	estuary.	Delta	outflows	have	been	reduced	over	time	as	the	result	of	water	withdrawals	
resulting	in	reduced	suitable	habitat	for	estuarine	species.	Existing	Delta	outflow	requirements	are	
far	below	existing	Delta	outflows	and	are	likely	to	be	reduced	over	time	without	additional	
requirements	as	water	use	intensifies.	To	ensure	that	minimum	quantities	of	Delta	outflow	are	
provided	to	the	estuary,	base	Delta	outflows	that	range	from	3,000	cfs	to	8,000	cfs	based	on	water	
year	type	from	July	through	January	and	February	through	June	flows	of	7,100	cfs	from	the	current	
Bay‐Delta	Plan	would	be	maintained.	In	addition,	a	new	inflow‐based	Delta	outflow	is	proposed	that	
would	be	consistent	with	the	range	for	inflows	discussed	above.	The	requirement	specifies	that	the	
required	inflows	from	the	Sacramento	and	San	Joaquin	Rivers	and	their	tributaries	and	the	three	
Delta	eastside	tributaries	are	provided	as	outflows	with	appropriate	adjustments	for	depletions	and	



State Water Resources Control Board  Recommended New and Revised Flow Requirements
 

 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

5‐18 
Final

 

accretions,	including	adjustments	for	floodplain	inundation	flows	and	other	side	flows.	A	fall	outflow	
requirement	consistent	with	the	USFWS	BiOp	is	also	proposed.	Like	the	inflow	requirements,	the	
outflow	requirements	would	allow	for	adaptive	management	and	shifting	and	sculpting	of	flows.	The	
program	of	implementation	would	require	the	development	of	a	plan	that	addresses	
implementation	measures	by	Delta	users,	including	the	Projects,	as	well	as	monitoring,	reporting,	
and	evaluation.	The	plan	would	address	accounting	for	the	existing	and	new	requirements,	including	
integration	with	tributary	plans	to	the	extent	possible,	accretions	and	depletions,	and	evaluation	of	
the	existing	and	new	methods	of	compliance	with	Delta	outflows	to	ensure	they	are	protective.	

5.3.2 Current Bay‐Delta Plan, D‐1641 and Biological Opinion 
Requirements 

Existing	year‐round	Delta	outflow	requirements	are	set	forth	in	Tables	3	and	4	(including	associated	
footnotes	and	figures)	of	the	Bay‐Delta	Plan	and	D‐1641,	and	vary	depending	on	water	year	type	and	
season.	Outflow	objectives	include	requirements	for	calculated	minimum	net	flows	from	the	Delta	to	
Suisun	and	San	Francisco	Bays	(the	Net	Delta	Outflow	Index	or	NDOI)	and	maximum	salinity	
requirements	(measured	as	electrical	conductivity	or	EC).	Since	salinity	in	the	Bay‐Delta	system	is	
closely	related	to	freshwater	outflows,	both	types	of	objectives	are	indicators	of	the	extent	and	
location	of	low	salinity	estuarine	habitat.	The	NDOI	is	a	calculated	flow	expressed	as	Delta	inflow,	
minus	net	Delta	consumptive	use,	minus	Delta	exports	(Bay‐Delta	Plan	Figure	4).	Chapter	2	
discusses	various	issues	associated	with	the	accuracy	of	this	calculated	value.	

For	February	through	June,	Delta	outflow	objectives	are	identified	in	footnote	10	of	Table	3	and	
Table	4.	Pursuant	to	footnote	10,	the	minimum	daily	NDOI	during	February	through	June	is	7,100	cfs	
calculated	as	a	3‐day	running	average.5	This	requirement	may	also	be	met	by	achieving	either	a	daily	
average	or	14‐day	running	average	EC	at	the	confluence	of	the	Sacramento	and	San	Joaquin	Rivers	of	
less	than	or	equal	to	2.64	millimhos	per	centimeter	(mmhos/cm)	(Collinsville	station	C2).	Additional	
Delta	outflow	objectives	are	also	contained	in	Table	4,	which	require	a	certain	number	of	days	of	
compliance	with	flows	of	11,400	cfs	or	salinity	compliance	at	Chipps	Island	or	flows	of	29,200	cfs	or	
salinity	compliance	at	Port	Chicago	based	on	the	previous	month’s	Eight	River	Index	(ERI),	which	is	
an	index	of	unimpaired	flows	from	the	eight	major	tributaries	to	the	Delta.6	

																																																													
5	An	additional	requirement	applies	in	February	following	wetter	January	conditions	that	requires	X2	to	be	
downstream	of	Collinsville	for	at	least	1	day	between	February	1	and	February	14.	There	are	also	exceptions	to	the	
February	through	June	flow	requirements	in	extremely	dry	conditions.		
6	Pursuant	to	footnote	9	of	Table	3	of	D‐1641,	the	ERI	refers	to	the	sum	of	the	unimpaired	runoff	as	published	in	the	
DWR	Bulletin	120	for	the	following	locations:	Sacramento	River	flow	at	Bend	Bridge,	near	Red	Bluff;	Feather	River,	
total	inflow	to	Oroville	Reservoir;	Yuba	River	flow	at	Smartville;	American	River,	total	inflow	to	Folsom	Reservoir;	
Stanislaus	River,	total	inflow	to	New	Melones	Reservoir;	Tuolumne	River,	total	inflow	to	Don	Pedro	Reservoir;	
Merced	River,	total	inflow	to	Exchequer	Reservoir;	and	San	Joaquin	River,	total	inflow	to	Millerton	Lake.		
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For	July	through	January,	the	minimum	Delta	outflow	varies	within	the	range	of	3,000	cfs	to	
8,000	cfs	based	on	month	and	water	year	type	as	specified	below.	

Table 5.3‐1. Existing Delta Outflow Objectives from July to January* 

Water	Year	Type	 Month	
Minimum	Monthly	Average		
Net	Delta	Outflow	Index	(cfs)	

Wet	(W)	and	Above	Normal	(AN)	 July	 8,000		

Below	Normal	BN)	 6,500	

Dry	(D)	 5,000	

Critical	(C)	 4,000	

W,	AN,	BN	 August	 4,000	

Dry		 3,500	

C	 3,000	

All	 September	 3,000	

W,	AN,	BN,	D	 October	 4,000	

C	 3,000	

W,	AN,	BN,	D	 November	and	December	 4,500	

C	 3,500	

All	(if	Dec	ERI	<	800	TAF)	 January	 4,500	

All	(if	Dec	ERI	>	800	TAF)	 6,000	

*	 For	January,	the	objective	is	increased	to	6,000	cfs	if	the	December	ERI	is	greater	than	800	TAF.	For	all	
months,	if	the	value	is	less	than	or	equal	to	5,000	cfs,	the	7‐day	running	average	shall	not	be	less	than	
1,000	cfs	below	the	value	and	if	the	value	is	greater	than	5,000	cfs,	the	7‐day	running	average	shall	not	
be	less	than	80	percent	of	the	value.		

	

The	Projects	are	solely	responsible	for	meeting	Delta	outflow	and	other	salinity	requirements	in	the	
Delta	included	in	the	Bay‐Delta	Plan.	Much	of	the	time	these	requirements	are	met	incidentally,	but	
in	most	years	the	Projects	must	release	some	water	from	storage	to	comply.	Table	5.3‐2	summarizes	
the	estimated	amount	of	additional	water	that	the	Projects	had	to	import	from	the	Trinity	River	or	
release	from	storage	to	meet	Bay‐Delta	Plan/D‐1641	requirements	(referred	to	as	supplemental	
project	water)	since	2000.	With	climate	change,	sea	level	rise,	and	increasing	water	demand	in	the	
watershed,	the	Projects	will	likely	have	to	release	additional	supplemental	project	water	to	meet	
existing	requirements	to	the	detriment	of	cold‐water	reserve	and	carryover	storage	to	meet	the	next	
years’	requirements.	This	issue	surfaced	in	the	recent	drought	when,	despite	minimal	exports	from	
the	Delta,	the	Projects	were	unable	to	meet	Bay‐Delta	Plan	flow	requirements	while	maintaining	
cold	water	for	fish.		
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Table 5.3‐2. SWP and CVP Supplemental Project Water Releases from 2000 to 2016 

Water	Year	
Sacramento	40‐30‐30	
Water	Year	Type	

San	Joaquin	60‐20‐20	
Water	Year	Type	

Term	91	Supplemental	Project	
Water	(AF,	Total)*	

2000	 AN	 AN	 731,800	

2001	 D	 D	 1,368,500	

2002	 D	 D	 1,218,800	

2003	 AN	 BN	 741,700	

2004	 BN	 D	 1,332,900	

2005	 AN	 W	 229,100	

2006	 W	 W	 269,600	

2007	 D	 C	 1,812,500	

2008	 C	 C	 1,611,800	

2009	 D	 BN	 1,423,000	

2010	 BN	 AN	 416,800	

2011	 W	 W	 94,400	

2012	 BN	 D	 1,924,000	

2013	 D	 C	 2,393,700	

2014	 C	 C	 2,408,000	

2015	 C	 C	 2,465,400	

2016	 BN	 D	 2,123,300	

*	 Supplemental	project	water	can	be	calculated	in	different	ways.	The	supplemental	project	water	used	
here	is	a	number	calculated	daily	by	Reclamation	according	to	an	equation	in	State	Water	Board	Order	
WR	81‐15.	The	published	data	was	aggregated	and	adjusted	downward	for	excess	conditions,	when	
more	water	is	released	from	storage	than	is	needed	for	exports	+	inbasin	demands	+	Delta	water	
quality	and	outflow	requirements.	

	

DWR	and	Reclamation	have	additional	outflow	obligations	under	the	USFWS	BiOp	to	improve	fall	
habitat	for	Delta	smelt	during	the	months	of	September	through	December	following	wet	and	above	
normal	years.	The	USFWS	BiOp	requires	Delta	outflows	sufficient	to	maintain	average	X2	for	
September	and	October	no	greater	than	74	km	(approximately	11,400	cfs)	in	the	fall	following	wet	
years	and	81	km	(approximately	7,100	cfs)	in	the	fall	following	above	normal	years.	In	November,	
the	inflow	to	CVP	and	SWP	reservoirs	in	the	Sacramento	River	basin	is	required	to	be	added	to	
reservoir	releases	to	provide	an	added	increment	of	Delta	inflow	and	to	augment	Delta	outflow	up	to	
the	fall	target.	In	December,	any	storage	accrued	in	CVP	and	SWP	reservoirs	in	the	Sacramento	River	
basin	during	November	is	required	to	be	released	to	augment	D‐1641	Delta	outflow	objectives.	The	
action	is	subject	to	evaluation	through	adaptive	management	and	may	be	modified	or	terminated	as	
determined	by	the	USFWS	(Action	4,	p.	369).		

5.3.3 Discussion  

As	discussed	in	the	preceding	chapters,	the	hydrology	and	other	characteristics	of	the	Delta	
ecosystem	have	been	significantly	altered	due	to	development	of	agriculture	and	urbanization	in	the	
watershed	and	other	areas	of	the	state	that	rely	on	water	supplies	from	the	Delta.	Every	major	
stream	in	the	watershed	includes	significant	diversions	of	water	for	consumptive	uses,	power	
production,	and	flood	control	and	nearly	every	major	tributary	includes	several	dams	for	these	
purposes.	These	diversions	of	water	and	the	other	alterations	have	significantly	impacted	the	
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ecosystem	and	future	such	modifications	due	to	increasing	water	demands	and	climate	change	have	
the	potential	to	further	impact	the	ecosystem.	The	combined	effects	of	water	exports	and	upstream	
diversions	have	contributed	to	reduce	the	average	annual	net	outflow	from	the	Delta	by	33	percent	
and	48	percent	during	the	1948–1968	and	1986–2005	periods,	respectively,	as	compared	to	
unimpaired	conditions	(Fleenor	et	al.	2010).	There	has	also	been	a	trend	of	decreasing	Delta	outflow	
through	time.	Since	the	1990s,	there	has	been	a	reduction	in	spring	outflow	and	a	reduction	in	the	
variability	of	Delta	outflow	throughout	the	year	(Figure	2.4‐8)	due	largely	to	the	combined	effects	of	
exports,	diversions,	and	variable	hydrology.	

The	effects	of	the	flow	regime	on	the	ecosystem	of	the	Bay‐Delta	estuary	and	several	estuarine‐
dependent	species	are	documented	in	Chapter	3.	The	distribution	and	abundance	of	a	diverse	array	
of	estuarine	species	at	all	levels	of	the	food	web	respond	positively	to	increased	Delta	outflow.	
Several	scientifically	based	mechanisms	generally	related	to	reproduction	and	recruitment	have	
been	identified	to	explain	these	relationships.	Although	definitive	understanding	of	these	
mechanisms	is	not	available,	the	available	scientific	information	supports	the	conclusion	that	
greater	quantities	of	Delta	outflow	are	needed	to	support	estuarine	processes,	habitat,	and	the	
species	that	depend	upon	them.	Native	species	specifically	benefit	from	increasing	the	area,	duration	
and	frequency	of	flows	that	place	the	LSZ	downstream	of	the	confluence	of	the	Sacramento	and	San	
Joaquin	Rivers.		

Outflow	requirements	are	needed	to	provide	for	ecological	processes	including	continuity	of	flows	
from	tributaries	and	the	Delta	and	to	the	Bay	to	protect	native	estuarine	and	anadromous	aquatic	
species	that	inhabit	the	Bay‐Delta	and	its	tributaries	throughout	the	year	as	juveniles	or	adults.	
Those	outflows	are	needed	to	provide	appropriate	habitat	conditions	for	migration	and	rearing	of	
estuarine	and	anadromous	fish	species.	Flows	are	needed	that	more	closely	mimic	the	conditions	to	
which	native	fish	species	have	adapted,	including	the	frequency,	quality,	timing,	magnitude,	and	
duration	of	flows,	as	well	as	the	proportionality	of	flows	from	tributaries.	These	flow	attributes	are	
important	to	protecting	native	species	populations	by	supporting	key	functions	including	
maintaining	appropriate	LSZ	habitat,	migratory	cues,	reduced	stranding	and	straying	and	other	
functions.	Providing	appropriate	flow	conditions	throughout	the	watershed	and	throughout	the	year	
is	critical	to	genetic	and	life	history	diversity	that	allows	native	species	to	distribute	the	risks	that	
disturbances	from	droughts,	fires,	disease,	food	availability	and	other	natural	and	manmade	
stressors	present	to	populations.	As	with	inflows,	given	the	altered	physical	and	hydrologic	state	of	
the	watershed	and	its	size	and	complexity,	outflow	requirements	need	to	be	developed	in	an	
adaptive	and	flexible	framework	in	a	coordinated	fashion	with	inflows,	cold	water	habitat	and	
interior	Delta	flows	to	maximize	the	effectiveness	of	flow	measures	while	providing	for	meaningful	
and	prompt	action	that	responds	to	new	science	and	changing	conditions.		
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5.3.3.1 Current Conditions Compared to Minimum Required Delta 
Outflow 

MRDO	represents	existing	regulatory	minimum	flows,	and	is	often	substantially	lower	than	flows	
observed	under	current	conditions.7	Over	time	with	increasing	water	development	and	climate	
change,	it	is	expected	that	flows	under	future	conditions	will	be	reduced	below	current	conditions	
without	additional	regulatory	requirements,	perhaps	to	a	substantial	degree	to	a	level	approaching	
MRDO	flows,	which	Chapter	3	indicates	are	not	protective	of	fish	and	wildlife.		

Figure	5.3‐1	shows	seasonal	comparisons	of	MRDO	pursuant	to	Bay‐Delta	Plan	and	D‐1641	
requirements	and	the	USFWS	BiOp	requirements	with	SacWAM	modeled	flows	under	current	
regulatory	conditions	(State	Water	Board	2017)	and	observed	Delta	outflows	(DWR	2017)	divided	
into	four	historical	periods	based	on	significant	events	in	the	development	of	Bay‐Delta	water	
resources	and	regulations.	Modeled	flows	are	most	similar	to	regulatory	minimums	during	the	dry	
season	of	July–October,	but	deviate	substantially	during	wetter	months	(Figure	5.3‐1).	Differences	
between	observed	and	modeled	flows	reflect	differences	in	intensity	of	water	development,	the	
regulatory	environment,	and	underlying	hydrology.	For	example,	the	lower	outflow	observed	in	fall	
during	2000–2016	reflects	increased	water	development	relative	to	earlier	periods,	dry	hydrology	
relative	to	both	earlier	periods	and	the	1922–2015	SacWAM	record,	and	the	absence	of	a	fall	X2	
requirement	in	the	first	half	of	the	period.	Higher	winter‐spring	outflows	and	lower	summer‐fall	
outflows	during	1930–1945	reflect	the	lack	of	major	storage	regulation	in	the	watershed,	and	the	
inability	to	maintain	outflows	during	dry	months	of	dry	years.	Although	a	portion	of	the	wet	season	
difference	between	MRDO	and	modeled	outflows	is	due	to	other	regulatory	constraints	such	as	the	
export	to	inflow	ratio	and	limitations	on	OMR	reverse	flows,	much	of	the	“surplus”	Delta	outflow	
modeled	above	MRDO	and	observed	under	current	conditions	results	from	the	inability	to	capture	
valley	floor	runoff.	The	most	striking	difference	between	required	and	observed	flows	is	seen	during	
winter	and	spring	of	wetter	years,	when	both	modeled	and	observed	flows	greatly	exceed	regulatory	
minimums.	These	flows	may	be	reduced	by	future	water	development,	so	additional	flow	
requirements	would	be	needed	to	ensure	the	existing	level	of	protection	of	estuarine‐dependent	fish	
and	wildlife	these	higher	flows	provide.		

																																																													
7	MRDO	is	defined	as	the	minimum	Delta	outflow	needed	to	meet	the	Delta	outflow	and	X2	requirements	in	Bay‐
Delta	Plan	Tables	3	and	4,	salinity	control	for	the	protection	of	agricultural	and	municipal	beneficial	uses	in	Bay‐
Delta	Plan	Tables	1	and	2,	and	USFWS	Opinion	RPA	4	(fall	X2).	The	values	used	in	this	chapter	are	those	modeled	by	
SacWAM	(State	Water	Board	2017),	and	are	obtained	by	taking	the	maximum	of	the	flow	requirements	REG_X2,	
REG_MRDO,	and	Delta	outflow	needed	for	salinity	control.	This	procedure	is	equivalent	to	summing	the	arcs	D407	
and	C407_ANN	in	CalSim	II	(DWR	2015).	
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Figure 5.3‐1. Seasonal Comparisons of Minimum Required Delta Outflow (“MRDO”, orange line), 
SacWAM Modeled Delta Outflow (“Current”, black line), and Observed Delta Outflow. Observed 
Delta outflow is divided into four historical periods: prior to the completion of Shasta Reservoir 
(1930–1945, purple line), prior to the completion of Oroville Reservoir (1946–1967, cyan line), 
prior to the adoption of D‐1641 (1968–1999, green line), and following the adoption of D‐1641 
(2000–2016, red line) (Dayflow data, DWR 2017). 
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5.3.3.2 Benefits of Increased Delta Outflow 

A	new	Delta	outflow	objective	is	proposed	to	better	protect	the	ecosystem	as	a	whole	and	to	provide	
for	continuity	of	inflows	and	outflows,	referred	to	as	an	inflow‐based	Delta	outflow	objective,	in	
which	required	inflows	in	the	Bay‐Delta	Plan	would	be	required	as	Delta	outflow	(with	appropriate	
adjustment	for	accretions	and	depletions).	The	range	for	outflow	requirements	would	be	consistent	
with	the	range	for	new	inflow	requirements.	An	analysis	is	provided	below	of	the	modeled	Delta	
outflows	that	would	result	from	this	range	of	inflows	and	existing	expected	flows	from	the	San	
Joaquin	River.	The	analysis	compares	these	flow	levels	to	modeled	current	conditions,	modeled	
existing	Delta	outflow	and	salinity	requirements	included	in	the	Bay‐Delta	Plan	and	USFWS	BiOp	
(referred	to	as	minimum	required	Delta	outflow	or	MRDO)	and	the	flow	levels	identified	in	Chapter	
3	that	are	correlated	with	improved	abundance	and	survival	of	certain	native	species	that	are	
believed	to	be	indicative	of	the	relative	hydrologic	conditions	that	would	benefit	native	species.	

The	inflow‐based	Delta	outflow	scenarios	reflect	inflows	from	the	three	major	regions	tributary	to	
the	Delta:	the	Sacramento	River	basin,	the	eastside	tributaries	to	the	Delta,	and	the	San	Joaquin	
River	basin,	as	well	as	other	expected	accretions	and	depletions.	The	three	regions	differ	in	the	
timing	of	peak	contributions	to	Delta	inflow	(see	Chapter	2).	Flow	contributions	from	the	San	
Joaquin	River	upstream	of	Vernalis	are	being	addressed	through	the	separate	Phase	I	process.	
Because	revised	San	Joaquin	River	flow	objectives	have	not	yet	been	adopted	by	the	State	Water	
Board,	for	purposes	of	this	Report,	it	is	assumed	that	San	Joaquin	River	contributions	would	
continue	to	reflect	existing	current	regulatory	conditions.	With	the	Phase	I	changes	to	the	Bay‐Delta	
Plan,	these	contributions	would	potentially	increase.8		

As	previously	discussed,	the	percent	of	unimpaired	flow	scenarios	do	not	yet	account	for	other	
regulated	and	unregulated	flows	that	would	also	contribute	to	Delta	outflows	above	the	inflow‐
based	Delta	outflow	requirement,	and	predicted	flows	would	be	higher	at	times.	The	relative	
magnitude	of	this	difference	can	be	discerned	by	comparing	current	conditions	with	MRDO.	The	
Staff	Report	will	include	modeling	analyses	that	include	these	additional	expected	flows.	While	a	
complete	analysis	of	this	issue	will	include	predicted	flows	under	the	scenarios	that	accounts	for	
other	flows,	the	analysis	is	still	useful	for	several	reasons.	First,	the	analysis	indicates	that	MRDO	is	
inadequate	to	ensure	the	current	level	of	Delta	outflow	protection.	While	MRDO	requirements	do	
not	control	operations	much	of	the	time,	with	increasing	water	diversions,	adequate	minimum	
requirements	will	be	critical	as	is	demonstrated	in	Chapter	2.	Second,	the	analysis	is	useful	to	
evaluate	in	a	relative	sense	the	magnitudes	of	difference	between	MRDO	and	the	scenarios	and	the	
magnitude	of	difference	between	MRDO	and	existing	current	conditions	that	help	to	illustrate	the	
increased	outflows	that	would	be	provided	if	the	scenarios	were	implemented.		

A	comparison	of	the	flows	identified	in	Chapter	3	to	support	estuarine	habitat	and	species	
(Table	3.13‐2)	and	MRDO	shows	that	the	existing	Delta	outflow	objectives	for	winter	and	spring	
do	not	generally	achieve	the	species‐specific	flow	levels.	Existing	flows	generally	exceed	minimum	
D‐1641	Delta	outflow	objectives	for	February	through	June,	which	means	that	over	time	with	
increasing	water	development,	existing	outflows	will	likely	diminish	with	additional	diversions	

																																																													
8	The	inflow‐based	Delta	outflow	scenarios	are	derived	by:	(1)	estimating	unimpaired	Delta	outflow	using	SacWAM,	
as	described	in	Chapter	2	and	Appendix	A;	(2)	subtracting	the	modeled	unimpaired	San	Joaquin	River	inflow	at	
Vernalis	to	provide	an	estimate	of	the	Delta	outflow	contributed	by	the	Sacramento	River	basin	and	eastside	
tributaries	to	the	Delta;	(3)	scaling	the	values	obtained	in	(2)	by	the	percent	of	unimpaired	inflow	being	provided	
from	the	Sacramento	River	basin	tributaries	and	eastside	tributaries;	and	(4)	adding	the	required	inflow	at	Vernalis	
pursuant	to	the	current	regulatory	requirements	of	D‐1641	and	the	Bay‐Delta	Plan.	



State Water Resources Control Board  Recommended New and Revised Flow Requirements
 

 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

5‐25 
Final

 

without	additional	regulatory	requirements.	This	also	indicates	that	the	2006	Bay‐Delta	Plan	and	
D‐1641	do	not	provide	sufficient	flow	during	dry	water	years	for	any	of	the	species	in	Table	3.13‐2.	
Likewise,	the	flows	shown	in	Table	3.13‐2	to	support	longfin	smelt,	Sacramento	splittail,	and	
white	sturgeon	are	larger	than	the	maximum	flow	requirement	in	D‐1641	of	29,200	cfs.	Thus,	
minimum	D‐1641	outflows	are	not	at	the	flow	levels	indicated	to	be	protective	of	these	three	
species	under	any	hydrologic	condition.	This	conclusion	is	consistent	with	the	2010	Delta	Flow	
Criteria	report	that	stated	“…the	best	available	science	suggests	that	current	flows	are	insufficient	
to	protect	public	trust	resources.”	It	is	important	to	note,	however,	that	while	Sacramento	splittail	
and	sturgeon	may	need	higher	flows	after	March	than	most	other	species,	the	flows	needed	for	
Sacramento	splittail	might	be	reduced	if	the	Yolo	Bypass	was	able	to	be	flooded	at	a	lower	
Sacramento	River	flow.	Also,	the	long	life	and	high	fecundity	rate	of	sturgeon	make	this	species	
less	dependent	on	frequent	high	Delta	outflow	events.	Nonetheless,	the	science	indicates	that	
increased	flows	will	help	to	protect	all	of	the	species	discussed	below.	

The	flows	found	in	the	scientific	literature	or	estimated	using	the	methods	in	Chapter	3	should	not	
be	taken	to	represent	absolute	flow	needs	that	must	be	met	at	all	times	or	in	all	years	to	support	
species.	Rather,	they	serve	as	indicators	of	conditions	that	favor	native	species,	and	constitute	a	set	
of	quantifiable	metrics	that	can	be	used	to	assess	the	relative	protection	afforded	by	a	range	of	flow	
regimes.	The	scientific	information	supporting	modifications	to	existing	flow	requirements	is	
broader	than	these	quantitative	relationships,	and	includes	knowledge	of	life	history,	ecology,	and	
the	conditions	under	which	native	species	evolved.	The	analysis	below	shows	how	frequently	the	
flows	identified	in	Chapter	3	that	are	expected	to	achieve	specified	species	population	levels	or	
population	growth	rates	(for	ease	of	reference	“species	flow”)	would	be	realized	under	the	range	of	
percent	unimpaired	flows	developed	above.	However,	benefits	to	species	and	the	estuary	are	also	
expected	at	lower	flows	that	exceed	existing	flows.	Generally,	the	higher	the	flows	up	to	100	percent	
of	unimpaired	flow	(and	higher	in	the	summer	and	fall)	and	the	lower	the	X2	value,	the	greater	the	
benefits	are	for	native	species	and	the	ecosystem	provided	adequate	supplies	are	maintained	for	
cold	water	and	flows	at	other	times.	The	following	analysis	as	it	is	updated	in	the	Staff	Report	will	
help	the	State	Water	Board	to	evaluate	the	benefits	of	different	flow	levels	such	that	these	can	be	
considered	when	evaluating	against	other	effects	on	beneficial	uses.	However,	the	identified	species	
flow	levels	should	not	be	interpreted	to	be	the	only	levels	at	which	benefits	to	species	or	the	
ecosystem	occur.		

The	exceedance	plots	in	Figures	5.3‐2	through	5.3‐6	show	the	distributions	of	average	Delta	
outflows	over	each	of	the	multi‐month	periods	in	Table	3.13‐2,	with	dashed	horizontal	lines	
indicating	each	of	the	flows	over	that	period	identified	to	achieve	species	population	levels	
identified	in	Chapter	3.	The	intersections	of	the	horizontal	lines	with	the	exceedance	curves	
provide	an	estimate	of	how	frequently	each	species	flow	would	occur	in	each	flow	scenario.	The	
more	frequently	a	species	flow	is	met,	the	more	favorable	conditions	are	to	support	the	beneficial	
use.	The	results	of	this	analysis	are	summarized	in	Table	5.3‐3.	As	discussed	above,	caution	should	
be	used	in	interpreting	the	results	for	35	percent	and	45	percent	unimpaired	flow	(UF)	scenarios	
and	under	wetter	conditions	for	all	scenarios.	The	frequencies	shown	for	some	species	flows	are	
lower	than	current	conditions,	particularly	for	higher	flows.	This	reflects	the	fact	that	the	35	to	75	
percent	UF	scenarios	represent	a	bare	requirement,	rather	than	a	modeled	flow	that	considers	
other	requirements	and	physical	constraints	on	diversions.	Future	modeling	analysis	will	factor	in	
these	operational	considerations,	and	the	35	percent	and	45	percent	scenarios	are	expected	to	
resemble	current	conditions	for	these	higher	flows.		
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The	frequency	of	meeting	the	flows	to	support	estuarine	beneficial	uses	increases	with	each	increase	
in	percent	of	unimpaired	inflow	(Table	5.3‐3).	For	example,	flows	that	correspond	to	an	average	X2	
position	downstream	of	Port	Chicago	occur	40	percent	of	the	time	under	current	conditions	but	are	
estimated	to	occur	58	percent	of	the	time	at	75	percent	UF	(Figure	5.3‐2).	Also,	the	probability	of	
achieving	a	species	flow	target	varies	among	species.	Targets	requiring	lower	flow	are	met	more	
frequently	than	those	needing	high	flow.	For	example,	the	low	flow	target	of	19,000	cfs	for	bay	
shrimp	is	met	53	percent	of	the	time	under	current	conditions	and	increased	to	86	percent	of	the	
time	at	75	percent	UF	(Figure	5.3‐3).	In	contrast,	the	high	flow	target	of	47,000	cfs	for	Sacramento	
splittail	is	met	27	percent	of	the	time	under	current	conditions	and	only	increases	to	37	percent	of	
the	time	at	75	percent	UF	(Table	5.3‐2,	Figure	5.3‐5).	None	of	the	species‐specific	flows	is	met	100	
percent	of	the	time,	even	at	75	percent	UF.		

	

Figure 5.3‐2. Frequency of Meeting January–June Delta Outflows to Benefit Estuarine LSZ Habitat 
and Longfin Smelt for MRDO, Current Conditions as Modeled by SacWAM, and Inflow‐Based Delta 
Outflow Scenarios Corresponding to Sacramento River and Eastside Delta Tributary Inflows from 
35 to 75 Percent of Unimpaired Flow 
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Figure 5.3‐3. Frequency of Meeting March–May Delta Outflows to Benefit California Bay Shrimp 
for MRDO, Current Conditions as Modeled by SacWAM, and Inflow‐Based Delta Outflow Scenarios 
Corresponding to Sacramento River and Eastside Delta Tributary Inflows from 35 to 75 Percent of 
Unimpaired Flow 
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Figure 5.3‐4. Frequency of Meeting March–June Delta Outflows to Benefit Starry Flounder for 
MRDO, Current Conditions as Modeled by SacWAM, and Inflow‐Based Delta Outflow Scenarios 
Corresponding to Sacramento River and Eastside Delta Tributary Inflows from 35 to 75 Percent of 
Unimpaired Flow 
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Figure 5.3‐5. Frequency of Meeting February–May Delta Outflows to Benefit Sacramento Splittail 
for MRDO, Current Conditions as Modeled by SacWAM, and Inflow‐Based Delta Outflow Scenarios 
Corresponding to Sacramento River and Eastside Delta Tributary Inflows from 35 to 75 Percent of 
Unimpaired Flow 
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Figure 5.3‐6. Frequency of Meeting March–July Delta Outflows to Benefit White and Green 
Sturgeon for MRDO, Current Conditions as Modeled by SacWAM, and Inflow‐Based Delta Outflow 
Scenarios Corresponding to Sacramento River and Eastside Delta Tributary Inflows from 35 to 75 
Percent of Unimpaired Flow 
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Table 5.3‐3. Summary of Frequency of Meeting Winter‐Spring Delta Outflows to Benefit Estuarine 
Habitat and Species. As discussed above, these frequencies would be higher for the unimpaired 
scenarios when accounting for unregulated flows, other regulatory flows, etc. Current conditions 
reflect MRDO flows plus the other regulated and unregulated flows.  

Species	or	X2	Location	 MRDO	 Current	 35%UF	 45%UF	 55%UF	 65%UF	 75%UF	

Collinsville	 86	 100	 95	 97	 99	 99	 100	

Chipps	Island	 1	 81	 73	 86	 94	 96	 97	

Port	Chicago9	 0	 40	 15	 30	 39	 52	 58	

Bay	Shrimp	High	 0	 44	 28	 44	 59	 72	 75	

Bay	Shrimp	Low	 0	 53	 44	 61	 73	 82	 86	

Green	and	White	Sturgeon	 0	 15	 1	 4	 12	 16	 27	

Longfin	Smelt	 0	 28	 2	 6	 17	 28	 34	

Longfin	Smelt	Spawning	 0	 27	 0	 4	 11	 19	 27	

Sacramento	Splittail	High	 0	 27	 2	 10	 15	 27	 37	

Sacramento	Splittail	Low	 0	 40	 19	 35	 45	 60	 68	

Starry	Flounder	 0	 45	 32	 46	 60	 72	 78	

	

The	flow	frequency	distributions	suggest	that	population	abundance	of	native	species	will	increase	
with	increasing	Delta	outflows.	However,	the	population	recovery	rate	may	vary	among	species	
because	the	flow	needs	of	the	different	species	vary	substantially	and	this	changes	the	frequency	
with	which	the	species‐specific	flows	are	likely	to	be	met.	The	potential	increase	in	population	
abundance	was	estimated	for	several	species	using	the	flow‐abundance	relationships	in	Chapter	3.	
For	each	flow	scenario	a	distribution	of	expected	abundance	indices	was	generated	by	applying	the	
flow‐abundance	regression	formula	to	the	distribution	of	modeled	flows.	The	percent	increase	in	the	
median	of	each	abundance	index	was	calculated	relative	to	the	median	abundance	index	for	the	
current	conditions	scenario	(Table	5.3‐4).	This	calculation	is	meant	to	give	a	general	sense	of	the	
relative	benefit	each	species	may	realize	for	a	given	flow	scenario,	and	should	not	be	interpreted	as	a	
prediction	of	future	population	abundances.	No	attempt	was	made	to	quantify	the	statistical	
uncertainty	in	these	values.	Actual	outcomes	will	depend	on	future	flows,	management	of	other	
stressors,	and	factors	such	as	stock	rebuilding	that	cannot	be	accounted	for	without	life	cycle	models	
and	appropriate	data	to	parameterize	them.	According	to	this	limited	analysis,	estuarine	species	
would	be	expected	to	derive	limited	benefits	from	the	35	percent	or	45	percent	unimpaired	
scenarios,	though	there	would	be	substantial	benefits	relative	to	MRDO.	Modest	benefits	would	be	
expected	from	the	55	percent	scenario,	and	more	substantial	benefits	from	65	percent	and	75	
percent	scenarios	when	compared	to	current	conditions,	with	much	larger	benefits	when	compared	
to	MRDO.	Again,	this	analysis	does	not	consider	other	uncontrolled	and	regulatory	flows	which	
would	significantly	increase	the	flows	and	assumed	benefits	in	some	years.		

																																																													
9	While	the	2006	Bay‐Delta	Plan	and	D‐1641	include	requirements	for	Port	Chicago	days,	because	of	the	limited	
amount	of	time	they	apply	and	the	several	month	averaging	done	for	this	analysis,	they	do	not	appear	in	the	results.	
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Table 5.3‐4. Potential Percent Increase in Median Abundance Indices Relative to SacWAM 
Modeled Flows for Existing Regulatory Conditions Assuming No Additional Unregulated or 
Regulated Flows 

Species		 35%UF	 45%UF	 55%UF	 65%UF	 75%UF	

Longfin	Smelt	 0	 0	 22	 51	 81	

Bay	Shrimp	 0	 6	 17	 27	 37	

Starry	Flounder	 0	 5	 16	 25	 34	

Sacramento	Splittail	 0	 0	 13	 31	 48	
 

In	addition	to	the	benefits	of	additional	winter	and	spring	flows,	there	is	evidence	that	year‐round	
Delta	outflows	are	important	to	maintain	the	quantity	and	quality	of	estuarine	habitat.	As	discussed	
in	Chapter	3,	Baxter	et	al.	(2015)	found	an	inverse	relationship	between	the	location	of	X2	in	fall	and	
larval	Delta	smelt	abundance	the	following	spring	(Figure	3.8‐4).	The	relationship	was	improved	by	
accounting	for	adult	stock,	suggesting	that	both	habitat	quantity	and	quality	and	the	number	of	
breeding	adults	were	important	in	determining	recruitment	(Baxter	et	al.	2015).	As	summarized	in	
Chapter	3,	the	findings	from	the	Interagency	Ecological	Program	Management,	Analysis,	and	
Synthesis	Team	(IEP	MAST)	(Baxter	et	al.	2015)	have	confirmed	the	importance	of	the	location	of	X2	
in	fall	for	Delta	smelt	larval	recruitment.	Recent	information	developed	by	CDFW	and	USFWS	
indicates	that	placing	X2	downstream	of	the	confluence	of	the	Sacramento	and	San	Joaquin	Rivers	
increases	the	survival	of	juvenile	Delta	smelt	to	the	sub‐adult	stage	(Figure	3.8‐3	in	Chapter	3).		

Finally,	Delta	inflow	from	the	Sacramento	River	tributaries	and	outflow	through	the	Delta	are	the	
primary	factors	(along	with	some	regulation	by	salinity	control	gates)	governing	salinity	in	Suisun	
Marsh.	Suisun	Marsh	wetlands	provide	many	important	ecological	functions,	including	wintering	
and	nesting	area	for	waterfowl	and	water	birds	of	the	Pacific	Flyway,	nursery	habitat	for	native	fish,	
and	essential	habitat	for	other	fish,	wildlife,	and	plants	(Delta	and	longfin	smelt	in	particular).		

5.3.4 Conclusion and Proposed Requirements 

Available	scientific	information	supports	the	proposed	modifications	to	the	existing	Delta	outflow	
requirements	to	ensure	the	reasonable	protection	of	the	ecosystem	and	fish	and	wildlife	beneficial	
uses,	including	the	natural	production	of	viable	native	estuarine	species	populations	rearing	in	and	
migrating	through	the	Delta,	and	to	better	integrate	inflow	and	outflow	requirements	in	a	
comprehensive	framework	for	environmental	flows.	Populations	of	several	estuarine‐dependent	
species	of	fish	and	shrimp	vary	positively	with	flow	as	do	other	measures	of	the	health	of	the	
estuarine	ecosystem.	Freshwater	inflow	also	has	chemical	and	biological	consequences	through	its	
effects	on	loading	of	nutrients	and	organic	matter,	pollutant	concentrations,	and	residence	time.	In	
addition,	there	is	evidence	that	native	species	benefit	from	flows	that	place	the	LSZ	downstream	of	
the	confluence	of	the	Sacramento	and	San	Joaquin	Rivers	during	summer	and	fall.		

Proposed	changes	to	the	Delta	outflow	requirements	include	the	addition	of	a	new	narrative	
objective	and	a	new	numeric	objective	and	maintenance	of	some	existing	requirements.	The	Delta	
outflow	narrative	objective	is	proposed	to	describe	the	outflow	conditions	that	reasonably	protect	
native	anadromous	and	estuarine	fish	and	aquatic	species	populations.	Specifically,	it	requires	
maintenance	of	Delta	outflow	sufficient	to	support	and	maintain	the	natural	production	of	viable	
native	fish	and	aquatic	species	populations	rearing	in	or	migrating	through	the	Bay	Delta.		
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The	proposed	new	narrative	outflow	objective	is	as	follows:	

Maintain	Delta	outflows	sufficient	to	support	and	maintain	the	natural	production	of	viable	native	
anadromous	fish,	estuarine	fish,	and	aquatic	species	populations	rearing	in	or	migrating	through	
the	Bay‐Delta	estuary.	Delta	outflows	that	reasonably	contributes	toward	maintaining	viable	
native	fish	and	aquatic	species	populations	include,	but	may	not	be	limited	to,	flows	that	connect	
low	salinity	pelagic	waters	to	productive	tidal	wetlands	and	flows	that	produce	salinity	
distributions	that	more	closely	mimic	the	natural	hydrographic	conditions	to	which	these	species	
are	adapted,	including	the	relative	magnitude,	duration,	timing,	quality	and	spatial	extent	of	flows	
as	they	would	naturally	occur.	Indicators	of	viability	include	population	abundance,	spatial	extent,	
distribution,	productivity	and	genetic	and	life	history	diversity.	Viability	is	dependent	on	
maintaining	migratory	pathways,	sufficient	quantities	of	high	quality	spawning	and	rearing	
habitat,	and	a	productive	food	web.		

In	order	to	ensure	that	minimum	quantities	of	Delta	outflow	are	provided	to	the	estuary	in	all	
months	and	all	years,	base	Delta	outflows	from	the	current	Bay‐Delta	Plan	would	be	maintained.	
Specifically,	the	existing	Delta	outflow	requirements	that	are	included	in	Table	3	of	the	Bay‐Delta	
Plan	that	range	from	3,000	cfs	to	8,000	cfs	based	on	water	year	type	from	July	through	January	
would	be	maintained.	

In	addition,	base	February	through	June	flows	of	7,100	cfs	would	also	be	maintained	(Footnote	11	to	
Bay‐Delta	Plan	Table	3).	Under	the	existing	Bay‐Delta	Plan,	this	requirement	may	be	met	by	
achieving	a	salinity	(as	measured	by	electrical	conductivity)	level	of	2.64	millimhos	per	centimeter,	
or	X2	location,	at	Collinsville.	The	methods	by	which	this	objective	may	be	met	are	proposed	to	be	
reevaluated	in	the	program	of	implementation	to	ensure	that	intended	protections	are	provided,	
while	providing	flexibility	to	reduce	water	supply	impacts.	

The	remaining	existing	Delta	outflow	requirements	included	in	Table	4	of	the	Bay‐Delta	Plan	that	
require	flows	of	11,400	cfs	and	29,200	cfs	(or	equivalent	salinity)	for	a	specified	number	of	days	
based	on	the	ERI	are	proposed	to	be	replaced	with	an	inflow‐based	Delta	outflow	objective	that	is	
expected	to	better	achieve	the	proposed	new	narrative	Delta	outflow	objective	in	an	integrated	
fashion	with	the	proposed	new	inflow	requirements.	The	proposed	new	inflow‐based	Delta	outflow	
objective	specifies	that	the	required	inflows	from	the	Sacramento	and	San	Joaquin	Rivers	and	their	
tributaries	and	the	three	Delta	eastside	tributaries	are	provided	as	outflows	with	appropriate	
adjustments	for	depletions	and	accretions,	including	adjustments	for	floodplain	inundation	flows	
and	other	side	flows.	Like	the	inflow	requirements,	the	outflow	requirements	are	not	proposed	to	be	
lower	than	existing	conditions.		

The	proposed	new	numeric	inflow‐based	outflow	objective	is	as	follows:	

The	inflow‐based	Delta	outflow	shall	be	the	inflows	required	below	[Sacramento	River	and	its	
tributaries	and	the	Delta	eastside	tributaries],	including	Lower	San	Joaquin	River	flows,	with	
adjustments	for	downstream	depletions	and	accretions	as	specified	in	the	program	of	
implementation.		

In	addition,	the	fall	Delta	outflow	requirements	from	the	USFWS	BiOp	would	to	be	incorporated	in	
the	Bay‐Delta	Plan.	These	requirements	include	additional	Delta	outflow	requirements	in	September	
through	December	when	the	preceding	hydrologic	period	was	a	wet	or	above	normal	year,	
according	to	the	Sacramento	Valley	water	year	hydrologic	classification	as	defined	in	Figure	2	of	the	
Bay‐Delta	Plan.	Specifically,	in	September	and	October	of	or	following	wet	years,	X2	would	be	
required	to	be	at	or	west	of	Chipps	Island	and	in	above	normal	water	years,	X2	would	be	required	to	
be	at	or	west	of	Collinsville.	In	November,	inflows	would	be	required	to	be	bypassed	from	SWP	and	
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CVP	reservoirs	in	the	Sacramento	basin	up	to	the	X2	targets.	In	December,	any	increase	in	storage	in	
SWP	and	CVP	reservoirs	in	the	Sacramento	basin	would	be	required	to	be	released	to	augment	
December	base	Delta	outflow	requirements.		

Together	the	Delta	outflow,	inflow,	and	other	requirements	are	proposed	to	provide	comprehensive	
protection	for	fish	and	wildlife	from	natal	streams	through	the	Delta	and	Bay	and	nearshore	ocean	
while	providing	necessary	flexibility	and	adaptive	management	provisions	to	address	the	
complexities	of	providing	Delta	outflows	from	the	watershed	in	a	reasonable	and	protective	manner.	
Like	the	inflow	requirements,	the	inflow‐based	Delta	outflow	requirements	would	allow	for	
adaptive	management	and	sculpting	of	flows	and	would	require	the	development	of	a	plan	that	
addresses	implementation	measures	by	Delta	users,	including	the	Projects,	as	well	as	monitoring,	
evaluation,	and	reporting	measures.	The	program	of	implementation	would	address	accounting	
measures	for	the	existing	and	new	requirements,	including	integration	with	tributary	plans,	
accretions	and	depletions,	and	evaluation	of	the	existing	and	new	methods	of	compliance	with	Delta	
outflows	to	ensure	they	are	protective,	including	the	compliance	methods	for	the	base	flows	
discussed	above.	The	program	of	implementation	would	also	address	development	of	biological	
goals	for	Delta	outflows;	and	provisions	for	coordination	with	inflows	and	biological	opinion	
requirements.		

5.4 Cold Water Habitat Below Reservoirs 

5.4.1 Introduction 

A	new	narrative	cold	water	habitat	objective	is	proposed	to	ensure	that	salmonids	have	access	to	
cold	water	habitat	at	critical	times	and	to	ensure	that	adequate	water	is	available	for	minimum	
instream	flow	purposes	downstream	of	reservoirs.	Cold	water	habitat	conditions	in	the	tributaries	
will	differ	and	the	mechanisms	for	best	implementing	the	narrative	objective	will	vary	among	the	
tributaries;	thus	flexibility	is	needed	to	best	achieve	the	objective.	Depending	on	the	specific	
conditions	of	a	tributary,	the	narrative	may	be	implemented	through	cold	water	storage	
requirements,	TCDs,	flow	provisions,	passage	to	cold	water	habitat,	or	other	measures.	

Salmonids	require	adequate	cold	water	and	flow	conditions	through	their	spawning	and	rearing	
period.	Historically	before	construction	of	reservoirs	and	other	habitat	alterations,	salmonids	
generally	had	access	to	cold	water	habitat	in	higher	altitudes	year‐round.	Since	construction	of	dams	
and	other	habitat	alterations,	access	for	salmonids	to	cold	water	habitat	has	been	eliminated	or	
substantially	reduced	to	the	detriment	of	salmonid	populations.	Remaining	populations	that	would	
otherwise	migrate	to	upstream	habitat	are	now	dependent	on	maintenance	of	suitable	conditions	in	
the	downstream	reaches	below	dams.	During	the	summer	and	fall	when	air	temperatures	exert	a	
strong	influence	on	river	temperatures,	the	release	of	cold	water	from	reservoirs	is	thus	critically	
important	for	maintaining	suitable	cold	water	habitat	during	these	periods.	Consequently,	effective	
management	of	cold	water	will	continue	to	be	a	critical	component	of	the	conservation	and	recovery	
strategies	for	native	salmonids,	especially	in	view	of	the	challenges	posed	by	increasing	water	
demands	and	climate	change.	



State Water Resources Control Board  Recommended New and Revised Flow Requirements
 

 

Phase II Update of the 2006 Bay‐Delta Plan 
Scientific Basis Report 

5‐35 
Final

 

5.4.2 Existing Cold Water Habitat Requirements  

The	current	Bay‐Delta	Plan	does	not	include	an	express	requirement	to	protect	cold	water	habitat	
downstream	of	reservoirs;	however,	there	are	existing	requirements	and	ongoing	efforts	that	help	to	
protect	cold	water	habitat	in	the	Delta	watershed.	Fish	and	Game	Code	section	5937	requires	that	
“[t]he	owner	of	any	dam	shall	allow	sufficient	water	at	all	times	to	pass	through	a	fishway,	or	in	the	
absence	of	a	fishway,	allow	sufficient	water	to	pass	over,	around,	or	through	the	dam	to	keep	in	good	
condition	any	fish	that	may	be	planted	or	exist	below	the	dam.”	In	addition,	the	Central	Valley	Water	
Board’s	Basin	Plan	includes	general	and	specific	temperature	objectives.	With	the	exception	of	the	
specific	temperature	objective	discussed	below	for	the	Sacramento	River,	it	is	not	clear	whether	
these	general	requirements	have	been	applied	to	any	tributaries	in	the	Phase	II	area	to	date.		

5.4.2.1 Upper Sacramento River 

The	Sacramento	River	downstream	of	Shasta	Reservoir	is	currently	the	only	existing	habitat	for	
endangered	winter‐run	Chinook	salmon	which	are	entirely	dependent	on	adequate	cold	water	
releases	below	Shasta	Reservoir	for	their	persistence.	Spring‐run	and	fall‐run	also	inhabit	the	upper	
Sacramento	River	and	are	affected	by	Shasta	Reservoir	operations.	In	part	to	protect	these	species,	
the	Central	Valley	Water	Board’s	Basin	Plan	specifies	that	controllable	factors	in	the	Sacramento	
River	from	Shasta	Dam	to	the	I	Street	Bridge	shall	not	cause	temperatures	to	“be	elevated	above	
56°F	in	the	reach	from	Keswick	Dam	to	Hamilton	City	nor	above	68°F	in	the	reach	from	Hamilton	
City	to	the	I	Street	Bridge	during	periods	when	temperature	increases	will	be	detrimental	to	the	
fishery.”	In	addition,	to	address	significant	temperature	related	mortality	to	winter‐run	Chinook	
salmon	on	the	Sacramento	River,	the	State	Water	Board	adopted	Order	90‐5	in	1990.	The	Order	
required	Reclamation	to	install	a	TCD	on	Shasta	Reservoir	to	provide	for	better	temperature	control	
and	also	requires	Reclamation	to	operate	Keswick	and	Shasta	dams	to	meet	a	daily	average	
temperature	of	56°F	at	the	RBDD	during	periods	when	higher	temperatures	will	be	detrimental	to	
the	fishery.	The	Order	allows	the	temperature	compliance	point	to	be	moved	upstream	if	factors	
beyond	Reclamation’s	reasonable	control	prevent	maintenance	of	56°F	at	the	RBDD,	and	upon	
submittal	of	a	strategy	for	meeting	the	temperature	requirement	at	the	new	compliance	point.	
Factors	beyond	the	reasonable	control	of	Reclamation	are	not	specified	nor	are	explicit	carryover	
storage	and	other	requirements	to	ensure	effective	implementation	of	temperature	requirements.	
The	NMFS	BiOp	(NMFS	2009a)	also	includes	requirements	that	Reclamation	manage	Shasta	
reservoir	storage	to	reduce	adverse	effects	on	winter‐run	Chinook	salmon	egg	incubation	in	summer	
months,	and	on	spring‐run	incubation	during	fall	months.	The	management	of	Shasta	Reservoir	
during	the	summer	and	early	fall	to	protect	winter‐run	Chinook	salmon	is	a	high	priority	because	of	
their	endangered	status	and	very	limited	range.	However,	fall‐run	and	spring‐run	also	require	
consideration	and	protection	from	flow	fluctuations	and	temperature	effects.	

The	DSP	conducted	an	Independent	Review	Panel	(IRP)	to	assess	the	effectiveness	of	the	NMFS	
(and	USFWS)	BiOp	Shasta	Reservoir	temperature	management	actions	(these	actions	were	taken	
in	coordination	with	the	State	Water	Board’s	implementation	of	Order	90‐5)	in	2013,	2014,	and	
2015.	In	particular,	the	IRP	reviewed	the	recommendation	by	NMFS	to	use	a	55°F	7DADM	water	
temperature	requirement	for	the	Sacramento	River	instead	of	the	56°F	daily	average	
recommended	by	USEPA	(2003)	to	avoid	sub‐lethal	effects	on	salmonid	life	history	stages	
(spawning,	egg	incubation,	and	fry	emergence).	The	7DADM	was	proposed	to	better	protect	
against	impacts	from	diurnal	temperature	changes	and	daily	maximum	temperatures	that	have	
cumulative	impacts	to	developing	salmonids.	These	impacts	become	more	severe	based	on	the	
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duration	and	severity	of	exposure,	with	longer	exposures	resulting	in	increasing	impacts	on	
survival	and	fry	production.	Sub‐lethal	effects	from	high	water	temperature	can	also	lead	to	
reduced	fry	and	smolt	sizes	from	sub‐optimal	growth	that	can	lead	to	later	mortality.	These	
temperature	effects	could	result	in	reduced	productivity	of	a	stock	and	reduced	population	size	
(Anderson	et	al.	2013).		

In	its	review,	the	IRP	indicated	that	there	is	evidence	that	the	7DADM	may	better	protect	salmon	
early	life	stages	from	negative	effects	of	temperature	spikes	than	does	an	average	daily	
temperature	requirement,	but	also	indicated	that	the	question	of	changing	temperature	
compliance	points	(TCP)	from	a	daily	average	temperature	to	a	7DADM	needs	to	be	evaluated	in	
the	context	of	how	it	affects	the	location	of	the	TCP	as	well	as	survival	of	salmonid	early	life	stages	
(Anderson	et	al.	2013).	Based	on	deficiencies	in	monitoring	and	modeling	tools	that	are	currently	
available	to	inform	managers	and	operators,	the	IRP	encouraged	improvements	in	data	collection	
technology	and	temperature	modeling	approaches,	including	development	of	a	reservoir	
stratification	model,	incorporation	of	biological	data	into	retrospective	analysis	of	modeling	and	
water	flows,	increased	spatial	distribution	of	temperature	monitoring	in	the	reservoir,	and	
incorporation	of	limnological	parameters	(Anderson	et	al.	2015).	The	IRP	also	suggested	that	
instead	of	requiring	temperature	compliance	at	specific	river	mile	locations,	during	critically	dry	
conditions,	temperature	management	actions	could	be	based	on	protecting	areas	known	to	be	
used	for	spawning	rather	than	areas	that	have	potential	to	support	spawning	but	have	never	been	
used	(Anderson	et	al.	2015).		

After	very	high	temperature‐related	mortality	of	winter‐run	eggs	in	the	drought	years	of	2014	and	
2015,	NMFS	and	the	State	Water	Board	used	the	55°F	7DADM	along	with	other	recommendations	of	
the	IRP	in	2016	(in	which	there	was	a	much	greater	quantity	of	cold	water)	to	reduce	uncertainty	in	
meeting	temperature	needs	for	winter‐run	on	the	Sacramento	River	to	avoid	significant	mortality	
for	a	third	year,	which	was	largely	successful	(at	least	in	part	due	to	the	additional	cold	water	
supplies).	Current	efforts	are	underway	by	NMFS10	and	the	other	fisheries	agencies,	Reclamation,	
the	State	Water	Board,	and	water	users	to	improve	temperature	modeling	and	management	on	the	
Sacramento	River,	including	implementation	of	IRP	recommendations.	

5.4.2.2 Lower American River 

The	State	Water	Board’s	Decision	893	(D‐893),	which	established	minimum	instream	flow	
requirements	on	the	American	River	in	1958,	is	outdated	and	not	considered	sufficiently	protective	
of	fishery	resources	in	the	lower	American	River	(NMFS	2014a).	Currently,	reservoir	operations	are	
managed	in	accordance	with	the	NMFS	BiOp	(Reasonable	and	Prudent	Alternative	[RPA]	Action	II.1‐
II.4)	which	incorporates	the	recommended	actions	of	the	2000	Water	Forum	Agreement	(American	
River	Water	Forum	2004),	including	new	flow	and	water	temperature	requirements,	annual	
operations	forecasting	and	temperature	management	planning,	and	evaluation	of	new	structural	
technologies	to	improve	water	temperature	management	capabilities.11	The	proposed	alternatives	
include	replacement	or	enhancement	of	Folsom	Dam’s	existing	TCD,	a	number	of	structural	and	

																																																													
10	NMFS	is	developing	a	temperature	forecasting	and	decision‐support	tool	(River	Assessment	for	Forecasting	
Temperature	[RAFT])	that	couples	a	series	of	watershed,	reservoir,	and	river	temperature	models	to	more	
effectively	manage	the	reservoir’s	limited	cold	water	pool	for	winter‐run	protection	(Danner	et	al.	2012;	Danner	
2015).	
11	The	Water	Forum	Agreement	has	not	been	reviewed,	approved,	or	incorporated	into	any	water	right	permit	or	
license	by	the	State	Water	Board.	
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operational	alternatives	to	improve	cold	water	transport	through	Lake	Natoma,	and	a	proposed	El	
Dorado	Irrigation	District	TCD	(NMFS	2009a).	Studies	conducted	by	Reclamation	have	evaluated	
several	alternatives	to	improve	transport	of	cold	water	through	Lake	Natoma,	including	installation	
of	temperature	control	curtains	in	Lake	Natoma,	removing	submerged	debris	in	front	of	the	Nimbus	
Dam	powerplant	intakes,	dredging	the	old	river	channel	in	Lake	Natoma,	and	modifying	Folsom	
Dam’s	powerplant	peak	loading	operations	(Reclamation	2007).		

Maintaining	suitable	water	temperatures	for	all	life	history	stages	of	steelhead	in	the	American	River	
is	a	chronic	issue	because	of	operational	(e.g.,	meeting	Delta	water	quality	and	other	downstream	
water	demands)	and	structural	(e.g.,	limited	reservoir	water	storage	and	cold	water	pool)	
limitations	(NMFS	2009a).	Only	under	wetter	hydrologic	conditions	is	the	volume	of	cold	water	
sufficient	to	meet	the	temperature	requirements	of	over‐summering	steelhead	and	fall‐run	Chinook	
salmon	spawning	and	incubation	in	the	fall.	Currently,	annual	operation	strategies	are	formulated	to	
manage	the	available	cold	water	pool	in	consideration	of	other	water	demands	and	tradeoffs	(NMFS	
2009a).	Because	the	CVP	is	operated	as	an	integrated	system,	conflicts	in	temperature	management	
on	the	American	River	often	arise	due	to	other	CVP	operations	for	water	supply	and	salinity	and	
flow	control	purposes,	including	conflicts	between	Shasta	Reservoir	and	Folsom	Reservoir	storage	
management.	

5.4.2.3 Feather River 

The	existing	hydroelectric	power	license	issued	by	FERC	in	1957	for	the	Oroville	Facilities	
Hydroelectric	Project	(Hydro	Project)	expired	in	2007	and	DWR	is	currently	seeking	a	new	license.	
Hydro	Project	operations	continue	to	build	on	interim	measures	implemented	by	DWR	during	the	
relicensing	effort,	including:	measures	continued	under	the	1983	Agreement	concerning	the	
Operation	of	the	Oroville	Division	of	the	State	Water	Project	for	Management	of	Fish	and	Wildlife	
(including	operations	of	the	Feather	River	Fish	Hatchery);	select	measures	identified	during	
consultation	with	the	USFWS	(USFWS	2007);	and	ramping	rates	for	the	Low	Flow	Channel	(LFC)	in	
the	2016	NMFS	BiOp	(NMFS	2016).	

As	part	of	the	Hydro	Project	relicensing	effort	agencies	have	developed	conditions	for	the	new	FERC	
license.	Additional	requirements	in	the	State	Water	Board’s	2010	water	quality	certification	(Order	
WQ	2010‐0016)	and	2016	NMFS	BiOp	will	be	integrated	into	the	new	FERC	license	for	the	Hydro	
Project.	The	water	quality	certification	identified	inadequate	protection	of	downstream	cold	water	
beneficial	uses.	DWR’s	studies	showed	that	water	temperatures	in	the	LFC	and	the	High	Flow	
Channel	(HFC)	were	contributing	to	adverse	conditions	for	anadromous	salmonids.	Studies	have	
shown	that	conditions	are	inhospitable	to	spawning	and	rearing	in	the	Feather	River	below	the	
Thermalito	Afterbay	Outlet	(HFC).	Water	temperature	monitoring	in	2002	and	2003	showed	that	
the	temperature	of	water	released	from	Thermalito	Afterbay	was	as	much	as	11.3°F	higher	than	that	
of	incoming	water.	DWR	concluded	that	increased	incidence	of	disease,	developmental	
abnormalities,	in‐vivo	egg	mortality,	and	temporary	cessation	of	migration	could	occur	due	to	
elevated	water	temperatures	in	some	areas	of	the	lower	Feather	River.		

In	2006	DWR	signed	a	Settlement	Agreement,	which	contains	interim	water	temperature	targets	
and	a	framework	for	developing	final	temperature	requirements	based	on	implementation	of	facility	
modifications	to	improve	cold	water	management	capabilities	in	the	Feather	River	(DWR	2006).	The	
State	Water	Board’s	2010	water	quality	certification	includes	more	than	20	elements	of	Settlement	
Agreement.	The	2010	water	quality	certification	states	that	the	water	temperatures	specified	in	the	
2006	Settlement	Agreement	are	necessary	for	the	protection	of	cold	freshwater,	spawning,	and	
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migration	beneficial	uses	of	the	Feather	River.	As	part	of	the	Settlement	Agreement	and	under	the	
water	quality	certification,	DWR	is	required	to	develop	a	Feasibility	Study	and	Implementation	Plan	
(FSIP)	for	Facility	Modification(s)	to	improve	temperature	conditions	for	spawning,	incubation,	
rearing,	and	holding	of	anadromous	fish	within	3	years	of	FERC	license	issuance.	Key	design	
objectives	are	to	improve	accessibility	to	the	cold	water	pool	in	Lake	Oroville,	minimize	heat	gains	
from	the	dam	to	targeted	downstream	locations	in	the	Feather	River,	and	reduce	cold	and	warm	
water	mixing	in	Thermalito	Afterbay	(NMFS	2016).	The	FSIP	will	include	a	recommended	
alternative,	which	may	include	both	structural	and	operational	modifications,	will	be	designed	to	
meet	specific	temperature	objectives	in	the	LFC	and	HFC	subject	to	monitoring	and	evaluation	of	the	
feasibility	of	achieving	these	objectives	under	severe	dry	year	hydrologic	conditions	as	defined	by	
the	Oroville	Temperature	Management	Index	(DWR	2006).	The	FSIP	will	include	a	proposed	
implementation	schedule,	fisheries	monitoring	program,	and	adaptive	management	framework.	The	
water	quality	certification	also	includes	temperature	requirements	for	the	Feather	River	Fish	
Hatchery	to	aid	in	managing	disease	outbreaks.	The	State	Water	Board’s	water	quality	certification	
includes	interim	and	final	deadlines	for	completing	the	FSIP	and	any	required	facility	modifications	
to	meet	interim	and	final	temperature	requirements	in	the	LFC,	HFC,	and	Feather	River	Fish	
Hatchery.	

5.4.2.4 Lower Yuba River 

The	lower	Yuba	River	is	defined	as	the	24‐mile	section	of	the	river	between	Englebright	Dam	and	
the	confluence	with	the	Feather	River	south	of	Marysville.	State	Water	Board	Decision	1644	(D‐
1644),	adopted	in	2003,	contains	revised	instream	flow	requirements,	flow	fluctuation	(ramping)	
requirements,	and	specific	actions	to	provide	suitable	water	temperatures	and	other	protective	
measures	(fish	screens	at	water	diversion	facilities)	for	all	life	stages	of	Chinook	salmon	and	
steelhead	in	the	lower	Yuba	River.	D‐1644	concluded	that	compliance	with	CDFW‐	and	NMFS‐
recommended	water	temperature	objectives	for	the	lower	Yuba	River	was	not	feasible	prior	to	the	
construction	and	operation	of	the	Yuba	River	Development	Project’s	(YRDP’s)	New	Bullards	Bar	
Reservoir.	The	State	Water	Board	retained	continuing	authority	to	establish	water	temperature	
requirements	for	the	lower	Yuba	River,	and	required	Yuba	County	Water	Agency	(YCWA)	to	make	
reasonable	efforts	to	operate	the	YRDP	to	maintain	suitable	water	temperatures	in	the	lower	Yuba	
River	for	fall‐,	late‐fall‐,	and	spring‐run	Chinook	salmon	and	steelhead.		

The	Lower	Yuba	Accord,	approved	by	the	State	of	California	in	2008,	is	a	multi‐stakeholder	
partnership	that	was	formed	to	resolve	instream	flow	issues	associated	with	operation	of	the	YRDP,	
and	establish	a	collaborative	process	to	protect	and	enhance	lower	Yuba	River	fisheries	while	
ensuring	the	reliability	of	water	for	hydropower,	irrigation,	flood	control,	and	recreation.	Water	
Right	Order	2008‐0014	amended	YWCA’s	water	right	permits	to	include	the	flow	schedules	and	
other	specified	terms	and	conditions	of	the	Lower	Yuba	Accord’s	Fisheries	Agreement.	These	
include	provisions	for	regular	planning	and	coordination	by	the	River	Management	Team	(RMT)	to	
implement	flow	and	water	temperature	management	actions,	including	planned	operation	of	the	
upper	and	lower	outlets	at	New	Bullards	Reservoir	and	any	TCDs	that	might	be	built	at	Englebright	
Dam.	Water	Right	Order	2008‐0014	includes	provisions	for	review	and	approval	of	recommended	
RMT	actions	by	the	fisheries	agencies	and	State	Water	Board.	As	noted	in	the	Order,	water	
temperature	data	from	the	lower	Yuba	River	indicate	that	operations	under	the	Yuba	Accord	flows	
do	not	meet	CDFW’s	and	NMFS’s	maximum	water	temperature	requirements	for	anadromous	fish	in	
the	months	of	May	through	September,	even	in	wet	years.	In	addition,	wet	year	Yuba	Accord	flows	
did	not	meet	the	index	temperature	of	60°	F	in	August	and	September.	
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5.4.2.5 Mokelumne River 

EBMUD’s	facilities	on	the	Mokelumne	River	include	two	reservoirs,	Pardee	and	Camanche,	as	well	
as	the	Mokelumne	Aqueducts	which	conveys	water	from	Pardee	Reservoir	to	the	East	Bay,	and	
hydroelectric	generation	facilities	at	the	base	of	Pardee	and	Camanche	Dams.	In	1998,	EBMUD,	
USFWS,	and	CDFW	entered	into	a	Joint	Settlement	Agreement	(JSA)	which	specifies	minimum	flow	
releases	from	Camanche	Dam,	ramping	rates	and	reservoir	cold	water	pool	goals.	The	JSA	allows	
for	modification	of	releases	as	long	as	the	total	volume	released	during	the	year	would	not	be	less	
than	that	specified	in	the	JSA	for	the	water	year	type.	The	JSA’s	flow	release	requirements	are	
included	in	D‐1641	and	the	1998	amended	FERC	license	for	the	facilities.		

As	part	of	the	JSA,	a	Lower	Mokelumne	River	Partnership	was	established	by	EBMUD,	USFWS,	and	
CDFW	in	1998	to	support	fishery	and	ecosystem	protection	in	the	lower	Mokelumne	River,	
encourage	stakeholder	participation,	and	integrate	Mokelumne	River	strategies	with	other	
programs	(EBMUD	et	al.	2008).	The	Partnership	Steering	Committee	is	guided	by	a	coordination	
committee	that	includes	biologists	and	other	technical	staff	from	CDFW,	EBMUD,	USFWS,	and	
NMFS.	The	coordination	committee	meets	each	year	to	review	fisheries	and	water	quality	
monitoring	data,	evaluate	projected	water	year	type	conditions	and	operations	plans,	make	
recommendations	for	expenditure	of	the	Partnership	Fund,	and	develop	proposed	adaptive	
management	actions	to	optimize	habitat	conditions	in	the	lower	Mokelumne	River	(EBMUD	et	al.	
2008).	In	addition	to	these	flow	provisions,	the	JSA	includes	a	number	of	non‐flow	measures,	
including	cold	water	pool	management	to	provide	suitable	water	temperatures	for	all	salmonid	
and	native	fish	life	stages.	This	involves	integrated	operation	of	Camanche	and	Pardee	Reservoirs	
and	water	temperature	monitoring,	modeling,	and	forecasting	to	ensure	sufficient	storage	of	cold	
water	during	the	winter	and	spring	to	prevent	early	turnover	(destratification)	of	Camanche	
Reservoir,	and	to	provide	sufficient	cold	water	for	releases	in	the	lower	Mokelumne	River	through	
early	November	(EBMUD	2013).	

5.4.2.6 Putah Creek 

In	2000,	the	Putah	Creek	Council,	City	of	Davis,	and	UC	Davis	signed	a	settlement	agreement	(Putah	
Creek	Accord)	with	the	Solano	County	Water	Agency,	Solano	Irrigation	District,	and	other	Solano	
water	interests	to	establish	permanent	flows	in	the	23	miles	of	Putah	Creek	below	Lake	Solano	
(formed	by	Putah	Diversion	Dam,	the	upstream	limit	of	fish	migration)	and	initiate	a	program	to	
optimize	benefits	for	fish,	wildlife,	and	other	resources	in	a	manner	compatible	with	human	water	
and	land	uses	in	the	lower	Putah	Creek	watershed	(EDAW	2005).	Under	the	Accord,	current	
instream	flows	and	water	releases	from	Lake	Berryessa	(Monticello	Dam)	are	managed	to	provide	a	
more	natural	flow	regime	to	support	native	resident	and	anadromous	fishes,	including:	(1)	baseline	
flows	to	maintain	cool	water	habitat	for	native	fishes	in	the	upper	reaches	of	the	creek;	(2)	a	pulse	
flow	in	February‐March	to	provide migration and spawning	opportunities	for	native	fishes	in	years	
when	such	flows	do	not	occur	naturally;	(3)	supplemental	flows	to	attract	adult	fall‐run	chinook	
salmon	into	Putah	Creek	in	the	fall,	and	provide	minimum	flows	for	juvenile	rearing	and	emigration	
in	the	spring;	and	(4)	provisions	to	meet	minimum	flow	requirements	of	fish	during	severe	droughts	
(EDAW	2005).	

Water	temperature	monitoring	and	modeling	has	revealed	that	cold	water	discharged	from	the	
bottom	of	Lake	Berryessa	into	lower	Putah	Creek	flows	rapidly	downstream	to	Lake	Solano	with	
minimal	heating,	maintaining	cold	water	habitat	and	a	high‐quality	resident	trout	fishery	from	
Monticello	Dam	to	1	to	2	miles	below	Putah	Diversion	Dam	(EDAW	2005).	Among	the	factors	that	
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continue	to	limit	native	fish	populations,	including	salmon	and	steelhead,	is	the	lack	of	access	to	cold	
water	habitat	above	Putah	Diversion	Dam	and	Monticello	Dams	and	limited	cold	water	habitat	
below	Putah	Diversion	Dam	(EDAW	2005;	NMFS	2014b).	Recommended	actions	for	improvements	
in	water	temperatures	and	overall	habitat	quality	for	native	fishes	in	Putah	Creek	include	
restoration	of	riparian	and	shaded	riverine	aquatic	cover,	spawning	gravel	augmentation,	and	fish	
passage	improvements	(EDAW	2005).	

5.4.2.7 Calaveras River 

Little	information	is	available	on	cold	water	habitat	management	in	the	Calaveras	River	below	New	
Hogan	Dam.	A	Chinook	salmon	and	steelhead	limiting	factors	analysis	concluded	that	the	Calaveras	
River	is	unique	among	Central	Valley	tributaries	because	of	high	summer	flows,	cool	temperatures,	
abundance	of	high	quality	juvenile	rearing	habitat,	and	presence	of	deep	pools	that	provide	
potentially	excellent	conditions	for	resident	rainbow	trout,	steelhead,	and	spring‐	and	fall‐run	
Chinook	salmon	above	Bellota	Weir	(Stillwater	Sciences	2004).	Regulation	of	the	lower	Calaveras	
River	by	New	Hogan	Dam	may	have	increased	the	consistency	of	suitable	conditions	for	steelhead	
and	Chinook	salmon	spawning	and	rearing.	However,	a	major	limiting	factor	for	anadromous	fish	
populations	are	fish	passage	problems	associated	with	municipal	and	agricultural	diversions	from	
Bellota	Weir	downstream	to	the	San	Joaquin	River	confluence	(Stillwater	Sciences	2004).	
Recommendations	for	future	studies	include	the	development	of	a	spatially	explicit	flow‐dependent	
model	of	stream	temperatures	below	New	Hogan	Dam	to	help	identify	stream	reaches	where	water	
temperatures	reach	levels	potentially	stressful	or	lethal	to	salmonids,	and	help	facilitate	an	adaptive	
management	approach	to	managing	stream	temperatures	in	the	future	(Stillwater	Sciences	2004).	

5.4.2.8 Hydropower Facilities 

In	addition	to	the	above,	there	are	a	number	of	smaller	hydroelectric	projects	within	the	Bay‐
Delta	watershed	that	are	licensed	by	FERC	for	between	30	and	50	years.	Licenses	issued	by	
FERC	are	subject	to	section	401	of	the	1972	Clean	Water	Act.	Section	401	requires	that	any	
person	applying	for	a	federal	permit	or	license,	which	may	result	in	a	discharge	of	pollutants	into	
waters	of	the	United	States,	must	obtain	a	state	water	quality	certification	that	the	activity	
complies	with	all	applicable	water	quality	standards,	limitations,	and	restrictions.	These	include	
beneficial	uses,	defined	as	the	uses	of	water	necessary	for	the	survival	or	wellbeing	of	man,	plants,	
and	wildlife.	Examples	include	agricultural	supply,	water	contact	recreation,	and	cold	freshwater	
habitat.	

Water	quality	certifications	issued	by	the	State	Water	Board	for	new	and	renewed	FERC	licenses	
contain	various	terms	and	conditions	for	the	facilities	to	meet	water	quality	standards	in	applicable	
State	Water	Board	and	Regional	Water	Quality	Control	Board	Basin	Plans.	Biological,	scientific,	and	
legal	conditions	have	changed	since	original	licenses	were	issued.	Recent	water	quality	certifications	
have	included	terms	and	conditions	such	as	water	temperature	requirements,	ramping	criteria,	
development	of	plans	for	managing	the	cold	water	pool	in	the	reservoir	to	minimize	exceedances	of	
downstream	temperature	requirements,	and	development	of	plans	for	facility	modifications	if	
facilities	cannot	meet	specified	water	temperature	requirements.	However,	older	FERC	licenses	may	
lack	any	measures	for	the	protection	of	cold	water	species.	
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5.4.3 Discussion 

Maintaining	suitable	cold	water	habitat	in	Delta	tributaries	requires	careful	planning	because	of	the	
need	to	consider	multiple	factors,	such	as	current	year	biological	flow	needs	in	the	tributaries	and	in	
the	Delta,	biological	flow	needs	for	the	next	year,	water	deliveries,	forecasted	hydrology,	reservoir	
storage	limitations,	and	available	cold	water	pool	(NMFS	2009a).	Chapter	3	describes	the	thermal	
requirements	for	each	life	stage	of	Chinook	salmon	and	details	dam	and	reservoir	effects	on	
salmonids.		

Adequate	cold	water	storage	is	a	primary	factor	limiting	the	ability	of	reservoirs	to	meet	water	
temperature	requirements	for	spawning	and	rearing,	especially	during	droughts	and	critically	
dry	periods.	Temperature	control	management	below	reservoirs	is	dependent	on	ambient	air	
temperatures,	reservoir	storage	levels,	reservoir	releases	and	the	operation	of	TCDs	that	may	be	
present.	Generally,	higher	reservoir	levels	help	to	maintain	stratification	of	reservoirs	longer	and	the	
volume	of	cold	water	in	the	reservoir	that	is	available	for	use	through	the	summer	and	fall.	For	the	
protection	of	salmonids,	reservoir	releases	must	be	managed	to	provide	minimum	flows	while	at	the	
same	time	preserving	supplies	for	sustained	cold	water	management	through	the	critical	season.	
Flows	must	also	be	managed	to	avoid	fluctuations	that	cause	stranding	and	dewatering.	In	
reservoirs	where	TCDs	are	present,	they	assist	with	temperature	management	by	providing	access	
to	cold	water	deep	within	the	reservoir	and	an	ability	to	selectively	withdraw	water	from	varying	
depths	to	manage	the	available	volume	of	cold	water	to	meet	downstream	water	temperature	needs.	
Annual	temperature	management	plans	that	are	adjusted	throughout	the	season	based	on	regular	
monitoring	and	evaluation	of	fish	distribution	and	timing,	reservoir	inflows,	storage,	and	thermal	
dynamics,	and	meteorological	conditions	are	also	important	components	of	temperature	
management.		

As	discussed	above,	some	reservoirs	currently	include	cold	water	management	requirements.	
However,	comprehensive	requirements	do	not	exist	for	all	regulated	tributaries	or	for	unregulated	
tributaries,	and	the	Bay‐Delta	Plan	does	not	include	any	such	requirements.	Requirements	are	
needed	to	ensure	that	flows	and	storage	levels	are	maintained	to	provide	for	cold	water	habitat,	
particularly	with	new	flow	requirements	and	other	demands	for	water	and	climate	change	that	may	
place	greater	demands	on	available	supplies.	The	current	cold	water	habitat	and	management	will	
need	to	be	further	evaluated	in	the	context	of	an	updated	Bay‐Delta	Plan	and	new	flow	requirements	
to	ensure	the	protection	of	salmonids	in	the	Sacramento	River	and	major	tributaries	of	the	
Sacramento	River	and	Delta.		

There	has	also	been	increasing	recognition	of	the	need	for	improvements	in	data	collection	and	
modeling	to	better	understand	the	physical	processes	affecting	the	thermal	dynamics	of	large	
reservoirs,	and	determine	the	most	effective	strategies	(including	both	operational	and	facility	
modifications)	for	meeting	the	downstream	temperature	requirements	of	anadromous	salmonids	
(Anderson	et	al.	2015).	To	the	extent	possible,	cold	water	management	planning	efforts	and	
decision‐making	should	be	based	on	the	application	of	linked	physical	models	that	propagate	the	
thermal	effects	of	proposed	actions	through	the	watershed,	reservoir,	and	river	system	(Cloern	et	al.	
2011).	These	model	systems	also	provide	a	means	of	evaluating	the	potential	roles	of	other	habitat	
restoration	measures	(e.g.,	riparian	habitat	restoration,	gravel	replenishment,	channel	and	
floodplain	rehabilitation)	in	enhancing	cold	water	habitat	by	reducing	heat	inputs	from	other	
sources	(e.g.,	tributary	streams)	or	increasing	surface‐groundwater	interactions	(Tompkins	and	
Kondolf	2007b).	Cold	water	management	efforts	will	also	benefit	from	improved	data	collection	and	
modeling	efforts	that	provide	more	accurate	predictions	of	the	spatial	and	temporal	distribution	of	
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sensitive	life	stages	(Anderson	et	al.	2011)	and	take	into	account	the	effects	of	other	environmental	
variables	(e.g.,	intergravel	oxygen)	on	thermal	stress	and	tolerances	of	these	life	stages	(e.g.,	Martin	
et	al.	2016).	

An	alternative	strategy	for	addressing	increasing	risks	to	cold	water	habitat	protection	for	
anadromous	salmomids	is	the	re‐introduction	of	populations	to	historical	habitat	above	the	existing	
dams,	or	in	the	case	of	winter‐run	Chinook	salmon,	into	other	tributaries	where	cold	water	
management	is	less	challenging	than	on	the	mainstem	Sacramento	River.	Such	projects	present	
unique	technological,	regulatory,	and	logistical	challenges	and	require	extensive	pre‐project	
feasibility	studies	to	evaluate	the	potential	for	successful	re‐introductions	of	salmon	and	steelhead	
above	the	dams	(NMFS	2014a)	or	other	streams.	A	model	for	such	an	effort	is	the	Shasta	Dam	Fish	
Passage	Evaluation	Pilot	Implementation	Plan	(Reclamation	2015)	which	evaluates	the	feasibility	of	
reintroducing	endangered	winter‐run	Chinook	salmon	above	Shasta	Lake.	This	plan	includes	an	
examination	of	the	benefits,	risks,	and	constraints	of	a	long‐term	re‐introduction	program;	potential	
fish	passage	technologies	that	will	be	evaluated	as	part	of	a	pilot	plan	(e.g.,	adult	and	juvenile	
collection	and	transport	options);	and	proposed	pilot	studies	to	address	key	uncertainties	
associated	with	re‐introduction.	

5.4.4 Conclusion and Proposed Requirements 

Scientific	information	supports	the	proposed	narrative	requirement	to	provide	reasonable	
protection	of	cold	water	habitat	below	reservoirs.	Effective	management	of	cold	water	supplies	or	
alternative	measures	will	continue	to	be	a	critical	component	of	the	conservation	and	recovery	
strategies	for	native	salmonids	in	the	Bay‐Delta	watershed.	With	the	demands	of	new	inflow	and	
outflow	requirements	and	ongoing	concerns	about	protection	of	cold	water	for	salmonids,	it	is	
important	that	requirements	protecting	cold	water	habitat	and	storage	be	developed	to	assure	
protection	of	fisheries	resources	in	the	tributaries	of	the	Delta,	particularly	given	existing	and	future	
climate	change.		

The	proposed	narrative	objective	is	as	follows:	

Maintain	stream	flows	and	reservoir	storage	conditions	on	the	Sacramento	River	and	its	
tributaries	and	Delta	eastside	tributaries	to	protect	cold	water	habitat	for	sensitive	native	fish	
species,	including	Chinook	salmon,	steelhead,	and	sturgeon.	Cold	water	habitat	conditions	to	be	
protected	include	maintaining	sufficient	quantities	of	habitat	with	suitable	temperatures	on	
streams	to	support	passage,	holding,	spawning,	incubation,	and	rearing	while	preventing	stranding	
and	dewatering	due	to	flow	fluctuations.	

The	program	of	implementation	would	provide	that	the	narrative	be	implemented	on	a	tributary	
basis	through	the	tributary	plans	discussed	in	the	inflow	section	and	would	take	into	consideration	
the	unique	structural,	operational,	and	hydrological	characteristics	of	the	many	tributaries	in	the	
project	area.	The	need	to	reserve	cold	water	pool	could	justify	environmental	flows	moving	lower	in	
the	range	of	inflow	requirements	at	certain	times.	Tributary‐specific	plans	should	use	data	collection	
and	modeling	tools	for	effective	cold	water	management,	and	could	contemplate	alternative	
strategies	to	cold	water	management.	Although	approaches	may	differ	among	tributaries,	the	
effectiveness	of	cold	water	management	will	require	ongoing	coordination,	collaboration,	and	
technical	review	among	water	managers,	stakeholders,	and	technical	experts	to	facilitate	both	short‐
term	and	long‐term	planning	and	decision‐making	efforts.	In	addition,	because	of	uncertainties	
associated	with	climate	change	and	increasing	demands	for	water,	an	integrated,	flexible,	and	
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adaptive	management	approach	will	be	necessary	to	cope	with	the	increasing	risks	to	cold	water	
habitat	and	species	protection	in	the	future.	

5.5 Interior Delta Flows 

5.5.1 Introduction 

New	and	modified	interior	Delta	flow	requirements	are	proposed	to	protect	native	migratory	and	
estuarine	species	from	entrainment	effects	in	the	southern	Delta	associated	with	CVP	and	SWP	
diversion	activities	including	new	narrative	requirements	and	numeric	requirements	for	DCC	gate	
closures,	OMR	reserves	flow	limits	and	export	constraints	as	a	function	of	San	Joaquin	River	flows	
consistent	with	existing	BiOp	and	ITP	requirements	in	an	adaptive	management	framework	
informed	by	monitoring	and	research	efforts.		

5.5.2 Discussion 

Flow	management,	including	the	operation	of	the	Projects	in	the	Delta,	affects	salmonids,	pelagic	
fishes	and	other	species	through	alteration	of	circulation	patterns	which	leads	to	adverse	transport	
flows,	changes	in	water	quality,	changes	to	Delta	habitat,	and	entrainment	of	fish	and	other	aquatic	
organisms.	The	preferred	flow	pattern	for	fish	and	wildlife	is	one	that	produces	a	natural	east	to	
west	flow	and	salinity	gradient	(Moyle	et	al.	2010).	This	pattern	has	been	altered	due	to	operation	of	
the	DCC	and	operations	of	the	SWP	and	CVP	diversion	facilities	(as	well	as	other	diversions).		

The	DCC	is	opened	to	bring	Sacramento	River	freshwater	directly	into	the	interior	Delta	to	support	
CVP	and	SWP	diversions	and	to	meet	interior	Delta	water	quality	requirements.	The	DCC	preserves	
the	quality	of	water	diverted	from	the	Sacramento	River	by	conveying	it	to	southern	Delta	pumping	
plants	through	eastern	Delta	channels	rather	than	allowing	it	to	flow	through	more	saline	western	
Delta	channels.	With	a	capacity	of	3,500	cfs,	the	DCC	can	divert	a	significant	portion	of	the	
Sacramento	River	flows	into	the	eastern	Delta,	particularly	in	the	fall.	Juvenile	salmon	drawn	into	
the	central	Delta	through	the	DCC	or	Georgiana	Slough	have	a	lower	chance	of	survival	than	fish	
staying	in	the	Sacramento	River’s	mainstem.		

Locations	near	the	CVP	and	SWP	export	pumps,	including	parts	of	Old	River	and	Middle	River	in	the	
south	Delta,	experience	net	“reverse”	flows	when	export	pumping	by	the	Projects	exceeds	these	
channels’	downstream	flows.	The	average	flow	in	these	channels	actually	runs	backward	at	times,	
which	affects	the	Delta’s	aquatic	ecosystems	both	directly	and	indirectly.	Reverse	flows	in	the	
southern	Delta	are	associated	with	increased	entrainment	of	numerous	fish	species	(Grimaldo	et	al.	
2009a)	and	disruption	of	migration	cues	for	migratory	fish.	Reverse	flows,	in	combination	with	
hydrologic	alterations	from	upstream	reservoir	operations,	the	constraints	of	artificially	connected	
Delta	channels,	and	water	exports,	affect	Delta	habitat	largely	through	effects	on	water	residence	
time,	water	temperature,	and	the	transport	of	sediment,	nutrients,	organic	matter,	and	salinity	
(Monsen	et	al.	2007).	These	reverse	flows,	in	turn,	affect	the	behavior	of	migrating	fish,	and	habitat	
suitability	for	resident	and	migratory	fish	and	other	species.		
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5.5.3 Delta Cross Channel Gate Closure  

The	existing	Bay‐Delta	Plan	includes	DCC	gate	closure	requirements	that	help	to	minimize	risk	of	
entrainment	of	juvenile	Sacramento	River	salmonids	at	the	export	pumps	by	preventing	their	
migration	into	the	central	Delta.	The	Bay‐Delta	Plan	currently	requires	the	DCC	gates	to	be	closed	for	
a	total	of	up	to	45	days	for	the	November	through	January	period,	from	February	through	May	20,	
and	for	a	total	of	14	days	for	the	May	21	through	June	15	period	to	prevent	juvenile	Sacramento	
River	salmon	from	migrating	into	the	central	Delta.	During	the	November–January	and	May	21–June	
15	periods,	the	timing	and	duration	of	gate	closure	is	based	on	the	need	to	protect	fish.	Reclamation	
is	required	to	determine	the	timing	and	duration	of	gate	closures	after	consultation	with	the	
fisheries	agencies.		

As	described	in	Chapter	3,	when	the	DCC	gates	are	open,	the	probability	of	entraining	emigrating	
Sacramento	River	juvenile	salmon	and	steelhead	into	the	Central	Delta	is	increased.	The	survival	of	
juvenile	salmon	migrating	through	the	Central	Delta	to	Chipps	Island	is	about	half	the	survival	rate	
of	fish	remaining	in	the	Sacramento	River	(Kjelson	and	Brandes	1989;	Brandes	and	McLain	2001).	
Closing	the	DCC	gates	reduces	the	number	of	salmonids	diverted	into	the	Central	Delta	and	
improves	survival	to	Chipps	Island.	Closure	also	redirects	a	portion	of	emigrating	juvenile	salmon	
into	Sutter	and	Steamboat	Sloughs	and	reduces	entrainment	at	Georgiana	Slough	(Perry	2010;	Perry	
et	al.	2013).		

As	described	in	Chapter	3,	recent	literature	indicates	that	the	DCC	gate	closure	period	should	
include	the	month	of	October.	The	2009	NMFS	BiOp	includes	a	DCC	gate	closure	requirement	for	the	
interval	of	October	1	through	November	30	to	reduce	loss	of	Sacramento	River	salmonids	into	
Georgiana	Slough	and	the	interior	Delta	that	is	based	on	early	entry	of	juvenile	salmonids	into	the	
Delta.	On	the	Mokelumne	River,	adult	fall‐run	salmon	return	to	spawn	in	October.	Recent	studies	
have	shown	that	pulse	flows	from	the	Mokelumne	River	in	combination	with	closure	of	the	DCC	
gates	in	October	increases	the	number	of	returning	Chinook	salmon	to	the	Mokelumne	River	and	
reduces	straying	to	the	American	River	(EBMUD	2013;	CDFG	2012).	CDFG	(2012)	has	recommended	
that	the	DCC	gates	be	closed	for	up	to	14	days	in	October	in	combination	with	experimental	pulse	
flows	from	the	Mokelumne	River	to	increase	salmonid	returns	and	reduce	straying.	

Diurnal	operations	of	the	DCC	gates	have	also	been	proposed	to	minimize	the	water	quality	impacts	
of	gate	closures.	However,	Reclamation	has	indicated	that	it	is	not	clear	whether	water	quality	
benefits	can	be	achieved	through	diurnal	operations	and	it	is	not	clear	whether	the	gates	can	be	
opened	and	closed	repeatedly	for	diurnal	operations	due	to	their	age,	condition,	and	design.	The	
DSP’s	Long‐Term	Operations	Biological	Opinions	Review	Report	(December	2014)	indicated	that	
potential	improvements	in	the	operational	effectiveness	of	the	DCC	gates	should	be	examined,	
including	opening	the	gates	on	ebb	tides	during	the	day	and	closing	at	other	times.	

The	information	above	and	in	Chapter	3	supports	the	addition	of	the	month	of	October	to	the	Bay‐
Delta	Plan’s	existing	suite	of	DCC	gate	closure	requirements.	Specifically,	additional	potential	closure	
days	are	proposed	during	October	based	on	fish	presence	and	in	coordination	with	the	fisheries	
agencies.	Adaptive	management	provisions	are	also	proposed	for	DCC	gate	closure	requirements	to	
consider	diurnal	operations	and	other	real	time	measures	to	improve	the	efficiency	and	
effectiveness	of	DCC	gate	closures.	
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5.5.4 Old and Middle River Reverse Flow Limits 

SWP	and	CVP	exports	have	been	identified	as	a	contributing	factor	in	the	decline	of	Delta	smelt	and	
other	pelagic	species	(Chapter	3).	Diversions	in	the	southern	Delta,	particularly	the	large	SWP	and	
CVP	export	facilities,	can	cause	the	net	flow	in	nearby	reaches	of	Old	and	Middle	Rivers	to	reverse	
from	the	natural	northward	direction	and	flow	south	towards	the	SWP	and	CVP	pumps.	These	
reverse	flows	can	draw	fish,	especially	the	smaller	larval	and	juvenile	forms	of	pelagic	species,	into	
the	SWP	and	CVP	export	facilities	where	they	can	experience	significant	mortality.		

Net	OMR	reverse	flow	restrictions	are	included	in	the	USFWS	2008	BiOp	(Actions	1	through	3),	the	
NMFS	BiOp	(Action	IV.2.3),	and	the	CDFW	ITP	(Conditions	5.1	and	5.2)	for	the	protection	of	Delta	
smelt,	salmonids,	and	longfin	smelt,	respectively.	(NMFS	2009a	p.	648;	USFWS	2008;	CDFG	2009b.)	
These	reverse	flow	limitations	vary	between	‐1,250	cfs	and	‐5,000	cfs	based	on	triggers	related	to	
entrainment	risk	of	smelt	and	salmonids.		

OMR	reverse	flows	are	harmful	to	fish	and	wildlife	throughout	the	year,	but	especially	in	winter	and	
spring	when	larval	and	juvenile	estuarine	species	may	be	present	near	the	export	facilities	and	
juvenile	anadromous	Chinook	salmon,	steelhead,	and	green	sturgeon	are	migrating	through	the	
Delta	to	the	ocean.	The	magnitude	and	frequency	of	OMR	reverse	flows	has	increased	over	time	as	
CVP	and	SWP	exports	and	other	diversions	have	increased.	Figure	2.4‐5	shows	that	under	
conditions	with	today’s	channel	configurations	but	no	water	supply	development	(1925–2000	
unimpaired	flow),	negative	OMR	flow	would	be	estimated	to	occur	about	15	percent	of	the	time.	In	
contrast,	between	1986	and	2005,	OMR	reverse	flows	have	increased	in	frequency	to	more	than	90	
percent	of	the	time.		

As	described	in	Chapter	3,	high	net	OMR	reverse	flows	have	negative	ecological	consequences.	First,	
net	reverse	flow	draws	fish,	especially	the	smaller	larval	and	juvenile	forms,	into	the	export	facilities	
where	they	can	experience	high	mortality	(NMFS	2009a;	Bennett	2005).	Second,	net	OMR	reverse	
flow	reduces	the	size	of	the	spawning	and	rearing	habitat	available	for	fish	in	the	Delta.	Third,	net	
OMR	reverse	flow	leads	to	a	confusing	environment	for	juvenile	salmon	emigrating	from	the	San	
Joaquin	River	basin.	Through‐Delta	exports	reduce	salinity	in	the	central	and	southern	Delta	and,	as	
a	result,	juvenile	salmon	migrate	from	higher	salinity	in	the	San	Joaquin	River	to	lower	salinity	in	the	
southern	Delta,	contrary	to	the	natural	historical	conditions	and	their	inherited	migratory	cues.	
Finally,	net	OMR	reverse	flow	reduces	the	natural	variability	in	the	Delta	by	homogenizing	the	
system	similar	to	the	water	quality	in	the	Sacramento	River	(Moyle	et	al.	2010).		

OMR	reverse	flows	within	a	specified	range	would	help	to	reduce	the	risk	of	salvage	and	
entrainment.	Chapter	3	indicates	that	salvage	export	patterns	appear	to	be	consistent	with	known	
migration	habits;	and	that	the	risk	of	salvage	and	entrainment	of	fish	depends	on	the	location	of	
juvenile	and	adult	individuals	relative	to	the	export	facilities	and	the	magnitude	of	OMR	reverse	
flows.	The	following	summarizes	time	periods	and	OMR	reverse	flows	associated	with	increased	risk	
of	entrainment.	

 Between	December	and	April,	a	step	increase	in	juvenile	salmonid	entrainment	is	estimated	to	
occur	when	OMR	reverse	flows	become	more	negative	than	‐2,500	cfs.	Another	larger	step	
increase	in	entrainment	occurs	when	OMR	reverse	flows	become	more	negative	than	‐5,000	cfs.		

 Delta	smelt	spawning	and	rearing	in	the	Delta	occur	between	December	and	June.	Higher	adult	
salvage	rates	statistically	begin	to	happen	at	OMR	reverse	flows	more	negative	than	‐5,000	cfs.	
Lower	adult	salvage	rates	occur	at	OMR	reverse	flows	less	negative	than	‐1,250	cfs.		
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 Between	December	and	March,	increased	adult	longfin	smelt	salvage	begins	to	occur	at	OMR	
reverse	flows	more	negative	than	‐5,000	cfs.	Between	April	and	June,	the	lowest	juvenile	salvage	
rates	occur	at	OMR	reverse	flows	less	negative	than	‐1,250	cfs.	

 Green	and	white	sturgeon	are	vulnerable	to	entrainment	from	exports	year‐round.	

 The	risk	of	Sacramento	splittail	entrainment	appears	greatest	in	spring	(adult	upstream	
spawning	migration)	and	early	summer	(juvenile	emigration).	

Based	on	the	above,	new	OMR	reverse	flow	requirements	from	December	through	June	are	
recommended	consistent	with	the	BiOps	and	ITP	provisions	discussed	above.	The	requirement	
would	be	managed	based	on	the	presence	of	Delta	smelt,	longfin	smelt,	and	salmonids	in	an	adaptive	
management	framework	informed	by	real‐time	monitoring	of	fish	species	abundance	and	
distribution,	and	in	consultation	with	the	fisheries	agencies.		

5.5.5 Export Limits  

The	existing	export	limits	contained	in	the	Bay‐Delta	Plan	are	intended	to	protect	fish	and	wildlife	
beneficial	uses,	including	the	habitat	of	estuarine‐dependent	species,	in	part	by	reducing	the	
entrainment	of	various	life	stages	by	the	Projects’	export	pumps	in	the	southern	Delta.	In	addition	to	
reducing	entrainment,	the	existing	export	limits	are	intended	to	provide	general	protection	of	the	
Delta	ecosystem	and	a	variety	of	fish	and	wildlife	beneficial	uses	by	limiting	the	portion	of	
freshwater	that	may	be	diverted	by	the	SWP	and	CVP	export	facilities.	Additional	ecosystem	benefits	
beyond	reduced	entrainment	may	include	reduction	in	losses	of	nutrients	and	other	materials	
important	for	the	base	of	the	food	web,	food	organisms,	habitat	suitability,	and	more	natural	flow	
and	salinity	patterns.	

The	Bay‐Delta	Plan	limits	exports	in	two	ways.	One	is	based	on	the	combined	amount	of	water	that	
may	be	exported	from	the	Delta	by	the	SWP	and	CVP	facilities	in	the	southern	Delta	relative	to	total	
Delta	inflow.	The	limit	is	35	to	45	percent	of	Delta	inflow	for	February	(depending	on	total	inflow	
conditions	during	January),	35	percent	from	March	through	June,	and	65	percent	of	Delta	inflow	
from	July	through	January.		

The	second	is	based	the	ratio	of	San	Joaquin	River	flow	at	Vernalis	to	the	combined	amount	of	water	
exported.	Limits	of	1,500	cfs	or	a	ratio	of	San	Joaquin	River	flow	to	exports	of	1:1	apply	from	April	
15	through	May	15	(San	Joaquin	River	spring	pulse	flow	period	in	the	current	Bay‐Delta	Plan).	These	
constraints	would	be	maintained.	In	addition,	additional	provisions	are	proposed	to	protect	San	
Joaquin	River	flows	provided	for	fish	and	wildlife	purposes	from	export.	This	is	proposed	to	be	
accomplished	in	part	through	the	Delta	outflow	requirements	discussed	above,	which	require	that	
required	inflows	be	provided	as	outflow.	In	addition,	it	is	proposed	that	the	existing	NMFS	BiOp	San	
Joaquin	River	flow	to	export	constraints	be	included	in	the	Bay‐Delta	Plan.		

During	the	April	to	May	peak	outmigration	period	for	San	Joaquin	basin	steelhead,	the	NMFS	BiOp	
(NMFS	2009a)	restricts	the	ratio	of	San	Joaquin	inflow	(at	Vernalis)	to	south	Delta	exports	(I:E)	to	
between	1:1	and	4:1	based	on	water	year	type	or	1,500	cfs,	whichever	is	greater.	When	Vernalis	
flows	exceed	21,750	cfs,	export	rates	are	not	restricted.	These	constraints	would	be	added	to	the	
Bay‐Delta	Plan	along	with	adaptive	management	provisions	that	would	allow	for	the	export	time	
period	to	be	shifted	based	on	monitoring	of	fish	presence.	Juvenile	salmonids	migrate	out	of	the	San	
Joaquin	River	basin	during	February	through	June	(State	Water	Board	2012),	and	may	need	
protection	from	export‐related	mortality	at	any	time	during	this	period	to	minimize	mortality	and	
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preserve	life	history	diversity.	As	such,	the	time	period	for	the	San	Joaquin	River	flow	to	export	rate	
could	be	shifted	during	the	February	through	June	time	period	based	on	fish	presence	and	in	
coordination	with	the	fishery	agencies	within	the	range	of	1:1	to	4:1	San	Joaquin	River	flows	to	
exports	(consistent	with	the	NMFS	BiOp).	The	range	recommended	for	consideration	is	illustrated	in	
Figure	5.5‐1.	

	

 
Figure 5.5‐1. Range for Combined CVP and SWP South Delta Exports as a Function of Delta Inflow 
from the San Joaquin River at Vernalis (shaded area). The black, red, yellow, and blue lines 
represent the existing NMFS BiOp export constraints for critical, dry, below normal, and 
wet/above normal years, respectively. The grey shaded area represents the range of export 
constraints recommended for consideration.  

	

5.5.6 Conclusion 

New	and	modified	narrative	and	numeric	interior	Delta	flow	requirements	are	proposed	to	protect	
resident	and	migratory	species	from	entrainment	and	related	effects.	The	narrative	requirement	
would	establish	the	overall	flow	conditions	in	the	Delta	to	reasonably	protect	native	fish	populations	
migrating	through	and	rearing	in	the	Delta.		

The	proposed	narrative	requirement	is	as	follows:	

Maintain	flow	conditions	in	the	interior	Delta	sufficient	to	support	and	maintain	the	natural	
production	of	viable	native	fish	populations	migrating	through	and	rearing	in	the	Delta.	Interior	
Delta	flow	conditions	that	reasonably	contribute	toward	maintaining	viable	native	fish	populations	
include,	but	may	not	be	limited	to,	flows	that	more	closely	mimic	the	natural	hydrographic	
conditions	to	which	native	fish	species	are	adapted,	including	the	relative	magnitude,	duration,	
timing,	quality	and	spatial	extent	of	flows	as	they	would	naturally	occur.	Indicators	of	native	fish	
species	viability	include	population	abundance,	spatial	extent,	distribution,	productivity	and	
genetic	and	life	history	diversity.	Viability	is	dependent	on	maintaining	migratory	pathways,	
sufficient	quantities	of	high	quality	spawning	and	rearing	habitat,	and	a	productive	food	web.		

Changes	to	the	numeric	interior	Delta	flow	requirements	would	reasonably	protect	these	beneficial	
uses	and	help	to	implement	the	narrative	requirement.	Numeric	objectives	would	be	consistent	with	
requirements	that	are	already	included	in	the	USFWS	BiOp,	NMFS	BiOp,	and	DFW	ITP	including:	
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new	Old	and	Middle	reverse	flow	limitations	and	changes	to	export	and	DCC	gate	restrictions	to	
expand	the	level	of	protection	for	those	existing	objectives.	Similar	to	the	existing	process,	the	
interior	Delta	flow	requirements	for	Old	and	Middle	River	reverse	flows,	export	limits,	and	DCC	gate	
closures	would	be	determined	and	based	on	monitoring	of	fish	presence	and	a	consultation	process	
involving	staff	from	the	fisheries	agencies,	DWR,	and	Reclamation,	with	the	addition	of	the	State	
Water	Board.	Adaptive	management	provisions	are	proposed	for	all	of	the	interior	Delta	flow	
requirements	such	that	the	requirements	can	adapt	to	new	scientific	knowledge	as	it	becomes	
available,	through	the	Delta	Science	Program,	CSAMP,	CAMT,	and	other	efforts.		

5.6 Updates to the Program of Implementation 
The	State	Water	Board	has	authority	to	adopt	statewide	Water	Quality	Control	Plans	and	adopts	the	
Bay‐Delta	Plan	because	of	its	importance	as	a	major	source	of	water	for	the	state.	The	State	Water	
Board	is	the	only	state	agency	with	authority	to	oversee	and	regulate	water	rights.	Because	
California	combines	its	water	rights	and	water	quality	authorities	(Wat.	Code,	§	174),	the	Bay‐Delta	
Plan	addresses	water	diversions	and	use	in	the	water	quality	planning	context,	including	the	federal	
Clean	Water	Act	and	state	Porter‐Cologne	Water	Quality	Control	Act.	When	addressing	water	
diversions	and	use,	it	is	important	to	emphasize,	however,	that	implementation	of	water	quality	
objectives	is	pursuant	to	the	State	Water	Board’s	water	quality	and	water	rights	authorities	under	
state	law.	There	are	a	variety	of	water	right	and	water	quality	authorities	that	the	State	Water	Board	
may	utilize	to	implement	new	and	revised	objectives	and	the	State	Water	Board	has	discretion	in	
how	it	chooses	to	implement	the	objectives	in	accordance	with	state	law.	(See,	Wat.	Code,	§	13242	
[program	to	achieve	objectives	shall	include	a	description	of	the	nature	of	the	actions	necessary	to	
achieve	objectives,	including	recommendations	for	appropriate	action	by	any	entity,	public	or	
private,	a	time	schedule	for	actions	to	be	taken,	and	monitoring	to	determine	compliance].)		

The	program	of	implementation	is	still	being	developed	as	the	planning	process	moves	forward	in	
order	to	allow	input	from	other	agencies,	stakeholders	and	the	public	and	therefore	precise	Bay‐
Delta	Plan	language	is	not	provided	at	this	time.	The	proposed	program	of	implementation	would	
include	early	implementation	measures,	including	the	submittal	of	tributary	plans	by	potentially	
responsible	parties.	As	discussed	above,	the	tributary	plans	would	include	a	flow	element	and	cold	
water	management	and	drought	planning	and	response	elements,	monitoring	and	reporting	
elements,	among	others.	In	each	tributary,	adaptive	management	of	the	percent	of	unimpaired	flows	
could	allow	flows	to	be	sculpted	in	order	to	improve	their	functionality	and	provide	the	greatest	
benefits	to	native	fish	and	wildlife,	as	well	as	allow	for	changes	in	flows	within	a	range	in	response	to	
changed	information	or	conditions.		

The	proposed	program	of	implementation	would	also	include	measures	to	ensure	that	water	
bypassed	or	released	to	meet	water	quality	objectives	is	protected	and	actions	to	ensure	that	
tributaries	with	flow	levels	that	are	already	protective	are	not	degraded,	including	updating	the	FAS	
list	as	appropriate	and	other	actions.		

The	State	Water	Board	recognizes	that	voluntary	agreements	can	help	inform	and	expedite	
implementation	of	flow	objectives	and	can	provide	durable	solutions	in	the	Bay‐Delta	watershed.	
The	tributary	plan	framework	provides	a	regulatory	mechanism	for	accepting	local	voluntary	
agreements	that	meet	the	tributary	inflow	narrative	objective	and	may	include	alternative	methods	
for	enhancing	protection	for	native	fish	and	wildlife.	The	State	Water	Board	encourages	all	
stakeholders	to	work	together	to	reach	early	voluntary	agreements	that	may	also	help	inform	and	
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accelerate	Bay‐Delta	planning	and	implementation	actions.	The	program	of	implementation	could	
provide	a	schedule	for	stakeholders	to	submit	implementation	agreements	for	State	Water	Board	
review.	When	considering	whether	to	approve	an	agreement	to	implement	the	Bay‐Delta	Plan,	the	
State	Water	Board	must	satisfy	its	independent	statutory	and	constitutional	obligations.		

Implementation	of	the	inflow‐based	Delta	Outflow	objective	would	correlate	to	the	development,	
approval,	and	implementation	of	tributary	plans.	Like	the	inflow	requirements,	the	inflow‐based	
Delta	outflow	requirements	would	allow	sculpting	of	flows	and	would	require	the	development	of	
implementation	measures	for	adaptive	management,	likely	in	coordination	with	the	Projects	and	
other	in‐Delta	users.	Delta	outflow	implementation	measures	would	include	monitoring,	evaluation	
and	reporting	provisions,	development	of	biological	goals,	and	provisions	for	coordination	with	
inflows.	The	implementation	measures	would	address	accounting	methods	for	the	existing	and	new	
requirements,	including	integration	with	tributary	plans,	calculation	of	accretions	and	depletions,	
and	evaluation	of	the	existing	and	new	methods	of	compliance	with	Delta	outflows	to	ensure	they	
are	protective.	In	addition,	the	program	of	implementation	would	provide	flexibility	to	allow	for	
continual	improvements,	including	of	NDOI	calculations,	salinity	monitoring,	and	coordination	with	
the	USFWS	BiOp	processes	for	fall	outflows.	

The	proposed	program	of	implementation	would	also	include	monitoring	and	special	studies	
necessary	to	fill	information	needs	and	determine	the	effectiveness	of,	and	compliance	with,	the	new	
requirements.	The	State	Water	Board	has	identified	four	primary	goals	for	near	and	long‐term	
monitoring	in	the	Delta	in	order	to:	(1)	evaluate	compliance	with	specific	implementation	provisions	
by	responsible	parties	pursuant	to	water	right	conditions,	other	orders	and/or	regulations;	(2)	
evaluate	the	effectiveness	of	management	measures,	management	modifications,	and	remediation	
efforts	aimed	at	meeting	water	quality	objectives	and	improving	conditions	for	beneficial	uses;	(3)	
track	whether	conditions	are	trending	toward	numeric	targets,	water	quality	objectives,	and	
beneficial	use	support;	and	(4)	inform	when	and	how	to	reevaluate	the	objectives	and	program	of	
implementation.	

A	combination	of	monitoring	and	assessment	is	necessary	to	achieve	these	goals.	It	is	anticipated	
that	tributary	plans	will	include	a	monitoring	and	reporting	element	that	1)	documents	whether	
provisions	are	implemented	as	proposed,	and	2)	evaluates	the	effectiveness	of	the	provisions,	to	the	
extent	possible.	Tributary	groups	will	be	encouraged	to	provide	reach‐scale	targets	defining	channel	
and	habitat	conditions	in	order	to	gauge	progress	toward	meeting	objectives.	Tributary	plans	that	
contain	restoration	elements	and	other	nonflow	measures	designed	to	complement	flows	must	
include	effectiveness	monitoring	to	assess	which	techniques	yield	the	greatest	benefits.	Finally,	
monitoring	and	special	studies	may	be	recommended	as	necessary	to	address	the	resource	
protection	goals	and	answer	specific	questions.	State	Water	Board	staff	will	report	to	the	State	
Water	Board	annually	on	the	status	and	progress	of	implementation	activities.	The	State	Water	
Board	staff	will	also	conduct	formal	assessments	of	the	effectiveness	of	implementation	measures	
on	a	regular	basis	and	pursue	any	necessary	revisions	using	monitoring	and	reporting	data,	other	
studies	and	any	other	available	data,	as	appropriate.	During	reassessment,	the	State	Water	Board	
will	consider	how	effective	the	requirements	of	the	program	of	implementation	are	at	achieving	
water	quality	objectives,	and	protecting	the	beneficial	uses	of	water	in	the	Bay‐Delta	and	watersheds	
based	on	biological,	water	quality	and	other	appropriate	trends	in	the	Delta	and	its	tributaries.	
Ultimately,	success	is	achieved	when	beneficial	uses	are	supported.	
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Finally,	the	program	of	implementation	will	identify	actions	other	entities	should	take	that	would	
contribute	to	achieving	the	overall	goal	of	improving	conditions	for	native	fish	and	wildlife.	The	
program	of	implementation	will	include	recommendations	for	non‐flow	measures	that	are	
complementary	to	the	revised	objectives	and	that	are	expected	to	improve	habitat	conditions	or	
improve	related	science	and	management	within	the	Bay‐Delta	watershed.		

The	program	of	implementation	will	provide	for	active	monitoring	and	reporting,	adaptive	
management,	and	State	Water	Board	update	and	review	in	specified	time	periods.	The	Phase	II	Plan	
Update	is	structured	to	provide	for	timely	action,	flexibility,	and	coordination	with	other	planning,	
regulatory,	and	restoration	efforts.	This	includes	the	integration	of	needed	flow	and	nonflow	actions	
to	the	extent	possible,	and	science,	monitoring,	and	evaluation	activities.	New	requirements	include	
adaptive	management	provisions	to	respond	to	new	and	changing	information	over	the	long	term	
and	in	real	time.		

The	State	Water	Board	will	collaborate	and	coordinate	with	other	science	efforts	including	the	
DPIIC,	IEP,	the	CSAMP,	and	other	groups	and	programs.	There	are	various	activities	that	are	
underway	or	currently	being	planned	or	implemented	by	other	agencies	in	coordination	with	efforts	
such	as:	the	California	Water	Action	Plan;	species	recovery	planning	required	by	federal	and	state	
endangered	species	acts;	California	EcoRestore;	projects	financed	under	the	Water	Quality,	Supply,	
and	Infrastructure	Improvement	Act;	and,	other	projects	and	programs.	Many	of	these	activities	are	
expected	to	complement	the	State	Water	Board’s	water	quality	control	planning	and	
implementation	efforts	and	could	inform	adaptive	management	decisions	regarding	needed	flows	
and	operational	measures.	
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Appendix A  
Modeling Approaches Used to Develop 

Unimpaired Watershed Hydrology  

A.1 Background 
The	State	Water	Resources	Control	Board	(State	Water	Board)	is	considering	the	use	of	unimpaired	
flows	in	its	Phase	II	comprehensive	update	to	the	Water	Quality	Control	Plan	for	the	San	Francisco	
Bay‐Sacramento/San	Joaquin	Delta	Estuary	(Bay‐Delta	Plan)	for	Sacramento	River	mainstem	and	
major	tributary	inflow	and	Delta	eastside	tributary	inflow	(including	the	Calaveras,	Cosumnes	and	
Mokelumne	Rivers)	requirements.	The	State	Water	Board	is	also	considering	the	use	of	unimpaired	
flows	as	part	of	the	Phase	I	update	to	the	Bay‐Delta	Plan	for	San	Joaquin	River	inflow	requirements	
as	part	of	a	separate	process	that	is	not	addressed	in	this	document.	Unimpaired	hydrology	or	
“unimpaired	flow”	represents	an	index	of	the	total	water	available	to	be	stored	and	put	to	any	
beneficial	use	within	a	watershed	under	current	physical	conditions	and	land	uses.	This	estimate	
represents	something	different	than	the	“natural	flow”	that	would	have	occurred	absent	human	land	
use	and	infrastructure	for	water	supply	and	flood	control.		

Previous	work	on	unimpaired	flows	in	the	Sacramento	watershed	has	been	completed	by	the	
California	Department	of	Water	Resources’	(DWR’s)	Division	of	Flood	Management	and	Bay‐Delta	
Office	to	provide	estimates	throughout	the	Central	Valley.	DWR’s	unimpaired	flow	estimates	also	
termed	“full	natural	flow”	are	produced	by	removing	the	effect	of	reservoir	storage,	water	transfers,	
and	diversions	from	historical	observed	flows.	Land	use,	levees,	flood	bypasses,	and	weirs	are	all	
assumed	to	exist	as	they	do	now	(DWR	2007,	2016a).	DWR’s	Bay‐Delta	Office	has	produced	
unimpaired	estimates	for	24	locations	in	the	Central	Valley	for	October	1921	through	September	2014	
on	a	monthly	basis	(DWR	2016a).	DWR’s	Division	of	Flood	Management	produces	estimates	of	“full	
natural	flow”	on	a	monthly	basis	for	36	locations	around	the	state	and	on	a	daily	basis	for	19	
locations.	These	estimates	are	used	to	calculate	indices	of	water	availability	such	as	water	year	types	
and	the	Eight	River	Index.	In	turn,	these	indices	are	used	to	determine	water	supply	allocations	and	
water	quality	objectives	for	multiple	beneficial	uses	of	water,	including	objectives	to	protect	fish	and	
wildlife.	These	estimates	are	considered	to	be	accurate	higher	in	the	watershed	but	are	not	considered	
to	be	as	accurate	lower	in	the	valley	floor	and	Delta.	DWR’s	methods	for	estimating	unimpaired	flow	in	
the	valley	floor	and	Delta	do	not	explicitly	account	for	any	stream‐groundwater	interaction	and	take	a	
simplified	approach	to	estimating	surface	runoff	from	ungaged	streams	(DWR	2007,	2016a).		

The	methods	used	by	DWR	do	not	provide	unimpaired	estimates	at	the	bottom	of	each	watershed,	
with	the	exception	of	the	Sacramento	Valley	Total	Outflow,	which	includes	an	estimate	of	valley	floor	
runoff.	To	provide	estimates	at	the	bottom	of	the	watershed,	better	estimates	of	surface	runoff	and	
stream	gains	and	losses	to	groundwater	are	needed.	This	is	a	challenge,	however,	because	most	
diversions	are	not	gaged,	most	of	the	watersheds	in	the	Sacramento	Valley	do	not	have	gages	near	
the	confluences,	and	it	is	very	difficult	to	estimate	stream	gains	and	losses	to	groundwater.		

DWR’s	Bay‐Delta	Office	has	recently	published	estimates	of	the	“natural	flow”	that	would	have	resulted	
if	the	precipitation	and	valley	floor	inflow	hydrology	of	the	water	year	1922–2014	record	had	
occurred	in	a	natural	landscape,	unaltered	by	humans	(DWR	2016a).	This	involves	making	
assumptions	about	pre‐development	groundwater	accretions,	distribution	and	evapotranspiration	of	
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wetland	and	riparian	vegetation,	channel	configurations,	and	detention	of	overbank	flows,	all	of	which	
differ	from	the	current	physical	condition	and	land	use	of	the	watershed	(DWR	2016a).		

The	study	described	here	was	undertaken	to	better	estimate	unimpaired	flows	at	the	confluences	of	
the	tributaries	in	the	Sacramento	River	watershed,	at	locations	on	the	mainstem	Sacramento	River,	
and	at	the	mouths	of	the	Delta	eastside	tributaries.	Unimpaired	flows	were	estimated	with	the	
Sacramento	Water	Allocation	Model	(SacWAM)	utilizing	the	“unimpaired”	mode.	This	appendix	
describes	the	model	assumptions	and	provides	detailed	unimpaired	modeling	results.	

A.2 Methods 
SacWAM	version	1.05,	which	assumes	existing	conditions,	was	modified	as	described	in	A.2.1	–	A.2.5	
to	generate	estimates	of	unimpaired	flow.	A	full	description	of	model	assumptions	can	be	found	in	
the	SacWAM	Model	Documentation	(State	Water	Board	2017).	

Methods	used	to	estimate	unimpaired	flows	in	the	previous	draft	Phase	II	Update	of	the	2006	Bay‐
Delta	Plan	Scientific	Basis	Report	have	been	overhauled	based	on	comments	received	and	newly	
available	models;	however,	the	basic	monthly	mass	balance	approach	remains.	The	improvements	
include	further	development	of	upper	watershed	unimpaired	inflows,	improved	estimates	of	stream	
gains/loss	to	groundwater,	dynamic	calculation	of	valley	floor	rainfall	runoff,	and	the	use	of	
SacWAM	for	network	calculations.	

The	upper	watershed	unimpaired	rim	inflows	account	for	the	largest	component	of	the	unimpaired	
flows	at	the	tributary	confluences.	These	flows	developed	by	DWR	and	their	consultants	have	been	
extended	through	2015	and	have	been	further	refined	since	the	previous	draft.	These	methods	are	
described	in	Chapter	6	of	the	SacWAM	Documentation	(State	Water	Board	2017).		

The	stream	gains/losses	have	been	updated	to	include	a	dynamic	calculation	based	on	streamflow	
and	season.	Previously	the	stream	gain/loss	was	estimated	as	a	preprocessed	time	series	based	on	
results	from	a	C2VSIM	“current	conditions”	run.	SacWAM	uses	relationships	of	stream	gains/losses	
to	streamflow	which	are	based	on	a	C2VSIM	“current	conditions”	simulation	(State	Water	Board	
2017).	The	updated	method	results	in	greater	seasonal	variation	in	stream	gains	and	losses	and	a	
slight	overall	reduction	in	losses	across	the	entire	valley.	These	methods	are	described	in	Chapter	6	
of	the	SacWAM	Documentation	(State	Water	Board	2017).		

Surface	runoff	estimated	by	SacWAM	is	dynamically	calculated	based	on	climate	conditions,	
vegetation,	and	soil	moisture,	whereas	previous	estimates	used	in	the	unimpaired	flow	calculations	
were	preprocessed	based	on	results	from	CalSim	Hydro.	In	the	unimpaired	simulation	in	SacWAM,	
the	surface	runoff	is	lower	than	in	the	current	conditions.	During	summer	months,	this	is	due	to	the	
reduction	in	applied	water	because	no	water	is	being	diverted	from	the	rivers	and	streams	and	
groundwater	pumping	has	been	limited	to	the	existing	conditions	scenario.	During	winter	months,	
in	the	unimpaired	scenario,	more	rainfall	infiltrates	into	the	ground	due	to	the	drier	soil	conditions	
at	the	end	of	the	growing	season.	This	is	the	result	of	drier	soil	due	to	less	water	being	applied	to	the	
fields	because	no	water	is	being	diverted	from	the	rivers	and	streams.	In	the	unimpaired	scenario,	
more	rainfall	is	applied	to	the	soil	moisture	deficit	than	in	the	existing	conditions	simulation	
resulting	in	less	runoff	to	the	rivers.	Previous	estimates	did	not	account	for	changes	in	soil	moisture	
and,	therefore,	likely	overestimated	surface	runoff.	Additionally,	previous	estimates	did	not	account	
for	runoff	covering	a	large	ungaged	area	surrounding	the	Delta.	Runoff	from	this	region	is	now	
included	in	the	estimates	of	Delta	inflow	using	SacWAM.		
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A.2.1 SacWAM “Key Assumptions” 

The	“key	assumptions”	in	SacWAM	are	settings	that	the	user	can	easily	modify	to	change	the	type	of	
hydrologic	simulation.	More	detail	about	“key	assumptions”	can	be	found	in	Chapter	9	of	the	
SacWAM	Documentation	(State	Water	Board	2017).	To	simulate	unimpaired	flows,	the	two	changes	
to	“key	assumptions”	were	to	turn	off	operations,	and	to	limit	groundwater	pumping.		

A.2.1.1 Turn off Simulation of Operations 

The	“key	assumption”	called	“simulate	operations”	was	set	to	0	for	the	unimpaired	simulation.	By	
turning	off	operations,	SacWAM	does	not	allow	any	diversions	to	occur	or	any	storage	in	reservoirs	
with	two	exceptions.	These	exceptions	include	storage	in	Clear	Lake,	discussed	below	in	Section	
A.2.3,	and	diversions	to	some	Delta	islands,	discussed	below	in	Section	A.2.4.	By	setting	the	simulate	
operations	switch	to	0,	unimpaired	San	Joaquin	inflows	at	Vernalis	are	assumed	by	default.	More	
details	about	unimpaired	San	Joaquin	flows	are	discussed	in	Section	A.2.5.	

A.2.1.2 Limits on Groundwater Pumping 

The	“key	assumption”	called	“Constrain	GW	Pumping”	limits	the	maximum	flow	through	each	
transmission	link	from	a	groundwater	source	to	a	demand	site.	The	maximum	limit	can	be	set	by	the	
user	as	a	time	series	for	each	transmission	link	defined	in	a	comma	separated	value	(csv)	input	file.	
For	this	unimpaired	flow	study,	the	maximum	groundwater	pumping	for	each	transmission	link	was	
set	equal	to	the	result	from	the	Existing	Conditions	simulation.	This	ensured	that	groundwater	
pumping	would	not	increase	in	response	to	a	reduced	surface	water	supply.	The	only	effect	this	
assumption	has	on	stream	flow	is	to	prevent	the	relatively	small	amount	of	return	flows	associated	
with	groundwater	pumping	from	increasing.	

A.2.2 SacWAM User Defined Linear Programming Constraints 

The	user	defined	linear	programing	constraints	(UDCs)	in	SacWAM	are	hard	constraints	primarily	
used	to	simulate	operational	logic	such	as	the	Coordinated	Operations	Agreement	and	Old	and	
Middle	River	reverse	flows.	For	the	unimpaired	flow	simulation,	all	of	the	UDCs	are	turned	off	except	
for	the	flow	splits	at	the	all	of	the	weirs,	Knights	Landing	Ridge	Cut,	and	Georgiana	Slough.	

A.2.3 Clear Lake Evaporation 

Clear	Lake	on	Cache	Creek	is	a	large,	natural,	shallow	lake	that	has	relatively	high	evaporative	losses	
when	compared	to	the	mean	annual	inflow	to	the	stream.	Because	Clear	Lake	is	a	natural	lake	with	
very	little	control	on	the	reservoir	elevation,	minimal	storage	in	this	lake	has	been	included	in	the	
unimpaired	flow	simulation.	Initial	storage,	top	of	conservation,	and	top	of	inactive	were	all	
assumed	to	be	840	thousand	acre‐feet	(TAF),	which	is	the	minimum	operable	level	of	storage	in	the	
existing	conditions	simulation.	This	constraint	on	Clear	Lake	will	not	allow	storage	to	increase	above	
840	TAF	but	it	will	allow	evaporation	to	reduce	storage	below	840	TAF.	During	dry	periods	when	
Clear	Lake	storage	is	reduced	below	840	TAF,	no	water	leaves	the	lake	until	storage	has	increased	to	
840	TAF.	
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A.2.4 Delta Depletions 

Many	Delta	islands	are	below	sea	level,	causing	seepage	from	Delta	channels	into	the	islands.	In	
these	areas,	water	is	continuously	pumped	out	of	the	islands	even	when	diversions	are	not	
occurring.	Even	with	unimpaired	conditions,	seepage	water	would	be	available	for	consumptive	use	
by	vegetation.	To	account	for	depletions	in	areas	below	sea	level,	some	Delta	diversions	were	
included	in	the	unimpaired	simulation.	Figure	A‐1	shows	the	percentages	of	each	Delta	demand	unit	
that	is	below	sea	level.	These	percentages	were	applied	to	each	month	of	the	preprocessed	Delta	
Depletion	time	series,	resulting	in	a	total	annual	average	Delta	depletion	of	31	percent	of	existing	
conditions.	

A.2.5 Unimpaired San Joaquin Inflow at Vernalis 

Assumptions	for	unimpaired	inflow	from	the	San	Joaquin	River	came	from	DWR	unimpaired	flow	
report	4th	Edition	and	expanded	to	2015	(DWR	2007,	2016a).	The	San	Joaquin	Valley	unimpaired	
runoff	estimate	using	these	methods	suffers	from	the	issues	similar	to	those	discussed	above	for	the	
Sacramento	Valley,	such	as	not	including	stream	gains/losses	to	groundwater.	However,	this	is	the	
best	available	estimate	of	unimpaired	flows	from	the	San	Joaquin	River	at	this	time.		

A.2.6 Additional Model Assumptions 

Land	use	was	assumed	to	be	the	same	as	under	existing	conditions.	Because	there	are	no	surface	
water	diversions	in	the	unimpaired	flow	simulation	and	groundwater	pumping	is	not	assumed	to	
increase,	the	crop	demand	for	water	may	not	always	be	met.	

Stream‐groundwater	interaction	is	a	dynamic	calculation	based	on	streamflow	and	season;	
therefore,	the	stream	gains/losses	associated	with	the	unimpaired	simulation	differ	from	those	
associated	with	existing	conditions.	For	example,	losses	to	groundwater	are	generally	higher	in	the	
spring	in	the	unimpaired	flow	simulation	due	to	higher	flows.	

A.2.7 Model Limitations 

There	are	currently	no	abstractions	of	water	from	streams	due	to	riparian	vegetation.	Many	river	
channels	in	the	Sacramento	Valley	are	lined	with	levees	and	rip	rap	to	manage	erosion	and	floods.	
This	flood	development	reduces	the	riparian	vegetation	demands;	however,	there	are	many	
channels	in	the	Sacramento	Valley	where	riparian	vegetation	could	theoretically	be	reducing	the	
streamflow,	and	these	areas	have	not	been	explicitly	considered	in	this	study.	

Consideration	has	been	made	to	route	surface	runoff	and	return	flows	to	the	correct	watershed	as	
accurately	as	possible.	This	results	in	flow	estimates	being	considered	most	accurate	at	the	
confluences	of	each	tributary	(locations	listed	below).	Along	each	tributary,	unimpaired	flows	may	
not	be	accurate	due	to	the	spatial	resolution	and	the	consolidated	representation	of	small	stream	
and	surface	runoff	arcs.		

SacWAM	calculates	unimpaired	flows	on	a	monthly	time	step	which	underestimates	flood	peaks	and	
can	overestimate	flows	in	severely	dry	conditions	by	averaging	flows	over	an	entire	month.	This	
should	be	considered	especially	when	examining	the	unimpaired	flow	results	of	flood	bypasses	and	
weir	spills.		



State Water Resources Control Board 
Modeling Approaches Used to Develop

Unimpaired Watershed Hydrology
 

Phase II Update of the 2006 Bay‐Delta Plan  
Scientific Basis Report 

A‐5 
Final

 

	

Figure A‐1. Demand Units within the Delta 
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A.3 Results 
The	following	bar	charts	show	the	monthly	average	unimpaired	results	by	tributary	broken	up	by	
flow	component	(Figures	A‐2	through	A‐27,	presented	in	alphabetical	order).	The	flow	components	
include	rim	inflow,	surface	runoff,	tributary	inflow,	accretions,	depletions,	evaporation,	
groundwater	gain/loss,	weir	outflow,	and	outflow	at	tributary	confluences.	Table	A‐1	presents	the	
annual	average	unimpaired	results	by	water	year	type.		

Figures	for	the	Feather	River,	the	Sacramento	River	at	Freeport,	and	the	Yolo	Bypass	(Figures	A‐16,	
A‐22,	and	A‐26,	respectively)	provide	examples	of	how	flow	from	multiple	tributaries	may	
contribute	to	unimpaired	flows	at	some	locations.	Tributary	inflow	for	the	confluence	of	the	Feather	
River	shown	in	Figure	A‐16	comes	from	the	Bear	River	(Figure	A‐5),	Yuba	River	(Figure	A‐27),	
Honcut	Creek,	and	Jack	Slough.	Tributary	inflow	for	the	Sacramento	River	at	Freeport	(Figure	A‐22)	
comes	from	all	the	upstream	tributaries	and	includes	outflow	from	the	Sutter	Bypass.	“Inflows”	(rim	
inflows)	in	this	figure	are	the	Lake	Shasta	rim	inflows.	The	weir	spills,	such	as	to	the	Yolo	Bypass,	
shown	for	the	Sacramento	River	at	Freeport	(Figure	A‐22)	are	negative	because	they	represent	
water	that	leaves	the	Sacramento	River	system	upstream	of	Freeport	and	does	not	return	until	
downstream	of	Freeport.	Note	that	the	Yolo	Bypass	flows	shown	in	Figure	A‐22	are	of	smaller	
magnitude	than	the	Yolo	Bypass	flows	shown	in	Figure	A‐26	because	the	Yolo	Bypass	flows	in	Figure	
A‐22	do	not	include	water	from	Putah	and	Cache	Creeks,	whereas	the	Yolo	Bypass	flows	shown	in	
Figure	A‐26	include	Putah	and	Cache	Creeks.	Urban	return	flows	are	minimal	in	the	unimpaired	
scenario	and	have	been	included	in	the	tributary	inflow	component.		

There	are	pattern	differences	between	rain‐fed	and	snow‐melt	fed	tributaries.	The	monthly	results	
show	pattern	differences	between	low	altitude	streams	that	are	supplied	primarily	by	rainfall	and	
streams	that	extend	higher	into	the	mountains	and	receive	substantial	snowmelt.	Snowmelt	streams	
typically	show	peak	flows	from	March	to	May.	These	include	the	American	River	(Figure	A‐2),	the	
Feather	River	(Figure	A‐16),	the	Mokelumne	River	(Figure	A‐18),	and	the	Yuba	River	(Figure	A‐27).	
Most	other	streams	show	a	pattern	expected	for	streams	that	are	fed	by	rainfall,	with	peak	flows	
during	January–March.	The	Sacramento	River	as	a	whole	shows	a	pattern	that	is	indicative	of	a	
mixture	of	rainfall	and	snowmelt	runoff,	with	flows	remaining	high	January–May	(Figure	A‐22).	
Almost	all	streams	show	substantially	reduced	unimpaired	flow	during	July–October	compared	to	
other	months.	However,	Battle	Creek	(Figure	A‐4)	and	Mill	Creek	(Figure	A‐17)	show	relatively	high	
inflows	during	these	dry	months,	which	may	indicate	contribution	from	springs	in	the	upper	
watershed.	

The	valley	rim	inflows	are	by	far	the	largest	contribution	to	the	unimpaired	tributary	outflows;	
however,	for	some	locations,	surface	runoff	has	a	large	influence	on	the	unimpaired	tributary	
outflow,	such	as	Butte	Creek	(Figure	A‐7)	and	Natomas	East	Main	Drain	(Figure	A‐19).	In	the	case	of	
Natomas	East	Main	Drain,	most	of	its	inflow	comes	from	surface	runoff.		

Almost	all	tributaries	have	stream	gains	or	losses.	In	general,	the	stream	gain/loss	component	is	
relatively	small	compared	to	total	tributary	outflow.	However,	for	some	small	northern	creeks,	gains	
during	the	driest	months	(June–October)	may	provide	most	of	the	flow	in	the	creek.	This	occurs	for	
Elder	Creek	(Figure	A‐15),	Paynes	Creek	(Figure	A‐20),	and	Thomes	Creek	(Figure	A‐25).	

For	all	watersheds	represented	in	Figures	A‐2	through	A‐27	(Sacramento	Valley	and	Delta	eastside	
tributaries	excluding	the	Delta),	the	total	average	annual	rim	inflow	is	approximately	22,800	TAF	
per	year	(TAF/yr),	whereas	the	net	stream‐groundwater	interaction	(gain/loss)	is	an	average	net	
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loss	of	approximately	880	TAF/yr	(3percent	of	the	rim	inflow),	and	the	surface	rainfall	runoff	from	
the	valley	floor	is	approximately	1290	TAF/yr	(5	percent	of	the	rim	inflow).	There	is	very	little	
change	in	unimpaired	hydrology	through	the	Delta,	as	shown	in	Figure	A‐28.	Nearly	all	of	the	
unimpaired	Delta	outflow	originates	from	its	tributary	inflows	and	a	relatively	small	amount	comes	
from	Delta	accretions	and	is	lost	to	depletions.		

Figure A‐2. Monthly Average Unimpaired Flow Components for the American River 

	
	

	

Figure A‐3. Monthly Average Unimpaired Flow Components for Antelope Creek 
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Figure A‐4. Monthly Average Unimpaired Flow Components for Battle Creek 
	
	
	
	

	

Figure A‐5. Monthly Average Unimpaired Flow Components for Bear River 
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Figure A‐6. Monthly Average Unimpaired Flow Components for Big Chico Creek 
	
	
	
	

	

Figure A‐7. Monthly Average Unimpaired Flow Components for Butte Creek 
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Figure A‐8. Monthly Average Unimpaired Flow Components for Cache Creek 
	
	
	
	

	

Figure A‐9. Monthly Average Unimpaired Flow Components for Calaveras River 
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Figure A‐10. Monthly Average Unimpaired Flow Components for Clear Creek 
	
	
	
	

	

Figure A‐11. Monthly Average Unimpaired Flow Components for Cosumnes River 
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Figure A‐12. Monthly Average Unimpaired Flow Components for Cottonwood Creek 
	
	
	
	

	

Figure A‐13. Monthly Average Unimpaired Flow Components for Cow Creek 
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Figure A‐14. Monthly Average Unimpaired Flow Components for Deer Creek 
	
	
	
	

	

Figure A‐15. Monthly Average Unimpaired Flow Components for Elder Creek 
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Figure A‐16. Monthly Average Unimpaired Flow Components for Feather River 
	
	
	
	

	

Figure A‐17. Monthly Average Unimpaired Flow Components for Mill Creek 
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Figure A‐18. Monthly Average Unimpaired Flow Components for Mokelumne River 
	
	
	
	

	

Figure A‐19. Monthly Average Unimpaired Flow Components for Natomas Main Drain 
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Figure A‐20. Monthly Average Unimpaired Flow Components for Paynes Creek 
	
	
	
	

	

Figure A‐21. Monthly Average Unimpaired Flow Components for Putah Creek 
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Figure A‐22. Monthly Average Unimpaired Flow Components for Sacramento River 
	
	
	
	

	

Figure A‐23. Monthly Average Unimpaired Flow Components for Sutter Bypass 
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Figure A‐24. Monthly Average Unimpaired Flow Components for Stony Creek 
	
	
	
	

	

Figure A‐25. Monthly Average Unimpaired Flow Components for Thomes Creek 
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Figure A‐26. Monthly Average Unimpaired Flow Components for Yolo Bypass 
	
	
	
	

	

Figure A‐27. Monthly Average Unimpaired Flow Components for Yuba River 
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Note:	surface	runoff	and	return	flows	included	in	tributary	inflow	

Figure A‐28. Monthly Average Unimpaired Flow Components for the Delta 
	
	

Table A‐1. Average Annual Values per Water Year Type 

Unimpaired	Flow	Component	 All	 W	 AN	 BN	 D	 C	

American	River	Inflow	 2,609	 4,264	 3,082	 2,213	 1,643	 945	

American	River	Outflow	 2,580	 4,213	 3,050	 2,187	 1,625	 939	

American	River	Stream	Gain/Loss	 ‐41	 ‐67	 ‐47	 ‐35	 ‐26	 ‐15	

American	River	Surface	Runoff	 18	 28	 24	 14	 11	 11	

Antelope	Creek	Inflow	 99	 161	 117	 82	 62	 40	

Antelope	Creek	Outflow	 113	 176	 132	 97	 76	 51	

Antelope	Creek	Stream	Gain/Loss	 13	 13	 13	 14	 14	 10	

Antelope	Creek	Surface	Runoff	 1	 2	 1	 1	 1	 1	

Battle	Creek	Inflow	 347	 494	 375	 302	 267	 211	

Battle	Creek	Outflow	 355	 499	 383	 313	 278	 219	

Battle	Creek	Stream	Gain/Loss	 8	 5	 8	 11	 12	 8	

Bear	River	Inflow	 313	 520	 383	 259	 189	 106	

Bear	River	Outflow	 377	 622	 462	 308	 229	 139	

Bear	River	Stream	Gain/Loss	 ‐23	 ‐37	 ‐27	 ‐19	 ‐14	 ‐8	

Bear	River	Surface	Runoff	 34	 46	 40	 27	 26	 27	

Bear	River	Tributary	Inflow	 52	 93	 66	 40	 28	 14	

Big	Chico	Creek	Inflow	 101	 173	 119	 78	 58	 35	

Big	Chico	Creek	Outflow	 100	 173	 118	 78	 58	 35	

Big	Chico	Creek	Stream	Gain/Loss	 0	 0	 0	 0	 0	 0	
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Unimpaired	Flow	Component	 All	 W	 AN	 BN	 D	 C	

Butte	Creek	Inflow	 241	 391	 286	 198	 150	 101	

Butte	Creek	Outflow	 397	 629	 472	 326	 251	 188	

Butte	Creek	Stream	Gain/Loss	 ‐14	 ‐22	 ‐16	 ‐12	 ‐9	 ‐7	

Butte	Creek	Surface	Runoff	 123	 177	 141	 104	 87	 81	

Butte	Creek	Tributary	Inflow	 47	 83	 61	 36	 24	 13	

Cache	Creek	Evaporation	 155	 ‐151	 ‐155	 ‐155	 ‐158	 ‐160	

Cache	Creek	Inflow	 444	 731	 524	 349	 274	 190	

Cache	Creek	Outflow	 433	 817	 550	 301	 199	 104	

Cache	Creek	Stream	Gain/Loss	 ‐99	 ‐196	 ‐126	 ‐66	 ‐41	 ‐18	

Cache	Creek	Surface	Runoff	 48	 74	 62	 37	 28	 28	

Cache	Creek	Tributary	Inflow	 195	 365	 251	 132	 91	 50	

Calaveras	River	Inflow	 150	 279	 183	 120	 69	 32	

Calaveras	River	Outflow	 123	 224	 154	 98	 59	 29	

Calaveras	River	Stream	Gain/Loss	 ‐42	 ‐80	 ‐49	 ‐34	 ‐19	 ‐9	

Calaveras	River	Surface	Runoff	 8	 11	 10	 6	 5	 5	

Calaveras	River	Tributary	Inflow	 8	 14	 10	 6	 3	 1	

Clear	Creek	Inflow	 324	 522	 424	 244	 202	 138	

Clear	Creek	Outflow	 326	 525	 426	 245	 203	 139	

Clear	Creek	Surface	Runoff	 2	 3	 2	 1	 1	 1	

Cosumnes	River	Inflow	 358	 645	 437	 292	 177	 84	

Cosumnes	River	Outflow	 433	 771	 532	 351	 219	 116	

Cosumnes	River	Stream	Gain/Loss	 ‐2	 ‐3	 ‐2	 ‐1	 ‐1	 0	

Cosumnes	River	Surface	Runoff	 45	 68	 55	 34	 29	 27	

Cosumnes	River	Tributary	Inflow	 32	 60	 42	 26	 15	 5	

Cottonwood	Creek	Inflow	 469	 843	 601	 314	 248	 147	

Cottonwood	Creek	Outflow	 535	 943	 684	 369	 294	 183	

Cottonwood	Creek	Stream	Gain/Loss	 ‐9	 ‐19	 ‐12	 ‐4	 ‐2	 ‐1	

Cottonwood	Creek	Surface	Runoff	 76	 119	 95	 59	 48	 37	

Cow	Creek	Inflow	 412	 674	 497	 336	 258	 159	

Cow	Creek	Outflow	 423	 686	 511	 346	 268	 166	

Cow	Creek	Stream	Gain/Loss	 ‐7	 ‐15	 ‐9	 ‐4	 ‐2	 ‐1	

Cow	Creek	Surface	Runoff	 18	 28	 23	 14	 12	 9	

Deer	Creek	Inflow	 228	 370	 260	 185	 146	 100	

Deer	Creek	Outflow	 227	 367	 258	 185	 146	 100	

Deer	Creek	Stream	Gain/Loss	 ‐1	 ‐3	 ‐2	 ‐1	 0	 0	

Delta	Accretion	 244	 407	 340	 185	 122	 99	

Delta	Depletion	 365	 ‐348	 ‐355	 ‐378	 ‐369	 ‐383	

Delta	Outflow	 28,456	 45,026	 33,592	 23,857	 18,540	 12,510	

Delta	Tributary	Inflow	 28,596	 44,985	 33,626	 24,069	 18,807	 12,816	

Elder	Creek	Inflow	 67	 117	 91	 45	 36	 22	

Elder	Creek	Outflow	 67	 113	 90	 47	 39	 24	

Elder	Creek	Stream	Gain/Loss	 0	 ‐4	 ‐2	 2	 3	 2	
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Unimpaired	Flow	Component	 All	 W	 AN	 BN	 D	 C	

Feather	River	Inflow	 4,275	 6,894	 4,850	 3,516	 2,816	 1,829	

Feather	River	Outflow	 6,999	 11,109	 8,041	 5,857	 4,674	 3,046	

Feather	River	Stream	Gain/Loss	 ‐90	 ‐244	 ‐127	 ‐26	 5	 20	

Feather	River	Surface	Runoff	 109	 164	 130	 85	 74	 65	

Feather	River	Tributary	Inflow	 2,693	 4,315	 3,185	 2,254	 1,745	 1,096	

Mill	Creek	Inflow	 215	 319	 245	 185	 154	 115	

Mill	Creek	Outflow	 216	 319	 246	 188	 157	 117	

Mill	Creek	Stream	Gain/Loss	 2	 0	 1	 2	 3	 2	

Mokelumne	River	Inflow	 740	 1,178	 875	 646	 479	 288	

Mokelumne	River	Outflow	 620	 986	 733	 542	 402	 241	

Mokelumne	River	Stream	Gain/Loss	 ‐120	 ‐192	 ‐141	 ‐104	 ‐77	 ‐46	

Natomas	East	Main	Drain	Inflow	 11	 18	 15	 8	 7	 6	

Natomas	East	Main	Drain	Outflow	 54	 81	 68	 42	 35	 34	

Natomas	East	Main	Drain	Surface	Runoff	 38	 58	 49	 29	 24	 23	

Natomas	East	Main	Drain	Tributary	Inflow	 5	 5	 5	 4	 4	 4	

Paynes	Creek	Inflow	 52	 88	 60	 43	 31	 16	

Paynes	Creek	Outflow	 60	 97	 69	 51	 40	 23	

Paynes	Creek	Stream	Gain/Loss	 8	 8	 8	 9	 9	 6	

Putah	Creek	Inflow	 358	 652	 441	 252	 183	 111	

Putah	Creek	Outflow	 319	 578	 396	 225	 161	 99	

Putah	Creek	Stream	Gain/Loss	 ‐48	 ‐89	 ‐57	 ‐32	 ‐26	 ‐15	

Putah	Creek	Surface	Runoff	 9	 15	 12	 6	 4	 4	

Sacramento	River	Accretion	 506	 1,136	 689	 256	 126	 0	

Sacramento	River	Depletion	 87	 ‐190	 ‐138	 ‐36	 ‐24	 0	

Sacramento	River	Inflow	 5,599	 8,018	 6,372	 4,856	 4,206	 3,260	

Sacramento	River	Outflow	 18,447	 26,725	 21,859	 16,499	 13,467	 9,445	

Sacramento	River	Stream	Gain/Loss	 ‐253	 ‐615	 ‐372	 ‐84	 ‐9	 ‐15	

Sacramento	River	Surface	Runoff	 299	 440	 363	 245	 206	 174	

Sacramento	River	Tributary	Inflow	 15,856	 26,789	 18,760	 12,235	 9,521	 6,097	

Sacramento	River	Weirs	 3,559	 ‐8,981	 ‐3,919	 ‐1,043	 ‐616	 ‐121	

Stony	Creek	Inflow	 438	 791	 569	 299	 220	 138	

Stony	Creek	Outflow	 410	 740	 534	 279	 207	 131	

Stony	Creek	Stream	Gain/Loss	 ‐31	 ‐56	 ‐38	 ‐22	 ‐16	 ‐10	

Stony	Creek	Surface	Runoff	 3	 5	 4	 3	 2	 3	

Sutter	Bypass	Inflow	 2,555	 5,657	 3,221	 1,205	 736	 309	

Sutter	Bypass	Outflow	 2,596	 5,639	 3,256	 1,274	 809	 390	

Sutter	Bypass	Stream	Gain/Loss	 ‐67	 ‐171	 ‐90	 ‐19	 ‐5	 3	

Sutter	Bypass	Surface	Runoff	 109	 153	 125	 88	 78	 79	

Thomes	Creek	Inflow	 213	 357	 265	 158	 130	 83	

Thomes	Creek	Outflow	 241	 397	 299	 181	 148	 102	

Thomes	Creek	Stream	Gain/Loss	 ‐21	 ‐38	 ‐26	 ‐13	 ‐10	 ‐7	

Thomes	Creek	Surface	Runoff	 48	 77	 61	 36	 28	 26	
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Unimpaired	Flow	Component	 All	 W	 AN	 BN	 D	 C	

Yolo	Bypass	Inflow	 2,329	 5,659	 2,354	 828	 571	 257	

Yolo	Bypass	Outflow	 2,433	 5,803	 2,480	 914	 644	 331	

Yolo	Bypass	Surface	Runoff	 79	 120	 102	 61	 49	 49	

Yolo	Bypass	Tributary	Inflow	 25	 25	 25	 25	 25	 25	

Yuba	River	Inflow	 2,166	 3,428	 2,538	 1,836	 1,436	 911	

Yuba	River	Outflow	 2,302	 3,662	 2,704	 1,938	 1,514	 960	

Yuba	River	Stream	Gain/Loss	 ‐25	 ‐40	 ‐29	 ‐21	 ‐17	 ‐11	

Yuba	River	Surface	Runoff	 16	 23	 19	 12	 11	 11	

Yuba	River	Tributary	Inflow	 146	 252	 176	 112	 85	 48	

	

A.3.1 Unimpaired Stream Gains/Losses to Groundwater 

Stream	gains	and	losses	are	difficult	to	estimate	because	they	cannot	be	directly	measured.	
Additionally,	in	most	cases	they	cannot	be	calculated	using	mass	balance	about	each	tributary,	
because	very	few	of	the	tributaries	to	the	Sacramento	River	have	stream	gages	at	the	confluence	
with	the	Sacramento	River.	

Although	there	is	uncertainty	in	the	estimation	of	this	component	of	unimpaired	flows,	for	most	
tributaries,	the	stream	losses	are	estimated	to	be	less	than	10	percent	of	the	tributary	inflow	with	
the	exception	of	Antelope	Creek,	Cache	Creek,	Putah	Creek,	Calaveras	River,	and	the	Mokelumne	
River	(Table	A‐2).	Results	for	these	tributaries	are	consistent	with	other	studies	that	have	shown	
large	stream‐groundwater	interactions	on	the	lower	reaches	(Yolo	County	2006;	Thomasson	et	al.	
1960;	DWR	2016b).	Since	stream	gains/losses	are	estimated	as	a	function	of	streamflow,	the	
unimpaired	losses	are	larger	than	the	losses	under	the	existing	conditions	simulation	because	the	
streamflows	are	higher.	For	example,	East	Bay	Municipal	Utility	District	(EBMUD)	estimates	the	loss	
on	the	lower	Mokelumne	River	to	be	about	‐45	TAF/yr	(EBMUD	2017),	which	is	consistent	with	the	
SacWAM	estimates	in	the	current	conditions	simulation	(‐57	TAF/yr‐below	normal	to	‐32	TAF/yr‐
dry).	However,	the	unimpaired	outflow	for	the	Mokelumne	River	is	much	larger	in	the	unimpaired	
simulation	(620	TAF/yr)	than	the	current	conditions	simulation	(327	TAF/yr);	therefore,	the	losses	
are	greater	in	the	unimpaired	simulation.		

The	total	annual	average	estimated	unimpaired	stream	loss	for	the	Sacramento	River,	its	tributaries,	
and	the	eastside	Delta	tributaries	is	about	‐880	TAF/yr	but	averages	‐1,888	TAF/yr	in	a	wet	year	
and	‐123	TAF/yr	in	a	critical	year	(Table	A‐3).	When	compared	with	the	total	Delta	outflow,	the	
estimated	system‐wide	stream	loss	is	an	annual	average	of	3.1percent	across	all	years.	In	critical	
years,	the	gain	is	only	1.0%	of	Delta	outflow	and	in	a	wet	year	the	loss	is	nearly	4.1percent	of	the	
total	Delta	outflow.		

To	get	a	sense	of	how	sensitive	the	unimpaired	flow	estimates	are	to	the	stream	gains/losses,	the	
last	row	of	Table	A‐3	shows	that	if	you	double	the	stream	gain/losses,	the	effect	on	Delta	outflow	is	a	
decrease	of	3.1%.	Strictly	this	is	not	correct,	however,	because	if	the	losses	were	increased	on	a	
tributary	to	the	Sacramento	River,	the	resulting	inflow	to	the	Sacramento	River	would	be	reduced,	
resulting	in	less	loss	along	the	Sacramento	River.	To	do	a	formal	sensitivity	analysis	on	the	stream	
gains/loss,	the	entire	model	would	need	to	be	recalibrated	which	would	affect	other	areas	of	the	
model.	Overall,	there	is	some	uncertainty	in	the	stream	gain/loss	estimates,	but	the	tributaries	with	
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the	largest	losses	are	consistent	with	other	studies	and	the	total	gains/losses	are	small	in	terms	of	
total	Delta	outflow.	

Table A‐2. Average Stream Gain/Losses as Percentage of Rim Inflow by Tributary 

Tributary	 Stream	Gain/Loss	as	Percentage	of	Inflow	

American	River		 ‐1.6% 

Antelope	Creek		 13.1% 

Battle	Creek		 2.3% 

Bear	River		 ‐7.3% 

Big	Chico	Creek		 0.0% 

Butte	Creek		 ‐5.8% 

Cache	Creek		 ‐22.3% 

Calaveras	River		 ‐28.0% 

Cosumnes	River		 ‐0.6% 

Cottonwood	Creek		 ‐1.9% 

Cow	Creek		 ‐1.7% 

Deer	Creek		 ‐0.4% 

Elder	Creek		 0.0% 

Feather	River		 ‐2.1% 

Mill	Creek		 0.9% 

Mokelumne	River		 ‐16.2% 

Paynes	Creek		 15.4% 

Putah	Creek		 ‐13.4% 

Sacramento	River		 ‐4.5% 

Stony	Creek		 ‐7.1% 

Sutter	Bypass		 ‐2.6% 

Thomes	Creek		 ‐9.9% 

Yuba	River		 ‐1.2% 

	
	
	

Table A‐3. Total System‐Wide Annual Average Stream Gain/Losses  

All	 W	 AN	 BN	 D	 C	

Total	Unimpaired	Stream	Gain/	
Loss	(TAF/yr)	

‐880	 ‐1,888	 ‐1,163	 ‐476	 ‐243	 ‐123	

Percentage	of	Delta	Outflow	 ‐3.1%	 ‐4.2%	 ‐3.5%	 ‐2.0%	 ‐1.3%	 ‐1.0%	

200%	Total	Stream	Gain/	
Loss	as	Percentage	of	Outflow	

‐6.2%	 ‐8.4%	 ‐6.9%	 ‐4.0%	 ‐2.6%	 ‐2.0%	
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A.3.2 Clear Lake Evaporation 

The	effect	of	including	evaporation	from	Clear	Lake	in	the	calculation	of	unimpaired	flows	reduces	
the	unimpaired	outflow	from	Cache	Creek	by	an	average	of	128	TAF/yr.	The	annual	average	
evaporation	for	Clear	Lake	with	the	limited	operations	described	in	Section	A.2.3	is	155	TAF/yr.	
When	evaporation	in	Clear	Lake	is	included,	the	streamflow	below	Clear	Lake	is	reduced,	resulting	
in	less	stream	loss	on	Cache	Creek;	therefore,	the	effect	on	the	unimpaired	outflow	from	Cache	Creek	
is	less	than	the	volume	of	evaporation.	

The	limited	reservoir	operation	at	Clear	Lake	results	in	streamflows	that	are	not	always	uniformly	
lower	due	to	evaporation.	When	inflows	are	very	low,	such	as	in	the	summer	of	1984,	evaporation	
reduces	storage	below	the	lake	outlet	elevation,	which	results	in	zero	outflow	(Figure	A‐29).	Zero	
outflow	is	maintained	until	storage	rises	to	840	TAF.	This	type	of	response	is	similar	to	what	would	
be	expected	if	there	was	no	dam	controlling	releases	at	Clear	Lake.	

	

	

Figure A‐29. Monthly Unimpaired Flow on Cache Creek below Clear Lake for Water Years 1984‐1985 
	
	

A.3.3 Delta Depletions 

SacWAM	does	not	include	any	stream	gains/losses	to	groundwater	in	the	Delta.	This	interaction	is	
assumed	to	be	included	in	the	net	channel	depletions	term	described	above	in	Section	A.2.4.	The	
unimpaired	Delta	depletions	are	‐365	TAF/yr	on	average	(Table	A‐1)	with	an	average	monthly	
pattern	shown	in	Figure	A‐30.	The	unimpaired	Delta	depletions	are	approximately	31	percent	of	the	
Delta	depletions	assumed	under	existing	conditions	(State	Water	Board	2017).		
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Figure A‐30. Monthly Average Delta Depletion 
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Errata 

This	errata	sheet	summarizes	any	minor	typographical/editorial	and	model	result	changes	that	
were	made	after	the	Scientific	Basis	Report	was	submitted	to	Health	and	Safety	peer	review	in	April,	
2017.	The	Scientific	Basis	Report	submitted	to	Health	and	Safety	peer	review,	together	with	the	
errata,	constitute	the	final	Scientific	Basis	Report.	

Typographical and Editorial Changes 

Summary of Edits by Chapter 

Chapter	 Basic	Editing/Formatting	Corrections		

Chapter	1	 Corrected	year	the	working	draft	version	of	the	Science	Report	was	released	(2016,	not	
2017);	spacing;	capitalization;	punctuation;	abbreviations	

Chapter	2	 Punctuation,	spacing,	capitalization,	abbreviations,	spelling	typos	

Chapter	3	 Spacing,	punctuation,	capitalization,	typos,	table	and	figure	cross‐references	

Chapter	4	 Spacing,	punctuation,	figure	cross‐references,	typos,	abbreviations		

Chapter	5	 Punctuation,	figure	cross‐references,	typos,	abbreviations,	spacing,	capitalization	

Appendix	A	 Spacing,	punctuation,	capitalization,	corrected	figure	number	cross‐references,	
abbreviations	

	

Updated Hydrological Model Results 
The	model	used	to	develop	flow	estimates	for	the	Report	represents	the	existing	water	supply	
infrastructure	in	the	watershed.	When	estimating	unimpaired	flows,	this	water	supply	
infrastructure	should	not	be	operational	(see	Appendix	A	for	a	full	description	of	unimpaired	flow	
methods).	In	the	unimpaired	flow	results	that	were	included	in	the	Scientific	Basis	Report	submitted	
to	peer	review,	several	canals	and	tunnels	connecting	the	upper	watersheds	of	the	Yuba	and	Bear	
Rivers	were	operational,	resulting	in	an	error	that	affected	estimates	of	unimpaired	flows	and	
impairment	of	current	condition	flows	on	those	rivers.	To	correct	this	issue,	the	figures,	tables,	and	
text	for	the	Yuba	and	Bear	Rivers	have	been	updated	in	Chapter	2	and	Appendix	A	of	the	final	
Scientific	Basis	Report	with	corrected	values	that	eliminate	the	flows	through	the	tunnels	and	
canals.	All	of	the	changes	made	to	Chapter	2	and	Appendix	A	are	identified	below	in	strikeout	(to	
show	deletions)	and	underline	(for	the	updated	text)	for	all	text,	tables,	and	affected	entries	in	
Figure	2.1‐10.		

Additionally,	one	of	the	Delta	depletion	terms	(A_50_NA7)	was	reduced	to	zero	in	the	unimpaired	
flow	model	run,	rather	than	to	32%	of	the	current	conditions	depletion,	which	is	correctly	described	
in	section	A.2.4	and	shown	in	Figure	A‐1	(Appendix	A).	Updating	this	value	in	the	model	run	does	
not	substantially	change	the	results	reported	in	the	body	of	the	Report,	so	the	associated	figures	and	
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tables	in	the	Report	were	not	updated	to	reflect	this	change.	All	summaries	of	hydrological	data	
estimated	using	SacWAM	will	be	updated	in	any	future	documentation	associated	with	the	proposed	
Bay‐Delta	Plan	revisions.	

Chapter 2  Hydrology 

Section 2.1.2  Watershed Overview 

Figure	2.1‐10	on	pp.	2‐13	and	2‐14	was	replaced	as	shown	below	to	include	updated	values	for	the	
Yuba	River	and	Bear	River.	
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WY	 WYI	

Water	
Year	
Type	 Bear	River	 Yuba	River	

1977	 3.11	 C	 31%	 112%	 79%	 57%	
1931	 3.66	 C	 21%	 68%	 43%	 32%	
1924	 3.87	 C	 25%	 74%	 51%	 37%	
2015	 4.01	 C	 21%	 72%	 42%	 31%	
1992	 4.06	 C	 27%	 53%	 44%	 36%	
1934	 4.07	 C	 17%	 44%	 28%	 22%	
2014	 4.07	 C	 18%	 46%	 33%	 25%	
1991	 4.21	 C	 21%	 41%	 36%	 30%	
1933	 4.63	 C	 16%	 40%	 24%	 19%	
1988	 4.65	 C	 17%	 40%	 47%	 37%	
1990	 4.81	 C	 29%	 64%	 34%	 28%	
1994	 5.02	 C	 29%	 77%	 47%	 37%	
2008	 5.16	 C	 20%	 46%	 33%	 27%	
1929	 5.22	 C	 16%	 37%	 27%	 22%	
1976	 5.29	 C	 22%	 80%	 58%	 47%	
1932	 5.48	 D	 29%	 58%	 47%	 42%	
1939	 5.58	 D	 32%	 77%	 30%	 24%	
1947	 5.61	 D	 26%	 62%	 31%	 25%	
1961	 5.68	 D	 18%	 47%	 23%	 18%	
1926	 5.75	 D	 41%	 70%	 37%	 30%	
2001	 5.76	 D	 22%	 51%	 43%	 34%	
2009	 5.78	 D	 28%	 63%	 51%	 43%	
2013	 5.83	 D	 24%	 68%	 46%	 36%	
1987	 5.86	 D	 35%	 79%	 46%	 37%	
1930	 5.9	 D	 32%	 68%	 55%	 45%	
1949	 6.09	 D	 38%	 71%	 41%	 35%	
1989	 6.13	 D	 48%	 88%	 51%	 45%	
1955	 6.14	 D	 21%	 45%	 29%	 24%	
2007	 6.19	 D	 31%	 78%	 49%	 39%	
1960	 6.2	 D	 24%	 53%	 47%	 39%	
1981	 6.21	 D	 33%	 75%	 34%	 28%	
1944	 6.35	 D	 32%	 61%	 32%	 27%	
2002	 6.35	 D	 35%	 71%	 48%	 40%	
1925	 6.39	 D	 34%	 65%	 44%	 38%	
1964	 6.41	 D	 32%	 72%	 38%	 31%	
1985	 6.47	 D	 31%	 70%	 35%	 29%	
1950	 6.62	 BN	 39%	 74%	 58%	 50%	
1962	 6.65	 BN	 37%	 68%	 55%	 47%	
1979	 6.67	 BN	 50%	 87%	 47%	 40%	
1959	 6.75	 BN	 29%	 71%	 28%	 23%	
1945	 6.8	 BN	 43%	 82%	 60%	 51%	
1937	 6.87	 BN	 50%	 80%	 48%	 42%	
2012	 6.89	 BN	 48%	 85%	 45%	 39%	
1935	 6.98	 BN	 51%	 83%	 60%	 54%	
1923	 7.06	 BN	 48%	 89%	 58%	 50%	
2010	 7.08	 BN	 37%	 70%	 49%	 42%	
1948	 7.12	 BN	 39%	 76%	 53%	 46%	
1966	 7.16	 BN	 35%	 77%	 41%	 34%	
1968	 7.24	 BN	 43%	 96%	 44%	 36%	
1972	 7.29	 BN	 27%	 71%	 50%	 42%	
2004	 7.51	 BN	 44%	 91%	 57%	 47%	

WY	 WYI	

Water	
Year	
Type	 Bear	River	 Yuba	River	

1946 7.7	 BN	 38%	 86%	 61%	 52%	
1936 7.75	 BN	 56%	 94%	 67%	 59%	
1957 7.83	 AN	 40%	 84%	 51%	 43%	
2003 8.21	 AN	 45%	 92%	 69%	 59%	
1928 8.27	 AN	 62%	 107%	 66%	 59%	
2005 8.49	 AN	 50%	 88%	 65%	 57%	
1954 8.51	 AN	 49%	 90%	 55%	 47%	
1993 8.54	 AN	 58%	 94%	 67%	 60%	
1973 8.58	 AN	 68%	 100%	 73%	 66%	
1978 8.65	 AN	 53%	 84%	 61%	 54%	
1940 8.88	 AN	 58%	 93%	 68%	 60%	
2000 8.94	 AN	 54%	 89%	 62%	 54%	
1922 8.97	 AN	 70%	 101%	 71%	 66%	
1980 9.04	 AN	 67%	 109%	 76%	 68%	
1951 9.18	 AN	 66%	 120%	 73%	 61%	
1975 9.35	 W	 62%	 95%	 60%	 55%	
1927 9.52	 W	 64%	 102%	 77%	 69%	
1953 9.55	 W	 47%	 97%	 64%	 56%	
1963 9.63	 W	 66%	 116%	 80%	 70%	
1943 9.77	 W	 64%	 109%	 78%	 68%	
1999 9.8	 W	 61%	 101%	 74%	 65%	
1986 9.96	 W	 69%	 107%	 79%	 71%	
1984 10	 W	 47%	 106%	 70%	 59%	
1965 10.15 W	 61%	 120%	 80%	 69%	
1967 10.2	 W	 69%	 106%	 77%	 70%	
1996 10.26 W	 66%	 112%	 75%	 68%	
1971 10.37 W	 49%	 97%	 72%	 63%	
1970 10.4	 W	 65%	 105%	 74%	 67%	
2011 10.54 W	 73%	 109%	 81%	 73%	
1997 10.82 W	 63%	 108%	 81%	 72%	
1969 11.05 W	 71%	 104%	 80%	 73%	
1942 11.27 W	 68%	 109%	 79%	 71%	
1956 11.38 W	 65%	 118%	 81%	 71%	
1941 11.47 W	 66%	 104%	 76%	 67%	
1958 12.16 W	 67%	 102%	 79%	 72%	
1952 12.38 W	 75%	 108%	 80%	 74%	
1938 12.62 W	 71%	 107%	 83%	 76%	
1982 12.76 W	 75%	 110%	 86%	 78%	
1995 12.89 W	 72%	 105%	 79%	 73%	
1974 12.99 W	 71%	 114%	 82%	 74%	
2006 13.2	 W	 75%	 114%	 84%	 76%	
1998 13.31 W	 72%	 105%	 78%	 70%	
1983 15.29 W	 80%	 109%	 84%	 78%	
	
	
	
	
	
	
	

Figure 2.1‐10. Simulated Impaired Flows as a Percentage of Unimpaired Flows Ranked by Water Year 
Index for the Sacramento River, Its Major Tributaries, and Eastside Tributaries to the Delta for  
January–June—Errata 
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Section 2.2.6.2   Yuba River 

The	final	paragraph	starting	on	p.	2‐39	was	edited	to	read:	

Groundwater	interactions	are	complex	along	the	Lower	Yuba	River	as	they	respond	to	droughts,	
seasonal	groundwater	pumping,	and	movement	of	stream	water	into	and	out	of	the	large	
deposits	of	hydraulic	mining	sediment	(Entrix	2003).	However,	despite	those	complexities,	flow	
in	the	Lower	Yuba	River	is	dominated	by	the	operations	of	New	Bullards	Bar	Reservoir	and	
diversions	at	Daguerre	Point	Dam.	Reservoir	storage	and	diversions	on	the	Yuba	River	have	
greatly	reduced	flows	on	the	Lower	Yuba	River	during	the	spring	months,	have	reduced	winter	
peak	flows	and	have	reduced	the	variability	in	monthly	flows	(Figure	2.2‐15).	The	winter‐spring	
Yuba	River	impaired	flow	as	a	percentage	of	unimpaired	flow	ranges	from	23	18	to	86	78	
percent	and	is	less	than	57	47	percent	half	of	the	years.	Flows	in	all	months	except	September	
are	also	significantly	reduced	in	some	years,	but	are	generally	reduced	in	the	wet	season	and	
increased	in	the	dry	season	(Table	2.2‐12).		
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Figure	2.2‐15	was	updated	as	shown	below:	

	
	
	
	

	
Figure 2.2‐15. Yuba River Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 
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Table	2.2‐12	was	updated	as	shown	below:	

Table 2.2‐12. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 
Yuba River 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 56	 34	 20	 23	 20	 21	 12	 9	 14	 39	 62	 104	 23	 52	 44	

10%	 63	 47	 35	 31	 29	 27	 18	 27	 60	 129	 151	 166	 33	 91	 52	

20%	 71	 51	 40	 38	 34	 29	 21	 42	 95	 156	 171	 180	 41	 96	 57	

30%	 77	 60	 45	 44	 38	 33	 22	 49	 114	 196	 179	 191	 46	 99	 61	

40%	 83	 66	 53	 48	 46	 36	 25	 60	 125	 228	 186	 199	 50	 104	 65	

50%	 93	 74	 58	 60	 52	 43	 28	 68	 135	 254	 202	 213	 57	 115	 68	

60%	 100	 83	 67	 66	 62	 48	 34	 73	 150	 287	 210	 224	 62	 126	 73	

70%	 108	 94	 72	 76	 69	 57	 38	 79	 159	 314	 221	 239	 72	 138	 78	

80%	 115	 105	 79	 82	 77	 63	 48	 84	 176	 339	 236	 260	 78	 153	 82	

90%	 132	 128	 96	 88	 84	 72	 57	 88	 196	 376	 260	 289	 80	 171	 84	

100%	 291	 178	 189	 198	 146	 95	 90	 94	 331	 538	 351	 403	 86	 214	 88	

	

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 35	 28	 17	 21	 18	 18	 10	 8	 10	 26	 37	 82	 18	 43	 34	

10%	 52	 39	 31	 29	 26	 24	 14	 20	 37	 98	 128	 135	 27	 79	 42	

20%	 58	 44	 36	 34	 31	 25	 17	 30	 67	 116	 140	 150	 33	 82	 47	

30%	 63	 49	 40	 39	 34	 29	 18	 37	 101	 149	 148	 155	 37	 85	 50	

40%	 70	 56	 46	 42	 39	 33	 19	 45	 104	 168	 157	 163	 42	 87	 55	

50%	 76	 63	 51	 53	 47	 38	 23	 53	 107	 200	 163	 170	 47	 94	 58	

60%	 82	 69	 58	 59	 56	 42	 25	 60	 112	 218	 171	 177	 55	 105	 64	

70%	 88	 78	 65	 69	 64	 52	 32	 65	 115	 244	 179	 190	 60	 113	 69	

80%	 93	 90	 71	 73	 70	 57	 40	 72	 124	 267	 186	 200	 68	 125	 72	

90%	 106	 106	 83	 80	 77	 65	 49	 78	 138	 298	 205	 229	 72	 139	 76	

100%	 196	 131	 140	 185	 129	 79	 73	 84	 226	 387	 269	 269	 78	 173	 79	

	

Section 2.2.6.3   Bear River 

The	second	paragraph	on	p.	2‐41	was	edited	to	read	as	follows:	

The	hydrology	of	the	Bear	River	has	been	extensively	altered	through	a	complex	series	of	power	
diversion	and	storage	dams,	exports	and	imports	of	water	to	and	from	adjacent	watersheds,	and	
the	filling	and	subsequent	incision	of	the	hydraulic	mining	sediment	in	the	channel	(State	Water	
Board	1955;	James	1989;	NID	2008,	2010,	2011;	NMFS	2014b).	Low	minimum	flow	releases	
from	Camp	Far	West	Reservoir	during	most	of	the	year	are	the	largest	impact	on	anadromous	
fish	in	the	river	(NMFS	2014b),	with	flows	frequently	below	20	50	percent	of	unimpaired	in	
winter‐spring	months	(Table	2.2‐13;	Figure	2.2‐16).	
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Figure	2.2‐16	was	updated	as	shown	below:	

	
	
	
	

	
Figure 2.2‐16. Bear River Simulated Current Conditions (gray) and Unimpaired (white) Monthly 
Flows 
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Table	2.2‐13	was	updated	as	shown	below:	

Table 2.2‐13. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Bear 
River 

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 18	 15	 16	 12	 9	 8	 8	 10	 11	 10	 30	 30	 16	 22	 24	

10%	 24	 22	 24	 18	 17	 17	 9	 12	 13	 22	 45	 37	 21	 31	 29	

20%	 27	 26	 29	 25	 23	 29	 11	 13	 14	 25	 54	 40	 28	 37	 33	

30%	 30	 35	 33	 28	 40	 43	 13	 15	 15	 35	 57	 45	 32	 41	 35	

40%	 33	 38	 37	 34	 53	 58	 20	 19	 17	 41	 63	 50	 37	 44	 39	

50%	 35	 40	 41	 45	 59	 67	 27	 21	 20	 48	 70	 52	 44	 46	 45	

60%	 40	 46	 49	 58	 68	 71	 44	 24	 22	 57	 79	 55	 50	 51	 50	

70%	 43	 53	 57	 70	 79	 76	 51	 28	 25	 65	 83	 61	 61	 54	 58	

80%	 45	 57	 67	 78	 83	 82	 61	 34	 34	 77	 92	 68	 66	 58	 61	

90%	 54	 68	 79	 84	 93	 89	 70	 43	 47	 86	 105	 80	 70	 65	 65	

100%	 75	 151	 103	 95	 101	 98	 92	 56	 80	 133	 191	 140	 80	 85	 74	

	

	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	
Jan–
Jun	

Jul–
Dec	

Annual	
Total	

0%	 31	 28	 24	 16	 15	 24	 24	 33	 48	 55	 94	 65	 37	 40	 53	

10%	 51	 36	 34	 29	 27	 36	 36	 50	 75	 85	 121	 88	 51	 61	 63	

20%	 55	 48	 42	 36	 38	 61	 42	 67	 82	 93	 140	 105	 68	 70	 71	

30%	 63	 59	 48	 44	 55	 84	 52	 82	 86	 111	 161	 118	 71	 75	 77	

40%	 71	 66	 58	 55	 74	 95	 62	 89	 92	 124	 179	 133	 77	 84	 83	

50%	 78	 79	 69	 61	 87	 104	 82	 93	 98	 145	 200	 153	 85	 92	 87	

60%	 87	 84	 78	 85	 97	 108	 92	 97	 104	 162	 225	 183	 92	 99	 91	

70%	 102	 94	 86	 95	 105	 111	 102	 99	 115	 182	 260	 221	 101	 105	 97	

80%	 112	 112	 97	 103	 108	 113	 113	 110	 147	 207	 295	 242	 107	 117	 101	

90%	 132	 139	 113	 112	 112	 122	 125	 124	 199	 260	 335	 340	 109	 133	 104	

100%	 305	 378	 144	 135	 138	 142	 210	 232	 299	 300	 406	 592	 120	 175	 128	
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Section 2.4.6   Delta Outflow and X2 

Table	2.4‐4	on	pp.	2‐78	and	2‐79	was	updated	to	replace	the	entries	for	the	Yuba	River	and	Bear	
River,	as	shown	below:	

Table 2.4‐4. Simulated Unimpaired Contributions to Total Delta Outflow from Various Locations in 
the Project Area (percent of Delta outflow) 

Location	 Jan–Jun	 Jul–Dec	 Annual	Total	

Sacramento	River	below	Keswick	 17.4	 27.7	 19.7	

Sacramento	River	at	Freeport	 61.2	 77.1	 64.8	

Cow	Creek	at	Confluence	with	Sacramento	River	 1.5	 1.6	 1.5	

Battle	Creek	at	Confluence	with	Sacramento	River	 1	 2	 1.2	

Butte	Creek	near	Durham	 1.4	 1.5	 1.4	

Antelope	Creek	at	Confluence	with	Sacramento	River	 0.4	 0.5	 0.4	

Deer	Creek	 0.8	 0.9	 0.8	

Mill	Creek	 0.7	 1	 0.8	

Paynes	Creek	 0.2	 0.2	 0.2	

Clear	Creek	 1.2	 1.1	 1.1	

Big	Chico	Creek	 0.4	 0.4	 0.4	

Feather	River	at	Confluence	with	Sacramento	River	 24.2	 25.9	 24.6	

Feather	River	above	Confluence	with	Yuba	River	 15.1	 17	 15.5	

Yuba	River	 7.2	
8.3	

6.4	
7.6	

7	
8.1	

Bear	River	at	Confluence	with	Feather	River	 2.3	
1.3	

2.4	
1.4	

2.4	
1.3	

American	River	at	Confluence	with	Sacramento	River	 9.7	 6.7	 9.1	

Mokelumne	River	above	the	confluence	with	Cosumnes	 2.4	 1.3	 2.2	

Cosumnes	River	at	confluence	with	Mokelumne	 1.7	 1	 1.5	

Calaveras	River	 0.5	 0.3	 0.4	

Stony	Creek	 1.5	 1.1	 1.4	

Cottonwood	Creek	 2	 1.6	 1.9	

Thomes	Creek	 0.9	 0.8	 0.9	

Elder	Creek	 0.2	 0.2	 0.2	

Cache	Creek	 1.7	 1	 1.5	

Putah	Creek	 1.2	 0.8	 1.1	

Sutter	Bypass	Outflow	 10.1	 6.1	 9.2	

Yolo	Bypass	 9.6	 5.1	 8.6	

San	Joaquin	River	at	Vernalis	 22.7	 15.9	 21.2	

Delta	Outflow	 100	 100	 100	
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Appendix A  Modeling Approaches Used to Develop 
Unimpaired Watershed Hydrology 

Figure	A‐5	was	updated	as	shown	below:	
	

	
	
	
	

	

Figure A‐5. Monthly Average Unimpaired Flow Components for Bear River 
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Figure	A‐27	was	updated	as	shown	below:	

 

 
	
	
	

	

Figure A‐27. Monthly Average Unimpaired Flow Components for Yuba River 
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Table	A‐1	on	pp.	A‐22	and	A‐26	was	updated	to	replace	the	entries	for	the	Yuba	River	and	Bear	
River,	as	shown	below:	

Table A‐1. Average Annual Values per Water Year Type 

Unimpaired	Flow	Component	 All	 W	 AN	 BN	 D	 C	

American	River	Inflow	 2,609	 4,264	 3,082	 2,213	 1,643	 945	

American	River	Outflow	 2,580	 4,213	 3,050	 2,187	 1,625	 939	

American	River	Stream	Gain/Loss	 ‐41	 ‐67	 ‐47	 ‐35	 ‐26	 ‐15	

American	River	Surface	Runoff	 18	 28	 24	 14	 11	 11	

Antelope	Creek	Inflow	 99	 161	 117	 82	 62	 40	

Antelope	Creek	Outflow	 113	 176	 132	 97	 76	 51	

Antelope	Creek	Stream	Gain/Loss	 13	 13	 13	 14	 14	 10	

Antelope	Creek	Surface	Runoff	 1	 2	 1	 1	 1	 1	

Battle	Creek	Inflow	 347	 494	 375	 302	 267	 211	

Battle	Creek	Outflow	 355	 499	 383	 313	 278	 219	

Battle	Creek	Stream	Gain/Loss	 8	 5	 8	 11	 12	 8	

Bear	River	Inflow	 628
313	

933
520	

738
383	

554	
259	

451	
189	

304
106	

Bear	River	Outflow	 671
377	

1,007
622	

793
462	

583	
308	

473	
229	

323
139	

Bear	River	Stream	Gain/Loss	 ‐44
‐23	

‐64
‐37	

‐51
‐27	

‐39	
‐19	

‐32	
‐14	

‐22
‐8	

Bear	River	Surface	Runoff	 34	 46	 40	 27	 26	 27	

Bear	River	Tributary	Inflow	 52	 93	 66	 40	 28	 14	

Big	Chico	Creek	Inflow	 101	 173	 119	 78	 58	 35	

Big	Chico	Creek	Outflow	 100	 173	 118	 78	 58	 35	

Big	Chico	Creek	Stream	Gain/Loss	 0	 0	 0	 0	 0	 0	

Butte	Creek	Inflow	 241	 391	 286	 198	 150	 101	

Butte	Creek	Outflow	 397	 629	 472	 326	 251	 188	

Butte	Creek	Stream	Gain/Loss	 ‐14	 ‐22	 ‐16	 ‐12	 ‐9	 ‐7	

Butte	Creek	Surface	Runoff	 123	 177	 141	 104	 87	 81	

Butte	Creek	Tributary	Inflow	 47	 83	 61	 36	 24	 13	

Cache	Creek	Evaporation	 155	 ‐151	 ‐155	 ‐155	 ‐158	 ‐160	

Cache	Creek	Inflow	 444	 731	 524	 349	 274	 190	

Cache	Creek	Outflow	 433	 817	 550	 301	 199	 104	

Cache	Creek	Stream	Gain/Loss	 ‐99	 ‐196	 ‐126	 ‐66	 ‐41	 ‐18	

Cache	Creek	Surface	Runoff	 48	 74	 62	 37	 28	 28	

Cache	Creek	Tributary	Inflow	 195	 365	 251	 132	 91	 50	

Calaveras	River	Inflow	 150	 279	 183	 120	 69	 32	

Calaveras	River	Outflow	 123	 224	 154	 98	 59	 29	

Calaveras	River	Stream	Gain/Loss	 ‐42	 ‐80	 ‐49	 ‐34	 ‐19	 ‐9	

Calaveras	River	Surface	Runoff	 8	 11	 10	 6	 5	 5	

Calaveras	River	Tributary	Inflow	 8	 14	 10	 6	 3	 1	

Clear	Creek	Inflow	 324	 522	 424	 244	 202	 138	

Clear	Creek	Outflow	 326	 525	 426	 245	 203	 139	
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Unimpaired	Flow	Component	 All	 W	 AN	 BN	 D	 C	

Clear	Creek	Surface	Runoff	 2	 3	 2	 1	 1	 1	

Cosumnes	River	Inflow	 358	 645	 437	 292	 177	 84	

Cosumnes	River	Outflow	 433	 771	 532	 351	 219	 116	

Cosumnes	River	Stream	Gain/Loss	 ‐2	 ‐3	 ‐2	 ‐1	 ‐1	 0	

Cosumnes	River	Surface	Runoff	 45	 68	 55	 34	 29	 27	

Cosumnes	River	Tributary	Inflow	 32	 60	 42	 26	 15	 5	

Cottonwood	Creek	Inflow	 469	 843	 601	 314	 248	 147	

Cottonwood	Creek	Outflow	 535	 943	 684	 369	 294	 183	

Cottonwood	Creek	Stream	Gain/Loss	 ‐9	 ‐19	 ‐12	 ‐4	 ‐2	 ‐1	

Cottonwood	Creek	Surface	Runoff	 76	 119	 95	 59	 48	 37	

Cow	Creek	Inflow	 412	 674	 497	 336	 258	 159	

Cow	Creek	Outflow	 423	 686	 511	 346	 268	 166	

Cow	Creek	Stream	Gain/Loss	 ‐7	 ‐15	 ‐9	 ‐4	 ‐2	 ‐1	

Cow	Creek	Surface	Runoff	 18	 28	 23	 14	 12	 9	

Deer	Creek	Inflow	 228	 370	 260	 185	 146	 100	

Deer	Creek	Outflow	 227	 367	 258	 185	 146	 100	

Deer	Creek	Stream	Gain/Loss	 ‐1	 ‐3	 ‐2	 ‐1	 0	 0	

Delta	Accretion	 244	 407	 340	 185	 122	 99	

Delta	Depletion	 365	 ‐348	 ‐355	 ‐378	 ‐369	 ‐383	

Delta	Outflow	 28,456	 45,026	 33,592	 23,857	 18,540	 12,510	

Delta	Tributary	Inflow	 28,596	 44,985	 33,626	 24,069	 18,807	 12,816	

Elder	Creek	Inflow	 67	 117	 91	 45	 36	 22	

Elder	Creek	Outflow	 67	 113	 90	 47	 39	 24	

Elder	Creek	Stream	Gain/Loss	 0	 ‐4	 ‐2	 2	 3	 2	

Feather	River	Inflow	 4,275	 6,894	 4,850	 3,516	 2,816	 1,829	

Feather	River	Outflow	 6,999	 11,109	 8,041	 5,857	 4,674	 3,046	

Feather	River	Stream	Gain/Loss	 ‐90	 ‐244	 ‐127	 ‐26	 5	 20	

Feather	River	Surface	Runoff	 109	 164	 130	 85	 74	 65	

Feather	River	Tributary	Inflow	 2,693	 4,315	 3,185	 2,254	 1,745	 1,096	

Mill	Creek	Inflow	 215	 319	 245	 185	 154	 115	

Mill	Creek	Outflow	 216	 319	 246	 188	 157	 117	

Mill	Creek	Stream	Gain/Loss	 2	 0	 1	 2	 3	 2	

Mokelumne	River	Inflow	 740	 1,178	 875	 646	 479	 288	

Mokelumne	River	Outflow	 620	 986	 733	 542	 402	 241	

Mokelumne	River	Stream	Gain/Loss	 ‐120	 ‐192	 ‐141	 ‐104	 ‐77	 ‐46	

Natomas	East	Main	Drain	Inflow	 11	 18	 15	 8	 7	 6	

Natomas	East	Main	Drain	Outflow	 54	 81	 68	 42	 35	 34	

Natomas	East	Main	Drain	Surface	Runoff	 38	 58	 49	 29	 24	 23	

Natomas	East	Main	Drain	Tributary	Inflow	 5	 5	 5	 4	 4	 4	

Paynes	Creek	Inflow	 52	 88	 60	 43	 31	 16	

Paynes	Creek	Outflow	 60	 97	 69	 51	 40	 23	

Paynes	Creek	Stream	Gain/Loss	 8	 8	 8	 9	 9	 6	

Putah	Creek	Inflow	 358	 652	 441	 252	 183	 111	
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Putah	Creek	Outflow	 319	 578	 396	 225	 161	 99	

Putah	Creek	Stream	Gain/Loss	 ‐48	 ‐89	 ‐57	 ‐32	 ‐26	 ‐15	

Putah	Creek	Surface	Runoff	 9	 15	 12	 6	 4	 4	

Sacramento	River	Accretion	 506	 1,136	 689	 256	 126	 0	

Sacramento	River	Depletion	 87	 ‐190	 ‐138	 ‐36	 ‐24	 0	

Sacramento	River	Inflow	 5,599	 8,018	 6,372	 4,856	 4,206	 3,260	

Sacramento	River	Outflow	 18,447	 26,725	 21,859	 16,499	 13,467	 9,445	

Sacramento	River	Stream	Gain/Loss	 ‐253	 ‐615	 ‐372	 ‐84	 ‐9	 ‐15	

Sacramento	River	Surface	Runoff	 299	 440	 363	 245	 206	 174	

Sacramento	River	Tributary	Inflow	 15,856	 26,789	 18,760	 12,235	 9,521	 6,097	

Sacramento	River	Weirs	 3,559	 ‐8,981	 ‐3,919	 ‐1,043	 ‐616	 ‐121	

Stony	Creek	Inflow	 438	 791	 569	 299	 220	 138	

Stony	Creek	Outflow	 410	 740	 534	 279	 207	 131	

Stony	Creek	Stream	Gain/Loss	 ‐31	 ‐56	 ‐38	 ‐22	 ‐16	 ‐10	

Stony	Creek	Surface	Runoff	 3	 5	 4	 3	 2	 3	

Sutter	Bypass	Inflow	 2,555	 5,657	 3,221	 1,205	 736	 309	

Sutter	Bypass	Outflow	 2,596	 5,639	 3,256	 1,274	 809	 390	

Sutter	Bypass	Stream	Gain/Loss	 ‐67	 ‐171	 ‐90	 ‐19	 ‐5	 3	

Sutter	Bypass	Surface	Runoff	 109	 153	 125	 88	 78	 79	

Thomes	Creek	Inflow	 213	 357	 265	 158	 130	 83	

Thomes	Creek	Outflow	 241	 397	 299	 181	 148	 102	

Thomes	Creek	Stream	Gain/Loss	 ‐21	 ‐38	 ‐26	 ‐13	 ‐10	 ‐7	

Thomes	Creek	Surface	Runoff	 48	 77	 61	 36	 28	 26	

Yolo	Bypass	Inflow	 2,329	 5,659	 2,354	 828	 571	 257	

Yolo	Bypass	Outflow	 2,433	 5,803	 2,480	 914	 644	 331	

Yolo	Bypass	Surface	Runoff	 79	 120	 102	 61	 49	 49	

Yolo	Bypass	Tributary	Inflow	 25	 25	 25	 25	 25	 25	

Yuba	River	Inflow	 1,858
2,166	

3,026
3,428	

2,192
2,538	

1,547	
1,836	

1,178	
1,436	

715
911	

Yuba	River	Outflow	 1,998
2,302	

3,265
3,662	

2,361
2,704	

1,653	
1,938	

1,260	
1,514	

766
960	

Yuba	River	Stream	Gain/Loss	 ‐22
‐25	

‐36
‐40	

‐26
‐29	

‐18	
‐21	

‐14	
‐17	

‐8
‐11	

Yuba	River	Surface	Runoff	 16	 23	 19	 12	 11	 11	

Yuba	River	Tributary	Inflow	 146	 252	 176	 112	 85	 48	
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Table	A‐2	on	pp.	A‐27	was	updated	to	replace	the	entry	for	Bear	River,	as	shown	below:	

Table A‐2. Average Stream Gain/Losses as Percentage of Rim Inflow by Tributary 

Tributary	 Stream	Gain/Loss	as	Percentage	of	Inflow	

American	River		 ‐1.6%	

Antelope	Creek		 13.1%	

Battle	Creek		 2.3%	

Bear	River		 ‐7.0%	
‐7.3%	

Big	Chico	Creek		 0.0%	

Butte	Creek		 ‐5.8%	

Cache	Creek		 ‐22.3%	

Calaveras	River		 ‐28.0%	

Cosumnes	River		 ‐0.6%	

Cottonwood	Creek		 ‐1.9%	

Cow	Creek		 ‐1.7%	

Deer	Creek		 ‐0.4%	

Elder	Creek		 0.0%	

Feather	River		 ‐2.1%	

Mill	Creek		 0.9%	

Mokelumne	River		 ‐16.2%	

Paynes	Creek		 15.4%	

Putah	Creek		 ‐13.4%	

Sacramento	River		 ‐4.5%	

Stony	Creek		 ‐7.1%	

Sutter	Bypass		 ‐2.6%	

Thomes	Creek		 ‐9.9%	

Yuba	River		 ‐1.2%	
	
	



455 Capitol Mall, Suite 335, Sacramento, California 95814-4496 Telephone (916) 442-8333 Facsimile (916) 442-4035    www.norcalwater.org 
 

 
 
 
 
 
 
 
 

To advance the economic, social and environmental sustainability of Northern California 
by enhancing and preserving the water rights, supplies and water quality. 

 
December 16, 2016 

 
 

Felicia Marcus, Chair 
Members of the Board  
State Water Resources Control Board 
P.O. Box 100 
Sacramento, CA 95812 
 
Re: Scientific Basis Report, Phase II WQCP Update 

 

Dear Chair Marcus and Members of the Board:  
 
The Northern California Water Association (NCWA) and the Sacramento Valley Water Users 
(SVWU) provide the following comments on the draft Phase II scientific basis report (Draft 
SBR). We appreciate the State Water Board circulating this as an initial “working draft” and we 
provide our comments in this vein—to help develop a more robust next draft of the report. In 
addition to our comments, we will follow up with the State Water Board to provide this 
information in more detail and we also stand ready to provide any additional information upon 
the request by the State Water Board staff.      
 
In sum, we strongly believe that California needs a more progressive approach to water 
management than one simply based on some selected percentage of “unimpaired flows.” The 
following summarizes why an “unimpaired flow” approach would not work for 21st century 
California, while also proposing a “functional flow” approach for the Sacramento Valley that 
more closely reflects the need to efficiently serve multiple beneficial uses of water in a state with 
39 million people. We also believe that a close review of recent science surrounding the Delta 
suggests the State Water Board should evolve and offer a different approach that relies upon the 
current science supporting “functional flows.”    
  
 
I. The unimpaired flow approach would not work for 21st century California.   
  

The “unimpaired flow” approach would not be practical as a regulatory approach nor would it 
help foster or serve as a good measure for the success of negotiated resolutions or voluntary 
agreements as called for in the California Water Action Plan. Water suppliers in every part of 
California expressed concerns with this approach last July 25 for this reason. (see letter, 
Appendix 1.) 
 

Public Comment
Bay-Delta Phase II Working Draft Report

Deadline: 12/16/16 12:00 noon

12-16-16
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The “unimpaired flow” approach is a variation of an old and tired dogma where redirecting water 
for instream flows was the objective, rather than focusing on how water can best serve multiple 
beneficial purposes such as fish, birds, cities and farms, as required by Water Code §13000 et 
seq. The “unimpaired flow” approach also belies 21st century water management that is 
necessary to serve 39 million people with a highly diverse landscape in California. This 
simplistic approach would provide little, if any, benefit for the environment in the Bay-Delta 
water system, and would adversely affect the environment in upstream areas such as the 
Sacramento Valley by depleting cold water reservoir supplies that are needed for salmon, by 
reducing available water supplies for birds and the Pacific Flyway, and by limiting food 
production throughout the Sacramento Valley that is necessary for healthy fish and birds.  
 
Importantly, redirecting wholesale blocks of water into the Delta without clear scientific benefits 
would undermine the state’s co-equal goals and would be a waste and unreasonable use of water 
in California.  
 
A. An unimpaired flow objective would not be likely to benefit fish in the Delta.  

 
 California has tried a highly flow-centric approach in the Delta for the past several 

decades, with agencies re-directing more than 1.3 million acre-feet more water per 

year for Delta outflow over the past several decades. (See MBK Engineers and HDR 
“Retrospective Analysis of Changed Central Valley Project and State Water Project 
Conditions Due to Changes in Delta Regulations,” January 2013; see Appendix 2.) This 
has not improved fisheries in the Delta and it appears that there have been further 
declines in pelagic fisheries with these additional flows. Now is the time to try a different 
approach, as described below.   
 

 Modern science has shown that dedicating large blocks of water to a sterile and 
inhospitable channelized river provides little or no benefit to fisheries in the Delta. For 
example, the Delta Independent Science Board in “Flows and Fishes in the Sacramento-
San Joaquin Delta” (August 2015) presented a report that highlighted this dynamic. The 
Lead Scientists for the program have also presented this information to the State Water 
Board on several occasions over the past several years, explaining that adding water to a 
clear, inhospitable channel, such as those in the Delta, would not improve fisheries unless 
other issues are addressed.  
 

 The State Water Board held a series of workshops in 2012 to bring good modern science 
to the process. The October draft scientific basis report has completely ignored the entire 
2012 process. In that process, ICF presented a formal report to the SWRCB that raised 
some serious questions about the “unimpaired flow” approach.  The draft scientific basis 
report also has completely ignored peer-reviewed and published scientific reports that 
question the relationship between Delta flows and Delta fish abundance. Instead, the 
Draft SBR relies on old, outdated reports.  
 

 A snapshot of the current and evolving science surrounding the Delta can be seen in the 
recent Delta Science Program report “The Delta on Fast Forward: Thinking Beyond the 
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Next Crisis” (November 2016), where there is a focus on various priority stressors that do 
not include unimpaired flows into the Delta.  
 

 For salmon, Dave Vogel, a leading expert on salmonid species who presented and 
submitted important biological information and analyses during the 2012 workshops, has 
undertaken a detailed review of the Draft SBR sections pertaining to anadromous 
salmonids.  A copy of Mr. Vogel’s report is attached as Appendix 3, and his key 
conclusions and recommendations are summarized as follows: 

 
 The best available science concerning anadromous salmonids was not used in 

preparing the Draft SBR--relevant science on anadromous salmonids, previously 
provided for the 2012 Workshops, was overlooked or ignored. 

 
 Information regarding Sacramento River basin anadromous salmonids presented in 

the Draft SBR is incomplete and largely out-of-date. 
   
 Many statements in the Draft SBR regarding anadromous salmonids are 

unsubstantiated with no supporting scientific basis. 
 
 The Draft SBR does not address major scientific uncertainties or highly complex 

variables affecting salmonids.  
 

 There are numerous conflicting and confusing statements concerning unimpaired 
flows and natural flows. 

 
 The draft SBR frequently recommends “mimicking the natural hydrograph” for 

purported benefits to anadromous salmonids, but then also recommends artificially 
“sculpting” flows that would not reflect natural hydrologic conditions. 

 
 The Draft SBR lacks descriptions of alleged flow-related problems in the Sacramento 

River and its tributaries on a specific spatial and temporal basis.  
  
 The Draft SBR is severely deficient in not providing any meaningful details on non-

flow measures that could be implemented to benefit salmonids. 
 
 The Draft SBR does not adequately describe the specific biological mechanisms that 

would result from the flow recommendations, and does not quantify how those 
mechanisms would benefit anadromous salmonids. 

 
 The Draft SBR provides no meaningful discussion of the redirected impacts on other 

species and life stages that would result from the flow recommendations – e.g., major 
reductions in water storage in the large reservoirs (Shasta, Oroville, Folsom). 

 
 The Draft SBR is severely deficient in the section concerning other stressors on 

anadromous salmonids, and additional management actions which could be 
implemented to benefit salmonids.  
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 For pelagic fish, Dr. Robert Latour, an expert on the use of biostatistics in fishery 
management and who also presented important information during the 2012 workshops, 
has reviewed the Draft SBR's sections concerning pelagic fish in the Delta.  A copy of 
Dr. Latour's comments is attached as Appendix 4.  His comments include the following: 
 
 The Draft SBR does not consider peer-reviewed, published scientific reports that 

demonstrate that statistical analyses based on Fall Midwater Trawl indices on which 
the Draft SBT is based are flawed.1 

 
 By relying strictly on survey indices, the Draft SBR disregards a very large amount of 

instructive information concerning the relationship between fish behavior and 
condition and environmental variables.  The basis for a much more robust analysis 
would be readily available in existing data if the analysis instead were to be based on 
the raw survey data, rather than only on the indices, as is the currently dominant 
approach. 
 

 The Draft SBR does not account for known and significant scientific uncertainty with 
current fish abundance indices.  Failing to account for that uncertainty significantly 
detracts from the value for policymaking of any analysis based on those indices. 
 

 As a result of these problems with the current method of analysis of the relationship 
between environmental variables and Delta fish populations, including the analysis 
reflected in the Draft SBR, the Draft SBR does not meet the scientific standards 
applied by, among other agencies in the United States, NOAA Fisheries in developing 
policy for other fish-management programs, such as setting acceptable levels of 
commercial fish harvest.  

 
 Although the “unimpaired flow” approach is suggested as a way to mimic natural flow 

patterns, this would not be the case in the Sacramento Valley. The term “natural” flows 
describe the flows that would have occurred absent all anthropogenic influences and is 
considered to represent flows during the period before significant landscape changes in 
the Delta and Sacramento River basin. Since then, there have been substantial changes in 
land use, including the clearance and drainage of wetlands and constructions of levees for 
flood control, which have ended the natural cycle of bank overflows and detention 
storage. These influences have dramatically affected Central Valley and Delta flows.  For 
this reason, unimpaired flows do not represent natural conditions in the Sacramento 
Valley and Delta.   Instead, they simply are calculations that adjust historical flows for 
upstream reservoir operations and current water use practices.   Under natural conditions, 
the Sacramento Valley was inundated by high flows in most years. The consumptive use 
of these areas and the functions they provide must be considered if flow requirements are 
meant to mimic natural flows.  (Estimates of Natural and Unimpaired Flows for the 
Central Valley of California: WY 1922-2014, DWR, March 2016). The functional flow 

                                                 
1See Newman, K. 2008. Sample design-based methodology for estimating delta smelt abundance. San Francisco Estuary & 
Watershed Science 6(3); Latour, R.J. 2016. Explaining patterns of pelagic fish abundance in the Sacramento-San Joaquin Delta.  
Estuaries and Coasts 39:233-247.  Copies of these peer-reviewed, published papers are enclosed with this letter, see Appendix 4. 
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approach described below more closely resembles and can serve as a surrogate for more 
natural flow paths in a state with a flood and water system designed for 39 million 
people.  

 
B. An unimpaired flow approach would have significant impacts on every beneficial use of 

water in the upstream areas in the Sacramento Valley.  

 

 An unimpaired flow approach would significantly impact reservoir storage necessary to 
serve cities, rural communities, farms, fish, birds and recreation, particularly during dry 
years. Most notably, unimpaired flows would have significant impacts on reservoir 

storage, which would impact every one of these beneficial uses of water in the 
Sacramento Valley and throughout California.  As discussed in MBK’s September 2012 
material presented to the State Water Board (MBK, Evaluation of Potential SWRCB 
Unimpaired Flow Objectives – April 25, 2012; see Appendix 5), if a 50% unimpaired 
flow requirement were to be imposed impacts to the cold-water pools of Shasta, Oroville, 
and Folsom Reservoirs would be impacted in 80% of the years. In addition, these 
reservoirs would reach their dead pools in 20 to 40% of the years.  In addition to such 
reductions in storage, increases in spring time releases also would deplete cold water 
supplies needed to protect salmon spawning downstream from reservoirs.  Importantly, 
such an approach would further limit California’s ability to be prepared for future dry 
years, such as those we saw in 2014-15. This includes reducing cold water pools and 
management flexibility for salmon, reduced deliveries for birds along the Pacific Flyway 
(ricelands, refuges), and reduced deliveries and reliability for cities, rural communities 
and farms. By drawing so heavily on reservoir storage, this approach also would 
significantly limit California’s ability to prepare for drought conditions such as we have 
seen the past five years.  Because flow requirements based on a percent of unimpaired 
flow would require increased reservoir releases in the spring before the irrigation season 
begins, it would not be possible to simply reduce agricultural diversions to satisfy these 
requirements.  

 
 The draft SBR lacks details about the potential activities that will be "further 

evaluated," including any coordinated actions concerning cold water habitats on the 
major tributaries. This deficiency, in addition to the lack of detail relative to the overall 
plan for implementation, prevents any meaningful evaluation of the potential benefits or 
impacts to, or trade-offs for, fisheries, birds, and water supply that would occur with such 
activities.  
 

 The unimpaired flow approach would be counter to the recent state policies and 
direction regarding sustainable groundwater management, which will rely upon 
groundwater recharge and the conjunctive management of surface and groundwater 
resources to achieve these objectives. (see Water Code §§10720.1(g); 10727.4(e) and (f).) 
The unimpaired flow approach clearly would lead to significant additional groundwater 
pumping, which according to the Nature Conservancy’s 2014 report, Groundwater and 
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Stream Interaction in California's Central Valley: Insights for Sustainable Groundwater 
Management (see Appendix 6), would result in less recharge opportunities, could impact 
groundwater-supported ecosystems, and could have negative impacts on stream flows 
that are not fully developed for years or even decades. This would be counter to the 
Sustainable Groundwater Management Act (SGMA).   

 

II. California should pursue functional flows for multiple beneficial purposes. 
 

California needs a 21st century water management approach that focuses on functional flows 
tailored for specific beneficial purposes. In California, every drop of water must have a specific 
purpose. Modern science is revealing that spreading water across the bypasses and the landscape 
in the Sacramento Valley and Delta (as a surrogate for natural system functions) will likely 
benefit fish and other species through food production and habitat. Importantly, the functional 
flow approach depends upon the special interactions between the water and the landscape.  This 
approach already is underway and can be expanded in the Sacramento Valley.  
 

 The California Water Action Plan section on water flows describes a goal to “ensure 
sustainable river and estuary habitat conditions for a healthy, functional Bay-Delta 
ecosystem.” (See page 12.) 
 

 The Delta Stewardship Council (DSC) in its approved Delta Plan provides a solid 
overview of the functional flow approach in Chapter 4.  
 

 The past two Lead Scientists for the Delta Science Program were co-authors in a recent 
published report that found that in highly modified riverscapes (such as the Sacramento 
Valley), functional flows are a “more effective approach to identify and restore aspects of 
the flow regime that support key ecosystem functions and drive geomorphological and 
ecological processes.” (Yarnell et al., “Functional Flows in Modified Riverscapes: 
Hydrographs, Habitats and Opportunities (2015); see Appendix 7.)  
 

 Local agencies in every part of the Sacramento Valley and its river systems already have 
re-managed flows for the benefit of salmon and steelhead in the past several decades. 
(“Re-managing the Flow;” see Appendix 8.) These include actions on the American, 
Bear, Feather, Sacramento and Yuba Rivers, as well as Mill Creek and various smaller 
watercourses. These flows all have been tailored for salmon and steelhead. These 
arrangements all began to be implemented after the last major update of the Water 
Quality Control Plan.  
 

 On the Sacramento Valley floor, water spread out and slowed down more closely mimics 
natural conditions and this water will serve multiple beneficial uses in a flow through 
system—cities and rural communities, farms, birds along the Pacific Flyway, food for 
fish, recreation. A recent example is the program in the Sacramento Valley during the 
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summer to implement the 2016 North Delta Food Web Action as part of the Delta Smelt 
Resiliency Strategy (July 2016) (see Appendix 9).  
 

 Recent energetics models for birds and the Pacific Flyway have shown the value and 
importance of functional flows for food production and habitat along the Pacific Flyway, 
which includes ricelands and refuges. Recent actions for Delta smelt food production in 
the Yolo Bypass have shown the same promise and various efforts to grow and nurture 
small salmon on ricelands have suggested better salmon survival than in the sterile 
channelized river. (The Sacramento Valley and Waterfowl; see Appendix 10; and Duck’s 
Unlimited comments submitted to the State Water Board, incorporated by reference.) 

We will follow up and provide more detail on all the functional flows that have already been 
implemented since the last major update of the Water Quality Control Plan and others that are 
currently being developed.   
 

 

III. Listen to the new science regarding opportunities for functional flows. 
 
The State Water Board and other state and federal agencies should continue to enlist the Delta 
Science Program and the Independent Science Board, a leading group of scientists, to provide 
guidance to state and federal agencies with respect to Delta science. Water suppliers across the 
state on July 19, 2016 sent a letter to the SWRCB suggesting a new approach is necessary and 
encouraging the SWRCB and other agencies to listen to the new science surrounding flows. (See 
Appendix 11.) We strongly encourage the State Water Board to listen closely to the Lead 
Scientist and the Independent Science Board comments and incorporate modern science into the 
scientific basis. In this regard, we recommend and request that the SWRCB issue and pose the 
listed questions set forth in Appendix 12 to any independent review of the draft scientific basis 
report, including in particular, the peer review to be conducted pursuant to California Health & 
Safety Code §57004. 
 
 

IV. Negotiated resolutions can lead to effective functional flow approaches. 
 

Regulatory solutions do not seem to be working well for any beneficial uses that depend on 
water in the Sacramento Valley or the Delta. Moreover, further regulatory actions will generally 
take decades to implement. On the other hand, the California Water Action Plan calls for a 
coordinated and collaborative approach that encourages negotiated voluntary agreements. (Page 
18.) The Resources Secretary and you exchanged letters in November 2015 reiterating your 
mutual commitment to voluntary agreements. On September 19, 2016, the Governor again 
directed agencies to pursue negotiated agreements. For this administration to be successful in the 
water arena, negotiated resolutions (not regulatory actions) that pursue functional flows and 
other measures will be essential and will lead to more sustainable outcomes. The Sacramento 
Valley Water Users are committed to a negotiated resolution and voluntary agreements for the 
Sacramento Valley and the Delta.  
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We appreciate the opportunity to provide comments on your working draft. 

Sincerely yours, 

David Guy          Dustin Cooper       Andy Hitchings    
President, NCWA  Minasian Law Firm Somach, Simmons and Dunn 

Dan Kelly Alan Lilly Kevin O’Brien 
Placer County           Bartkiewicz, Kronick Downey Brand 
Water Agency  and Shanahan 

cc: Tom Howard 
      Eric Oppenheimer 

  Michael Lauffer 
      Michael George  
      Jeanine Townsend (per SWRCB notice) 
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July 23, 2015 

 
Ms. Felicia Marcus, Chair 
Members of the Board 
State Water Resources Control Board 
P.O. Box 100 
Sacramento, CA 95812-0100 
 
Re: Unimpaired Flows 
 
Dear Chair Marcus and Members of the Board: 
 
The broad coalition of undersigned public water agencies and water companies in every part of California 
call on the State Water Resources Control Board to abandon its effort to advance an “unimpaired flow” or 
similar approach to water management in the Sacramento-San Joaquin Delta and San Francisco Bay, 
including the Water Quality Control Plan process. 
 
Our coalition supports and is implementing progressive and innovative 21st century water management 
for 39 million people within the stable framework of California’s well-established water rights system. 
Four consecutive dry years have revealed the fallacy of attempting to mimic “unimpaired flows” to 
protect beneficial uses in present-day California. In fact, if the “unimpaired flow” approach was in place 
over the past five years, precious water resources would have already been drained from reservoirs 
throughout California before we entered these past several dry years. As a result, there would be even less 
water available in 2015 for the benefit of all beneficial uses, which includes cities and rural communities, 
fire suppression, cold water to sustain salmon, farms, birds and the Pacific Flyway, and recreational 
opportunities. Stated another way, an “unimpaired flow” approach would create greater risk for all 
beneficial uses during dry years. This dynamic would be further exacerbated under the various climate 
change scenarios evaluated by your administration. We cannot afford to go back in time and rely on 
defunct measures like an “unimpaired flow” approach for a system that has been highly altered over time.   
This type of approach will not improve the highly altered system and will only prove to deplete upstream 
reservoirs that all of California relies on. 
 
We instead urge you and the administration to pursue a different and more practical approach--as called 
for in your California Water Action Plan--to improve flow regimes that will increase and sustain native 
fish populations through programs of implementation. This will include both strategic re-managed flows 
and other non-flow measures such as addressing the predation of native species by invasive species, 
which appears to be the largest factor that negatively affects salmon in the Central Valley. California 
needs a progressive approach that will empower 21st century water resources management to support a 
vibrant economy and environment.  
 
We look forward to discussing new approaches with you in more detail at your earliest convenience. 
 



 

Sincerely yours,  
 
 
  
Jeff Kightlinger Beau Goldie 
Metropolitan Water District Santa Clara Valley Water District 
 
 
 
Steve Knell David Guy 

San Joaquin River Tributaries Authority Northern California Water Association 

 

 

 
Stefanie Morris John Woodling  
State Water Contractors Regional Water Authority 
 
 
 
Dan Masnada Dan Nelson 
Castaic Lake Water Agency San Luis & Delta Mendota Water Authority 
 
 
 
Tom Birmingham Ray Stokes 
Westlands Water District Central Coast Water Authority 
 
 
 
John Sweigard Jim Beck 
Merced Irrigation District  Kern County Water Agency 
 
 
 
Steve Knell Kirby Brill 
Oakdale Irrigation District  Mojave Water Agency 
 
 
 
Jill Duerig Mike Gilkey 
Zone 7 Water Agency  Tulare Lake Basin Water Storage District 
 
 
 
Roger Van Hoy Art Godwin 
Modesto Irrigation District Turlock Irrigation District 
 
 
 
Steve Emrick 
South San Joaquin Irrigation District 
 
cc: Tom Howard 
 Michael Lauffer 
 Michael George 
 Natural Resources Agency 
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Member Organizations of the Water and Power Policy Group 

 

* State and Federal Contractors Water Agency 

* San Joaquin River Group 

* Western Area Power Authority 

* Pacific Gas and Electric Company 

* Sacramento Municipal Utilities District 

* Redding Electric Utility 

* Association of California Water Agencies 

* Placer County Water Agency 

Northern California Power Agency 

California Municipal Utilities Association 

Yuba County Water Agency 

 

 

* Member Organizations helping to fund the effort. 
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BACKGROUND 

 
The purpose of this analysis is to demonstrate how conditions affecting the Central Valley Project (CVP) 
and State Water Project (SWP) have been, and are being affected by changes in regulations governing 
Delta operations.  Specifically, these projects have been affected by the early implementation of the 
standards contained in D‐1641 and the Central Valley Project Improvement Act (CVPIA) in the mid‐
1990’s.  They have also been affected to even a greater extent by implementation of the most recent 
Biological Opinions (BiOps) beginning in 2008 and 2009.  Although there have been significant changes 
in regulations governing upstream operations, addition of new facilities, and increases in water 
demands, this analysis solely addresses changes in Delta regulations.   The analysis keeps the regulatory 
conditions that currently exist upstream in place in all the scenarios and only “rolls back” the regulatory 
conditions in the Delta that have been changed in the last 30 plus years.   
 
Due to the relatively short hydrologic periods that these requirements have been in place, it is not 
possible to understand how these changes have affected the system by reviewing historical conditions.   
Also, regulatory requirements have changed over the years both upstream and in the Delta so an 
historical analysis cannot isolate the impacts due solely to the regulatory changes in Delta.  Hydrology is 
a dominate factor when comparing historical periods, because of this it is difficult to determine effects 
to due to changes in regulatory conditions by comparing relatively short historical periods.  Therefore, 
modeling over a common long‐term hydrologic period is the best way to discern effects of new projects 
or changes in regulatory requirements.   
 
To perform this analysis, three modeling scenarios were developed and compared to demonstrate 
changes to the system.   The first scenario contains Delta regulatory requirements of the Existing 
Biological Opinions (BiOps) adopted in 2008 and 2009 together with those of D1641. The second 
scenario is Delta regulatory requirements of D‐1641 by itself (these requirements were implemented 
early by the December 1994 Bay/Delta Accord). The third scenario is the Delta regulatory requirements 
of D‐1485 (adopted in August 1978).  The Figure below demonstrates how these modeling scenarios are 
compared to demonstrate effects.  
 

 
 
 
For the purpose of this analysis, the “Existing BiOps” model scenario is used to represent how the 
CVP/SWP currently operates. This scenario includes reasonable and prudent alternatives (“RPAs”) in the 
BiOps.   While court orders have prevented some parts of the BiOps from being implemented in some 
years since those BiOps were issued, those BiOps’ terms remain the best representation of how the CVP 

D-1485

D-1641

Existing

Effect of D-1641
(D-1641 minus D-1485)

Effect of salmon 
and smelt BO’s
(Existing minus D-1641)

Effect of D-1641 plus 
salmon and smelt BO’s

(Existing minus D-1485)
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and the SWP currently operate, and may operate for the foreseeable future.  The RPAs contained in the 
2008 Delta smelt BiOp may be found at pages 329‐379 of that BiOp and include six actions: (i) Adult 
Migration and Entrainment (First Flush), (ii) Adult Migration and Entrainment, (iii) Entrainment 
Protection of Larval Smelt, (iv) Estuarine Habitat During Fall, (v) Temporary Spring Head of Old River 
Barrier (HORB) and the Temporary Barrier Project (TBP), and (vi) Habitat Restoration.  The RPAs 
contained in the 2009 salmon BiOp may be found at pages 587‐654 of that BiOp.  
 
Among the salmon and smelt BiOps there are five RPAs that have significantly modified water system 
operations. Those RPAs are: (i) Action IV.1.2 DCC [Delta Cross Channel] Gate Operation, which is 
described at pages 635‐640 of the Salmonid BiOp; (ii) Action IV.2,1 San Joaquin River Inflow to Export 
Ratio, which is described at pages 641‐645 of the Salmonid BiOp; (iii) Action 2: Adult Migration and 
Entrainment, which is described at pages 352‐356 of the Delta smelt BiOp; (iv) Action 3: Entrainment 
Protection of Larval Smelt, which is described at pages 357‐368 of the Delta smelt BiOp; and (v) Action 4: 
Estuarine Habitat During Fall, which is described at pages 369‐376 of the Delta smelt BiOp.     This 
scenario is referred to in this document and accompanying exhibits as the “Existing BiOps” scenario.  
 
To represent how the system operated prior to the implementation of the BiOps, the Existing BiOps 
scenario is modified by removing the RPAs in the salmon and smelt BiOps that are specific to governing 
Delta operations; this scenario is referred to as the “D‐1641” scenario.  The only RPAs, specific to 
upstream operations, which were removed, are for Clear Creek pulse flows. Others were not removed 
from the Existing BiOps scenario and remain in the D‐1641 modeling scenario.  For this analysis, there is 
no attempt to remove the effects of RPAs specific to upstream operations, because these effects are 
difficult to distinguish from the effects of actions to implement section 3406(b)(2) of the CVPIA, which 
were already occurring in the mid‐1990’s.  Moreover, the RPAs that are specific to Delta operations are 
much more important drivers of water system changes than the upstream RPAs. Therefore, the main 
difference in regulatory requirements between the Existing BiOps and D‐1641 model simulations are the 
Delta RPAs. 
 
To represent system operation under D‐1485 conditions, the D‐1641 model scenario was modified by 
removing 3406(b)(2) operating constraints and replacing D‐1641 criteria with D‐1485 criteria.  Although 
there are numerous changes, the more significant changes are removal of Vernalis Adaptive 
Management Plan (VAMP) export restrictions, E/I ratio, and spring X2 Delta outflow requirements.  As 
with the D‐1641 scenario, upstream flow requirements remain the same as the Existing scenario, with 
the exception of Clear Creek flows.  
 
In addition to changes in Delta operating criteria, there have been significant changes in regulations 
governing upstream operations, addition of new facilities, and increases in water demands.  The Trinity 
River Decision requires significantly more flow to remain in the Trinity River system; therefore, water 
that was used to satisfy Sacramento River flow and temperature requirements, Delta requirements, and 
water demands is no longer available.   There have also been changes in the operation of the Yuba River 
pursuant to the Yuba Accord, and the Feather River pursuant to the settlement agreed to as part of 
Federal Energy Regulatory Commission (FERC) relicensing.  There have been increases in water 
demands, particularly in urban areas such as the American River Basin, Bay Area, and Southern 
California.  Under CVPIA, a portion of CVP supply is dedicated to refuges, this has led to a decrease in 
agricultural water supply; this dedication of water is kept in place and therefore its impacts are not 
addressed in this analysis.  In addition to changes in regulation and water demands, new facilities have 
been constructed.  For the purpose of this analysis, existing infrastructure is assumed to be in place in all 
the scenarios.  
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The primary analytical tool used for this effort is the latest publically‐available version of the CalSim II 

model.    The CalSim II model simulation used to support the 2011 State Water Project Delivery 

Reliability Report (SWP DRR) is the best available modeling tool and latest public release of the model.  

The DRAFT Technical Addendum to SWP DRR 2011, titled January 2012 of the SWP DRR, describes the 

CalSim II modeling assumptions.  For this analysis, CalSim II was used to assess changes in CVP / SWP 

storage, river flows, water deliveries, and Delta conditions.  The SWP DRR may be found at the following 

web location: http://baydeltaoffice.water.ca.gov/swpreliability/2011DraftDRR012612.pdf.  The 

following is the most current public version of the CalSim II model used by the California Department of 

Water Resources (DWR) to develop its 2011 SWP reliability study. This model is available for download 

from DWR’s website at: 

http://baydeltaoffice.water.ca.gov/modeling/hydrology/CalSim/Downloads/CalSimDownloads/CalSim3 

IIStudies/SWPReliability2011/index.cfm.  
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ANALYTICAL RESULTS 
This analysis shows that, on average, D‐1641 has resulted in approximately 300,000 acre feet (AF)/year 
of additional Delta outflow relative to D‐1485, and the BiOps have resulted in approximately 
1 million AF/year of additional Delta outflow over the levels required in D‐1641. There is also an 
increased reliance on water stored in upstream reservoirs to satisfy Delta flow requirements and other 
beneficial uses of water.  Increases in Delta flow requirements imposed by D‐1641 and the BiOps have 
further constrained CVP and SWP operations, resulting in decreases in operational flexibility and 
increases in vulnerability to adverse dry year conditions for the environment and water supply, primarily 
due to reduced carryover storage.   There have been changes in flow patterns in all major tributaries in 
the Central Valley that have affected beneficial uses of water.   There have been reductions in project 
reservoir storage and water deliveries and water supply reliability. 
 
Flow Changes 
For both the CVP and the SWP, implementation of D‐1641 and the BiOps has resulted in reduced 
opportunities to capture uncontrolled flows into the Delta with an increased reliance on upstream 
storage to satisfy both environmental requirements and water supply needs. Under the D‐1485 
scenario, the CVP and the SWP could divert more water during periods of high flow (excess conditions) 
than under the D‐1641 scenario.  This ability to divert more water during periods of high flow has been 
reduced to a greater extent under the Existing BiOps scenario; this is because terms in the RPAs impose 
significantly more Delta export restrictions during late winter and spring periods when flows are 
typically the highest.  D‐1641, and to a greater extent the RPAs, also result in increased reservoir 
releases to comply with Delta outflow requirements during the fall period when natural flows are 
typically the lowest.  Increased Delta outflow has caused the CVP and the SWP to increase their reliance 
on stored water. This effect has, in turn, altered the flow regimes in upstream tributaries and changed 
the pattern of Delta export water diversions.  
 
Delta Outflow 
Exhibit 1 contains a summary of Delta outflow changes.  As previously mentioned, together both D‐1641 
and the BiOps has increased average annual Delta outflow by approximately 1,300,000 AF.   Delta 
outflows are generally higher under the D‐1641 scenario relative to the D‐1485 scenario, but are less at 
times; decrease in June outflow is due to the removal of an export restriction for June that was in place 
under D‐1485.  Delta outflows are generally higher under the Existing BiOps scenario relative to the D‐
1641 scenario; the main exception is when reservoirs refill during wet conditions to recover from the 
additional drawdown triggered by the BiOps. 
 
Sacramento River Flow below Keswick 
Exhibit 2 depicts changes in Sacramento River flow below Keswick.  There is fluctuation when comparing 
D‐1641 to D‐1485, this is due to how Shasta releases react to changes in system requirements.   Under 
the Existing BiOps scenario, Sacramento Basin river flows are generally lower than under the D‐1641 
scenario during winter and spring months, December through June, because, during those months, the 
CVP and SWP recover from lower storage and try to conserve water for future use. 
 
Under the Existing BiOps scenario, September reservoir releases and tributary flows are higher than 
under the D‐1641 scenario in wet and above normal years, to satisfy the Delta smelt BiOp’s Fall X2 
requirement.  This condition also occurs in November for the Sacramento and American Rivers. For both 
the CVP and the SWP, the need to release additional water to meet the Fall X2 requirement causes 
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lower carryover storage, and thus has reduced CVP and SWP carryover storage that could be used 
during drier years to support both fisheries and consumptive uses. 
 
 

Changes in tributary flows during July and August vary depending on the characteristics of each 
tributary. Sacramento River flows below Keswick Dam are lower for this period in the existing  BiOps 
scenario compared to the D1641  scenario. This reduction in flows due to the BiOps may result in 
warmer water temperature at the Sacramento River temperature compliance point located between 
Balls Ferry and Bend Bridge in most years.  
 
Feather River Flows 
Exhibit 3 demonstrates changes in the Feather River below Thermalito.  Under D‐1641 there are often 
increases in July and August flows relative to D‐1485 to support project demands.  Flows in the Feather 
River are higher in July through September under the Existing scenario relative to the D‐1641 scenario to 
satisfy needs in the Delta.  
 
American River Flow below Nimbus 
Exhibit 4 contains charts showing changes in American River flow.  Changes in American River flows are 
variable depending on numerous conditions and how Folsom responds to changing requirements.  Flows 
in June tend to be more in D‐1641 relative to D‐1485; this is due the removal of the D1485 June export 
constraint by D‐1641.  Flows in D‐1641 tend to be lower in July and August relative to D‐1485.  Flows in 
June are less under Existing conditions relative to D‐1641 due to export restrictions, and flows in the fall 
period are higher to satisfy Fall X2. 
 
San Joaquin River at Vernalis 
Exhibit 5 displays average changes in the San Joaquin River by water year type.  Flows in April and May 
are higher in the D‐1641 scenario compared to the D‐1485 scenario due to VAMP requirements 
specified in D‐1641 The lower flows in most other months are due to the VAMP requirements in April 
and May.  Since upstream RPA’s in the Stanislaus and San Joaquin River remain unchanged for this 
analysis, there is little or no difference between the Existing BiOps and D‐1641 scenarios.  
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Reservoir Storage Changes 
 
Exhibit 6 depicts exceedance probability plots for key upstream CVP/SWP reservoirs for the D‐1485, D‐1641, and 
Existing scenarios. For each of these reservoirs, there have been reductions in storage resulting from both 
D‐1641 and the RPAs. These reductions in storage have reduced water supply reliability for water users 
throughout the CVP/SWP system, and reduced water supply and habitat reliability for fish. The following 
summarizes D‐1641 and BiOps’ effects on CVP and SWP reservoirs’ storage.  
 
Trinity Reservoir 
Trinity Reservoir average carryover storage is about 15,000 AF lower in the D‐1641 scenario relative to the 
D‐1485 scenario, and 30,000 AF lower in the Existing BiOps scenario relative to the D‐1641 scenario.  Trinity 
Reservoir is affected the most in critical years.  Exhibit 7 contains storage for each month of the simulation for all 
three scenarios; note that during periods of low storage there tends to be greater reductions in storage.  
 
Shasta Reservoir 
Shasta Reservoir average carryover storage is about 60,000 AF lower in the D‐1641 scenario relative to the 
D‐1485 scenario, and 95,000 AF lower in the Existing BiOps scenario relative to the D‐1641 scenario.  The most 
significant issue regarding effects to Shasta storage occurs in critical years where there is about 260,000 AF 
reduction in the D‐1641 scenario relative to the D‐1485 scenario, and 230,000 AF reduction in the Existing 
scenario relative to the D‐1641 scenario BiOps .  When comparing the Existing BiOps scenario critical year 
carryover to the D‐1485 scenario, there is about a half million acre‐foot reduction in storage.   
 
CalSim modeling of the BiOps’ effects show Shasta storage declining to dead pool more often; this reduces the 
CVP’s ability to comply with upstream flow and temperature requirements that have been established to 
support salmon in the upper Sacramento River. Because Shasta is a reservoir that has multiple years’ worth of 
storage capacity; during extended dry conditions it can take several years to recover from these types of 
additional drawdown.  Exhibit 8 contains storage for each month of the simulation for all three scenarios.  The 
effects on Shasta are the most significant during extended droughts such as the 1928‐1934 and 1987‐1992 
periods when Shasta falls below the salmon BiOp RPA level.   
 
Oroville Reservoir 
Oroville Reservoir average carryover storage is about 60,000 AF lower in the D‐1641 scenario relative to the 
D‐1485 scenario, and 355,000 AF lower in the Existing BiOps scenario relative to the D‐1641 scenario.  When 
comparing the Existing BiOps scenario critical year carryover to the D‐1485 scenario, there is about a 400,000 
acre foot reduction in storage.  Exhibit 9 contains Oroville storage for each month of the simulation for all three 
scenarios.   Under the D‐1641 scenario, Oroville storage is drawn down to a greater extent than in the D‐1485 
scenario, and in the Existing scenario the storage is drawn down to an even greater extent. 
 
Folsom Reservoir 
Folsom Reservoir average carryover storage is about 11,000 AF lower in the D‐1641 scenario relative to the 
D‐1485 scenario, and 8,000 AF lower in the Existing BiOps scenario relative to the D‐1641 scenario.  When 
comparing the Existing BiOps scenario critical year carryover to the D‐1485 scenario, there is about a 20,000 
acre foot reduction in storage.  Exhibit 10 contains Folsom storage for each month of the simulation for all three 
scenarios.   
 
The characteristics of Folsom are different than other CVP and SWP reservoirs; this is primarily due to highly 
variable nature of its inflow and susceptibility to droughts. Because Folsom ‘s storage capacity (about 
1,000,000 AF) is small relative to its watershed’s yield, it has much less ability to store water from year to year 
than Shasta or Oroville. Indeed, in critical years, natural flows in the American River are less than combined 
environmental and consumptive demands, which means that water users and fish must rely on stored water. A 
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number of major urban water suppliers, however, depend on the American River and Folsom and have few, if 
any, other water sources. As the State Water Rights Board recognized in Decision 893, these water suppliers are 
“naturally dependent” on the American River. Without storage in Folsom, dry year reliability in this region is a 
main concern and reductions in dry year reliability in Folsom storage puts American Basin urban areas at risk. 
The Folsom Reservoir carryover chart in Exhibit 6 shows Folsom reaching dead pool one time in the D‐1485 
scenario and about 5% of the time in both the D‐1641 and Existing scenarios.   
 

San Luis Reservoir 
Exhibit 11 contains exceedance probability plots for the annual maximum and annual minimum storage in 

combined San Luis reservoir.  Under the D‐1485 and D‐1641 scenarios, San Luis reservoir fills, or nearly fills, in 

about 80% of years, this was reduced to about 20% in the Existing BiOps scenario.  The reduced ability to 

capture excess Delta flows prevents San Luis Reservoir from filling in most years when it previously would have 

filled.   San Luis Reservoir operation has changed due to the timing of available export capacity and water 

availability, therefore, the low point has also changed.   The BiOps have resulted in low point being lower than in 

the D‐1641 scenario, this could have implications to urban water quality. 
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Exhibit 6 ‐ Project Reservoir Carryover Storage Summary  
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Exhibit 6 ‐ Project Reservoir Carryover Storage Summary (continued) 
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Exhibit 7 ‐ Trinity Reservoir Monthly Storage for Entire Model Period  
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Exhibit 8 ‐ Shasta Reservoir Monthly Storage for Entire Model Period  
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Exhibit 9 ‐ Oroville Reservoir Monthly Storage for Entire Model Period  
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Exhibit 10 ‐ Folsom Reservoir Monthly Storage for Entire Model Period  
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Exhibit 11 – San Luis Reservoir Storage Conditions 
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Water Supply 
 
On average, increases in Delta outflow are approximately equal to reductions in Delta exports.  Average annual Delta 
exports in the D‐1641 scenario are about 300,000 AF lower than the D‐1485 scenario, and exports are reduced about 
another 1,000,000 AF in the Existing BiOps scenario relative to the D‐1641 scenario.  This results in a total water 
supply loss from D1485 to the Existing BiOPs of about 1.3 Million Acre‐feet.   For each year type the average water 
supply loss is between 1.0 Million Acre‐Feet and 1.5 Million Acre‐Feet.   
 
To put this kind of water supply loss into perspective, the last major on–stream reservoir built in California (New 
Melones in the 1970’s) had a dry year water supply of about 200,000 Acre‐feet.  New projects being considered are 
typically much less than this amount.  Said another way, the water supply loss over the last 30+ years of Delta 
regulations have cost the State the equivalent of about 6 major reservoirs.   
 
Exhibit 12 contains average annual changes in total Delta exports by water year type, changes at Jones and Banks 
pumping plants are also displayed.  
 
Project Deliveries 
 
Exhibit 13 contains a tabular CVP water delivery summary for the D‐1485 scenario and changes relative to the D‐1641 
and Existing BiOps scenarios.  Exhibit 14 contains exceedance probability plots for annual deliveries and allocations.   
Water allocations in the D‐1641 scenario are less than in the D‐1485 scenario for both agricultural and M&I 
contractors in areas north and south of the Delta.  Allocations are more significantly reduced in the Existing BiOps 
scenario relative to the D‐1641 scenario than the D‐1641 scenario relative to the D‐1485 scenario.  There are years 
with no allocation for both north and south of Delta contractors and several additional years when deliveries may be 
insufficient to maintain permanent crops.  
 
Exhibit 15 contains a tabular SWP water delivery summary for the D‐1485 scenario and changes relative to the 
D‐1641 and Existing BiOps scenarios.  Exhibit 16 contains exceedance probability plots for annual deliveries and 
allocations.   Water allocations in the D‐1641 scenario are less than in the D‐1485 scenario and allocations are more 
significantly reduced in the Existing BiOps scenario relative to the D‐1641 scenario, than the D‐1641 scenario relative 
to the D‐1485 scenario.  In addition to this reduction in allocation, surplus water (available under Article 21 of SWP 
contracts) was available in about 90% of years in the D‐1485 scenario, 82% of years in the D‐1641 scenario, and only 
25% of years in the Existing BiOps scenario.  
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Exhibit 13 ‐CVP Average Annual Deliveries by Water Year Type 
 
 
D‐1485 Average Annual Delivery  (1,000 AF)       

   Agricultural Service Contractors  M&I Service Contractors    

   North of Delta   South of Delta  North of Delta   South of Delta    
W 324  1783  93  147    
AN 303  1590  85  135    

BN 283  1435  89  137    
D 198  1006  82  121    
C 99  524  74  106    

All  256  1357  87  134    

                 

 Average Annual Delivery Change D‐1641 minus D‐1485  (1,000 AF)    

   Agricultural Service Contractors  M&I Service Contractors    

   North of Delta   South of Delta  North of Delta   South of Delta    
W ‐2  ‐235  0  ‐2    
AN ‐3  ‐312  1  ‐5    

BN ‐20  ‐349  ‐1  ‐9    
D ‐1  ‐100  1  ‐2    
C ‐23  ‐134  ‐3  ‐6    

All  ‐8  ‐224  0  ‐4    

                 

 Average Annual Delivery Change Existing BiOps minus D‐1641  (1,000 AF) 

   Agricultural Service Contractors  M&I Service Contractors    

   North of Delta   South of Delta  North of Delta   South of Delta    
W ‐4  ‐161  0  ‐11    
AN ‐12  ‐291  ‐1  ‐16    

BN ‐36  ‐358  ‐2  ‐17    
D ‐38  ‐286  ‐2  ‐11    
C ‐24  ‐152  ‐4  ‐11    

All  ‐21  ‐243  ‐2  ‐13    

                 

 Average Annual Delivery Change Existing BiOps minus D‐1485  (1,000 AF)    

   Agricultural Service Contractors  M&I Service Contractors    

   North of Delta   South of Delta  North of Delta   South of Delta    
W ‐6  ‐395  0  ‐12    
AN ‐14  ‐603  0  ‐21    

BN ‐56  ‐707  ‐3  ‐26    
D ‐40  ‐386  ‐2  ‐13    
C ‐46  ‐286  ‐7  ‐17    

All  ‐30  ‐467  ‐2  ‐17    
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Exhibit 14 ‐ CVP Delivery and Allocation Summary 
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Exhibit 15 ‐ SWP Average Annual Deliveries by Water Year Type 
 

 
D‐1485 Average Annual Delivery  (1,000 AF)             

  MWD  Other M&I  Agriculture  Article 56  Article 21  M&I  Table A  Total 
W 1226  789  824  503  511  2015  2839  3853 

AN 1186  715  757  457  298  1900  2657  3412 
BN 1335  760  819  418  287  2095  2914  3619 
D 1227  671  681  326  332  1897  2579  3237 

C 792  475  432  179  178  1267  1699  2055 

All  1190  710  734  400  358  1900  2633  3392 

                          

 Average Annual Delivery Change D‐1641 minus D‐1485  (1,000 AF)       

   MWD  Other M&I  Agriculture  Article 56  Article 21  M&I  Table A  Total 
W ‐19  4  3  ‐19  63  ‐15  ‐12  32 
AN 12  2  3  ‐166  98  14  17  ‐51 

BN ‐7  ‐7  ‐7  0  ‐4  ‐14  ‐21  ‐24 
D ‐31  ‐28  ‐29  41  ‐129  ‐59  ‐88  ‐176 
C ‐144  ‐90  ‐84  150  ‐96  ‐234  ‐318  ‐264 

All  ‐34  ‐19  ‐19  1  ‐9  ‐53  ‐72  ‐80 

                          

 Average Annual Delivery Change Existing BiOps minus D‐1641  (1,000 AF)    

   MWD  Other M&I  Agriculture  Article 56  Article 21  M&I  Table A  Total 

W ‐24  ‐79  ‐86  ‐76  ‐442  ‐103  ‐189  ‐707 
AN ‐134  ‐124  ‐163  ‐50  ‐324  ‐257  ‐421  ‐794 
BN ‐188  ‐114  ‐189  ‐36  ‐230  ‐302  ‐492  ‐758 

D ‐247  ‐89  ‐146  ‐93  ‐183  ‐336  ‐482  ‐758 
C ‐102  ‐40  ‐51  ‐126  ‐62  ‐142  ‐193  ‐381 

All  ‐130  ‐89  ‐125  ‐77  ‐280  ‐219  ‐344  ‐701 

                          

 Average Annual Delivery Change Existing BiOps minus D‐1485  (1,000 AF)       

   MWD  Other M&I  Agriculture  Article 56  Article 21  M&I  Table A  Total 
W ‐43  ‐75  ‐83  ‐96  ‐379  ‐118  ‐201  ‐676 

AN ‐121  ‐122  ‐161  ‐216  ‐226  ‐243  ‐404  ‐845 
BN ‐196  ‐121  ‐196  ‐36  ‐234  ‐316  ‐513  ‐782 
D ‐278  ‐118  ‐175  ‐52  ‐312  ‐396  ‐570  ‐934 

C ‐245  ‐131  ‐135  23  ‐158  ‐376  ‐510  ‐645 

All  ‐164  ‐108  ‐143  ‐77  ‐288  ‐272  ‐415  ‐780 
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Exhibit 16 ‐ SWP Delivery Summary 
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Comments and Recommendations on the  

October 2016 Working Draft Scientific Basis Report  

for New and Revised Flow Requirements on the Sacramento River and 

Tributaries, Eastside Tributaries to the Delta, Delta Outflow, and Interior 

Delta Operations  

Pertaining to Anadromous Salmonids 
 

December 16, 2016 

 

Written Submittal of David A. Vogel, Natural Resource Scientists, Inc. 

on behalf of Glenn-Colusa Irrigation District, Sacramento Valley Water Users (SVWU), 

and Northern California Water Association (NCWA) 

 

INTRODUCTION 

 
I am a fisheries scientist with Natural Resource Scientists, Inc., and have been employed in this 
discipline for 41 years while conducting anadromous salmonid studies in the Central Valley for 
the past 35 years.  I previously worked for the U.S. Fish and Wildlife Service (USFWS) and 
National Marine Fisheries Service (NMFS) for 15 years, and I have worked as a private 
consultant for the past 26 years.  During this time I have served as a Principal Scientific 
Investigator in dozens of fish research projects in the western United States on behalf of state and 
federal agencies, Indian tribes, county governments, municipalities, water districts, consulting 
firms, and numerous other organizations.  I have authored approximately 100 technical reports 
on fishery science.  Most of my work has focused on anadromous fish throughout the 
Sacramento River basin, the Delta, and the San Joaquin River basin. 
 

The following are comments and recommendations on the October 2016 Working Draft 
Scientific Basis Report (SBR) for New and Revised Flow Requirements on the Sacramento 
River and Tributaries, Eastside Tributaries to the Delta, Delta Outflow, and Interior Delta 
Operations.  These comments and recommendations specifically focus on anadromous 
salmonids.   
 

COMMENTS AND RECOMMENDATIONS 

 

1)  Despite claims in the SBR, the best available science concerning anadromous 

salmonids was not used in preparing that report.   

 
The SBR is severely deficient in fully reporting the science and, for the material presented, the 
document provides highly selective and misleading use of the existing science concerning 
anadromous salmonids.  Information involving Sacramento River basin anadromous salmonids 
presented in the SBR (including the prior 2009 SWRCB Staff Report and the 2010 Delta Flow 
Criteria Report) is incomplete and largely out-of-date.  In particular, the SBR does not provide 
the science contradicting the assumptions postulated in the document, alternative perspectives on 
the available science, and uncertainties in the science pertaining to anadromous salmonids.  In 
this regard, much of the relevant science on anadromous salmonids specific to the Sacramento 
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River basin was previously provided to the State Water Resources Control Board (SWRCB) for 
the 2012 SWRCB Workshops, but was overlooked or ignored (see Exhibit 3 in the SWRCB 
submittal:  
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/bay_delta_plan/co
mments_042512/andrew_hitchings.pdf) (hereafter referred to as “Vogel Report 1”1) and 
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/docs/cmnt091412/
david_vogel.pdf (hereafter referred to as “Vogel Report 2”).  Those two documents, in their 
entirety, should be considered by the SWRCB for the revised SBR.  For example, Vogel Report 
1 provides nearly 100 technical references relevant to Sacramento River basin anadromous 
salmonids beyond those provided in the SBR.  The extensive scientific material offered in those 
two reports will not be repeated in these comments on the SBR (e.g., Vogel Report 1 is 154 
pages), but some of the most-relevant information is emphasized here, as well as presenting 
additional information and recommendations for a revised SBR. 
 
Recommendation:  A revised SBR should, at the very least, incorporate the extensive 
information on the anadromous salmonid science specifically relevant to the Sacramento River 
basin included in Vogel Reports 1 and 2 to improve the scientific bases in the document.  Unless 
the SWRCB explicitly acknowledges and incorporates this previously submitted information, the 
SWRCB’s focus may be directed in the wrong areas.  
 
2) The SBR provides substantial information related to San Joaquin River basin 

anadromous salmonids and flow-related issues that have no bearing on the 

Sacramento River basin. 

 
The juxtaposed discussions on the San Joaquin River and Sacramento River imply the flow and 
non-flow factors affecting anadromous salmonids are similar between the watersheds; this is 
obviously invalid because the basins are radically different in hydrologic and biological 
conditions. 
 
Recommendation:  Discussions regarding the San Joaquin River should be removed from the 
SBR. 
 
3) The SBR largely ignores that there have already been unprecedented, major actions 

and progress to restore anadromous salmonids through both flow-related measures 

(implemented differently than the postulated concept of percent of unimpaired flow) 

and non-flow measures linked with flow. 

 
The SBR greatly mischaracterizes existing conditions for anadromous salmonids in the 
Sacramento River basin.  As such, the SBR risks undermining the past and present actions to 
increase the quantity and quality of salmon habitats throughout the basin.  Contrary to the lack of 
description in the SBR on habitat improvements, there has been significant progress over the last 

                                                           
1 Vogel, D.A.  2011.  Insights into the problems, progress, and potential solutions for Sacramento River basin native 
anadromous fish restoration.  Report prepared for the Northern California Water Association and Sacramento Valley 
Water Users.  Natural Resource Scientists, Inc.  April 2011.  154 p. 
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few decades on relevant Sacramento River basin salmonid restoration actions, including the 
following: 
 

 Adult fish passage at many important upstream migration barriers has been extensively 
improved and some major barriers have been completely removed, providing fish access 
to upstream areas essential for increased fish production. 

 
 Thermal conditions in the rivers downstream of large dams have dramatically improved, 

yielding critically important protection of fish during highly temperature-sensitive 
periods in the life cycle. 

 
 Remedial actions at the abandoned Iron Mountain Mine near the upper Sacramento River 

have largely eliminated a previous major source of fish mortality. 
 

 A massive program over the past two decades to screen unscreened or inadequately 
screened water diversions costing approximately $574 million has resulted, or will soon 
result, in protection of fish at most diversions, which collectively divert a maximum of 
nearly 13,000 cfs. 

 
 Watershed restoration programs to protect and enhance conditions on numerous 

tributaries have proliferated in recent times, and are believed to have benefited fish 
habitats and overall watershed health. 

 
 Improved flow regimes in the rivers downstream of the Sacramento River basin’s major 

dams have been implemented in recent decades, providing additional fish protection 
during all the freshwater life phases. 

 
An uninformed reader of the SBR would likely conclude that if new, undefined flow-related 
measures (based on a hypothetical criterion of a very high percent of unimpaired flow) are 
administered, then all Sacramento River basin salmonid populations would positively respond.  
To the contrary, if implemented as proposed, without considering the risk of drastically reducing 
reservoir levels in some years, cold-water storage may be depleted, resulting in devastating 
impacts on anadromous fish egg incubation at critical times.  Additionally, improperly timed 
high flows could provide unfavorable conditions for mainstem rearing fish.  Execution of the 
flows described in the SBR would have a high potential of largely undoing recent decades’ 
progress in restoring conditions for salmonids in the Sacramento Valley.  Careful examination of 
the impacts of large flow increases is warranted by thorough modeling studies to determine the 
effects on water supplies, thermal impacts to fish, and alteration of instream habitats.  The SBR 
has neglected to address those analyses.  Unfortunately, little progress has been made on parsing 
out the various and most important factors related to flow that may influence fish survival.  The 
causal effects of flow and salmon survival relationships in the Sacramento River have been 
difficult to determine because of complex inter-relationships with numerous variables associated 
with flow, which are not sufficiently described in the SBR.  Focused studies to ascertain those 
relationships are needed and must be conducted to accurately justify the SBR’s flow 
recommendations.   
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Recommendation:  To provide a more-scientifically balanced discussion on factors affecting 
anadromous salmonids, the SBR should provide a detailed description of the accomplishments 
that have been achieved on a site-specific basis throughout the basin to benefit anadromous 
salmonids.  Much of this information was previously provided to the SWRCB in Vogel Reports 
1 and 2, and should be incorporated into a revised SBR. 
 
4) There are numerous conflicting and confusing statements in the SBR concerning 

unimpaired flows, natural flows, sculpted flows, and functional flows.   

 
The SBR appropriately points out that unimpaired flows are not the same as natural flows, yet 
the document frequently uses the two terms interchangeably.  Additionally, the SBR often 
recommends “mimicking the natural hydrograph” for purported benefits to anadromous 
salmonids, yet provides conflicting and confusing statements recommending artificially 
“sculpting” flows for salmonids that would not reflect natural hydrologic conditions.  
Furthermore, the SBR also deems that it would be most appropriate, in some instances, to 
implement functional flows to benefit salmonids.  Importantly, the SBR provides no analysis of 
the origin of such flows from upstream areas. 
 
Recommendation:  The discussions in the SBR on unimpaired flows, natural flows, sculpted 
flows, and functional flows need to be reconciled for consistency.   
 
5) Many statements in the SBR concerning anadromous salmonids are unsubstantiated 

with no supporting scientific basis. 

 
The SBR is replete with assertions concerning fishery resources in the Sacramento River basin 
without providing the scientific basis to support those statements.  For example, the SBR states 
that Biological Opinion requirements for salmonids are insufficient to protect the fish while 
neglecting to provide any technical basis for that statement (SBR Page 1-4).  As another 
example, the SBR proclaims to describe the science supporting recommended instream flow 
requirements for tributaries to the Sacramento River basin to protect fish; that science is not 
provided (SBR Page 1-9).  In a further example, the SBR “… specifically finds that flows are 
needed that more closely mimic the conditions to which native fish species have adapted, 
including the frequency, timing, magnitude and duration of flows, as well as the proportionality 
of flows from tributaries.” (SBR Page 1-11).  Here again, the support for that explanation is 
missing.  There is also a pattern in the SBR of repeating the same or similar unsubstantiated 
statements.  These are just a few of the numerous examples in the SBR. 
 
Recommendation:  The revised SBR should cite to and reference the scientific documentation 
and basis to support the unproven statements.   
 
6) The SBR lacks descriptions of alleged flow-related problems for anadromous 

salmonids in the Sacramento River and its tributaries on a specific spatial and 

temporal basis.  

 
Only vague statements are given in the SBR on this topic.  The SBR largely ignores the 
numerous existing flow requirements on the Sacramento River and its tributaries which have 
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been specifically formulated over many years to protect anadromous salmonids.  Instead, the 
SBR implies that flow-related requirements are largely lacking.  Existing flow standards already 
in place in the basin to protect the fish populations must be taken into account.  In this regard, 
NCWA wrote a report (NCWA Report) to compile and summarize those flow standards and the 
report was submitted to the SWRCB as Exhibit 4 to the SVWU’s April 2012 Comments (see:  
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/bay_delta_plan/co
mments_042512/andrew_hitchings.pdf).  Information in that report, as it relates to anadromous 
salmonids, is highly instructive to include in the SBR because flow standards already in place in 
the Sacramento River basin to protect the fish populations must be taken into account. The 
following are relevant highlights of the NCWA report. 
 
Sacramento River 
 
There are a variety of state and federal regulatory measures in place to protect fishery resources 
in the Sacramento River downstream of Keswick Dam (the upstream terminus for salmon 
migration). These instream flow schedules were carefully crafted by the fishery resource 
agencies and water project operators to ensure fish protection downstream of the major dams. 
These include: 
 

 A 1960 Memorandum of Agreement between the Department of Fish and Game [DFG; 
now the Department of Fish and Wildlife (DFW)] and the U.S. Bureau of Reclamation 
(USBR) for flow objectives to protect fishery resources in normal and critically dry years, 
including minimum water level fluctuations. 

 
 A 1981 agreement with DFG and USBR negotiated to eliminate the deleterious effects of 

salmonid redd dewatering from the original minimum flow of 3,900 cfs during the fall 
down to 2,600 cfs in the winter. The new agreement established a base flow of 3,250 cfs 
during the fall and winter. 

 
 SWRCB Water Rights Orders 90-5 and 91-1 modified USBR’s water rights to operate 

Shasta and Keswick Dams and the Spring Creek Powerplant to provide for cold water 
(56oF) as far downstream from Keswick Dam as practicable during periods when higher 
temperatures would be harmful to salmon. A Sacramento River Temperature Task Group 
(including the three fishery resource agencies: NMFS, USFWS, and DFW) is responsible 
for formulating and coordinating appropriate water temperature regimes in the 
Sacramento and Trinity Rivers each year with the SWRCB having overall authority on 
the sufficiency of annual plans. 

 
 At times, the USFWS may use its discretionary use of Central Valley Project (CVP) 

Improvement Act (CVPIA) 3406(b)(2) water to benefit Sacramento River fishery 
resources.  

 
 The 2009 NMFS Biological Opinion outlines a comprehensive strategy to manage CVP 

operations in the upper Sacramento River basin for the needs of anadromous fishery 
resources (i.e., primarily winter-run Chinook salmon, but also other salmon runs). The 
Biological Opinion specifies Reasonable and Prudent Alternative measures for fish 
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protection in the upper Sacramento River that include flows, water temperature control, 
and reservoir carryover storage levels, among other measures. That document lists an 
array of performance measures to achieve specific water temperature objectives at certain 
compliance locations downstream of Keswick Dam over varying frequencies in multi-
year periods. 

 
Clear Creek 
 
The 2009 NMFS Biological Opinion specifies a range of Reasonable and Prudent Alternative 
flow-related measures to benefit salmon production in Clear Creek, including spring attraction 
flows, channel maintenance flows, spawning gravel replenishment, water temperature objectives, 
and flows to adaptively manage physical habitat attributes for salmon. 
 
Wilkins Slough Standard 
 
As mandated by Congress, USBR must comply with a 5,000 cfs navigation flow standard at 
Wilkins Slough on the lower Sacramento River. For the design of Sacramento River water 
diversion fish screens, the screen criteria were based on the Wilkins Slough flow standard. A 
description of the Wilkins Slough standard and interrelationships with the 2009 NMFS 
Biological Opinion is provided in the NCWA Report. 
 
Yuba River 
 
Using a collaborative process, the Yuba County Water Agency (YCWA), DFG, NMFS, USFWS, 
and environmental groups developed streamflow requirements for the lower Yuba River to 
address stressors for salmon and steelhead.  As a result, in 2008, the SWRCB adopted Corrected 
Order WR 2008-0014 that implemented the Yuba River Accord’s new instream flow 
requirements and related measures to benefit anadromous salmonids in the lower Yuba River as 
changes to YCWA’s water right permits, thereby resolving 20 years of streamflow disputes.  
That process was recognized as a landmark achievement for benefits to fish habitat protection 
and water supply reliability. 
 
Feather River 
 
In connection with the Federal Energy Regulatory Commission (FERC) relicensing of the 
Department of Water Resources’ (DWR) Oroville Project on the Feather River, the SWRCB 
adopted a water quality certification (SWRCB Order WQ 2010-0016) which contains a range of 
instream flow and water temperature control requirements downstream of Oroville Dam for both 
the Low-Flow and High-Flow Channels to protect fishery resources.  
 
Lower American River 
 
In 2000, a diverse group of individuals and organizations working with USBR, DFG, NMFS, and 
USFWS developed the Flow Management Standard (FMS) which is intended to improve habitat 
conditions for Chinook salmon and steelhead in the lower American River downstream of 
Folsom and Nimbus Dams. The FMS includes: 1) minimum flow requirements, 2) water 
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temperature objectives, 3) implementation criteria, 4) creation of an agency group to address 
river management and operational actions, and 5) a monitoring and evaluation component.  In its 
2009 Biological Opinion for the CVP, NMFS included the FMS flow, operational criteria, 
agency group, and monitoring requirements as Reasonable and Prudent Alternative measures, 
and also required an iterative temperature management planning process consistent with water 
temperature objectives of the FMS. 
 
Antelope, Mill, and Deer Creeks 
 
Although not described in the NCWA report, NMFS and DFW have recently worked 
cooperatively with water users in these three watersheds to improve upstream and downstream 
flow conditions for spring-run Chinook salmon and steelhead. 
 
Collectively, the foregoing instream flow and water temperature standards for the rivers 
downstream of the major dams in the Sacramento River basin provide a wide range of protection 
for the various runs of anadromous salmonids in the mainstem and major tributaries. Those 
standards were developed to be protective for fish as they were formulated in concert with the 
fishery resource agencies based on site-specific conditions. 
 

Recommendation:  The revised SBR should provide more specificity concerning the timing and 
location of alleged flow problems, and articulate a more-complete and balanced discussion on 
this topic with clear recognition that flow standards already established throughout the basin 
were formulated to protect fish. 
 
7) The SBR does not provide any meaningful details on non-flow measures that could 

be implemented to benefit salmonids.   

 
The document is severely lacking any details on non-flow measures that could be implemented 
to increase the quality and quantity of anadromous salmonid habitats.  Despite the SBR’s much 
generalized statements concerning the benefits of such measures, relevant information is not 
provided.  Although there are many examples of this deficiency, a good representation is the 
provision to retrofit the Freemont Weir to provide Yolo Bypass floodplain inundation during 
lower flows and longer durations to benefit outmigrating salmon.  This measure would also 
prevent fewer salmon from entering Georgiana Slough, which is the primary rationale for the 
SBR’s high-flow recommendation at Freeport.  This simple non-flow action could result in 
biological benefits greatly exceeding those postulated for the SBR’s Freeport flow proposal, 
without jeopardizing critical water supplies necessary for all salmon runs and life stages in 
upstream areas.  Numerous other examples are provided in Vogel Reports 1 and 2 previously 
provided to the SWRCB in 2012.   
 
Recommendation:  Information on this topic was previously provided during the 2012 SWRCB 
Workshops (Vogel Reports 1 and 2) and should be incorporated into the revised SBR. 
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8) The SBR provides only a very generalized description for the timing of anadromous 

salmonid life stages, and has not adequately characterized the benefits to 

outmigrating salmonids created from turbidity resulting from accretions events, and 

instead, implies that flow alone creates benefits for all salmonids.   

 
As a primary basis for the recommended flows for salmonids, the SBR relies heavily on two 
simple graphs [SBR Figure 3.4-12(a) and (b)].  Those graphs compare the average catch/effort of 
unmarked salmon in the Chipps Island trawl during April through June, 1976 – 1997 and April 
through June, 1976 – 2015 versus average Rio Vista flows for the same periods.  It is particularly 
evident that the SBR has not addressed all of the significant uncertainties associated with the 
underlying assumption of the Chipps Island trawl data and the timing of salmon outmigration.  
Other than the obvious problem of relying on this uncertainty, there are several major problems 
with using those graphs as the sole basis for the SBR’s flow recommendations: 
 

1) The Chipps Island trawl captures salmon originating from the entire Central Valley, not 
just the Sacramento River basin. 
 

2) The April through June period is not reflective of when many of the juvenile salmon 
emigrate from the Delta (e.g., June is not considered a month of high salmon emigration 
and many salmon emigrate earlier than April).  For example, SBR Table 3.4-2 shows that 
only 1% of juvenile winter-run Chinook enter the Delta during the April through June 
period; the other 99% enter the Delta prior to April.  As pointed out in the SBR, many of 
the juvenile salmon migrate out of the Delta rapidly.  Therefore, using the April – June 
Chipps Island trawl data would be inappropriate to formulate flow recommendations for 
winter-run Chinook. 

 
3) The primary driver for the linear relationship in SBR Figure 3.4-12 is due to very high, 

uncontrolled runoff during wet and above-normal water years.  In fact, exclusion of those 
several outliers shows no apparent relationship between Chipps Island trawl data and Rio 
Vista flows in April – June.  Three of the extreme outliers were in 1982, 1983, and 1995 
which were the three wettest years of record during the period of 1956 – 2009.  Flows 
during those years are far beyond flows that could be purposefully achieved through 
management actions by the SWRCB and should not be used as the primary basis for 
formulation of flow recommendations in the SBR, particularly because lesser flows in the 
realm of management show no apparent relationship on salmon catches. 

 
4) The catch efficiency of the Chipps Island trawl may vary among hydrologic conditions 

(e.g., higher turbidity and lower tidal excursion during wet years may result in higher 
efficiency in capturing young salmon). 

 
5) The data points for graph (b) for 1976 – 1997 do not appear to match the data points for 

the same period in graph (a).  Also, the specific years are noted for graph (a) but not for 
graph (b), preventing any meaningful analyses. 

 
6) The SBR inappropriately extrapolates beyond the bounds of the April – June graphs to 

the January – March period. 
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7) During the period from 1976 – 2015, some conditions in the Delta had changed 

significantly (e.g., implementation of provisions in the NMFS Biological Opinions to 
protect salmon such as Delta Cross Channel closures, export limitations, etc.). 

 
8) An annual index of trawl catch/effort versus flow, by itself, cannot be a reliable indicator 

of relative annual abundance because many other factors can have an over-riding 
influence on abundance.  For example, in some years, the strength of a particular year-
class of salmon can be significantly affected by the total numbers of salmon spawning in 
the various rivers, conditions on the spawning and rearing grounds can vary significantly 
between years, etc.  In this regard, the SBR mistakenly confuses relative abundance in the 
Chipps Island trawl with salmon survival through the Delta. 

 
9) The SBR states that “The abundance and survival of juvenile fall and winter run Chinook 

salmon emigrating past Chipps Island increase when Sacramento River flow is greater 
than 20,000 cfs between February and June (Table 3.4-7)”.  However, SBR Table 3.4-7 
cannot be used as the scientific basis for that conclusion because it is simply the SBR’s 
flow recommendations, not empirical or modeled scientific data (i.e., a recommendation 
is not a supporting scientific justification). 

 
Furthermore and importantly, the SBR’s proposed extremely high flows at Freeport and Rio 
Vista over many months does not account for the effects of turbidity on outmigration, nor does 
the SBR account for when salmonids may naturally be outmigrating.  Incorporating the natural 
variability in salmon outmigration timing is critical for any flow recommendation and should be 
articulated in the revised SBR.  This natural variability is very crucial for any flow 
recommendation to ensure flows occur when salmonids are actually present.  For example, the 
outmigration of salmon occurs in pulses associated with a combination of flow and accretion 
events causing increased turbidity.  Existing scientific information is readily available on the 
specific outmigration timing of the runs of anadromous salmons under various hydrologic 
conditions and factors such as turbidity that affects that timing.  The SBR, however, only briefly 
mentions the topic and has not incorporated that information into the flow recommendations.  
The most important abiotic2 factors stimulating episodic salmon emigration from the upper to the 
lower river are likely combinations of river flow and turbidity, which can be auto-correlated with 
precipitation and natural accretion events.  Juvenile salmon downstream migrations tend to occur 
in groups, and pulses and have shown to correspond with increased flow events and increased 
turbidity as demonstrated in USFWS salmon research performed by Kjelson et al. (1982) and 
Vogel (1982, 1989).  The life stage activities for each run of Sacramento River Chinook salmon 
highly correspond with hydrologic conditions during any given year (Vogel and Marine 1991).  
This phenomenon has been frequently observed through many years of sampling in Central 
Valley rivers and streams (e.g., Martin et al. 2001, Poytress et al. 2014).  However, the SBR has 
not incorporated this science, and largely appears to assume that salmon outmigration stimulae 
and survival are primarily functions of increased releases from water storage reservoirs; that 
assumption is not supported by the best available science.  In this regard, the SBR has greatly 
confused the issue of the biological effects of flow on salmon resulting from natural accretion 
events in contrast to the effects of flow resulting from water storage.  The SBR’s ambiguous and 
                                                           
2 An abiotic factor is smoltification. 
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incomplete discussion on this topic is very misleading.  This serious issue with the SBR’s 
recommendation of high flow from reservoirs would undoubtedly significantly reduce available 
water supplies to ensure critically important functional flows at other times of the year that 
provide cold water and support salmon spawning and rearing.   
 
Recommendation:  The SBR should include a more accurate and balanced discussion on the 
topic using the best available science. 
 
9) The purported biological benefits of the flow recommendations are not quantified 

and only vague, generalized statements are given in the SBR.   

 
The SBR does not provide a description of any clear scientific benefits associated with the flow 
recommendations for anadromous salmonids.  Additionally and importantly, the SBR fails to 
address the fact that little progress has been made on parsing out the various factors related to 
flow that may influence fish survival.  Additionally, the SBR does not address major scientific 
uncertainties and highly complex variables affecting salmonids (both in upstream areas and, in 
particular, the Delta) where the SWRCB could more appropriately focus its attention.  However, 
the SBR appears to simply conclude “more flow is always better,” without determining 
numerical thresholds or examination of site-specific causal mechanistic effects of flow on 
survival.  There are many variables intertwined with flow that may be the most important to 
affect fish survival.  For example, the very large SBR-recommended flows at Freeport for the 
entire period of January through May are proposed to push back the flood tides at the Georgiana 
Slough flow split under the auspices of reducing some outmigrating salmon from entering the 
interior Delta.  However, the SBR provides no description that benefits would be minimal if the 
following scenarios exist (among other uncertainties):   
 

1) Significant numbers of salmon are not present in the small, localized vicinity at the 
junction during the brief periods of tidal excursion; 
 

2) Most salmon have already passed the junction during prior outmigration periods; and 
 

3) A higher proportion of salmon are diverted into Sutter and Steamboat Sloughs as a 
consequence of those flows resulting in higher salmon mortality. 
 

Any potential benefits of such a measure could be greatly offset from adverse impacts to salmon 
habitats in upstream areas (e.g., reduced water supplies for cold water and salmon spawning and 
rearing habitats).   The SBR provides no explanation of anticipated quantitative benefits or 
detriments to salmon resulting from such a measure. 
 
Recommendation:  The revised document should provide detailed descriptions of the specific 
causal mechanisms of flow effects on salmon survival, and the anticipated quantitative benefits 
and adverse impacts for salmonids resulting from the flow recommendations.  Additionally, the 
SBR should address the major scientific uncertainties and highly complex variables affecting the 
fresh-water life stages of anadromous salmonids. 
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10) The SBR provides no meaningful, tangible understanding of redirected impacts on 

other species and life stages resulting from the flow recommendations.   

 
By far, the most-overwhelming adverse effects to salmonids in the Sacramento River basin 
resulting from attempts to implement extremely high unimpaired Delta inflow and outflow 
criteria are major reductions in water storage in the large reservoirs (Shasta, Oroville, Folsom).  
Without this critical water supply available for fishery resources, the negative effects on 
anadromous salmonids could be devastating.  Although the SBR claims that it provides “new 
requirements for cold water” and “describes the science supporting a new narrative cold water 
habitat requirement”, there are no relevant details.  Additionally, improperly timed high flows 
could provide unfavorable conditions for mainstem rearing fish.  Careful examination of the 
impacts of large flow increases is warranted by thorough modeling studies to determine the 
effects on water supplies, thermal impacts to fish, and alteration of instream habitats.  Here 
again, the SBR risks undermining the progress to date to increase the quantity and quality of 
anadromous salmonid habitats in the watershed.  This critical deficiency seriously undermines 
the scientific credibility of the SBR. 
 
Recommendation:  Detailed modeling studies should be conducted to show the impact of the 
high flow regimes contemplated in the SBR for fish outmigration to determine consequences to 
water supplies, and the thermal regime in the basin’s storage reservoirs as those factors affect 
anadromous salmonid spawning, egg incubation, and rearing.  A revised SBR should incorporate 
results of those analyses. 
 
11) The SBR is severely deficient in the section concerning other stressors (Chapter 4) 

on anadromous salmonids, and additional management actions which could be 

implemented to benefit salmonids.   

 
The SBR states:  “Chapter 4 summarizes the various categories of other aquatic ecosystem 
stressors in the Bay-Delta Watershed, and how stressors interact in the ecosystem.”  The SBR, 
however, is severely lacking in providing critically important scientific information of the effects 
of other stressors on the various life stages of anadromous salmonids.  This information is 
relevant because, as pointed out in the SBR, flow needs could be reduced by addressing other 
ecosystem stressors.  Matching potential stressors on particular fish life phases in time and space 
should help to tease out the most important factors that have affected and continue to affect the 
fish populations.  If definite stressors co-occur with the anticipated or known impact on specific 
fish life stages, it may indicate those stressors which are most important.  Such an analysis could 
also suggest that some variables may have minimal importance.  The SBR only provides a 
cursory, vague overview of some of the stressors for anadromous salmonids and lacks 
descriptions of the location, timing, and magnitude for those stressors affecting salmonids 
throughout the watershed.  Highly significant information on that topic was previously provided 
during the 2012 SWRCB Workshops, and should be incorporated into the revised SBR (see 
Vogel Reports 1 and 2). 
 
Recommendation:  The SBR should provide much more detail on the role of other stressors 
affecting anadromous salmonids throughout the Sacramento Basin and in the Delta, and include 
the scientific information on this topic provided in Vogel Reports 1 and 2. 
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Background 
The State Water Resources Control Board (SWRCB) is in the process of reviewing and updating its 
2006 Water Quality Control Plan for the Bay-Delta.  A working draft Scientific Basis Report 
(referred herein as the Report) has been prepared to support the update of the Bay-Delta Plan’s 
protection of fish and wildlife in the Sacramento River watershed and related areas.  The update 
considers four categories of requirements including levels of inflow, outflow, interior flow, and cold 
water habitat in an effort to protect Bay-Delta fish and wildlife throughout their migratory range.  
The Report is structured to include syntheses of available information on the hydrology of the 
Sacramento River watershed (Chapter 2), flow needs for fish and wildlife (Chapter 3), and other 
aquatic stressors (Chapter 4).  The information in these sections is then used as the scientific basis 
for recommended new and revised flow requirements (Chapter 5).    

In reading through the Report, and with respect to drafting comments based on my review, note that 
I elected to take a somewhat higher level view of the overall body of science (the so-called 
scientific enterprise) supporting regulatory activities in the Delta rather than focus on arguably 
smaller-scale, less impactful, specific technical details.  A second objective was to keep my 
comments relatively brief.  Given that background, I would offer the following global observation:   

______________________________________________________________________________ 

The scientific enterprise used to generate information about flow effects on fish populations in 
the Delta requires considerable modification.  Currently, the scientific enterprise in the Delta that 

forms the basis for the SWRCB's Report ignores large amounts of readily available information 
that could support more robust analyses of the environmental factors affecting Delta fish 

population abundances.  Instead, simplistic statistical correlative analyses of survey abundance 
indices and environmental factors are viewed as the leading scientific method even though 
extant analyses fail to consider the underlying uncertainty in those indices themselves.  As a 

result, the Report presents a scientific discussion of flow effects on Delta fish species that does not 
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satisfy the minimum analytical standards applied in other similar fish population management 
frameworks in the United States.  

_________________________________________________________________________________________________________ 

 

Building a successful scientific enterprise for fish population management 
Science-based management of fish populations requires research activities in three broadly defined 
areas: (i) natural history and life cycle biology, (ii) ecology, including investigations of habitat 
preferences and how fish populations or components of populations interact with surrounding 
environments, and (iii) population dynamics, where focus is directed at understanding how the 
abundances of fish populations change over time through explicit consideration of birth, death, 
movement, and other biological processes.  Approaches taken to advance science in these three 
areas are wide ranging but typically involve studies that are observational, 
empirical/phenomenological, and mechanistic modeling in nature, respectively.  Embedded in 
mechanistic modeling studies are simulation analyses, which have become very common in the 
fisheries literature over the past several decades due to advancements of computing power, and are 
often designed to explore dynamic responses of key population metrics such as abundance to 
hypothesized ‘states of nature’ representative of past or future contemplated regulatory actions.  
There is little debate within the scientific community associated with the management of natural 
aquatic resources that successful management frameworks require continually evolving synergistic 
and interdisciplinary activity in all three of the above arenas.      

Scientific enterprise in the Delta 
Here I briefly summarize my impression of research progress made in the Delta with respect to 
building a scientific enterprise structured by the aforementioned three research areas and necessary 
for successful management of fish populations.  My rating system includes three tiers: Good, Fair, 
and Poor. 

(i) Observational studies.  Over the past several decades, significant advancements have been made 
regarding studies of natural history and life cycle biology for fishes in the Delta, and many 
published studies are synthesized and cited in the Report.  There is too much literature to cite here, 
but one notable work in this area is the text by Moyle (2002) which provides a vast array of 
information about inland fishes of California, including species accounts for native and alien fishes 
in the Delta that span many topics ranging from taxonomy to biology/ecology to conservation.  
Although more life history studies are likely needed in the Delta (a sentiment that is true for fishes 
worldwide), a great deal is currently known about the basic biology and ecology of Delta fish 
species.  Overall rating: Good. 

(ii) Empirical/phenomenological studies.  Regarding empirically-based ecological analyses of fishes 
in the Delta, many published works have appeared in the primary literature over the years.  Studies 
by Jassby et al. (1995), Kimmerer (2002), Sommer et al. (2007), and Feyrer et al. (2007, 2011) 
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represent just a few that are discussed and cited in the Report.  However, these studies share a 
common analytical theme in that they statistically correlate annual indices of relative abundance 
and/or presence-absence of several fish species in the Delta to environmental covariates such as X2, 
turbidity, and flows within the Delta.  Two conclusions are drawn from these studies: a) such 
empirical investigations would not be possible without a wealth of systematically collected, long-
term, and highly spatiotemporally resolved fish survey data, and b) results of published correlative 
analyses are informative but they do not analyze existing data to their fullest extent or in accordance 
with standard analytical frameworks used by fisheries scientists worldwide (more details below).  
Regarding availability and maintenance of fish survey databases, my overall rating is: Good.  
However, with respect to the historical analytical treatment of survey data, my rating is: Fair.    

(iii) Population dynamics modeling.  Studies designed to develop population dynamics models 
and/or utilize simulation analyses to explore potential impacts of management alternatives are 
arguably the most vital component of a scientific enterprise underpinning science-based 
management of fish populations.  Such studies achieve three essential goals: a) they mechanistically 
integrate fundamental biological processes of fish populations such as birth, death, growth, and 
sexual maturity into a single dynamic framework, b) they facilitate direct inferences about the status 
of fish populations (e.g., depleted, healthy) which, in turn, shed light on the effectiveness of past 
management strategies, and c) they can be used to explore expected effects of future hypothesized 
management strategies on key population attributes such as abundance, thereby providing a natural 
feedback that can be used to judge the efficacy of regulatory decision-making prior to 
implementation.  Although the structure of some population dynamics models can be statistical in 
nature, the core state variables are mechanistically linked through time.  

For fish populations in the Delta, such studies are largely absent from both the primary and grey 
literature, and as a result, they are absent from the core science on how flow affect fish species 
discussed in the Report.  This represents a massive hole in the scientific enterprise underpinning the 
development of regulatory actions in the Delta.  Applied scientific inquiry in the Delta has 
seemingly evolved to place an unbalanced and overemphasis on simple 
empirical/phenomenological/correlative studies, despite there being a wealth of life-cycle biology 
information and survey data that are so often used elsewhere in the U.S. to aid population dynamics 
modeling activities structured to inform management.  There is a very clear disconnection between 
the evolution of science in the Delta and the needs of policy makers.  My overall rating: Poor 
(very).  

 
Modifications to the existing scientific enterprise in the Delta 
Here I outline three key modifications should be made to the scientific enterprise supporting policy 
decision-making in the Delta, including the SWRCB's decision-making concerning amendments to 
the Water Quality Control Plan for the Delta.  In my professional opinion, implementation of these 
modifications would greatly enhance what is known about fish populations in the Delta which, in 
turn, would significantly advance the management framework for the SWRCB, among other 
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agencies.  In the absence of such modifications, the existing framework for the Delta fails to meet 
the minimum standards of requisite scientific analyses supporting other management programs of 
fish populations in the United States, such as the scientific-management framework used by NOAA 
Fisheries and the Regional Management Councils for the setting acceptable biological catch levels 
for commercial marine fisheries.   

Modification 1: Within the arena of empirical/phenomenological/correlative investigations, efforts 
should focus on analyses of raw survey data. 
 
Much of the literature cited in Chapter 3 of the Report, including the cornerstone studies of Jassby 
et al. (1995) and Kimmerer (2002) used as the basis for Section 3.3.1, Updated Quantitative 
Analyses, involved statistically relating annual indices of relative abundance (or survival) of various 
fish species to flow through regression.  Such an approach may be attractive due to its simplicity, 
but it must be recognized that any index of abundance is a synthesis of a large number of raw field 
observations.  Although the primary purpose of a fish survey is to obtain a collection of measures of 
fish relative abundance across different time periods and spatial locations, associated measurements 
of environmental parameters are also routinely recorded for the explicit purpose of providing 
synoptic representations of how fishes are interacting with the surrounding environment.  Therefore, 
analytical efforts that focus on only annual abundance indices explicitly ignore and lose the wealth 
of highly informative auxiliary data intentionally collected with each stand-alone survey 
observation.  In the case of the Fall Midwater Trawl Survey (FMWT), the overall loss of 
information is substantial since each annual index of relative abundance is based on ~400 individual 
survey samples.  Latour (2016) therefore argued against ignoring the raw survey data and provided 
detailed analyses of raw FMWT survey data for four species at different temporal scales and in 
relation to a fairly broad suite of biotic and abiotic covariates.  Results from that study failed to 
confirm the effect of a single dominate flow covariate on fish catch-per-unit-effort (CPUE), and 
further showed that effect of annualized total suspended solids (TSS) on CPUE was far greater for 
all analyzed species than any annualized flow covariate (16 flows measures were examined).  The 
results of this study highlight an important conclusion:  correlations among response variables and 
predictor variables are not always preserved across different scales of data aggregation (raw survey 
observations vs. annual indices of relative abundance).  The Report, however, does not cite or 
discuss Latour (2016). 

Secondarily, but of equal importance, is the realization that many of the biotic and abiotic covariates 
in the Delta act synergistically on fish populations such that effects may be hierarchical. A simple 
example is the following:  greater precipitation leads to increase freshwater input to an estuary 
which elevates nutrient loads that then boost phytoplankton and zooplankton densities.  The result is 
more food availability for juvenile and planktivorous fishes.  Simply relating annual indices of 
abundance to mean flow over a given time period glosses over key mechanistic processes and does 
not permit elucidating the hierarchical effects of those mechanisms.  Within an empirical 
framework, such hierarchical linkages can only be investigated through analyses of raw survey data.  
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Modification 2: Within the arena of empirical/phenomenological/correlative investigations, efforts 
should focus on more comprehensively evaluating uncertainties in raw survey data and resultant 
analyses. 

When regression-type analyses are performed that relate, for example, annual indices of relative 
abundance to environmental variables such as X2 or flow, there are two types of variation in the 
data that should be considered.  First is the variation of the index values themselves which 
underpins estimation of standard errors of regression parameters.  This variation is discussed in the 
Report and used to support conclusions regarding statistical significance of temporal trends 
(declines) in relative abundance of Delta fish populations.  The second source of variation lies in the 
survey data that are used to estimate the annual indices.  The California Department of Fish and 
Wildlife routinely publishes FMWT trawl indices for several Delta fish species.  That agency, 
however, does not also provide estimates of precision (standard errors, coefficients of variation, 
confidence intervals) for those indices.  Failure to provide precision estimates for estimated 
quantities (in this case relative abundance estimates) violates one of the most fundamental rules in 
quantitative, inferential science.  Uncertainty estimates are essential for interpreting and judging the 
quality of estimates of interest.  For example, if over consecutive years t and t +1, the FMWT 
indices for a fish species are estimated to X and 0.85X, respectively, then a natural conclusion is that 
the relative abundance of that species declined over the period of one year.  However, if the 
confidence intervals associated with the two indices overlap, then there is no statistical difference 
between those indices and, from a purely inferential point of view, it cannot be concluded that the 
population has declined.  For all regression analyses of relative abundance indices updated in the 
Report, as well as in the many aforementioned foundational correlative studies of fish relative 
abundance indices and environmental covariates such as such as X2 or flow (Jassby et al. 1995, 
Kimmerer 2002, and those alike), treatment of the uncertainty inherent to the survey data 
themselves is inappropriately absent.  Consequently, and setting aside the previously noted 
limitations of basing analyses on survey indices rather than raw data, it is impossible to truly judge 
the robustness of conclusions regarding impacts of flow on fish populations when the analysis does 
not fully consider the uncertainty inherent in the underlying data.    

Modification 3: The scientific enterprise in the Delta should be modified to increase/redirect focus 
toward fish population dynamics modeling and related simulation analyses. 
 

Comments regarding the severe limitations of not having population dynamics and simulation 
analyses prominently within the scientific enterprise of the Delta have been noted previously.  
However, to support this assertion and to add meaningful context to the science summarized in the 
Report, a brief comparison is made between the scientific enterprises of the Delta with regard to 
informing the SWRCB on Bay-Delta flow requirements, and the U.S. oceanic ecosystem with 
regard to informing NOAA Fisheries and the Regional Management Councils about acceptable 
levels of biological catch for commercially harvested marine fisheries.   
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As stated in the Report, the SWRCB’s mission is to preserve, enhance, and restore the quality of 
California’s water resources and drinking water for the protection of the environment, public health, 
and all beneficial uses.  A component of that mission, as evidenced by the 2006 Bay-Delta Water 
Quality Control Plan and the current draft update Report involves measures to protect fish and 
wildlife beneficial uses.  The mission of NOAA Fisheries in managing commercial harvests is 
responsible stewardship of the nation’s ocean resources to ensure productive, safe, and sustainable 
sources of seafood.  This mission could be stated alternatively as the long-term protection of marine 
fisheries resources for beneficial uses.  Hence, the two agencies share the common goal (protection 
of aquatic natural resources for beneficial uses), so it would seem logical that the respective 
underlying scientific enterprises would be similar.  However, they are not, and the most obvious 
difference lies in the role and utility of population dynamics models and simulation analyses of 
management alternatives.    

For all managed marine fisheries where there are basic harvest data (catch statistics), life-cycle 
information, and survey data, like those available for fish populations in the Delta, a stock 
assessment analysis is conducted to inform agency decision-making.  Stock assessments are 
quantitative modeling studies that, at their core, utilize population dynamics models designed to 
reconcile underlying processes such as birth, natural deaths, growth, and sexual maturation with 
deaths attributable to harvest by fisheries.  Such modeling analyses are standard operating protocol 
for NOAA Fisheries in managing commercial harvests, yet they are not for the scientific enterprise 
of regulatory agencies in the Delta.  In contrast, the type of sole use of 
empirical/phenomenological/correlative analyses that appears to be occurring in the Delta and that 
is reflected in the SWRCB's Report would undoubtedly fail to pass the peer-review used for harvest 
management and thus could not be used to guide policy implementation (see 
http://www.nefsc.noaa.gov/saw/ and http://sedarweb.org/ for more information on peer-review of 
stock assessments for fisheries in the Atlantic).  Clearly, the two scientific enterprises under 
discussion have somewhat divergent evolutionary histories, but given such commonality among 
core management objectives, it would seem appropriate that they become much more similar.   

Summary statement 
Unless the Delta scientific enterprise reflected in the Report is revised to better utilize existing raw 
survey information for Delta fish populations, structure analyses of survey data - like those 
discussed in the Report – to more explicitly account for data uncertainty, and begin to more 
centrally focus on population dynamics modeling, it will continue to not meet the scientific 
standards characteristic of other U.S. fish population management frameworks such as the one used 
by NOAA Fisheries and, more importantly, it will not adequately serve the needs of the SWRCB 
and related agencies as they work to fulfill their missions.  
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ABStrAct

A sample design-based procedure for estimating pre-
adult and adult delta smelt abundance is described. 
Using data from midwater trawl surveys taken dur-
ing the months of September, October, November, 
and December for the years 1990 through 2006 and 
estimates of size selectivity of the gear from a cov-
ered cod-end experiment, stratified random sample 
ratio estimates of delta smelt abundance were made 
per month. The estimation procedure is arguably 
an improvement over the dimensionless delta smelt 
indices that have been used historically in that (1) 
the volume sampled is used in a manner that leads 
to directly interpretable numbers and (2) standard 
errors are easily calculated. The estimates are quite 
imprecise, i.e., coefficients of variation in the range 
of 100% occurred. The point estimates are highly cor-
related with the monthly indices, and conclusions on 
abundance declines are quite similar. However, both 
the estimates and indices may suffer from selection 
biases if the trawl samples are not representative of 
the true densities. Future work is needed in at least 
three areas: (1) gathering additional information to 
determine the validity of assumptions made, in par-

ticular determining the possible degree of selection 
bias; (2) developing procedures that utilize survey 
data gathered from earlier life history stages, such 
as larval surveys; (3) embedding a life-history model 
into the population estimation procedure.

KEyWorDS

Gear selectivity, Horvitz-Thompson, Hypomesus 
transpacificus, ratio estimators, stratified random 
sampling
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iNtroDUctioN

Delta smelt (Hypomesus transpacificus) is a fish 
endemic to upper (or northern) San Francisco Estuary 
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(Bennett 2005). It is a small (adult FL < 80 mm typi-
cally), short-lived (one to two years) fish. It was listed 
in 1993 as a threatened species under the Federal and 
California State Endangered Species Acts (USFWS 
1993) and is of considerable public interest for both 
environmental and economic reasons.

A key survey that was used as supporting evidence 
for the threatened species listing is the fall midwa-
ter trawl (FMWT) survey, which is conducted dur-
ing the months of September, October, November, 
and December in the Estuary. The survey, which 
samples for pre-adult (age 0) and adult (age 1) delta 
smelt as well as other fish species, began in 1967. 
Tows are taken once a month at around 100 loca-
tions or stations. The catches from these tows are 
used to construct an annual FMWT index for delta 
smelt abundance (http://www.delta.dfg.ca.gov/data/
mwt/charts.asp). Declines in the annual FMWT index 
beginning in the 1980s (Sweetnam and Stevens 1993; 
USFWS 1993) led to the threatened species listing of 
delta smelt. Surveys at larval and juvenile life his-
tory stages have also indicated precipitous declines in 
abundance over the last twenty-plus years (Greiner 
and others 2007; Sommer and others 2007).

The annual FMWT index is the sum of four monthly 
indices. To calculate a monthly index, the sampling 
region is partitioned into fourteen areas or strata. 
Figure 1 shows the current configuration of sampling 
locations (stations) and areas. Within each area, the 
average number of fish caught per trawl is calculated. 
Letting f m a,  denote the average in month m and 
area a:

f
n

fm a

a

m a s

s

na

, , ,=
=
∑1

1

where na is the number of stations in area a (gen-
erally constant between months) and fm,a,s is the 
number of fish caught during month m in area a at 
station s. The monthly index is a weighted sum of 
the f m a, , h=1,…,14, where the weights are estimates 
of water volume in each area (presumably the vol-
ume occupied by delta smelt) in ten thousands of 
acre feet. Letting wa denote the weight for area a, the 
monthly index, denoted Im, is

m a m a

a
I w f m Sep Oct Nov Dec= =

=
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1

14

         (1)

The annual index is then

I m
m Sep

Dec

I=
=
∑ .                         (2)

The indices, both monthly and annual, may be some-
what difficult to interpret and are to some degree 
technically deficient, e.g., lacking measures of uncer-
tainty, and these criticisms are discussed in the next 
section. A primary purpose of this article is to present 
a first step in the development of estimates of delta 
smelt abundance that are simpler to interpret, and 
are more statistically rigorous in the sense of clearly 
stated assumptions, use of standard survey sampling 
methodology, and inclusion of standard errors.

Before proceeding with criticism of the indices and 
presentation of the alternative estimation procedure, 
however, it should be emphasized that the ostensibly 
more rigorous statistical estimates of delta smelt pre-
sented herein do not differ in substantial ways from 
the FMWT indices, however technically flawed they 
might be. Relatedly, biases present in the new esti-
mates are largely ones that the indices would share, 
particularly selection bias. From a management per-
spective, what is important is that both the indices 
and the new abundance estimates indicate a steady, 
consistent decline in the abundance of delta smelt 
(Sommer and others 2007).

I also emphasize that additional steps are needed, and 
are in process, to further develop estimation proce-
dures, ones which incorporate life history processes 
and utilize data from surveys of other life history 
stages. Areas of future research and data analysis 
which could yield more statistically defensible and 
practically useful estimates of delta smelt abundance 
are presented at the end of the article.

criticiSM oF thE iNDicES

The first criticism is two-fold: (a) the units of the 
(monthly) indices are the sum of the product of water 
volumes and fish counts, rather than fish counts 
alone; (b) the area weights, wa in equation (1), which 
are measures of water volume, are constant within 
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each area, even though the volume sampled by the 
trawl has varied considerably between tows. Figure 2 
shows the extent of variation in tow volumes 
between stations by month and year. Area weights 
should change if the volume filtered changes. For 
example, suppose the true abundance was the same 
in a given area during September for two years in a 
row but the volume filtered in each tow during the 
second year was double the volume filtered in the 
first year. With constant weights the September index 
for the second year will be approximately twice that 

of the first year even 
though the abundanc-
es did not change. In 
fairness to the indices, 
however, changes 
in the abundance of 
delta smelt have been 
sizeable enough to 
dwarf inaccuracies 
due to variation in 
volume sampled.

A second criticism 
of the index is that 
size-selectivity of the 
midwater trawl gear is 
not accounted for. The 
probability of a delta 
smelt being caught, 
given that it is pres-
ent in the volume 
swept by the trawl, 
varies among fish of 
different size. Thus 
the number of fish 
caught at a given sta-
tion in a given month 
will depend not only 
on the abundance of 
fish present but also 
the size distribution. 
The fact that the fork 
lengths of delta smelt 
have declined since 
1967 (Sweetnam 

1999; Bennett 2005) confounds interpretation of the 
index. As an extreme and artificial case, suppose the 
fish stayed at the same station during two consecu-
tive months, there was no mortality nor immigra-
tion, the fish were all the same length, say 40 mm, in 
the first month, and then they all grew to the same 
length, 50 mm, in the second month. Further assume 
that a constant volume of water was sampled in each 
tow. Because of gear selectivity, the expected number 
of fish caught in the second month would be greater 
than the number for the first month. Thus the month-

Figure 1. Sampling station locations for fall midwater trawl and areal stratification, separated by straight 
lines and numbered. Stations in strata 2, 6, and 9 have not been sampled since 1973 and have been 
removed from the index calculation.
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ly index will increase for the second month, but the 
number of fish has not changed.

The third criticism questions the utility of an annual 
index [equation (2)]. Interpretation of the annual 
index is potentially clouded by between year varia-
tion in monthly survival. To make the effect of 
variation in survival more apparent, suppose that the 
annual index for year y was based on catches from a 
single station, i.e.,

I f f f fy S y O y N y D y= + + +, , , , ,

where the f’s are the catches at the station by month 
(with S, O, N, D denoting the months September 
through December). Further suppose that the prob-
ability of catching a fish, given that it is present in 
the volume swept by the trawl, is constant, denoted 
p, both within and between years (thus eliminat-
ing the gear selectivity issue). Let Fm,y be the total 

abundance in the area during month m in year y and 
assume the fish are distributed at random throughout 
the area around the station. The expected catch in 
month m can be written as E f p v V Fm y m y, ,/[ ] = ( ) , 
where v is the volume swept, and V is the volume of 
water in the area; i.e., v and V are constant between 
months. Assume that there is no emigration, immi-
gration, or births during the fall months, but that 
there is natural mortality. The probability of surviv-
ing from month m to month m+1 is denoted φm y,  . 
The expected value of the index, in a given year, is 
then

E I N p
v
V

y S y S y S y O y S y O y N y[ ] = +( ), , , , , , ,1 φ φ φ φ φ φ+ +

If the survival probabilities remain constant between 
years, then E[Iy] = FS,yk, where k is a constant, and 
the variation between annual indices would, on aver-
age, be a reflection of changes in the abundance 
in September. However, between year differences 
in survival probabilities do exist and interpretation 
of differences in annual indices is problematic. For 
example, suppose that Fs for two consecutive years is 
500,000 but for the first year φ φ φS O N, ,  = (0.7,0.8,0.9) 
and for the second year φ φ φS O N, ,  = (0.5,0.6,0.7). The 
expected abundances by month for the first year are 
500,000; 350,000; 280,000; and 252,000; while for 
the second year they are 500,000; 250,000; 150,000; 
and 105,000. Letting pv/V=0.001, the expected index 
value for the first year is 1382, while for the sec-
ond year it is 1005. If primary concern was over 
the abundance prior to spawning, i.e., the December 
abundance, then indices are not reflecting the fact 
that the abundance for December in the first year is 
more than twice the abundance the second year.

The procedure described next yields estimates of fish, 
as opposed to a relative index, it addresses the issues 
of variation in volume swept and gear selectivity, and 
produces standard errors for the estimates. The com-
plication of between year variation in survival and 
the annual index is avoided as only monthly esti-
mates are made. Future work will address variation in 
monthly survival probabilities.

Figure 2. Tow volumes (acre-feet) by month and year 
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DESigN-BASED EStiMAtioN ProcEDUrE

The estimation procedure is a slight variation of a 
stratified random sample ratio estimator (Cochran 
1977; Thompson 2002), where the auxiliary variable 
is the volume of water sampled during a tow. The 
variation is due to the use of a gear selectivity-based 
expansion of the caught fish, which complicates the 
variance calculations in particular.

While the FMWT survey dates back to 1967, complete 
length information for the catches, which is needed 
for the gear selectivity expansion, was only avail-
able from 1990. Estimates of delta smelt abundances 
were calculated on a per month basis for the months 
September through December for the years 1990 
through 2006.

Appendix A provides technical details on the gear 
selectivity model used for the expansion of observed 
catches to the total number in the sample volume. 
The gear selectivity model was fit using data collect-
ed during a covered cod-end experiment (Sweetnam 
and Stevens 1993), where a cover was attached to the 
cod-end of a midwater trawl which trapped fish that 
slipped through the cod-end.

Point Estimation

informal description. The trawl data are stratified 
by year, by month, and by area, where the areas are 
the same 14 non-overlapping regions of the estuary 
(Figure 1) used in the current delta smelt index calcu-
lation. Given 17 years, 4 months, and 14 areas there 
are 952 (17*4*14) strata. Within each stratum, at each 
sample station, the number of fish caught in the tow 
is expanded to yield an estimate of the total number 
of fish in the tow volume, caught and uncaught. The 
expansion is made using a model for gear selectiv-
ity based on length of fish (Appendix A). Using data 
from all the stations within a stratum, a stratum-spe-
cific ratio of the expanded abundance to volume fil-
tered is calculated. This ratio is then multiplied by the 
total volume (in acre-feet) of the stratum to yield an 
estimate of the total abundance within the stratum.

Formal description. Let fy,m,a,s denote the number 
of delta smelt in the volume of water swept by the 

trawl net at station s in area a during month m and 
year y. Likewise let vy,m,a,s denote the volume of 
water swept by the net (at that place and time). Let 
Fy,m,a and Vy,m,a be the total number of fish and 
total water volume in year y, month m, and area a. 
Total water volume per area will be assumed constant 
over time, thus Va suffices. The number of stations 
(equivalently tows) in a given year, month, area stra-
tum is denoted ny,m,a. The number of fish actually 
caught in a particular tow (at station s) is zy,m,a,s, 
and Ly,m,a,s,i, i=1,…, zy,m,a,s, is the length of the ith 
fish caught in that tow.

The estimate of total abundance (in year y and month 
m) is:
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where Pr Ly,m,a,s is the estimated probability that a 
fish of length L is caught. The estimate comes from 
the gear selectivity model (equation (9) in Appendix 
A). Equation (4) is an example of a Horvitz-
Thompson (Horvitz and Thompson 1952) estimator of 
a population total, in this case the population is all 
fish in the volume of water the net is towed through.

Variance calculation

The variance of the estimated total for a given month 
is a modification of the formula for a stratified ran-
dom sample ratio estimate of the total that uses 
separate ratios per stratum (Cochran 1977; Thompson 
2002). The modification is due to the additional vari-
ation caused by the expansions of fish present in the 
tow volume, leading to a two-stage variance formula:
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Mathematical details of the derivation are provided 
in Appendix B. A demonstration of the calculation of 
a point estimate and variance for a single stratum is 
shown in Appendix C.

Implicit to the variance formula is independence 
between sampling units. If sampling locations are 
chosen by a simple random sample (and are non-
overlapping in space), then independence is assured. 
If data are combined from two or more months and 
are based on samples taken at the same location, then 
some degree of dependence is introduced, perhaps 
some temporal correlation, and the variance formula 
would need to be modified.

There is another layer of uncertainty, sampling error 
in the gear selectivity parameters, which has been 
ignored in equation (5) and the estimated variances 
may be underestimates to some degree. The boot-
strapping procedure described next accounts for this 
uncertainty.

Bootstrapping confidence intervals

The normal distribution-based approach to calculat-
ing confidence intervals, e.g., θ θ ± ( )2 ∗ se , while 
simple to carry out, can be quite inaccurate when 
the sampling distribution of the point estimate is 
not close to normal. Additionally, as will be the case 
for some of the monthly delta smelt point estimates, 
when the coefficient of variation exceeds 50%, such 
normal distribution-based 95% confidence intervals 
would include negative values.

An alternative is bootstrapping (Davison and Hinkley 
1997). There are several ways to carry out bootstrap-
ping, but the general idea is to view the sample as if 
it were the population and then to resample from the 
sample and carry out the same estimation procedures 
applied to the original sample. Although the empha-
sis here is on confidence intervals, the bootstrapping 
procedure can be used to calculate standard errors as 
well. For the particular problem at hand, sampling 
error in the gear efficiency estimates, which was 
ignored in the previous theoretical calculations, can 
be included.

With the stratified random sampling framework, 
independent bootstrap sampling is done within each 
year-month-area stratum. Within each stratum, two 
levels of sampling occur: the resampling of stations 
and the resampling of fish in the volume trawled. 
To exactly mimic the actual sampling process, the 
sampling of stations should be done without replace-
ment. However, the volume of water sampled within 
a stratum is so small relative to the entire volume of 
a stratum, treating the sampling as with replacement 
is sufficiently accurate. A third level of sampling is 
added which reflects the uncertainty in the gear effi-
ciency calculations. The number of stations within a 
stratum are sometimes relatively small, and the boot-
strap performance can be relatively poor with such 
small samples. For example, area 4 has only three 
stations, and there is a relatively high chance that a 
resample will consist of three repeats of the same sta-
tion, and the variance would be zero for that sample.

The steps in the bootstrapping algorithm are the fol-
lowing. For a single iteration of the bootstrap resam-
pling:

The covered cod-end experiment data is resa-1. 
mpled parametrically by randomly sampling the 
812 caught fish (Table 1), where each fish was 

caught with probability Pr (L) and the estimated 
probability value is the maximum likelihood esti-
mate from the logistic model. The logistic gear 
efficiency model is then re-fit to the resampled 
fish to yield a fitted gear selectivity model,

Pr( ) exp( )

exp( )
*

* *

* *L
L

L
=

+

+ +

β β

β β

 

 
0 1

0 11
                (6)

For area 2. a, the na stations in the stratum are 
sampled with replacement.

For station 3. s in area a, a sample of observed fish, 
a sz ,
* , is generated using the following binomial 

distribution, 

a s a s a sz f p,

*

,

*

,

*

, ,∼ Binomial [ ]( )
where a sf ,

*[ ]  is the rounded bootstrap-generated 
number of actual fish at the station, calculated 
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using equations (4) and (6), a s a s a sp z f,
*

, ,
* =  /    .

For station 4. s in area a, given a sz ,
* , an estimate of 

the number of actual fish, f a s


,
* , is calculated by 

a s a sz p,
*

,
*/

Given the 5. f a s


,
* , the stratified sample ratio for-

mula (equation (3)) is used to calculate a boot-
strapped total abundance estimate.

The above steps essentially mimic the sampling and 
estimation procedure carried out with the real data. 
The generation of observed fish using the binomial 
distribution is based on the result that the overall 
probability of capturing fish of varying sizes can be 
found by integrating the joint probability of capture 
and fish size over size, i.e., p L L dL= ( ) ( )∫ Pr g  , 
where g(L) is the probability distribution for size. The 
probability distribution for size classes can be esti-
mated by f L f ( ) ( )/ ⋅ , where f ⋅( )  is the estimated 
total number of fish and f L ( )  is the estimated total 
number of size L fish. For a given trawl with z total 
fish captured with lengths L1,…,Lz, the overall cap-
ture probability can then be approximated as follows:

p L g L dL
L

L

L

i

i
i

z

i
i

z
= ≈ =( ) ( )

( )
( )=

=

∑

∑
Pr

Pr
Pr

1

1

1

1 Pr

zz

f ⋅( )∫ .

In other words p is estimated by the actual total 
number of caught fish divided by the estimated num-
ber present in the trawled volume.

rESUltS

The observed number of delta smelt caught each 
month for the years 1990 through 2006 are shown 
in Table 2. Delta smelt caught by the midwater trawl 
during the fall months are predominantly age 0 fish, 
although some age 1 fish are caught. However, exact-
ly which fish are age 0 and are age 1 is not routinely 
determined and estimates were based on the total 
number of fish caught by the midwater trawl.

Data on volumes swept were missing for some of the 
stations where there were no delta smelt recover-

table 1. Approximate catches by length (mm) of delta smelt in 
the August 1991 covered cod-end experiment. r LI ( )  is the 
observed fraction of fish of length L caught by the inside net. 

group length outside inside

1 21.25 1 0 0.00

2 23.75 1 0 0.00

3 26.25 0 0 NA

4 28.75 2 0 0.00

5 31.25 2 0 0.00

6 33.75 1 1 0.50

7 36.25   7 2 0.22

8 38.75 8 6 0.43

9 41.25 20 6 0.23

10 43.75 33 27 0.45

11 46.25 91 29 0.24

12 48.75 77 50 0.39

13 51.25 153 31 0.17

14 53.75 77 27 0.26

15 56.25 62 9 0.13

16 58.75 19 5 0.21

17 61.25 10 2 0.17

18 63.75 2 2 0.50

19 66.25 2 1 0.33

20 68.75 1 2 0.67

21 71.25 0 2 1.00

22 73.75 0 4 1.00

23 76.25 0 8 1.00

24 78.75 0 9 1.00

25 81.25 0 11 1.00

26 83.75 0 6 1.00

27 86.25 0 1 1.00

28 88.75 0 2 1.00

Total 569 243

r LI ( )
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ies. This occurred 16% of the time, for 155 of the 
952 year-month-area samples. A value of 6,351 m3, 
which was based upon the size of the net mouth 
opening, net length, and typical length of time of 
towing (Dave Contreras, California Department of 
Fish and Game, personal communication) was substi-
tuted for the missing values.

The monthly point estimates and standard errors 
for delta smelt abundances are shown in Table 3. 
The standard errors are based on equation (5), thus 
exclude error in the gear efficiency estimates. The 
bootstrap standard errors, however, were quite close 
to these theoretical estimates (Pearson correlation 
coefficient = 0.999, median difference of theoretical 
— bootstrap = 1.8) suggesting that the variance due 
to error in the gear efficiency model had relatively 
little impact on the total standard error. The standard 
error from area 10 cannot be estimated and has been 
set equal to zero because there is only one sam-
pling station in that area; in practice, delta smelt are 
almost never recovered in area 10 and the standard 

error would be zero anyway. The coefficients of vari-
ation (not shown) range from 22% to 130%, with a 
median value of 41%. The bootstrap confidence inter-
vals (95% level), based on 1000 bootstrap samples, 
for the monthly estimates are shown in Table 4 and 
indicate the relatively high degree of uncertainty in 
the point estimates. That uncertainty is also apparent 
in Figure 3, which contains side-by-side boxplots of 
the bootstrap sample point estimates by month and 
year. Note that the zero valued lower bounds are not 
technically correct since at least one fish was caught 
in any given year-month, but with the bootstrap 
resampling there was a relatively high probability of 
getting zero recoveries in some cases, e.g., December 
2006 when only one fish was caught (Table 2).

table 3. Monthly estimates, in thousands of fish, and theoreti-
cal standard errors (in subscripts) of ages 0 and age 1 delta 
smelt abundances for 1990-2006, summed over all 14 sampling 
areas 

year September october November December

1990 553277 28689 887333 7232
1991 613217 1114355 1182324 18665
1992 464148 2121 310108 13667
1993 2703990 30291138 605178 866208
1994 442334 7544 4828 9146
1995 983252 2760712 2761761 554178
1996 12450 13446 6637 618282
1997 6432 924422 577208 691167
1998 1882527 616149 7749 366100
1999 1760500 2876930 762163 1405621
2000 44331333 830221 394132 1087421
2001 735285 36591114 10246 14469
2002 12551 336142 23091 277100
2003 9642 964488 13778 24297
2004 7744 9846 14659 3722
2005 1311 5331 5630 4523
2006 309123 2617 3525 45

table 2. Numbers of delta smelt caught by month for 1990-
2006, summed over all 14 sampling areas 

year September october November December

1990 88 42 157 15

1991 104 213 237 30

1992 61 2 48 22

1993 334 414 85 131

1994 56 7 6 17

1995 96 322 346 73

1996 16 21 11 82

1997 9 93 62 123

1998 185 87 14 68

1999 192 374 131 130

2000 415 107 54 125

2001 68 409 17 25

2002 14 42 27 44

2003 13 118 15 36

2004 9 17 19 6

2005 2 8 7 7

2006 30 4 4 1
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The monthly point estimates (in thousands of fish) for 
the delta smelt abundances, summed over strata, are 
plotted against year in Figure 4. The FMWT monthly 
indices, (multiplied by 10 to make comparison easier), 
are also plotted in Figure 4. The point estimates and 
the monthly indices are highly correlated (r = 0.97, 
0.98, 0.95, and 0.98 for September through December, 
respectively). The deviations between the point esti-
mates and the indices are largely a reflection of the 
effect of accounting for gear selectivity and account-
ing for variations in volume filtered. General results, 
however, about the status of the delta smelt popula-
tion levels are the same for both measures: precipi-
tous declines are apparent.

BiAS, PrEciSioN, AND FUtUrE DirEctioNS

The quality of estimates of abundance can be mea-
sured by the amount of bias and variance. Bias is a 
systematic departure from the underlying true val-
ues, i.e., either consistent under- or over-estimation, 
and is largely due to assumptions of the estimation 
procedure not being met. Some of the important 
assumptions of the estimation process are discussed 
below along with concerns about violations of these 
assumptions. Variance, on the other hand, is a mea-
sure of non-systematic, random deviations from 
the underlying true values, i.e., the degree of preci-
sion, and factors affecting variance are also dis-
cussed. Given the inherent variability in fish densi-
ties throughout the Estuary over time, however, and 
the fact that delta smelt are a dynamic population, 

table 4. Bootstrap confidence intervals (95% level) summed over all 14 sampling areas for age 0 and age 1 delta smelt abundances (in 
thousands of fish) for 1990-2006

year September october November December

1990 141 1109 129 459 361 1549 21 137

1991 260 1048 488 1817 599 1894 79 319

1992 234 767 0 72 125 525 28 265

1993 1016 4841 1198 5647 288 959 510 1319

1994 26 1237 10 176 6 115 16 183

1995 530 1507 1561 4542 1481 4303 247 968

1996 46 228 54 224 11 143 179 1196

1997 12 133 292 1877 218 988 399 1043

1998 1054 2927 348 921 13 182 204 571

1999 920 2800 1307 4684 466 1107 447 2740

2000 2216 7121 425 1279 170 670 461 1972

2001 255 1378 1719 5805 29 203 41 310

2002 42 225 117 656 82 441 103 517

2003 21 182 311 1988 24 309 76 441

2004 10 182 25 196 43 271 0 83

2005 0 36 6 126 9 122 9 93

2006 112 579 0 67 0 90 0 16
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the best way to improve the precision of abundance 
estimates may be to develop alternative estimation 
procedures that explicitly recognize underlying popu-
lation dynamics and spatial-temporal factors, and 
initial thoughts about such an alternative are given.

Bias

Within a stratum, the estimate of total abundance is 
a function of three components (see equation (3)),

Stratum Volume x Estimated Sample Abundance
SSample Volume

where “Estimated Sample Abundance" is the sum 
over the sample stations of expanded estimates of the 
number of smelt in the volume swept by the midwa-
ter trawl and “Sample Volume” is the sum of those 

swept volumes. Bias in any one of these terms can 
lead to bias in the stratum abundance estimate.

Stratum volume, Va, is not constant over time, e.g., 
tidal variation affects water volume, but the assump-
tion is that Va is on average unbiased. A more criti-
cal concern, perhaps, is whether the total volume, 

Va
a=∑ =

1

14
1 706 000, ,  acre-feet, is an unbiased esti-

mate of the volume of water occupied by delta smelt 
during the fall months.

Regarding the volume of water sampled by the trawl 
(“Sample Volume”), measurements of individual tow 
volumes were calculated from flowmeters pulled 
alongside the vessel during net retrieval and from 
estimated average net mouth area during the tow. 

Figure 4. Stratified ratio estimates (solid lines, thousands 
of fish) of monthly delta smelt abundance (1990–2006) and 
monthly fall midwater trawl indices (dashed lines, multiplied 
by 10) 

Figure 3. Bootstrap sample estimates of abundance by month 
and year 
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However, actual tow volumes could on occasion 
be less than the estimated values in shallow areas 
where planing doors, which held the net mouth 
open, periodically contacted the bottom, and tension 
from water pressure on net meshes caused the net 
mouth to partially collapse (Randy Baxter, California 
Dept. of Fish and Game, personal communication). 
In those cases, the tow volume measurements would 
be overestimates and abundance estimates would be 
biased low. As an aside, the monthly estimates are 
relatively robust to variation in reported tow vol-
umes. Substitution of the median tow volume, from 
all tows, for individual tow volumes led to monthly 
estimates very similar (Pearson correlation coeffi-
cient = 0.978) to those shown in Table 3.

Bias in the estimated sample abundance is potential-
ly the most serious bias and there are two possible 
sources of bias. Bias could arise in the expansion of 
actual catch to estimated fish present in the volume 
swept. If fish below some length Lmin, say, had zero 
probability of capture, then the abundance estimate 
would clearly be an underestimate. However, the fact 
that average fork length during September is 40 to 
50 mm (Bennett 2005) and that the midwater trawl 
caught fish as small as 28 mm supports the assump-
tion that the vast majority of fish present during the 
fall months did have a positive probability of being 
caught. The expansion could still be biased if the 
capture probability estimate was biased. The calcula-
tion of Pr (L), based on the covered cod-end data of 
Sweetnam and Stevens (1993), assumed that: (a) the 
cover outside the cod-end was 100% effective; (b) 
there was no gear avoidance in the volume swept 
by the trawl; (c) the probability of capture by the 
cod-end was a logistic function of length; (d) prob-
ability of capture was independent of towing dis-
tance, towing speed, and fish abundance within the 
volume swept. Avoidance of gear due to avoidance 
of the survey vessel itself, trawl doors, or the trawl is 
always a concern (Gunderson 1993), and would lead 
to negative biases in abundance estimates. While the 
fraction of the catch of length L fish retained in the 
cod-end, relative to fish caught in the cover, tended 
to increase with increasing length, it was not a very 
smooth increase (Appendix A), which does call into 

question the appropriateness of the logistic model.

Even assuming that the expansion of catch in the 
tow volume to actual numbers present was unbiased, 
say estimated sample abundance ≈ abundance in the 
volume towed, bias could arise if the water the trawl 
sampled was not representative of the water volume 
in the stratum, i.e., selection bias. This would not 
be a problem if the fish were uniformly distributed 
throughout the volume of water in a region, any 
sampling of the water by the trawl would be repre-
sentative. However, if there were systematic spatial 
inhomogeneities in the fish density, such as fish 
tended to cluster near the surface and away from 
shoreline, and if the trawl systematically under- or 
over-sampled higher density volumes, then bias 
would result.

Concerns over selection bias are triggered by large 
differences in estimates of abundance presented 
here and recent estimates by Kimmerer (2008), who 
used the spring Kodiak trawl (SKT) survey data. The 
Kodiak trawl survey began in 2002, samples during 
the months of January through May, and overlaps to 
a large degree the area sampled by the FMWT, except 
for the San Pablo Bay areas (areas 1, 3, 5, 7, and 8; 
Figure 1) which has had relatively few recoveries. 
As an example of the wide discrepancy in values, 
the December 2004 abundance estimate based on 
the FMWT is 37,000 fish (Table 3) while the January 
2005 abundance estimate based on the SKT is over 
800,000 fish. Kimmerer (2008) also used a ratio esti-
mator, sample abundance to water volume sampled, 
but did not stratify. Much of the difference can be 
attributed to considerably greater number of delta 
smelt caught by the Kodiak trawl: the December 2004 
FMWT survey caught six delta smelt (Table 2) at a 
total of 112 sampling locations and sampled approxi-
mately 632,000 m3 of water, while the January 
2005 SKT survey caught 220 delta smelt at a total of 
38 sampling locations and sampled approximately 
900,000 m3 of water (Dave Contreras, California 
Dept. of Fish and Game, personal communication). 
The Kodiak trawl tends to sample the upper portions 
of the water column while the midwater trawl takes 
an oblique tow from the lower to upper portions of 
the water column. It is unclear, however, whether 
either trawl is taking a representative sample of the 



san francisco estuary & watershed science

12

water volume, i.e., selection bias could be present in 
both surveys. Careful investigation of the abundance 
of delta smelt by position in the water column com-
bined with estimation of the water volume sampled 
by depth, by gear type, is clearly necessary.

increasing Precision

Even if bias in the abundance estimates was minimal, 
imprecision is large, e.g., coefficients of variation 
exceed 50% for over 30% of the year-month esti-
mates. For the stratified random sample ratio estima-
tor, the imprecision is largely a sample size issue. 
Variability in fish numbers between tows, potentially 
a function of fish aggregation and relative rareness 
of the fish, is considerable enough that even in high-
ly favorable conditions delta smelt will not be caught 
in every tow.

Precision can be increased by increasing the number 
of stations and sample size determination is pos-
sible using the variance formula (equation 10 in 
Appendix B). Given the observed large coefficients 
of variation for 100 stations, even a doubling of the 
number of stations may not yield satisfactory levels 
of precision for management actions. This, however, 
will likely be prohibitively expensive and practically 
impossible. An alternative is to use a combination of 
design- and model-based inference.

Alternative Estimation Procedures

The stratified random sample ratio estimator is large-
ly a design-based estimator. A design-based estima-
tor just uses the fact that probability samples are 
taken, where the probability of including a particular 
sampling unit is known, to calculate point estimates 
and standard errors. For example, the sample aver-
age, y , from a simple random sample of size n from 
a population of size N is unbiased by design, each 
sampling unit has probability n/N of being selected 
and the average value of y  over the n

N( )  samples is 
the population average.

In contrast, with model-based inference underlying 
structure is assumed about the population of inter-
est. In a trivial sense, the use of water volume as 

the auxiliary variable in the ratio estimator is an 
example of model-based inference: as the water vol-
ume increases, the number of fish in the sample is 
assumed to increase in a linear manner. Less trivially, 
other covariates could be included in the estima-
tion procedure so long as covariate measurements 
are available for both the sampled and unsampled 
volumes. For example, salinity or turbidity could be 
used as covariates so long as these measurements 
were available for the unsampled portions of an area. 
The sample data would be used to fit a regression 
model such as

f v salinityy m s y m s y m s y m s, , , , , , , ,= + + +0 1 2β β β ε

where v is volume sampled. Then for unsampled 
volumes, the number of fish would be estimated by 
plugging in the corresponding covariate values.

A limitation of the estimation approach presented 
in this paper is that the abundance estimates were 
calculated independently on a per year, per month, 
and per area basis, with no connection in time or 
space between estimates. This meant that estimates 
of total abundance for one month could exceed the 
estimated total for the previous month even though 
no births have occurred and even if the system were 
closed in the sense that immigration into the four-
teen areas was unlikely. For example, the estimated 
abundance in December 1999 is nearly double that 
for November 1999. This deviation is partly a func-
tion of sampling variation but it is also a reflection 
of the lack of spatial-temporal connectivity in the 
estimation procedure.

An alternative that could be much more statisti-
cally efficient is to develop a spatial-temporal model 
for abundances such that estimates for a given 
month and area are a function of data from the 
given month and area as well as data from adjacent 
months and areas. Additional data from other sur-
veys besides the FMWT, such as the 20 mm surveys 
(samples larvae) and the summer townet surveys 
(samples juveniles), could inform the estimates, too. 
Such an estimation procedure would be underpinned 
by a life history model (Newman and Lindley 2006), 
and a small step in that direction is described in a 
companion paper. Such a model-based approach, 
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which recognizes both the underlying continuity in 
the spatial and temporal distribution of delta smelt as 
well as the population dynamics of the species, could 
potentially serve as a tool for understanding reasons 
for the decline in delta smelt abundances. Life history 
parameters, such as survival probabilities or fecundity 
rates, for example, could be modeled as functions of 
biological and environmental covariates thought to 
influence population abundance.
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APPENDix A: gEAr SElEctiVity EStiMAtioN

To estimate the number of fish present in the volume 
swept by the midwater trawl, the selectivity of the 
gear is needed. Exactly what is meant by gear selec-
tivity needs defining.

To begin, suppose at time t and location x a given 
fish of size or shape would be present in the absence 
of fishing gear passing through or by this location. 
The probability that such a fish would be caught by 
the gear is defined to be the long run relative fre-
quency of times the gear would capture such a fish 
if the fishing process could be carried out repeatedly 
under (nearly) identical conditions. For delta smelt 
it will be assumed that length, L, is the only factor 
affecting this probability and it will be denoted p(L). 
Note that 1–p(L) is the probability of either evading 
the gear or escaping the gear. A fish evades if it is 
stimulated by the gear to leave or avoid location x 
prior to time t. A fish escapes gear if it remains pres-
ent at location x at time t as the gear passes through, 
or occupies, that location but the fish is able to 
escape from the gear; e.g., it slips through the mesh 
of a net. A gear is said to be selective if the p(L)<1 
for at least some L, and nonselective if p(L)=1 for 
all L. Absolute gear selectivity will be defined to be 
the same as p(L), a probability of capture that varies 
with fish size. In contrast, relative gear selectivity is 
defined, with reference to two or more gear types, as 
the ratio of capture probabilities for fish of size L; 
i.e., pi(L)/pj(L) is the ratio of capture probabilities for 
gear type i to gear type j.

Millar (1992) developed a general procedure for esti-
mating the gear selectivity of various fishing gear, 
including trawl gear, given data from gear efficiency 
studies. One type of the trawl gear efficiency study 
he considers is a covered cod-end study where a rel-
atively fine mesh net is attached outside the cod-end, 
which presumably catches all fish that pass through 
the cod-end. The procedure is next explained and 
then applied to data from a covered cod-end experi-
ment discussed by Sweetnam and Stevens (1993).

Millar’s general Approach

Millar formulated a probability distribution for the 
catch of length L fish by one gear type given the total 
catch of length L fish by two or more gear types fish-
ing the same region. The essence of his idea as it per-
tains to trawl studies can be stated as follows, where 
for simplicity only two gear types are considered. 
First define p1 to be the probability that a fish comes 
into contact (is exposed to, say) with gear type 1 
given that it contacted by either gear type; then 
p2 = 1– p1 is the probability for gear type 2. Assume 
that the number of length L fish coming in contact 
with any gear, nL, is a Poisson random variable with 
rate λ λL L Ln,  ~ Poisson( ) . The number of fish of 
length L coming into contact with gear type 1 is  
then Poisson p L1λ( ) , and for gear type 2 it is 
Poisson ( 1 1−( )p Lλ ). Let ri(L) be the probability that 
a fish of length L is caught by gear type i conditional 
on it contacting that gear type. Then the number of 
fish of length L caught by gear type i, say yi(L), is 
Poisson r L pi i L( )( )λ . It can then be shown that the 
probability distribution for y1(L) conditional on the 
total number caught, y.(L) = y1(L) + y2(L), is bino-
mial:

y L y L Binomial
r L p

r L p
y L1

1 1

1 1

( ) ( )
+

. ( )
( )

( .( ), ~ 
rr L p2 11( )( )

)
−

.

The key advantage, thus, of conditioning on the total 
catch is that the parameters specifying the density, 
and implicitly the size distribution, of fish of length 
L, namely the λL ’s, have been eliminated from the 
distribution of catches.

The practical question for applications then reduces 
to the particular formulation of r1(L) and r2(L) and 
whether or not all the parameters are estimable given 
the observed catches, y1(L) and y2(L), say.

An illustrative example given by Millar is the case 
of alternate hauls with two different size mesh 
trawl nets, where the net with the finer mesh size is 
assumed to be non-selective. Denote the selective net 
gear 1 and the non-selective net gear 2; r2(L) then 
equals 1 for any L. A logistic model is assumed for 
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r1(L), i.e., 

r L
L

L
1

1
( ) = +( )

+ +( )
0 1

0 1
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Millar then applies this model to an alternate haul 
study of haddock, yielding estimates of p1, β0 , and 
β1 .

Millar (1992, page 967) makes brief mention of cov-
ered cod-end studies where he implicitly assumes 
that the outer mesh is non-selective. While he does 
not describe his reasoning, he states that the prob-
ability distribution for the number of fish caught by 
the inner cod-end net, yI(L), conditional on the total 
number of fish caught, is binomial with probability 
rI(L). His reasoning is not necessarily based on his 
general model due to the uniqueness of the covered 
cod-end trawl, because contact by the inner net in 
a sense implies contact by the outer cover net. A 
conclusion similar to his, however, can be arrived at 
by the following argument. Let n(L) be the number 
of fish of length L present in the region to be fished, 
and let yO(L) be the number of fish caught in the 
outer cover. Then the joint distribution of yI(L) and 
yO(L) is trinomial

y L y L n L pr L p r LI O I I( ) ( )( ) ( ) ( ) − ( ), ~ , ,Trinomial 1(( ) ( )( )r LO ,

where p is the probability of coming into contact 
with the combined gear. Assuming the outer mesh is 
non-selective, rO(L) = 1. The conditional probability 
for yI(L) given y.(L)is then

y L y L BinomialI y L
pr L

pr L p
I

I
( ) | .( ) ~ ( .( ),

( )

( ) (
 

+ 11 −
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where a reasonable formulation for rI(L) is the logis-
tic model in equation (7).

Application to a Delta Smelt gear Efficiency Study

During August 28-29, 1991, a covered cod-end study 
was carried out by the California Department of 
Fish and Game (Sweetnam and Stevens 1993) using 
a standard midwater trawl net, where the cod-end 
had a 1/2 inch mesh size and the cover was 1/8 inch 
mesh size. A total of 243 delta smelt were caught 
in the inner (cod-end) net and 569 delta smelt were 
caught in the outer cover. The original data giving 
the exact lengths of fish are no longer available but 
the approximate catches by lengths can be calculated 
using the frequency histogram shown in the 1993 
report (page 32).

Table 1 contains the constructed data. The column 
labeled r LI ( )  is the number caught by the inner net 
divided by the total number caught, i.e., an empirical 
estimate of rI(L). The data are at odds with the model 
in equation (8) in that one would expect r LI ( )  to 
increase monotonically as length increases, but it 
varies in a non-systematic way between lengths 
36.25 and 66.25 mm. Once a fish reaches 71.25 mm 
in length, however, it was estimated to be caught 
with certainty.

With the above concern in mind, the cod-end model 
in equation (8), with the logistic formulation, was fit 
and yielded the following capture probability:

r L L
L

L
I ( ) ≡ ( ) =

+( )
+ +( ) =

0 1

0 1

Pr
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exp
eβ β

β β1
xxp . .
exp . .

.
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3 89 0 0585

1 3 89 0 0585
L

L    (9)

For example, if a fish is of length 55 mm, its prob-
ability of capture is 34%. Figure 5 plots the fitted 
values for rI(L) against length (the line) and includes 
the observed fractions of the catch in the inner mesh, 
relative to total catch, for each length class (the 
points). The fitted line is smoothing the observed 
relative fractions.
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APPENDix B: MAthEMAticAl DEtAilS 
oF VAriANcE EStiMAtioN

Assuming independence between strata, the variance 
of the total is the sum of variances for the individual 
strata:

Var F Var Fy m y m a
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=
∑
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              (10)

The variance of the estimated total within a stratum 
is (see Cochran 1977, eq’n 6.13; or Thompson 2002, 
pp 68-69):
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Given the tiny volume of water sampled relative 
to the total water volume within an area, the finite 
population correction factor can safely be assumed 
negligible.

Accounting for the uncertainty in the estimate, 

f y m a s , , , , involves using the two-stage variance for-
mula, which for two random variables, X and Y, is 
Var(Y) = EX[Var (Y|X)]+VarX[E(Y|X)]. In this par-

ticular setting, Y is 
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vy,m,a,s terms make up X. To reduce notation X will 
be retained in the following:
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First component

Regarding the first component of equation (12):

EX Var
f

v
s
n

y m a s

s
n

y m s

y m a

y m a[ (
, ,

, ,

, , ,

, , ,

Σ

Σ
=

=

1

1



aa

y m a sX
Var f XEX

s
n

s

y m a

|
( |)

)
(] [
, ,

, , , = Σ

Σ
=

=

1

1


nn

y m s a
y m a v, ,

, , , ) ]2

=
= =

∑E
v

VarX
s
n

y m a s s

n

y m a

y m a

[
( ), ,

, ,

, , ,
(

Pr
1 1

1
2

1Σ ( ), , , ,

)]
, , ,

Ly m a s ii

zy m a s

=
∑

1

≈
−

=

1 1

1
2( ), ,

, , ,

Pr( )

Pr
, , , ,

Σ s
n

y m a
y m a v S

y m a s iL

 (( ), , , ,

.
, , ,, ,

Ly m a s ii

z

s

n y m a sy m S

2
11 ==
∑∑  (13)

The last step in the above derivation is based on 
an estimate of the variance of a Horvitz-Thompson 
(Horvitz and Thompson 1952) estimate of a popula-
tion total. Given a population with N individuals, 
where the probability that individual i is selected is 
π i i N, , , , = …1  and n individuals are selected, the 
Horvitz-Thompson estimate of N is N

ii

n  = 1
1π=∑  . 

Defining an indicator variable I(j) to equal 1 when 
fish j is caught and 0 when it is not, the variance of 
N  is as follows: 

Var N Var I j Var I j
j

N

j jj

N

( ) ( ) ( ( )( ) = =
= =
∑ ∑

1
2

1

1 1
π π

))

Figure 5. Fitted values for Pr(L) for the Millar model for the 
August 1991 covered cod-end experiment. The conditional 
and unconditional Pr (L) ( rI) values are identical for the Millar 
model. Plotted points are the observed fractions of catch (by 
length class) from the inside net. 
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assuming that the capture of one animal is indepen-
dent of the capture of any other animal. In practice, 
however, N is unknown as are the π j ’s for the unob-
served animals. An unbiased estimate of the variance 
in practice (see equation (6) on page 54 of Thompson 
2002) is

Var N
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2
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.

The capture probability, Pr(L), is estimated, but that 
uncertainty has been ignored here, thus the vari-
ance will be somewhat underestimated. To properly 
account for this uncertainty requires a “triple” vari-
ance formula.

Second component

Looking at the second component of equation (12): 
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where v y m a
_

, ,  is the average volume of samples taken 
within the area.

total Variance

Given equations (13) and (14), the variance estimator 
within a stratum is:
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APPENDix c: DEMoNStrAtioN  
oF EStiMAtioN ProcEDUrE

The estimation procedure is demonstrated numeri-
cally for area 1, which includes 4 stations, 336, 337, 
338, and 339, during September 1995. There were 
two fish caught, both with length 49 mm, one at sta-
tion 336 and one at station 338. The data relevant to 
the calculation are shown below.

Station

Fish 
length 
(mm)

Estimated 
# of fish

Volume 
Swept 

(m3)

Volume 
Swept 

(acre-feet)

336 49 3.783 5866 4.7556

337 N/A 0 6351 5.1488

338 49 3.783 4761 3.8597

339 N/A 0 2728 2.2117

Total 7.566 19706 15.9759

There are three steps to calculate an estimate: 

1. Expand the number of observed length L fish 
to total number of length L fish. The expanded 
number of fish represented by a 49 mm fish is 
3.783. This is estimated by inverting the prob-
ability of catching a 49 mm fish, 1 Pr  (length 
49 mm fish is caught), where Pr(L) is based on 
the fitted gear selectivity model (see equation (9) 
in Appendix A). The probability that a length 
49 mm fish is caught is exp(−3.89+0.0585*49)/
[1+exp(−3.89+0.0585*49)] = 0.2643462. Thus, the 
estimated number of 49 mm fish in the volume 
trawled is 1/0.2643462= 3.783.

2. Calculate the ratio of total fish to total volume 
sampled. The estimated total number fish in the 
four tows is

f Sept1995 1, , , ⋅ = 3.783 + 0 + 3.783 + 0 = 7..566.

The estimated ratio of fish to volume swept (in 
acre-feet):
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 = 7.566

15.9759
 = 0.4735782,

where v Sept1995 1, , , ⋅  is the total sample volume 
swept.

3. Estimate total fish in stratum, Fh, by multiplying 
the ratio by total volume. The total volume for 
area 1 is 81,000 acre feet. The estimated number 
of fish in 1995 in September in area 1 is 

F Sept1995 1, ,  = 81000 0.4735782 = 38,360.∗

The expansion from the observed number to the 
estimated number is considerable, and this is due to 
the sampled volume being about 0.02% of the total 
volume. If the fish density was relatively constant 
throughout each area, this would not necessarily be 
worrying; however, as will be evidenced by the stan-
dard errors, density is quite variable.

The variance for the estimated total is calculated 
using equation (5). Some of the values needed in 
the formula include the average volume swept at 
the four stations (3.994 acre-feet), the probability 
of catching a 49 mm fish (0.264), and the estimated 
ratio, R  (0.4736). The estimate of the variance for 
the total is
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−

=  541,248,696 + 452,710,045 = 993,958,741

The first component in the previous sum reflects 
the uncertainty in the gear effectiveness expansions 
while the second component reflects the between 
sample variation of the ratio estimates. The coeffi-
cient of variance point estimate/ , is 82%.
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Abstract Investigating the effects of environmental, biologi-
cal, and anthropogenic covariates on fish populations can aid
interpretation of abundance and distribution patterns, contrib-
ute to understanding ecosystem functioning, and assist with
management. Studies have documented declines in survey
catch per unit effort (CPUE) of several fishes in the
Sacramento-San Joaquin Delta, a highly altered estuary on
the US west coast. This paper extends previous research by
applying statistical models to 45 years (1967–2012) of trawl
survey data to quantify the effects of covariates measured at
different temporal scales on the CPUE of four species (delta
smelt, Hypomesus transpacificus; longfin smelt, Spirinchus
thaleichthys; age-0 striped bass,Morone saxatilis; and thread-
fin shad, Dorosoma petenense). Model comparisons showed
that along with year, the covariates month, region, and Secchi
depth measured synoptically with sampling were all statisti-
cally important, particularly in explaining patterns in zero ob-
servations. Secchi depth and predicted CPUE were inversely
related for all species indicating that water clarity mediates
CPUE. Model comparisons when the year covariate was
replaced with annualized biotic and abiotic covariates indicat-
ed total suspended solids (TSS) best explained CPUE trends
for all species, which extends the importance of water clarity
on CPUE to an annual timescale. Comparatively, there was no
empirical support for any other annualized covariates, which
included metrics of prey abundance, other water quality pa-
rameters, and water flow. Top-down and bottom-up forcing

remain important issues for understanding delta ecosystem
functioning; however, the results of this study raise new ques-
tions about the effects of changing survey catchability in
explaining patterns in pelagic fish CPUE.

Keywords Delta and longfin smelt . Sacramento-San Joaquin
Delta . Zero-inflated generalized linear models .Water flow .

Zooplankton .Water quality

Introduction

The dynamics of fish populations involve a complex suite of
biological processes operating at different temporal and spatial
scales. Abiotic and biotic variables modulate the intrinsic bi-
ological properties of individual fish species and structure the
diversity and abundances of species within ecosystems. Such
variables can be ecological, environmental, climatic, and an-
thropogenic, and they synthetically influence ecosystem dy-
namics. Ecological variables are often described in the context
of bottom-up (Chavez et al. 2003; Frederiksen et al. 2006) or
top-down (Cury and Shannon 2004; Hunt and McKinnell
2006) control of food webs, while environmental variables
such as temperature, dissolved oxygen, and others have been
shown to influence early life history (Norcross and Austin
1988) and the distribution of fishes within ecosystems
(Breitburg 2002; Craig 2012; Buchheister et al. 2013).
Climate variability can have a multipronged impact, exerting
influence on specific life stages, such as the formation of new
year classes (Houde 2009), or at the level of individual species
(Hare et al. 2010) or whole ecosystems (Winder and Schindler
2004; Drinkwater et al. 2009). Numerous anthropogenic
stressors such as pollution, nutrient enrichment and eutrophi-
cation, introduction of nonnative species, and perhaps most
notably, overexploitation have been documented to influence
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ecosystem structure and fish abundance (Islam and Tanaka
2004; Molnar et al. 2008; Diaz and Rosenberg 2008;Worm
et al. 2009).

Globally, centuries of anthropogenic change have trans-
formed estuarine and coastal waters into systems with reduced
biodiversity and ecological resilience (Jackson et al. 2001;
Lotze et al. 2006). Given the importance of these areas to
marine life, efforts to remediate the cascading effects of an-
thropogenic stressors will undoubtedly require deep consider-
ation of principles inherent to ecosystem-based management
(EBM; Link 2010). However, before strategic and tactical
management policies can be effectively implemented, EBM
rooted or otherwise, the relative roles of natural and anthropo-
genic factors that affect ecosystem structure and associated
species abundances must be well understood.

San Francisco Bay is a tectonically created estuary located
on the US Pacific coast that has experienced considerable
anthropogenic change (Nichols et al. 1986). The bay and its
watershed occupies 1.63×107 ha and drains 40 % of
California’s land area (Jassby and Cloern 2000). Freshwater
is supplied to the estuary primarily from the Sacramento and
San Joaquin rivers, which converge to form a complex mosaic
of tidal freshwater areas known collectively as the
Sacramento-San Joaquin Delta (referred herein as the delta).
Most naturally occurring wetlands in the estuary have been
lost due to morphological changes to the system for agricul-
ture, flood control, navigation, and water reclamation activi-
ties (Atwater et al. 1979). Other notable changes include mod-
ifications to the volume of freshwater entering the delta and
thus the natural delivery of land-based sediment (Arthur et al.
1996), massive sediment loading resulting from large-scale
hydraulic mining activities (Schoellhamer 2011), introduction
and invasion of nonindigenous species (Cohen and Carlton
1998), input of contaminants (Connor et al. 2007), and report-
ed decreases in chlorophyll-a (Alpine and Cloern 1992), zoo-
plankton (Orsi and Mecum 1996), and fish catch per unit
effort (CPUE; Sommer et al. 2007).

A variety of tools can be used to understand how specific
changes to ecosystem components influence fish population
dynamics. These include directed field studies, statistical anal-
yses, and multidimensional mechanistic modeling activities,
with all often being required to develop a robust understand-
ing of ecosystem dynamics. In the delta, there has been a
considerable focus on empirical analyses designed to examine
how temporal trends in CPUE statistically relate to various
abiotic and biotic variables. Researchers have described fresh-
water flowwithin the delta as a key structuring variable of fish
CPUE (Turner and Chadwick 1972; Stevens and Miller 1983;
Sommer et al. 2007) along with the salinity variable X2, which
is defined as the horizontal distance up the axis of the estuary
where the tidally averaged near-bottom salinity is 2 psu
(Jassby et al. 1995; Kimmerer 2002; Kimmerer et al. 2009;
MacNally et al. 2010). However, the evidence supporting

these inferences was based on relationships between annual
CPUE indices and metrics of water flow and/or X2, which can
be limiting since collapsing many raw field observations of
CPUE into annual indices leads to a sizable loss of potentially
valuable information. Feyrer et al. (2007, 2011) applied statis-
tical models to raw survey data collected from the delta to
quantify fish occurrences in relation to water quality variables;
however, they did not examine CPUE or consider variables at
broader temporal scales.

This study builds on previous empirical analyses by exam-
ining how measures of CPUE in the delta statistically relate to
a broad suite of abiotic and biotic variables across multiple
temporal scales and exclusively from the perspective of raw
field observations. The analyses presented here follow a two-
step procedure that reflects the specific objectives of this
study, (1) investigate the role of covariates measured synopti-
cally at the time of fish sampling to elucidate their effects on
CPUE and (2) modify the analytical framework used for the
first objective to examine the relative role of various abiotic
and biotic covariates hypothesized to influence CPUE at an
annual timescale. For the second objective, the covariates con-
sidered were annualized metrics of zooplankton density, chl-a
concentration, water quality, and water flow. These analyses
contribute to the understanding of ecosystem dynamics within
the delta and thus aid the formulation of EBM strategies by
providing foundational information of fish population re-
sponses to natural and anthropogenically modified system
attributes.

Methods

Focal Fish Species

Reported declines of fish CPUE in the delta have revolved
primarily around four species: delta smelt, Hypomesus
transpacificus, longfin smelt, Spirinchus thaleichthys, age-0
striped bass, Morone saxatilis, and threadfin shad, Dorosoma
petenense. Accordingly, these species are the focus this study.
The delta smelt is a relatively small (60–70 mm standard
length (SL)), endemic, annual, spring spawning,
planktivorous fish that is distributed primarily in the delta
and surrounding areas (Moyle et al. 1992). Delta smelt were
listed as threatened under the US Endangered Species Act
(ESA) in 1993 and endangered under the California
Endangered Species Act (CESA) in 2010. The endemic
longfin smelt is also a relatively small (90–100 mm SL), anad-
romous, semelparous, spring spawning fish with an approxi-
mate 2-year life cycle that is broadly distributed throughout
the estuary (Rosenfield and Baxter 2007). Longfin smelt were
listed as threatened under the CESA in 2010. Striped bass is a
larger (>1 m SL), relatively long-lived, anadromous, late-
spring spawning species deliberately introduced to the San
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Francisco Estuary from the US east coast in 1879 (Stevens
et al. 1985). Although subadult and adult fish reside primarily
in estuarine and coastal waters, age-0 fish can be found in
lower salinity areas where they feed on zooplankton and mac-
roinvertebrates. Threadfin shad was discovered in the delta
during the early 1960s (Feyrer et al. 2009) and is a relative
small (<100 mm SL), summer spawning planktivorous fish
that primarily inhabits freshwater areas of the estuary.

Field Sampling

The California Department of Fish and Wildlife (CDFW) has
been conducting the Fall Midwater Trawl (FMWT) survey in
the delta nearly continuously since 1967 (Stevens and Miller
1983; see http://www.dfg.ca.gov/delta/projects.asp?
ProjectID=FMWT for additional details). The survey was
initiated to measure the relative abundance of age-0 striped
bass; however, survey data have been used to infer patterns
in relative abundance of a variety of species inhabiting the
delta (Kimmerer 2002; Sommer et al. 2007). Monthly cruises
are conducted from September through December, and the
number of tows eachmonth has increased from approximately
75–80 during the early years of the program to >100 in more
recent years. The survey follows a stratified fixed station de-
sign such that sampling occurs at approximately the same
location within predefined regional strata (17 areas excluding
areas 2, 6, and 9 per the CDFW’s protocol). Sampling inten-
sity is related to water volume in each regional stratum such
that samples are taken every 10,000 acre ft for areas 1–11 and
every 20,000 acre ft for areas 12–17; Fig. 1). At each sampling
location, a 12-min oblique tow is made from near bottom to
the surface using a 3.7 m×3.7 m square midwater trawl with
variable mesh in the body and a 1.3-cm stretch mesh cod end.
Vessel speed over ground during tows can be variable since
sampling procedures are designed tomaintain a constant cable
angle throughout the tow. Each catch is sorted and enumerated
by species and station-specific measurements of surface water
temperature, electrical conductivity (specific conductance),
and Secchi depth are recorded. CPUE is defined as number
of fish collected per trawl tow.

Sampling Covariates

Generalized linear models (GLMs; McCullagh and Nelder
1989) were used to evaluate the effects of sampling covariates
on CPUE of the four focal fish species. GLMs are defined by
the underlying statistical distribution for the response variable
and how a set of linearly related explanatory variables corre-
spond to the expected value of the response variable. The
relationship between explanatory variables and the expected
value of the response variable is defined by a link function,
which must be differentiable and monotonic.

Since CPUE was defined as fish count per trawl, the
Poisson and negative binomial distributions were considered.
Plots of the proportion of FMWT tows where at least one
target animal was captured across the time series for each
species showed low values for many years, which gave rise
to the possibility that these data were zero-inflated (Fig. 2). In
general, zero-inflated count data imply that the response var-
iable contains a higher proportion of zero observations than
expected based on a Poisson or negative binomial count pro-
cess. Ignoring zero inflation can lead to overdispersion and
biased parameter and standard error estimates (Zuur et al.
2009).

Zero-inflated distributions are a mixture of two distribu-
tions, one that can only generate zero counts and another that
includes zeros and positive counts. In effect, the data are di-
vided into two groups, where the first group contains only
zeros (termed false zeros) and the second group contains the
count data which may include zeros (true zeros) along with
positive values (Zuur et al. 2009, 2012). To identify the ap-
propriate model structure (zero-inflated versus standard
GLM) and distribution of the count data (negative binomial
versus Poisson), a variety of preliminary models were fitted to
the FMWT data. Diagnostic plots, evaluation of
overdispersion, and model comparisons using likelihood ratio
tests and Akaike’s information criterion (AIC; Akaike 1973;
Burnham and Anderson 2002) all strongly supported applica-
tion of a zero-inflated negative binomial distribution, which
can be expressed as (Brodziak and Walsh 2013):

Pr yið Þ ¼
πi þ 1−πið Þ⋅ k

μi þ k

� �k

yi ¼ 0

1−πið Þ ⋅ Γ yi þ kð Þ
Γ kð Þ⋅Γ yi þ 1ð Þ ⋅

k

μi þ k

� �k

⋅
μi

μi þ k

� �yi

otherwise

8>>><
>>>:

ð1Þ

where yi is the i
th CPUE observation, πi is the probability of a

false zero, and μi and k are the mean and overdispersion pa-
rameters of the negative binomial distribution, respectively.
The top equation represents the probability of obtaining a zero
CPUE value, which is a binomial process that can occur either
as a false zero or a true zero adjusted by the probability of not
obtaining a false zero. The bottom equation is the familiar
negative binomial mass function adjusted by the probability
of not obtaining a false zero. GLMs were specified to mode πi
and μi as linear combinations of covariates with logit and log
link functions, respectively.

The covariates measured synoptically with sampling that
were considered included year, month, area (all categorical),
and the continuous covariate Secchi depth, which was
rescaled by subtracting the mean and dividing by its standard
deviation. Inclusion of levels of categorical covariates with
very few positive CPUE values caused model convergence
and estimation problems, so levels with <5 % of the total
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survey catch of each species were deemed uninformative and
excluded from the analysis. The covariates surface water tem-
perature and surface salinity were also considered; however,
variance inflation factors indicated that month/temperature
and area/salinity were collinear. Month and area were chosen
over temperature and salinity because an appreciable number
of catch records did not have associated measures of temper-
ature and/or salinity, and it was desirable to base analyses on
the most available information. Also, the variables month and
area arguably have the potential to be more useful in a man-
agement context. Interaction terms were excluded because the
high proportion of zeros in the data lead tomany year/area and
month/area combinations for which there were no positive
CPUE observations. Model parameterizations for each species
ranged from inclusion of only a year covariate for the count
and probability of false zero models to the saturated model
with all four covariates specified for both components, includ-
ing the possible combinations of unbalanced covariate speci-
fications. AIC was used for model selection, and predictions

were generated from the most supported model using estimat-
ed marginal means (Searle et al. 1980). Coefficients of varia-
tion for yearly predicted CPUE values were estimated from
standard deviations of 1000 nonparametric bootstrapped sam-
ples (Efron and Tibshirani 1993). Models were fitted to data
from 1967 to 2012 with the exception of 1974, September
1976, December 1976, and 1979 when no sampling occurred.

Annual Covariates

The covariate year is included in models when the goal is to
develop a time series of estimated CPUE indices. However, the
year covariate is simply a proxy for the ecosystem conditions
over an annual timescale and thus has no direct relation to the
vital rates of fish populations. Therefore, to more directly in-
vestigate factors potentially underlying interannual patterns in
CPUE for each fish species, the aforementioned zero-inflated
GLM structure was modified in two ways: (1) the year covar-
iate was replaced by several hypothesized biotic and abiotic

Fig. 1 Aerial stratification (polygons) and sampling locations (circles)
for the Fall Midwater Trawl survey within the Sacramento-San Joaquin
Delta, 1967–2012. Areas 2, 6, and 9 are not shown because they have not
been consistently sampled and thus are not used by the California

Department of Fish and Wildlife for estimation of catch per unit effort
indices. No sampling occurred in 1974, September 1976, December
1976, and 1979. Figure adapted from Newman (2008)
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annualized continuous covariates, which operationally implied
that the yearly value of each annualized covariate was assigned
to each observedCPUE corresponding to the same year and (2)
a single parameterization that included the annualized covari-
ate along with month and area was fitted to isolate the effect of
each annualized covariate on CPUE. Broad categories of the
annualized covariates were zooplankton density (several taxa),
chl-a concentration as a proxy for phytoplankton biomass, wa-
ter quality metrics, and water flow (a total of 26). The years
analyzed were 1976–2010, which was due to availability of
chl-a data (began in 1976) and water flow measures (obtained
through 2010). AIC was used to compare among competing
annualized covariates for each fish species.

In terms of biotic covariates, the California Department of
Water Resources (DWR) in collaboration with the CDFW

have been compiling data on zooplankton density in the delta
since 1968 (see http://www.water.ca.gov/bdma/meta/
zooplankton.cfm for additional details, including specific
sampling locations). The zooplankton monitoring program
was initiated to investigate the population trends of pelagic
organisms consumed by young fishes, particularly age-0
striped bass. Although the initial focus was to evaluate sea-
sonal patterns in mysid abundance, the program expanded
shortly after its inception to assess population levels of other
key zooplankton taxa. Sampling occurs monthly at approxi-
mately 20 fixed stations. The zooplankton sampling gear con-
sists of a Clarke-Bumpus net mounted directly above a mysid
net, and the unit is deployed in an oblique fashion from near
bottom to the surface. Each net is equipped with a flow meter,
and all samples are preserved for sorting in the laboratory. For
each station, zooplankton taxa are expressed as the total num-
ber per cubic meter of water sampled. Starting in 1976, chl-a
concentration was recorded synoptically with zooplankton
sampling.

The zooplankton taxa examined were adult calanoid cope-
pods, adult cyclopoids, a combination of the two, and mysids.
Annual estimated mean densities of zooplankton and chl-a
were based on lognormal GLMs fitted to data from the core
sampling locations and first replicate sample. The categorical
covariates considered were year, survey (which is approxi-
mately equivalent to month), and area along with the contin-
uous variable Secchi depth, which was again rescaled. Levels
of categorical variables with <5 % of the total zooplankton
density of each group again caused estimation problems and
excluded from the analysis. Collinearity was assessed using
variance inflation factors, and bias-corrected predicted (Lo
et al. 1992) time series were generated from the most support-
ed model using estimated marginal means.

In terms of abiotic covariates, the DWR has been monitor-
ing water quality parameters at discrete sampling locations in
the delta since 1970 (see http://www.water.ca.gov/bdma/meta/
discrete.cfm for additional details, including sampling
locations). The program was established to provide
information for compliance with flow-related water quality
standards for the delta set forth in the series of regulatory water
right decisions and to provide abiotic data that could aid the
interpretation of results from concurrent biological monitoring
programs. Samples are taken at approximately 1 m depth and
roughly within a 1-h window of the expected occurrence of
high tide from 19 fixed stations. Sampling frequency is bi-
monthly during the rainy season (October/November to
February/March) and monthly during the dry season (March/
April to September/October).

Annual water quality metrics considered were mean sum-
mer (Jul–Sep) and winter (Jan–Mar) water temperature, total
suspended solids (TSS) or filterable solids, volatile suspended
solids (VSS) as a measure of the organic component of TSS,
and turbidity. The annual mean water temperatures were

Fig. 2 Yearly proportions of positive tows (at least one target animal
captured) based on the Fall Midwater Trawl survey, 1967–2012, for a
delta smelt, b longfin smelt, c age-0 striped bass, and d threadfin shad. No
sampling occurred in 1974, September 1976, December 1976, and 1979.
Horizontal line is the time series mean
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estimated from a multiple linear regression model while an-
nual mean TSS, VSS, and turbidity estimates were obtained
from bias-corrected lognormal GLMs. The covariates consid-
ered were categorically defined year, month, and area.
Variance inflation factors were again used to assess collinear-
ity, and predicted mean values for each year were based on
estimated marginal means from the most supported model.

The water flow covariates considered were classified into
two groups, Bhistorical^, which refers to measured flows tak-
en from monitoring equipment located at various points in the
delta, and Bunimpaired^, which is an estimated reference
quantity intended to represent broader watershed-level hydrol-
ogy in the absence of man-made facilities that affect flow. For
each group, monthly inflow and outflow time series were
assembled. Historical inflow included combined measure-
ments from the Sacramento River, Yolo Bypass, and Eastern
Delta (San Joaquin River and adjacent areas; Fig. 1), while
historical outflow is a net quantity of inflow and an estimate of
delta precipitation less total delta exports and diversions. All
historical flow time series were based on DAYFLOW, which
is a computer program designed to estimate daily average
delta outflow (see http://www.water.ca.gov/dayflow/ for
more details). Unimpaired inflow is an estimate of water
entering the delta from the expansive watershed while
unimpaired outflow is a net value adjusted for natural losses
(e.g., evaporation and vegetation uptake). Flow data were
provided courtesy of W. Bourez (MBK Engineers,
Sacramento, CA).

For each flow covariate, a single value was calculated by
averaging monthly flow values in four different ways: (i) from
Jan–Jun within the year of sampling, (ii) fromMar–Maywith-
in the year of sampling, (iii) from Jan–Jun of the preceding
sampling year, and (iv) from Mar–May of the preceding sam-
pling year. This approach gave rise to 16 annual flow covar-
iates. Lagged flow covariates were considered to investigate
possible delayed effects of flow on CPUE. For the most sup-
ported annualized covariate, 95 % prediction intervals of
CPUE and probabilities of false zeros were based on 1000
nonparametric bootstrapped model fits (Efron and Tibshirani
1993). All statistical analyses were performed with the soft-
ware package R (version 2.15.1, R Development Core Team
2012), and zero-inflated GLMs were fitted by accessing the
Bpscl^ library.

Results

Field Sampling

Complete tow, month, area, and Secchi depth information was
available for 15,273 stations sampled during monthly fall
cruises from 1967 to 2012 (excluding 1974, Sep 1976,
Dec 1976, and 1979 when no sampling occurred).

Application of the 5 % cutoff rule for levels of categorical
covariates indicated that all levels of month contained ade-
quate nonzero CPUEs for inclusion in analyses. However,
spatial data summaries showed that CPUEs were quite low
in some areas, and the 5 % rule led to the inclusion of only
areas 12–16 for delta smelt, 11–14 for longfin smelt, 12–16
for YOY striped bass, and 15–17 for threadfin shad (Fig. 1).
Total numbers of tows analyzed for each species were 8802
for delta smelt (max. CPUE of 156 animals in December
1982), 6582 for longfin smelt (max. CPUE of 3358 animals
in September 1969), 8733 for age-0 striped bass (max. CPUE
of 1100 animals in September 1967), and 5019 for threadfin
shad (max. CPUE of 4012 animals in December 2001).
Although high CPUE values did occasionally occur, the data
for each species were strongly skewed toward zero and very
low CPUE values. The average percent of nonzero catches
across all years analyzed was 28.1 % for delta smelt, 50.2 %
for longfin smelt, 52.1 % for age-0 striped bass, and 47.1 %
for threadfin shad (Fig. 2).

Sampling Covariates

Based on AIC statistics, the full zero-inflated negative bino-
mial GLM (model M4) received the most empirical support
for each species (Table 1). For delta smelt, model M5 received
modest empirical support (ΔAIC=5.9), and for the other three
species, no other parameterizations were comparatively sup-
ported. The superior performance of model M4 suggested that
all covariates were statistically important for each species and
that CPUE and the probabilities of false zeros varied consid-
erably by year, month, area within the delta, and across the
domain of observed Secchi depths.

The model predicted yearly CPUE indices showed differ-
ing patterns for each species (Fig. 3). For delta smelt, higher
predicted CPUE generally occurred in the early 1970s, 1980,
and also for various years during the 1990s. The highest value
occurred in 1991, and low CPUE was predicted for much of
the 1980s and 2000s. Longfin smelt predicted CPUE was
variable and high during the late 1960s, early 1970s, and for
a few years during the early 1980s. Since 2000, predicted
CPUE was consistently low with 2007 marking the lowest
index value on record. Age-0 striped bass predicted CPUE
consistently declined through time. The first year in the survey
(1967) marked the highest age-0 striped bass predicted CPUE
value on record while 2002 marked the lowest value.
Threadfin shad predicted CPUE declined in the late 1960s,
rebounded to higher but variable levels from the mid-1980s
to early 2000s, and declined to the lowest value on record in
2012. Average species-specific CPUE across the time series
was as follows: 1.24 fish/tow for delta smelt, 13.4 fish/tow for
longfin smelt, 5.34 fish/tow for age-0 striped bass, and 22.9
fish/tow for threadfin shad. The precision of the estimated
indices for all species was fairly low as bootstraped estimated
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yearly CVs predominately ranged between 0.15 and 0.45 with
occasional values greater than 0.5.

Peak predicted monthly CPUE occurred in October for
delta smelt, December for longfin smelt, September for age-
0 striped bass, and November for threadfin shad (Fig. 4). Delta
smelt predicted CPUE indices for November and December
did not differ considerably from its peak month nor did the
threadfin shad predicted December CPUE when compared to
its peak. Spatially, highest predicted CPUE occurred in area
15 for delta smelt, area 12 for longfin smelt, area 15 for age-0
striped bass, and area 17 for threadfin shad. Age-0 striped bass
predicted CPUE for areas 12 and 14 were comparably similar
in magnitude to its peak.

The response in predicted CPUE across the range of ob-
served standardized Secchi depths was strong and consistent
across each species, as higher predicted CPUE values
corresponded to low observed Secchi depths. This result
emerged because the estimated Secchi depth coefficients asso-
ciated with the count component of modelM4 were consistent-
ly negative across species. Related were the consistently pos-
itive estimated coefficients for the false zero model component
of each species. Therefore, predicted CPUE declined with in-
creased water clarity (higher Secchi depth) and the probabili-
ties of false zeros increased with water clarity. In terms of
actual water clarity conditions in the delta, the minimum ob-
served Secchi depths for delta smelt, longfin smelt, age-0
striped bass, and threadfin shad were 0, 0, 0, and 0.12 m,
respectively, while the maximum were 2, 1.6, 2, and 2.09 m.
Relative to themaximum predicted CPUE for each species, the
observed Secchi depth at which estimated CPUE decreased by
25, 50, and 75 %, respectively, was approximately 0.07, 0.17,
and 0.35 m for delta smelt, 0.10, 0.25, and 0.50 m for longfin
smelt, 0.11, 0.23, and 0.53 m for age-0 striped bass, and 0.4,

Table 1 Model selection statistics associated with the zero-inflated
generalized linear models used to analyze catch-per-unit-effort data from
the Fall Midwater Trawl survey for delta smelt, longfin smelt, age-0
striped bass, and threadfin shad, 1967–2012. Covariate abbreviations: Y

year, M month, A area, S Secchi depth; and nc indicates model failed to
converge successfully. No sampling occurred in 1974, September 1976,
December 1976, and 1979

Model Count covariates False zero covariates No. par. Delta smelt Longfin smelt Age-0 striped bass Threadfin shad

AIC ΔAIC AIC ΔAIC AIC ΔAIC AIC ΔAIC

M1 Y Y 89 nc nc 30,253.0 944.1 36,708.6 1299.4 24,364.7 1334.3

M2 Y+M Y+M 95 20,844.2 1348.6 29,751.4 442.5 36,630.4 1221.2 24,319.7 1289.4

M3 Y+M+A Y+M+A 103 19,872.9 377.3 29,602.4 293.6 36,038.7 629.5 23,336.2 305.8

M4 Y+M+A+S Y+M+A+S 105 19,495.6 0.0 29,308.9 0.0 35,409.2 0.0 23,030.3 0.0

M5 Y+M+A+S Y+M+A 104 19,501.5 5.9 29,323.0 14.1 35,423.5 14.3 23,246.9 216.7

M6 Y+M+A+S Y+M 100 19,795.0 299.4 29,356.0 47.1 35,537.2 128.0 nc nc

M7 Y+M+A+S Y 97 19,801.9 306.3 29,690.6 381.7 nc nc 23,332.8 302.3

M8 Y+M+A Y+M+A+S 104 19,635.3 139.7 29,497.7 188.8 35,677.2 268.0 23,045.0 14.6

M9 Y+M Y+M+A+S 100 19,795.2 299.6 29,588.6 279.7 35,988.1 578.9 23,956.3 926.0

M10 Y Y+M+A+S 97 19,834.8 339.2 29,601.4 292.5 36,137.9 728.7 23,993.2 962.8

Fig. 3 Predicted yearly catch per unit effort (mean count per tow) and
associated coefficients of variation (CV) based on zero-inflated
generalized linear models applied to Fall Midwater Trawl survey data,
1967–2012, for a delta smelt, b longfin smelt, c age-0 striped bass, and d
threadfin shad. No sampling occurred in 1974, September 1976,
December 1976, and 1979. Note break in left y-axis for longfin smelt
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0.74, and 1.12 m for threadfin shad. Collectively, these results
suggest that an increase from virtually no water clarity to
roughly 0.5 to 1 m of water clarity corresponded to a 75 %
or greater reduction in predicted CPUE for all species.

Annual Covariates

Predicted trends of the annualized biotic and abiotic variables
showed differing patterns through time. Adult copepod densi-
ty (calanoid, cyclopoid combined) has been variable but gen-
erally decreasing in the delta, with this trend being largely
driven by taxa within the calanoid group (Fig. 5a–e). In con-
trast, the predicted trend in cyclopoid copepod density has
been increasing since the mid-1990s; however, the compara-
bly low density of cyclopoid copepods marginalized the im-
pact of this group on the combined copepod trend. Estimated
mysid density has been fairly stable since 1990 but much
reduced from peak and moderate levels in the mid-1980s
and late 1970s, respectively. The predicted trend of chl-a
was relatively high and variable in the early part of the time

series but considerably lower and more stable since 1987,
which is when the lower trophic level food web of the delta
changed in response to impacts by the introduced clam
Cobubula amurensis (Kimmerer 2002).

Trends in predicted mean summer and winter water tem-
peratures were generally stable over time, with estimated
mean winter temperatures being slightly more variable than
mean summer temperatures (Fig. 5f–j). Predicted trends of
TSS, VSS, and turbidity in the delta were similar in that they
showed considerable declines since the mid-1970s. Patterns in
the various water flow variables showed distinct periods of
Bwet^ and Bdry^ delta hydrology over time. Peak flow events
occurred in 1983, the mid-1990s, and more recently in 2006,
while low flows were observed in mid-1970s, early 1990s and
late 2000s (Fig. 6). As expected, comparisons of type-specific
(historical, unimpaired) patterns of inflows and outflows were
generally the same qualitatively, with the latter simply
reflecting reductions in water volume due to utilization. For
the historical inflows and outflows, the two chosen averaging
periods yielded virtually the same yearly volumes; however,

Fig. 4 Predicted catch per unit
effort (mean count per tow) by
sampling month, area, and across
the range of observed
standardized Secchi depths,
respectively, based on zero-
inflated generalized linear models
applied to Fall Midwater Trawl
survey data, 1967–2012, for (a–c)
delta smelt, (d–f) longfin smelt,
(g–i) age-0 striped bass, and (j–l)
threadfin shad. No sampling
occurred in 1974, September
1976, December 1976, and 1979
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there were notable differences in yearly volumes of unim-
paired inflow and outflow depending on the monthly averag-
ing period. The precision of all estimated biotic and abiotic
covariates was very good as evidenced by consistently low
CVs.

Based on AIC statistics, the annualized variable TSS re-
ceived the most empirical support for all species (Table 2).

Comparatively, there was no empirical support for any other
annualized prey, water quality, or flow covariates. Predicted
CPUE and probabilities of false zeros across the range of TSS
were similar for three of the four species, with the exception
being the predicted CPUE for threadfin shad (Fig. 7). Over the
range of TSS, predicted delta smelt, longfin smelt, and age-0
striped bass CPUE increased, while the CPUE trend for

Fig. 5 Annualized mean trends and associated coefficients of variation
(CV) based on various linear and generalized linear models fitted to
zooplankton and discrete water quality data, 1976–2010, for a
zooplankton combined (adult calanoid copepod and adult cyclopoid), b

adult calanoid, c adult cyclopoid, d mysid, e chl-a, f summer water
temperature (Jul–Sep), g winter water temperature (Jan–Mar), h total
suspended solid, i volatile suspended solid, and j turbidity
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threadfin shad showed an inverse relationship. For all species,
the predicted trends in probabilities of false zeros were fairly
pronounced and decreasing with TSS. In terms of precision,
the bootstrapped prediction intervals for both model compo-
nents were generally narrow for all species.

Discussion

Sampling Covariates

Use of statistical models to quantify the importance of spatio-
temporal and environmental covariates on survey CPUE can
aid in understanding the dynamics of fish populations. For all
species, the covariates year, month, region, and Secchi depth
were important in explaining patterns in the observed CPUE
data, particularly the zeros. However, relability of the results
presented herein directly depends on satisfying the underlying
modeling assumptions. For each species, plots of residuals for
the count and false zero model components across the

observed domains of the covariates showed no distinct pat-
terns, and overdispersion was adequately handled by the zero-
inflated model structure. Therefore, from a model diagnostics
perspective, the means of the negative binomial and binomial
distributions appear to be well estimated. In terms of preci-
sion, bootstrapped CVs of the predicted yearly CPUEs were
fairly lowfor all species and likely due to the relatively high
sampling intensity of the FMWT survey and the high propor-
tion of consistently low observed CPUE values. However, the
CV estimates do depend on the assumption that gear
catchability (defined as q in the equation CPUEy=qNy) has
remained constant over time and space, so it is possible that
they are optimistic. Since the inception of the FMWT survey,
the number of monthly sampling locations has grown consid-
erably (~25 %), yet accompanying studies of potential gains/
losses in bias and precision of predicted CPUE are absent
from the literature. In general, model-based approaches can
be useful in the design of fishery-independent surveys (Peel
et al. 2013), and the methods in this study could support op-
timization studies to evaluate design elements, appropriate

Fig. 6 Annualized trends in flow
averaged monthly from January–
June and March–May for a
historical inflow, b historical
outflow, c unimpaired inflow, and
d unimpaired outflow. Flow
variables lagged by 1-year are not
shown
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sample sizes, and allocation of resources for future FMWT
surveys. The estimated monthly, regional, and Secchi depth
effects generated relatively unique predicted CPUE patterns
for each species, which can, in turn, be used as important
foundational information for future hypothesis-driven field
studies and mechanistic modeling activities.

The annual frequency of zero CPUE observations over the
course of the entire FMWT survey was appreciably high for
all species (Fig. 2). As a means of coarsely evaluating the
temporal pattern of zero inflation in the FMWT data, model
M4 and its nonzero-inflated counterpart (intercept only param-
eterization for the false zero component) were sequentially
fitted to subsets of the FMWT data set truncated by decade
for each species. That is, the two models were applied to only
1960s data, then to 1960s–1970s data, then to 1960s–1980s
data, and so on through the full time series. With the exception
of the 1960s data for longfin smelt, AIC statistics strongly
supported the zero-inflated parameterization for all species
and time periods. Therefore, it appears that the FMWTsurvey

data have almost always contained more zero CPUE observa-
tions than would otherwise be expected given a negative bi-
nomial count process, which raises the question, why?

Failing to successfully encounter target populations can
arise because they are rare, samples are taken in suboptimal
habitats (true zeros), or because samples are taken in optimal
habitats but reduced survey catchability across time, space,
and/or ecosystem conditions prevent successful collections
(false zeros). For delta smelt, rarity may be a plausible expla-
nation, especially given that the highest predicted yearly
CPUE was only 4.04 fish per tow and the 45-year average
was just 1.24 fish per tow. However, species rarity does not
seem likely for the other three fishes given that predicted year-
ly longfin smelt CPUE values early in the time series were
very high (>70 fish per tow), estimated adult striped bass
abundance exceeded 1 million fish in the early 1970s
(Stevens et al. 1985) thus requiring considerable age-0 pro-
duction, and threadfin shad have been viewed as highly
abundant since appearing in the delta (Feyrer et al. 2009).

Table 2 Model selection statistics associated with the zero-inflated generalized linear models used to evaluate the biotic and abiotic annualized
covariates for delta smelt, longfin smelt, age-0 striped bass, and threadfin shad, 1976–2010

Model Annual covariate Delta smelt Longfin smelt Age-0 striped bass Threadfin shad

AIC ΔAIC AIC ΔAIC AIC ΔAIC AIC ΔAIC

A1 Adult calanoid copepods 15,122.3 304.1 24,968.2 1642.2 27,545.5 691.4 19,325.6 263.8

A2 Adult cyclopoid copepods 15,080.4 262.2 24,419.8 1093.8 27,420.7 566.6 19,247.5 185.7

A3 Adult calanoid, adult cyclopoid combined 15,105.3 287.1 24,896.4 1570.3 27,433.2 579.1 19,310.9 249.1

A4 Mysids 15,164.8 346.6 24,145.5 819.4 27,125.5 271.4 19,322.2 260.4

A5 Chl-a 15,070.8 252.5 23,758.9 432.9 26,932.9 78.7 19,326.7 264.9

A6 Summer temperature 15,113.2 295.0 24,633.0 1306.9 27,536.3 682.2 19,311.5 249.7

A7 Winter temperature 15,095.2 277.0 24,282.6 956.5 27,472.6 618.5 19,325.3 263.5

A8 Total suspended solids 14,818.2 0.0 23,326.1 0.0 26,854.1 0.0 19,061.8 0.0

A9 Volatile suspended solids 15,074.5 256.3 24,612.9 1286.8 27,106.2 252.1 19,213.2 151.3

A10 Turbidity 14,853.1 34.8 23,449.7 123.6 27,493.2 639.0 19,196.7 134.9

A11 Historical outflow Jan–Jun 14,974.3 156.0 23,509.0 183.0 27,390.9 536.8 19,288.4 226.6

A12 Historical outflow Mar–May 15,067.4 249.1 23,766.1 440.0 27,396.4 542.3 19,318.2 256.4

A13 Historical outflow Jan–Jun, 1-year lag 15,164.2 346.0 24,872.2 1546.1 27,521.8 667.7 19,316.3 254.5

A14 Historical outflow Mar–May, 1-year lag 15,158.5 340.3 24,925.1 1599.0 27,536.0 681.8 19,330.4 268.6

A15 Historical inflow Jan–Jun 14,975.6 157.3 23,497.8 171.8 27,394.6 540.5 19,290.8 229.0

A16 Historical inflow Mar–May 15,065.6 247.4 23,707.9 381.9 27,387.8 533.6 19,317.2 255.3

A17 Historical inflow Jan–Jun, 1-year lag 15,162.8 344.6 24,879.9 1553.8 27,524.4 670.2 19,315.9 254.1

A18 Historical inflow Mar–May, 1-year lag 15,158.4 340.1 24,929.6 1603.5 27,531.7 677.6 19,329.0 267.2

A19 Unimpaired outflow Jan–Jun 14,989.8 171.6 23,615.2 289.1 27,436.2 582.1 19,315.2 253.3

A20 Unimpaired outflow Mar–May 15,025.4 207.2 23,968.6 642.5 27,451.5 597.4 19,331.6 269.8

A21 Unimpaired outflow Jan–Jun, 1-year lag 15,167.2 349.0 24,899.4 1573.3 27,549.8 695.7 19,317.4 255.5

A22 Unimpaired outflow Mar–May, 1-year lag 15,152.6 334.4 24,944.6 1618.5 27,557.8 703.7 19,329.1 267.3

A23 Unimpaired inflow Jan–Jun 14,989.9 171.7 23,613.4 287.3 27,436.7 582.6 19,315.4 253.5

A24 Unimpaired inflow Mar–May 15,025.5 207.2 23,969.1 643.0 27,452.3 598.1 19,331.6 269.8

A25 Unimpaired inflow Jan–Jun, 1-year lag 15,167.1 348.9 24,899.4 1573.3 27,550.0 695.9 19,317.4 255.6

A26 Unimpaired inflow Mar–May, 1-year lag 15,152.7 334.5 24,944.3 1618.2 27,558.3 704.2 19,329.0 267.2
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The FMWT survey does follow a fixed station sampling
design, which raises the possibility that samples are con-
sistently taken at locations that do not support high local-
ized fish abundance. Additionally, if habitat utilization of
fishes in the delta has systematically changed over time in
response to morphological alterations of the estuary and/or
sustained regimes of ecosystem conditions, differences in
CPUE and distribution become confounded. The relatively
high spatiotemporal sampling intensity of the FMWT sur-
vey may somewhat mitigate these concerns, but the four
focal species are schooling pelagic fishes, and thus, vari-
able distributions through time and space should be
expected.

The consistency of the model prediction to Secchi depth for
all species warrants deeper consideration, especially in the

context of false zeros. Feyrer et al. (2007) analyzed raw
FMWT survey data to evaluate fish occurrences (presence/
absence of delta smelt, age-0 striped bass, and threadfin shad)
in relation to various environmental variables and documented
an inverse response with Secchi depth. Feyrer et al. (2011)
updated that analysis and extended it to derive habitat index
values for delta smelt (but see comments providedManly et al.
(2015)). The results of this study generalize the importance of
Secchi depth to include CPUE. Feyrer et al. (2007) noted that
higher presence/absence of delta smelt at lower Secchi depths
could be due to required turbidity for feeding and/or turbidity
mediated top-down predation impacts. A third potential ex-
planation is that catchability of the FMWT survey sampling
gear changes with Secchi depth. In general, Secchi depth is a
coarse measurement of water clarity, and it is not possible to

Fig. 7 Observed catch per unit effort (CPUE, mean count per tow, left
panels), predicted CPUE (middle panels), and predicted probabilities of
false zeros (right panels) with 95 % prediction intervals across observed

standardized TSS for (a–c) delta smelt, (d–f) longfin smelt, (g–i) age-0
striped bass, and (j–l) threadfin shad
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distinguish among constituent groups causing low measure-
ments. If those constituent groups are largely organic material,
then a positive fish CPUE response to food availability is
possible. Conversely, if those constituent groups are not large-
ly organic, then higher CPUE at lower Secchi depths could be
due to compromised foraging impacts of visually oriented
piscivores such as larger striped bass (Horodysky et al.
2010). However, all of the fishes in this study are pelagic,
planktivorous feeders, and thus, it is reasonable to assume that
vision plays a central role in their sensory ecology. Animals
could be more effective at gear avoidance under higher Secchi
depths than at lower Secchi depths simply because of a larger
field of visibility for gear detection.

Although experimentally testing the variable catchability
hypothesis is challenging, flume trials to assess gear behavior
under various hydrographic conditions, video equipment at-
tached to sampling gear, and coordinated field studies using
multiple survey gears designed to quantify relative
catchabilities could be informative. Additional modeling ef-
forts may also assist in identifying and quantifying covariate
effects on relative catchability. In terms of the bottom-up hy-
pothesis, characterization of water column constituents synop-
tic with fish stomach content analysis could assist in under-
standing trophic interactions and prey selectivity, which could
aid in determining if the inverse relationship of CPUE and
Secchi depth is a response to food availability. Regarding
top-down impacts, results of striped bass and other fish pred-
ator diet composition studies in the delta have shown very
little consumption of delta smelt and longfin smelt, and mod-
est consumption of age-0 striped bass and threadfin shad
(Nobriga and Feyrer 2007; Nobriga and Feyrer 2008).
However, these studies were temporally abbreviated, and each
acknowledged potential biases due to spatial limitation of
predator stomach collections. Therefore, systematic temporal
and spatial diet composition studies of piscivorous fishes
could be helpful in more fully understanding predation im-
pacts of larger fishes.

Annual Covariates

The annualized covariates considered were chosen in an effort
to evaluate the effects of hypothesized covariates on fish
CPUE that were potentially operating at an annual timescale.
The choice to focus on the annual timescale was motivated
from the notion that yearly environmental conditions have the
potential to impact early life history and thus new year class
formation. However, the analytical approach taken here to
evaluate annual covariates can be used for variables aggregat-
ed across other potentially meaningful scales. For example,
biotic or abiotic variables summarized monthly or seasonally
could be used to more directly explore drivers of within-year
CPUE patterns, and variables could be aggregated spatially to

investigated rivers of fish distribution within the delta. Studies
of this type represent fruitful areas of future research.

The strong empirical evidence supporting TSS as the best
annualized covariate for all species is consistent with the im-
portance of Secchi depth documented in the analysis of sam-
pling covariates. Trends in the model predicted CPUEs and
probabilities of false zeros across TSSwere analogous to those
associated with Secchi depth, with the exception of predicted
threadfin shad CPUE which showed a modest decline with
TSS. Inspection of the raw threadfin shad CPUE data in rela-
tion to TSS showed relatively high frequencies of both zero
(>50 % of the tows analyzed) and large CPUE values (>100
fish per tow, 3.9 % of the tows analyzed) at low TSS values
when compared to high TSS values. The collective presence
of these relatively infrequent large observed CPUEs and nu-
merous observed zero CPUE values likely created the declin-
ing predicted CPUE and probability of false zero relationships
with TSS (Fig. 7k). The results for the other three species
strongly confirm the effect that more turbid water yields
higher predicted CPUE and demonstrates that it is also detect-
able at an annual timescale. As a stand-alone result, the con-
cept that water clarity mediates CPUE keeps the bottom-up,
top-down, and variable gear catchability hypotheses in play;
however, the strong support for the annualized TSS covariate
combined with the lack of empirical support for any of the
annualized prey covariates and the aforementioned relative
absence of the focal fish species in predator diets may favor
the variable catchability hypothesis.

Much of the contemporary understanding regarding covar-
iate effects on fish CPUE in the delta has revolved around
flow, particularly outflow and the location of X2. In this study,
X2 was not considered largely because it is highly variable,
often moving significant distances within a single tidal cycle
(pers. com., W. Bourez, MBK Engineers, Sacramento, CA)
and because it is a proxy covariate directly influenced by flow.
Thus, inclusion of the various flow covariates constitutes a
more direct evaluation of delta hydrology. CPUE indices of
pelagic fishes in the delta have been showed to be positively
related to delta outflow (Kimmerer 2002; Sommer et al.
2007), but it is important to note that higher flow regimes lead
to higher TSS concentrations. For the data in this study, the
historical outflow January–June and March–May time series
are each positively correlated with TSS and signficant at the
α=0.07 level (Pearson’s product moment correlations,
ρJJ=0.32 [p=0.058], ρMM=0.31 [p=0.067]). Therefore,
higher delta outflow leads to poorer water clarity, which, in
turn, could increase survey gear catchability and lead to higher
estimated yearly CPUE indices.

If the annualized covariates analysis is restricted to only
include the flow covariates, the results indicated that historical
outflow averaged January–June received the most support for
delta smelt and threadfin shad, and historical inflow averaged
January–June and averaged March–May were best supported
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for longfin smelt and age-0 striped bass, respectively
(Table 2). However, there was competing empirical support
for historical inflow averaged January–June for delta smelt
(ΔAIC=1.3) and for historical outflow averaged January–
June (ΔAIC=3.1) for age-0 striped bass. Collectively, these
results fail to confirm the effect of a single dominant flow
covariate on fish CPUE in the delta, which is arguably not
surprising since the underlying dynamics of the focal fish
species are likely shaped by intersections of a complex suite
of biological, ecological, and environmental processes.
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EXECUTIVE SUMMARY 
 

This report was prepared to support the Sacramento Valley Water Users in submitting comments to the State 

Water Resources Control Board (SWRCB) regarding proposed Delta outflow and Sacramento River flow 

requirements that would be based on percentages of unimpaired flows, and potentially included as water 

quality objectives in the SWRCB’s update and implementation of the Water Quality Control Plan for the San 

Francisco Bay/Sacramento‐San Joaquin Delta Estuary (Bay‐Delta Plan).  This report summarizes the results of 

a reconnaissance level analysis of the estimated effects that implementation of such requirements would 

have on water users in the Sacramento River Basin and on CVP/SWP reservoirs and operations.   

 

Initially, an analysis was performed to determine the average percentages of unimpaired Delta outflows that 

would have occurred in different water‐year types if Existing Conditions had been in effect during the entire 

period of historical record.  Consistent with standard hydrological modeling practice, Existing Conditions are 

defined by today’s regulatory requirements, land use, water demands, and facilities and are used to establish 

how the CVP/SWP currently operates.  Existing Conditions percentage of unimpaired Delta outflow is 

calculated by averaging total modeled Delta outflows for the period of January through June and dividing by 

the average total unimpaired Delta outflow over that same period.  The outflows were not calculated on a 

month‐to‐month basis for the initial analysis to determine Existing Conditions percentage of unimpaired 

Delta outflow. This analysis determined that, under Existing Conditions, average January‐June Delta outflow 

over the period of record is about 50% of unimpaired flows and the critical year average Delta outflow is 

about 40% of unimpaired flows.    

 

These average percentages of 50% and 40% of unimpaired flows then were modeled, in separate analyses, as 

minimum monthly Delta flow requirements for each month in the January through June period to estimate 

the hydrological and related impacts that would result from implementation of such minimum requirements.  

In other words, this report presents the estimated impacts that would occur if the existing average and 

average critical year percentages of unimpaired Delta outflows during the January through June period – 50% 

and 40%, respectively – were imposed as regulatory minimum Delta outflow requirements for each separate 

month from January through June.  The approach of applying a constant percentage of unimpaired flow as a 

requirement for each month from January through June is consistent with the SWRCB August 2010 Delta 

flow criteria report and recent analysis performed by SWRCB on certain tributaries to the San Joaquin River 

as part of its update to the Bay‐Delta Plan   

 

The overall conclusions are summarized in the following list, and the detailed analytical results are 

summarized in this report.  The overall conclusions regarding the estimated effects of implementing January‐

June minimum monthly Delta outflow requirements of 50% and 40% of unimpaired flows are as follows: 

 Effects to the CVP and SWP reservoirs and operations would be severe and would result in the 

inability to maintain viable operations 

 Increases in average annual Delta outflows would be: 

o 1,100,000 acre‐feet for a 50% of unimpaired flows requirement; and 

o 480,000 acre‐feet a 40% of unimpaired flows requirement 

 The following reductions and decreases in Sacramento Basin CVP and SWP reservoir carryover 

storage would occur:  
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o Significant reductions in cold water pools would occur under both the 50% and the 40% of 

unimpaired flows scenarios 

o An average reduction of 2,200,000 acre‐feet in reservoir carryover storage would occur 

under the 50% of unimpaired flows scenario 

o An average reduction of 1,000,000 acre‐feet in reservoir carryover storage would occur 

under the 40% of unimpaired flows scenario 

 The following increases in Sacramento Basin groundwater pumping to meet reductions in surface‐

water deliveries would be necessary: 

o For the 50% of unimpaired flows scenario, groundwater pumping in the Sacramento Basin 

would have to increase by 250,000 acre‐feet per year on average annual basis , and by an 

average of 1,000,000 acre‐feet per year in Critical years 

o For the 40% of unimpaired flows scenarios, groundwater pumping in the Sacramento Basin 

would have to increase by 100,000 acre‐feet per year on  average annual, and by an average 

of 400,000 acre‐feet per year in Critical years  

 Such increases in groundwater pumping would not be realistic and therefore would not actually 

occur.  Instead, there would have to be reductions in irrigated acreage 

 Under both scenarios, there would be increased groundwater overdrafts in the export service area 

 The following seasonal changes in river flows and Delta outflows and impacts would occur:  

o Increases in March through June 

o Decreases in July through December 

o Impacts to key instream temperature and habitat 

 There would be regular and multiple violations of existing SWRCB standards and ESA Biological 

Opinion requirements 

 There would be severe water supply impacts, including the following: 

o Water‐supply impacts to CVP settlement and exchange contractors, and SWP settlement 

agreement holders, which have water rights senior to the CVP and the SWP 

o Significant reductions in north‐of‐Delta CVP and SWP water‐service contract deliveries. 

o Inability to meet public health and safety water deliveries 

o Reductions in water deliveries to wildlife refuges  
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UNIMPAIRED FLOW 

For hydrological analyses, unimpaired flows are the calculated flows that the Department of Water 

Resources (DWR) has developed to estimate the flow conditions that would have occurred in the absence of 

any human alterations of flows.  These estimated unimpaired flows have been calculated by taking the 

stream flow conditions that actually occurred and by subtracting the effects of reservoir storage, water 

diversions, resulting return flows, and other factors that were caused by human influences on flows.   

 

Unimpaired flow data used for this evaluation were provided by DWR and published in the 2006 report titled: 

California Central Valley Unimpaired Flow Data, Fourth Edition. DWR defines unimpaired flow on page 1 of 

this report as: 

 

“Unimpaired flow is runoff that would have occurred had water flow remained unaltered in rivers and 

streams instead of stored in reservoirs, imported, exported, or diverted. The data is a measure of the 

total water supply available for all uses after removing the impacts of most upstream alterations as 

they occurred over the years. Alterations such as channel improvements, levees, and flood bypasses 

are assumed to exist.” 

 

The State Water Resources Control Board (SWRCB) has suggested that it may establish new Delta outflow 

and Sacramento River flow requirements that are based on specified percentages of unimpaired flows.  The 

SWRCB’s August 2010 Delta Flow Criteria report suggested that in order to protect aquatic public trust 

resources in the Delta, 75% of unimpaired Delta outflow would be necessary from January through June, and 

that 75% of unimpaired Sacramento River flow  would be needed for these months, as well as for November 

and December. The SWRCB has also analyzed the potential imposition of 20%, 40% and 60% unimpaired flow 

requirements on certain tributaries to the San Joaquin River as part of its update to the Bay‐Delta Plan.  

 

The percentages of unimpaired flow that flow into and out of the Delta are highly variable and are influenced 

by hydrologic conditions, historical development, and regulatory requirements.  Fluctuating hydrologic 

conditions are the dominant factor contributing to variations in the percentages of unimpaired flow that 

occur over time at various locations in the Delta watershed.  Historical development has influenced the 

percentages of unimpaired flows that have occurred as project reservoirs have been developed.  However, it 

is not possible to ascertain the precise effects of these developments by analyzing historical data, because 

these data are heavily influenced by changes in hydrologic conditions.  Regulatory conditions have also 

influenced the percentages of unimpaired flow that have occurred, particularly during summer and fall 

months where regulatory minimum river flow and Delta outflow requirements are greater than the 

corresponding unimpaired flows. 

 

Because current operating requirements have only been in place for a short period of time, there is not 

enough available historical data to estimate the Existing Conditions percentage of unimpaired Delta outflow.  

Therefore standard hydrological modeling practice is to analyze the hydrologic impacts that would occur 

when current cultural and regulatory conditions – Existing Conditions – are applied to the variable hydrology 

that has occurred over a period of record.  This approach enables projections about what effects existing 

requirements, or possible new requirements, will have going forward.  In this report, to determine the 
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average percentage of unimpaired Delta outflows that would occur, Existing Conditions are applied to a long‐

term hydrologic period, CalSim II is used to depict streamflows and those modeled streamflows then are 

compared to DWR’s unimpaired flow data to estimate the Existing Conditions percentage of unimpaired 

Delta outflow.  Actual historical flow data are included in this report to provide a historical perspective on the 

modeled percentages of unimpaired flow over the period of record under Existing Conditions.  That 

comparison demonstrates that the modeled data is sufficiently reliable for analytical purposes.   

 

  Figure 1 is a plot of historical average monthly Delta outflows as percentages of average monthly 

unimpaired Delta outflows for the following periods: 

 

 1930‐1943: Pre‐Shasta Reservoir 

 1944‐1955: Pre‐Folsom Reservoir 

 1956‐1968: Pre‐Oroville Reservoir 

 1969‐2003: Post Sacramento Basin Project Reservoirs 

 All years: 1930‐2003 

 

During 1969 through 2003, hydrologic conditions varied significantly and regulatory standards became more 

stringent.  Figure 2 is a plot showing average January through June historical Delta outflows during the 1969‐

2003 period as percentages of unimpaired Delta outflows for the same period of each year.  Each data point 

is labeled with the Sacramento River Basin 40‐30‐30 index water year type.  The average percentages of 

unimpaired flow for each water year type during the 1969‐2003 period are listed in Table 1. Values in Table 1 

are calculated by taking the average of total January through June historical flows divided by average total 

January through June unimpaired flows and is expressed in the following equation: 

	 ℎ ℎ	 	ℎ 	 	 ℎ ℎ	 	 	  

 This equation can be used to calculate:(1)average percentage of unimpaired flow for all years; (2) 

percentages for each year type, as displayed in Table 1; and (3) average percentages based on a comparison 

of modeled flows over the period of record and DWR’s calculated unimpaired flows.  As indicated by this 

table, Delta outflows in wetter years tend to be higher percentages of unimpaired outflows, while Delta 

outflows in drier years tend to be lower percentages of unimpaired outflows.  These differences generally 

occur because reservoir storage capacity does not change with changes in water year types, and reservoirs 

therefore are capable of storing a greater percentage of unimpaired flows in drier years than in wetter years.   
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Figure 1 – Average Historical Delta Outflow as a Percentage of Unimpaired Delta Outflow  

 
Figure 2 ‐ Historical 1969‐2003 Average January through June Historical Delta Outflow as a Percentage of 

Unimpaired Delta Outflow 

 
Table 1 ‐ Historical 1969‐2003 Average January through June Historical Delta Outflow as a 

Percentage of Unimpaired Delta Outflow by SRI Water Year Type 

Wet  Above Normal  Below Normal  Dry  Critical  All Years 

72%  59%  40%  36%  32%  62% 

 

Due to the difficulties in using historical records to determine the average percentage of unimpaired flows 

that flow into and out of the Delta under Existing Conditions, an evaluation of CalSim II results was 
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performed to estimate what Delta outflows would occur as percentages of unimpaired flows under Existing 

Conditions, under the variable hydrology that occurred during the 1922‐2003 period of record.  CalSim II is 

designed to represent existing CVP/SWP operating and system conditions by using existing operating criteria, 

facilities, and land use to model the CVP/SWP system and Delta for the 1922‐2003 hydrologic period.  Using 

CalSim II to determine the percentage of unimpaired Delta outflows that occur under this Existing Conditions 

scenario, and then using the average unimpaired outflow percentage developed from this scenario to create 

new model runs with these average percentage as minimum monthly Delta outflow requirements is the best 

available method of estimating what might happen if one of these existing percentages were implemented as 

a minimum Delta outflow requirement. 

 

Figure 3 is a plot showing, by water year type, the monthly average modeled Delta outflows for the 1922‐

2003 period of record as percentages of monthly average unimpaired Delta outflows over the same period.  

Because Existing Conditions operating criteria are the same in every year of this CalSim II simulation, 

variations due to fluctuating hydrologic conditions can be more easily identified under this approach.  For 

example, the percentages that modeled Delta outflows are of unimpaired flows for March vary from 40% in 

dry years to 78% in wet years.  Figure 4 is a plot showing the average January through June modeled Delta 

outflow percentages of unimpaired Delta outflows for each year.  Each data point is labeled with its water 

year type in this figure.  The average percentages that modeled Delta outflows are of unimpaired flows for 

each water year type are listed in Table 2.  In wetter years, modeled Delta outflows tend to be higher 

percentage of unimpaired outflows, averaging 65%, while in drier years modeled Delta outflows tend to be 

lower percentage of unimpaired outflow, averaging 40%.   

 

The CalSim II modeling results indicate that over the 1922‐2003 period of record, the average modeled Delta 

outflows under Existing Conditions is 53% of unimpaired outflows for the January through June period;  the 

average percentage for critical years is 40%.  To estimate the effects of imposing the existing average January 

through June percentage of unimpaired flow as a Delta outflow requirement, the value of 50% (rounded 

down from 53% to ensure that the effects are not overestimated) then is used as a minimum monthly 

regulatory requirement in further analysis.  For the purpose of this further analysis, it is assumed that the 

50% of unimpaired flow requirement is applied on a monthly basis from January through June, i.e., for each 

month from January through June, Delta outflow must be equal to or greater than 50% of unimpaired Delta 

outflow for that month.  A second stage in the further analysis then was performed to estimate the effects of 

imposing the average January through June critical year Delta outflow percentage of unimpaired flows, 40%, 

as a minimum monthly regulatory requirement.  
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Figure 3 ‐ Modeled with CalSim II: Average Delta Outflow as a Percentage of Unimpaired Delta Outflow  

 
Figure 4 ‐ Modeled with CalSim II: Average January through June Delta Outflow as a Percentage of 

Unimpaired Delta Outflow 

 
Table 2 ‐ Modeled with CalSim II: Average January through June Delta Outflow as a Percentage of 

Unimpaired Delta Outflow 

Wet  Above Normal  Below Normal  Dry  Critical  All Years 

65%  51%  40%  37%  40%  53% 
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Sacramento River Basin Delta Inflow 
Figure 5 is a plot of historical Sacramento River Basin Delta inflows as percentages of unimpaired flows, 

averaged for the following periods: 

 1930‐1943: Pre‐Shasta Reservoir 

 1944‐1955: Pre‐Folsom Reservoir 

 1956‐1968: Pre‐Oroville Reservoir 

 1969‐2003: Post Sacramento Basin Project Reservoirs 

 All years: 1930‐2003 

 

Although there were hydrologic fluctuations and varying regulatory requirements during the post‐1944 

period, the January through June averages of Delta inflows as percentages of unimpaired flows into the Delta 

from the Sacramento River have changed minimally during this almost 70‐year period.    

 

During the period from 1969 through 2003, hydrologic conditions varied significantly and regulatory 

standards became more stringent.  The percentage of historical Sacramento River Delta inflows to 

unimpaired flows for the July through October period have increased through time due to increases in flow 

and salinity requirements and Delta exports.  Figure 6 is a plot showing, for the 1969‐2003 period, average 

January through June historical Sacramento River Basin flows to the Delta as percentage of unimpaired flows 

for each year.  Each data point is labeled with the year type.  The average percentages of Sacramento River 

Delta inflows to unimpaired flows for each water year type are listed in Table 3.  In wetter years, Sacramento 

River inflows tend to be higher percentage of unimpaired outflows, while in drier years these percentage 

tend to be lower.   

 

Figure 7 contains a chart showing monthly average Sacramento River Basin Delta inflows as percentages of 

unimpaired flows by water year type for the 1922‐2003 period.  Based on the CalSim II baseline, the average 

percentage of Sacramento River Basin Delta inflows to unimpaired flows for the January through June period 

is 78%; the average of these percentages for critical years is 67%.  Although Sacramento River Basin inflows 

to the Delta are a higher percentage of unimpaired flows (69%) than are Delta outflows (50%), the 

percentage of Delta outflow to unimpaired flows is applied as a minimum flow requirement for Sacramento 

River inflows to the Delta for this analysis.  This assumption will estimate less adverse effects to the 

Sacramento River Basin than would occur with a 78% minimum flow requirement. 
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Figure 5 ‐ Average Historical Sacramento Basin Delta inflow as a Percentage of Unimpaired Sacramento 

Basin Delta Inflow 

 

Figure 6 ‐ Historical 1969‐2003 Average January through June Sacramento Basin Delta inflow as a 

Percentage of Unimpaired Sacramento Basin Delta Inflow 

 
Table 3 ‐ Historical 1969‐2003 Average January through June Historical Sacramento Basin Delta 

Inflow as a Percentage of Unimpaired Sacramento Basin Delta Inflow by SRI Water Year Type 

Wet  Above Normal  Below Normal  Dry  Critical  All Years 

85%  76%  60%  62%  67%  78% 
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Figure 7 ‐ Modeled with CalSim II: Average Sacramento Basin Delta Inflow as a Percentage of Unimpaired 

Sacramento Basin Delta Inflow  

 
Table 4 ‐ Modeled with CalSim II: Average January through June Sacramento Basin Delta Inflow as 

a Percentage of Unimpaired Sacramento Basin Delta Inflow 

Wet  Above Normal  Below Normal  Dry  Critical  All Years 

79%  67%  56%  56%  65%  69% 
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MODELING ASSUMPTIONS AND LIMITATIONS 
 

The primary analytical tool used for this effort is the latest publically available version of the CalSim II model.    

The CalSim II model simulation used to support the State Water Project Delivery Reliability Report (SWP DRR) 

is the best available modeling tool and latest public release of the model.  The DRAFT Technical Addendum to 

SWP DRR 2011, titled January 2012 of the SWP DRR, describes the CalSim II modeling assumptions.  For this 

analysis, CalSim II was used to assess changes in CVP / SWP storage, river flows, water deliveries, and Delta 

conditions.  The SWP DRR may be found at the following web location: 

http://baydeltaoffice.water.ca.gov/swpreliability/2011DraftDRR012612.pdf. 

 

The Delta outflow requirements based on 50% and 40% of unimpaired flows described above were inputted 

into the CalSim II Existing Conditions model simulation to develop two new model simulations, which 

estimate how the system would operate with such Delta outflow requirements.  Two CalSim II model 

simulations were developed to perform this analysis: one with a 50% of unimpaired Delta outflow 

requirement and a 50% of unimpaired Sacramento River flow requirement from January through June, and 

the other with a 40% of unimpaired Delta outflow requirement and a 40% of unimpaired Sacramento River 

flow requirement from January through June.  These two model simulations were then compared to Existing 

Conditions to estimate the changes to the water system that would occur with the new Delta outflow 

requirements.  The applicable Delta outflow requirement for each simulation then was applied as an average 

monthly net Delta outflow requirement, and the Sacramento River Basin requirement was applied as a 

minimum requirement for the sum of Sacramento River flow at Freeport plus the Yolo Bypass inflow to the 

Delta.    

 

The SWRCB’s 2010 Delta flow criteria report suggests that its proposed criteria that are stated in percentages 

of unimpaired flows could be implemented as 14‐day running averages.  The CalSim II model, however, 

simulates on a monthly time step and does not provide daily or hourly results and, therefore, simplifies the 

hydrologic diversity that exists in reality.  Accordingly, when using the CalSim II model – which is the best 

available model ‐‐ it is difficult to predict how requirements that are based on a percentage of the 

unimpaired flows would be implemented or operated on 14‐day average basis.  Modeling using the CalSim II 

model probably understates the real impacts of implementing the proposed Delta outflow and Sacramento 

River flow requirements as percentage of unimpaired flows on a time‐step less than one month, as suggested 

by the proposed Delta flow criteria in the SWRCB’s 2010 report.   

 

In addition, the CalSim II model primarily simulates operations of the CVP and SWP Systems.  The SWRCB’s 

2010 Delta flow criteria report suggests that the SWRCB would seek to spread the impacts of implementing 

the proposed Delta outflow and streamflow requirements over all upstream users, but no integrated model 

with this capability currently exists.  Therefore, the CalSim II model for the SWP/CVP was used for this 

analysis as a surrogate for the kinds of impacts that may be observed if Delta outflow and Sacramento River 

flow requirements based on percentage of unimpaired flows were implemented as minimum outflow and 

flow requirements.    

 

The water supply impacts that would result from 50% and 40% of unimpaired flow requirements for Delta 

outflow and Sacramento River flow would be extreme and would go far beyond what CalSim II is designed to 
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evaluate.  If these requirements were implemented, then SWP and CVP reservoirs would be at the “dead 

pool” levels by the end of summer in many years, CVP and SWP settlement contracts would be violated due 

to the lack of adequate water supplies, and existing temperature and water quality standards could not be 

met much of the time due to exhaustion of water supplies in the reservoirs.  None of these events are 

consistent with how the CVP and SWP actually would be operated.  For this reason, to more accurately 

model the effects of such requirements, a new in‐basin depletion analysis would need to be constructed, and 

this analysis necessarily would have to simulate the additional reductions in water supplies that would result 

from implementation of such requirements.  The CalSim II modeling described in this evaluation was used to 

evaluate the order of magnitude of water system impacts.  However, because of these limitations in the 

CalSim II model, the results discussed in this evaluation are underestimates of the impacts that actually 

would occur from implementing these Delta outflow and Sacramento River flow requirements.
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OBSERVATIONS 
 

When a 50% of unimpaired Delta outflow requirement and a 50% of unimpaired Sacramento River Basin 

inflow to the Delta requirement from January through June are imposed on the Existing Conditions scenario, 

the average annual Delta outflow increases by 1,057,000 AF.  The model results show that the 50% of 

unimpaired flow requirement for Sacramento River inflows to the Delta normally would not govern CVP/SWP 

operations because the more onerous Delta outflow requirement would control in all but 3 monthly time 

steps in the 82‐year simulation. The model results indicate that, to meet a Delta outflow requirement based 

on 50% of unimpaired flows, Sacramento River Basin inflows to the Delta would increase by an average of 

331,000 AF annually, Delta exports would decrease annually by 703,000 AF, and other Delta diversions 

(including the North Bay Aqueduct) would decrease by 23,000 AF annually.  The CalSim II modeling estimated 

that the increased Sacramento River Basin inflows to the Delta of 331,000 AF would require increased 

imports from the Trinity River Basin of 91,000 AF, increased Sacramento River Basin groundwater pumping of 

an annual average of 248,000 AF, and other average annual changes of 8,000 AF.  Figure 8 shows these 

estimated average annual flow changes by water year type.   

 

When a 40% of unimpaired Delta outflow requirement and a 40% of unimpaired Sacramento River Basin to 

Delta flow requirement from January through June are imposed on the Existing Conditions scenario, the 

average annual Delta outflow increases by 484,000 AF.  The model results show that the 40% of unimpaired 

flow requirement for Sacramento River inflows to the Delta normally would not govern CVP/SWP operations 

because the more onerous Delta outflow requirement would control in all months of the simulation.  The 

model results indicate that, o meet a Delta outflow requirement based on 40% of unimpaired flows, 

Sacramento River Basin inflows to the Delta would increase an average of 136,000 AF annually, Delta exports 

would decrease annually by 333,000 AF, and other Delta diversions (including the North Bay Aqueduct) 

would decrease by 15,000 AF annually.  The CalSim II modeling estimated that the increased Sacramento 

River Basin inflows to the Delta of 136,000 AF would require increased imports from the Trinity River Basin by 

32,000 AF, increased Sacramento River Basin groundwater pumping of an annual average of 99,000 AF, and 

other changes of 7,000 AF.  Figure 9 shows these estimated average annual flow changes by water year type.   

 

Imports from the Trinity River Basin 

 

The requirements of 50% and 40% of unimpaired flows are outside the operational parameters that CalSim II 

was designed to model.  The CalSim II logic that balances Trinity and Shasta Reservoir storage amounts 

properly for Existing Conditions therefore may not be suitable for modeling the operations that would be 

necessary to satisfy these outflow and flow requirements.  In particular, desired increases in releases from 

Trinity Reservoir to the Trinity River may be inconsistent with the CalSim II modeled operations that would be 

triggered by these requirements based on 50% and 40% of unimpaired flows.  Additional modeling logic that 

isolates Trinity operations from the Sacramento River Basin operations therefore may need to be developed.  

Because imports from the Trinity River Basin actually might not increase as much as is indicated by the 

CalSim II modeling done for this evaluation, the model results described in this report probably 

underestimate the impacts within the Sacramento River Basin that actually would occur with implementation 

of these requirements. 
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Implementation of the 40% of unimpaired flow requirements would result in Trinity, Shasta, Folsom 

Reservoirs being at their dead pools (effectively empty) by the end of September in roughly 10% of all years, 

and in Oroville Reservoir being at its minimum pool in 30% of all years.  With implementation of the 40% of 

unimpaired flow requirements, average carryover storage reductions for the major project reservoirs would 

be: 

 Trinity Reservoir: ‐ 200,000 AF 

 Shasta Reservoir: ‐ 423,000 AF 

 Oroville Reservoir: ‐ 390,000 AF 

 Folsom Reservoir: ‐ 79,000 AF 

 

The total reduction in upstream carryover project storage that would occur with implementation of the 40% 

of unimpaired flow requirement would be about 1.1 million AF.  Although such reservoir deficits would be 

about half of the reservoir deficits that would occur with implement of the 50% of unimpaired flow 

requirement, there still would be similar types of impacts.  Reducing upstream reservoir releases by 1 million 

AF from July through September would result in violations to the applicable instream flow requirements and 

would make it difficult or impossible to meet the applicable instream temperature requirements. 

 

This extensive loss of carryover reservoir storage would have significant impacts to hydropower, recreation, 

lake fisheries, and downstream fisheries.  During multiyear droughts, project reservoirs would be at 

minimum or dead pool levels throughout the drought period, which would lead to adverse conditions for 

fisheries in many consecutive years.  Figures 14 through 17 show monthly storage in Trinity, Shasta, Oroville, 

and Folsom Reservoirs respectively for the 1922‐2003 CalSim II simulation period for Existing Conditions and 

the 50% and 40% of unimpaired flow requirements.  By comparing Existing Conditions storage to the 50% 

and 40% of unimpaired flow storage prolonged reductions in storage due to unimpaired flow requirements 

are noticeable, particularly in dryer conditions.  These prolonged reductions in storage would result in 

adverse conditions that could persist for several years. 
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Figure 14 ‐ Monthly Trinity Reservoir Storage 

50% and 40% Unimpaired Flow Requirement 
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Figure 15 ‐ Monthly Shasta Reservoir Storage 

50% and 40% Unimpaired Flow Requirement 
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Figure 16 ‐ Monthly Oroville Reservoir Storage 

50% and 40% Unimpaired Flow Requirement 
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Figure 17 ‐ Monthly Folsom Reservoir Storage 

50% and 40% Unimpaired Flow Requirement 
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Changes in Flow Patterns 

Figure 18 and Figure 19 provide summaries of the kinds of changes in the monthly flow patterns that would 

occur in rivers below the major CVP and SWP reservoirs with implementation of the 50% and 40% of 

unimpaired flow requirements.  These river flows would typically be higher in the months of March, April, 

and May, and in some Junes, but would be lower in the other months, especially the summer months.  Also, 

as mentioned in the above discussion of impacts to project reservoirs, the changes in river flow patterns that 

are estimated by CalSim II are underestimates of the impacts that actually would occur.  Moreover, 

reductions in summer river flows would be much greater if reservoir releases were decreased further, to 

meet reservoir carryover requirements in order to maintain cold‐water pools.   

 

These decreased flows, and the resulting increased residence times, would cause the warmer water released 

into rivers to increase in temperature during the summer, when air temperatures are high.  Effects below 

Oroville and Folsom Reservoirs would be equally dramatic. 

 

These changes in flow patterns would impact hydropower generation as well.  There would be increases in 

generation during spring months when hydropower is already abundant, and there would be decreases in 

generation during summer months when the State’s power demand is greatest.  
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Figure 24 – Monthly Exceedance plots of Sacramento River Flow below Keswick  

50% Unimpaired Flow Requirement 
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Figure 25 – Monthly Exceedance plots of Sacramento River Flow below Keswick  

40% Unimpaired Flow Requirement 
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Water Supply Impacts 

 

This analysis assumes that the CVP and SWP reservoirs will be operated to meet the 50% and 40% of 

unimpaired flow requirements; therefore, the analysis assumes that all water supply impacts would be on 

the CVP and SWP.  As discussed above, all of the estimated water supply impacts are underestimates of the 

actual water supply impacts that would occur from implementation of these requirements.  This is because 

although rules governing CalSim II’s simulations of the CVP / SWP system have been developed to produce 

meaningful operations under a wide range of alterative scenarios,  simulation of the 50% and 40% of 

unimpaired flow requirements requires simulation of operating conditions that would be outside of the 

range of CalSim II’s existing rules. Nevertheless, modeling under CalSim II is the best available method of 

estimating the impacts of implementing such flow requirements.  Additional features would need to be 

incorporated into the CalSim II model to estimate the full range of impacts to the water system that 

implementation of the 50% and 40% of unimpaired flow requirements would cause. 

 

Table 5 contains summaries of estimated average annual water deliveries to CVP contractors under Existing 

Conditions and under the 50% unimpaired flow requirement, and a summary of the differences.  Average 

annual North of Delta (NOD) deliveries would be reduced by 172,000 AF and South of Delta (SOD) would 

decrease by 346,000 AF.  Average critical year reductions NOD would be 542,000 AF and reductions SOD 

would be approximately 368,000 AF.  Table 6 contains summaries of estimated average annual water 

deliveries to CVP contractors under Existing Conditions and under the 40% unimpaired flow requirement, and 

a summary of the differences.  Average annual North of Delta (NOD) deliveries would be reduced by 74,000 

AF and South of Delta (SOD) would decrease by 140,000 AF.  Average critical year reductions NOD would be 

216,000 AF and reductions SOD would be approximately 172,000 AF.  It is important to note that the model 

assumes that diversions by settlement and exchange contractors would be curtailed, both NOD and SOD, and 

that the model does not contain any adjustment to maintain these contractors’ water diversion priorities.  

The model results also indicate that municipal and industrial (M&I) deliveries north and south of Delta would 

be reduced to levels such that public health and safety water supply needs would be difficult or impossible to 

satisfy.   

 

The model results indicate that water deliveries to wildlife refuges would be reduced to extents that could 

have effects on the Pacific Flyway. The water supply reductions to agriculture in both the Sacramento and 

San Joaquin Valleys would also result in water supply reductions to wildlife refuges in these areas.  

Additionally, the loss of rice production acreage in the Sacramento Valley would affect the Pacific Flyway due 

to the loss of fall flood‐up habitat. 

 

Tables 7 and 8 contain a summary of estimated annual water deliveries to SOD SWP contractors under the 

Existing Conditions and 50% and 40% of unimpaired flow requirements scenarios, and a summary of the 

differences. The estimated average annual reductions in SOD SWP contractor deliveries is 352,000 AF in the 

50% of unimpaired scenario and 191,000 AF in the 40% of unimpaired scenario.  Estimated dry and critical 

year delivery reductions are 863,000 AF and 460,000 AF, respectively in the 50% of unimpaired flow scenario 

and 516,000 AF and 299,000 AF, respectively in the 40% of unimpaired flow scenario.  

 

 

 



 

Evaluation of Potential SWRCB Unimpaired Flow Objectives – April 25, 2012  Page 34 
 

Figure 26 contains exceedance probability plots of CVP water supply allocations for CVP NOD agricultural 

service contractors, CVP SOD agricultural service contractors, CVP NOD M&I contractors, and CVP SOD M&I 

contractors for the Existing Conditions and 50% of unimpaired flow scenarios. Figure 27 contains this 

information for the 40% of unimpaired flow scenario.  Under the 50% of unimpaired flow scenario, both NOD 

and SOD agricultural service contractors would receive no water supplies in 20% of all years, and would 

experience significant reductions in allocations in most years.  Under 50% of unimpaired flow scenario, both 

NOD and SOD M&I contractors would receive 50% allocations in 20% of all years,  which would result in 

difficulties in meeting public health and safety water needs.  There would be difficulty in satisfying public 

health and safety water needs in the 40% of unimpaired flow study, but not to the degree of the 50% of 

unimpaired flow scenario.  In addition to reduced water supply allocations, when project reservoirs would 

reach dead pool, most M&I water supply deliveries would be further reduced, and in many months would be 

zero. 

 

Figures 28 and 29 contain exceedance probability plots of SWP SOD water supply allocations under both of 

these scenarios.  The plots indicate that, in 60% of all years, SWP SOD water supply deliveries would be 

significantly reduced with implementation of the 50% of unimpaired flow requirements and in 50% of all 

years with implementation of the 40% of unimpaired flow requirements.   
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Table 5 ‐ CVP Delivery Summary (1,000 AF)  

50% Unimpaired Flow Requirement 

 
 

Table 6 ‐ CVP Delivery Summary (1,000 AF)  

40% Unimpaired Flow Requirement  

 

AG NOD AG SOD Exchange M&I NOD M&I SOD Refuge NOD Refuge SOD Sac. Setlmnt CVP NOD Total CVP SOD Total

Existing 
All Years 226 879 852 85 117 68 296 1840 2219 2326

W 318 1380 875 93 136 70 305 1837 2318 2879
AN 286 962 802 85 113 65 279 1696 2131 2325
BN 220 717 875 86 112 70 305 1881 2257 2192
D 159 605 864 81 108 69 300 1876 2184 2061
C 53 233 741 68 87 56 252 1740 1917 1492

50% Unimpaired Flow Requirement
All Years 150 592 836 75 99 65 287 1758 2048 1980

W 303 1278 875 92 131 71 304 1836 2301 2772
AN 206 686 802 78 105 65 279 1695 2045 2040
BN 78 233 865 70 88 70 301 1859 2077 1660
D 29 125 847 64 79 68 293 1833 1994 1506
C 17 84 664 51 56 35 206 1272 1375 1124

Difference
All Years -75 -286 -17 -10 -18 -3 -9 -83 -172 -346

W -15 -103 0 -1 -4 0 0 0 -16 -107
AN -80 -277 0 -6 -8 0 0 0 -86 -284
BN -142 -484 -10 -15 -24 0 -3 -22 -180 -532
D -130 -479 -17 -17 -30 -1 -8 -43 -190 -554
C -36 -149 -77 -16 -31 -22 -45 -468 -542 -368

AG NOD AG SOD Exchange M&I NOD M&I SOD Refuge NOD Refuge SOD Sac. Setlmnt CVP NOD Total CVP SOD Total

Existing 
All Years 226 879 852 85 117 68 296 1840 2219 2326

W 318 1380 875 93 136 70 305 1837 2318 2879
AN 286 962 802 85 113 65 279 1696 2131 2325
BN 220 717 875 86 112 70 305 1881 2257 2192
D 159 605 864 81 108 69 300 1876 2184 2061
C 53 233 741 68 87 56 252 1740 1917 1492

40% Unimpaired Flow Requirement
All Years 190 756 850 80 110 66 292 1809 2145 2186

W 313 1346 875 92 135 70 304 1837 2312 2843
AN 256 896 802 82 113 65 279 1695 2099 2258
BN 158 500 875 80 104 70 305 1881 2188 1968
D 88 375 860 72 99 68 300 1850 2079 1816
C 31 144 730 59 68 47 230 1565 1701 1320

Difference
All Years -36 -123 -2 -5 -6 -1 -4 -32 -74 -140

W -5 -34 0 -1 -1 0 -1 0 -6 -36
AN -29 -67 0 -2 0 0 0 0 -32 -67
BN -63 -217 0 -6 -7 0 0 0 -69 -225
D -71 -229 -4 -9 -9 0 0 -26 -106 -244
C -22 -88 -11 -9 -19 -9 -21 -176 -216 -172
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Table 7 ‐ SWP South of Delta Delivery Summary (1,000 AF)  

50% Unimpaired Flow Requirement 

 
 

Table 8 ‐ SWP South of Delta Delivery Summary (1,000 AF)  

40% Unimpaired Flow Requirement 

 
 

MWD "Other" M&I AG SOD Art. 56 Art 21 M&I Table A Total
Existing 

All Years 1037 610 596 303 71 1647 2242 2616
W 1186 713 738 393 140 1899 2637 3169
AN 1065 606 601 222 60 1671 2271 2554
BN 1121 641 618 376 31 1762 2380 2788
D 1001 582 535 225 39 1583 2118 2382
C 551 348 298 196 21 899 1196 1414

50% Unimpaired Flow Requirement
All Years 906 540 521 232 66 1446 1967 2264

W 1202 711 738 328 120 1913 2651 3099
AN 1067 605 600 148 113 1672 2272 2533
BN 968 578 521 297 41 1546 2067 2404
D 619 387 334 168 11 1006 1339 1519
C 388 243 210 107 6 631 841 954

Difference
All Years -131 -70 -75 -71 -5 -201 -275 -352

W 15 -1 0 -65 -19 14 14 -70
AN 2 -1 -1 -74 53 1 0 -21
BN -154 -62 -98 -80 10 -216 -314 -384
D -383 -195 -201 -56 -28 -578 -779 -863
C -163 -105 -88 -89 -16 -268 -356 -460

MWD "Other" M&I AG SOD Art. 56 Art 21 M&I Table A Total
Existing 

All Years 1037 610 596 303 71 1647 2242 2616
W 1186 713 738 393 140 1899 2637 3169
AN 1065 606 601 222 60 1671 2271 2554
BN 1121 641 618 376 31 1762 2380 2788
D 1001 582 535 225 39 1583 2118 2382
C 551 348 298 196 21 899 1196 1414

40% Unimpaired Flow Requirement
All Years 968 571 555 265 65 1539 2094 2425

W 1194 712 738 356 142 1906 2644 3142
AN 1064 601 598 211 69 1666 2263 2543
BN 1096 619 586 317 41 1715 2301 2659
D 777 475 419 189 7 1251 1671 1866
C 438 278 237 155 6 717 954 1115

Difference
All Years -69 -39 -41 -37 -6 -107 -148 -191

W 7 -1 0 -36 2 7 7 -28
AN 0 -5 -3 -11 9 -5 -8 -10
BN -25 -22 -33 -59 10 -47 -79 -129
D -225 -107 -116 -35 -33 -332 -448 -516
C -113 -69 -61 -41 -15 -182 -243 -299
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Figure 26 – CVP Water Supply Allocation 

50% Unimpaired Flow Requirement 
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Figure 27 – CVP Water Supply Allocation 

40% Unimpaired Flow Requirement 
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Figure 28 – SWP Water Supply Allocation 

50% Unimpaired Flow Requirement 

 

 

Figure 29 – SWP Water Supply Allocation 

40% Unimpaired Flow Requirement 
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Sustainable Groundwater Management:   
What We Can Learn from California’s  

Central Valley Streams
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SUSTAINABLE GROUNDWATER MANAGEMENT: WHAT WE CAN LEARN FROM CALIFORNIA’S CENTRAL VALLEY STREAMS � 1

Introduction 

Groundwater is intimately connected to surface water, 
which has profound implications for sustainable 

water resource management. California has historically 
overlooked this important interaction and as a conse-
quence, decisions about groundwater extractions have 
generally failed to address the resulting impacts to sur-
face flows and aquatic ecosystems such as rivers, 
wetlands and springs. This has contributed to a loss of 
approximately 95 percent of the historical wetlands and 
river habitat in California’s Central Valley.1

With the passage of the Sustainable Groundwater 
Management Act (SGMA), groundwater sustainability 
agencies across the state will soon be required to 
manage groundwater resources to avoid causing unde-
sirable results to groundwater levels and interconnected 
groundwater and surface water. These groundwater 
levels and areas of interconnection support ground-
water-dependent ecosystems2 (GDEs). Therefore, an 
important first step in sustainable groundwater man-
agement is to understand how groundwater pumping 
impacts surface water, including streams, and GDEs. 

To build the case for ecosystem protections now found 
in SGMA, The Nature Conservancy completed a study 
in 2014 to illustrate how groundwater pumping is 
affecting streams and rivers in California’s Central 
Valley. The report, entitled Groundwater and Stream 
Interaction in California’s Central Valley: Insights for 
Sustainable Groundwater Management3, uses an inte-
grated hydrologic model to reconstruct the historical 
impacts of groundwater use on groundwater levels 
and stream flow conditions. The results from that 
detailed study are summarized here.

Our study focused on the state’s Central Valley 
because of its importance in California’s overall water 
supply. We used a model developed by the Department 
of Water Resources (DWR) to simulate the Central 
Valley’s hydrologic conditions during the years from 
1922 to 2009. 

1  The Bay Institute (1998) From the Sierra to the Sea: The Ecological History 
of the San Francisco–Bay Delta Watershed.
2  Groundwater dependent ecosystems are “terrestrial, aquatic and coastal 
ecosystems that require access to, replenishment or benefit from, or otherwise 
rely on subsurface stores of water to function or persist.” Howard and 
Merrifield (2010) Mapping Groundwater Dependent Ecosystems in California. 
PLoS ONE 5(6): e11249. doi:10.1371/journal.pone.0011249
Available at: http://www.scienceforconservation.org/
3  The Nature Conservancy. 2014. Groundwater and Stream Interaction in 
California’s Central Valley: Insights for Sustainable Groundwater Management. 
Available at: www.scienceforconservation.org 

Across the Tulare Basin, San Joaquin Basin and 
Sacramento Valley these changes have differed in mag-
nitude, but share a similar trend. In areas with hydraulic 
connection between groundwater and surface water, 
increases in groundwater extraction continue to cause 
declines in groundwater levels that reduce stream flow. 

Our report found that as groundwater production grew 
threefold, surface water was seriously depleted in the 
Central Valley. This region, which accounts for 20 
percent of all groundwater pumping in the United 
States, has now lost nearly all of its wetlands and river 
habitat. Our modeled results indicate that over 80 
percent of the valley’s rivers lose more water today 
than they did in their relatively natural state. By the 
end of our study period, the valley’s rivers were losing 
almost 1.5 billion gallons of water each day—that is 
enough water to supply 2.5 times the water needs of 
Los Angeles. In addition, groundwater aquifers contain 
6.5 trillion gallons less water now than they did at the 
start of the study period. 

The results of our study pre-date the extended drought 
that began in 2011 and it is likely that the drought has 
exacerbated stream depletions. In addition, our study 
illustrates that the effects of groundwater pumping 
can take years—even decades—to recover. This means 
that the full extent of the impacts of groundwater 
pumping during the drought will continue to plague 
us for many years. 

These findings have troubling implications not only 
for the health of our ecosystems, but also for the sur-
face water right holders. If groundwater pumping 
continues to increase, it will become even more chal-
lenging to ensure that surface water is available for 
the cities, industries, agriculture and plants and ani-
mals that rely on surface water systems.

Sustainable groundwater management requires that 
we acknowledge the critical connection between 
groundwater and surface water. In addition, in man-
aging this connection, we must acknowledge the 
protracted time period it can take for groundwater 
extractions to impact stream flow. The best tools we 
have to sustain our important groundwater supplies 
are to proactively manage and monitor groundwater 
use and to invest heavily in groundwater recharge. 
Implementation of SGMA provides the impetus to 
change our approach and to integrate management 
of groundwater and surface water.
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Background
The Interconnection between Groundwater and 
Stream Flow

Most of California’s groundwater occurs in mate-
rial deposited by streams, called alluvium. 

Alluvium consists of coarse deposits, such as sand 
and gravel, and finer-grained deposits such as clay 
and silt. The coarse and fine materials are usually 
coalesced in thin lenses and beds that were deposited 
by streams. In this environment, coarse materials such 
as sand and gravel deposits usually provide the best 
source of water and are termed aquifers; the fin-
er-grained clay and silt deposits are relatively poor 
sources of water and are referred to as aquitards. 
California’s groundwater basins usually include one 
or a series of alluvial aquifers with intermingled aqui-
tards. DWR has delineated more than 500 alluvial 

groundwater basins and sub-basins across California, 
the largest of which are the Sacramento Valley, San 
Joaquin Basin and Tulare Basin that underlie the 
Central Valley. 

Streams and rivers in the Central Valley typically flow 
over sediments that are connected to underlying aqui-
fers. Because the sediments that make up the bottoms 
of these stream channels are porous, water can flow 
back and forth between the streams and the under-
lying aquifer. 

A range of groundwater–surface water interconnec-
tions are found in basins in the Central Valley. When 
groundwater levels in the surrounding sediments are 
high relative to the streams, groundwater flows from 
the aquifer into the streams, contributing to the stream 
flow. This condition is known as a gaining stream—
streams gain surface flows from high groundwater 
levels. In some cases, this groundwater inflow keeps 

FIGURE 1: Groundwater and Stream Interaction in Alluvial Aquifers

Groundwater basins in California are predominately alluvial or “valley-fill” groundwater aquifers. These aquifers are made up of 
unconsolidated or loosely-cemented sediments that have been deposited over long periods of time in valleys. These deposits, 
sometimes thousands of feet deep, are usually underlain by more solid, and less permeable, rocks that make up the geologic 
floor of the valley and the surrounding hills or mountains. The sediments that make up the valley-fill are deposited in interwoven 
layers and veins that vary widely in particle size, from cobbles and gravel, to sands, to clay. The water in these aquifers resides 
in, and moves through, the pore spaces between the sediment particles. Water moves more easily through sediments of larger 
particles, and moves very slowly, if at all, through sediments of finer particles, like clays.

Gaining Stream—Where rivers or streams 
run across valley floors underlain by valley-fill 
aquifers, there will inevitably be exchange of 
water between the streams and the underlying 
and surrounding aquifers. If surrounding 
groundwater levels are higher than the water 
levels in the river, the river will “gain” water 
from the surrounding groundwater. This is 
called a “gaining” reach of stream. This 
groundwater inflow is often a large portion  
of the flow in streams after precipitation 
events have passed. This is often the natural 
condition of streams, since streams are 
commonly the major discharge location for 
groundwater flow.

Losing Stream—Pumping of groundwater 
draws down the groundwater levels near the 
pumping well, and multiple wells can lower 
groundwater levels over large regions of the 
aquifers. If groundwater levels are drawn 
down, by pumping or by natural processes, to 
levels lower than the stream, water will flow 
from the stream into the aquifer sediments 
below. In this condition, the stream segment 
is said to be a “losing” reach of stream. 

Gaining Stream—Groundwater flows into the  
stream, increasing surface flows

Losing Stream—Stream flows depleted by outflows to groundwater
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streams flowing in the dry seasons, even when there 
is no rain or snow to maintain them. This is referred 
to as base flow. When groundwater levels drop, the 
amount of groundwater flow into the stream is cor-
respondingly reduced. 

When groundwater elevations in the surrounding basin 
sediments are lower than the water level in the stream, 
the flow direction is reversed and water from the stream 
leaks or seeps through the streambed sediments, flow-
ing into the surrounding aquifer, recharging the 
groundwater basin. This seepage or leakage of stream 
flow into the groundwater basin reduces the flow in 
the stream. This condition is called a losing stream—
streams lose surface flows to groundwater recharge. 

In short, what is a gain for the groundwater is a loss 
for the stream. The loss of flow in streams due to 
groundwater pumping is formally known as “stream 
depletion,” meaning groundwater pumping ultimately 
comes at the expense of surface waters—from deplet-
ing surface flows. This stream-aquifer relationship can 
change seasonally or annually between gaining and 
losing conditions based on the flows in the river and 
the status of the groundwater system.

Because of the interaction between stream flow and 
groundwater in alluvial systems, pumping water from 
wells essentially diverts surface water, with the aquifer 
functioning as a large storage facility for water that 
comes from surface flows. Deep wells in confined 
portions of the aquifers, and wells distant from streams 
are similarly connected to streams; they simply take 
longer to impact rivers and streams. Groundwater 
pumping is therefore only sustainable to the extent 
that it can be replenished by surface water systems 
and also to the degree that we are willing to compro-
mise ecosystems and established surface water rights. 

Study Approach

Recognition of the groundwater–surface water con-
nection in the Central Valley is especially critical in 
managing California’s water supply because of the 
importance of Sacramento and San Joaquin river flows 
and underlying groundwater in meeting local and 
statewide water supply needs.

Our study describes how groundwater pumping over 
the past century has changed conditions in the Central 
Valley using DWR’s integrated groundwater and surface 
water model, the California Central Valley Groundwater-
Surface Water Simulation Model (C2VSim). The model 
covers the hydrologic, land use and water use conditions 

in the Central Valley for the period of 1922 to 2009. 
While the model is not a perfect representation of the 
natural system, it represents the clearest comprehensive 
picture available for the Central Valley hydrologic and 
water use conditions and the interaction between 
streams and groundwater system.

One of the biggest challenges in understanding the 
status of groundwater conditions is the lack of reliable 
data on pumping rates, since measuring or reporting 
of groundwater pumping volumes has not historically 
been required in California. Consequently, pumping 
volumes must be estimated. This is done within 
C2VSim by dynamically calculating crop water 
demands, allocating contributions of water from pre-
cipitation, soil moisture, and surface water diversions 
(which are reported), and then estimating the amount 
of groundwater pumping required to meet remaining 
demand. Experts generally agree that the C2VSim 
model provides some of the best estimates of agri-
cultural water demand, and therefore groundwater 
pumping to meet agricultural demands for the Central 
Valley because estimates are based on water budgets 
developed for various management areas, considering 
various crop mixes, soil conditions, irrigation practices, 
rainfall, surface water supplies and variation in both 
space and time throughout the valley.

In addition to illuminating historical conditions and 
current trends in groundwater–surface water condi-
tions, we used the C2VSim model to illustrate possible 
future conditions that could result from water man-
agement scenarios. These scenarios include a 
groundwater substitution transfer and development 
of new irrigated lands using groundwater.

Salamander at small freshwater stream on The Nature Conservancy’s Mueller Ranch 
located in the Arroyo Seco River and Uplands Conservation Areas of Monterey 
County, California Central Coast Ecoregion, California. © Mark Godfrey/TNC
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Figure 2: Historical Land 
Use and Water Supplies  
in the Central Valley.

Observations and Results
The following are some general observations drawn from 
the C2VSim simulations. More details on each of these 
can be found in the full technical report.

Declining Groundwater Levels

Water development and use within the Central 
Valley increased dramatically in the 1900s as 

new irrigated agricultural land was progressively 
brought into production. Combined surface water and 
groundwater use rose from about 9 million acre-feet 
per year in the 1920s to about 22 million acre-feet per 
year in 2009, with groundwater production rising from 
about 3.3 to 10 million acre-feet per year over this 
same period. 

The proportion of groundwater use to total water use 
in the Central Valley averaged about 45 percent 
between 1922 and 2009, with the actual amount 
varying year to year depending on rainfall. In 1977, a 
severe drought year, groundwater provided nearly 70 
percent of the supply for this area, with pumping total-
ing nearly 16 million acre-feet. In 1983, an extremely 
wet year, groundwater provided only 30 percent of 
the supply, totaling only 7 million acre-feet. The Tulare 
Basin accounts for as much groundwater production 
as the other regions combined. 

Increases in groundwater pumping resulted in lower 
groundwater levels throughout most of the Central 
Valley in 2009 relative to the 1920s. These lower water 
levels correspond to a decrease in stored groundwater, 
meaning more water was pumped from the aquifer 
than was recharged. Estimated stored groundwater 
in the Tulare Basin region underwent a dramatic 
decline, with total pumping exceeding recharge by 
more than 120 million acre-feet. Over the same period 
in the San Joaquin Basin, the estimated reduction in 
storage was more than 20 million acre-feet. Meanwhile 
in the Sacramento Valley, a similar though less dra-
matic trend can be seen, with less than 5 million 
acre-feet estimated reduction in storage. 

Assuming the existing land use and water use condi-
tions continue in the future, model simulations suggest 
that groundwater storage could potentially decline by 
an additional 75 million acre-feet through the year 2083.

Resulting Stream Depletion

As described above, when groundwater levels decline 
in alluvial aquifers, the flow in the overlying streams 
that have some level of hydraulic connection with 
groundwater is affected. The historical effects of 
increased groundwater pumping on stream flow 
between 1922 and 2009 are clearly evident from the 
results of the C2VSim simulations. As groundwater 
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Figure 3: Cumulative Change in 
Groundwater Storage, by Region. 
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Figure 4: Net Historical 
Groundwater Discharge 
to Rivers, with 10-Year 
Moving Average.
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extractions tripled, groundwater discharge to streams 
gradually decreased. In fact by the end of our study 
period, major Central Valley rivers were being depleted 
at a rate of 1.5 billion gallons per day. This is 2.5 times 
the amount of water needed to support Los Angeles 
each day.

Streams in the San Joaquin and Sacramento Valley 
hydrologic regions were gaining water overall in the 
1920s, while streams in the Tulare were already losing 
flows to groundwater. Streams in the San Joaquin 
largely converted in the 1960s, at which time they 

began to lose more water than they gained. While 
these findings do not indicate that all streams reversed 
from gaining to losing rivers—or that any particular 
river became disconnected—the results clearly show 
that the general relationship between groundwater 
and stream flow has been significantly altered. 

Up north in the Sacramento Valley, the model simula-
tion indicates that streams reached their tipping point 
by 2009, losing more flow to groundwater than they 
gained. The Sacramento River and its tributaries were 
net-gaining streams in the early 1900s, but now they 
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are estimated to be gaining much less or even net los-
ers of water overall due to increases in groundwater 
pumping. These stream flow depletions in the 
Sacramento Valley occurred as groundwater level 
declined as little as 25 feet over most of the valley. 

Compromised Groundwater Dependent Ecosystems

The reduction in stream flows has degraded the plants, 
animals and ecosystems that rely on rivers and streams, 
as well as the ability to maintain water quality, stream 
temperature and other beneficial uses. As a result, there 
has been a drastic decrease in the extent of wetlands 
and river habitats, drying of seeps and springs, and an 
interruption of the dry season stream flow needed for 
passage of salmon and for the health of other aquatic 
species. Some of these declines in ecosystem health 
have resulted in listing of species under the Endangered 
Species Act and/or California Endangered Species Act, 
in some cases forcing regimented water system oper-
ations that could be avoided if the rivers or wetlands 
were restored to functional levels.

In addition to declines in groundwater storage and 
degradation of GDEs, increased groundwater pumping 
in the San Joaquin and Tulare Basins has resulted in 

some of the world’s most extreme examples of sub-
sidence—a condition where the land surface slowly 
loses elevation due to the compaction of sediments—
in some cases by more than 30 feet

Our study reflects impacts up to 2009. Since then, 
California entered a drought that increased ground-
water pumping and exacerbated stream depletions, 
habitat losses and subsidence.

Scenario 1: Groundwater Substitution Transfer

During times of drought, transferring water from areas 
with relatively abundant water supplies to areas of 
shortage is often a means to reduce supply constraints 
in the state. One form of this is called a “groundwater 
substitution transfer.” This occurs when water users 
forgo their surface water entitlement for transfer and 
substitute groundwater pumping to meet their irriga-
tion needs. 

Our study modeled a scenario to isolate the impact 
of a single year of a groundwater substitution transfer. 
It assumed a transfer from the Sacramento Valley to 
an area south of the Delta, with pumping of 186,000 
acre-feet.

Lush, riparian forest surrounds Dye Creek in the Dye Creek Preserve, part of the Lassen Foothills project where restorative land management and conservation-compatible ranching 
techniques are administered by The Nature Conservancy on behalf of the state of California. © Ian Shive
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This scenario resulted in groundwater levels declining 
at locations of increased pumping, with varied affects 
on the surface water system. The groundwater level 
declines are less in pumping areas close to the major 
river systems, and more at greater distances from the 
rivers, indicating that rivers are major sources of 
recharge to the groundwater system. 

These groundwater level declines persist for years to 
decades, resulting in long-term depletion of stream 
flow. Our modeling analyses indicate that over this 
period, the total stream depletions approach the 
186,000 AF volume of water pumped for the 
substitution. 

Scenario 2: Stream Flow Impacts from Develop-
ment of New Irrigated Lands

Recent years have seen significant levels of new agri-
cultural development in the Central Valley, where 
previously non-irrigated lands are being irrigated using 
groundwater. To estimate the impacts of new pump-

ing on stream flow in the Central Valley, we simulated 
a hypothetical case of 10,000 acres of new irrigated 
lands being brought into production on the northwest 
side of the Sacramento Valley using groundwater as 
the water supply.

Our modeled scenario assumed a groundwater pump-
ing need of 30,000 acre-feet per year. Since a portion 
of the irrigation (~5,000 acre-feet per year) returns 
to the groundwater through deep percolation from 
irrigation applied water, we assumed a net new-ground-
water use of approximately 25,000 acre-feet per year. 

The additional groundwater use resulted in a reduction 
in groundwater levels that inevitably led to new stream 
depletions. Once the new pumping is initiated in the 
area, it takes approximately 25 to 30 years for a “new 
equilibrium” to be reached in the groundwater levels 
and for all the stream depletions to fully develop. 
Eventually, however, all of the net new groundwater 
use, 25,000 acre-feet per year, is reflected as reduced 
stream flows.

Figure 5: Sacramento Valley Stream Depletion and Groundwater “Repayment” Curve.
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Conclusions

Our report illustrates how increased groundwater 
pumping in the Central Valley has resulted in 

stream depletions, essentially reversing the historical 
interconnection where streams gained flows from 
groundwater. The result of these stream depletions 
includes loss of surface water supplies as well as 
declines in the health of plants and animals that 
depend on surface water and sufficient groundwater 
levels. These impacts are significant because the vol-
umes of lost groundwater are frequently replaced by 
corresponding depletions in stream flow, and because 
these stream losses can persist for many years—even 
decades.

As California implements the Sustainable Groundwater 
Management Act, our study provides clear lessons 
learned that should inform sustainable 
management:

 � Groundwater withdrawals result in surface water 
depletions. In many areas of California’s Central 
Valley, groundwater and surface water resources 
are intimately interconnected. As groundwater 
production tripled in the 20th century, many por-
tions of the Central Valley’s rivers and streams 
converted from systems that gained flows from 
groundwater to systems that lost surface flows to 
groundwater. 

 � Conditions are worsening in the Sacramento 
Valley. While groundwater overdraft has long been 
recognized in the southern parts of the Central 
Valley, conditions in the Sacramento Valley region 
have, until recently, been reasonably stable. Our 
study indicates that groundwater conditions in the 
Sacramento Valley are worsening and, as a result, 
adverse impacts to surface flows are increasing.

 � Stream flow impacts from pumping may be 
delayed by decades. Although the effects of 
groundwater pumping on stream flow may be fairly 
immediate when the pumping location is close to 
the stream, the effects of groundwater pumping 
miles away from a stream or deeper in the aquifer 
will lead to stream depletion that is not fully 
expressed for years or even decades.

 � Small changes in groundwater levels can make 
a big difference. Because it can take decades to 
recover groundwater levels, even small groundwa-
ter level declines can lead to potentially significant 
stream depletion when aggregated over time.

 � Without action, Central Valley groundwater con-
ditions will continue to decline. Our modeling 
results show that groundwater storage in the 
Central Valley has declined by about 150 million 
acre-feet since the early 1920s. Assuming the 
existing land use and water use conditions continue 
in the future, model simulations suggest that 
groundwater in storage could potentially decline 
by an additional 75 million acre-feet through the 
year 2083. 

 � Groundwater substitution transfers affect stream 
flow. Modeling results clearly indicate that supplies 
for groundwater substitution transfers initially comes 
from groundwater. Although pumped groundwater 
for transfers initially comes from groundwater in 
storage, eventually it is balanced by an equivalent 
amount of stream depletion that occurs over many 
years or even decades. While groundwater transfers 
may be a useful drought mitigation measure, such 
measures need to be designed and implemented 
with full recognition of long-term impacts to streams 
and surface water rights.

 � Expanding irrigated agriculture means lower 
groundwater levels and less flow in streams. 
Increased agricultural development in the Central 
Valley supplied by groundwater will result in fur-
ther declines in groundwater levels. These declines 
will ultimately result in stream depletion similar in 
amount to the consumptive use of the new crops. 
Stream depletion impacts from this new ground-
water pumping may take years to decades to fully 
develop.

While our study focuses on the Central Valley, the 
same hydrologic and physical principles apply where 
streams and rivers flowing over alluvial aquifers are 
pumped for water supply across California. Sustainable 
groundwater management requires recognizing and 
understanding how declining groundwater levels lead 
to stream depletions. Stated simply, groundwater 
pumping in alluvial aquifers as just another way of 
diverting surface water. When viewed in this way, it 
is clear that groundwater pumping is only sustainable 
to the degree that we accept associated impacts to 
surface water rights and plants and animals.

Over the next few decades, we will learn much more 
about groundwater dependent ecosystems and the 
connection between groundwater and stream flows. 
But today, one lesson is clear: healthy rivers are strong 
indicators of effective and sustainable groundwater 
management.



Photo on back cover, clockwise from top: Cattle graze along the Shasta River on the 
Conservancy’s recently acquired Shasta Big Springs Ranch near Shasta, California. Heavy 
grazing on the ranch has seriously degraded the river, damaging this crucial salmon habitat. 
The Conservancy purchased the ranch as part of a major project to restore the river habitat 
and protect the salmon fishery. The upper reaches of the Shasta River hold the best hope 
for restoring salmon populations in the Klamath Basin of northern California and southern 
Oregon. The 4,136 acres Shasta Big Springs Ranch (formerly, Busk Ranch) contains large 
cold water springs that support over 80% of the coho salmon found rearing in the Shasta. 
Protecting this ranch and restoring its river habitat is a major link in restoring the salmon 
habitat in California. © Bridget Besaw; Wetland at Lost Slough Wetland in the California 
Cosumnes River Preserve. © Harold E. Malde; Riparian forest line the banks of a slough 
along the Sacramento River in California. ©Harold E. Malde; Pond with mountains in the 
background and trees and grasses on the side in the Sequoia Foothills, near Three Rivers. 
The Sequoia Foothills region supports the greatest biodiversity of native vegetation and 
the 2nd highest concentration of rare and endemic plants in the Sierra Nevada. TNC’s 
Sequoia Foothills Project began due to the principal threat to the natural habitats and native 
species of the area driven by population growth. The project area covers just under 1 million 
acres within Tulare County. © Gary Crabbe/Enlightened Images Photography
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Functional Flows in Modified 
Riverscapes: Hydrographs, 
Habitats and Opportunities

SARAH M. YARNELL, GEOFFREY E. PETTS, JOHN C. SCHMIDT, ALISON A. WHIPPLE, ERIN E. BELLER,  
CLIFFORD N. DAHM, PETER GOODWIN, AND JOSHUA H. VIERS

Building on previous environmental flow discussions and a growing recognition that hydrogeomorphic processes are inherent in the ecological 
functionality and biodiversity of riverscapes, we propose a functional-flows approach to managing heavily modified rivers. The approach 
focuses on retaining specific process-based components of the hydrograph, or functional flows, rather than attempting to mimic the full natural 
flow regime. Key functional components include wet-season initiation flows, peak magnitude flows, recession flows, dry-season low flows, 
and interannual variability. We illustrate the importance of each key functional flow using examples from western US rivers with seasonably 
predictable flow regimes. To maximize the functionality of these flows, connectivity to morphologically diverse overbank areas must be enhanced 
in both space and time, and consideration must be given to the sediment-transport regime. Finally, we provide guiding principles for developing 
functional flows or incorporating functional flows into existing environmental flow frameworks.

Keywords: hydrology, river ecology, water resources, land-use management, geology

During the past three decades, flow management of  
 regulated rivers has increasingly considered down-

stream effects on the environment. Early approaches to 
defining stream flows that benefit the environment (hereaf-
ter called e-flows) focused on quantifying a single minimum 
instream flow sufficient to maintain aquatic species during 
crucial low-flow periods. These recommendations did not 
address the role of stream flow in maintaining species during 
other periods—or in habitat maintenance and formation—
and riparian ecosystem needs (Petts 1996). However, consid-
eration of the impacts of different aspects of the flow regime 
on the entire river ecosystem was first proposed by Hill and 
colleagues (1991), who described the various ecological links 
associated with different flow magnitudes: low flows, bank-
full flows, overbank flows, and extreme valley-inundating 
floods. Petts (1996), Richter and colleagues (1996), and 
Poff and colleagues (1997) introduced ecological and geo-
morphological relationships to other attributes of the flow 
regime, including the timing, duration, frequency, and rate 
of change of flows. Following these and other advances in 
river science, an “e-flows imperative” to sustain healthy river 
ecosystems (Petts 2009) emerged at the beginning of the 
twenty-first century. Today, resource managers and river sci-
entists recognize the importance of the natural flow regime 

(Poff et  al. 1997), the role of flow variability as a driver of 
ecosystem processes (Naiman et  al. 2008), and the inher-
ent interplay among river structure, physical processes, and 
ecological patterns (Fremier and Strickler 2010, Wohl 2012).

The early twenty-first century has seen expansion in the 
variety of approaches to implementing e-flows (Arthington 
2012). These advances have ranged from simple prescrip-
tions applicable to rivers where few baseline data are 
available to complex data-driven approaches, such as the 
Ecological Limits of Hydrologic Alteration (ELOHA) frame-
work (Poff et  al. 2010). The former approaches include 
strategies such as limiting withdrawals to a fixed proportion 
of the natural flow (Richter et al. 2012) and downscaling the 
entire flow regime by reducing flow magnitudes but sustain-
ing the normal seasonal pattern of flow variations (Hall et al. 
2011). The latter approaches specifically advocate that flow 
recommendations be based on the mechanistic relation-
ships between flows and ecological outcomes. However, in 
heavily modified riverscapes (sensu Ward 1998, Fausch et al. 
2002), restoring a natural flow regime is a particular chal-
lenge because of competing water demands (Acreman et al. 
2014). Mimicking a natural flow regime in modified river-
scapes will not yield successful ecological outcomes unless 
such flows trigger functional processes. For example, the 
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restoration of peak flows will not regenerate habitats if the 
river is starved of sediment or if the river channel is highly 
confined (Wohl et al. 2015). Given these constraints, we pro-
pose that a more effective approach is to identify and restore 
aspects of the flow regime that support key ecosystem func-
tions and drive geomorphological and ecological processes.

Riverine ecosystems and their species are adapted to 
processes and patterns that stem from not only the flow 
regime but also the associated disturbance regime, which 
promotes ecological feedbacks between biological and physi-
cal processes (Lytle and Poff 2004). It is well recognized that 
functioning river systems exhibit temporal variability in flow 
(Naiman et al. 2008), sediment flux, and channel morphology 
(Beechie et  al. 2010), and these physical dynamics interact 
with biological communities at multiple scales (Petts 2009). 
Simply stated, the design of a more natural flow regime with-
out consideration of the implications for sediment transport 
and channel–floodplain geomorphology is likely to have lim-
ited success in river management and restoration.

Here, we build on the latest e-flows science to propose 
a functional-flows approach to managing rivers in highly 
modified riverscapes. We expand consideration of e-flows 
to not only address the ecological function of particular 
flows (Acreman et al. 2014) but also to explicitly emphasize 
sediment erosion, transport, and deposition to maintain and 
rehabilitate geomorphologically important instream and 
floodplain habitats, as was advocated most recently by Wohl 
and colleagues (2015). We suggest that e-flow design and 
implementation should focus on specific functional flows 
(sensu Escobar-Arias and Pasternack 2010) that support 
natural disturbances, promote physical dynamics, and drive 
ecosystem functions (Arthington et  al. 2010). We define 
these functional flows, discuss their geomorphic implica-
tions in the context of floodplain connectivity and sediment 
mass balance, suggest how they might be combined into a 
functional flows framework or incorporated into existing 
e-flow frameworks, and provide several guiding principles 
for the flow management of highly modified rivers. We illus-
trate our approach with examples from rivers throughout 
western North America that have marked flow seasonality, 
widely variable sediment supply regimes, and variable sen-
sitivity to hydrological change, typically exhibiting relatively 
short relaxation times for channel morphology response to 
flow regulation (Petts and Gurnell 2013)—thereby providing 
examples applicable to other rivers worldwide.

What is a highly modified riverscape?
We consider highly modified rivers to be those that (1) have 
a high proportion of their total length converted to reser-
voirs, (2) have a high proportion of their total annual stream 
flow diverted and/or managed for societal uses, (3) have a 
high proportion of their total annual stream flow stored in 
reservoirs, and/or (4) have a large proportion of their total 
length channelized or lined by levees. These four character-
istics rarely occur in the same river, but even one of these 
characteristics can greatly affect the riverscape, particularly 

in terms of sediment transport and floodplain extent, and 
constrain e-flow implementation and ecosystem restoration 
potential. For example, the Columbia River meets the first 
criterion, and e-flows can only be applied to the remaining 
reaches of the channel network. In these short river reaches, 
specific flow regimes, specific target species, and particular 
life-history habitat requirements can be relatively easily 
linked to limited e-flow allocations, because fewer demands 
are placed on these short reaches. In contrast, the Colorado 
River meets the third criterion, with reservoirs that can store 
many times the annual average runoff and long river seg-
ments between reservoirs. Here, e-flow recommendations 
must be balanced with the interests of multiple stakeholders 
concerned about different river resources in different parts 
of the river. Extensive e-flows negotiations over several 
decades have been implemented, debated, and revised in 
order to meet these competing demands (Melis et al. 2012). 
Opportunities for e-flow implementation are particularly 
constrained on the lower Colorado River, where all of the 
stated criteria for a highly modified river are met. In fact, 
no flow typically occurs downstream from Morelos Dam in 
Mexico, and the Colorado River rarely flows into the Gulf of 
California. In each of these types of highly modified rivers, 
the limited availability of water to support e-flows makes 
it impossible to restore a full natural flow regime, suggest-
ing that the restoration of key flow components that drive 
geomorphological and ecological functions may be a more 
efficient and effective strategy.

The functionality of flows in the riverscape
Variable flow regimes that transport differing sediment sizes 
at multiple discharges produce dynamic habitat mosaics that 
change in space and time (Stanford 2006) but can remain 
consistent in terms of overall abundance and area of habitat 
types (Ward et al. 2002). Temporally variable flow regimes 
interact with spatially variable river channel and floodplain 
forms to support high biodiversity (Ward 1998, Wohl 2012). 
When these dynamic spatiotemporal interactions are limited 
by flow alterations, blocked by channel levees, or perturbed 
by sediment deficit or surplus, rivers can become homog-
enous, and biodiversity decreases (Moyle and Mount 2007, 
Wohl et al. 2015).

In large alluvial rivers, the extended residence time of 
floodwaters within riparian wetlands diversifies the vegeta-
tive structure and increases primary productivity (Ahearn 
et  al. 2006), whereas increased shoreline complexity can 
provide greater diversity of fish habitat (Moore and Gregory 
1988). Such conditions require both the flows to produce the 
necessary timing of connectivity, as well as the space for the 
development of geomorphic configurations (figure 1). Only 
when interactions between flow and the riverscape are main-
tained can these diverse ecological processes be sustained 
over time (Fausch et al. 2002). However, these morphologic 
attributes and related physical processes are often the first to 
be lost when floodplains are confined by levees and channels 
are simplified.
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Hydrogeomorphic processes are not only influenced 
by active floodplains but also by the balance between the 
sediment supplied from the watershed and the ability of the 
river to move the sediment (Lane 1955). Channels differ in 
form because of differences in sediment transport capacity 
and sediment supply (Wohl et  al. 2015), as well as varia-
tions in riparian vegetation, the presence of coarse legacy 
substrate and bedrock, floodplain extent, and large woody 
debris (Petts and Gurnell 2013). In headwater areas, geo-
morphic diversity is primarily driven by the mobilization 
of coarse bed material in various aquatic habitats; therefore, 
the magnitude of stream flow and the availability of sedi-
ment are key factors. However, as one moves downstream in 
the drainage network, the proportion of fine sediment and 
the total bed material load typically increases, and consid-
eration of bed material mass balance becomes key (Church 
2002). Here, geomorphic diversity and aquatic habitats can 
only be maintained if the duration of high flows is sufficient 
to maintain the flux of bed material supplied from further 
upstream.

In regulated rivers with large dams, the upstream sedi-
ment supply is typically trapped behind the dams, creat-
ing a sediment mass balance deficit downstream. If the 
relationship between flood duration, which correlates with 
total transport capacity, is not in balance with the limited 
sediment available below the dam, subsequent scour and 
bed degradation can occur, such as in the immediate 25 kilo-
meters (km) downstream from Glen Canyon Dam on the 
Colorado river (Grams et al. 2007). Conversely, if a regulated 
river has large sediment inputs from unregulated tributaries 

or lacks transport capacity because of large flow diversions, 
such as in the Rio Grande in the Big Bend region of Texas 
and Chihuahua (Dean and Schmidt 2013), the sediment 
mass balance may be perturbed into surplus. Short duration 
floods are insufficient to transport large volumes of residual 
sediment downstream, limiting the geomorphic diversity 
and maintenance of associated instream channel habitats.

Achieving greater river functionality in highly modified 
riverscapes requires the enhancement of dynamic spatio-
temporal interactions. Recent emphasis on process-based 
restoration has drawn attention to the connections between 
hydrologic and geomorphic dynamics (Beechie et al. 2010, 
Wohl et  al. 2015). In general, greater floodplain benefits 
accrue when physical habitat restoration, sediment trans-
port, and flow regimes are considered together. In some 
locations, levee setbacks or reclaimed farmland adjacent 
to the channel have been coupled with e-flows to restore 
floodplain dynamics (e.g., Greco and Larsen 2014). In 
other cases, coarse sediment has been added to the river 
to promote sediment transport and redistribution of bed 
material to create instream habitat diversity (e.g., Gaeuman 
2014). Incorporating a process-based view of how flows 
interact with the riverscape is more likely to produce a self-
sustaining and resilient river ecosystem (Beechie et al. 2010). 
Furthermore, a process-based view allows for future climate 
or land use changes to be taken into account versus empiri-
cal approaches that rely on assumptions of stationarity and 
static management prescriptions (Null and Viers 2013).

In many contemporary riverscapes, opportunities for 
process-based restoration may be found at tributary junc-
tions along the drainage network, locations where the valley 
morphology naturally widens, where access to the historic 
floodplain is politically possible, or where sediment can be 
actively recruited into the channel, creating a diversity of 
bed material sizes. Considered “biological hotspots” (Benda 
et al. 2004), tributary junctions are zones of geomorphologi-
cal and hydraulic diversity with enhanced channel dynam-
ics, increased channel width, increased local sediment 
supply, and low-energy backwater habitats with thermal 
upwelling benefits. Similarly, areas with channel widening 
that promote local deposition and bar development or areas 
with local sediment inputs that provide coarse substrate in 
a fine-grained channel bed can provide hotspots of habitat 
diversity within a more uniform river reach (Yarnell 2008). 
These various types of hotspots may be seen as loci of core 
populations and assemblages that can buffer aquatic and 
riparian metacommunities against environmental change, 
providing stable sources of dispersers to recolonize periph-
eral habitats following a major disturbance. In highly modi-
fied rivers with complex water demands and limited “room 
for the river” (Warner and van Buuren 2011), functional 
flows maximize the benefits from limited environmental 
flow allocations. This may be achieved by focusing on the 
ecological and geomorphological functionality of particular 
aspects of the flow regime, considering geomorphic context 
and emphasizing spatiotemporal diversity at key locations 
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Figure 1. Examples of interrelated physical and ecological 
riverine processes at varying spatial and temporal scales. 
Key functional flows supporting specific processes are 
shown in boxes.
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in the riverscape, such as adjacent floodplains or tributary 
junctions.

Defining functional flows
A functional flow is a component of the hydrograph that 
provides a distinct geomorphic or ecological function 
(sensu Escobar-Arias and Pasternack 2010). These func-
tions may include geomorphic processes (Escobar-Arias and 
Pasternack 2010), ecological processes (Ward et al. 2002), or 
biogeochemical processes (Vidon et al. 2010). Such processes 
in rivers and associated biotic interactions operate in three 
dimensions—longitudinally, laterally, and vertically—and 
are intimately tied to the timing, duration, and frequency of 
natural flows. Therefore, functional flows must attempt to 
reflect the natural patterns of flow variability.

Most rivers in the western US have a distinct season 
of high-magnitude flow, with low flows dominating the 
remainder of the year. In Mediterranean-montane envi-
ronments of the Pacific region, winter precipitation events 
create rain-driven floods at low and moderate elevations 
and spring snowmelt floods from high elevation snowpack. 
Streams draining the Rocky Mountains into the Missouri 
and Colorado Rivers have a well-defined spring snowmelt 
flood season, whereas the southern Rocky Mountain and 
southwest mountain regions have a pronounced spring 
snowmelt season and a later summer flood season associ-
ated with the North American monsoon. For many native 
species adapted to these cyclic flow regimes, high flows 
present significant abiotic pressures (e.g., high main-stem 
velocity, high turbidity), whereas intermediate and low 
flows present significant biotic pressures (e.g., competi-
tion, predation) (Lytle and Poff 2004, Yarnell et  al. 2010). 
However, flood and drought cycles, their seasonal transi-
tions, and their associated temperature changes provide 
breeding, migration, and other life-history cues for most 
endemic species.

Recognizing that e-flow recommen-
dations mimicking the full natural flow 
regime are not likely to be implemented 
in highly developed rivers where societal 
demands are well established, we attempt 
here to identify the most essential func-
tional flows that support physical and 
biotic processes, emphasizing their tim-
ing, duration, rate of change, and fre-
quency (figure 2). Below, we delineate 
five key components of the flow regime 
that drive ecosystem processes and 
should be incorporated into the existing 
environmental flow framework.

Wet-season initiation flows. Whether the 
onset of high flows begins with the first 
substantial rains of late fall in the Pacific 
region or with the first substantial melt-
ing of the winter snowpack, as in the 

Rocky Mountains, the transition from dry season to wet 
season signals the start of a dramatic annual shift in riverine 
conditions. The first high flows of the season typically have 
higher suspended sediment concentrations as sediments 
accumulated on hillslopes and in channels during the dry 
season are flushed downstream. In some landscapes, these 
“initiation flows” kick-start ecological processes such as 
nutrient cycling (Ahearn et al. 2006) and provide key eco-
logical cues for native species, such as upstream migration 
in the Pacific region (Sommer et  al. 2011, Kiernan et  al. 
2012) and spawning in semiarid rivers (Propst and Gido 
2004). The timing of these first high flows is essential for 
life-history cues, whereas the magnitude and duration are 
important for revitalizing the riverscape by reconnecting 
channel–riparian–floodplain habitats, flushing organic mat-
ter and fines from gravel spawning beds, increasing soil 
moisture, and reactivating exchanges with the hyporheic 
zone (Stubbington 2012).

The timing of wet-season initiation flows should coin-
cide, to the degree possible, with the onset of wet-season 
precipitation or initial snowmelt runoff. For many native 
species, this first turbid flow event provides a key life-
history cue to migrate upstream and begin spawning. In the 
California Delta, at the confluence of the Sacramento and 
San Joaquin Rivers, the endangered Delta smelt (Hypomesus 
transpacificus) is a short-lived endemic minnow that resides 
in the Delta estuary and relies on “first flush” pulses of 
more turbid, lower salinity, colder water in the fall to cue 
their upstream migratory response (Sommer et  al. 2011). 
Similarly, the Colorado pikeminnow (Ptychocheilus Lucius) 
in the Colorado River initiates migration for spawning in 
response to the flow and temperature cues associated with 
the initial increase of the spring snowmelt pulse (Schmidt 
and Brim-Box 2004). Alterations to the timing of or com-
plete lack of this key flow event can be detrimental to the 
life-history strategies of these native species.
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Figure 2. Natural and functional flow regimes in a Mediterranean–montane 
climate, where spring occurs April to June. Peak flows are typically rain-driven 
events in winter, whereas a pronounced snowmelt pulse occurs in spring. The 
functional flow regime retains key components of the natural hydrograph that 
support physical and ecological processes across the riverscape.
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The magnitude of an initiation flow should be such 
that connectivity with the riparian zone is established and 
organic matter can be flushed from the channel substrate. 
The buildup of organic material and fines can impede the 
success of salmonid spawning in gravel beds (Kemp et  al. 
2011) and over time can contribute to increased vegetation 
encroachment and decreased substrate diversity in the main 
channel. On many rivers, such flushing flows that remove 
sand from riffles and organic fines from pools and ripar-
ian edgewaters can be effective at or above 60% bankfull 
depth. The duration of flushing flows should be adequate 
to cue species migration or initiate nutrient exchange in 
floodplains. In California’s Cosumnes River floodplain, for 
example, Ahearn and colleagues (2006) observed that the 
timing and intensity of the first flushing flow of the season, 
which typically lasted only a few days, determined water 
chemistry patterns throughout the watershed.

On some rivers, wet-season initiation flows can be accom-
plished by simply letting the first sediment-laden flood of 
the season or the initial rise of the snowmelt flood pass 
through reservoirs to reflect the natural passage through the 
watershed. This may be more easily accomplished in rivers 
with small storage reservoirs that are quickly filled, but even 
in highly regulated rivers, where large reservoirs can store 
the full annual flow, wet-season initiation pulse flows can 
be designed to match unregulated reference conditions. In 
Putah Creek, California, a more natural flow regime was 
implemented that included fall pulse flows at the start of 
the wet season designed to initiate migration of native fish 
species (Kiernan et al. 2012). In combination with elevated 
spring spawning flows, the new flow regime resulted in an 
increase in native species abundance and a reduction in 
nonnative species throughout the upper 20 km of the 30-km 
stream.

Peak magnitude flows. Large-magnitude peak flows during the 
annual flood season typically transport a significant portion 
of the annual sediment load and restructure the channel and 
floodplain landforms, which create the habitat template of 
the river corridor ecosystem. These large-scale disturbances 
serve to reset natural processes such as succession (Ward 
1998); to redistribute large volumes of sediment through 
scour and fill, creating channel bed, bank, and floodplain 
variability (Florsheim and Mount 2002); and to cause the 
mortality of exotic species not adapted to the disturbance 
regime (Kiernan and Moyle 2012). Channel-filling and over-
bank flows initiate nutrient cycling within the floodplain 
(Ahearn et al. 2006), scour vegetation encroaching the chan-
nel, and disperse seeds and wood fragments to rejuvenate 
riparian vegetation (Petts and Gurnell 2013). As such, peak 
flows serve as a primary driver for ecosystem processes that 
maintain habitat diversity over the long term.

The magnitude of a peak flow should be large enough to 
mobilize bed material and maintain in-channel bar forms, 
connect to overbank areas and floodplains, and occur with 
a frequency of 1–3 years depending on regional climate 

conditions. Very large magnitude peak flows that cause 
extensive floodplain scour and fill and reset floodplain veg-
etation succession naturally occur every 10–20 years; how-
ever, such geomorphologically effective floods are typically 
incompatible with highly modified rivers, where the alluvial 
valley is developed for agriculture and residential communi-
ties. Without space within the river corridor for lateral chan-
nel migration, inundation of floodplain depressions, and 
backwater channels, the geomorphic functionality of peak 
flows is limited. Therefore, connections to the floodplain 
(e.g., levee breaches) and the expansion of overbank areas 
(e.g., levee setbacks) should be enhanced and maintained 
wherever possible.

The timing of a peak magnitude flow should occur within 
the natural season of high flows when native species have 
life-history strategies to survive and even capitalize on these 
large-scale floods. In California, native amphibians retreat 
to protected riparian areas during winter floods, whereas 
native juvenile fish occupy shallow low-velocity overbank 
habitats and avoid high-velocity conditions in the main 
channel (Yarnell 2008; Kiernan et al. 2012). Peak flows can 
provide ecologic cues for migration and spawning, as well as 
the flow volume needed to create a migration corridor. For 
example, Columbia River salmon use high spring snowmelt 
flows to migrate upstream to small streams suitable for 
spawning. Shifts in the timing of peak flows, particularly 
to seasons that naturally might be dominated by low flows, 
can be detrimental to the life-history strategy of these native 
species.

The duration of peak flows should allow ecologic pro-
cesses such as floodplain activation, species migration, and 
spawning to occur. For example, Ahearn and colleagues 
(2006) showed that as flood pulse flows inundate the 
Cosumnes River floodplain, wetted soil promotes a bloom 
of phytoplankton, which in turn drives the secondary 
production of zooplankton. Juvenile Chinook salmon 
(Oncorhynchus tshawytscha) rearing in the floodplain feed 
on the zooplankton, leading to high growth rates (Jeffres 
et  al. 2008). Simultaneously, native splittail (Pogonichthys 
macrolepidotus) use the inundated floodplain habitat for 
breeding, with larval fish emerging within several weeks. 
These ecological processes and cues are dependent on the 
sustained floodplain inundation of a minimum of three 
weeks and periodic connectivity between the topographi-
cally heterogeneous floodplain and the river.

Although the duration of a peak flow should also be suf-
ficient to facilitate desired geomorphic processes, such as 
floodplain deposition, pool scour, or channel bar formation, 
the duration should not be longer than the time needed 
to transport the annual available supply of bed mate-
rial. Particularly in rivers perturbed into sediment deficit, 
extended duration floods are likely to further erode sediment 
deposits that are already infrequent and can result in net ero-
sion of the channel unless sediment supplies are augmented 
naturally by access to historic floodplains or artificially by 
gravel augmentation. For example, in the Colorado River, 
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controlled floods have been released from Glen Canyon 
Dam to mobilize the small amounts of sand supplied from 
unregulated tributaries and transfer the sediment to eddy 
sandbars that are of recreational and ecological importance 
(Melis et  al. 2012). These floods have short durations of 
2–7 days and are half the magnitude of the pre-dam annual 
flood in an effort to limit erosion of the remaining pre-dam 
fine sediment and redistribute only the sand supplied from 
the tributaries. In contrast, in rivers perturbed into sedi-
ment surplus, the flood duration must be sufficiently long 
to transport the annual accumulation of sediment and limit 
channel infilling. In the Rio Grande River along the US–
Mexico border, sediment surplus conditions exacerbate the 
problems of fine sediment accumulation, particularly dur-
ing short-duration flood pulses that attenuate quickly and 
rapidly deposit their sediment load, inducing the vertical 
aggradation of the floodplain and channel narrowing (Dean 
and Schmidt 2013).

The management of the magnitude, timing, and duration 
of peak flows is easier in rivers where reservoir volume is 
relatively small and natural high flows can spill downstream, 
where dams have the capacity to release high flows via con-
trolled outlets or spillways, and where water-supply demands 
can be met. Challenges occur when reservoirs are large and 
rarely spill, when hydropower or water supply demands are 
highly seasonal and out of phase with the natural runoff, 
or when the infrastructure to release high flows is limited. 
In the Yuba River in California, peak winter runoff and 
spring snowmelt flows are captured for agricultural water 
supply during the low-flow summer season. Environmental 
flow negotiations have resulted in the release of spring 
high flows in all but the driest years, designed to support 
the rejuvenation and maintenance of Chinook salmon– 
spawning conditions on gravel–cobble bars (5 April 2015; 
www.yubaaccordrmt.com). In contrast, in the Colorado 
River basin, the annual snowmelt peak historically occurred 
in May and June, but the demands for hydropower—and 
therefore high flows from the powerhouses—are largest in 
December–January and July–August. Controlled floods to 
redistribute sediment are now scheduled (2012–2014) dur-
ing the historically low-flow period in November to mobilize 
newly deposited sediments supplied from the unregulated 
tributaries. Although these controlled floods provide some 
geomorphic functionality to the Colorado River in Grand 
Canyon by rebuilding channel bars, the timing is out of 
phase with the natural flow regime.

Spring recession flows. The spring flow transition from high 
flow to low flow is often identified as a part of the hydro-
graph from which stream flows can be extracted without 
significant geomorphic and ecological effect (Schmidt and 
Potyondy 2004). However, the spring flow recession is pre-
dictable in its timing and rate of flow change and therefore 
provides distinctive annual cues for the reproduction and 
movement of native species (Yarnell et al. 2010), particularly 
in regions with highly seasonal climates. These cues are 

primary ecologic drivers in population dynamics such that 
changes in the timing or shape of the flow recession can 
alter aquatic community composition and limit reproduc-
tive success (Marchetti and Moyle 2001). Gradually receding 
flows can also be a key factor in redistributing sediments 
mobilized by high peak flows (Yarnell et  al. 2010). When 
sediments are recruited and entrained at high flows, slowly 
receding flows allow for continued sediment movement in 
deeper channel locations and gradual deposition throughout 
shallow channel habitats.

The initial magnitude of recession flows is typically associ-
ated with the spring snowmelt peak, and the rate of declining 
flow should mimic the natural gradual recession rates shown 
to provide suitable habitat conditions for native species 
(Yarnell et  al. 2010). The character of water storages—ice, 
snow, groundwater, lake—determines the typical flow reces-
sion curve for each river basin. In the Sierra Nevada moun-
tain range of California, daily spring flow recession rates were 
found to be consistent across latitude, elevation, and water-
shed area, with flows decreasing from 4–8% per day across 
the entire spring season (Yarnell et al. 2013). These recession 
rates are slow enough that suitable spring spawning habitat 
for native species, such as the riffle sculpin and the foothill 
yellow-legged frog, persists for two to four weeks in any one 
channel location, allowing the emergence from eggs before 
the habitat disappears as flows continue to decrease (Yarnell 
et al. 2013). In southwestern US rivers, the recruitment-box 
model for cottonwood germination suggests spring flow 
recession rates should not exceed 2.5 centimeters per day in 
order for cottonwood (Populus spp.) to germinate and young 
sapling roots to follow the receding water level (Mahoney and 
Rood 1998). These recession rates are such that the duration 
of receding flows sustains the persistence of various aquatic 
habitats used by native species for successful reproduction 
and therefore should be replicated in regulated rivers to the 
extent possible.

The timing of recession flows should coincide with natu-
ral climatic conditions (e.g., during spring snowmelt) when 
temperatures and precipitation regimes are changing. For 
many native spring spawners, the flow recession provides a 
cue that appropriate higher-flow spawning conditions will 
soon transition into warm, low-velocity habitats suitable 
for early life stages. The foothill yellow-legged frog (Rana 
boylii) is a river-breeding amphibian native to California 
and southern Oregon highly adapted to the natural seasonal 
flow regime (Yarnell 2008). Individuals breed annually in 
early spring following the start of the snowmelt recession, 
timing their reproduction to minimize the risk of egg scour 
from late-spring storms, and to maximize tadpole growth 
during summer low flows. Similarly, successful cottonwood 
recruitment requires not only an appropriately slow reces-
sion flow rate but also the appropriate timing to coincide 
with seed dispersal (Mahoney and Rood 1998). In order to 
successfully reproduce, the endangered Rio Grande silvery 
minnow (Hybognathusamarus) requires access to suitable 
floodplain habitat for spawning in late April and May and a 

 by guest on A
ugust 6, 2015

http://bioscience.oxfordjournals.org/
D

ow
nloaded from

 



http://bioscience.oxfordjournals.org XXXX XXXX / Vol. XX No. X • BioScience   7   

Overview Articles

gradual flow recession with lateral connectivity to the main 
channel (Medley and Shirey 2013). In regulated rivers with 
altered spring and summer flow regimes, these native spe-
cies populations have been extirpated or persist in very low 
numbers. The prescription of a flow regime that gradually 
ramps down from a spring high-flow event by appropriately 
mimicking the rate and timing of natural spring snowmelt 
recessions will provide the greatest opportunity for the suc-
cessful reproduction of these and other native species.

The implementation of spring recession flows in regulated 
rivers is limited primarily by the system’s infrastructure. If 
high spring flows are the result of spill over the dam, control 
valves or lower-level outlets must be used to appropriately 
ramp down flows from spill to baseflow. In some instances in 
the northern Sierra Nevada in California, this has required 
modifications to spill gates or changes in the low-level 
outlets of the dam (Yarnell et al. 2013). Although there can 
be potential costs to hydropower generation by extending 
spring flow releases in a recession, if the flows are timed 
appropriately to coincide with naturally occurring higher 
spring flows, the costs can be minimal or recouped by stor-
age downstream (Rheinheimer et  al. 2013). In rivers with 
a sediment surplus, the design of a flow recession should 
include consideration of the volume of sediment supplied 
by upstream reaches, whereas in rivers where sediment is 
limited, consideration of augmentation to local sediment 
sources may be needed to promote redistribution of sedi-
ment throughout the channel.

Dry-season low flows. The duration and magnitude of dry-
season low flows are important drivers of riverine ecosys-
tems, because most native species are adapted to survive these 
biologically stressful periods. The magnitude and duration of 
low flows dictate the extent and quality of physical habitat, 
thereby affecting the composition and distribution of riverine 
biota. As low flows restrict the connectivity of instream habi-
tat, ecological-niche partitioning can occur with native spe-
cies using low-flow refugia or exhibiting adaptive life-history 
strategies (Lee and Suen 2012). Artificially high baseflows 
can maintain connectivity, but often to the benefit of non-
native species that are not adapted to the limiting conditions 
of natural low-flow periods (Kiernan and Moyle 2012). 
Extended constant base flows can also lead to silt accumula-
tion in the channel bed, reducing instream channel diversity 
and species diversity (Moyle and Mount 2007).

Although the prescribed magnitude of low flows or 
minimum instream flows in regulated rivers is a well-studied 
and extensively debated topic (e.g., Jowett 1997), we sug-
gest that the magnitude of low flows should be low enough 
to produce naturally limiting habitat conditions, such as 
floodplain disconnection, but still maintain natural stream 
characteristics, such as perenniality or ephemerality. On the 
lower Santa Clara River in southern California, geological 
controls on groundwater historically created an alternating 
pattern of perennial and intermittent reaches such that a het-
erogeneous mosaic of mesic and xeric riparian communities 

occurred in close proximity (Beller et  al. 2011). These dif-
fering stream reaches provided distinct ecological functions, 
including refugia from drought and flood, support of exten-
sive willow–cottonwood forests in perennial reaches, and 
support of the now–regionally rare xeric alluvial scrub in 
intermittent reaches. Although the maintenance of natural 
spatial patterns of perennial or intermittent flow in summer 
can be an important component to supporting biodiversity, 
the duration and timing of low flows should reflect premodi-
fied conditions to the extent possible so as to limit stressful 
habitat conditions. The presence of diverse channel habitat 
that provides a variety of refugia during low flows is key to 
supporting native species. Although instream geomorphic 
diversity is created and maintained by sediment mobility at 
higher flood flows, instream habitat heterogeneity may be 
augmented by the addition of large woody debris, riparian 
vegetation, and other cover features that enhance the diver-
sity of habitat available at low flows.

Interannual variability. Year-to-year variation is a key attribute 
of functional ecosystems that should be incorporated in all 
e-flow frameworks. Periodic disturbances from climatically 
driven high-flow events have been shown to reset succes-
sional stages in river systems (Ward 1998) and to regulate 
river food webs by decreasing the abundance of predator-
resistant primary consumers, which supports more diverse 
food chains (Power et al. 2013). Therefore, the magnitude, 
timing, and duration of specific flow events should vary 
within their associated season, depending on the regional 
climatic conditions, and between years, depending on global 
climate conditions. When combined with spatial heteroge-
neity throughout the channel and floodplain, this interan-
nual variability supports diversity in habitat conditions, 
associated recruitment opportunities and refugia from com-
petition, and subsequent diversity in native species (Naiman 
et al. 2008, Petts and Gurnell 2013).

Functional flows can accommodate this variability by 
constituting a suite of hydrographs reflecting different strat-
egies for wet, dry, and normal years (figure 3; Petts 1996). 
Occasional large-magnitude, long-duration floods should 
be planned for climatically wet years when water is plentiful, 
whereas smaller-magnitude, shorter-duration peak flows 
should occur in drier years. In most western US rivers, cli-
mate conditions cycle through periods of wetter and drier 
years, resulting in a diversity of flow conditions over the 
long term. Maintenance of this interannual variability in 
regulated rivers can also help to limit the spread of nonna-
tive species that are less adapted to regional flow variation 
(Kiernan et  al. 2012) and build greater resilience under 
continued land-use change and changing climate conditions 
(Viers and Rheinheimer 2011).

Considerations for management
Managing toward the recovery and maintenance of physical 
processes and connections in highly modified riverscapes 
requires more than applying simple hydrometric criteria to 
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mimic the natural flow regime. Considering the interaction 
of hydrologic, geomorphic, and ecologic processes and the 
functions they serve is more likely to result in e-flow tar-
gets that better support self-sustaining ecosystems that are 
inherently diverse and adaptive (Florsheim and Mount 2002, 
Beechie et al. 2010). The specific functional flows presented 
here support many of the key processes that link riverine 
dynamics across space and time (see figure 1) and therefore 
can serve to restore ecological integrity and functional-
ity in highly modified rivers. Resource managers have the 
opportunity to actively promote restoration by coupling a 
functional-flows approach with landform reconstruction to 
encourage connectivity within the riverscape and to initiate 
natural riverine processes (box 1).

A functional-flows approach focuses on flow and geo-
morphic components with process-based outcomes. This 
differentiates it from other e-flow approaches in that flow 
allocations are made with consideration of how the dura-
tion, timing, and rate of change of flows—rather than just 
the magnitude—are influenced by the geomorphic context 
and sediment supply conditions. However, functional flows 
can be readily incorporated into existing e-flow frameworks, 
such as regional Instream Flow Incremental Methodology 
(IFIM) approaches (e.g., Denslinger et  al. 1998) or the 
ELOHA framework (Poff et  al. 2010), in which consider-
ation of geomorphic context may be mentioned but not 
developed. In the simplest terms, the IFIM framework is 
fundamentally a bottom-up approach (adding various flows 
to a static minimum as needed to achieve a desired outcome) 
versus ELOHA, which is a top-down approach (starting with 
the full natural flow regime and removing flow until there 
are ecological consequences). In both cases, the consider-
ation of key functional flows either allows for specific flows 
to be added or places limitations on which flows should be 
removed. Indeed, in the most heavily modified catchments 
with competition from water users and regulated rivers sup-
ported by only a constant baseflow, the restoration of a natu-
ralistic flow regime by the addition of key functional flows 
at the most ecologically significant times of the year, even if 

not possible in drought years, may be the 
best option available at the present time.

Conclusions
Riverscapes are physical systems with 
a history. Under contemporary climate 
conditions, a river’s physical character 
and dynamics reflect the interaction of 
hydrological processes and terrestrial 
vegetation dynamics superimposed on 
a valley structure, channel form, and 
sediment supply inherited from previous 
climatic conditions. However, centuries 
of land-use change, urban and industrial 
development, river impoundment and 
channelization, and water abstraction 
have imposed artificial flow regimes on 

simplified river channels that are isolated from their flood-
plains and fixed in time. In these highly managed and modi-
fied river systems, there is a need for greater sophistication 
in designing and implementing flows that are optimized for 
multiple uses, including ecosystem services and function-
ing, water supply, hydropower generation, recharge of local 
aquifers, and flood control among others.

We suggest that functional flows, as are described herein, 
provide the best opportunity to encompass geomorphic and 
ecologic processes and functions alongside varied human 
needs when developing flow regimes in regulated river sys-
tems. At the simplest level, incorporating specific functional 
flows in rivers with little geomorphologic diversity and/or 
highly perturbed sediment regimes can provide some eco-
logical benefits for discrete functions, such as high flows to 
support migratory pathways for fish or to maintain salinity 
profiles within the fluvial–estuarine transition. In rivers with 
some geomorphic diversity in channel width, sinuosity, and 
local bank variability, functional flows promote in-channel 
habitat heterogeneity and support a broader species assem-
blage. When functional flows in these rivers further inun-
date floodplain and overbank areas, large-scale geomorphic 
and sediment flux processes occur, enhancing physical and 
ecological diversity in space and time. Given the room for 
lateral channel–floodplain connections and the consider-
ation of sediment transport conditions, restoration opportu-
nities exist to transform rivers from the simplest forms with 
limited functions to more complex riverine mosaics with 
multiple ecosystem functions and services.

Because of the dependence of societies on developed 
riverscapes and the implications of climate change, the res-
toration of highly modified rivers to unimpaired conditions 
is an unrealistic concept. Managing rivers in a nonstation-
ary world requires management strategies and policies that 
focus on preserving key functions and processes to sustain 
the dynamically evolving nature of river ecosystems. The 
functional-flows approach discussed herein provides a basis 
for the adaptation of current river regulation policies and 
the development of new strategies to meet such future needs.
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Appendix 8 



Re-managing the Flow
The major rivers and streams of the Sacramento Valley 
provide essential pathways for spawning salmon and 
steelhead. Flow agreements to benefit these fish are 
on every major watercourse in the Sacramento Valley.

For more details visit www.norcalwater.org/
efficient-water-management/instream-flows/

Trinity and Shasta Lakes are important sources of 
cold water storage. Timing the release of this cold water 
into the rivers is vital if spawning fish are to thrive. 

Clear Creek
In May and June, water is pulsed 
into Clear Creek to attract 
Spring-run salmon from the 
Sacramento River. From June 
through October, water released 
from Whiskeytown Reservoir 
keeps water temperatures cool.

Sacramento River at 
Wilkins Slough
The Rivers and Harbors Act of 1935 
mandated a specific flow rate at 
Wilkins Slough be maintained. The 
primary goals at that time were 
navigation and flood control. In 
1992, Congress made protection 
of fish and wildlife a secondary 
goal and this requirement was 
updated in 2009.

Feather River
A water quality certification adopted 
in 2010 provides for specific flow 
and temperature requirements to 
accommodate spawning salmon 
and steelhead.

Sacramento River Tributaries 
Various flow agreements benefit spring run salmon.

Yuba River
In 2008, the Yuba River Accord increased the streamflow 
requirements over previous levels, which benefits fish 
while insuring sufficient water supplies for irrigation 
and municipal uses.

American River below Nimbus Dam
In 2000, the Flow Management Standard was developed, which established minimum 
flow standards to improve the conditions for fall-run Chinook salmon and steelhead. 
Additionally, releases are adjusted to maintain sufficiently low water temperatures for 
steelhead rearing in summer and Chinook spawning in the fall.

Sacramento River below 
Keswick Dam
In 1960, flow objectives were 
established for the protection of fish 
and wildlife. In 1990 and 1991 this 
policy was modified requiring more 
cold water when warmer temperatures 
would be harmful to fish.
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Instream Flow Requirements in the 

Sacramento River Hydrologic Region 
Updated: November 2014 

 
This briefing paper describes the existing instream flow requirements for the major rivers and 
streams in the Sacramento River hydrologic region. These requirements include provisions in 
State Water Resources Control Board (SWRCB) decisions, biological opinions, streamflow 
agreements, and other processes.  New processes to develop different flow requirements should 
be aware of, and take into account, these existing flow requirements. 
 
Upper Sacramento River 
 
1. 1960 MOA between Reclamation and DFG 

 
An April 5, 1960, Memorandum of Agreement (MOA) between Reclamation and the DFG 
originally established flow objectives in the Sacramento River for the protection and preservation 
of fish and wildlife resources.  The agreement provided for minimum releases into the natural 
channel of the Sacramento River at Keswick Dam for normal and critically dry years (Table 1, 
below).  Since October 1981, Keswick Dam has operated based on a minimum release of 
3,250 cfs for normal years from September 1 through the end of February, in accordance with the 
MOA.  This release schedule was included in Order 90-05 (described below), which maintains a 
minimum release of 3,250 cfs at Keswick Dam and Red Bluff Diversion Dam (RBDD) from 
September through the end of February in all water years, except critically dry years. 
 
The 1960 MOA provides that releases from Keswick Dam (from September 1 through December 
31) are made with minimum water level fluctuation or change to protect salmon to the extent 
compatible with other operations requirements.  Releases from Shasta and Keswick Dams are 
gradually reduced in September and early October during the transition from meeting Delta 
export and water quality demands to operating the system for flood control and fishery concerns 
from October through December. 
 
2. SWRCB Water Rights Order 90-05 and Water Rights Order 91-01 

 
In 1990 and 1991, the SWRCB issued Water Rights Orders 90-05 and 91-01 modifying 
Reclamation’s water rights for the Sacramento River.  The orders stated Reclamation shall 
operate Keswick and Shasta Dams and the Spring Creek Powerplant to meet a daily average 
water temperature of 56°F as far downstream in the Sacramento River as practicable during 
periods when higher temperature would be harmful to fisheries.  The optimal control point is the 
RBDD.  
 
Under the orders, the water temperature compliance point may be modified when the objective 
cannot be met at RBDD.  In addition, Order 90-05 modified the minimum flow requirements 
initially established in the 1960 MOA for the Sacramento River below Keswick Dam.  The water 
right orders also recommended the construction of a Shasta Temperature Control Device (TCD) 
to improve the management of the limited cold water resources.  
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Pursuant to SWRCB Orders 90-05 and 91-01, Reclamation configured and implemented the 
Sacramento-Trinity Water Quality Monitoring Network to monitor temperature and other 
parameters at key locations in the Sacramento and Trinity Rivers.  The SWRCB orders also 
required Reclamation to establish the Sacramento River Temperature Task Group (SRTTG) to 
formulate, monitor, and coordinate temperature control plans for the upper Sacramento and 
Trinity Rivers.  This group consists of representatives from Reclamation, SWRCB, NMFS, the 
Service, DFG, Western, DWR, and the Hoopa Valley Indian Tribe.  
 
Each year, with finite cold water resources and competing demands usually an issue, the SRTTG 
devises operation plans with the flexibility to provide the best protection consistent with the 
CVP’s temperature control capabilities and considering the annual needs and seasonal spawning 
distribution monitoring information for winter-run and fall-run Chinook salmon.  In every year 
since the SWRCB issued the orders, those plans have included modifying the RBDD compliance 
point to make best use of the cold water resources based on the location of spawning Chinook 
salmon.  Reports are submitted periodically to the SWRCB over the temperature control season 
defining the temperature operation plans.  The SWRCB has overall authority to determine if the 
plan is sufficient to meet water right permit requirements. 
 
3. June 4, 2009 NMFS Biological Opinion 
 
The National Marine Fisheries Service’s (NMFS) June 4, 2009, Biological Opinion and 
Conference Opinion on the Long-Term Operations of the Central Valley Project and State Water 
Project (NMFS BiOp) contains numerous terms and conditions addressing instream flows on the 
Upper Sacramento River. 
 
Table 1 below, as excerpted from the NMFS BiOp (at page 254), identifies the aforementioned 
MOA and SWRCB order requirements, and Reclamation’s proposed flow objectives below 
Keswick that were analyzed in the NMFS BiOp. 
 
Table 1:  Minimum flow requirements and objectives (cfs) on the Sacramento River below 
Keswick Dam  
Water year type  MOA  WR 90-5  MOA and WR 90-5  Proposed Flow 

Objectives below 
Keswick 

Period  Normal  Normal  Critically dry  All  
January 1 - February 28(29)  2600  3250  2000  3250  
March 1 - March 31  2300  2300  2300  3250  
April 1 - April 30  2300  2300  2300  ---*  
May 1 - August 31  2300  2300  2300  ---*  
September 1 - September 30 3900  3250  2800  ---*  
October 1 - November 30  3900  3250  2800  3250  
December 1 - December 31 2600  3250  2000  3250  
Note: * No regulation.  
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The flow related components of the NMFS BiOp related to the Sacramento River Basin are 
detailed in the Reasonable and Prudent Alternatives (RPA) section of BiOp at pages 587 through 
611.  The RPA Actions include flow requirements on Clear Creek; release requirements from 
Whiskeytown Dam for temperature management; cold water pool management of Shasta 
Reservoir; development of recommended minimum flows at Wilkins Slough; and restoration of 
floodplain habitat in the lower Sacramento River basin for protection of certain listed species.  A 
selection of the more specific flow-related requirements are described below. 
 

Clear Creek Operations 
 

RPA Action I.1.1 - Clear Creek Spring Attraction Flows 
 
Reclamation shall annually conduct at least two pulse flows in Clear Creek in May and June of at 
least 600 cfs for at least three days for each pulse, to attract adult spring-run holding in the 
Sacramento River main stem. This may be done in conjunction with channel-maintenance flows 
(Action I.1.2). 
 

RPA Action I.1.2. – Clear Creek Channel Maintenance Flows 
 
Reclamation shall re-operate Whiskeytown Glory Hole spills during the winter and spring to 
produce channel maintenance flows of a minimum of 3,250 cfs mean daily spill from 
Whiskeytown for one day, to occur seven times in a ten-year period, unless flood control 
operations provide similar releases. Re-operation of Whiskeytown Dam should be implemented 
with other project facilities as described in the EWP Pilot Program (Reclamation 2008d). 
 

RPA Action I.1.5. – Clear Creek Thermal Stress Reduction 
 
Reclamation shall manage Whiskeytown releases to meet a daily water temperature of: 

 
(1) 60 deg. F at the Igo gage from June 1 through September 15; and  

 
(2) 56 deg. F at the Igo gage from September 15 to October 31.  

 
Reclamation, in coordination with NMFS, will assess improvements to modeling water 
temperatures in Clear Creek and identify a schedule for making improvements. 
 

RPA Action I.1.6. - Adaptively Manage to Habitat Suitability/IFIM Study Results on 
Clear Creek 

 
Reclamation shall operate Whiskeytown Reservoir as described in the Project Description with 
the modifications described in Action I.1 until September 30, 2012, or until 6 months after 
current Clear Creek salmonids habitat suitability (e.g., IFIM) studies are completed, whichever 
occurs later. 
 
When the salmonid habitat suitability studies are completed, Reclamation will, in conjunction 
with the Clear Creek Technical Working Group (CCTWG), assess whether Clear Creek flows 



 -4- November 18, 2014 

 

shall be further adapted to reduce adverse impacts on spring-run and CV steelhead, and report 
their findings and proposed operational flows to NMFS within 6 months of completion of the 
studies. NMFS will review this report and determine whether the proposed operational flows are 
sufficient to avoid jeopardizing spring-run and CV steelhead or adversely modifying their critical 
habitat. 
 
Reclamation shall implement the flows on receipt of NMFS’ written concurrence. If NMFS does 
not concur, NMFS will provide notice of the insufficiencies and alternative flow 
recommendations. Within 30 days of receipt of non-concurrence by NMFS, Reclamation shall 
convene the CCTWG to address NMFS’ concerns. Reclamation shall implement flows deemed 
sufficient by NMFS in the next calendar year. 
 

Shasta Operations 
 

RPA Action Suite I.2 – Shasta Operations 
 
This suite of actions is designed to ensure that Reclamation uses maximum discretion to reduce 
adverse impacts of the projects to winter-run and spring-run in the Sacramento River by  
maintaining sufficient carryover storage and optimizing use of the cold water pool. 
 

RPA Action I.2.1 – Performance Measures 
 
The following long-term performance measures shall be attained.  Reclamation shall track 
performance and report to NMFS at least every 5 years. If there is significant deviation from 
these performance measures over a 10-year period, measured as a running average, which is not 
explained by hydrological cycle factors (e.g., extended drought), then Reclamation shall 
reinitiate consultation with NMFS. 
 
Performance measures for end-of-season (“EOS”) carryover storage at Shasta Reservoir: 
 

 87 percent of years: Minimum EOS storage of 2.2 MAF  
 82 percent of years: Minimum EOS storage of 2.2 MAF and end-of-April storage of 

3.8 MAF in following year (to maintain potential to meet Balls Ferry compliance 
point) 

 40 percent of years: Minimum EOS storage 3.2 MAF (to maintain potential to meet 
Jelly’s Ferry compliance point in following year)  

 
Measured as a 10-year running average, performance measures for temperature compliance 
points during summer season shall be: 
 

 Meet Clear Creek Compliance point 95 percent of time  
 Meet Balls Ferry Compliance point 85 percent of time  
 Meet Jelly’s Ferry Compliance point 40 percent of time  
 Meet Bend Bridge Compliance point 15 percent of time  
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RPA Actions I.2.2 through I.2.4 – Keswick Release Schedules 
 
Depending on EOS carryover storage and hydrology, Reclamation is mandated to develop and 
implement Keswick release schedules, and reduce deliveries and exports, as detailed in RPA 
Actions I.2.2.A through I.2.2C, I.2.3.A through I.2.3.C, and I.2.4.  (See NMFS BiOp at pp. 593-
603.) 
 

Required Technical Teams for Adaptive Management 
 
The NMFS BiOp requires actions by various Fisheries and Operations Technical Teams whose 
function is to make recommendations for adjusting operations to meet contractual obligations for 
water delivery and minimize adverse effects on listed anadromous fish species. The two teams 
on the Upper Sacramento River are the SRTTG and the CCTWG.  Each group must gather and 
analyze information, and make recommendations, regarding adjustments to water operations 
within the range of flexibility prescribed in the implementation procedures for a specific action 
in their particular geographic area. 
 
4. Wilkins Slough Navigation Flow Requirements Under Federal Law 

 
The NMFS BiOp requires the development of certain recommendations regarding the Wilkins 
Slough navigation flow requirements.  Reclamation’s compliance with the Wilkins Slough 
5,000 cfs navigation flow standard, however, is not discretionary. 
 
In this regard, Congress initially authorized the construction of certain facilities for the Central 
Valley Project (“CVP”) under the Rivers and Harbors Act of 1935 (the “1935 Act”).  (49 Stat. 
1028, 1038).  The 1935 Act mandated in relevant part that “the following works of improvement 
of rivers . . . are hereby adopted and authorized . . . in accordance with the plans recommended in 
the respective reports hereinafter designated and subject to the conditions set forth in such 
documents . . . Sacramento River, California; Rivers and Harbors Committee Document 
Numbered 35, Seventy-third Congress . . . .”  (50 Stat. 1028, 1038.)  As such, the 1935 Act 
incorporates by reference, and expressly requires the implementation of, the recommendations of 
the Rivers and Harbors Committee Document Number 35.  This document is a 1934 report from 
the Corps’ Chief Engineer recommending to Congress that Kennett Dam (predecessor to Shasta 
Dam) “shall be operated so as to provide a minimum flow of 5,000 cubic feet per second 
between Chico Landing and Sacramento.”  (See Central Valley Project Documents, Part I, 544, 
548 [Committee Doc. 35, 73rd Cong.].)  
 
Congress re-authorized the CVP under the Rivers and Harbors Act of 1937 (the “1937 Act”).  
(50 Stat. 844, 850.)1  This re-authorization mandated in relevant part that “the $12,000,000 
recommended for expenditure for a part of the Central Valley project, California, in accordance 
with the plans set forth in Rivers and Harbors Committee Document Numbered 35, Seventy-third 
Congress, and adopted and authorized by the provisions of section 1 of the Act of August 30, 
1935 (49 Stat. 1028, at 1038) . . . shall, when appropriated, be available for expenditure in 
accordance with the said plans of the Secretary of Interior instead of the Secretary of War.”  
                                                 
1 See also Stockton East Water District, et al. v. United States, 583 F.3d 1344, 1349 (Fed. Cir. 2009) [citing to the 

1935 and 1937 Acts as Congress’ initial authorization and reauthorization of the CVP].  



 -6- November 18, 2014 

 

(50 Stat. 844, 850.)  As such, the 1937 Act also incorporates by reference, and expressly requires 
the implementation of, the recommended minimum flow of 5,000 cfs between Chico Landing 
and Sacramento.  There has been no subsequent action by Congress that has “discontinued” or 
otherwise changed this minimum navigation flow requirement. 
 
The 1937 Act also mandates that CVP “dams and reservoirs shall be used, first, for river 
regulation, improvement of navigation, and flood control; second, for irrigation and domestic 
uses; and, third, for power.”  (50 Stat. 844, 850, emphasis added; see also United States v. 
SWRCB (1986) 182 Cal.App.3d 82, 135.)  In 1992, Congress explicitly amended this hierarchy 
of use by enacting sections 3406(a) and (b) of the Central Valley Project Improvement Act 
(Pub. L. No. 102-575 (1992)), which make protection of non-ESA listed fish and wildlife co-
equal priorities with irrigation.  Even with this amendment, however, Reclamation’s first priority 
remains river regulation, navigation and flood control. 
 
On the Sacramento River, all major diversions have positive barrier flat-plate fish screens 
installed that provide protection to listed fishery species.  These screens have been designed with 
an approach velocity of 0.33 ft/s as required by NMFS and the Department of Fish and Game.  
During design, the screens, velocities, and diversion rates were based upon the Wilkins Slough 
Navigational Flow requirement of 5,000 cfs since this requirement under federal law was 
controlling. 
 
The NMFS BiOp states that flows could be reduced to 3,250 cfs, which is lower than the Wilkins 
Slough flow requirement.  If the Bureau of Reclamation reduced flows below the Wilkins Slough 
control point requirement and depending on the diversion rate, some screens may not meet the 
velocity criteria as designed.  The agencies should coordinate with the Sacramento River 
diverters to develop contingency plans and wells as a coordinated operations plan that would 
benefit the Sacramento River system for fisheries and water users. 
 
Sacramento River Tributaries 
 

1. Antelope Creek 

 

2014 Voluntary Agreement with Water Users, National Marine Fisheries Service (NMFS) 

and California Department of Fish and Wildlife (CDFW)  

 

Spring pulse flows:  To meet the needs of out-migrating juvenile spring-run Chinook salmon and 

for the upstream migration of spring-run Chinook salmon for 2014, a pulse flow was conducted 

using water volunteered by Los Molinos Mutual Water Company and Mr. Jim Edwards, equal to 

full natural flow in Antelope Creek.  The pulse flow was conducted on May 14-16, 2014 for a 48 

hour period. 

 

Fall base flows: Once there is a freshet that doubles the full natural flow (measured at a gage 

above Edward’s Dam) after October 15, but prior to November 1, then a base flow of 35 cfs, or 

full natural flows (measured at Cone Grove Park), whichever is less, will be maintained through 

December 31, 2014.  If there is not a freshet that doubles the full natural flow, then a base flow 
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of 35 cfs or the full natural flow, whichever is less, will be maintained from November 1 through 

December 31, 2014. 

 

These were voluntary agreements covering substantially all of the water diverted on Antelope 

Creek, thus the State Water Resources Control Board emergency regulations did not go into 

effect. 

 

2. Battle Creek 

 

1998, 2003 and 2006 Agreements with PG&E and the Bureau of Reclamation 

 

For winter-run and spring-run Chinook salmon, the instream flow objective for the North Fork of 

Battle Creek is 30 cubic feet per second (± 5 cfs).  The South Fork of Battle Creek instream flow 

objective would vary from the Federal Energy Regulatory Commission license condition 

minimum flow of 5 cfs, to 30 cfs (± 5 cfs).  All flows reaching Wildcat Diversion Dam will be 

released, and no diversion will occur at the main spring collectors at Eagle Canyon.  PG&E will 

block the downstream entrances to fish ladders at the Eagle Canyon and Coleman Diversion 

Dams unless California Department of Fish and Game, NOAA Fisheries, and US Fish and 

Wildlife jointly provide PG&E 48 hours advance written notice to open either or both of such 

downstream entrances. 

 

3. Butte Creek 

 
M&T Ranch and Llano Seco Ranch 

 
In 1997, M&T Ranch and Llano Seco Ranch agreed to dedicate approximately 40 cfs in instream 
flows from October through June in Butte Creek from Parrott-Phelan diversion to confluence 
with Sacramento River, for spring-run Chinook and steelhead migration and rearing. 
 

Resource Renewal Institute Court Order 
 
In 1998, the Butte County Superior Court issued an order to change the authorized place of use 
and point of diversion of 5 cfs of pre-1914 appropriative water rights the Resource Renewal 
Institute had acquired on Butte Creek, which included the following provisions:   
 

a. The authorized purpose of use in these water rights is now protection of fish and wildlife 
dependent on instream flows in the portions of Butte Creek that is specified as the place 
of use; 

b. The authorized place of use in these water rights now is Butte Creek between diversion 
number 54 and the confluence of Butte Creek and Butte Slough (Butte Slough outfall); 
and, 

c. The present authorized point of diversion of these water rights has been eliminated. 
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4. Deer Creek 

 

2014 Voluntary Agreement with Deer Creek Irrigation District, Grant Leininger, 

National Marine Fisheries Service (NMFS) and California Department of Fish and 

Wildlife (CDFW)  

 

For adult spring-run Chinook and juvenile spring-run chinook:  From May 30 until June 14, 

2014, 50 cubic feet per second (cfs), as measured at the Department of Water Resources (DWR) 

Gage below Stanford-Vina Ranch Irrigation Company (SVRIC) Diversion Dam, as long as 100 

cfs is coming out of the canyon.  There will be a proportional reduction in base flow obligation 

of 1 cfs for each 1 cfs reduction in natural flow below 100 cfs. 

 

June 15 to June 30: 25 cfs, as measured at the DWR Gage below SVRIC Diversion Dam, with 

Deer Creek Irrigation District (DCID) providing 8.3 cfs during the 25 cfs period. 

 

October 15 to December 31:  50 cfs, as measured at the DWR Gage below the SVIC Diversion 

Dam, is required for out-migrating yearling juvenile spring-run Chinook and coincidentally 

Central Valley juvenile and adult steelhead (Oncorhynchus mykiss), which are federally listed as 

Threatened.  In the event of a rain freshet, base flows could start on October 1, 2014 if mutually 

agreed to by NMFS, CDFW and DCID. 

Pulse Flows: A minimum of 50 cfs over base flow or full natural flows as recorded at the U.S. 

Geological Survey (USGS) Stream Gage at the mouth of the canyon above DCID Dam.  The 

duration of the pulse flow in terms of time at which peak flow is maintained will be a minimum 

of 24 hours but not more than 72 hours.  A pulse flow event occurred on May 18-20, 2014 and 

DCID shall create one more pulse flow event before June 15, 2014.  Another pulse flow event 

may be necessary in June 2014 if monitoring detects fish holding below the SVRIC Diversion 

Dam.  

 

5. Hat Creek 

 

2002 Federal Energy Regulatory Commission License for the Hat Creek Project 

 

On November 4, 2002, the Federal Energy Regulatory Commission (FERC) issued a new license 

for the Hat Creek Project.  As stipulated in the new license, minimum instream flows in the Hat 1 

Bypass Reach were increased from 2 cfs to 8 cfs. In addition, the flow release at the Baum Lake 

Dam (a minimum of 8 cfs) and accretion flow from the Hat 2 Springs must provide a minimum 

flow in the lower portion of the Hat 2 Bypass Reach of 43 cfs (measured at the Joerger Diversion 

Dam). 

 

6. Mill Creek 

 

2014 Voluntary Agreement with Water Users, National Marine Fisheries Service (NMFS) 

and California Department of Fish and Wildlife (CDFW)  

 

For adult spring-run Chinook and juvenile spring-run Chinook:  50 cubic feet per second (cfs) 

between April 1 and June 14, 2014, and 25 cfs between June 15 and 30, 2014 for fish passage 
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through the 2.8 miles of stream between the confluence with the Sacramento River and Ward 

Dam. 

 

If monitoring and evaluations conducted by CDFW determine that fish are not present in lower 

Mill Creek or water temperatures are not conducive to fish survival during the period of June 15 

to 30, 201, and it is mutually agreed to by CDFW and Los Molinos Mutual Water Company 

(LMMWC), base flows may be reduced below 25 cfs. 

 

For juvenile spring-run Chinook: For the fall period, 50 cfs is required for out-migrating yearling 

juvenile spring-run Chinook and coincidentally Central Valley juvenile and adult steelhead 

(Oncorhynchus mykiss), which are federally listed as Threatened.  In the event of a rain freshet, 

base flows could start on October 1, 2014 if mutually agreed to by NMFS, CDFW and 

LMMWC. 

 

Pulse Flows: A minimum of 50 cfs over base flow or full natural flows as recorded at the U.S. 

Geological Survey (USGS) Stream Gage at the mouth of the canyon above Upper Dam.  The 

duration of the pulse flow in terms of time at which peak flow is maintained will be a minimum 

of 24 hours but not more than 72 hours.  The pulse flows will occur from April 1 through June 

30 at a minimum of once every two weeks.  If monitoring and evaluations conducted by CDFW 

determine that fish are not present in lower Mill Creek or water temperatures are not conducive 

to fish survival during June, and it is mutually agreed to by NMFS, CDFW and LMMWC, pulse 

flows may cease prior to June 30, 2014. 

 

These were voluntary agreements covering substantially all of the water diverted on Mill Creek, 

thus the State Water Resources Control Board emergency regulations did not go into effect. 

 

1990, 1996 and 2007 Flow Agreements with Water Users, Department of Water 

Resources and Department of Fish and Game  

 

The 1990 Agreement: The Department of Water Resources and Fish and Game paid for the 

construction, operation and maintenance of wells with a capacity of 25 cubic feet per second (the 

actual well capacity is closer to 10 cfs) for the purpose of increasing flows in Mill Creek for 

fisheries transportation in the late spring of some years, during the upstream migration of adult 

spring-run salmon and downstream migration of juvenile salmon and steelhead. 

 

The 1996 Agreement:  Los Molinos Mutual Water Company shall provide a minimum of 10 

cubic feet per second in addition to the state’s instantaneous capacity (of 10 cfs) for fall-run 

Chinook immigration and spawning and spring-run Chinook juvenile migration.  Los Molinos 

Mutual Water Company shall release such water upon Fish and Game’s request on or after 

October 15 and allow such water to continue to flow uninterrupted for the remainder of the 

calendar year. 

 

The 2007 Agreement:  Reaffirms and expands and refines the intent of the earlier agreements to 

provide spring flows (May 1 through June 15) and fall flows (October 15 through November 30) 

for spring and fall run Chinook salmon. 
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Lower American River 
 
The American River provides important fish and wildlife habitat, a high-quality water source, a 
critical floodway, and a spectacular regional recreational parkway.  The Bureau of Reclamation 
(Reclamation) operates Folsom and Nimbus Dams to provide flood control and water for 
irrigation, municipal and industrial uses, hydroelectric power, recreation, water quality, and the 
protection of aquatic resources.   
 
In April of 2000, a diverse group of over 40 local business and agricultural leaders, citizen 
groups, environmentalists, water managers and local governments ended decades of conflict 
concerning the American River by signing the Water Forum Agreement (WFA).  The 
foundational elements of the WFA are two coequal objectives:  to provide a reliable safe water 
supply for the region and to preserve fishery, wildlife, recreational, and aesthetic values of the 
lower American River. 
 
Working in cooperation with Reclamation, California Department of Fish and Game, National 
Marine Fisheries Service, the U.S. Fish and Wildlife Service, the Water Forum developed the 
Flow Management Standard (FMS) as an alternative to the standards set by the State Water 
Resources Control Board in 1958’s Decision 893 (the current instream flow requirements on the 
lower American River).  The FMS is intended to improve the condition of aquatic resources in 
the lower American River, particularly fall-run Chinook salmon and steelhead by improving 
flow-related habitat and water temperature.  In addition, the FMS benefits other fish species, the 
aquatic environment and the riparian ecosystem of the lower American River Corridor.  
Designed to achieve these benefits over a wide range of hydrologic conditions, the FMS provides 
a forum through which biologic and ecologic factors are considered in the river management 
process, and provides for the analysis of hydrologic and biologic information collected though 
the monitoring and evaluation component. 
 
The lower American River FMS is designed to allocate flow releases from Folsom and Nimbus 
Dams in consideration of variable hydrology and cold water pool availability in Folsom 
Reservoir. The FMS includes:  (1) minimum flow requirements; (2) water temperature 
objectives; (3) implementation criteria; (4) an agency group to address river management and 
operational actions (the American River Group); and (5) a monitoring and evaluation 
component.   
 
1. Minimum Flow Requirements 
 
The minimum flow requirements prescribe the flows in the lower American River water to meet 
fishery needs throughout the entire water year.  These minimum flow requirements include 
minimum release requirements (MRR) measured downstream of Nimbus Dam, and downstream 
flow requirements (250 cfs from January through mid-September and 500 cfs from mid-
September through December) between Nimbus Dam and the mouth of the lower American 
River.  The prescribed flows are minimums only and do not preclude Reclamation from making 
higher releases. 
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The MRR varies from 800 to 2,000 cfs throughout the year in response to the hydrology of the 
Sacramento and American River basins and a set of prescriptive and discretionary adjustments.  
As such, the specified MRR is higher in wet years and lower in dry years.  These adjustments are 
made in response to specific conditions related to the need for spawning flow progressions, fish 
protection, and reservoir water conservation.  The resultant MRR varies throughout the season as 
shown in Table 1. 
 
Table 1.  Seasonal Variation in the Minimum Release Requirement 
 
Time Period MRR Range (cfs) Index Relevance of Index 

October 800 to 1,500 Four Reservoir 
Index (FRI) Indicates the amount of upstream 

storage available during the fall 
and winter months November and 

December 800 to 2,000 FRI 

January and 
February 800 to 1,750 Sacramento River 

Index (SRI) 
Indicates current multi-basin water 
availability 

March through 
Labor Day 800 to 1,750 Folsom Inflow 

Index (IFII) Forecasts water availability for the 
American River Basin for the 
remainder of the current water year Post-Labor Day 

through September 800 to 1,500 IFII 

 
The FMS also includes exceptions to the MRR during extreme dry conditions, including: 
 

 Conference Years:  Occur when the projected March through November unimpaired 
inflow to Folsom Reservoir is less than 400,000 AF.  A minimum flow of 190 cfs is 
required downstream of the H Street Bridge.  

 Off-ramp Criteria:  Triggered if Folsom Reservoir storage is forecasted to fall below 
200,000 AF in the succeeding 12 months.  In this case, downstream flow requirements 
rather than MRR become the minimum flow requirement throughout the lower American 
River. 

 
2. Water Temperature Objectives 
 
The water temperature objectives of the FMS have been developed to allocate the available 
lower American River cold water resources for juvenile steelhead rearing in summer, and fall-
run Chinook salmon spawning in fall.  These objectives are met through use of an Annual 
Operations Forecast (Operations Forecast) and Annual Water Temperature Management Plan 
(Temperature Plan). 
 
The Operations Forecast will be prepared by May 1 of each year to describe forecasted American 
River operations, including flows and water temperatures for the next 12 months, with 
implementation of the Minimum Flow Requirements and Water Temperature Objectives.   
 
The Temperature Plan will be developed by May 1 of each year to describe how Reclamation 
will meet the following water temperature objectives for the lower American River:  
 



 -12- November 18, 2014 

 

 65ºF or less from May 15 through October at Watt Avenue for steelhead juvenile 
rearing.  This objective may be relaxed to 68ºF if Temperature Plan analysis indicates 
that lower temperature targets will prematurely exhaust the available cold water.  

 60ºF or less as early in October as possible at Hazel Avenue for Chinook  salmon 
spawning and egg incubation. 

 
3. Implementation Criteria 
 
Implementation criteria serve as a tool to determine the conditions by which the FMS Minimum 
Flow Requirements may be implemented, and to define the method of measuring compliance 
with the FMS Minimum Flow Requirements.  The implementation criteria that are applied for 
decision-making purposes regarding operational adjustments affecting lower American River 
flows and water temperatures address the following:  (1) end-of-month Folsom Reservoir 
storage, particularly during May and September; (2) Nimbus Dam releases and flows at the 
mouth of the lower American River measured over a 5-day averaging period; (3) water 
conservation adjustments; (4) fish protection adjustments; and (5) other considerations.  
 

4. Lower American River Group 
 
The Lower American River Group (ARG) is an advisory group consisting of agency 
representatives convened regularly by Reclamation.  Through the regularly scheduled ARG 
meetings, which are open to the public, the ARG provides information to the public and 
formulates CVP operational recommendations for the protection of fisheries and other in-stream 
resources consistent with the FMS.   
 
5. Monitoring and Evaluation  
 
Monitoring and evaluation of physical and biological factors are included in the FMS to provide 
information to support operational decisions and to evaluate operational effects on the aquatic 
resources of the lower American River including river hydrology, water temperature, salmonid 
population and downstream movement. 
 
6. Current Status 

 
Sacramento County recently adopted a revised American River Parkway Plan which includes 
specific policies related to implementing water flows protective of the lower American River 
ecosystem.  The Parkway Plan serves as a guide for other local, state and federal agencies with 
authority within the American River Parkway under the Wild and Scenic Rivers Act and the 
Urban American River Parkway Preservation Act.  Sacramento County, through the Water 
Forum, is in the process of preparing a draft environmental impact report to institute the FMS 
consistent with the American River Parkway Plan and the coequal goals of the Water Forum 
Agreement by entering into an operations agreement with Reclamation or by seeking to modify 
Reclamation’s Folsom Dam water right permits or other measures.   
 
Reclamation has been operating the Folsom and Nimbus Dams in accordance with the minimum 
release requirements of the FMS since 2006.  In 2009, the National Marine Fisheries Service 
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(NMFS) included the FMS flow, operational criteria, American River Group, and monitoring 
requirements in the Reasonable and Prudent Alternatives of the Biological Opinion (BO) for 
operating the CVP.  The NMFS BO also called for an iterative temperature management 
planning process that is consistent with the water temperature objectives of the FMS. 
 
The Water Forum is currently investigating the potential for an improved Flow Standard for the 
lower American River that would provide increased protection of salmonid species and improved 
water supply reliability. 
 
Yuba River 
 
In 2008, the State Water Resources Control Board (the SWRCB) adopted minimum streamflow 
requirements and related measures proposed by Yuba County Water Agency (YCWA) that 
implemented the Yuba River Accord Fisheries Agreement, which YCWA developed with the 
Department of Fish and Game (DFG), the National Marine Fisheries Service (NMFS), the U.S. 
Fish and Wildlife Service (USFWS) and several conservation groups.  The Accord and the 
SWRCB’s related order – Corrected Order WR 2008-14 – resolved 20 years of disputes 
concerning the Yuba River’s minimum streamflows.  The Accord streamflow requirements, as 
implemented by the SWRCB, are depicted in Exhibit A.  The SWRCB adopted Corrected Order 
WR 2008-14, after considering a $6 million environmental impact report that YCWA certified 
and that was not challenged in court.  The Yuba River Accord is summarized below and 
additional information is available on YCWA’s website at 
http://www.ycwa.com/projects/detail/8. 
 
Disputes concerning the Yuba River’s streamflows began in 1988 and continued through a 14-
day SWRCB hearing in 1992, a 13-day SWRCB hearing in 2000 and a three-day SWRCB 
hearing in 2003.  In 2003, the SWRCB adopted Revised Water Right Decision 1644 (RD-1644). 
Many lawsuits, including one by YCWA, were filed to challenge RD-1644. 
 
As an alternative to litigating these disputes to a conclusion, YCWA, DFG, NMFS, USFWS and 
environmental groups engaged in a collaborative, science-based process to identify and prioritize 
the key stressors on salmon and steelhead in the lower Yuba River and then to develop 
streamflow requirements that would address these stressors.  The resulting Yuba Accord 
Fisheries Agreement sets new, substantially-higher streamflow requirements that allocate more 
water to fishery benefits than RD-1644 would have required.  Specifically, the Fisheries 
Agreement’s streamflow schedules include up to more than 174,000 acre-feet of water annually, 
and more than 100,000 acre-feet in the springtime of about 60% of all years, to fishery benefits 
than RD-1644 would have required.  The Fisheries Agreement allocates these fishery 
streamflows in a manner that enables YCWA to deliver approximately 350,000 acre-feet of 
water per year for consumptive use in Yuba County and to transfer water to downstream water 
users, including Delta-export agencies, for irrigation, municipal and environmental uses. 
 
The Fisheries Agreement is one of four agreements that make up the Yuba River Accord.  The 
other agreements are: (1) Conjunctive Use Agreements with local Yuba County water suppliers; 
(2) a Water Transfer Agreement with the state Department of Water Resources (DWR); and (3) 
an agreement with PG&E to allow modified operations at YCWA’s New Bullards Bar Reservoir.  
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Under the Conjunctive Use Agreements, Yuba County water suppliers agreed to pump up to 
30,000 acre-feet of groundwater to substitute for surface water deliveries in certain dry years to 
provide water allocated by the Fisheries Agreement for fishery benefits.  Also under the 
Conjunctive Use Agreements, YCWA agreed to provide funding from its Accord transfer 
proceeds to assist water suppliers in pumping the necessary groundwater and to monitor local 
groundwater conditions to ensure that pumping under the Accord does not cause overdrafts.  
Under the Water Transfer Agreement, YCWA agreed to transfer at least 60,000 acre-feet per 
year of water to the Environmental Water Account (and successor programs) and potentially 
140,000 acre-feet of water in drier years to DWR.  In addition to assisting local Yuba County 
water suppliers in implementing conjunctive use, YCWA has used Accord transfer proceeds to 
contribute to the funding of setback-levee projects and other flood risk management projects. 
 
The Accord Fisheries Agreement contains several unique elements besides the new streamflow 
requirements depicted in Exhibit A.  The Agreement establishes a River Management Team 
(RMT), which includes representatives of YCWA, DFG, NMFS, USFWS, PG&E and 
conservation groups.  The RMT may modify flows at certain times for fishery benefits (subject 
to SWRCB approval).  The RMT also is responsible for allocating 50% of the volume of any 
supplemental surface water transfer by YCWA and up to 20% of the streamflows enabled by 
implementation of the Accord Conjunctive Use Agreements.  The RMT oversees a monitoring 
and evaluation program that has the goal of determining the efficacy of the Fisheries 
Agreement’s streamflows.  That Agreement also establishes a cap on irrigation diversions in 
extremely dry (1-in-100) “conference years” at about 70% of annual irrigation demands. 
 
Consistent with the Accord agreements, the SWRCB’s Corrected Order WR 2008-14 approved 
water-right permit terms under which, in conference years, YCWA will operate its project to 
maintain the minimum streamflows required by a 1965 streamflow agreement between YCWA 
and DFG, but without certain reductions authorized by that agreement and subject to 
supplemental flow release requirements developed by the RMT’s Planning Group under the 
Fisheries Agreement and approved by the SWRCB’s Deputy Director for Water Rights.  Under 
Corrected Order WR 2008-14, if the Planning Group does not make any streamflow 
recommendations in a conference year by April 1 or if no streamflow requirements are in place 
by April 11 of such a year, then YCWA must comply with streamflow requirements ordered by 
the SWRCB after a hearing. 
 
When YCWA operates its facilities, it must comply with the requirements of its existing license 
for Project No. 2246, which was issued by the Federal Energy Regulatory Commission (FERC).  
Those FERC license requirements, however, typically are satisfied through implementation of 
the Accord Fisheries Agreement’s streamflow requirements. 
 
The Yuba River Accord has been recognized as a landmark achievement in collaborative water 

management to achieve water supply reliability and habitat protection. For example, the Accord 

received the 2008 ACWA Theodore Roosevelt Environmental Award for Excellence in 

Conservation and Natural Resources Management, the 2009 National Hydropower Association 

Award for Outstanding Stewards of America’s Waters and the 2009 Governor’s Environmental 

and Economic Leadership Award. 
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EXHIBIT A 
Yuba Accord Streamflows, Approved by SWRCB in Corrected Order WR 2008-14 

 
Feather River 
 
On December 15, 2010, the SWRCB adopted, as Order WQ 2010-0016, a water quality 
certification for the Oroville Facilities, FERC # 2100, for the relicensing of the Oroville project 
by DWR.  The water quality certification contains instream-flow and temperature-control 
requirements for the Feather River’s reaches downstream of DWR’s Oroville Dam. 
 
In general, the streamflow requirements adopted by the SWRCB in the certification are as 
follows.   
 
For the Low Flow Channel – which is the reach between DWR’s Fish Barrier Dam and the outlet 
of the Thermalito Afterbay – the certification requires that DWR release into that Channel 800 
cfs from September 9 to March 31 of each water year to accommodate spawning anadromous 
fish and 700 cfs the remainder of the time, with both standards subject to possible revision as 
recommended by resource agencies under a settlement agreement signed by parties to DWR’s 
relicensing proceeding.  The SWRCB’s Deputy Director for Water Rights would have to approve 
changes from the indicated streamflows for the Low Flow Channel. 
 
For the High Flow Channel – which is the reach between the Thermalito Afterbay’s outlet and 
the Feather River’s confluence with the Sacramento River – the certification applies the 
following instream-flow requirements, provided that they, along with project operations, are not 
projected to cause Oroville  
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Reservoir to be drawn below elevation 733 feet (approximately 1,500,000 acre-feet of storage): 
 
Preceding April 
through July 
unimpaired runoff 

Minimum Flow in 
HFC 
October-February 

Minimum Flow in 
HFC 
March 

Minimum Flow in HFC 
April-September 

Percent of Normal    
55% or greater 1,700 cfs 1,700 cfs 1,000 cfs 
Less than 55% 1,200 cfs 1,000 cfs 1,000 cfs 

 
Under the certification, if applying these requirements would be projected to cause Oroville 
Reservoir to be drawn below elevation 733 feet, then the minimum streamflows in the High Flow 
Channel could be reduced by the same percentage as State Water Project deliveries for 
agricultural use, provided that streamflows would not ever be reduced more than 25 percent 
below the requirements.  In addition, if the highest one-hour streamflow between October 15 and 
November 30 were to exceed 2,500 cfs because of project operations and not a flood flow, then 
DWR is required to maintain a minimum flow within 500 cfs of the peak flow. 
 
The certification also contains complex terms that require DWR to operate the Oroville project to 
meet temperature standards in the Low Flow Channel and the High Flow Channel.   
 
For the Low Flow Channel at the Robinson Riffle, the certification sets the following 
temperature standards: (1) October 1-April 30, 56 degrees F; (2) May 1-15, 56-63 degrees F (as a 
transition); (3) May 16-August 31, 63 degrees F; (4) September 1-8, 63-58 degrees F (as a 
transition); and (5) September 9-30, 58 degrees F.  If DWR were to demonstrate that it cannot 
meet these requirements with its current facilities, then the certification would require DWR to 
submit an interim operations plan to the SWRCB and, within three years of the renewed FERC 
license’s issuance, submit a long-term facility-modification and operations plan to the SWRCB.  
If after implementing the facility modifications, DWR were to demonstrate that it still cannot 
meet the above temperature standards, then DWR would be required to propose alternate 
temperature standards that would provide “reasonable protection of the COLD beneficial use.”  
Upon the approval of the SWRCB’s Deputy Director for Water Rights, DWR would be required 
to operate to the alternate standards. 
 
For the High Flow Channel, DWR is required to operate the project “to protect the COLD 
beneficial use in [that Channel], as measured in the Feather River at the downstream Project 
Boundary, to the extent reasonably achievable.”  Within one year of the renewed FERC license’s 
issuance, DWR would be required to submit an operations plan for the period before facility 
modifications, which plan would be required to include proposed interim temperature standards 
and interim measures to reduce temperatures.  Within three years of the renewed FERC license’s 
issuance, DWR would be required to submit a long-term facility modification and operations 
plan, which plan would have to include proposed temperature standards to take effect within 10 
years of the renewed license’s issuance. 
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Bay-Delta Standards 
 
The following map shows the existing Bay-Delta standards in SWRCB Decision 1641.  Water 
supplies in the Sacramento Valley are operated to meet these standards. 
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New	Strategy	to	Improve	Conditions	for		
Delta	Smelt	Shows	Promising	Results		

Comprehensive	Approach	Seeks	to	Reverse	Decline	in	Smelt	Population	
	
YOLO	BYPASS	WILDLIFE	AREA	–	The	initial	monitoring	of	a	new	strategy	to	improve	conditions	
for	the	endangered	Delta	smelt	shows	significant	promise	in	creating	a	bloom	in	the	plankton	
that	nourish	these	imperiled	fish.		State	and	federal	leaders	were	joined	today	by	Sacramento	
Valley	 farmers	 and	 water	 providers	 along	 the	 banks	 of	 the	 Yolo	 Bypass	 to	 describe	 the	
successful	 experiment	 and	deliver	 the	 first	 update	on	 the	 State’s	 comprehensive	Delta	 Smelt	
Resiliency	 Strategy.	 The	 effort	 is	 intended	 to	 improve	 ecosystem	 conditions	 so	 more	 young	
Delta	smelt	survive	this	year	and	reproduce.	
	
“Acting	on	a	scientific	hunch	with	cooperation	that	extended	deep	into	the	Sacramento	Valley,	
we	moved	quickly	to	see	if	we	could	boost	the	Delta	smelt	food	supply	in	the	western	Delta	in	
this	 fifth	year	of	drought,”	said	Charlton	H.	Bonham,	Director	of	the	California	Department	of	
Fish	and	Wildlife.		He	added,	“The	results	surpassed	our	expectations	and	give	us	hope	that	in	
future	years	we	can	relatively	quickly	and	easily	take	advantage	of	the	Yolo	Bypass	floodplain	to	
improve	conditions	for	a	species	on	the	brink	of	extinction.”	
	
State,	federal	and	local	water	district	officials	partnered	this	summer	to	send	water	through	a	
wetland	and	tidal	slough	corridor	of	the	Sacramento	River	system	and	into	the	Delta	where	it	
created	 a	 phytoplankton	 bloom,	 the	 critical	 base	 of	 the	 food	 web	 for	 smelt.	 	 The	 plan	 was	
developed	based	on	observations	by	 agency	 scientists	 in	 the	 fall	 of	 2011	and	2012	 following	
larger-than-normal	agricultural	drainage	flows	from	the	Yolo	Bypass.		These	flows	produced	an	
unusual	 plankton	 bloom	 in	 the	 Rio	 Vista	 area	 of	 the	 lower	 Sacramento	 River.	 	 Scientists	
theorized	that	this	production	of	plankton	could	be	generated	in	other	years	if	the	conditions	in	
the	Yolo	Bypass	could	be	repeated.			
	
This	 finding	 led	 to	 a	 cooperative	 effort	 earlier	 this	 summer	 between	 state	 and	 federal	
governments	 and	 various	 water	 agencies	 along	 the	 Sacramento	 River	 including	 the	 Glenn-
Colusa	 Irrigation	 District,	 Reclamation	 District	 108,	 Reclamation	 2035,	 Knaggs	 Ranch,	 and	
Conaway	 Ranch.	 	 The	 Tehama-Colusa	 Canal	 Authority	 and	 the	 U.S.	 Bureau	 of	 Reclamation	



assisted,	 along	 with	 many	 other	 local	 agricultural	 partners	 in	 the	 Valley.	 	 The	 result	 was	 a	
redirection	 of	 water	 from	 the	 Sacramento	 River	 down	 the	 Colusa	 Basin	 Drain,	 through	 the	
Knights	 Landing	 Ridge	 Cut	 Slough,	 past	Wallace	Weir,	 through	 the	 Yolo	 Bypass	 and	 into	 the	
Delta	 to	 provide	 the	 optimal	 conditions	 to	 create	 the	 critical	 food	 source	 for	 growing	 Delta	
smelt.	 	A	recent	substantial	Delta	plankton	bloom	at	Rio	Vista	 indicates	that	this	strategy	was	
effective	in	boosting	downstream	food	web	resources	for	smelt.			
	
“This	 effort	 provides	 a	 good	 example	 of	 the	 application	 of	 scientific	 research	 to	 address	
complex	 management	 issues,”	 said	 Dr.	 Ted	 Sommer,	 lead	 scientist	 for	 the	 California	
Department	of	Water	Resources.		He	added,	“The	overall	strategy	of	the	smelt	plan	was	based	
on	an	intensive	effort	by	a	multi-agency	team	to	isolate	the	major	factors	affecting	different	life	
stages	of	Delta	smelt	and	to	identify	the	habitat,	environmental	and	landscape	conditions	that	
could	be	improved	to	support	better	growth,	health	and	reproduction.”	
	
Other	 actions	 included	 in	 the	 Delta	 Smelt	 Resiliency	 Strategy	 include	 treatment	 of	 invasive	
aquatic	weeds	in	critical	smelt	habitat	in	the	Delta;	generating	more	brackish	water	habitat	at	
certain	 times	 of	 the	 year;	 studying	 the	 potential	 of	 re-operating	 salinity	 control	 gates	 in	 the	
Suisun	 Marsh	 to	 attract	 smelt	 into	 high-quality	 habitat;	 assessing	 the	 feasibility	 of	 adding	
sediment	 to	 certain	 zones	 in	 the	 Delta	 to	 create	 the	 turbidity	 smelt	 need	 to	 hide	 from	
predators;	and	studying	the	feasibility	to	add	sand	in	certain	areas	of	the	Delta	which	is	used	by	
smelt	to	spawn.	 	 In	addition,	a	number	of	habitat	restoration	projects	that	are	highly-likely	to	
benefit	Delta	smelt	are	planned	or	underway.	
	
“There	is	not	one	simple	solution	to	save	the	smelt,	but	a	complex	set	of	challenges	which	must	
be	 identified	 and	 addressed	 to	 secure	 smelt	 survival,”	 said	 Lewis	 Bair,	 general	 manager,	
Reclamation	District	108.	He	added,	“This	is	why	we	are	actively	working	to	implement	this	part	
of	 the	Delta	 Smelt	Resiliency	 Strategy	 in	 the	Sacramento	Valley—providing	 vital	 nourishment	
and	improving	habitat	in	the	Yolo	Bypass	for	smelt	to	thrive	and	reproduce.		We	are	very	proud	
of	this	partnership	between	state	and	federal	agencies,	the	environmental	community	and	local	
water	districts	because	these	actions	are	making	a	difference	for	birds,	fish	and	farms.”	
	
The	Delta	Smelt	Resiliency	Strategy	is	being	implemented	by	the	California	Department	of	Fish	
and	 Wildlife,	 the	 California	 Department	 of	 Water	 Resources,	 the	 Division	 of	 Boating	 and	
Waterways,	the	U.S.	Fish	and	Wildlife	Service	and	the	U.S.	Bureau	of	Reclamation.	 	The	smelt	
food	production	plan	is	being	executed	through	a	partnership	involving	local,	state	and	federal	
agencies	teaming	up	with	Sacramento	Valley	agricultural	water	users	and	farmers.	 	This	is	the	
latest	chapter	of	cooperation	involving	a	coalition	of	farmers,	water	providers,	conservationists	
and	regulators	who	are	driven	by	the	mindset	to	“fix	 it”	rather	than	“fight	 it”	to	 improve	fish	
and	wildlife	habitat	throughout	the	Sacramento	River	region.	
	
“It	 is	 critical	 –	 and	 possible	 with	 these	 partnerships	 –	 to	 improve	 fish	 and	 wildlife	 habitat	
through	 the	 efficient	 use	 of	 our	 region’s	water	 resources	while	managing	 a	 productive	 farm	
economy,”	said	David	Guy,	President	of	the	Northern	California	Water	Association.		He	added,	
“The	drought	has	not	only	impacted	smelt,	but	it	has	also	affected	the	ability	to	deliver	water	



for	 farms,	 wildlife	 refuges	 and	 recreation	 throughout	 the	 region.	 Farmers	 and	 the	 rural	
communities	throughout	the	Sacramento	Valley	care	deeply	about	our	rivers,	they	understand	
how	the	rivers	function	and	they	have	made	significant	investments	in	efforts	to	preserve	and	
improve	fish	and	wildlife	habitat.		This	cooperation	is	unique	and	truly	benefits	all	Californians.”	
	
To	learn	more	about	California	EcoRestore	and	other	habitat	restoration	projects	underway	in	the	Delta,	
go	to	http://resources.ca.gov/ecorestore/.	

To	download	video	related	to	the	pulse	flow	and	plankton	bloom,	visit	
ftp://ftp.wildlife.ca.gov/OCEO/Wallace%20Weir/.	
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Every	Californian	should	conserve	water.	
Find	out	how	at:	

	
SaveOurWater.com	 ··	 Drought.CA.gov	
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2016 North Delta Food Web Action 
 

 

Who worked on the project?  
-Department of Water Resources led the effort as part of the Delta Smelt Resilience Strategy.  
-The project was major collaboration with action coordinators (Resources Agency, DFW), 
fisheries agencies (DWR, NMFS, FWS), diverters (GCID, RD108, Conaway Group), funding 
sources (DFW, USBR, SFCWA), and scientists (USGS, SFSU, UCD). 
 
Why was there an interest in enhancing the food web?  

-Loss of plankton is a major factor responsible for the decline of 
many fishes including the endangered Delta Smelt, whose status 
affects water supply reliability in the state. 
  
 

 
Why was Yolo Bypass a focus? 
-Yolo Bypass and Cache Slough Complex are known to be relatively richer in plankton than 
most other parts of the Delta. 
-Much of this productivity may not reach the Delta in drier months because local water 
diversions tend to pull water away from the lower Sacramento River. 
-Scientists observed that larger-than-normal fall 2011 and 2012 agricultural flow pulses were 
followed by downstream Delta plankton blooms. These were the first fall blooms in over 20 
years. 

 
What was the basic idea behind the action? 
-By routing water through Yolo Bypass instead of the 
Sacramento River, DWR scientists predicted that a flush of 
plankton-rich water would provide a “seed” for the 
downstream Delta, enhancing food resources for Delta 
Smelt. 
-A July 2016 flow pulse was generated with the help of 
Sacramento Valley water users (See attachment 1). 

 
 

What was measured in the study? 
-Water quality, contaminants, plankton, and clams (consumers of 
plankton) were measured before, during experimental flows at 
multiple locations. 
-Delta Smelt collected during fall will also be analyzed. 
 

 



2016 North Delta Food Web Action 
 

Did the Action Work? 
-The action generated a substantial flow pulse (12,700 af) for 
over two weeks in July.  However, the flow was less than the 
target of 24,000 af. 
-As predicted, the flow pulse coincided with a wave of 
phytoplankton (as measured by chlorophyll a) through Yolo 
Bypass. 
-The action generated a major increase in phytoplankton in the 
Delta at Rio Vista.   
-The bloom was dominated by a “good” variety, not a harmful 
species.  

         Aulacoseira granulata 
 Rio Vista Phytoplankton Response 

What still needs to be done in 2016? 
-There are still many samples that need to be 
analyzed. 
-We are still waiting for data from project partners 
including USGS and SFSU. 
-Of particular interest is whether there is a response in 
zooplankton and Delta Smelt. 
-The results will be presented at the upcoming 2016 
Bay-Delta Science conference, and written up for 
scientific peer-review. 
 
 
What are future plans? 
-Funding is available in the Delta Smelt Resilience Strategy for at least two more years.  
-A 2017 action could be considered in other months and with more flow, although careful 
planning may be needed to work around a new Yolo contruction project (“Ag 4 Crossing).  
-Long-term improvements to Yolo Bypass including a proposed notch and fish ladder could 
make this action easier to implement.  
-Improved flows in Yolo Bypass will likely help leverage the efficacy of proposed habitat 
restoration projects in the north Delta. 
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The Sacramento Valley & Waterfowl

California’s Sacramento Valley is the single most important wintering area for waterfowl 
along the Pacific Flyway with 4-5 million waterfowl migrating to the region every fall from 
as far away as Alaska, Canada, and Siberia. The Sacramento Valley’s world-renowned 
mosaic of natural resources, including farms, wildlife refuges and managed wetlands, 
cities and rural communities, and meandering rivers work together in concert to 
support and feed waterfowl, shorebirds, raptors and other species. 

As the map on the reverse side shows, diverse land types such as refuges, rice-
lands, private wetlands, and other farms sustain birds with food and shelter 
through winter and into spring, acting as surrogate wetlands to defray the loss of 
95% of the historic wetland areas in the state. 

Each year, between 500,000 and 600,000 acres of rice are planted in the Sacra-
mento Valley, providing habitat for more than 230 species, including many birds. 
In a typical fall and winter, around 350,000 acres of this rice land is flooded, 
providing the greatest amount of Pacific Flyway habitat. In addition, more than 
40,000 acres of privately managed wetlands and 27,000 acres within the Nation-
al Wildlife Refuges and State Wildlife Areas also make substantial contributions 
to the Pacific Flyway habitat in the region.

All of this habitat is reliant upon the ability of Sacramento Valley water districts 
and companies to divert and deliver surface water resources year-round in ac-
cordance with their contracts and water rights. According to the Central Valley 
Joint Venture (CVJV), the combined winter water needs of flooded rice and 
wetlands in the Sacramento Valley is almost 1.1 million acre-feet per year.* 

Currently, the region is experiencing a tenuous balance, providing just enough 
food for the waterfowl and other birds traveling to the Sacramento Valley in the 
winter months. Redirecting water to other areas would result in less acres of 
habitat by shifting the balance, leaving the birds without adequate food.

Thanks to the sum of its parts, the Sacramento Valley is an ecological success story 
where the mosiac of land uses limited water resources to create a modern habitat 
combination that works for both humans and birds.

*This includes more than 250,000 acre-feet in additional water needed to reach CVJV water 
supply goals for refuges and privately managed wetlands
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July 19, 2016 
 
 
Felicia Marcus, Chair 
Members of the Board 
State Water Resources Control Board 
1001 I Street 
Sacramento, CA 95814 
 
Re: Integrating Delta Science 
 
Dear Chair Marcus and Members of the Board: 
 
The broad coalition of undersigned public water agencies and water companies serving a significant part of urban 
and rural California call on the State Water Resources Control Board (State Water Board) to formally engage the 
Delta Science Program in a robust and rigorous process to both develop and review the scientific basis for Phase 
II of the Bay-Delta Water Quality Control Plan (WQCP) update. We strongly encourage this engagement prior to 
the release of a draft or proposed scientific basis report. As we have seen from past experiences, a successful and 
credible WQCP process will utilize and rely upon the best available data and science that is both developed and 
peer-reviewed through an independent and scientifically focused entity, such as the Delta Science Program.  
 
The Delta Reform Act of 2009 established the Delta Science Program and the Delta Independent Science Board to 
formally advance the concept of One Delta, One Science. “The mission of the Delta Science Program [is] to 
provide the best possible unbiased scientific information to inform water and environmental decision making in 
the Delta. That mission shall be carried out through funding research, synthesizing and communicating scientific 
information to policymakers and decision-makers, promoting independent scientific peer review, and coordinating 
with Delta agencies to promote science-based adaptive management. The Delta Science Program shall assist with 
development and periodic updates of the Delta Plan's adaptive management program.” (Water Code 
§85280(b)(4).)  

The California Water Action Plan (Action Plan) further elaborated that “the administration will direct relevant 
agencies and departments to work with the Delta Science Program, the Interagency Ecological Program, and 
others conducting science in the Delta to implement the Delta Science Plan, committing resources and funding for 
shared science to achieve integrated, collaborative and transparent science to enhance water and natural resource 
policy and management decisions.” (Page 21.)  
 
The Action Plan also adds that “a coordinated approach to managing the Delta is essential to serve the needs of 
California’s residents. State agencies will commit to using collaborative processes to achieve water supply, water 
quality and ecosystem goals. This approach embraces enhanced sharing of data, consistent use of peer‐reviewed 
science, coordinated review under the California Environmental Quality Act, improved integration of related 
processes, and encouragement of negotiated resolutions.” (Page 20.) 
 



 

A completely independent process, such as one conducted by the Delta Science Program and envisioned in the 
Delta Science Plan (see e.g., Appendices H and I), is essential for two reasons.  First, as the Public Policy Institute 
of California has noted, the scientific problems presented in the Delta watershed are “wicked” problems, in that 
they involve the intersection of different bodies of scientific knowledge, areas where there is great uncertainty 
about the physical and biological processes involved, and areas where conditions are changing rapidly.  Adding to 
the complexity of these questions, California is now squarely confronting the challenge of climate change in 
trying to weather a 1,200-year drought.  The complexities and uncertainties associated with climate change make 
a difficult problem even harder.  For such complicated problems, robust peer review of proposed approaches–
even before a draft report is written–is essential to ensure that the best available scientific and commercial 
information is used as part of the scientific basis report.   

Second, robust peer review assures skeptical members of the public that, despite the complexities of the Delta 
ecosystem, the State of California is committed to analyzing the Delta ecosystem without preconceptions and 
without ideological or political biases.  An honest, straightforward discussion of scientific principles and 
uncertainties is called for by the Delta Reform Act and the California Water Action Plan. The Delta Science 
Program, which has the support of various State agencies, is best situated to conduct this intricate and essential 
review of the scientific basis for the WQCP process.  

California needs a progressive approach to science that will empower 21st century water resources management 
to support a vibrant economy and environment. This type of rigorous and transparent scientific process with 
independent and objective input and review is critical to build a strong scientific foundation for California to 
address our water management challenges.  
 
We look forward to discussing this approach envisioned by the Action Plan and the legislation with you in more 
detail at your earliest convenience. 
 
Sincerely yours,  

   
 
 

Terry Erlewine              David Guy    Jason Peltier  
State Water Contractors             Northern California    San Luis and Delta-Mendota Water Authority  
               Water Association  
 
 
   
 
Jeffrey Sutton               John Woodling    
Tehama Colusa Canal Authority           Regional Water Authority    
 
cc: Tom Howard 
      Randy Fiorini 
      Jay Lund 
      Jessica Pearson 
      Michael George  
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QUESTIONS FOR INDEPENDENT REVIEWERS OF  
PHASE 2 DRAFT SCIENTIFIC BASIS REPORT 

For each objective intended to protect/benefit fish/wildlife beneficial uses (and, when applicable, the 

period of time the objective might control): 

1. Does the report reflect current scientific information or “lessons learned” from management 
actions taken within the Bay-Delta? 

2. Does the report adequately present the scientific basis in the context of the full species life cycle?  
If not, what elements of the species life cycle are lacking? 

3. Does the report adequately identify the biological mechanism or mechanisms expected to be 
protected/benefited?  Does the report discuss the stressor(s) involved, how the stressor(s) 
involved affect the biological mechanism(s), and the evidence showing the relationship between 
the stressor and the mechanism (e.g., in other contexts, a dose-response curve)? 

4. Does the report adequately identify the scientific report(s) cited to support the identified 
biological mechanism or mechanisms?  If not, what scientific report(s) should be cited?  Does the 
report identify scientific reports that may contradict the identified biological mechanism or 
mechanisms? 

5. Does the report adequately identify uncertainties in the science (likelihood the benefit of the 
objective will be realized)?  These uncertainties include, but should not be limited to, statistical 
uncertainties in the predicted response of the species to the required action; uncertainties in 
whether the identified mechanisms are the true mechanisms; and uncertainties in future 
environmental conditions.  Does the report identify testable conceptual models or hypotheses 
that would enable investigators to better understand the uncertainties?  If not, what are the 
testable conceptual models or hypotheses that can be identified from the scientific literature? 

6. Does the report adequately identify the policy decision needed when applying the science? 

7. Does the report identify the anticipated result(s) (both qualitative and quantitative) of each 
objective?  If so, does the report identify the uncertainty in the anticipated results? 

8. Does the report adequately analyze or describe potential unintended adverse impacts from the 
flow recommendations on all life stages for the same and other species? 

9. Is there an alternative methodology or approach that would provide similar levels of 
benefit/protection/uncertainty with less cost to resources (water)? 

10. Does the report incorporate adequately the structured decision-making required to support 
development of adaptive management and necessary monitoring to support adaptive 
management? 

11. Does the report adequately identify the monitoring program needed to evaluate the expected 
biological mechanism or mechanisms and the expected outcomes in species populations? 
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By Email:  Bay-Delta@waterboards.ca.gov 
 

Felicia Marcus, Chair 
Members of the Board  
State Water Resources Control Board 
P.O. Box 100 
Sacramento, CA 95812 
 
 Re: Phase II Bay-Delta Plan Input 
 
 
Dear Board Members: 
 

Nevada Irrigation District, Paradise Irrigation District and South Feather Water & Power 

Agency are responding to your staff’s request for responses to eleven categories of questions 

concerning development of the program for implementation for the Phase II update of the Bay-Delta 

Plan.  Those questions presume that you, as the State Water Board members, will adopt the proposed 

new objectives in the final Scientific Basis Report and therefore the questions only concern how to 

implement these new objectives.  The proposed new objectives suffer from serious defects and it is 

premature to attempt to develop a program for implementation.  Instead, we encourage you to 

reassess your duty to ensure reasonable protection of all beneficial uses of water (not just instream 

fishery) and to conduct any necessary studies or environmental assessment to ensure that all 

beneficial uses are reasonably protected.  Your staff’s approach is so flawed that it risks years and 

potentially decades of uncertainty and dispute over its implementation and ultimately will delay any 

of the hoped-for fishery improvements.  It is critical that you adopt a new approach for the Plan 

update.   

 
1. Ensuring Reasonable Protection of All Beneficial Uses Requires a Holistic Analysis to 

Understand the Tradeoffs, Unintended Consequences and Effects of Modified Water 

Quality Objectives.  The Scientific Basis Report Fails Entirely In this Regard.   

State policy expressed in the Porter-Cologne Water Quality Control Act establishes your 

duty to regulate water quality “to attain the highest water quality which is reasonable, considering all 

demands being made and to be made on those waters and the total values involved, beneficial and 

detrimental, economic and social, tangible and intangible.”  (Water Code § 13000.)  You are required 

to “ensure the reasonable protection of beneficial uses and the prevention of nuisance” through 

consideration of various factors, including “past, present, and probable future beneficial uses of 

water”, “environmental characteristics”, “water quality conditions” and “economic considerations”.  
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(Water Code § 13241.)   

Determining what is reasonable cannot be done in a vacuum; reasonableness depends on an 

examination of all water uses and all demands for water.  When uses are in conflict, careful 

balancing is required to ensure that the conflicting beneficial uses are all afforded reasonable 

protection.  Your staff’s Scientific Basis Report fails to engage in this comprehensive assessment and 

balancing of all water uses as envisioned in and required by Porter-Cologne.  It focuses exclusively 

on the “needs” of aquatic resources in the Delta and its tributaries, relegating all other beneficial uses 

to utilize whatever volume of water remains.  The Report states that “the use of a percent of 

unimpaired flow approach assigns a percent of the available water to fish and wildlife, and leaves the 

remainder for other uses.”  (Final Scientific Basis Report, p. 5-7.)  Providing for the reasonable 

protection of all beneficial uses cannot be done by focusing on the needs of one subset of beneficial 

uses.  Nor can you ensure the reasonable protection of all other beneficial uses by per se relegating 

those uses to a junior priority position that can only utilize water that remains after invocation of the 

unimpaired flow factor.  A holistic assessment of the needs of all beneficial uses is essential to 

understanding the tradeoffs, unintended consequences and effects of any modified water quality 

objectives.  This holistic assessment must be done to ensure that all beneficial uses are afforded 

reasonable protection.   

In 2010, as required by the Sacramento-San Joaquin Delta Reform Act of 2009, the State 

Water Board adopted a flow report, the purpose of which was to inform (not predetermine) planning 

decisions for the Delta Plan and Bay Delta Conservation Plan/WaterFix.  The report was expressly 

conditioned on the flow criteria necessary to protect public trust resources and nothing more.  It did 

not consider or assess the needs and reasonable protection of other beneficial uses.  You expressly 

conditioned the 2010 flow report as follows:  

 
We know however, that there are many other important beneficial uses that these waters 
support such as municipal and agricultural water supply and recreational uses.  The State 
Water Board is required by law to establish flow and other objectives that ensure the 
reasonable protection of beneficial uses.  In order for any flow objective to be reasonable, 
the State Water Board must consider and balance all competing uses of water in its 
decision-making.  More broadly, the State Water Board will factor in relevant water 
quality, water rights, and habitat needs as it considers potential changes to its Bay-Delta 
objectives.  Any attempts to portray the recommendations contained in this report as an 
indicator of future State Water Board decision-making ignores this critical multi-
dimensional balancing requirement and misrepresents current efforts to analyze the water 
supply, economic, and hydropower effects of a broad range of alternatives.  This report 
represents only one of many factors that will need to be balanced by the State Water 
Board as it updates the Bay-Delta Water Quality Control Plan. 
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(2010 Flow Report, p. 1, “Note to Readers”.)  Your staff has failed to heed your own admonishment.  

The Scientific Basis Report advocates for an unimpaired flow requirement of between 35% and 75%, 

the same upper range expressed in the 2010 Flow Report.  However, the Scientific Basis Report 

advocates for this same unimpaired flow approach without engaging in any of the necessary “multi-

dimensional balancing”.  Adding to this insult, your staff is now seeking input on how to implement 

the proposals in the Scientific Basis Report again without any of the necessary information, 

tradeoffs, or impacts to all other beneficial uses.   

   
2. Unimpaired Flows Would Impose Unique Hardships and Impacts on Foothill and 

Mountain Communities, such as those Served by Nevada Irrigation District, Paradise 

Irrigation District and South Feather Water & Power Agency 

An unimpaired flow approach would cause significant negative impacts throughout the state 

and to nearly every other beneficial use of water.  NID, PID and SFWPA join in and incorporate as 

their own the statement made by water users throughout the state (dated November 9, 2017) calling 

for abandonment of the unimpaired flows approach and the comments made by Northern California 

Water Association and others (dated November 9, 2017).  In addition, we wish to write you about the 

unique hardships and impacts that an unimpaired flow approach would impose on foothill and 

mountain communities.   

 Lack of Groundwater or other Readily Available Alternative Water Supplies 

 The Scientific Basis Report presumes that the loss of surface water through application of an 

unimpaired flows approach can be made up through alternative supplies, including groundwater 

pumping.  The SacWAM model developed by the State Water Board purports to be able to calculate 

annual stream gain/loss to groundwater and, in turn, assess the sustainability of the applicable 

groundwater basin in supplying surface water taken through imposition of the unimpaired flows 

approach.  NID, PID, SFWPA and other foothill and mountain communities do not have available 

groundwater supplies, ability to import water from out-of-basin (e.g., from the SWP or CVP), or 

other readily available alternative water supplies.  They serve communities in the watersheds and 

areas of origin and rely exclusively on local precipitation and runoff to into storage reservoirs 

because that is the only source of water available to them.  The exact percent of proposed unimpaired 

flows is still unknown and there are many uncertainties about your staff’s proposal and how it would 

be implemented.  Nonetheless, an unimpaired flows approach applied to these agencies and similar 

communities would require them to forego some amount of water available for diversion to storage, 
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thus exposing these areas to potentially catastrophic and unnecessary man-made water shortages and 

further exposing them to droughts (in terms of lower year end carryover storage).   

 Enhanced Risk of Catastrophic Wildfires 

 The communities served by NID, PID and SFWPA face annual threats of wildfire.  During 

this last fire season all three communities suffered multiple fires, evacuations, and loss of homes, 

businesses and properties.  The state has classified their service areas having a “very high” risk of 

wildfire.  Customers within these areas have existing difficulties acquiring and maintaining fire 

insurance for their homes and properties.  These existing realities will be made even more difficult 

through establishment of an unimpaired flows approach.  It would make an unknown volume of 

additional water supply unavailable for use locally, including for fire suppression efforts and would 

make it more difficult to maintain greenspace and to sustain other fire prevention efforts.   

 Impacts to Hydroelectric Generation and the Energy Grid 

 NID and SFWPA own and operate power projects regulated by the Federal Energy 

Regulatory Commission.  Together, NID’s and SFWPA’s power projects provide enough clean, 

renewable energy to supply the annual energy demands for over 200,000 homes.  Their storage 

facilities are located in higher elevations where water is diverted to storage in the wetter winter 

months and diverted from storage to serve consumptive needs of customers in the dryer summer 

months.  Their power projects are designed to generate hydroelectricity utilizing the water diverted 

from storage in the summer months, which coincides with the high energy demand periods in 

California.  The unimpaired flows approach would upset this typical operating scenario.  Although 

not entirely clear in the Scientific Basis Report, it appears unimpaired flows would prevent capture 

and storage of water during the typical winter precipitation season.  This would mean there would be 

less water available to divert from storage and to divert through the agencies’ hydroelectric plants 

during the summer and fall months when energy demands are at their highest.  This could result in 

significant financial impacts to NID and SFWPA.  Also, when cumulatively considered with all 

other hydroelectric projects that may be subject to an unimpaired flow standard, it could significantly 

impact California’s energy grid.   

 Impacts to Recreational Facilities and Opportunities  

 NID, PID and SFWPA all maintain and operate various campgrounds, day use facilities, 

parks and reservoirs that allow for a variety of terrestrial- and water-based recreational opportunities.  

These facilities are located in a mountain setting at or on the shoreline of their reservoirs.  Again, 

while the actual unimpaired flows approach remains largely undefined, inability to store water in the 

wet season for usage in the more-traditional late-spring and summer recreation season could have 
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significant impacts on the ability of the public to enjoy recreational facilities and opportunities.   

 
3. An Unimpaired Flows Approach Does Not Comport with the Law, Negatively and 

Unreasonably Impacts Nearly Every Other Beneficial Use of Water, and Will Result in 

Decades of Protracted Dispute.  Adopting a New Approach to the Delta Plan Update is 

Essential.   

Your leadership is needed to pause and reset the path we are on.  A new approach is 

essential.  While instream fishery needs are certainly important and worthy of reasonable protection, 

so too are all other beneficial uses, including municipal and industrial, agriculture, hydropower and 

recreation.  Your process must ensure the reasonable protection of all beneficial uses.  The Scientific 

Basis Report provides the same limited utility as the 2010 Flow Report because it focuses 

exclusively on one beneficial use (instream fishery) and does not assess the needs or ensure the 

reasonable protection of all other beneficial uses.  The only difference between the two documents is 

that your 2010 Flow Report was at least upfront and honest in its description of the lack of any 

necessary “multi-dimensional balancing”.   

All other beneficial uses deserve the same level of attention and study your staff has devoted 

to instream fishery needs.  This robust assessment of other beneficial uses can and should be done in 

your substitute environment document or SED.  

Ongoing efforts to restore habitat, such as EcoRestore and the proposed Delta Renewed, 

should be expedited and any proposed new projects should be encouraged and facilitated by the State 

Water Board and other relevant state agencies (particularly if permitting is required).  The funding 

for new projects and restoration efforts in Proposition 1 should be expedited to the extent feasible.   

NID and SFWPA are awaiting relicensing of their FERC hydroelectric projects.  Many other 

project owners are either in the process of relicensing or are only awaiting issuance of your 401 

Water Quality Certification before a new license can be issued.  These new license terms, many of 

which include new or enhanced instream flows, ought to be implemented and given time to then 

assess whether the new terms served the intended purpose or provided the intended benefit.   

Echoing the comments of many other water users and stakeholders throughout the state, 

more instream flow for the sake of instream flow has not and will not work in the future to stabilize 

or restore the fishery.  We support a critical reassessment of decisions in the last 20 years that 

resulted in approximately 1.3 million acre-feet of water that has been dedicated to instream flows 

annually.  It may be possible to use that same water in a manner that more directly and concretely 

benefits the fishery.   





U.S. Department of the Interior
U.S. Geological Survey

Open-File Report 2017–1141

Prepared in cooperation with the California Department of Water Resources

Behavioral Response of Giant Gartersnakes  
(Thamnophis gigas) to the Relative Availability of  
Aquatic Habitat on the Landscape



Cover: Photograph showing a giant gartersnake (Thamnophis gigas) swimming, Sacramento Valley, 
California, representing giant gartersnake use of aquatic habitats in rice growing regions of California. 
Photograph by Jim Morris, California Rice Commission. Used with permission.



Behavioral Response of Giant Gartersnakes  
(Thamnophis gigas) to the Relative Availability of  
Aquatic Habitat on the Landscape 

By Gabriel A. Reyes, Brian J. Halstead, Jonathan P. Rose, Julia S. M. Ersan, Anna C. Jordan,  
Allison M. Essert, Kristen J. Fouts, Alexandria M. Fulton, K. Benjamin Gustafson, Raymund F. Wack,  
Glenn D. Wylie, and Michael L. Casazza 

 
 
 
 
 
 
 
Prepared in cooperation with the California Department of Water Resources 

 

Open-File Report 2017–1141 

 
 
U.S. Department of the Interior 
U.S. Geological Survey 
  



U.S. Department of the Interior 
RYAN K. ZINKE, Secretary 

U.S. Geological Survey 
William H. Werkheiser, Acting Director 

U.S. Geological Survey, Reston, Virginia: 2017 

For more information on the USGS—the Federal source for science about the Earth, 
its natural and living resources, natural hazards, and the environment—visit 
https://www.usgs.gov/ or call 1–888–ASK–USGS (1–888–275–8747). 

For an overview of USGS information products, including maps, imagery, and publications, 
visit https:/store.usgs.gov. 

Any use of trade, firm, or product names is for descriptive purposes only and does not imply 
endorsement by the U.S. Government. 

Although this information product, for the most part, is in the public domain, it also may 
contain copyrighted materials as noted in the text. Permission to reproduce copyrighted items 
must be secured from the copyright owner. 

Suggested citation: 
Reyes, G.A., Halstead, B.J., Rose, J.P., Ersan, J.S.M., Jordan, A.C., Essert, A.M., Fouts, K.J., Fulton, A.M., 
Gustafson, K.B., Wack, R.F., Wylie, G.D., and Casazza, M.L., 2017, Behavioral response of giant gartersnakes 
(Thamnophis gigas) to the relative availability of aquatic habitat on the landscape: U.S. Geological Survey Open-
File Report 2017-1141, 134 p., https://doi.org/10.3133/ofr20171141. 

ISSN 2331-1258 (online) 



iii 

Contents 
Abstract .................................................................................................................................................................... 1 
Introduction .............................................................................................................................................................. 2 

Background .......................................................................................................................................................... 2 
Goals and Objectives ........................................................................................................................................... 3 
Giant Gartersnake Biology ................................................................................................................................... 4 

Description of Study Area ........................................................................................................................................ 6 
Methods ................................................................................................................................................................. 10 

Capture Methods ................................................................................................................................................ 10 
Telemetry Methods ............................................................................................................................................. 10 
Analysis .............................................................................................................................................................. 11 

Spatial Distribution and Extent of Rice and Wetlands ..................................................................................... 11 
Home Range and Movement .......................................................................................................................... 12 
Habitat Selection............................................................................................................................................. 13 

Veterinary Methods ............................................................................................................................................ 15 
Health Assessment ......................................................................................................................................... 16 
Survival ........................................................................................................................................................... 17 

Results ................................................................................................................................................................... 19 
Home Range and Movement .............................................................................................................................. 26 
Habitat Selection ................................................................................................................................................ 32 
Health Assessment ............................................................................................................................................ 48 

Comparison to Reference Values ................................................................................................................... 48 
Model Results ................................................................................................................................................. 51 

Survival .............................................................................................................................................................. 53 
Discussion.............................................................................................................................................................. 64 
Summary................................................................................................................................................................ 70 
Acknowledgments .................................................................................................................................................. 70 
References Cited ................................................................................................................................................... 70 
Glossary ................................................................................................................................................................. 74 
Appendix A. Home Range Figures ......................................................................................................................... 76 
Appendix B. Health Assessment Model Results .................................................................................................. 128 

Figures 
Figure 1. Location of giant gartersnake (Thamnophis gigas) radio telemetry sites in the Sacramento Valley, 
California, 2014‒16 ................................................................................................................................................. 7 
Figure 2. Probabilities of giant gartersnakes (Thamnophis gigas) moving more than 3 meters from 
their location based on proportion of rice within 100 meters and Julian date ......................................................... 27 
Figure 3. Probabilities of giant gartersnakes (Thamnophis gigas) moving more than 100 meters from their 
location based on proportion of rice within 100 meters and Julian date ................................................................. 28 
Figure 4. Average movement rates (meters per day [m/d]) of giant gartersnakes (Thamnophis gigas)  
based on proportion of rice within 100 meters and Julian date .............................................................................. 30 
Figure 5. Odds ratios for selection of microhabitats by giant gartersnakes (Thamnophis gigas) in rice-growing 
regions of the Sacramento Valley, California, 2014‒16 ......................................................................................... 45 
Figure 6. Odds ratios for selection of vegetation types by giant gartersnakes (Thamnophis gigas) in  
rice-growing regions of the Sacramento Valley, California, 2014‒16..................................................................... 46 
Figure 7. Odds ratios for selection of vegetation height categories by giant gartersnakes  
(Thamnophis gigas) in rice-growing regions of the Sacramento Valley, California, 2014‒16 ................................ 47 



iv 

Figure 8. Comparison of white blood cell (WBC) counts in giant gartersnakes (Thamnophis gigas) from the 
current study (open circles) to published reference values from Wack and others (2012) ..................................... 48 
Figure 9. Comparison of selected plasma biochemistry values in giant gartersnakes (Thamnophis gigas)  
from the current study to published reference values from Wack and others (2012) ............................................. 49 
Figure 10. Effect of sex on hemoglobin levels in giant gartersnakes (Thamnophis gigas) sampled in the 
Sacramento Valley, California, 2014–16 ................................................................................................................ 51 
Figure 11. Plasma phosphorus concentration compared to Julian date in giant gartersnakes  
(Thamnophis gigas) sampled in the Sacramento Valley, California, 2014–16 ....................................................... 52 
Figure 12. Uric acid concentration compared to Julian date in giant gartersnakes (Thamnophis gigas)  
sampled in the Sacramento Valley, California, 2014–16 ........................................................................................ 52 
Figure 13. Plasma albumin concentration compared to snake snout-vent length (SVL, in millimeters 
 [mm]) in giant gartersnakes (Thamnophis gigas) sampled in the Sacramento Valley, California, 2014–16 .......... 53 
Figure 14. Survival curves for female giant gartersnakes (Thamnophis gigas) in the Sacramento Valley, 
California, 2014–16, with average covariate profiles estimated using a step-wise constant hazard model 
 (solid line and gray area) and a Kaplan-Meier non-parametric survival curve (dashed lines) ............................... 54 
Figure 15. Annual survival curve for female giant gartersnakes (Thamnophis gigas) in the Sacramento 
 Valley, California, 2014–16, with average covariate profiles estimated using a step-wise constant  
hazard model (solid line and gray area) ................................................................................................................. 55 
Figure 16. Posterior distributions for hazard ratios for the effects of male sex (A), snout-vent length (B),  
and annual proportion rice within 500 m of the individual’s minimum convex polygon home range (C)  
on the weekly risk of mortality for adult giant gartersnakes (Thamnophis gigas) in the Sacramento Valley, 
California, 2014–16 ................................................................................................................................................ 56 
Figure 17. Effect of the proportion of rice within 500 m of giant gartersnake (Thamnophis gigas) minimum  
convex polygon (MCP) home ranges (A, C, E) and sex (B, D, F) on weekly risk of mortality in rice-growing 
regions of the Sacramento Valley, California, 2014‒16, during the rice growing season (A, B), brumation  
(C, D), and emergence/pre-flood up (E, F) ............................................................................................................. 57 
Figure 18. Survival curves for giant gartersnakes (Thamnophis gigas) inhabiting an area with 86 percent  
rice within 500 m of their minimum convex polygon (MCP) home range (solid lines), and for giant  
gartersnakes with 18 percent rice within 500 m of their MCP home range (dashed lines) (A), and 
female (solid lines) and male (dashed lines) giant gartersnakes in rice-growing regions (B) of the  
Sacramento Valley, California, 2014‒16................................................................................................................ 58 
Figure 19. Survival curves for giant gartersnakes (Thamnophis gigas) in the Sacramento Valley,  
California, 2014–16, with average (across individual) weekly covariate profiles estimated using a  
constant hazard model with time-varying covariates (solid line and gray area) and a Kaplan-Meier  
non-parametric survival curve (dashed lines) ......................................................................................................... 59 
Figure 20. Annual survival curve for giant gartersnakes (Thamnophis gigas) in the Sacramento Valley,  
California, 2014–16, with average constant covariate profiles estimated using a constant hazard model  
with time-varying covariates (solid line and gray area) ........................................................................................... 60 
Figure 21. Posterior distributions for hazard ratios for the effects of cumulative mean weekly proportion  
rice within 100 m of giant gartersnake locations (A), and mean weekly distance from water on the weekly 
risk of mortality for adult giant gartersnakes (Thamnophis gigas) (B) in the Sacramento Valley, California, 
2014–16 ................................................................................................................................................................. 61 
Figure 22. Effect of the mean distance from water (A) and the cumulative mean weekly proportion of rice  
within 100 m of giant gartersnake (Thamnophis gigas) locations on weekly risk of mortality in rice-growing  
regions (B) of the Sacramento Valley, California, 2014‒16 ................................................................................... 62 
Figure 23. Survival curves for giant gartersnakes (Thamnophis gigas) 0 m from water (solid lines) and  
30 m from water (dashed lines) (A), and giant gartersnakes with 0 percent cumulative mean rice within  
100 m of their locations (dotted lines) and 52 percent cumulative mean rice within 100 m of their locations  
(solid lines) in rice-growing regions (B) of the Sacramento Valley, California, 2014‒16 ........................................ 63 



v 

Tables 
Table 1. Sampling effort and number of giant gartersnakes (Thamnophis gigas) captured for assessment of the 
effects of water availability on giant gartersnake behavior, Sacramento Valley, California, 2014‒16 ...................... 8 
Table 2. Property sizes and crop types of giant gartersnake (Thamnophis gigas) capture locations, in the 
Sacramento Valley, California, 2014‒16.................................................................................................................. 9 
Table 3. Description of hematology and plasma biochemistry model parameters and their priors ........................ 16 
Table 4. Description of survival model parameters and their priors ....................................................................... 17 
Table 5. Summary of observation dates, sample sizes, fate and cause of death (if known), and movement 
statistics for radio-tracked giant gartersnakes (Thamnophis gigas), Sacramento Valley, California, 2014‒16 ...... 20 
Table 6. Summary of crop land cover types within the minimum convex polygon (MCP) for all giant  
gartersnakes (Thamnophis gigas) at each telemetry site in the Sacramento Valley, California, 2014‒16 ............. 25 
Table 7. Regression coefficient estimates of giant gartersnakes (Thamnophis gigas) moving more than  
3 meters, based on proportion of rice within 100 meters of the snake’s location, and a third order polynomial of 
Julian date.............................................................................................................................................................. 26 
Table 8. Probability of giant gartersnakes (Thamnophis gigas) moving more than 100 meters, based  
on proportion of rice within 100 meters of the snake’s location, and a third order polynomial of Julian date ......... 28 
Table 9. Regression coefficient estimates for average movement rates (log meters per day) of giant  
gartersnakes (Thamnophis gigas), based on proportion of rice within 100 meters of the snake’s location,  
and a third order polynomial of Julian date. ........................................................................................................... 29 
Table 10. Parameter estimates for core and home range areas of giant gartersnakes (Thamnophis gigas) in 
relation to rice habitat within 500-meter buffer, Sacramento Valley, California, 2014‒16 ...................................... 31 
Table 11. Parameter estimates for 50-percent core and 95-percent home range overlap in response to  
weighted mean extent of rice within 500-meter buffer between pairs of giant gartersnakes (Thamnophis gigas), 
Sacramento Valley, California, 2014‒16................................................................................................................ 31 
Table 12. Parameter estimates for 50-percent core and 95-percent home range overlap of individual giant 
gartersnakes (Thamnophis gigas) tracked in subsequent years, in response to weighted mean extent of  
rice within 500-meter buffer of home ranges, Sacramento Valley, California, 2014‒16 ......................................... 32 
Table 13. Percentage of cover of microhabitats, vegetation types, and vegetation heights used by giant 
gartersnakes (Thamnophis gigas) and at random points within 50 meters of giant gartersnake locations,  
overall and by study site, Sacramento Valley, California, 2014‒16 ....................................................................... 33 
Table 14. Overall and site-specific selection ratios for giant gartersnake (Thamnophis gigas) selection of 
microhabitats in rice-growing regions of the Sacramento Valley, California, 2014‒16........................................... 39 
Table 15. Logit-scale standard deviations describing among-site variation in microhabitat selection ratios 
for giant gartersnakes (Thamnophis gigas) in rice-growing regions of the Sacramento Valley, California,  
2014‒16 ................................................................................................................................................................ 40 
Table 16. Overall and site-specific selection ratios for giant gartersnake (Thamnophis gigas) selection of  
vegetation types in rice-growing regions of the Sacramento Valley, California, 2014‒16. ..................................... 41 
Table 17. Logit-scale standard deviations describing among-site variation in vegetation type selection  
ratios for giant gartersnakes (Thamnophis gigas) in rice-growing regions of the Sacramento Valley, California, 
2014‒16. ............................................................................................................................................................... 43 
Table 18. Overall and site-specific selection ratios for giant gartersnake (Thamnophis gigas) selection of  
vegetation heights in rice-growing regions of the Sacramento Valley, California, 2014‒16. .................................. 43 
Table 19. Logit-scale standard deviations describing among-site variation in vegetation height selection 
ratios for giant gartersnakes (Thamnophis gigas) in rice-growing regions of the Sacramento Valley, California, 
2014‒16. ............................................................................................................................................................... 44 
Table 20. Hematological and plasma biochemistry values from giant gartersnakes (Thamnophis gigas)  
collected Sacramento Valley, California, 2014–16. ................................................................................................ 49 



vi 

Table 21. Hematological and plasma biochemistry values from giant gartersnakes (Thamnophis gigas)  
collected in Fresno, Merced, and Sacramento Counties, California, 2008 (as reported by Wack and  
others, 2012) .......................................................................................................................................................... 50 

Conversion Factors 
International System of Units to Inch/Pound 

Multiply By To obtain 

Length 

centimeter (cm) 0.3937 inch (in.) 

millimeter (mm) 0.03937 inch (in.) 

meter (m) 3.281 foot (ft)  

meter (m) 1.094 yard (yd)  

Area 

square meter (m2) 0.0002471 acre  

hectare (ha) 2.471 acre 

square hectometer (hm2) 2.471 acre 

square meter (m2) 10.76 square foot (ft2)  

square hectometer (hm2) 0.003861 section (640 acres or 1 square mile) 

hectare (ha) 0.003861 square mile (mi2)  

Volume 
microliter (μL) 0.0000338 ounce, fluid (fl. oz) 

deciliter (dL) 0.11 quart (qt) 

liter (L) 1.057 quart (qt) 

Mass 

gram (g) 0.03527 ounce, avoirdupois (oz) 

Datum 
Horizontal coordinate information is referenced to the Universal Transverse Mercator, North American Datum of 1927 (NAD 27). 

Abbreviations 
a –LoCoH adaptive Local Convex Hull 
AST Aspartate aminotransferase 
CDL Crop Data Layer 
CI confidence interval 
DWR California Department of Water Resources 
EVI Enhanced Vegetation Index 
LoCoH Local Convex Hull 
MCP minimum convex polygon 
MCMC Markov-chain Monte Carlo 
NDMI Normalized Difference Moisture Index 
SVL snout-vent length 
USGS U.S. Geological Survey 
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Behavioral Response of Giant Gartersnakes  
(Thamnophis gigas) to the Relative Availability of  
Aquatic Habitat on the Landscape 

By Gabriel A. Reyes,1 Brian J. Halstead,1 Jonathan P. Rose,1 Julia S.M. Ersan,1 Anna C. Jordan,1 Allison M. 
Essert,1 Kristen J. Fouts,1 Alexandria M. Fulton,1 Raymund F. Wack,2 Glenn D. Wylie,1 and Michael L. Casazza1 

Abstract 
Most extant giant gartersnake (Thamnophis gigas) populations persist in an agro-ecosystem 

dominated by rice, which serves as a surrogate to the expansive marshes lost to flood control projects 
and development of the Great Central Valley of California. Knowledge of how giant gartersnakes use 
the rice agricultural landscape, including how they respond to fallowing, idling, or crop rotations, 
would greatly benefit conservation of giant gartersnakes by informing more snake-friendly land and 
water management practices. We studied adult giant gartersnakes at 11 sites in the rice-growing 
regions of the Sacramento Valley during an extended drought in California to evaluate their response 
to differences in water availability at the site and individual levels. Although our study indicated that 
giant gartersnakes make little use of rice fields themselves, and avoid cultivated rice relative to its 
availability on the landscape, rice is a crucial component of the modern landscape for giant 
gartersnakes. Giant gartersnakes are strongly associated with the canals that supply water to and drain 
water from rice fields; these canals provide much more stable habitat than rice fields because they 
maintain water longer and support marsh-like conditions for most of the giant gartersnake active 
season. Nonetheless, our results suggest that maintaining canals without neighboring rice fields would 
be detrimental to giant gartersnake populations, with decreases in giant gartersnake survival rates 
associated with less rice production in the surrounding landscape. Increased productivity of prey 
populations, dispersion of potential predators across a larger landscape, and a more secure water 
supply are just some of the mechanisms by which rice fields might benefit giant gartersnakes in 
adjacent canals. Results indicate that identifying how rice benefits giant gartersnakes in canals and the 
extent to which the rice agro-ecosystem could provide these benefits when rice is fallowed would 
inform the use of water for other purposes without harm to giant gartersnakes. Our study also suggests 
that without such understanding, maintaining rice and associated canals in the Sacramento Valley is 
critical for the sustainability of giant gartersnake populations. 

 
1U.S. Geological Survey. 
2Sacramento Zoo and University of California, Davis, School of Veterinary Medicine. 
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Introduction 
Background 

The California Department of Water Resources (DWR), in collaboration with other parties, is 
tasked with monitoring and managing California water resources. As part of this role, DWR supports 
efforts that improve water supply reliability for many competing uses and consumers. Although 
agriculture and irrigation are the largest consumers of water in California, economic considerations can 
lead to fluctuations in water supply across different crop types, uses, and regions, with geographic 
transfers of water and fallowing of crop fields being two common practices to manage limited water 
supplies. Many species of wildlife and plants depend on agricultural water supplies, and water 
transfers and fallowing rice could affect species dependent on the aquatic habitat that rice and its 
supporting infrastructure of canals provide. 

Giant gartersnakes (Thamnophis gigas) are native to, and occur only in, wetlands and marshes 
in the Central Valley of California. The amount of historical wetland habitat in this region has 
decreased by more than 90 percent (Dahl, 1990), and conversion of historical wetland habitat to 
agriculture generally has resulted in the loss of wetlands. Unlike other crops, rice agriculture provides 
marsh-like wetland habitat on which many wildlife species now rely (Elphick, 2000). Giant 
gartersnakes currently persist primarily in rice agriculture and remnant or constructed wetlands, and 
because of the loss of natural habitat and extirpation from much of their former range, they were listed 
as threatened under the California and U.S. Endangered Species Acts (California Department of Fish 
and Game Commission, 1971; U.S. Fish and Wildlife Service, 1993). Because of their dependence on 
rice in the Sacramento Valley, water transfers and fallowing of rice fields could affect survival and 
movement of giant gartersnakes and their prey.  

Although giant gartersnakes are now associated with and persist in rice agriculture, they spend 
much of their late March‒early October active season associated with water conveyance infrastructure 
rather than rice fields (Halstead and others, 2016), which have cover-forming emergent vegetation 
only during June, July, and August. Aquatic habitat may remain in canals even if adjacent fields are 
fallowed, although water quantity and quality may fluctuate greatly. During periods of drought, 
economic drivers to fallow rice fields, as well as less annual rainfall and snowmelt, further decrease 
water input to aquatic habitats.  

How an animal responds to less habitat is affected by the ecology and physiology of the 
species, and whether they are driven to seek new habitat, concentrate their activities in a smaller area, 
or decrease their metabolic rate or alter their behavior in a way that allows them to wait for conditions 
to change (Roe and others, 2003). These responses are not mutually exclusive, and plasticity across 
and within species may account for large amounts of variation in response to habitat changes. 
Poikilothermic organisms have the ability to decrease metabolic activity during periods of diminished 
habitat quality, which may favor a strategy of waiting for conditions to improve. How an organism 
responds to changing habitat quality may directly and indirectly affect its health, survival, and fitness 
as well. If animals respond by searching for more favorable habitat, there may be increased risks of 
predation and inability to locate higher quality habitat, especially if the animal is already metabolically 
stressed. However, remaining stationary and decreasing activity may lessen fecundity or lead to 
mortality if conditions remain unfavorable for an extended period of time. 
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Willson and others (2006) studied how several semi-aquatic snakes in the Southeastern United 
States varied in their response to drought at an isolated wetland, and found that responses to drought 
varied widely among species. For example, black swamp snakes (Seminatrix pygaea) aestivated within 
the wetland, and effects of drought were relatively small. Effects of drought also were minimal on 
cottonmouths (Agkistrodon piscivorus), which migrated to the wetland as it filled and away from it as 
it dried each year.  Watersnakes of the genus Nerodia, which are ecologically and taxonomically 
similar to giant gartersnakes, remained at the wetland and were either extirpated (Florida green 
watersnakes [N. floridana]) or had decreased fecundity and decreases in relative abundance (southern 
watersnakes [N. fasciata]; Willson and others, 2006). Whether giant gartersnakes will use one or a 
combination of these strategies or exhibit a novel response as water availability and habitat quality 
fluctuate in these managed agricultural areas is unknown.  

The health of individual animals may provide insights into the status of a population that might 
not be apparent in ecological or behavioral measures. Detailed health examinations including blood 
work also may provide more information than individual size and measures of body condition based 
on the relations between mass and length. During a drought, decreased water availability could lead to 
dehydration and stress in giant gartersnakes, and impaired health could lead to lower survival, 
fecundity, and growth of individuals of this threatened species. Previous work on the health of free-
ranging giant gartersnakes found some cause for concern. Wack and others (2012) collected 49 giant 
gartersnakes from four sites in the Central Valley: (1) the Natomas Basin and (2) Cosumnes River 
Preserve in Sacramento County, (3) Grasslands Ecological Area in Merced County, and (4) Mendota 
Wildlife Area in Fresno County, and measured various plasma biochemistry and hematological 
parameters to establish a baseline of the health of giant gartersnakes. Wack and others (2012) found 
that compared to non-threatened valley gartersnakes (T. sirtalis fitchi) at the same sites, giant 
gartersnakes had elevated white blood cell, heterophil, azurophil, and lymphocyte counts, and that 
these differences were clinically significant. The explanation for these discrepancies was not 
definitive. Differences between the two species could indicate the greater toll environmental stresses 
are having on giant gartersnakes compared to co-occurring valley gartersnakes. Wack and others 
(2012) suggested that the elevated white blood cell counts in giant gartersnakes could be a sign of 
chronic inflammation. However, the observed disparities could simply be differences in baseline levels 
of blood cell counts between the two species. Health assessments have the potential to complement 
studies of movement behavior and survival to more fully understand how the extent of rice cultivation 
affects individual giant gartersnakes. Specifically, studying hematological and blood chemistry 
parameters may reveal sub-lethal effects of a snake’s environment on its health. 

Goals and Objectives 
The primary goal of this study was to examine the relation between rice fallowing, water 

availability, and the ecology of giant gartersnakes. Specifically, we aimed to determine how the extent 
of rice agriculture in the Central Valley landscape affects the spatial ecology (home range area, 
movement frequency, and movement rate) of radio-tagged giant gartersnakes, as well as their selection 
of habitat components, health, and survival. Understanding how giant gartersnakes behaviorally 
respond to fluctuating water use in the rice agro-ecosystem is important for the development of water 
management plans that support the stability and persistence of giant gartersnake populations. 
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Giant Gartersnake Biology 
Giant gartersnakes are precinctive to wetlands in the Central Valley of California. They were 

first described in the southern San Joaquin Valley by Fitch (1940) as a subspecies of aquatic 
gartersnakes (at that time, Thamnophis ordinoides). Further taxonomic revisions resulted in the 
consideration of giant gartersnakes as a subspecies of Sierra gartersnakes (Thamnophis couchii). 
Because giant gartersnakes are morphologically distinguishable from and do not occur at the same 
locations as their most closely related species, aquatic gartersnakes (Thamnophis atratus) and Sierra 
gartersnakes, they were recognized as a full species in 1987 (Rossman and Stewart, 1985). 

Giant gartersnakes are highly aquatic and historically occurred in marshes, sloughs, and other 
habitats with slow-moving, relatively warm water and emergent vegetation, especially tules 
(Schoenoplectus [Scirpus] acutus). Although conversion of wetlands to agriculture has nearly 
extirpated giant gartersnakes from the San Joaquin Valley, this species persists in remnant marshes, 
sloughs, and rice agriculture in the Sacramento Valley (Halstead and others, 2010). Canals associated 
with rice agriculture can provide marsh-like habitat conditions throughout the active season of giant 
gartersnakes (late March–early October; Wylie and others, 2009), and rice fields are emergent 
wetlands for a part of the active season (Halstead and others, 2016). 

Giant gartersnakes feed primarily on small fish, frogs, and tadpoles (Rossman and others, 1996; 
Ersan, 2015). Specific amphibian prey include tadpoles and small adults of American bullfrogs 
(Lithobates catesbeianus), and tadpoles and adults of Sierran treefrogs (Pseudacris sierra). Fish prey 
include but are not limited to mosquitofish (Gambusia affinis), and small cyprinid (Cyprinidae spp.) 
and centrarchid (Centrarchidae spp.) fishes. Giant gartersnakes innately prefer native Sierran treefrogs 
to introduced American bullfrogs and fishes (Ersan, 2015), and free-ranging giant gartersnakes 
selected Sierran treefrog metamorphs and American bullfrog adults more than introduced fishes 
(Ersan, 2015). 

Giant gartersnakes are the longest species of gartersnake (Rossman and others, 1996). Like 
most natricine (Natricinae spp.) snakes, giant gartersnakes are sexually dimorphic in size, with females 
the larger sex (Wylie and others, 2010). Like most reptiles, small giant gartersnakes grow faster than 
large giant gartersnakes (Coates and others, 2009). Males and females exhibit differing seasonal 
growth patterns, with males forgoing foraging (and growth) for reproductive opportunities in the early 
spring (Coates and others, 2009). Similarly, male body condition is much lower than female body 
condition during the spring mating season, but males and females enter brumation in similar condition 
(Coates and others, 2009). Body condition might be related to the thermal ecology of giant 
gartersnakes. Female giant gartersnakes exhibit elevated body temperatures during June, July, and 
August (Wylie and others, 2009), which is the period when they are gravid. In contrast, males exhibit 
elevated body temperatures in the winter and early spring (Wylie and others, 2009), likely to prepare 
for the spring mating season. Elevated body temperature of males might be metabolically costly, 
causing decreased body condition for male snakes in spring. 
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Although some aspects of the demography of giant gartersnakes are difficult to determine, 
detailed study of populations in the Sacramento Valley has yielded some insight into their population 
ecology. Giant gartersnakes in the Sacramento Valley tend to produce smaller litters than those 
historically observed in the San Joaquin Valley. In the San Joaquin Valley, mean litter size was 23 
(standard deviation=9.06; Hansen and Hansen, 1990). In the Sacramento Valley, mean litter size was 
17 (95-percent confidence interval [CI]=13–21; Halstead and others, 2011). Mean parturition date was 
August 13, although parturition can occur from early July through early October (Halstead and others, 
2011). Neonates in the Sacramento Valley are born with a snout-vent length (SVL) of about 209 mm, 
and a mass of about 4.9 g (Halstead and others, 2011). Litter size varies interannually and is potentially 
linked to resource availability, and large females produce more, rather than larger, offspring (Halstead 
and others, 2011). 

Survival of adult female giant gartersnakes in the Sacramento Valley varies among sites and 
years. At an average site in an average year, annual survival probability of adult females implanted 
with radio transmitters (greater than 180 g) was 0.61 (95-percent CI=0.41–0.79; Halstead and others, 
2012). Individuals are at 2.6 times (1.1–11.1) greater daily risk of mortality in aquatic habitats than in 
terrestrial habitats (Halstead and others, 2012), likely because most terrestrial locations occur when 
snakes are in refuges, such as under vegetation or in burrows. The effect of linear habitats (that is, 
canals or streams) on daily risk of mortality varied with context; in rice-growing agricultural systems, 
daily risk of mortality was less in canals than away from canals, but in systems with natural or restored 
marshes, risk of mortality was less in these two-dimensional habitats than in simple linear canals 
(Halstead and others, 2012). Overall survival was greatest in a site with a relatively large network of 
restored marshes (Halstead and others, 2012). 

Other factors can affect the survival of giant gartersnakes. Based on capture-mark-recapture 
studies in the American Basin, female giant gartersnakes had higher apparent survival probability than 
males (Hansen and others, 2015). In contrast, apparent survival did not vary between the sexes in the 
Natomas Basin, but was positively related to size (Hansen and others, 2015). Weather patterns can 
affect giant gartersnake survival as well; in the American Basin, spring precipitation was negatively 
related to giant gartersnake apparent survival (Hansen and others, 2015). 

Abundance, density, and body condition of giant gartersnakes vary by site, presumably relating 
to habitat differences among sites. Abundances and densities were greatest in a natural perennial 
wetland, less in a natural wetland modified to serve as a source and drain for agricultural irrigation, 
less still in rice agriculture, and least in seasonal marshes managed for waterfowl (moist soil 
management in summer, flooded in winter; Wylie and others, 2010). Body condition of females 
followed a similar pattern to abundance (Wylie and others, 2010). 

Prior to modern settlement, the range of giant gartersnakes extended from Butte County in the 
north to Kern County in the south (Fitch, 1940; Hansen and Brode, 1980). The draining of wetlands 
and subsequent urban and agricultural development contributed to the loss of more than 90 percent of 
wetlands in the Central Valley (Frayer and others, 1989). The few remaining natural wetlands are 
fragmented and the natural cycle of seasonal valley flooding by High Sierra snowmelt has been limited 
as water presently is diverted by a network of dams and levees. As a result, giant gartersnake 
populations have become fragmented, with only small isolated populations remaining in the San 
Joaquin Valley. These factors precipitated the listing of giant gartersnakes by the State of California 
(California Department of Fish and Game Commission, 1971), and later by the U.S. Fish and Wildlife 
Service, as a threatened species with a recovery priority designation of 2C: full species, high degree of 
threat, and high recovery potential (U.S. Fish and Wildlife Service, 1993, 1999). 
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Description of Study Area 
We conducted our study at 11 sites on private rice farms in the Sacramento Valley (fig. 1). 

Sites were located in the Colusa Basin (Colusa County, four sites; Yolo County, two sites), Butte 
Basin (Butte County, two sites) and Sutter Basin (Sutter County, three sites; table 1), and were selected 
to meet the following criteria: 

1. Sites were selected to provide good spatial representation of the Sacramento Valley. 
2. Sites were selected to be paired, such that sites near one another were selected to have different 

rice availability to the maximum extent allowable under conditions (3) and (4). 
3. Only sites with known populations of giant gartersnakes were selected. 
4. Only sites where we could obtain permission to trap and radio track snakes were selected. 

Of these criteria, (3) and (4) were particularly restrictive and limited the differences in water 
availability between spatially paired sites as indicated by criterion (2). Therefore, water availability 
between site pairs was not always greater than differences in water availability among regions (table 
2). Thus, the range of conditions under which we were able to study giant gartersnakes at these sites 
does not necessarily indicate the endpoints of the continuum of water availability. In particular, the 
effects of lower water availability than observed at our sites might have effects on giant gartersnakes 
that we were unable to measure in this study. 

The Sacramento Valley has a Mediterranean climate, with hot, dry summers and mild, wet 
winters. Historically, winter rains and snowmelt from the Sierra Nevada to the east resulted in the 
overflow of river channels and vast expanses of emergent wetland habitat throughout much of the 
Central Valley (Singer and others, 2008). The damming of rivers, draining of wetlands, and subsequent 
urban and agricultural development have contributed to the loss of more than 90 percent of the 
wetlands in the Central Valley (Frayer and others, 1989). Our study primarily occurred in and around 
the canals used as a water supply and drain for surrounding agriculture. Agriculture around the canals 
was dominated by rice, although some of the sites were surrounded by fallowed rice fields (table 2).  
Rarely, other crops including tomato, alfalfa, and sunflowers were grown in adjacent fields. 
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Figure 1. Location of giant gartersnake (Thamnophis gigas) radio telemetry sites in the Sacramento Valley, 
California, 2014‒16.



8 

Table 1. Sampling effort and number of giant gartersnakes (Thamnophis gigas) captured for assessment of the effects of water availability on giant 
gartersnake behavior, Sacramento Valley, California, 2014‒16. 

 
[Numbers in parenthesis indicate how many snakes had a mass of more than 200 g. An asterisk (*) indicates that the snake had a mass slightly less than 200g, but was 
used as a telemetry snake] 
 

Site No. Year Traps Trap-days Sampled dates Number of giant gartersnake: 
Individuals Captures Males Females Telemetry 

1 2014 100 1,898 May 15–June 5 41 75 18 (0) 23 (5) 5 
2015 100 3,821 Apr 22‒July 10 22 39 17 (1) 7 (4) 7 

2 2014 400 10,995 May 8–Aug 31 29 40 15 (2*) 13 (2) 4 
2015 100 100 Apr 23 4 4 2 (1) 2 (2) 5 

3 2014 150 5,598 May 14–July 12 29 38 17 (0) 12 (6*) 6 
2015 100 4,020 Apr 29–May 6, 22 33 8 (1) 14 (3) 6 

June 4‒Sept 1 
4 2014 100 6,149 May 8‒July 11 28 38 16 (0) 12 (4*) 4 
5 2015 100 2,100 Aug 13–Sept 4 2 2 0 (0) 2 (2*) 2 
6 2014 100 2,386 June 10–July 3 16 26 7 (0) 9 (0) 0 

2015 100 3,999 Apr 20–June 16 7 13 4 (0) 3 (1) 1 
7 2015 100 2,800 May 5–June 21 22 37 8 (0) 14 (5) 5 
8 2014 100 3,800 June 14–July 3 10 13 3 (0) 7 (5) 5 

2015 150 9,438 Apr 27–28 Aug 28 11 16 5 (0) 7 (5) 3 

9 2015 100 6,900 May 30–Aug 31 32 77 17 (0) 15 (4) 4 

10 2015 200 9,474 Apr 25–Aug 24 16 27 10 (0) 6 (5) 4 

11 2014 100 1,995 May 20–June 10 31 40 15 (0) 16 (5*) 5 
2015 100 400 Apr 24–Apr 27 5 5 1 (0) 4 (3) 5 
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Table 2. Property sizes and crop types of giant gartersnake (Thamnophis gigas) capture locations, in the Sacramento Valley, California, 2014‒16. 
 

      2014     2015     2016   
 Total area Rice  Other 

crops Fallow Rice  Other crops Fallow Rice  Other crops Fallow 

Site  (hectares) (hectares (%)) (hectares 
(%)) 

(hectares 
(%)) 

(hectares 
(%)) 

(hectares 
(%)) 

(hectares 
(%)) 

(hectares 
(%)) (hectares (%)) (hectares (%)) 

1 1183.8 946.2 (79.9) 8.9 (0.8) 196.5 (16.6) 1023.4 (86.4) 8.6 (0.7) 126.8 (10.7) 1139.9 (96.3) 1.5 (0.1) 13.4 (1.1) 

2 2177.7 1405.5 (64.5) 504.1 (23.1) 134.5 (6.2) 1067.5 (49) 401.4 (18.4) 572.4 (26.3) 1478.4 (67.9) 446 (20.5) 123.7 (5.7) 

3 1251.3 786.6 (62.9) 22.7 (1.8) 402.2 (32.1) 806 (64.4) 13.3 (1.1) 388.7 (31.1) 1167.1 (93.3) 3.1 (0.2) 34 (2.7) 

4 178.4 108.8 (61) 0.5 (0.3) 66.8 (37.4) 120.4 (67.5) 2.2 (1.2) 52.7 (29.6) 172.7 (96.8) 0 (0) 3.8 (2.1) 

5 346.2 149.6 (43.2) 0.5 (0.1) 196.3 (56.7) 87.9 (25.4) 60 (17.3) 200.1 (57.8) 248.9 (71.9) 68.1 (19.7) 29.3 (8.5) 

6 96.0 0 (0) 0.1 (0.1) 94.1 (97.9) 0 (0) 0.1 (0.1) 94.1 (97.9) 92.4 (96.3) 0.1 (0.1) 1.3 (1.3) 

7 452.2 266.9 (59) 5.2 (1.2) 180.3 (39.9) 385.3 (85.2) 7 (1.6) 60.4 (13.4) 357.8 (79.1) 0.5 (0.1) 94.4 (20.9) 

8 191.4 185.8 (97.1) 0.9 (0.5) 3 (1.6) 184.1 (96.2) 3.2 (1.7) 4.5 (2.4) 115.8 (60.5) 55.2 (28.8) 17.6 (9.2) 

9 364.5 342.2 (93.9) 3.7 (1) 11.2 (3.1) 224 (61.5) 4.8 (1.3) 127.5 (35) 343.2 (94.2) 0.2 (0) 12.8 (3.5) 

10 3217.7 3077 (95.6) 21.9 (0.7) 91.7 (2.9) 2817.7 (87.6) 134.9 (4.2) 245.4 (7.6) 2782.2 (86.5) 170.4 (5.3) 234.8 (7.3) 

11 1677.2 211 (12.6) 844 (50.3) 578.8 (34.5) 825.1 (49.2) 610 (36.4) 198.5 (11.8) 672.1 (40.1) 828.2 (49.4) 130.5 (7.8) 
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Methods 
Capture Methods 

We captured giant gartersnakes for radio telemetry by trapping with modified floating aquatic 
funnel traps (Casazza and others, 2000; Halstead and others, 2013) and opportunistically by hand. In 
2014, we selected seven sites for trapping, and trapped each site between May 9 and August 31  
(table 1). In 2015, we selected four additional sites and continued trapping at all sites selected in 2014 
(except Site 4) between April 20 and September 9 (table 1). All traplines were adjacent to either 
actively growing or fallowed rice fields.  

We trapped new sites until we obtained five individuals large enough for radio telemetry, and 
trapped existing sites until we had captured a target of five individuals large enough for telemetry, to 
account for snake mortality or signal loss. We measured, individually marked (by passive integrated 
transponder [PIT] tag, unique brand [Winne and others, 2006], or both), and determined the sex of 
each captured individual. We released all individuals less than (<) 200 g mass at their location of 
capture immediately after processing, and we retained individuals greater than or equal to (≥) 200 g in 
cloth sacks in climate-controlled chambers and transported them to the U.S. Geological Survey 
(USGS) Dixon Field Station for radio transmitter implantation. 

Telemetry Methods 
We attempted to locate all individuals surgically implanted with radio transmitters daily 

following their release, although difficulty obtaining radio fixes on snakes sometimes resulted in 
skipped days. We used R-1000 telemetry receivers (Communication Specialists, Inc., Orange, 
California; http://www.com-spec.com/) and handheld three-element yagi antennas (Wildlife Materials, 
Inc., Carbondale, Illinois; http://wildlifematerials.com/) to detect transmitter signals and locate snakes. 
Upon locating a snake or identifying a small (usually <2 m2) area from which the signal was strongest, 
we collected information on the individual’s location and behavior, as well as environmental variables. 
In particular, we recorded the individual’s location to <5 m accuracy in Universal Transverse Mercator 
North American Datum of 1927 (UTM NAD27) coordinates with a handheld global positioning 
system (GPS; Model eTrex 10, Garmin Ltd., http://www.garmin.com/).  

In addition to location, we recorded the individual’s position relative to the surface of the 
ground or water, whether it had moved more than 1 m since the last time it had been located, distance 
to water, body position, temperature, and behavior. We recorded environmental conditions (air, soil, 
and water temperatures; percentage of cloud cover; wind speed), percentage of cover of habitats (open 
water, floating vegetation, submerged vegetation, emergent vegetation, terrestrial vegetation, litter, 
rock, and bare ground), percentage of cover of plant species or higher taxonomic category, and 
vegetation heights of each vegetation type, within a circle of 1 m diameter centered on the individual 
snake.  

For analysis of resource selection, we also recorded the same environmental and habitat data at 
a location at a random uniform (minimum = 1, maximum = 360) azimuth and random uniform 
(minimum = 2, maximum = 50) meter distance from the individual snake’s location. During brumation 
(October–March), we decreased the frequency of monitoring to once or twice per week. In addition to 
data from individual snake locations and random points, we assessed the status of nearby fields to 
determine whether they were cultivated rice fields, fallow fields, or other agricultural crops. These data 
were used to ground-truth data on rice field status based on remote sensing data. 
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Analysis 

Spatial Distribution and Extent of Rice and Wetlands 
To quantify cultivated rice on the landscape, we modified a methodology to detect early rice 

field flooding and late rice season drawdown from Landsat 8 imagery at a 30-m resolution (Zhong and 
others, 2016). We used the relation between the Normalized Difference Moisture Index (NDMI) and 
Enhanced Vegetation Index (EVI) to detect rapid increases in moisture content in agricultural fields in 
the Sacramento Valley. NDMI and EVI rasters are spectral indices derived from Landsat 8 Surface 
Reflectance obtained on a 16-day return period. NDMI and EVI images were ordered for Landsat Path 
44, Row 33 (USGS Earth Observation and Science Center), which encompasses the entire study area. 
The analysis was limited to non-tree crop agricultural land use areas, because tree crops are not rapidly 
converted to other crop types, as identified by the 2015 Crop Data Layer (CDL; U.S. Department of 
Agriculture National Agricultural Statistical Service). We developed a set of logical statements to 
determine changes in NDMI from scene to scene during the rice planting season, where increases in 
NDMI greater than (>)0.02/d (i.e., >0.32 between scenes) indicate rapid increase in moisture. Because 
the derived NDMI raster is on a scale of -10,000 to 10,000 rather than -1 to 1, the absolute change in 
NDMI between sequential scenes to indicate flooding was an increase of 3,200. Additionally, raster 
cells also had to meet the requirement that NDMI>EVI to indicate a lack of emergent vegetation 
during flooding (Zhong and others, 2016).  

Once a pixel was classified as flooded rice during the planting season, it remained rice until 
drawdown of water in fields began. To calibrate decreases in NDMI that indicate water drawdown, we 
used data provided by several farmers about the drawdown and harvest dates of their fields. Average 
NDMI field values for our ground-truthed fields indicate peak values between 5,000 and 6,000. A 
significant decrease in NDMI values occurs in the following two images around the time that water 
delivery to the rice fields ends and de-watering begins. Using this as a guide, we identified drawdown 
as any cells where NDMI values decreased to less than 5,000 in two consecutive scenes, allowing for 
the possibility of a field to be in the process of de-watering but not yet completely drained (a process 
that takes at least 10 days and can occur between Landsat scene dates). All calculations were 
conducted in ModelBuilder, in ArcGIS 10.2.2 (Environmental Systems Research Institute. Redlands, 
CA). 

Accuracy was determined by comparing rice classification in the 2015 CDL layer to the 
maximum extent of rice classified by our methodology. We generated 10,000 random points and 
extracted classification from our tool (rice compared to not rice) to the 2015 CDL classification, and 
generated a confusion matrix from the R package “Caret” (Kuhn, 2016), to determine sensitivity (the 
ability of this method to correctly identify sample pixels as rice fields), specificity (the ability of this 
method to correctly not identify non-rice sample pixels), and accuracy (the sensitivity and specificity 
of the method, divided by the true numbers of rice and non-rice pixels in our test sample) of our 
classification method. Our rice classification tool classified rice with 96.3-percent (95-percent 
CI=95.9–96.7-percent) accuracy, with a sensitivity of 85.7 percent and specificity of 97.5 percent. 
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Home Range and Movement 
Analyses of home range, rice availability, and movement were limited to the giant gartersnake 

active season from April 1 through October 31. Extent of rice and other aquatic features was extracted 
from 100-m and 500-m buffers around each snake telemetry point and random point. Area of other 
aquatic features were defined by the National Hydrography Dataset (NHD; U.S. Geological Survey, 
2016) at 3-m resolution as large ditches, canals, ponds, lakes, marshes, and wetlands. Extent of flooded 
rice also was determined within the minimum convex polygon (MCP) and a 500-m buffer around the 
MCP for each snake. 

Giant gartersnake home ranges were calculated using two methods. MCPs comprising the 
smallest polygon that encloses all the outer telemetry locations were calculated using the MCP 
function in the “adehabitatHR” package (Calenge, 2006). We also used Adaptive local convex hulls 
(a-LoCoH) home ranges to determine 50-percent core use and 95-percent home range sizes for all 
snakes for which we had adequate sample sizes. a-LoCoH home ranges more accurately depict an 
animal’s space use than MCPs and can indicate geographic barriers better than parametric methods of 
home range estimation, such as the commonly used kernel density estimator. The a-LoCoH method 
creates a variable radius around points that adjusts to the spread of telemetry locations, which better 
identifies more frequently used areas while adapting to greater spread of relocations in the 95-percent 
home range (Getz and others, 2007; Lyons and others, 2013). A custom function was used to calculate 
area-observation curves to determine the area of asymptote (the number of telemetry locations needed 
for an individual where additional points no longer increase the size of the home range) for 15 snakes 
in 2015, indicating that 40 locations were needed for MCP area to asymptote (Haines and others, 
2009). We therefore limited the construction of a-LoCoH home ranges to snakes that had at least 40 
active season locations for a given year. Individual a-LoCoH home ranges were calculated for each 
snake by first selecting a range of k values (k = 5–20), where each hull is constructed by selecting the 
k-1 nearest neighbors for each point. Hulls and isopleths were constructed for these values, and plots of 
k to area, and k to edge-area ratio were examined. A k value was selected to avoid spurious jumps in 
the area of 95-percent isopleths, and minimize patchiness (edge-area ratio) in the 50-percent core area. 
Once a suitable k value was selected, a maximum a value was selected, and hulls, isopleths and a to 
area, and a to edge-area plots were constructed for a sequence of 20 a values and examined to select an 
optimal a value for the individual. To evaluate how extent of rice habitat on the landscape affects 
home range size, we tested the relationship between available rice within 500 m of each snake’s MCP 
and the 50 and 95-percent a-LoCoH home range sizes of each snake using a mixed effects generalized 
linear model with individual as a random effect. Home range areas were log-transformed prior to 
analysis. Core and home range areas were displayed with extent of cultivated rice as defined by the 
2014–2016 CDL (appendix A, figs A1–A51). 

One way animals may respond to less habitat is to cluster activities in more concentrated areas, 
which would lead to higher home range overlap between individuals. To examine the proportion of 
overlap of giant gartersnake home ranges in relation to flooded rice habitat, we used mixed effects 
hurdle models. For the response variable, we calculated proportion of overlap of the 50 and 95-percent 
isopleths for all pairs of snakes within each site per year for which we had sufficient points to calculate 
an a-LoCoH home range, using the R package “rgeos” (Bivand and others, 2017). We calculated the 
weighted mean (weighted by the size of each snake homerange) of the proportion of rice within the 
500-m buffer of the MCP of each pair of snakes as the independent variable, with site and year as 
random effects. Hurdle models consist of two components: (1) a binomial model to calculate the  
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probability of determining whether or not a certain condition is met (in this case, whether two giant 
gartersnake home ranges or core areas overlap), and (2) a second model to determine the degree of 
overlap, given the first hurdle is crossed. We used a binomial generalized additive model to calculate 
the probability of two snakes overlapping, and a generalized additive model with beta distribution to 
calculate the amount of overlap. Analyses were conducted in the R package “gamlss” (Rigby and 
others, 2005). 

To calculate the core and home range fidelity of giant gartersnakes from year to year, we used 
mixed effects hurdle models. We again calculated percent overlap of the 50 and 95-percent a-LoCoH 
isopleths for all snakes for which we calculated home ranges for multiple years. We used hurdle 
models, consisting of a binomial generalized additive model to calculate the probability of a snake 
overlapping its home range or core area in subsequent years, and a generalized additive model with 
beta distribution to calculate the amount of overlap (Rigby and others, 2005). 

To examine how snake movements may be related to habitat conditions, we evaluated the 
relation between flooded rice availability and the frequency and rate of giant gartersnake daily 
movements over the active season using mixed effects logistic regression. We calculated movement 
distances between locations using the R package “adehabitat” (Calenge, 2006), and then determined 
which intervals included movements >3 m and movements >100 m. We chose 3 m as a movement 
threshold for probability of movement because smaller movements could be caused by GPS error or 
minor changes in position of unobserved individuals, rather than true changes in location. For larger 
movements, we chose 100 m from an individual’s previous location. We included year, individual, and 
site, as nested random effects allowing for varying intercepts, and proportion of flooded rice within the 
100-m buffer of a snake’s position and a third order polynomial of Julian date (numbered day of the 
year, beginning on January 1) as continuous covariates, and constructed separate models for male and 
female snakes. Movement rate was calculated as the distance between subsequent locations, divided by 
the amount of time between telemetry locations. The effect of rice and date on log-transformed 
movement rates was examined using a mixed effects generalized linear model, with proportion of rice 
within 100 m of a snake’s position and a third order polynomial of Julian date as fixed effects, and 
year, individual, and site, as nested random effects allowing for varying intercepts. Separate analyses 
were conducted for male and female giant gartersnakes. We report estimates of regression coefficients 
and 95-percent confidence intervals (1.96 × Standard Error), with significance denoted for parameters 
for which confidence intervals do not overlap 0. For plots of fitted estimates of parameters, we held 
other variables constant at the mean value. 

Habitat Selection 
Information about how giant gartersnakes select or avoid habitats, vegetation types, or 

structural attributes of habitat is essential to manage water and habitats to benefit giant gartersnakes. 
For example, positively selected habitat and vegetation types can be targeted for preservation on the 
landscape, and those that are avoided could be improved through restoration. Perhaps more important 
in a working agricultural landscape, actions with the potential to harm snakes, such as dewatering, 
disking, mowing, and others, can be limited in areas that have attributes consistent with selection by 
giant gartersnakes to avoid or minimize the potential negative effects of these actions on giant 
gartersnake populations. 
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To assess the habitat relations of adult giant gartersnakes in rice agriculture, we used a 
Bayesian analysis of hierarchical case-control logistic regression models, with giant gartersnake 
locations (“used”) as the cases and random points (“available”) as controls (Halstead and others, 
2016). Our model was hierarchical in that it included site and individual-level random effects for 
model coefficients that place the individual as the sample unit, from which observations are considered 
subsamples, and allowed for the selection of habitat attributes to vary among individuals (Gillies and 
others, 2006). Because use and availability were matched in space and time, we did not explicitly 
account for year in our analysis. Instead, we assumed that year and season effects were captured in the 
availability of habitats. The structure of the model, therefore, was: 

 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑝𝑝𝑖𝑖) = ∑ �𝛽𝛽𝑙𝑙,𝑘𝑘 × 𝑥𝑥𝑖𝑖,𝑙𝑙�𝑘𝑘=𝐾𝐾
𝑘𝑘=1  (1) 

 𝑦𝑦𝑖𝑖~𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑙𝑙𝐵𝐵𝑙𝑙𝑙𝑙𝑙𝑙(𝑝𝑝𝑖𝑖)  
where yi is a vector of ones for each observation pair i, 
 pi is the probability of use relative to availability, 
 βl,k is a matrix of variable l and individual k specific coefficients, and 
 xi,l is a matrix of the differences between used and available habitats or vegetation 

types for each observation pair i and each variable l. 
 
The coefficient for snake k within site j was distributed as βl,k ~ normal(μl,j, σl,j), with the site mean 
coefficients in turn distributed as μl,j ~ Normal(μl, σl). This parameterization of the hierarchical case-
control logistic regression model, which uses differences between measurements of used and available 
points for each variable as predictor variables, does not contain an intercept, which is fixed by the 
study design to be zero (matched pairs of cases and controls means that the probability of a case is 0.5, 
which is zero on the logit-scale). The coefficients in this model represent the log-odds of use with a 
unit (in the present case, 10 percent) increase in the difference between the habitat variable at the snake 
location and the habitat variable at the paired random location. 

We fit three separate case-control models to the data—one to estimate the selection of 
microhabitats, another to estimate the selection of specific vegetation types, and a third to estimate the 
selection of vegetation height categories, all within the 1 m diameter circular quadrat centered on the 
snake or random point. We chose to model these different aspects of habitat separately to limit the 
number of predictor variables in a given model. We chose to model microhabitats and vegetation types 
that were most common, had the greatest variation, or addressed important management questions. 
These variables were presumed to be most predictive of relative probability of use and to inform 
habitat management for conserving giant gartersnakes. For the microhabitat model, we included 
percentage of cover of open water, emergent aquatic vegetation, terrestrial vegetation, litter (debris or 
dead vegetation that is no longer standing), and bare ground. For the vegetation model, we included 
percentage of cover of tule, cattail, water-primrose, smartweed, rice, watergrass, single-stemmed 
grasses, and forbs. We evaluated selection of vegetation of different heights (categories were 0, 1‒15 
cm, 15‒50 cm, 50‒100 cm, and >1 m), regardless of species composition. Data input into the model 
were scaled to units of 10-percent difference so that parameter estimates were on a scale that could be 
related to observable differences in the field. Coefficients in each of the models were transformed to 
selection (odds) ratios as 𝐵𝐵𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑐𝑐𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐. Combined with the data transformation to units of 10 percent, 
selection ratios represent the change in odds of a location being selected with a 10 percent increase in 
the percent cover of that habitat or vegetation type or vegetation height category. Variables whose 95-
percent credible interval for the selection ratio did not overlap one were considered avoided (selection 
ratio < 1) or selected (selection ratio > 1). We selected priors to be uninformative, with normal(0, 
1.648) priors on model coefficients and half-Cauchy(1) priors on standard deviations (Gelman, 2006). 
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Bayesian analysis of models used Markov chain Monte Carlo (MCMC) sampling carried out in 
JAGS (Plummer, 2003). Model burn-in, sampling iterations, and thinning rates were selected to ensure 
that convergence was achieved, and effective sample sizes were >5,000 for all monitored parameters. 
Posterior inference was based on five chains of 100,000 iterations each, after a burn-in period of 
10,000 iterations. We thinned the MCMC output by a factor of five; thus, posterior inference was 
based on 100,000 samples from the stationary posterior distribution. We fit each model with JAGS 
version 4.2.0 (Plummer, 2003) called from R version 3.2.1 (R Core Team, 2016) using the package 
“jagsUI” (Kellner, 2016). We diagnosed convergence with visual examination of history plots and 
with the Gelman-Rubin statistic (Gelman and Rubin, 1992); no evidence for lack of convergence was 
observed (𝑅𝑅�<1.01 for all monitored parameters). 

Veterinary Methods 
After 1–5 days in captivity, we transported individuals to the Sacramento Zoo for surgery by an 

experienced veterinarian (Dr. Ray Wack, DVM), who surgically implanted Holohil SI-2T radio 
transmitters (9 g; Holohil Systems Ltd., Carp, Ontario, Canada; http://www.holohil.com/) into the 
body cavity of the snakes using standard methods (Reinert and Cundall, 1982). At the time of surgery, 
the veterinarian drew 1.0 mL of blood (< 0.5 of snake body mass) from the ventral tail vein for 
hematocrit and plasma biochemistry. Blood was not collected in the field because it is difficult to 
safely draw blood from conscious giant gartersnakes (Dr. Ray Wack, DVM, personal 
observation).Veterinary staff at the Sacramento Zoo observed individuals and conducted a complete 
health assessment for each individual until full recovery from anesthesia.  

After recovery from anesthesia, post-surgical snakes were returned to the Dixon Field Station 
to recover for 1–2 weeks, during which time they were administered analgesics and antibiotics as 
prescribed by a veterinarian. We released individuals at their location of capture after they completed 
their course of prescribed analgesics and antibiotics and ate normally. We did not locate released 
individuals for 1 week post-release to allow them to heal and acclimate to their natural environment. 

We measured a suite of blood parameters to characterize the health of radio-tracked snakes. 
These parameters can be divided into two categories: (1) hematology, and (2) plasma biochemistry. 
Hematological parameters include red blood cell count, pack cell volume (percentage of total blood 
volume made up of red blood cells), hemoglobin (grams per deciliter), plasma protein (grams per 
deciliter), and white blood cell count. We further separated white blood cell count by seven different 
types of cells—heterophils, band cells, lymphocytes, monocytes, eosinophils, basophils, and 
azurophils. We determined pack cell volume by centrifuging microhematocrit tubes for 10 minutes and 
measuring the proportion of the sample comprising red blood cells. We measured plasma protein using 
a handheld refractometer (JorVet model J351, Jorgensen Laboratories Inc., Loveland, Colorado). We 
measured hemoglobin content using a modified azidemethemoglobulin reaction following Wack and 
others (2012). We manually counted red blood cells and white blood cells within 3 hours of blood 
collection using the unipette method and a hemocytometer (Campbell and Ellis, 2007). To measure the 
proportion of white blood cell types, we stained a blood smear and counted at least 100 white blood 
cells under 1,000× magnification. 

Plasma biochemistry parameters include aspartate aminotransferase (AST) (International Units 
per liter [IU/L]), bile acids (micromoles per liter), creatinine kinase (IU/L), uric acid (milligrams per 
deciliter [mg/dL]), glucose (mg/dL), calcium (mg/dL), phosphorus (mg/dL), total protein (grams per 
deciliter [g/dL), albumin (g/dL), globulin (g/dL), potassium (millimoles per deciliter [mmol/dL]), and 
sodium (mmol/dL). We compared hematological and plasma biochemistry parameters to baseline 
values from 46 “apparently healthy” giant gartersnakes examined in 2008 by Wack and others (2012).  
  



16 

We measured plasma biochemistry parameters by first centrifuging a heparinized blood microtainer 
tube for 10 minutes. We then measured these parameters using a VetScan analyzer (Abaxis North 
America, Union City, California) with an avian/reptile specific rotor (Avian/Reptilian Profile Plus). 
We analyzed plasma biochemistry within 30 minutes of blood sample collection. 

Health Assessment 
To test how season, individual characteristics, time spent in captivity, and the surrounding 

environment influenced snake health, we constructed hierarchical regression models for each 
hematological and plasma biochemistry parameter (table 3). We included a random effect of 
individual, because some individuals received two or three health assessments in different years. We 
also included a random effect of site to account for the non-independence of individuals collected from 
the same site. To evaluate how a snake’s size and sex might affect blood parameters, we tested for the 
effects of snake sex, size (snout-vent length, SVL), and an interaction between sex and size on all 
response variables. We also tested for an effect of season on blood parameters by including linear and 
quadratic effects of Julian date on each blood parameter. We tested for an effect of the time spent in 
captivity on all blood parameters by including the number of days a snake was held in captivity before 
its health examination as a covariate. Finally, to measure the relation between extent of rice cultivation 
and snake health, we included the proportion of rice within a 500-m buffer of an individual’s home 
range (minimum convex polygon, MCP). We analyzed models in JAGS version 4.2.0 (Plummer, 2003) 
and R version 3.3.1 (R Core Team, 2016) using the “jagsUI” package (Kellner, 2016). We ran models 
on three independent chains for 110,000 iterations each, with the first 10,000 iterations discarded as 
burn-in. We assessed convergence visually with history plots and with the 𝑅𝑅� statistic (Gelman and 
others, 2004); we saw no evidence of lack of convergence (maximum 𝑅𝑅� <1.01). We evaluated the 
strength of the relation between potential explanatory variables and blood parameters by measuring if 
the 95-percent credible interval of the variable coefficient overlapped zero. If the credible interval 
overlapped zero, then that variable was not considered to be related to a blood parameter, whereas if 
the credible interval did not overlap zero, we concluded that there was a significant relation between 
the variable and the blood parameter. Unless otherwise noted, we report posterior medians and 
symmetrical 95-percent credible intervals. 

 

Table 3. Description of hematology and plasma biochemistry model parameters and their priors. 
 

Symbol Description Prior distribution 
Y Response variable Deterministic node 
α0 Average value normal(0,100) 
σind Individual standard deviation half-Cauchy(1) 
σsite Site standard deviation half-Cauchy(1) 
βsex Effect of being male on response normal(0,100) 
βsize Effect of snout-vent length on response normal(0,100) 
βsex x size Effect of sex (male) by size interaction on response normal(0,100) 
βdate Linear effect of Julian date on response normal(0,100) 
βdate

2 Quadratic effect of Julian date on response normal(0,100) 
βrice Effect of proportion rice within a 500-meter buffer of 

minimum convex polygon home range on response 
normal(0,100) 

βcap Effect of the number of days spent in captivity before 
examination on response 

normal(0,100) 
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Survival 
We modeled survival based on snake mortality times using survival analysis (Williams and 

others, 2001; Ibrahim and others, 2005). Survival, or time-to-event, analysis is widely used in 
engineering, human health studies (e.g., clinical trials of treatment efficacy), and wildlife telemetry 
studies. In these models, survival is treated as a continuous process observed at discrete intervals, and 
coefficients (β) represent log hazard ratios, or the log of the multiplicative change in weekly risk of 
mortality with a unit increase in the predictor variable. These models also accommodate staggered 
entry (entry of individuals during the course of the study), interval censoring (individuals being 
unobserved for a time within the study, later to be observed either alive or dead), and right truncation 
or censoring (individuals intentionally [e.g., transmitter removal] or accidentally [e.g., lost signal]) 
removed from the study before they die. Because we wanted to account for seasonal differences in the 
baseline risk of mortality, but also wanted to evaluate predictor variables that varied seasonally (e.g., 
proportion rice within 100 m of snake locations in a one week period), we used two different 
formulations of survival models. For both models, we used weekly time steps and set the beginning of 
the study to June 25, 2014, when the first individuals were released with radio transmitters. We also 
formulated both models as shared frailty models that allowed snakes from the same sites to have 
similar risks of mortality based on their shared characteristics (e.g., exposure to unmeasured variables 
such as contaminants, closer relatedness within sites than between sites, etc.; Halstead and others, 
2012). Priors for all parameters of both models were selected to be uninformative (table 4). 
 

Table 4. Description of survival model parameters and their priors. 
 

Model Symbol Description Prior distribution 
Piecewise 

constant hazard Sijkl Survival function Deterministic node 
 CHijkl Cumulative hazard (risk of mortality) Deterministic node 
 UHijkl Weekly hazard (risk of mortality) Deterministic node 
 

γl 

Piecewise baseline (constant) log hazard, for l = 1 (rice 
growing season), l = 2 (brumation), and l = 3 (active 
season prior to flood-up) uniform(-8,-5) 

 ηk Random site effect normal(0,σsite) 
 σsite Site standard deviation half-Cauchy(1) 
 βsex Ln(hazard ratio) for males (relative to females) t(0,1,1) 
 βsize Ln(hazard ratio) for snout-vent length t(0,1,1) 
 

βr500 
Ln(hazard ratio) for proportion rice within a 500 m buffer 

of minimum convex polygon home range t(0,1,1) 
Constant hazard Sijk Survival function Deterministic node 
 CHijk Cumulative hazard (risk of mortality) Deterministic node 
 UHijk Daily hazard (risk of mortality) Deterministic node 
 γ0 Baseline (constant) log hazard uniform(-8,-5) 
 ηk Random site effect normal(0,σsite) 
 σsite Site standard deviation half-Cauchy(1) 
 

βrice 
Ln(hazard ratio) for mean proportion rice within 100 m of 

individual’s locations in a week t(0,1,1) 
 

βc_rice 
Ln(hazard ratio) for cumulative mean weekly proportion 

rice within 100 m of individual’s locations t(0,1,1) 
 βw_dist Ln(hazard ratio) for mean weekly distance from water t(0,1,1) 
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The first model we analyzed was a piecewise constant hazard model that allowed different 

weekly risks of mortality in each of three seasons—(1) emergence from brumation (the reptile 

equivalent of hibernation) until flood up of canals and rice fields (April‒May); the remainder of the 

rice growing season and giant gartersnake active season, when rice fields are flooded and have a 

cover-providing canopy of rice plants (June‒September); and brumation, when snakes are inactive 

underground (October‒March). Within each of these seasons, giant gartersnakes were assumed to have 

a constant weekly risk of mortality. To this piecewise constant baseline hazard, we added individual 

giant gartersnake covariates that might affect survival, including sex, SVL at the beginning of the 

tracking period, and the annual proportion of rice within 500 m of each individual’s minimum convex 

polygon home range. Because only large adult snakes can be monitored with radio telemetry, we 

expected little growth during the tracking period for each snake, and assumed that SVL at the 

beginning of the tracking period was a reasonable estimate of size for individual snakes. Because many 

snakes were tracked over multiple rice growing seasons, we calculated the annual proportion of rice 

within 500 m of each snake’s MCP. The annual cycle for this covariate began with the beginning of 

the active season in one year, and ended at the end of the emergence and pre-flood-up period the 

following year. This allowed the effects of the amount of rice in the snake’s home range to carryover 

through brumation and emergence until rice was once again available as habitat. Continuous covariates 

(SVL and proportion rice) were centered and standardized to mean = 0, SD = 1 prior to analysis. The 

survival function for this model was 
ijklCH

ijklS e−=
, where 

1: ,
1

T

ijkl j ikl
j

CH UH
=

= ∑
 , and 

500
exp _ 500

l sex i size i
ijkl

r im k

sex SVLUH rice
γ +β × +β × + =  β × +η  , where ηk ~ normal(0, σsite) represents shared frailty as a random 

site effect on the baseline hazard. Subscripts i, j, k, l, and m reference individual snake, week, site, 

season, and year, respectively, and T is the maximum number of weeks a population was monitored. 

The second model we evaluated was a constant hazard model, for which the probability of 

mortality was the same for every week of the study, but for which we allowed temporal variation in the 

hazard using individual covariates that changed weekly. The covariates we examined for this model 

were the weekly mean proportion of rice within 100 m of the individual snake’s locations, the 

cumulative (running) mean weekly proportion of rice within 100 m of the individual snake’s locations, 

and the mean weekly distance from water. The weekly mean proportion of rice was used to estimate 

acute effects of the amount of rice near the snake on the weekly risk of mortality, and the cumulative 

weekly mean proportion of rice was used to estimate cumulative effects of the amount of rice near the 

snake on the risk of mortality. For the cumulative mean proportion of rice, we repeated the last 
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calculated value during the rice growing season through brumation until flood up the following year, 

rather than using values of zero rice and allowing the cumulative mean proportion of rice to decrease 

while snakes were inactive. Because mean proportion rice and cumulative proportion rice were 

correlated (ρ = 0.56, P < 0.001), we selected the most informative covariate on risk of mortality by 

several methods. First, we fit a full model that used an indicator variable “switch” to turn off one of the 

rice covariates when the other was on. We then further examined models using both rice covariates 

and each rice covariate to examine the effects on inference from the model. The survival function 

under the full model with both rice covariates included was estimated as 
ijkCH

ijkS e−=
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1: ,
1

T

ijk j ik
j
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=
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γ +β × +β × + 
=  β × +η  , where, as before, ηk ~ normal(0, 

σsite) represents shared frailty as a random site effect on the baseline hazard. Subscripts are the same as 

for the first model, and definitions of parameters and their prior specifications are listed in table 4. 

For both survival models, we visually examined goodness-of-fit by comparing survival curves 

generated by the continuous time proportional hazards models described above with a non-parametric 

Kaplan-Meier survival curve. Briefly, Kaplan-Meier curves are generated as the proportion of events 

(deaths) observed within an interval relative to the number of possible events that could have occurred 

in that interval (number of radio-tracked snakes at the beginning of the interval). The step-wise nature 

of these curves offers a useful tool to evaluate the fit of parametric survival models. 

Both survival models were run on 5 chains of 20,000 iterations each, after a burn-in period of 

10,000 iterations by calling JAGS 4.2.0 (Plummer, 2003) from R 3.3.1 (R Development Core Team, 

2016), using the package jagsUI (Kellner, 2016). We assessed convergence visually with history plots 

and with the 𝑅𝑅� statistic (Gelman and others, 2004); no evidence of lack of convergence existed 

(maximum 𝑅𝑅�<1.01). Unless otherwise indicated, we report the posterior median and 95-percent 

symmetrical credible interval. 

Results 
From 2014 through 2016, we implanted 59 snakes from 11 sites with radio transmitters (table 

5). We obtained a total of 8,228 telemetry relocations, and 7,039 active season (April 1–October 31) 
telemetry relocations. The amount of cultivated rice, other crops, and fallowed fields, available within 
the habitats occupied by giant gartersnakes varied by site and by year (table 6).  
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Table 5. Summary of observation dates, sample sizes, fate and cause of death (if known), and movement statistics for radio-tracked giant gartersnakes 
(Thamnophis gigas), Sacramento Valley, California, 2014‒16.  
[Home ranges were not calculated for individuals with fewer than 40 active season (April 1‒October 31) locations. Small variation in annual and overall home range 
areas for individuals tracked in only 1 year was caused by random jittering of observations that occurred at the same location. For cause of snake deaths, carcasses with 
evidence of predation or scavenging were grouped as unknown. Abbreviations: a-LoCoH, adaptive Local Convex Hull; NA, Not applicable] 

 

Site No. ID Year Dates monitored 
Number 

of 
locations 

Fate (cause) 
Median 

movement 
distance  
(meters) 

Median 
movement rate 

(meters per day) 

Area within isopleth of 
the a-LoCoH home range 

(hectares) 
50-percent 

isopleth 
95-percent 

isopleth 

1 3099 2014 June 25–Dec 29 87 Alive 13.15 7.97 0.30 1.35 
1 3099 2015 Jan 5–Dec 29 190 Alive 5.10 5.00 0.14 0.53 
1 3099 2016 Jan 8–July 3 20 Released 175.18 40.00 NA NA 
1 3120 2015 July 16–Dec 29 96 Alive 18.44 17.26 1.38 1.75 
1 3120 2016 Jan 8–Apr 24 71 Mortality (Unknown) 24.59 19.11 0.11 0.27 
1 3143 2014 June 25–July 2 2 Mortality (Unknown) NA NA NA NA 
1 3158 2014 June 25–Dec 29 87 Alive 7.92 6.04 0.14 0.66 
1 3158 2015 Jan 5–Jan 27 4 Mortality (Unknown) NA NA NA NA 
1 3162 2014 July 9–Dec 29 74 Alive 13.04 7.28 0.43 0.87 
1 3162 2015 Jan 5–Dec 29 194 Alive 4.36 4.12 0.61 3.46 
1 3162 2016 Jan 8–Apr 24 20 Released 7.81 7.81 NA NA 
1 3167 2014 June 25–Dec 1 82 Alive 14.42 13.04 2.80 13.27 
1 3167 2015 Feb 10–June 10 44 Mortality (Unknown) 2.83 2.83 NA NA 
1 3301 2015 June 10–Dec 29 132 Alive 17.69 17.49 0.44 1.92 
1 3301 2016 Jan 8–May 27 42 Released 25.18 15.50 NA NA 
1 3367 2015 July 23–Dec 29 91 Alive 17.03 15.93 0.24 2.34 
1 3367 2016 Jan 8–June 17 59 Released 9.52 8.80 0.32 0.46 
2 3220 2014 July 23–Mar 19 67 Alive 42.95 26.02 0.19 1.79 
2 3220 2015 Jan 5–Aug 21 113 Lost Signal 26.51 25.59 0.66 5.73 
2 3221 2014 July 23–Mar 16 66 Alive 24.61 18.37 0.96 5.20 
2 3221 2015 Jan 5–Dec 29 178 Alive 44.65 35.06 3.42 28.91 
2 3221 2016 Jan 8–June 23 62 Released 18.03 9.01 0.29 1.81 
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Site No. ID Year Dates monitored 
Number 

of 
locations 

Fate (cause) 
Median 

movement 
distance  
(meters) 

Median 
movement rate 

(meters per day) 

Area within isopleth of 
the a-LoCoH home range 

(hectares) 
50-percent 

isopleth 
95-percent 

isopleth 
2 3250 2014 Sept 11–Oct 22 14 Mortality (Unknown) 2.83 2.24 NA NA 
2 3254 2015 May 13–Dec 29 154 Alive 7.04 7.04 1.38 7.78 
2 3254 2016 Jan 8–Apr 19 17 Released 19.10 7.11 NA NA 
2 3255 2015 May 13–Dec 29 153 Alive 20.11 19.53 0.28 1.09 
2 3255 2016 Jan 8–Apr 14 15 Released 207.21 43.49 NA NA 
2 4216 2014 Sept 2–Mar 19 39 Alive 5.00 2.55 NA NA 
2 4216 2015 Jan 5–Dec 29 181 Alive 20.46 18.61 1.92 6.91 
2 4216 2016 Jan 8–Mar 25 11 Mortality (Unknown) NA NA NA NA 
3 3079 2014 July 9–Dec 29 80 Alive 27.54 17.99 0.06 0.24 
3 3079 2015 Jan 5–Dec 30 186 Alive 11.05 9.22 1.71 5.15 
3 3079 2016 Jan 8–May 2 22 Released 159.11 107.02 NA NA 
3 3082 2014 July 7–Dec 29 79 Alive 7.62 7.62 0.32 0.53 
3 3082 2015 Jan 5–July 9 71 Mortality (Irrigation pump) 10.22 5.44 0.12 0.43 
3 3103 2014 July 14–Dec 29 76 Alive 18.84 15.22 0.30 0.55 
3 3103 2015 Jan 5–Apr 13 20 Mortality (Unknown) 16.60 6.42 NA NA 
3 3134 2014 July 23–Dec 9 42 Mortality (Irrigation pump) 23.54 23.54 NA NA 
3 3137 2014 July 9–Dec 29 80 Alive 13.30 12.68 0.12 0.85 
3 3137 2015 Jan 5–Apr 26 25 Mortality (Unknown) 5.83 1.94 NA NA 
3 3237 2014 Aug 7–Dec 29 56 Alive 79.61 47.01 0.89 1.60 
3 3237 2015 Jan 5–July 7 156 Mortality (Unknown) 6.40 6.32 0.30 0.65 
3 3289 2015 May 21–Dec 30 151 Alive 5.05 5.00 0.34 0.46 
3 3289 2016 Jan 8–Apr 15 15 Released 88.81 34.10 NA NA 
4 3160 2014 June 30–Mar 19 92 Alive 27.00 20.51 1.10 2.02 
4 3160 2015 Jan 5–May 11 36 Released 53.94 51.04 NA NA 
4 3224 2014 July 23–Dec 29 65 Alive 23.09 20.10 0.22 1.24 
4 3224 2015 Jan 5–Jan 27 4 Mortality (Unknown) NA NA NA NA 
4 3225 2014 July 23–Mar 19 73 Alive 99.02 68.61 1.69 8.71 
4 3225 2015 Jan 5–May 8 34 Mortality (Unknown) 6.27 5.25 NA NA 
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Site No. ID Year Dates monitored 
Number 

of 
locations 

Fate (cause) 
Median 

movement 
distance  
(meters) 

Median 
movement rate 

(meters per day) 

Area within isopleth of 
the a-LoCoH home range 

(hectares) 
50-percent 

isopleth 
95-percent 

isopleth 
4 3238 2014 Aug 7–Oct 28 42 Mortality (Unknown) 60.51 31.99 1.00 4.64 
5 3373 2015 Sept 2–Dec 29 51 Alive 11.70 5.83 0.09 0.23 
5 3373 2016 Jan 8–July 29 73 Mortality (Unknown) 4.00 3.61 0.48 39.40 
5 3376 2015 Sept 2–Dec 29 51 Alive 5.54 4.74 NA NA 
5 3376 2016 Jan 8–Aug 2 78 Released 69.01 44.02 0.14 1.01 
6 3263 2015 May 21–Dec 29 152 Alive 15.07 14.02 0.41 3.54 
6 3263 2016 Jan 8–Jan 26 3 Mortality (Unknown) NA NA NA NA 
7 2177 2015 May 27–Dec 29 138 Alive 22.67 16.64 0.34 4.03 
7 2177 2016 Jan 8–May 16 26 Mortality (Trap mortality) 46.34 19.10 NA NA 
7 3300 2015 June 10–Dec 29 128 Alive 12.86 11.71 1.07 1.89 
7 3300 2016 Jan 8–May 10 22 Released 50.23 13.22 NA NA 
7 3326 2015 June 17–Dec 29 120 Alive 6.40 5.00 0.09 0.49 
7 3326 2016 Jan 8–May 23 28 Released 16.35 4.01 NA NA 
7 3350 2015 July 10–Dec 29 101 Alive 38.01 34.06 0.35 2.14 
7 3350 2016 Jan 8–Apr 16 14 Mortality (Unknown) 4.12 1.37 NA NA 
7 11321 2015 June 17–Dec 29 121 Alive 17.19 10.85 1.34 5.88 
7 11321 2016 Jan 8–May 11 23 Mortality (Roadkill) 93.01 46.50 NA NA 
8 3202 2014 July 14–Dec 9 72 Alive 98.63 86.87 0.40 0.61 
8 3202 2015 Jan 5–Dec 30 119 Alive 49.25 38.83 1.57 6.13 
8 3202 2016 Jan 8–Jul 20 71 Released 25.00 15.53 0.36 2.54 
8 3215 2014 July 14–Dec 9 70 Alive 16.03 12.37 0.14 0.35 
8 3215 2015 Jan 5 1 Lost Signal NA NA NA NA 
8 3235 2014 July 24–Dec 1 63 Mortality (Unknown) 9.00 8.98 0.10 0.26 
8 3239 2014 Aug 7–Dec 29 53 Alive 22.85 15.52 0.41 1.06 
8 3239 2015 Jan 5–Feb 17 7 Lost Signal NA NA NA NA 
8 3243 2014 Aug 15–Dec 9 44 Alive 17.03 16.03 NA NA 
8 3243 2015 Jan 5 1 Lost Signal NA NA NA NA 
8 3295 2015 June 3–July 1 23 Mortality (Unknown) 4.00 4.00 NA NA 
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Site No. ID Year Dates monitored 
Number 

of 
locations 

Fate (cause) 
Median 

movement 
distance  
(meters) 

Median 
movement rate 

(meters per day) 

Area within isopleth of 
the a-LoCoH home range 

(hectares) 
50-percent 

isopleth 
95-percent 

isopleth 
8 3336 2015 June 24–Dec 30 117 Alive 37.24 31.89 0.33 3.01 
8 3336 2016 Jan 8–June 16 53 Released 51.52 31.58 0.40 0.92 
8 3374 2015 Sept 2–Dec 30 51 Alive 19.88 13.72 0.95 1.65 
8 3374 2016 Jan 8–Sept 4 116 Released 68.73 48.30 0.51 3.02 
8 3379 2015 Sept 8–Dec 30 46 Alive 11.70 10.00 NA NA 
8 3379 2016 Jan 8–Sept 6 113 Released 59.51 45.18 1.02 7.88 
9 3311 2015 June 10–Dec 29 129 Alive 9.74 8.57 0.77 3.98 
9 3311 2016 Jan 8–June 15 27 Mortality (Unknown) 4.30 1.54 NA NA 
9 3322 2015 July 23–Dec 29 87 Alive 14.12 12.39 0.87 1.99 
9 3322 2016 Jan 8–May 8 24 Released 40.20 20.10 NA NA 
9 3343 2015 July 1–Dec 29 109 Alive 16.95 13.60 0.21 0.45 
9 3343 2016 Jan 8–June 15 27 Mortality (Unknown) 48.63 22.45 NA NA 
9 3354 2015 July 16–Dec 29 95 Alive 4.00 4.00 0.14 0.87 
9 3354 2016 Jan 8–Apr 27 18 Mortality (Unknown) 3.12 2.12 NA NA 
10 3303 2015 June 10–Dec 30 132 Alive 5.10 5.10 0.33 4.36 
10 3303 2016 Jan 8–May 26 39 Released 8.04 7.81 NA NA 
10 3320 2015 June 17–Dec 30 127 Alive 44.01 38.90 0.66 5.73 
10 3320 2016 Jan 8–June 23  60 Released 29.02 24.08 0.19 1.79 
10 3328 2015 June 24–Dec 30 120 Alive 6.89 6.25 0.74 2.23 
10 3328 2016 Jan 8–Apr 14 15 Released 544.71 111.27 NA NA 
10 3363 2015 July 16–Dec 30 98 Alive 15.55 14.40 2.19 4.64 
10 3363 2016 Jan 8–Apr 19 17 Mortality (Unknown) 5.05 2.95 NA NA 
10 3378 2015 Sept 8–Dec 30 46 Alive 3.00 2.83 NA NA 
10 3378 2016 Jan 8–Aug 25 110 Released 23.09 15.51 0.39 1.48 
11 3131 2014 June 25–Dec 29 86 Alive 10.20 7.07 0.26 1.13 
11 3131 2015 Jan 5–Dec 30 181 Alive 9.85 8.54 0.38 0.89 
11 3131 2016 Jan 8–Apr 14 14 Released 138.88 17.36 NA NA 
11 3146 2014 July 9–Dec 29 75 Alive 83.55 42.70 0.68 4.76 
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Site No. ID Year Dates monitored 
Number 

of 
locations 

Fate (cause) 
Median 

movement 
distance  
(meters) 

Median 
movement rate 

(meters per day) 

Area within isopleth of 
the a-LoCoH home range 

(hectares) 
50-percent 

isopleth 
95-percent 

isopleth 
11 3146 2015 Jan 5–July 19 88 Mortality (Unknown) 24.19 21.03 0.87 2.89 
11 3153 2014 June 25–Oct 23 72 Mortality (Unknown) 42.01 34.56 1.14 4.92 
11 3179 2014 June 25–July 10 8 Mortality (Unknown) 186.81 104.26 NA NA 
11 3188 2014 July 9–Sept 19 38 Lost Signal 12.33 9.88 NA NA 
11 3258 2015 May 13–Dec 30 157 Alive 36.40 34.13 1.68 7.26 
11 3258 2016 Jan 8–Apr 6 13 Released NA NA NA NA 
11 3259 2015 May 21–Aug 20 84 Mortality (Unknown) 18.63 17.86 0.22 0.97 
11 3264 2015 May 21–Dec 30 152 Alive 18.57 14.93 0.45 13.51 
11 3264 2016 Jan 8–Apr 15 15 Released 36.89 7.24 NA NA 
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Table 6. Summary of crop land cover types within the minimum convex polygon (MCP) for all giant gartersnakes 
(Thamnophis gigas) at each telemetry site in the Sacramento Valley, California, 2014‒16. 
 
[Crop types were determined from 30-m resolution Crop Data Layers for 2014‒16 (CDL; U.S. Department of Agriculture 
National Agricultural Statistical Service)] 

 

Site Year MCP area 

Land cover area (hectares) Percentage of land cover type 

Rice Fallowed 
Other 
crops Rice Fallowed 

Other 
crops 

1 2014 403.4 200.6 194.0 1.4 49.7 48.1 0.4 

 2015 329.3 250.9 66.3 2.5 76.2 20.1 0.8 

 2016 99.8 94.4 0.8 0.1 94.6 0.8 0.1 
2 2014 671.2 586.7 58.4 13.2 87.4 8.7 2.0 

 2015 936.9 696.9 188.5 31.2 74.4 20.1 3.3 

 2016 682.6 637.2 36.2 0.5 93.3 5.3 0.1 
3 2014 315.8 159.4 135.4 3.4 50.5 42.9 1.1 

 2015 218.5 187.5 11.3 1.9 85.8 5.2 0.9 

 2016 61.7 58.2 1.4 0.1 94.4 2.2 0.1 
4 2014 156.1 85.1 63.8 0.8 54.5 40.9 0.5 

 2015 84.6 53.2 22.4 2.3 62.9 26.5 2.7 
5 2015 38.4 0.0 38.3 0.0 0.0 99.6 0.0 

 2016 217.6 214.3 3.5 0.4 98.5 1.6 0.2 
6 2015 59.8 46.3 6.6 0.3 77.4 11.0 0.5 
7 2015 155.5 115.7 35.6 2.9 74.4 22.9 1.9 

 2016 26.6 22.8 2.9 0.0 85.6 10.8 0.0 
8 2014 313.4 144.3 124.9 23.2 46.0 39.9 7.4 

 2015 111.9 98.4 3.2 8.6 87.9 2.8 7.6 

 2016 277.3 226.2 22.8 20.5 81.6 8.2 7.4 
9 2015 37.7 3.1 32.0 0.4 8.1 84.6 1.0 

 2016 36.5 34.0 1.0 0.0 93.2 2.7 0.0 
10 2015 157.7 153.4 1.6 0.7 97.3 1.0 0.5 

 2016 198.1 195.2 0.4 0.0 98.6 0.2 0.0 
11 2014 156.3 7.9 135.2 7.0 5.1 86.5 4.5 

 2015 414.7 304.7 67.1 20.3 73.5 16.2 4.9 

 2016 27.7 16.8 9.4 0.8 60.8 33.8 2.9 
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Home Range and Movement 
The probability of moving >3m for males was not related to the area of rice within 100 m of 

their locations, but was related to the second-order polynomial of Julian date, with male gartersnakes 
moving more frequently in July (probability=0.91, 95-percent CI=0.85‒96), as compared to earlier and 
later in the active season (table 7; fig. 2a and 2b). The frequency of movements for females was related 
to the amount of rice within 100 m of their locations, with females more likely to make movements as 
proportion of rice within 100 m increased from 0 percent rice (probability=0.79, 95-percent CI=0.75‒
0.83) to 100 percent (probability=0.89, 95-percent CI=0.85‒0.91). Frequency of female movements 
also was affected by a third-order polynomial effect of Julian date, with females more likely to move 
early in the season after emergence from brumation (probability=0.91, 95-percent CI=0.87‒0.95), and 
during August and September after parturition (probability=0.83, 95-percent CI=0.79‒0.86; table 7 and 
fig. 2c, 2d).  

Table 7. Regression coefficient estimates of giant gartersnakes (Thamnophis gigas) moving more than 3 meters, 
based on proportion of rice within 100 meters of the snake’s location, and a third order polynomial of Julian date.  
 
[Bold parameters denote statistically significant variables] 

 
Sex Parameter Estimate Standard Error 

Male Intercept 2.088 0.451 
 Rice -0.418 0.631 
 Julian Date -0.891 0.241 
 Julian Date2 -0.402 0.137 
  Julian Date3 0.075 0.088 
Female Intercept 1.338 0.133 
 Rice 0.756 0.192 
 Julian Date 0.254 0.084 
 Julian Date2 -0.207 0.039 
  Julian Date3 0.198 0.031 

 
  



27 

 
 

Figure 2. Probabilities of giant gartersnakes (Thamnophis gigas) moving more than 3 meters from their location 
based on proportion of rice within 100 meters and Julian date. Males (n=4): a, b. Females (n=54): c, d. Solid line 
represents mean model prediction, and dashed lines represent 95-percent confidence intervals. 

The probability of movements of more than 100 m for male giant gartersnakes was not affected 
by the amount of rice within 100 m of their location or Julian date, with male gartersnakes having a 
0.19 probability of moving over 100 m (95-percent CI=0.12‒0.29; table 8 and fig. 3a, 3b). The 
frequency of movements over 100 m for females was affected by the amount of rice within 100 m of 
their location, with females more likely to make large movements as the proportion of rice within 100 
m increased from 0 percent rice (probability=0.19, CI=0.16‒0.22) to 100 percent rice 
(probability=0.37, 95-percent CI=0.31‒0.44). Frequency of female movements also was affected by a 
third-order polynomial effect of Julian date, with females most likely to move over 100 m early in the 
active season after emergence from brumation (probability= 0.42, 95-percent CI=0.32‒0.52), and after 
parturition (probability= 0.23, CI=0.20‒0.26) in mid-August (table 8, fig. 3c, 3d). 
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Table 8. Probability of giant gartersnakes (Thamnophis gigas) moving more than 100 meters, based on 
proportion of rice within 100 meters of the snake’s location, and a third order polynomial of Julian date.  
 
[Bold parameters indicate statistically significant effects] 
 

Sex Parameter Estimate Standard Error 
Male Intercept -1.396 0.350 
 Rice -0.124 0.498 
 Julian Date -0.048 0.191 
 Julian Date2 -0.027 0.147 
 Julian Date3 -0.098 0.083 
Female Intercept -1.475 0.111 
 Rice 0.954 0.182 
 Julian Date 0.161 0.084 
 Julian Date2 -0.129 0.047 
  Julian Date3 -0.153 0.032 

 

 
 
Figure 3. Probabilities of giant gartersnakes (Thamnophis gigas) moving more than 100 meters from their 
location based on proportion of rice within 100 meters and Julian date. Males (n=4): a, b. Females (n=54): c, d. 
Solid line represents mean model prediction, and dashed lines represent 95-percent confidence intervals. 
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The average movement rate of males was not related to area of rice within 100 m of their 
location, with an average rate of movement of 24.32 m/d (95-percent CI=16.87‒34.89 m/d; table 9 and 
fig. 4a). Average movement rates of males did vary by a second-order polynomial effect of Julian date, 
with male movement rates increasing and peaking in June (movement rate=33.74 m/d, 95-percent 
CI=22.89‒49.49 m/d), and gradually decreasing towards the end of October (movement rate=3.59 m/d, 
95-percent CI=1.51‒7.39 m/d; fig. 4b). Average movement rates of females were related to area of rice 
within 100 m of their location, with an average rate of movement of 27.09 m/d (95-percent CI=23.34‒
31.41 m/d). Predicted average movement rates decreased to 19.09 m/d (95-percent CI=16.06‒22.66 
m/d) when there was no flooded rice within 100 m, and increased to 38.81 m/d (95-percent CI=31.36‒
47.97 m/d) when there was 100 percent rice within 100 m (table 9; fig. 4c, 4d). Movement rates varied 
with a third-order polynomial effect of Julian date, with female movements being high in early April 
(movement rate=21.28 m/d, 95-percent CI=15.55‒28.98 m/d), decreasing, and then peaking again in 
August (movement rate=23.13 m/d, 95-percent CI=19.94–26.79; table 9 and fig. 4c, 4d), before 
decreasing to the end of October.  

Table 9. Regression coefficient estimates for average movement rates (log meters per day) of giant gartersnakes 
(Thamnophis gigas), based on proportion of rice within 100 meters of the snake’s location, and a third order 
polynomial of Julian date.  
 
[Bold parameters denote statistically significant variables] 
 

Sex Parameter Estimate Standard Error 
Male Intercept 3.383 0.242 
 Rice -0.308 0.343 
 Julian Date -0.589 0.128 
 Julian Date2 -0.323 0.090 
  Julian Date3 0.015 0.053 
Female Intercept 3.000 0.083 
 Rice 0.684 0.121 
 Julian Date 0.147 0.055 
 Julian Date2 -0.387 0.027 
  Julian Date3 -0.185 0.020 
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Figure 4. Average movement rates (meters per day [m/d]) of giant gartersnakes (Thamnophis gigas) based on 
proportion of rice within 100 meters and Julian date. Males (n=4): a, b. Females (n=54): c, d. Solid line represents 
mean model prediction, and dashed lines represent 95-percent confidence intervals 

 
We constructed 70 a-LoCoH active season home ranges for the 50 giant gartersnakes that had 

>40 telemetry points during a given active season (table 5). Active season core use areas varied more 
among sites than individuals, and core use areas were largely confined to aquatic habitat features 
adjacent to fields, regardless of whether rice was grown or not (appendix A, figs. A1‒A51). Mean 50-
percent isopleth core sizes were 0.65 ha (range=0.06‒3.42 ha, table 5). Mean 95-percent home range 
sizes were 3.70 ha (range=0.23‒39.40 ha, table 5). The area of 50-percent isopleth core area was not 
related to the proportion of rice within 500 m of a giant gartersnake’s MCP home range (table 10). 
Similarly, the area of 95-percent isopleth home range area also was not related to the proportion of rice 
within 500 m of a giant gartersnake’s home ranges (table 10). 

We compared core and home range overlap among 101 pairs of giant gartersnakes. Core areas 
had low probability of overlapping, with 17.8 percent of snake-pairs within each site overlapping in 
the 50-percent isopleth, with a mean overlap of 1.9 percent (range=0–33 percent). Home range overlap 
was more common, with 43.6 percent of snake-pairs within each site overlapping in the 95-percent 
isopleth, and a mean proportion of overlap at 2.9 percent (range=0–21 percent). Weighted mean 
proportion of rice within the 500-m buffer of snake home ranges was unrelated to extent of overlap in 
either the 50 percent or 95-percent isopleths (table 11).  
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Table 10. Parameter estimates for core and home range areas of giant gartersnakes (Thamnophis gigas) in 
relation to rice habitat within 500-meter buffer, Sacramento Valley, California, 2014‒16. 
 
[For all models, the response variable (core area or home range area) was transformed by taking the natural logarithm prior 
to analysis] 

 
Model Parameter Estimate Standard Error 

Core (log 50% Isopleth) Intercept -0.69 0.364 
  Rice -0.239 0.5438 
Home Range (log 95% Isopleth) Intercept 0.708 0.462 
  Rice -0.055 0.678 

 

Table 11. Parameter estimates for 50-percent core and 95-percent home range overlap in response to weighted 
mean extent of rice within 500-meter buffer between pairs of giant gartersnakes (Thamnophis gigas), Sacramento 
Valley, California, 2014–16.  
 
[Models were constructed with two-stage hurdle models, where probability refers to whether overlap occurred, and 
proportion refers to amount of overlap] 

 
Model Parameter Estimate Standard Error 

Core (50% Isopleth) Overlap Probability Intercept -2.252 1.102 
 Rice 0.023 1.642 
Core (50% Isopleth) Overlap Proportion Intercept -2.603 0.483 
  Rice 0.638 0.68 
Home range (95% Isopleth) Overlap Probability Intercept -0.587 0.754 
 Rice 0.517 1.144 
Home range (95% Isopleth) Overlap Proportion Intercept -3.362 0.49 
  Rice 1.03 0.697 

 
 

We compared core and home range fidelity among 16 giant gartersnakes for which we 
calculated home ranges over multiple years (14 giant gartersnakes across 2 years, 2 across 3 years). 
Core areas overlapped in subsequent years for 61 percent of the giant gartersnakes, with a mean 
proportion of overlap of 7.0 percent (range=0–28 percent). Home range areas overlapped in 
subsequent years for 94.4 percent of the giant gartersnakes, with a mean proportion of overlap of 9.4 
percent (range=0–21 percent). Weighted mean proportion of rice within the 500-meter buffer of snake 
home ranges was unrelated to extent of overlap in either the 50-percent or 95-percent isopleths (table 
12). 
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Table 12. Parameter estimates for 50-percent core and 95-percent home range overlap of individual giant 
gartersnakes (Thamnophis gigas) tracked in subsequent years, in response to weighted mean extent of rice 
within 500-meter buffer of home ranges, Sacramento Valley, California, 2014‒16.  
 
[Models were constructed with two-stage hurdle models, where probability refers to whether overlap occurred, and 
proportion refers to amount of overlap] 

 

Model Parameter Estimate 
Standard 

Error 
Core (50% Isopleth) Overlap Probability Intercept 1.75 2.351 
 Rice -1.827 3.208 
Core (50% Isopleth) Overlap Proportion Intercept -2.339 0.509 
  Rice 0.328 0.705 
Home range (95% Isopleth) Overlap Probability Intercept 0.381 6.07 
 Rice 5.448 9.792 
Home range (95% Isopleth) Overlap Proportion Intercept -2.732 0.608 
  Rice 0.642 0.818 

 

Habitat Selection 
Habitats used by and available to giant gartersnakes varied among sites, particularly with 

regard to open water, emergent and terrestrial vegetation, litter, and bare ground (table 13). Giant 
gartersnakes selected microhabitats associated with cover (table 13; fig. 5). Terrestrial vegetation was 
the only microhabitat positively selected throughout the Sacramento Valley, and bare ground was the 
only habitat avoided at the same scale (fig. 5), although litter was positively selected and open water 
was avoided at some sites (table 12). Across the Sacramento Valley, snakes were 1.17 (95-percent 
credible interval=1.09‒1.27) times more likely to select areas with a 10 percent increase in terrestrial 
vegetation, and 0.76 (0.69‒0.83) times as likely to select areas with a 10 percent increase in bare 
ground (table 14). Selection varied most among sites with regard to selection of litter, and least with 
regard to the neutral response to open water (table 15). 

Giant gartersnakes selected most vegetation types, but avoided cultivated rice (table 16; fig. 6). 
Tules were the most strongly selected vegetation type (Sacramento Valley odds ratio=1.71 [95-percent 
credible interval=1.22‒2.55]), but differences among positively selected vegetation types were not 
statistically significant (fig. 6). Snakes were 0.70 (95-percent credible interval=0.53‒0.84) times as 
likely to use a location with a 10 percent increase in the percentage of cover of cultivated rice (table 
16; fig 6). Variation among sites was highest in selection of cultivated rice, and least in selection of 
forbs (table 17). 

Giant gartersnakes generally selected taller vegetation (table 18; fig. 7). At the scale of the 
Sacramento Valley, giant gartersnakes were 0.78 (95-percent credible interval=0.74 ‒ 0.82) times as 
likely to use a location with vegetation cover <1 cm in height, but 1.09 (95-percent credible 
interval=1.02‒1.16) times more likely to use locations with vegetation height >100 cm (table 18; fig. 
7). Selection varied most among sites with regard to avoidance of vegetation 1‒15 cm in height, and 
least with regard to avoidance of vegetation <1 cm in height (table 19). 
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Table 13. Percentage of cover of microhabitats, vegetation types, and vegetation heights used by giant 
gartersnakes (Thamnophis gigas) and at random points within 50 meters of giant gartersnake locations, overall 
and by study site, Sacramento Valley, California, 2014‒16.  
 
[Values in the table are mean values (with standard deviation in parentheses). Note that the Sacramento Valley (overall) 
means and standard deviations were calculated across sites.<, less than; >, greater than] 

 
Group Variable Site Used Random 

Microhabitat Open water Sacramento Valley 
(overall) 

7.16 (2.61) 12.71 (6.61) 
  

Site 1 6.57 (18.68) 11.13 (28.39)   
Site 2 7.96 (22.15) 20.44 (38.41)   
Site 3 9.55 (22.15) 11.11 (29.18)   
Site 4 2.13 (8.89) 6.60 (22.92)   
Site 5 7.09 (18.72) 12.89 (31.34)   
Site 6 4.19 (15.94) 4.22 (17.96)   
Site 7 6.62 (19.01) 8.76 (25.25)   
Site 8 8.51 (20.66) 12.96 (31.19)   
Site 9 5.45 (16.73) 9.85 (27.48)   
Site 10 9.39 (24.53) 13.79 (31.26)   
Site 11 11.35 (26.75) 28.11 (43.9)  

Floating vegetation Sacramento Valley 
(overall) 

1.54 (2.10) 0.91 (0.98) 
  

Site 1 0.13 (2.97) 0.12 (2.69)   
Site 2 0.60 (6.03) 1.13 (8.68)   
Site 3 2.14 (10.85) 1.31 (10.09)   
Site 4 3.18 (12.9) 2.52 (12.68)   
Site 5 2.14 (11.04) 0.08 (1.29)   
Site 6 0.00 (0.00) 0.03 (0.40)   
Site 7 0.06 (1.02) 0.22 (2.62)   
Site 8 7.04 (20.08) 2.87 (15.16)   
Site 9 0.25 (2.59) 0.31 (4.68)   
Site 10 0.60 (3.66) 0.83 (6.4)   
Site 11 0.78 (5.46) 0.60 (5.91)  

Submerged vegetation Sacramento Valley 
(overall) 

0.31 (0.39) 0.16 (0.21) 
  

Site 1 0.13 (3.31) 0.16 (3.59)   
Site 2 0.07 (1.54) 0.04 (0.97)   
Site 3 0.72 (6.45) 0.48 (5.52)   
Site 4 0.48 (5.83) 0.61 (7.59)   
Site 5 0.04 (0.65) 0.00 (0.00)   
Site 6 0.00 (0.00) 0.00 (0.00)   
Site 7 0.03 (0.75) 0.13 (3.36)   
Site 8 1.21 (8.87) 0.25 (4.27)   
Site 9 0.57 (5.46) 0.06 (0.99)   
Site 10 0.11 (3.10) 0.00 (0.00)   
Site 11 0.06 (1.97) 0.00 (0.00) 
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Group Variable Site Used Random  
Emergent vegetation Sacramento Valley 

(overall) 
32.70 (15.57) 27.36 (8.31) 

  
Site 1 22.84 (35.79) 29.01 (43.03)   
Site 2 46.74 (41.13) 28.76 (42.84)   
Site 3 24.89 (36.41) 19.39 (36.77)   
Site 4 32.32 (39.4) 28.21 (41.69)   
Site 5 13.95 (27.31) 18.05 (36.15)   
Site 6 66.07 (40.03) 35.23 (45.84)   
Site 7 49.12 (39.93) 39.55 (45.21)   
Site 8 30.53 (35.7) 31.22 (43.22)   
Site 9 31.99 (38.69) 18.40 (31.83)   
Site 10 24.88 (37.14) 37.29 (45.87)   
Site 11 16.36 (33.35) 15.90 (35.43)  

Terrestrial vegetation Sacramento Valley 
(overall) 

35.10 (9.54) 18.11 (6.42) 
  

Site 1 40.35 (34.70) 18.87 (32.41)   
Site 2 26.83 (35.98) 10.88 (25.37)   
Site 3 44.52 (40.29) 25.95 (37.65)   
Site 4 44.65 (39.52) 30.72 (40.3)   
Site 5 50.13 (37.87) 18.14 (32.41)   
Site 6 21.14 (31.83) 23.60 (38.91)   
Site 7 22.80 (30.01) 13.55 (27.03)   
Site 8 30.70 (32.69) 16.51 (29.24)   
Site 9 31.28 (36.48) 17.16 (31.75)   
Site 10 40.14 (37.75) 13.87 (28.27)   
Site 11 33.56 (32.98) 9.97 (24.56)  

Litter Sacramento Valley 
(overall) 

13.50 (4.51) 11.21 (6.34) 
  

Site 1 15.41 (22.37) 8.38 (20.54)   
Site 2 10.43 (18.58) 4.86 (14.52)   
Site 3 8.75 (17.74) 8.13 (19.65)   
Site 4 13.88 (24.34) 9.42 (20.98)   
Site 5 11.65 (17.74) 7.70 (19.83)   
Site 6 5.97 (13.85) 9.06 (22.88)   
Site 7 17.07 (25.83) 13.59 (25.39)   
Site 8 9.55 (19.01) 9.91 (23.78)   
Site 9 18.88 (26.17) 27.34 (33.57)   
Site 10 19.23 (27.61) 17.65 (31.29)   
Site 11 17.71 (24.89) 7.30 (19.57)  

Rock Sacramento Valley 
(overall) 

1.06 (1.03) 1.88 (1.92) 
  

Site 1 2.68 (12.25) 1.27 (6.72)   
Site 2 1.54 (9.73) 3.03 (13.64)   
Site 3 2.42 (11.7) 5.13 (21.40)   
Site 4 0.14 (1.61) 0.13 (1.58) 
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Group Variable Site Used Random   
Site 5 0.17 (2.59) 0.00 (0.00)   
Site 6 0.13 (1.61) 3.12 (14.28)   
Site 7 0.13 (2.15) 0.44 (5.37)   
Site 8 0.62 (6.51) 0.31 (4.36)   
Site 9 2.32 (12.2) 1.89 (12.79)   
Site 10 0.25 (4.27) 0.36 (4.90)   
Site 11 1.29 (7.81) 5.01 (20.10)  

Bare ground Sacramento Valley 
(overall) 

8.63 (5.22) 27.40 (6.89) 
  

Site 1 11.89 (20.99) 30.80 (40.28)   
Site 2 5.82 (14.11) 30.86 (40.80)   
Site 3 7.01 (14.75) 28.31 (38.41)   
Site 4 3.21 (8.06) 21.21 (34.58)   
Site 5 14.83 (26.79) 42.32 (44.77)   
Site 6 2.50 (8.67) 24.74 (38.72)   
Site 7 4.26 (13.08) 23.73 (35.09)   
Site 8 11.83 (21.55) 25.69 (36.48)   
Site 9 9.26 (21.86) 24.79 (32.18)   
Site 10 5.39 (12.69) 16.04 (29.86)   
Site 11 18.89 (27.28) 32.89 (42.32) 

Vegetation type Tule (Schoenoplectus 
acutus) 

Sacramento Valley 
(overall) 

1.41 (1.64) 0.42 (0.44) 
  

Site 1 4.59 (17.26) 1.24 (8.84)   
Site 2 2.04 (12.03) 0.33 (4.72)   
Site 3 3.16 (13.83) 0.45 (4.90)   
Site 4 0.87 (8.20) 0.03 (0.48)   
Site 5 0.04 (0.47) 0.00 (0.00)   
Site 6 0.00 (0.00) 0.81 (8.21)   
Site 7 0.00 (0.00) 0.00 (0.00)   
Site 8 3.32 (13.63) 1.01 (8.91)   
Site 9 1.30 (8.59) 0.51 (4.45)   
Site 10 0.00 (0.04) 0.01 (0.22)   
Site 11 0.20 (3.14) 0.19 (4.20)  

Cattail (Typha spp.) Sacramento Valley 
(overall) 

5.47 (5.04) 1.52 (1.17) 
  

Site 1 2.59 (12.68) 1.97 (12.22)   
Site 2 15.38 (28.73) 2.07 (12.07)   
Site 3 2.90 (13.11) 0.97 (7.41)   
Site 4 2.03 (10.21) 0.16 (2.44)   
Site 5 0.84 (5.36) 0.87 (8.93)   
Site 6 12.96 (25.25) 2.24 (11.44)   
Site 7 2.79 (9.30) 0.44 (3.96)   
Site 8 9.06 (21.99) 3.74 (16.35)   
Site 9 7.14 (18.99) 2.96 (12.85)   
Site 10 4.33 (17.63) 1.18 (9.33) 
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Group Variable Site Used Random   
Site 11 0.20 (3.77) 0.16 (3.30)  

Water-primrose 
(Ludwigia spp.) 

Sacramento Valley 
(overall) 

6.64 (10.94) 1.94 (2.43) 
  

Site 1 1.31 (10.08) 0.60 (6.57)   
Site 2 7.06 (23.77) 3.67 (17.49)   
Site 3 4.09 (17.59) 0.85 (7.79)   
Site 4 5.69 (17.27) 2.51 (12.49)   
Site 5 0.31 (4.66) 0.00 (0.00)   
Site 6 38.52 (43.51) 8.23 (25.93)   
Site 7 0.04 (0.71) 0.01 (0.37)   
Site 8 2.43 (13.54) 1.60 (11.15)   
Site 9 6.06 (22.16) 2.89 (15.17)   
Site 10 0.19 (3.80) 0.02 (0.55)   
Site 11 7.33 (24.03) 0.97 (8.90)  

Smartweed (Polygonum 
spp.) 

Sacramento Valley 
(overall) 

2.88 (4.00) 1.00 (1.31) 
  

Site 1 2.94 (12.96) 0.60 (5.46)   
Site 2 0.62 (5.29) 0.22 (3.05)   
Site 3 2.29 (11.47) 0.57 (6.21)   
Site 4 4.40 (15.67) 2.03 (11.52)   
Site 5 0.00 (0.00) 0.18 (1.85)   
Site 6 0.56 (4.12) 0.00 (0.00)   
Site 7 14.2 (30.38) 3.86 (17.18)   
Site 8 1.95 (11.74) 0.30 (4.11)   
Site 9 2.97 (14.09) 2.85 (11.15)   
Site 10 1.60 (7.94) 0.37 (4.11)   
Site 11 0.12 (1.50) 0.01 (0.16)  

Cultivated rice (Oryza 
sativa) 

Sacramento Valley 
(overall) 

5.88 (3.07) 18.77 (7.36) 
  

Site 1 6.48 (23.84) 21.86 (39.76)   
Site 2 10.48 (29.00) 19.38 (38.42)   
Site 3 4.36 (19.58) 13.93 (33.30)   
Site 4 8.94 (27.19) 18.40 (37.39)   
Site 5 7.18 (24.81) 16.02 (35.04)   
Site 6 6.14 (23.67) 20.33 (39.27)   
Site 7 5.14 (19.74) 26.58 (41.36)   
Site 8 1.41 (10.78) 19.29 (36.79)   
Site 9 0.58 (7.54) 4.50 (20.22)   
Site 10 9.01 (28.01) 33.01 (44.87)   
Site 11 5.00 (20.47) 13.21 (32.47)  

Watergrass (Echinochloa 
spp.) 

Sacramento Valley 
(overall) 

5.06 (4.34) 1.91 (1.47) 
  

Site 1 1.05 (7.34) 1.55 (8.43)   
Site 2 6.85 (18.17) 1.86 (11.15)   
Site 3 4.47 (17.26) 1.28 (9.46) 
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Group Variable Site Used Random   
Site 4 2.85 (11.29) 1.70 (9.30)   
Site 5 1.14 (6.19) 0.19 (2.08)   
Site 6 2.51 (8.31) 2.29 (13.42)   
Site 7 15.51 (26.09) 5.57 (16.54)   
Site 8 4.88 (17.85) 3.07 (13.11)   
Site 9 8.90 (23.52) 2.18 (11.06)   
Site 10 6.41 (20.26) 0.89 (7.88)   
Site 11 1.05 (6.99) 0.48 (4.92)  

Turf grasses (Poaceae) Sacramento Valley 
(overall) 

2.41 (3.81) 2.05 (1.00) 
  

Site 1 3.22 (12.37) 3.21 (13.95)   
Site 2 1.47 (7.79) 1.45 (8.79)   
Site 3 1.35 (8.89) 1.55 (9.40)   
Site 4 0.20 (3.10) 0.93 (8.21)   
Site 5 3.24 (11.83) 2.05 (12.05)   
Site 6 2.25 (10.40) 4.06 (15.60)   
Site 7 2.47 (11.44) 2.82 (12.76)   
Site 8 4.11 (15.52) 1.48 (8.85)   
Site 9 3.13 (14.04) 1.56 (10.10)   
Site 10 4.05 (15.63) 2.49 (12.93)   
Site 11 0.97 (7.16) 0.89 (7.91)  

Annual grasses (Poaceae Sacramento Valley 
(overall) 

11.92 (8.76) 4.75 (2.41) 
  

Site 1 8.71 (20.53) 4.59 (16.65)   
Site 2 6.48 (20.66) 3.94 (17.31)   
Site 3 13.54 (26.32) 7.14 (21.56)   
Site 4 10.06 (23.97) 5.11 (17.57)   
Site 5 33.21 (38.74) 10.44 (26.68)   
Site 6 3.59 (12.40) 4.94 (19.39)   
Site 7 5.44 (15.46) 2.22 (11.15)   
Site 8 5.69 (16.70) 2.99 (13.14)   
Site 9 10.89 (21.76) 3.47 (14.45)   
Site 10 22.71 (33.28) 5.44 (18.46)   
Site 11 10.81 (23.31) 1.98 (11.20)  

Forbs Sacramento Valley 
(overall) 

16.54 (6.68) 9.27 (3.86) 
  

Site 1 25.45 (28.63) 10.06 (22.60)   
Site 2 15.09 (28.91) 5.02 (15.92)   
Site 3 26.57 (33.76) 15.96 (29.26)   
Site 4 25.64 (36.01) 14.61 (30.38)   
Site 5 10.05 (18.19) 5.02 (15.77)   
Site 6 10.32 (21.47) 12.16 (28.36)   
Site 7 10.04 (20.47) 7.04 (18.67)   
Site 8 15.28 (24.06) 10.29 (22.60)   
Site 9 12.57 (24.29) 10.15 (24.36) 
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Group Variable Site Used Random   
Site 10 11.08 (20.34) 5.44 (15.97)   
Site 11 19.88 (28.52) 6.19 (19.01) 

Vegetation 
height 

<1 centimeter Sacramento Valley 
(overall) 

15.79 (7.05) 40.11 (3.32) 
  

Site 1 18.46 (25.74) 41.93 (42.46)   
Site 2 13.78 (24.84) 51.29 (43.63)   
Site 3 16.55 (25.02) 39.43 (41.53)   
Site 4 5.35 (11.84) 27.81 (37.98)   
Site 5 21.92 (30.14) 55.21 (43.57)   
Site 6 6.69 (18.50) 28.96 (40.27)   
Site 7 10.88 (22.08) 32.49 (39.02)   
Site 8 20.34 (27.16) 38.65 (41.03)   
Site 9 14.71 (25.78) 34.65 (36.07)   
Site 10 14.77 (26.13) 29.83 (38.09)   
Site 11 30.24 (33.44) 61.00 (43.51)  

1–15 centimeters Sacramento Valley 
(overall) 

3.78 (1.48) 5.94 (1.07) 
  

Site 1 5.76 (17.14) 6.59 (19.16)   
Site 2 2.52 (12.02) 5.29 (16.33)   
Site 3 3.85 (15.18) 5.35 (16.93)   
Site 4 3.68 (15.64) 6.86 (21.37)   
Site 5 3.38 (10.30) 5.76 (18.10)   
Site 6 1.06 (8.47) 5.31 (17.38)   
Site 7 5.36 (15.89) 8.42 (21.38)   
Site 8 2.42 (10.99) 6.14 (17.56)   
Site 9 3.11 (13.97) 4.75 (17.98)   
Site 10 5.27 (15.71) 6.04 (17.89)   
Site 11 5.15 (16.76) 4.80 (17.55) 

 
16–50 centimeters Sacramento Valley 

(overall) 
18.39 (4.61) 13.51 (3.52) 

  
Site 1 17.07 (29.65) 14.34 (31.62)   
Site 2 19.96 (34.64) 11.83 (30.03)   
Site 3 16.97 (30.25) 12.56 (29.37)   
Site 4 21.74 (35.46) 16.36 (33.59)   
Site 5 16.66 (29.86) 15.30 (32.75)   
Site 6 30.07 (40.27) 21.50 (38.68)   
Site 7 13.28 (26.40) 14.16 (31.34)   
Site 8 14.33 (26.58) 9.69 (26.10)   
Site 9 14.98 (29.01) 10.09 (26.30)   
Site 10 19.39 (31.62) 13.48 (30.32)   
Site 11 17.87 (31.05) 9.34 (27.00)  

51–100 centimeters Sacramento Valley 
(overall) 

17.28 (4.05) 14.94 (5.53) 
  

Site 1 15.87 (30.25) 16.55 (34.74)   
Site 2 17.28 (32.39) 15.32 (34.48) 
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Group Variable Site Used Random   
Site 3 21.03 (34.13) 15.59 (33.11)   
Site 4 21.28 (35.03) 20.78 (37.01)   
Site 5 15.24 (30.46) 7.89 (25.08)   
Site 6 23.81 (37.79) 15.00 (34.79)   
Site 7 17.05 (31.00) 17.48 (35.32)   
Site 8 11.65 (25.25) 16.03 (33.66)   
Site 9 14.24 (27.86) 7.73 (22.67)   
Site 10 20.93 (34.84) 24.82 (42.22)   
Site 11 11.71 (26.77) 7.10 (23.75)  

>100 centimeters Sacramento Valley 
(overall) 

20.30 (4.48) 8.21 (3.22) 
  

Site 1 17.77 (29.05) 8.24 (23.08)   
Site 2 25.91 (35.90) 5.15 (19.61)   
Site 3 21.37 (34.35) 9.52 (26.43)   
Site 4 19.93 (31.74) 10.29 (26.22)   
Site 5 20.95 (36.28) 5.59 (21.22)   
Site 6 22.56 (32.12) 13.12 (31.10)   
Site 7 26.09 (35.46) 9.52 (25.60)   
Site 8 20.35 (30.94) 11.98 (28.39)   
Site 9 22.81 (33.62) 9.32 (23.19)   
Site 10 13.80 (29.33) 4.53 (18.37)   
Site 11 11.72 (25.32) 3.03 (15.08) 

 

Table 14. Overall and site-specific selection ratios for giant gartersnake (Thamnophis gigas) selection of 
microhabitats in rice-growing regions of the Sacramento Valley, California, 2014‒16.  
 
[Rows in bold represent positive selection of the microhabitat overall or at that site; rows in italics represent avoidance of 
the microhabitat overall or at that site. Values in the table are posterior medians (95-percent credible intervals)] 
 

Microhabitat Site Selection ratio 
Open water Sacramento Valley (overall) 0.94 (0.88 ‒ 1.01) 
 Site 1 0.92 (0.84 ‒ 1.00) 
 Site 2 0.92 (0.83 ‒ 1.02) 
 Site 3 0.95 (0.88 ‒ 1.04) 
 Site 4 0.93 (0.82 ‒ 1.04) 
 Site 5 0.93 (0.82 ‒ 1.06) 
 Site 6 0.94 (0.82 ‒ 1.13) 
 Site 7 0.97 (0.88 ‒ 1.13) 
 Site 8 0.92 (0.85 ‒ 0.99) 
 Site 9 0.92 (0.80 ‒ 1.02) 
 Site 10 0.97 (0.89 ‒ 1.11) 
 Site 11 0.93 (0.86 ‒ 1.01) 
Emergent vegetation Sacramento Valley (overall) 1.02 (0.94 ‒ 1.11) 
 Site 1 0.95 (0.86 ‒ 1.06) 
 Site 2 1.08 (0.96 ‒ 1.21) 
 Site 3 1.05 (0.94 ‒ 1.20) 
 Site 4 1.05 (0.94 ‒ 1.18) 
 Site 5 0.99 (0.81 ‒ 1.19) 
 Site 6 1.04 (0.85 ‒ 1.31) 
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Microhabitat Site Selection ratio 
 Site 7 1.05 (0.95 ‒ 1.18) 
 Site 8 0.94 (0.82 ‒ 1.08) 
 Site 9 1.06 (0.92 ‒ 1.21) 
 Site 10 0.96 (0.85 ‒ 1.09) 
 Site 11 1.06 (0.95 ‒ 1.20) 
Terrestrial vegetation Sacramento Valley (overall) 1.17 (1.09 ‒ 1.27) 
 Site 1 1.15 (1.05 ‒ 1.27) 
 Site 2 1.21 (1.06 ‒ 1.43) 
 Site 3 1.12 (1.01 ‒ 1.23) 
 Site 4 1.13 (0.99 ‒ 1.29) 
 Site 5 1.20 (1.03 ‒ 1.45) 
 Site 6 1.17 (0.98 ‒ 1.42) 
 Site 7 1.16 (1.04 ‒ 1.30) 
 Site 8 1.12 (1.01 ‒ 1.24) 
 Site 9 1.14 (1.01 ‒ 1.28) 
 Site 10 1.26 (1.11 ‒ 1.44) 
 Site 11 1.26 (1.11 ‒ 1.42) 
Litter Sacramento Valley (overall) 1.07 (0.97 ‒ 1.19) 
 Site 1 1.12 (0.98 ‒ 1.30) 
 Site 2 1.20 (1.01 ‒ 1.41) 
 Site 3 1.02 (0.92 ‒ 1.13) 
 Site 4 1.14 (0.95 ‒ 1.38) 
 Site 5 1.05 (0.85 ‒ 1.29) 
 Site 6 1.07 (0.85 ‒ 1.38) 
 Site 7 1.09 (0.96 ‒ 1.25) 
 Site 8 0.96 (0.85 ‒ 1.11) 
 Site 9 0.97 (0.85 ‒ 1.15) 
 Site 10 1.03 (0.91 ‒ 1.18) 
 Site 11 1.18 (1.03 ‒ 1.31) 
Bare ground Sacramento Valley (overall) 0.76 (0.69 ‒ 0.83) 
 Site 1 0.79 (0.70 ‒ 0.90) 
 Site 2 0.73 (0.64 ‒ 0.81) 
 Site 3 0.75 (0.67 ‒ 0.83) 
 Site 4 0.75 (0.63 ‒ 0.87) 
 Site 5 0.74 (0.61 ‒ 0.88) 
 Site 6 0.76 (0.62 ‒ 0.93) 
 Site 7 0.73 (0.61 ‒ 0.84) 
 Site 8 0.76 (0.70 ‒ 0.81) 
 Site 9 0.78 (0.68 ‒ 0.91) 
 Site 10 0.75 (0.63 ‒ 0.87) 
 Site 11 0.85 (0.73 ‒ 0.96) 

Table 15. Logit-scale standard deviations describing among-site variation in microhabitat selection ratios for giant 
gartersnakes (Thamnophis gigas) in rice-growing regions of the Sacramento Valley, California, 2014‒16.  
 
[Values in the table are posterior medians (95-percent credible intervals). <, less than] 
 

Microhabitat Standard deviation 
Open water 0.05 (<0.01 ‒ 0.15) 
Emergent vegetation 0.08 (0.02 ‒ 0.19) 
Terrestrial vegetation 0.08 (0.01 ‒ 0.18) 
Litter 0.11 (0.04 ‒ 0.23) 
Bare ground 0.08 (0.01 ‒ 0.20) 
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Table 16. Overall and site-specific selection ratios for giant gartersnake (Thamnophis gigas) selection of 
vegetation types in rice-growing regions of the Sacramento Valley, California, 2014‒16.  
 
[Rows in bold represent positive selection of the vegetation type overall or at that site; rows in italics represent avoidance 
of the vegetation type overall or at that site. Values in the table are posterior medians (95-percent credible intervals)] 

 
Vegetation type Site Selection ratio 

Tule (Schoenoplectus acutus) Sacramento Valley (overall) 1.71 (1.22 ‒ 2.55) 
 Site 1 1.71 (1.17 ‒ 2.68) 
 Site 2 1.75 (1.20 ‒ 3.20) 
 Site 3 1.86 (1.30 ‒ 3.71) 
 Site 4 1.77 (1.12 ‒ 4.11) 
 Site 5 1.71 (0.87 ‒ 3.73) 
 Site 6 1.64 (0.70 ‒ 3.01) 
 Site 7 1.71 (0.84 ‒ 3.74) 
 Site 8 1.59 (0.97 ‒ 2.39) 
 Site 9 1.65 (1.05 ‒ 2.71) 
 Site 10 1.71 (0.84 ‒ 3.74) 
 Site 11 1.68 (1.01 ‒ 2.93) 
Cattail (Typha spp.) Sacramento Valley (overall) 1.41 (1.20 ‒ 1.71) 
 Site 1 1.27 (1.09 ‒ 1.58) 
 Site 2 1.58 (1.26 ‒ 1.94) 
 Site 3 1.43 (1.10 ‒ 2.00) 
 Site 4 1.44 (1.03 ‒ 2.35) 
 Site 5 1.35 (0.88 ‒ 1.94) 
 Site 6 1.46 (1.04 ‒ 2.28) 
 Site 7 1.54 (1.19 ‒ 2.23) 
 Site 8 1.36 (1.12 ‒ 1.74) 
 Site 9 1.30 (1.08 ‒ 1.64) 
 Site 10 1.38 (1.07 ‒ 1.81) 
 Site 11 1.38 (0.99 ‒ 2.03) 
Water-primrose (Ludwigia spp.) Sacramento Valley (overall) 1.41 (1.19 ‒ 1.72) 
 Site 1 1.42 (1.13 ‒ 1.98) 
 Site 2 1.39 (1.09 ‒ 1.82) 
 Site 3 1.46 (1.21 ‒ 1.92) 
 Site 4 1.39 (1.15 ‒ 1.74) 
 Site 5 1.42 (1.01 ‒ 2.24) 
 Site 6 1.42 (1.05 ‒ 1.95) 
 Site 7 1.42 (1.00 ‒ 2.24) 
 Site 8 1.33 (1.02 ‒ 1.71) 
 Site 9 1.31 (0.91 ‒ 1.68) 
 Site 10 1.42 (1.00 ‒ 2.17) 
 Site 11 1.50 (1.20 ‒ 2.21) 
Smartweed (Polygonum spp.) Sacramento Valley (overall) 1.46 (1.25 ‒ 1.86) 
 Site 1 1.48 (1.27 ‒ 1.80) 
 Site 2 1.50 (1.16 ‒ 2.32) 
 Site 3 1.48 (1.21 ‒ 1.99) 
 Site 4 1.46 (1.13 ‒ 2.27) 
 Site 5 1.44 (0.93 ‒ 2.22) 
 Site 6 1.46 (1.03 ‒ 2.46) 
 Site 7 1.35 (1.15 ‒ 1.64) 
 Site 8 1.52 (1.19 ‒ 2.39) 
 Site 9 1.35 (0.95 ‒ 1.79) 
 Site 10 1.47 (1.17 ‒ 2.15) 
 Site 11 1.49 (1.11 ‒ 2.74) 
Cultivated rice (Oryza sativa) Sacramento Valley (overall) 0.70 (0.53 ‒ 0.84) 
 Site 1 0.65 (0.34 ‒ 0.88) 
 Site 2 0.81 (0.58 ‒ 1.04) 
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Vegetation type Site Selection ratio 
 Site 3 0.72 (0.47 ‒ 0.93) 
 Site 4 0.78 (0.56 ‒ 0.99) 
 Site 5 0.70 (0.40 ‒ 1.06) 
 Site 6 0.75 (0.46 ‒ 1.11) 
 Site 7 0.71 (0.53 ‒ 0.86) 
 Site 8 0.60 (0.36 ‒ 0.80) 
 Site 9 0.66 (0.32 ‒ 0.95) 
 Site 10 0.73 (0.54 ‒ 0.90) 
 Site 11 0.70 (0.43 ‒ 0.89) 
Watergrass (Echinochloa spp.) Sacramento Valley (overall) 1.35 (1.19 ‒ 1.56) 
 Site 1 1.24 (1.01 ‒ 1.50) 
 Site 2 1.43 (1.19 ‒ 1.75) 
 Site 3 1.34 (1.09 ‒ 1.71) 
 Site 4 1.37 (1.12 ‒ 1.73) 
 Site 5 1.37 (1.04 ‒ 1.93) 
 Site 6 1.33 (0.94 ‒ 1.74) 
 Site 7 1.37 (1.18 ‒ 1.61) 
 Site 8 1.31 (1.11 ‒ 1.57) 
 Site 9 1.37 (1.16 ‒ 1.70) 
 Site 10 1.39 (1.17 ‒ 1.84) 
 Site 11 1.37 (1.06 ‒ 1.88) 
Annual grasses (Poaceae) Sacramento Valley (overall) 1.34 (1.21 ‒ 1.50) 
 Site 1 1.28 (1.14 ‒ 1.47) 
 Site 2 1.34 (1.07 ‒ 1.73) 
 Site 3 1.26 (1.12 ‒ 1.44) 
 Site 4 1.27 (1.01 ‒ 1.55) 
 Site 5 1.39 (1.16 ‒ 1.68) 
 Site 6 1.31 (1.05 ‒ 1.67) 
 Site 7 1.35 (1.10 ‒ 1.78) 
 Site 8 1.26 (1.10 ‒ 1.46) 
 Site 9 1.42 (1.22 ‒ 1.69) 
 Site 10 1.36 (1.21 ‒ 1.55) 
 Site 11 1.45 (1.23 ‒ 1.77) 
Forbs Sacramento Valley (overall) 1.29 (1.18 ‒ 1.40) 
 Site 1 1.36 (1.22 ‒ 1.52) 
 Site 2 1.37 (1.18 ‒ 1.59) 
 Site 3 1.23 (1.14 ‒ 1.36) 
 Site 4 1.26 (1.11 ‒ 1.46) 
 Site 5 1.32 (1.10 ‒ 1.70) 
 Site 6 1.26 (1.03 ‒ 1.54) 
 Site 7 1.25 (1.10 ‒ 1.41) 
 Site 8 1.24 (1.09 ‒ 1.42) 
 Site 9 1.21 (1.02 ‒ 1.42) 
 Site 10 1.28 (1.15 ‒ 1.45) 
 Site 11 1.35 (1.24 ‒ 1.49) 
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Table 17. Logit-scale standard deviations describing among-site variation in vegetation type selection ratios for 
giant gartersnakes (Thamnophis gigas) in rice-growing regions of the Sacramento Valley, California, 2014‒16.  
 
[Values in the table are posterior medians (95-percent credible intervals)] 

 
Vegetation type Standard deviation 

Tule (Schoenoplectus acutus) 0.17 (0.01 ‒ 0.78) 
Cattail (Typha spp.) 0.14 (0.01 ‒ 0.40) 
Water-primrose (Ludwigia spp.) 0.11 (0.01 ‒ 0.41) 
Smartweed (Polygonum spp.) 0.12 (0.01 ‒ 0.45) 
Cultivated rice (Oryza sativa) 0.18 (0.02 ‒ 0.53) 
Watergrass (Echinochloa spp.) 0.09 (0.01 ‒ 0.30) 
Annual grasses (Poaceae) 0.09 (0.01 ‒ 0.24) 
Forbs 0.08 (0.01 ‒ 0.20) 

 

Table 18. Overall and site-specific selection ratios for giant gartersnake (Thamnophis gigas) selection of 
vegetation heights in rice-growing regions of the Sacramento Valley, California, 2014‒16.  
 
[Rows in bold represent positive selection of the height category overall or at that site; rows in italics represent avoidance 
of the height category overall or at that site. Values in the table are posterior medians (95-percent credible intervals). <, less 
than; >, greater than] 

 
Vegetation height category Site Selection ratio 

< 1 centimeter Sacramento Valley (overall) 0.78 (0.74 ‒ 0.82) 
 Site 1 0.78 (0.71 ‒ 0.82) 
 Site 2 0.77 (0.69 ‒ 0.82) 
 Site 3 0.79 (0.75 ‒ 0.84) 
 Site 4 0.78 (0.70 ‒ 0.84) 
 Site 5 0.78 (0.69 ‒ 0.84) 
 Site 6 0.79 (0.71 ‒ 0.86) 
 Site 7 0.78 (0.73 ‒ 0.82) 
 Site 8 0.79 (0.75 ‒ 0.84) 
 Site 9 0.79 (0.74 ‒ 0.87) 
 Site 10 0.79 (0.74 ‒ 0.85) 
 Site 11 0.79 (0.74 ‒ 0.84) 
1‒15 centimeters Sacramento Valley (overall) 0.84 (0.76 ‒ 0.92) 
 Site 1 0.81 (0.70 ‒ 0.92) 
 Site 2 0.83 (0.69 ‒ 0.95) 
 Site 3 0.84 (0.73 ‒ 0.95) 
 Site 4 0.86 (0.73 ‒ 1.02) 
 Site 5 0.84 (0.69 ‒ 1.01) 
 Site 6 0.84 (0.68 ‒ 1.03) 
 Site 7 0.83 (0.70 ‒ 0.94) 
 Site 8 0.78 (0.65 ‒ 0.91) 
 Site 9 0.88 (0.73 ‒ 1.06) 
 Site 10 0.85 (0.76 ‒ 0.94) 
 Site 11 0.92 (0.81 ‒ 1.02) 
16‒50 centimeters Sacramento Valley (overall) 0.95 (0.89 ‒ 1.00) 
 Site 1 0.91 (0.83 ‒ 1.00) 
 Site 2 0.95 (0.89 ‒ 1.02) 
 Site 3 0.96 (0.91 ‒ 1.02) 
 Site 4 0.93 (0.83 ‒ 1.01) 
 Site 5 0.94 (0.80 ‒ 1.06) 
 Site 6 0.96 (0.83 ‒ 1.10) 
 Site 7 0.91 (0.82 ‒ 1.00) 
 Site 8 0.95 (0.87 ‒ 1.03) 
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Vegetation height category Site Selection ratio 
 Site 9 0.97 (0.87 ‒ 1.10) 
 Site 10 0.96 (0.89 ‒ 1.04) 
 Site 11 1.01 (0.93 ‒ 1.10) 
51‒100 centimeters Sacramento Valley (overall) 0.91 (0.86 ‒ 0.97) 
 Site 1 0.85 (0.79 ‒ 0.93) 
 Site 2 0.91 (0.85 ‒ 0.98) 
 Site 3 0.95 (0.88 ‒ 1.02) 
 Site 4 0.90 (0.80 ‒ 1.00) 
 Site 5 0.92 (0.82 ‒ 1.05) 
 Site 6 0.92 (0.80 ‒ 1.09) 
 Site 7 0.91 (0.85 ‒ 0.96) 
 Site 8 0.88 (0.79 ‒ 0.96) 
 Site 9 0.94 (0.83 ‒ 1.05) 
 Site 10 0.89 (0.83 ‒ 0.96) 
 Site 11 0.94 (0.87 ‒ 1.04) 
 >100 centimeters Sacramento Valley (overall) 1.09 (1.02 ‒ 1.16) 
 Site 1 1.07 (0.95 ‒ 1.17) 
 Site 2 1.12 (1.03 ‒ 1.24) 
 Site 3 1.09 (0.97 ‒ 1.20) 
 Site 4 1.08 (0.96 ‒ 1.19) 
 Site 5 1.10 (0.98 ‒ 1.25) 
 Site 6 1.09 (0.96 ‒ 1.24) 
 Site 7 1.09 (1.02 ‒ 1.19) 
 Site 8 1.05 (0.93 ‒ 1.16) 
 Site 9 1.13 (1.02 ‒ 1.26) 
 Site 10 1.10 (1.00 ‒ 1.24) 
 Site 11 1.09 (1.00 ‒ 1.19) 

 

Table 19. Logit-scale standard deviations describing among-site variation in vegetation height selection ratios for 
giant gartersnakes (Thamnophis gigas) in rice-growing regions of the Sacramento Valley, California, 2014‒16.  
 
[Values in the table are posterior medians (95-percent credible intervals).<, less than; >, greater than] 

 
Vegetation height category Standard deviation 

<1 centimeter 0.03 (<0.01 ‒ 0.10) 
1‒15 centimeter 0.08 (0.01 ‒ 0.21) 
16‒50 centimeter 0.05 (0.01 ‒ 0.14) 
50‒100 centimeter 0.06 (0.01 ‒ 0.15) 
>100 centimeter 0.05 (<0.01 ‒ 0.14) 
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Figure 5. Odds ratios for selection of microhabitats by giant gartersnakes (Thamnophis gigas) in rice-growing 
regions of the Sacramento Valley, California, 2014–16. Odds ratios represent the change in odds of giant 
gartersnakes using a 0.79-square-meter circular quadrat with a 10 percent increase in the percentage of cover of 
the microhabitat. Large circles represent posterior medians for the Sacramento Valley, error bars represent 95 
percent credible intervals for the Sacramento Valley, and gray circles represent posterior medians at individual 
study sites. Giant gartersnakes did not statistically differ in the strength of selection for microhabitats with the 
same letter above the error bars. 
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Figure 6. Odds ratios for selection of vegetation types by giant gartersnakes (Thamnophis gigas) in rice-growing 
regions of the Sacramento Valley, California, 2014–16. Odds ratios represent the change in odds of giant 
gartersnakes using a 0.79-square-meter circular quadrat with a 10 percent increase in the percentage of cover of 
the vegetation type. Large circles represent posterior medians for the Sacramento Valley, error bars represent 95-
percent credible intervals for the Sacramento Valley, and gray circles represent posterior medians at individual 
study sites. Giant gartersnakes did not statistically differ in the strength of selection for vegetation types with the 
same letter above the error bars. 
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Figure 7. Odds ratios for selection of vegetation height categories by giant gartersnakes (Thamnophis gigas) in 
rice-growing regions of the Sacramento Valley, California, 2014‒16. Odds ratios represent the change in odds of 
giant gartersnakes using a 0.79-square-meter circular quadrat with a 10 percent increase in the percentage of 
cover of vegetation in the specified height category. Large circles represent posterior medians for the Sacramento 
Valley, error bars represent 95-percent credible intervals for the Sacramento Valley, and gray circles represent 
posterior medians at individual study sites. Giant gartersnakes did not statistically differ in the strength of selection 
for vegetation height categories with the same letter above the error bars. 
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Health Assessment 

Comparison to Reference Values 
Overall, we performed 86 health assessments of 58 giant gartersnakes, including 54 females 

and 4 males, during 2014–16. Snakes were held in captivity for an average of 10 days (range 1–45 
days) before they received a health assessment. Thirty-three snakes had blood drawn once, 22 snakes 
had blood drawn twice, and three snakes had three blood samples taken. Due to sample size and 
processing, not all analytes were obtained for all samples. There were a few notable differences 
between the health parameters of snakes sampled in this study and the values from snakes collected in 
2008 and reported by Wack and others (2012). The median white blood cell count of snakes collected 
in this study was almost half of the median count from “apparently healthy” snakes reported in Wack 
and others (2012; tables 20 and 21). Specifically, median lymphocyte, heterophil, and azurophil counts 
are much lower in this study than for snakes captured in 2008 and analyzed by Wack and others (2012) 
(fig. 8). 

Red blood cell count, hemoglobin concentration, and pack cell volume measurements from 
snakes in this study were all very similar to the reference values reported by Wack and others (2012) 
(tables 20 and 21). Similarly, most of the plasma biochemistry values measured for snakes in this study 
are within the baseline ranges reported by Wack and others (2012; fig. 9, tables 20 and 21). Notable 
exceptions include phosphorus, which had a 39 percent higher median concentration in this study (5.3 
mg/dL) compared to the reference value (3.8 mg/dL), and creatinine kinase, which had both a lower 
median concentration (387 compared to 439 IU/L) and higher maximum concentration (3,028 
compared to 1,666 IU/L) in this study compared to the results of Wack and others (2012). Finally, 
although the median AST value from this study (16.5 IU/L) was lower than the reference value (22 
IU/L), the observed range of values was similar (tables 20 and 21). 
 

 
Figure 8. Comparison of white blood cell (WBC) counts in giant gartersnakes (Thamnophis gigas) from the 
current study (open circles) to published reference values from Wack and others (2012). Circles represent median 
values, bars represent 10th and 90th percentiles of measured counts. 
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Figure 9. Comparison of selected plasma biochemistry values in giant gartersnakes (Thamnophis gigas) from the 
current study to published reference values from Wack and others (2012).Circles represent median values, bars 
represent 10th and 90th percentiles of measured values. Units for the concentration values are as follows: AST 
(aspartate aminotransferase; International Units per liter), uric acid (milligram per deciliter [mg/dL]), calcium (Ca; 
mg/dL), phosphorus, (P; mg/dL), total protein (gram per deciliter [g/dL]), albumin (g/dL), globulin (g/dL), and 
potassium, (K; millimoles per deciliter). 

 

Table 20. Hematological and plasma biochemistry values from giant gartersnakes (Thamnophis gigas) collected 
Sacramento Valley, California, 2014–16. 
 
[g/dL, gram per deciliter; IU/L, International Units per liter; µL, microliter; μmol/L, micromoles per liter; mg/dL, 
milligram per deciliter; mmol/dL, millimoles per deciliter; <, less than] 

 
Parameter Number Median 10th 

percentile 
90th 

percentile Minimum Maximum 
White blood cell count (× 103/ µL) 86 5.7 2.5 14.3 0.2 24.2 
Red blood cell count (× 106/ µL) 84 0.8 0.5 1.1 0.2 3.8 
Hemoglobin (g/dL) 86 9.0 5.8 11.4 2.4 13.8 
Pack cell volume (%) 86 27.0 18.5 35.0 8.0 41.0 
Heterophils (× 103/μL) 86 0.5 0.2 1.5 0.0 3.6 
Lymphocytes (× 103/μL) 86 3.9 1.7 10.5 0.0 19.4 
Basophils (× 103/μL) 85 0.1 0.0 0.5 0.0 0.8 
Azurophils (× 103/μL) 86 0.3 0.0 2.5 0.0 4.4 
Eosinophils (× 103/μL) 86 0.0 0.0 0.0 0.0 0.1 
Band cells (× 103/μL) 86 0.0 0.0 0.0 0.0 1.1 
Monocytes (× 103/μL) 86 0.0 0.0 0.3 0.0 1.2 
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Parameter Number Median 10th 
percentile 

90th 
percentile Minimum Maximum 

Plasma protein (g/dL) 85 5.4 4.2 6.9 1.4 9.6 
Aspartate aminotransferase (IU/L) 86 16.5 10.0 30.0 7.0 80.0 
Bile acids (μmol/L) 86 387 152 1,431 76 3,028 
Creatinine kinase (IU/L) 86 4.8 2.3 9.9 0.5 17.8 
Uric acid (mg/dL) 86 76 53 104 30 144 
Glucose (mg/dL) 86 15.4 13.2 16.1 0.0 16.1 
Calcium (mg/dL) 86 5.3 4.0 7.9 2.6 13.3 
Phosphorus (mg/dL) 86 4.8 3.6 5.5 2.0 6.4 
Total protein (g/dL) 86 1.3 1.0 1.5 0.9 2.0 
Albumin (g/dL) 85 3.5 0.8 4.2 0.0 4.9 
Globulin (g/dL) 86 4.7 3.8 6.3 3.1 7.9 
Potassium (mmol/dL) 86 159 152 165 146 170 
Sodium (mmol/dL) 86 5.7 2.5 14.3 0.2 24.2 

 

Table 21. Hematological and plasma biochemistry values from giant gartersnakes (Thamnophis gigas) collected 
in Fresno, Merced, and Sacramento Counties, California, 2008 (as reported by Wack and others, 2012). Note that 
Wack and others (2012) did not report cell counts for eosinophils, band cells, or monocytes. 
 
[g/dL, gram per deciliter; IU/L, International Units per liter; µL, microliter; μmol/L, micromoles per liter; mg/dL, 
milligram per deciliter; mmol/dL, millimoles per deciliter] 

 
Parameter Number Median 10th 

percentile 
90th 

percentile Minimum Maximum 

White blood cell count (× 103/ µL ) 46 11.5 6.8 16.4 2.5 18.6 
Red blood cell count (× 106/ µL) 46 0.8 0.5 1.1 0.2 1.4 
Hemoglobin (g/dL) 46 10 7.7 11.8 6.9 13.6 
Pack cell volume (percent) 46 31 22 38 17 45 
Heterophils (× 103/ µL) 45 0.99 0.51 1.97 0.35 2.18 
Lymphocytes (× 103/μL) 46 7.9 3.98 12.28 1.27 14.97 
Basophils (× 103/μL) 45 0.33 0.13 0.64 0.09 0.83 
Azurophils (× 103/μL) 44 1.75 0.5 2.79 0.37 4.4 
Plasma protein (g/dL) 45 5 4.5 5.8 4.2 6.7 
Aspartate aminotransferase (IU/L) 44 22 10 45 8 74 
Bile acids (μmol/L) 45 35 35 35 0 35 
Creatinine kinase (IU/L) 42 439 74 1,070 20 1,666 

 
 Uric acid (mg/dL) 44 5.7 2.9 8.2 1.2 13.1 

Glucose (mg/dL) 43 81 58 115 44 154 
Calcium (mg/dL) 45 15.2 13.8 16 12.9 20 
Phosphorus (mg/dL) 43 3.8 3.3 5.6 1.9 6.3 
Total protein (g/dL) 44 5 4.4 5.7 3.9 6.1 
Albumin (g/dL) 45 1.2 1.1 1.6 1 1.7 
Globulin (g/dL) 43 3.6 3.1 4.3 2.7 4.7 
Potassium (mmol/dL) 44 5.2 3.9 7.9 2.7 8.8 
Sodium (mmol/dL) 44 159 150 166 147 170 
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Model Results 
The proportion of rice within a snake’s buffered home range was not related to any 

hematological or plasma biochemistry parameter. Most hematological and plasma biochemistry 
parameters did not exhibit a strong relationship with any proposed explanatory variable (appendix B). 
White blood cell count, red blood cell count, pack cell volume, heterophil count, lymphocyte count, 
basophil count, azurophil count, monocyte count, plasma protein, AST, creatinine kinase, glucose, 
calcium, total protein, globulin, and sodium levels were all unrelated to snake size, sex, season, days 
spent in captivity prior to examination, or the proportion of rice within a snake’s buffered home range. 
For all of the blood parameters we examined, the amount of unexplained variation was greater than the 
amount of variation that was attributable to differences among sites or differences among individual 
snakes. 

A few measured blood parameters did show significant relationships with proposed 
explanatory variables. Hemoglobin concentrations were higher in male giant gartersnakes than  
females (βsex = 3.02 [0.10 ‒ 5.91]; fig. 10). There is great uncertainty in the average hemoglobin 
concentration for males, due to the small number of male snakes examined. Phosphorus concentration 
was related to season; there was a negative linear relationship between Julian date and the 
concentration of phosphorus in snake plasma (βdate = -0.62 [-1.1 ‒ -0.14]; fig. 11). In other  
words, phosphorus concentration declined as the season moved from spring to summer. Uric acid 
concentration in the plasma also showed a seasonal pattern in the form of a quadratic relationship 
(βdate = -1.04 [-1.9 ‒ -0.16]; βdate2 = 0.77 [0.16 ‒ 1.40]). The best fit model described a seasonal 
pattern where uric acid concentration decreased from a peak in early spring to a minimum in late 
spring to mid-summer, before increasing slightly in late summer (fig. 12). Albumin concentration was 
positively related to snake size; longer snakes tended to have higher albumin levels in their plasma 
(βsize = 0.06 [0.01 ‒ 0.12]) (fig. 13). 

 

 
Figure 10. Effect of sex on hemoglobin levels in giant gartersnakes (Thamnophis gigas) sampled in the 
Sacramento Valley, California, 2014–16. Filled circles represent posterior medians from a hierarchical model with 
a fixed effect of sex and random effects of site and individual, and error bars represent 95-percent credible 
interval of values for each sex. 
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Figure 11. Plasma phosphorus concentration compared to Julian date in giant gartersnakes (Thamnophis gigas) 
sampled in the Sacramento Valley, California, 2014–16. Solid line represents mean model fit, and the dashed 
lines represent 95-percent credible intervals. 

 

 
Figure 12. Uric acid concentration compared to Julian date in giant gartersnakes (Thamnophis gigas) sampled in 
the Sacramento Valley, California, 2014–16. Solid line represents mean model prediction, and dashed lines 
represent 95-percent credible intervals. 
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Figure 13. Plasma albumin concentration compared to snake snout-vent length (SVL, in millimeters [mm]) in giant 
gartersnakes (Thamnophis gigas) sampled in the Sacramento Valley, California, 2014–16. Solid line represents 
mean model prediction, and dashed lines represent 95-percent credible intervals. 

 

Survival 
The piecewise constant hazard model appeared to fit well, although it produced higher survival 

estimates and narrower credible intervals than the Kaplan-Meier survival curve (fig. 14). Based on this 
model, weekly mortality risk for giant gartersnakes was 8.6 × 10-3 (95-percent credible interval = 3.8 × 
10-3 – 1.7 × 10-2) during the growing season, 5.1 × 10-3 (2.2 × 10-3 – 1.0 × 10-2) during brumation, and 
3.1 × 10-2 (1.4 × 10-2 – 6.1 × 10-2) during the early part of the giant gartersnake active season, before 
flood up and emergence of rice. Weekly mortality risk varied relatively little among sites (σsite = 0.21 
[0.01 ‒ 0.75]; fig. 15). Mean annual survival of an adult female giant gartersnake with an average 
covariate profile was 0.58 (0.41 – 0.73; fig. 15). Size of adult giant gartersnakes had little effect on risk 
of mortality (βsize = -0.03 [-0.51 ‒ 0.40]; fig. 16). In contrast, the posterior distributions of the hazard 
ratios for sex and the annual proportion of rice within 500 m of an individual’s minimum convex 
polygon home range were mostly < 1 (βsex = -0.72 [-3.03 ‒ 0.53], probability negative = 0.86; βrice = -
0.33 [-0.71 ‒ 0.06], probability negative = 0.95; fig. 16), indicating a reduced risk of mortality with 
being male and with increasing proportion rice in and near the home range (fig. 17). Thus, females and 
snakes with less rice in and near their home ranges had lower survival rates than males and snakes with 
more rice in and near their home ranges (fig. 18). Decreasing the proportion of rice within 500 m of a 
giant gartersnake’s home range from a mean of 0.64 by one standard deviation to 0.41 increased the 
daily risk of mortality by 1.24 (0.93 – 1.88) times (fig. 17). 

The second model with a constant hazard and time-varying covariates appeared to fit less well 
than the seasonal model based on visual comparison with the Kaplan-Meier survival curve (fig. 19). In 
a preliminary model with competing effects of weekly mean proportion rice and cumulative weekly 
mean proportion rice, the cumulative mean was preferred by a ratio of 3.9:1. We therefore based 
inference on a model with cumulative mean weekly proportion rice. Under this model, mean weekly 
mortality risk for giant gartersnakes was 8.7 × 10-3 (4.9 × 10-3 – 1.4 × 10-2), and weekly mortality risk 
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varied relatively little among sites (σsite = 0.26 [0.01 ‒ 0.92], fig. 20). Posterior mean annual survival 
probability of adult giant gartersnakes at constant mean values of the cumulative mean proportion rice 
and distance to water was 0.64 (0.48 ‒ 0.78; fig. 20). Annual survival probability based on the mean 
(across individuals) weekly covariate profiles was slightly lower at 0.60 (0.45 – 0.74; fig. 19). The 
cumulative mean proportion of rice and distance to water both decreased the hazard for giant 
gartersnakes (βc_rice = -0.43 [-0.89 ‒ -0.01], probability negative = 0.98; βw_dist = -0.73 [-1.78 ‒ 0.01], 
probability negative = 0.97, fig. 21), indicating a reduced risk of mortality with increasing distance 
from water and cumulative mean proportion rice within 100 m of the snake’s location (fig. 22). Thus, 
snakes had lower survival in and very near water and when they had less cumulative exposure to rice 
near their locations than when they were farther from water or had more cumulative exposure to rice 
near their locations (fig. 23). 

 

 
 
Figure 14. Survival curves for female giant gartersnakes (Thamnophis gigas) in the Sacramento Valley, 
California, 2014–16, with average covariate profiles estimated using a step-wise constant hazard model (solid line 
and gray area) and a Kaplan-Meier non-parametric survival curve (dashed lines). Bold lines represent the 
posterior median; the gray shaded area and light lines represent 95-percent credible intervals. Text along the 
abscissa indicates the rice growing cycle used to define seasons between which the step-wise constant hazard 
model allowed different baseline risks of mortality. 
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Figure 15. Annual survival curve for female giant gartersnakes (Thamnophis gigas) in the Sacramento Valley, 
California, 2014–16, with average covariate profiles estimated using a step-wise constant hazard model (solid line 
and gray area). Median survival curves for individual sites are indicated by different line and color patterns. The 
black solid line represents the average median survival curve for rice-growing regions in the Sacramento Valley; 
the gray shaded area represent the 95-percent credible interval for this region. Credible intervals for individual 
sites are omitted for clarity. Text along the abscissa indicates the rice growing cycle used to define seasons 
between which the step-wise constant hazard model allowed different baseline risks of mortality. 
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Figure 16. Posterior distributions for hazard ratios for the effects of male sex (A), snout-vent length (B), and 
annual proportion rice within 500 m of the individual’s minimum convex polygon home range (C) on the weekly 
risk of mortality for adult giant gartersnakes (Thamnophis gigas) in the Sacramento Valley, California, 2014–16. 
The shaded area represents the 95-percent credible interval; the vertical red line indicates a hazard ratio of one, 
which represents no effect on mortality risk. 
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Figure 17. Effect of the proportion of rice within 500 m of giant gartersnake (Thamnophis gigas) minimum convex 
polygon (MCP) home ranges (A, C, E) and sex (B, D, F) on weekly risk of mortality in rice-growing regions of the 
Sacramento Valley, California, 2014‒16, during the rice growing season (A, B), brumation (C, D), and 
emergence/pre-flood up (E, F). Solid lines and dots represent posterior medians; gray shaded areas and error 
bars represent 95-percent credible intervals. Tick marks inside the abscissa in graph E represent the annual 
proportion of rice within a 500-m buffer of individual snake MCPs. 
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Figure 18. Survival curves for giant gartersnakes (Thamnophis gigas) inhabiting an area with 86 percent rice 
within 500 m of their minimum convex polygon (MCP) home range (solid lines), and for giant gartersnakes with 18 
percent rice within 500 m of their MCP home range (dashed lines) (A), and female (solid lines) and male (dashed 
lines) giant gartersnakes in rice-growing regions (B) of the Sacramento Valley, California, 2014‒16. Bold lines 
represent posterior medians; light lines represent 95-percent credible intervals. Text along the abscissa indicates 
the rice growing cycle used to define seasons between which the step-wise constant hazard model allowed 
different baseline risks of mortality. Values for percent rice were based on the 95th and 5th percentiles of 
observed annual percent rice within 500 m of MCP home ranges. 
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Figure 19. Survival curves for giant gartersnakes (Thamnophis gigas) in the Sacramento Valley, California,  
2014–16, with average (across individual) weekly covariate profiles estimated using a constant hazard model with 
time-varying covariates (solid line and gray area) and a Kaplan-Meier non-parametric survival curve (dashed 
lines). Bold lines represent the posterior median; the gray shaded area and light lines represent 95-percent 
credible intervals. 
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Figure 20. Annual survival curve for giant gartersnakes (Thamnophis gigas) in the Sacramento Valley, California, 
2014–16, with average constant covariate profiles estimated using a constant hazard model with time-varying 
covariates (solid line and gray area). Median survival curves for individual sites are indicated by different line and 
color patterns. The black solid line represents the average median survival curve for rice-growing regions in the 
Sacramento Valley; the gray shaded area represents the 95-percent credible interval for this region. Credible 
intervals for individual sites are omitted for clarity.  
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Figure 21. Posterior distributions for hazard ratios for the effects of cumulative mean weekly proportion rice within 
100 m of giant gartersnake locations (A), and mean weekly distance from water on the weekly risk of mortality for 
adult giant gartersnakes (Thamnophis gigas) (B) in the Sacramento Valley, California, 2014–16. The shaded area 
represents the 95-percent credible interval; the vertical red line indicates a hazard ratio of one, which represents 
no effect on mortality risk. 
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Figure 22. Effect of the mean distance from water (A) and the cumulative mean weekly proportion of rice within 
100 m of giant gartersnake (Thamnophis gigas) locations on weekly risk of mortality in rice-growing regions (B) of 
the Sacramento Valley, California, 2014‒16. Lines represent the posterior medians; gray shaded areas represent 
95-percent credible intervals. Tick marks along the top of the plotting region in graph A represent observed values 
for distances from water, and those in graph B represent observed values of cumulative mean proportion rice 
within 100 m. 
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Figure 23. Survival curves for giant gartersnakes (Thamnophis gigas) 0 m from water (solid lines) and 30 m from 
water (dashed lines) (A), and giant gartersnakes with 0 percent cumulative mean rice within 100 m of their 
locations (dashed lines) and 52 percent cumulative mean rice within 100 m of their locations (solid lines) in rice-
growing regions (B) of the Sacramento Valley, California, 2014‒16. Bold lines represent posterior medians; light 
lines represent 95-percent credible intervals. Values for distances and percentages were based on the 5th and 
95th percentiles of observed values. 
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Discussion 
Regardless of how it was measured or modeled, giant gartersnakes that were associated with 

less rice near their locations or home ranges had lower survival rates than snakes with more rice 
available to them. Although we did not have the authority or ability to manipulate water and cropping 
patterns in the private ricelands used in this study, and therefore cannot infer causation, the 
observational data from this study strongly suggest a negative relationship between the amount of rice 
on the landscape and the survival rates of adult (mostly female) giant gartersnakes. The mechanism 
underlying this decrease in survival is unclear; however, it does not appear to be related to chronic 
deterioration of the health parameters we evaluated, increased movements, or changes in home range 
area because these variables were unaffected by the amount of rice on the landscape. Instead, other 
sources of mortality, such as starvation, malnutrition, impaired physiological or immunological 
function, or increased exposure to pathogens or predators are likely explanations. Predation, in 
particular, might be facilitated when giant gartersnakes and their predators, such as otters, wading 
birds, and raptors, are foraging in the same constrained linear waterways. Indeed, Halstead and others 
(2011) suggested this as the mechanism underlying the greater risk of mortality of giant gartersnakes 
in canals than restored wetlands, and Santos and Llorente (2009) suggested similar mechanisms for the 
decline of viperine snakes (Natrix maura) in the Ebro Delta, a rice-growing region in Spain. Not all 
giant gartersnake carcasses found in this study exhibited signs of predation, and additional hypotheses 
for increased risk of mortality in areas with reduced rice cultivation are worthy of study. Furthermore, 
multiple stressors could act together to increase risk of mortality, such as when hungry snakes increase 
foraging activity and therefore their exposure to predators. 

Other variables also affected giant gartersnake survival. Distance from water had a positive 
effect on giant gartersnake survival. This seemingly counterintuitive result is consistent with seasonal 
movement patterns and previous research. Giant gartersnakes are found farthest from water during 
brumation, when they spend much of their time underground (Halstead and others, 2015); even during 
the active season, most giant gartersnakes located in terrestrial environments are found underground 
(Halstead and others, 2015). While snakes are taking refuge underground, they are at little risk of 
predation or many other sources of mortality. In contrast, snakes actively foraging in aquatic 
environments are exposed to predators and other sources of mortality. This mechanism also explains 
the higher risk of mortality of giant gartersnakes while they are in linear habitats than while they are in 
more complex areal habitats (Halstead and others, 2012). 

Using the piecewise hazard indicated that the weekly risk of mortality of giant gartersnakes 
was greater during the emergence and pre-flood up period than during the active season and 
brumation, which were similar. Several mechanisms could cause higher mortality during this period. 
Snakes might be stressed after a long brumation period, leaving them vulnerable to starvation or 
exposed to predators. Suboptimal conditions for thermoregulation, including cool temperatures, could 
cause increased basking behavior. Basking combined with relatively little vegetation for cover could 
increase exposure to predators during the emergence period. Snakes also cannot forage during 
brumation, which leaves them vulnerable to starvation toward the end of brumation or early in the 
active season, before foraging occurs. This vulnerability could be exacerbated if water deliveries, 
which provide habitat for giant gartersnakes’ aquatic prey, are delayed. Such delays are typical of 
drought years, and years with wet spring weather (above average rainfall in March and April) which 
delays field preparation. Providing water and prey to giant gartersnake populations as they emerge 
from brumation to forage in April and May and ensuring that snakes have thermoregulatory 
opportunities that also offer cover from predators might ameliorate the greater risk of mortality faced 
by giant gartersnakes in this season. 
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In addition to rice availability and distance to water, male giant gartersnakes in our study 
possibly had higher survival rates than females. Our small sample of males (n = 4) warrants caution in 
the interpretation of this finding, however. Indeed, the 95-percent credible interval for the male 
survival curve completely contained that for female snakes. Furthermore, our findings contradict 
survival estimates for giant gartersnakes in the American Basin (Hansen and others, 2015), where 
females had higher survival rates than males. Because giant gartersnakes are sexually dimorphic for 
size, the males in our sample were the very largest males, and capture-mark-recapture studies with 
much larger samples of smaller snakes are likely more reliable for estimating survival rates of male 
and juvenile snakes. 

Surgical implantation of radio transmitters always carries the risk of biasing survival 
probabilities low. Without independent estimates of survival from the same location and time, it is 
difficult to evaluate whether transmitters have lethal effects on snakes. We suggest that potential 
negative effects of radio transmitters on survival in our study were small, because our annual survival 
estimates were similar to the highest capture-mark-recapture estimates for females in the American 
Basin and most adult snakes in the Natomas Basin (Hansen and others, 2015). Continuing capture-
mark-recapture studies at the telemetry sites used in this study will help to evaluate the effects of 
surgically-implanted radio transmitters on giant gartersnake survival. 

Decreased area of rice habitat also was related to less frequent and shorter movements by adult 
female giant gartersnakes. The reasons for decreased movements are not entirely clear, but one 
possibility is that a drier landscape is perceived as hostile to movement by female giant gartersnakes. 
Thus, the strategy used by adult female giant gartersnakes seems somewhat similar to that used by 
Nerodia experiencing drought in South Carolina—wait things out until the water comes back (Willson 
and others, 2006). This strategy resulted in extirpation or lower fecundity and population decreases for 
Florida green and southern watersnakes, respectively (Willson and others, 2006). Perhaps a similar sit–
and–wait response also was related to the decreased survival of giant gartersnakes observed in this 
study. Although movements were decreased, there was no indication that adult female giant 
gartersnakes aestivated like the much smaller black swamp snakes in South Carolina (Willson and 
others, 2006). 

The lack of any observed relation between the amount of rice and movement frequency or rate 
by males might be an artifact of the small sample of males monitored, or male movements might be 
less affected by the amount of aquatic habitat on the landscape. Such a scenario could occur if, for 
example, males were more tolerant of risky movements than females. Investigating the spatial ecology 
of male giant gartersnakes with a larger sample of individuals might be warranted if male movement 
and survival are found to be important to giant gartersnake population growth or demographic or 
genetic connectivity. Females made more frequent movements as extent of cultivated rice increased, 
which could indicate that increased habitat was viewed as more conducive to making movements. As 
our telemetry locations were taken for daily intervals during the active season, our measurements 
provide minimal estimates of distances. Future radio telemetry studies involving continuous or high 
frequency (e.g., hourly) observations of giant gartersnakes could reveal more detailed movement 
patterns. Nonetheless, our estimates likely provide reasonable estimates of overall activity and 
movement patterns. 
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Seasonal changes in the frequency and rate of movement of giant gartersnakes followed 
expected patterns related to their reproductive ecology. Male giant gartersnake movement peaked 
shortly after the spring mating season. A marked decrease in growth and body condition of male giant 
gartersnakes in the spring (Coates and others, 2009) suggests that males are anorexic during the spring 
mating season, and peak movements are likely associated with foraging activity. Males likely locate 
females in close proximity to their brumation sites, and spend substantial time courting females. 
Closely related and communally brumating red-sided gartersnakes (Thamnophis sirtalis parietalis) 
mate immediately upon spring emergence and prior to dispersing to their summer ranges (Gregory, 
1974). Despite the lack of mass communal brumacula, giant gartersnake males seem to enlist a similar 
mating strategy. 

In contrast to male giant gartersnakes, adult female giant gartersnakes had peaks of movement 
in April and again in August and September. Although the timing differed from that of male giant 
gartersnakes, the reason for more frequent and longer distance movements was likely the same—
foraging. Reproduction is energetically costly for females (Shine, 2003), so females likely forage as 
much as possible upon emergence from brumation. As gestation proceeds, females are limited in their 
ability to move and in the space available to ingest prey by the bulk of the developing embryos they 
carry. Thus, females become relatively sedentary in late June and July. After giving birth, however, 
females again forage voraciously to store enough energy to make it through brumation and to 
reproduce the following year. 

Movement patterns of both sexes, therefore, were consistent with the active foraging mode 
shown by most gartersnakes. Interestingly, movements to and from brumation sites did not seem 
important in the studied populations. Most individuals brumated in locations similar to those in which 
they sheltered during the active season—rodent burrows, crayfish burrows, and soil cracks 
immediately adjacent to canals. Deep flooding of our study sites is likely a rare event with the modern 
flood management system, so brumation near or within active season home ranges is likely the norm, 
rather than the exception, in most of the rice-growing regions of the Sacramento Valley. 

Core areas and home ranges of giant gartersnakes were small and unaffected by the proportion 
of rice in the neighboring landscape. On average, one-half of a giant gartersnake’s active season (i.e., 
core) locations were confined to an area less than 6,500 m2. Assuming that most of these locations are 
within a 20-m-wide band centered on a canal, on average, giant gartersnakes would spend one-half 
their annual active season in a stretch of canal about 325 m long (6,500 m2/20 m), although we note 
that core areas are not necessarily contiguous. Annual home range areas were relatively small as well, 
with mean home range area less than 4 ha (40,000 m2; 1 ha equals about two football fields, including 
the end zones). The lack of a relation between rice availability and core and home range areas, 
combined with the positive (females) or nonexistent or non-detectable (males) relation between rice 
availability and movement frequency or rate, suggests that giant gartersnakes do not respond to 
decreases in extent of aquatic habitat by dispersing to areas with more habitat beyond their typical 
home ranges or movement patterns. Understanding how giant gartersnakes perceive the landscape and 
whether tactics can promote dispersal to stable habitat, could help inform effective conservation 
strategies. 

As for core area and home range size, overlap of home ranges and core areas between 
individuals was unaffected by the amount of rice in the surrounding landscape. This was in contrast to 
expectations, because we hypothesized that a decrease in rice cultivation would lead to aggregation of 
snakes and greater home range overlap. In general, large adult giant gartersnake home range and core 
areas were unlikely to overlap, and when they did, the percentage of overlap was relatively small. It is 
likely that the true degree of core area and home range overlap was underestimated because (1) we 
only radio tracked a relatively small proportion of snakes in each population, (2) we only radio tracked 
adult snakes, and (3) most or all radio tracked individuals were female at each site. Estimates of 
overlap would increase as the proportion and representation of the population increased. 
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In contrast with little overlap among snakes, adult giant gartersnakes showed core area and 
home range fidelity among years. Annual core areas overlapped for over half our comparisons, and 
annual home ranges overlapped nearly 95 percent of the time, indicating that adult giant gartersnake 
space use is stable over time. Combined with relatively small core areas and home ranges, site fidelity 
indicates that changes to the local landscape, such as habitat conversion or reduced rice production, are 
likely to have negative consequences for giant gartersnakes. 

Giant gartersnake selection of microhabitats and vegetation types was similar to expectations 
and observations from previous studies (Halstead and others, 2016), with some notable exceptions. It 
was unsurprising that, in general, microhabitats providing cover were selected, and those not providing 
cover were avoided; the lack of selection for emergent vegetation, however, was initially unexpected. 
During nearly one-half of the giant gartersnake active season, however, emergent vegetation in the 
form of rice fields dominates much of the landscape, but giant gartersnakes make relatively little use of 
this feature (figs. A1–A51). The results of the selection of vegetation types supports this hypothesis, 
with cultivated rice being avoided, but emergent aquatic vegetation associated with canals (such as 
tules, cattails, water-primrose, and smartweed) being selected. The most accurate depiction of giant 
gartersnake selection of emergent vegetation is that emergent vegetation in canals is positively 
selected, whereas emergent vegetation in rice fields is avoided, perhaps because canals provide more 
permanent water and taller emergent vegetation (e.g., tules and cattails) than rice fields. 

Cover is not only important in aquatic habitats, but also in adjacent terrestrial locations. Giant 
gartersnakes spend more than one-half of their time during the active season in terrestrial environments 
near water, often underground (Halstead and others, 2015). Despite giant gartersnakes being 
subterranean much of the time they are in a terrestrial environment, vegetated cover in the terrestrial 
landscape is important for this species, and terrestrial vegetation and litter were the most strongly 
selected microhabitats. Annual grasses and forbs also were positively selected vegetation types typical 
of canal bank vegetation. In contrast to terrestrial vegetation and litter, bare ground was avoided by 
giant gartersnakes, likely because it does not provide cover from predators or a suitable thermal mosaic 
within which giant gartersnakes can regulate their body temperature. 

Giant gartersnake selection of vegetation height categories further supports the importance of 
cover for thermoregulation, avoiding predation, and possibly foraging (Mullin and Mushinsky, 1995; 
Mullin and Gutzke, 1999). Herbaceous vegetation more than 1 m tall was selected by giant 
gartersnakes, and all shorter vegetation was avoided. Interestingly, the shorter the vegetation, the more 
strongly it was avoided. Maintaining tall emergent and terrestrial herbaceous vegetation in canals and 
along canal banks likely improves conditions for giant gartersnakes, provided that the water or soil 
surface is not completely shaded, thus limiting thermoregulatory opportunity. 

Giant gartersnake health, as measured by the hematological and plasma biochemistry 
parameters examined, was not affected by habitat conditions. Nonetheless, some interesting patterns 
emerged. Giant gartersnakes collected from our study sites from 2014 to 2016 had much lower white 
blood cell counts (including heterophils, lymphocytes, basophils, and azurophils) than giant 
gartersnakes captured from Sacramento, Merced, and Fresno Counties in 2008 and analyzed by Wack 
and others (2012). The white blood cell counts for giant gartersnakes in this study are more similar to 
the values Wack and others (2012) report from valley gartersnakes, Thamnophis sirtalis fitchi, a 
common, non-threatened species that is found in many of the same habitats as giant gartersnakes. 
Wack and others (2012) hypothesized that the higher white blood cell count in giant gartersnakes 
relative to valley gartersnakes in their study was not simply a difference in the baseline health between 
two species, but rather could be a sign of chronic inflammation in giant gartersnakes. If that is the case, 
the lower white blood cell counts in this study are a sign that the giant gartersnakes we examined are in 
better health, or at least not suffering as much stress and inflammation as the giant gartersnakes 
examined by Wack and others (2012) previously. However, we cannot rule out an alternative 
explanation, which is that the white blood cell counts reported by Wack and others (2012) represent a 
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normal, healthy “baseline” value for giant gartersnakes, and the lower white blood cell counts we 
report represent snakes with a compromised or weakened immune system.   

High levels of the AST enzyme in plasma may indicate that body tissue or organs are diseased 
or damaged. The lower median AST value of giant gartersnakes in this study (16.5 IU/L) compared to 
Wack and others (2012), (22 IU/L) is not different enough to be considered clinically significant. The 
AST values measured in giant gartersnakes in this study are very similar to those found in valley 
gartersnakes by Wack and others (2012), which further suggests that the AST values in this study 
represent a normal baseline level.  

Elevated creatinine kinase levels in blood plasma can be a sign of damage to muscle tissue, 
including skeletal muscle and heart tissue. The slightly lower median creatinine kinase concentration 
in this study (387 IU/L) compared to that reported by Wack and others (2012) (439 IU/L), is not a 
great enough difference to be clinically significant. However, nine giant gartersnakes in this study had 
creatinine kinase levels higher than the maximum value found in a giant gartersnake by Wack and 
others (2012). This indicates that, although most giant gartersnakes in this study had normal levels of 
creatinine kinase in their plasma, these nine snakes may have been experiencing stress to muscle tissue 
that caused elevated concentrations of this protein in their plasma. Interestingly, two of the snakes with 
the highest creatinine kinase levels also had among the highest white blood cell counts, which in 
combination suggest these two individuals were stressed. 

The slightly higher concentration of phosphorus in the plasma of giant gartersnakes in this 
study (5.3 mg/dL) compared to giant gartersnakes examined in 2008 and reported by Wack and others 
(2012) (3.8 mg/dL) could be a sign of better nutritional status or dehydration. However, other plasma 
solutes such as sodium, total protein, uric acid, potassium, and calcium were found to be at nearly 
equal concentrations in the two studies. Presumably if snakes were dehydrated in the current study, all 
these plasma solutes would be at elevated concentrations, not just phosphorus. Phosphorus 
concentration in the plasma exhibited a slight seasonal pattern, with higher concentrations in the spring 
and lower concentrations in late summer. It is possible that the difference in phosphorus concentrations 
between the two studies is in part driven by this seasonal pattern. Both Wack and others (2012) and 
this study sampled snakes from April to September; however, it is possible that a greater proportion of 
snakes had blood drawn in the spring in this study, while in Wack and others (2012) a greater 
proportion of giant gartersnakes had blood drawn later in the summer, when phosphorus 
concentrations are lower overall. Along with plasma phosphorus concentrations, there was also a weak 
effect of season on uric acid concentration, which again could reflect seasonal patterns of dehydration 
related to periods of activity, foraging, and brumation. Uric acid concentration is also influenced by the 
time since a snake last consumed prey.  

There was no effect of the proportion of rice agriculture within a snake’s buffered home range 
(MCP) on any of the hematological or plasma biochemistry parameters we measured. We 
hypothesized that the decreased availability of wetland habitat, due to the recent drought for example, 
may cause increased stress and, therefore, poor health in giant gartersnakes, which depend on 
wetlands. Although there was substantial variability among individual giant gartersnakes in the 
proportion of their buffered home range composed of rice, this did not seem to result in differences in 
their blood parameters, hydration levels, or overall health status. Indeed, very few of our proposed 
explanatory variables were strongly related to the hematological and plasma parameters we measured. 
One notable exception was a difference in hemoglobin concentrations between males and females. 
Male giant gartersnakes had higher hemoglobin levels than females. Although we do not know for 
certain what may drive this difference, sex differences in hemoglobin are common in mammals, with 
males having higher hemoglobin levels than females (Murphy, 2014). Sex differences in hemoglobin 
levels have been observed in reptiles as well, with male captive New Guinea snapping turtles (Elseya 
novaeguineae) having higher hemoglobin concentrations than females (Anderson and others, 1997). In 
gopher tortoises (Gopherus polyphemus) and eastern gartersnakes (Thamnophis sirtalis sirtalis), 
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researchers have found no difference in hemoglobin concentrations between males and females 
(Taylor and Jacobson, 1982; Birchard and others, 1984). Our study thus contributes to a relatively 
unknown area of reptile health and physiology. Still, because of our small sample size for male snakes 
(n=4), there is much uncertainty around our estimate of male hemoglobin levels, and we should be 
cautious about concluding that male giant gartersnakes consistently have higher hemoglobin levels in 
their blood than females. Wack and others (2012) did not find any differences in blood parameters 
between male and female giant gartersnakes. Because our current study was based on giant 
gartersnakes tracked with radio-telemetry, we only sampled blood from snakes large enough to have a 
radio transmitter implanted. Because giant gartersnakes are characterized by sexual size dimorphism, 
with females much larger than males (Wylie and others 2010), this meant that most of the snakes we 
sampled were females. It would be beneficial in a future study to collect blood samples from equal 
numbers of male and female snakes and test again for differences in blood parameters among the sexes 
to establish if this is a consistent trend. 

The weak positive relation between giant gartersnake snout-vent length and albumin 
concentration in blood plasma lacks any obvious explanation. Albumin is a protein involved in 
maintaining blood pressure and transporting various minerals, proteins, and fatty acids throughout the 
body. Therefore, we can speculate that larger giant gartersnakes may have higher albumin 
concentrations because they need to transport larger amounts of these nutrients in and out of tissues 
where they are stored to support growth and reproductive activities. Because the median and range of 
albumin levels in this study are nearly equal to those reported by Wack and others (2012), we do not 
think that the relation between albumin concentration and giant gartersnake snout-vent length is an 
indication of the relative health of larger compared to smaller snakes. 

Although the amount of rice on the landscape did not influence the health or home range sizes 
of giant gartersnakes, and giant gartersnakes avoided cultivated rice itself, increased mobility of 
female giant gartersnakes and especially improved survival when rice is abundant indicate that 
cultivated rice is an essential component of giant gartersnake habitat in the contemporary landscape. In 
our study, decreased availability of rice, which is strongly correlated with a decrease in the extent of 
aquatic habitat available on the landscape, had direct negative consequences for giant gartersnakes 
through decreased survival rates. Results indicate that although most individuals did not use rice, and 
those that did only ventured into the fields between mid-June and early September, maintaining water 
in canals alone would not adequately support giant gartersnakes. Alternatives to rice production 
including habitat restoration or expansion of natural wetlands may benefit giant gartersnake 
populations in the absence of rice agriculture. However, because all of our study sites occurred in a 
matrix of rice agriculture, these alternatives were beyond the scope of this research. Nonetheless, 
maintaining canals that support the habitat components giant gartersnakes select most (terrestrial 
vegetation on banks, tules and other emergent vegetation in canals) and maximizing the extent of rice 
agriculture will likely benefit giant gartersnake populations in the rice-growing regions of the 
Sacramento Valley.  
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Summary 
Most extant giant gartersnake populations persist in an agro-ecosystem dominated by rice, 

which serves as a surrogate to the expansive marshes lost to flood control projects and development of 
the Great Central Valley of California. Although our study indicated that giant gartersnakes make little 
use of rice fields themselves, and avoid cultivated rice relative to its availability on the landscape, rice 
is a crucial component of the modern landscape for giant gartersnakes. Giant gartersnakes are strongly 
associated with the canals that supply water to and drain water from rice fields; these canals provide 
much more stable habitat than rice fields because they maintain water longer and support marsh-like 
conditions for most of the giant gartersnake active season. Nonetheless, our results suggest that 
maintaining canals without neighboring rice fields would be detrimental to giant gartersnake 
populations, with decreases in giant gartersnake survival rates associated with less rice production in 
the surrounding landscape. Increased productivity of prey populations, dispersion of potential 
predators across a larger landscape, and a more secure water supply are just some of the mechanisms 
by which rice fields might benefit giant gartersnakes in adjacent canals. Results indicate that 
identifying how rice benefits giant gartersnakes in canals and the extent to which the rice agro-
ecosystem could provide these benefits when rice is fallowed would inform the use of water for other 
purposes without harm to giant gartersnakes. Our study also suggests that without such understanding, 
maintaining rice and associated canals in the Sacramento Valley is critical for the sustainability of 
giant gartersnake populations. 
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Glossary 
Abundance: The number of individuals of a population in the sampled area. 
Bayesian analysis: A method of statistical inference in which Bayes’ rule is used to update probability 
distributions as data are acquired. 
Body condition: Any of a number of indices that relate body mass to structural body size. 
Brumation: A state of dormancy in reptiles and amphibians similar to hibernation, but involving 
different metabolic processes. 
Centrarchidae: A family of freshwater ray-finned fishes in the order Perciformes that includes the 
sunfish (for example, largemouth bass, bluegill, pumpkinseed, and crappie). 
Coefficient: A parameter of a statistical (regression) model that indicates how the response variable 
changes with the predictor variable; analogous to the slope of a line. 
Confidence interval: A statistical interval estimate of a parameter such that, if constructed across many 
replicated experiments, the proportion of such intervals that contain the true fixed value of the 
parameter equals the given confidence level. 
Convergence: The meeting and overlapping of independent Markov chains in a Markov-chain Monte 
Carlo simulation, used to assess whether the stationary posterior distribution has been reached. 
Covariate: A (predictor) variable thought to be correlated with another (response) variable used in a 
regression analysis. 
Credible interval (CI): A specified domain of the posterior probability distribution used for interval 
estimation. Credible intervals can be interpreted as the probability, confidence, or belief that a 
parameter or value falls within the specified region. 
Cyprinidae: A large family of freshwater fishes containing the carps, minnows, and their relatives. 
Demography: The scientific study of populations, especially with regard to their size, structure, 
distribution, and dynamics. 
Density: The number of individuals in a population per unit area or volume. 
Dimorphic: Having two forms. 
Extirpate: To cause a species to go extinct within a portion of its range. 
Forage: To search for food. 
Full model: The model containing the entire set of predictors (and their potential interactions) 
considered. 
Gravid: Pregnant. 
Hazard: The risk of mortality faced by an individual during a specified time period. 
Home range: The area within which an animal carries out foraging, mating, and other normal activities. 
Litter: The number of young brought forth by an iteroparous animal at one parturition. 
Local convex hull (LoCoh): A method for calculating the home range of an animal that distinguishes 
high use areas from rarely used areas on the periphery of the home range. 
Markov-chain Monte Carlo (MCMC): A class of algorithms for sampling from a probability distribution 
based on constructing a Markov chain that has the desired distribution as its equilibrium distribution. 
Metabolic: Of, relating to, or affected by metabolism. 
Minimum convex polygon (MCP): The smallest polygon that encloses all of an animal’s locations.  
Morphology: The form and structure of an organism. 
Natricinae: A subfamily of the family Colubridae of snakes, which includes European grass snakes and 
North American watersnakes and gartersnakes. 
Neonate: A newborn. 
Occurrence: The state of a site, habitat, etc. being occupied by a species. 
Parturition: The act or process of giving birth to offspring. 
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Posterior distribution: The probability distribution of an unknown quantity conditional on the evidence 
obtained from an experiment or survey, possibly taking into account relevant information available 
prior to the experiment or survey. 
Posterior probability: The conditional probability assigned to a random event after relevant evidence or 
background has been taken into account. 
Precinctive: Restricted to a defined geographic area. 
Prior probability: The probability distribution that expresses one’s uncertainty about an unknown 
quantity before some evidence (experiment, survey, observation, etc.) is taken into account. 
Quadratic: Involving the square of a predictor variable in a regression model. 
Range: The geographic limits within which all individuals of a species are found, excluding those in 
captivity. 
Species: The basic category of biological classification, ranking below a genus and consisting of 
related individuals capable of interbreeding. 
Subspecies: A subdivision of a species, especially a geographical or ecological subdivision. 
Subterranean: Existing, situated, or operating below the surface of the earth; underground. 
Survival: The rate or probability at which individuals alive at time t remain alive until time t + 1. 
Uninformative prior: A prior probability distribution that expresses vague or general information about 
a variable, typically with the goal of assigning equal probabilities to all possibilities. 
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Appendix A. Home Range Figures 

 
Figure A1. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3099 at site 1, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A2. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3120 at site 1, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A3. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3158 at site 1, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A4. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3162 at site 1, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A5. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3167 at site 1, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A6. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3301 at site 1, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A7. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3367 at site 1, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A8. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3220 at site 2, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A9. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3221 at site 2, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A10. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3254 at site 2, Sacramento Valley, 
California. For detailed information on snake, see table 5. 



 

86 

 
Figure A11. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3255 at site 2, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A12. Adaptive Local Convex Hull (a-LoCoH) home range for snake 4216 at site 2, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A13. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3079 at site 3, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A14. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3082 at site 3, Sacramento Valley, 
California. For detailed information on snake, see table 5. 



 

90 

 
Figure A15. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3103 at site 3, Sacramento Valley, 
California. For detailed information on snake, see table 5. 



 

91 

 
Figure A16. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3137 at site 3, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A17. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3237 at site 3, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A18. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3289 at site 3, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A19. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3160 at site 4, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A20. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3224 at site 4, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A21. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3225 at site 4, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A22. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3238 at site 4, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A23. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3373 at site 5, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A24. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3376 at site 5, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A25. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3263 at site 6, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A26. Adaptive Local Convex Hull (a-LoCoH) home range for snake 2177 at site 7, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A27. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3300 at site 7, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A28. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3326 at site 7, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A29. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3350 at site 7, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A30. Adaptive Local Convex Hull (a-LoCoH) home range for snake 11321 at site 7, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A31. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3202 at site 8, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A32. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3215 at site 8, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A33. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3235 at site 8, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A34. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3239 at site 8, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A35. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3336 at site 8, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A36. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3374 at site 8, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A37. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3379 at site 8, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A38. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3311 at site 9, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A39. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3322 at site 9, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A40. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3343 at site 9, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A41. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3354 at site 9, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A42. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3303 at site 10, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A43. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3320 at site 10, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A44. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3328 at site 10, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A45. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3363 at site 10, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A46. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3378 at site 10, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A47. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3131 at site 11, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A48. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3146 at site 11, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A49. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3153 at site 11, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A50. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3258 at site 11, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A51. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3259 at site 11, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Figure A52. Adaptive Local Convex Hull (a-LoCoH) home range for snake 3264 at site 11, Sacramento Valley, 
California. For detailed information on snake, see table 5. 
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Appendix B. Health Assessment Model Results 
Table B1. Summary of model results for blood parameters from giant gartersnakes that received health 
assessments.  
 
[All models included random effects of individual (σind) and site (σsite) in addition to the fixed effects. σ represents any 
remaining variation in the response not accounted for by fixed or random effects] 
 

 Mean SD 2.5th  
percentile 

97.5th  
percentile 

White blood cell count (× 103/ μL) 
α0 6.96 0.89 5.21 8.70 
βSVL 0.31 0.66 -0.99 1.60 
βsex -3.61 3.61 -10.85 3.59 
βsex x SVL -2.91 3.80 -10.31 4.67 
βdate 0.69 0.72 -0.70 2.10 
βdate

2 0.68 0.52 -0.37 1.69 
βrice -0.20 0.70 -1.59 1.19 
βcap -0.33 0.65 -1.60 0.93 
σ 5.31 0.46 4.49 6.26 
σind 0.77 0.68 0.01 2.52 
σsite 0.90 0.78 0.03 2.92 

Red blood cell count (× 106/uL) 

α0 0.75 0.04 0.67 0.84 
βSVL -0.06 0.03 -0.12 0.00 
βsex -0.11 0.18 -0.46 0.24 
βsex x SVL -0.06 0.19 -0.43 0.30 
βdate 0.02 0.04 -0.05 0.10 
βdate

2 0.01 0.03 -0.04 0.06 
βrice 0.04 0.03 -0.02 0.11 
βcap -0.02 0.04 -0.10 0.06 
σ 0.24 0.02 0.19 0.29 
σind 0.08 0.05 0.00 0.18 
σsite 0.05 0.04 0.00 0.15 

Hemoglobin (g/dL) 

α0 8.24 0.38 7.48 8.99 
βSVL -0.25 0.26 -0.76 0.26 
βsex 3.02 1.48 0.10 5.91 
βsex x SVL 1.75 1.51 -1.20 4.71 
βdate 0.12 0.30 -0.46 0.73 
βdate

2 0.34 0.20 -0.04 0.72 
βrice 0.33 0.27 -0.19 0.85 
βcap -0.07 0.22 -0.51 0.36 
σ 1.62 0.25 1.19 2.13 
σind 1.03 0.48 0.10 1.86 
σsite 0.57 0.40 0.02 1.52      
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 Mean SD 2.5th  
percentile 

97.5th  
percentile 

Pack cell volume (%) 

α0 25.32 1.03 23.31 27.37 
βSVL -1.04 0.75 -2.49 0.42 
βsex 7.76 4.13 -0.32 15.96 
βsex x SVL 4.20 4.32 -4.31 12.53 
βdate 0.15 0.85 -1.48 1.89 
βdate

2 1.15 0.59 -0.01 2.32 
βrice 1.10 0.79 -0.45 2.65 
βcap -0.16 0.72 -1.56 1.23 
σ 5.68 0.60 4.40 6.83 
σind 1.41 1.23 0.04 4.35 
σsite 1.17 0.98 0.04 3.58 

Heterophils (× 103/μL) 
α0 0.77 0.13 0.50 1.04 
βSVL -0.01 0.10 -0.20 0.19 
βsex -0.14 0.59 -1.29 0.99 
βsex x SVL -0.17 0.60 -1.35 1.01 
βdate -0.02 0.10 -0.23 0.18 
βdate

2 0.05 0.07 -0.09 0.19 
βrice 0.05 0.10 -0.14 0.23 
βcap 0.02 0.08 -0.14 0.17 
σ 0.54 0.08 0.42 0.72 
σind 0.50 0.12 0.22 0.71 
σsite 0.15 0.12 0.01 0.46 

Lymphocytes (× 103/μL) 
α0 5.54 0.99 3.61 7.51 
βSVL 0.15 0.51 -0.84 1.15 
βsex -3.71 2.70 -9.03 1.46 
βsex x SVL -2.35 2.89 -7.99 3.31 
βdate 0.43 0.56 -0.68 1.50 
βdate

2 0.60 0.39 -0.17 1.37 
βrice -0.16 0.54 -1.20 0.90 
βcap -0.03 0.06 -0.16 0.09 
σ 4.03 0.34 3.42 4.76 
σind 0.60 0.48 0.03 1.81 
σsite 0.78 0.61 0.03 2.28 
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 Mean SD 2.5th  
percentile 

97.5th  
percentile 

Basophils (× 103/μL) 

α0 0.21 0.06 0.10 0.33 
βSVL -0.01 0.03 -0.06 0.05 
βsex -0.08 0.16 -0.39 0.23 
βsex x SVL -0.16 0.17 -0.50 0.16 
βdate 0.05 0.03 -0.01 0.11 
βdate

2 0.00 0.02 -0.05 0.04 
βrice -0.03 0.03 -0.09 0.03 
βcap 0.00 0.00 -0.01 0.00 
σ 0.22 0.02 0.19 0.27 
σind 0.06 0.04 0.00 0.14 
σsite 0.04 0.04 0.00 0.13 

Azurophils (× 103/μL) 

α0 0.85 0.25 0.37 1.33 
βSVL 0.19 0.13 -0.06 0.45 
βsex 0.09 0.72 -1.30 1.53 
βsex x SVL -0.53 0.74 -2.04 0.92 
βdate 0.27 0.14 -0.01 0.55 
βdate

2 -0.05 0.10 -0.24 0.14 
βrice 0.02 0.13 -0.24 0.27 
βcap -0.01 0.02 -0.04 0.02 
σ 0.88 0.11 0.68 1.09 
σind 0.41 0.22 0.02 0.82 
σsite 0.26 0.18 0.01 0.68 

Monocytes (× 103/μL) 
α0 0.09 0.05 -0.02 0.19 
βSVL 0.02 0.03 -0.03 0.07 
βsex -0.03 0.15 -0.32 0.27 
βsex x SVL -0.06 0.16 -0.37 0.26 
βdate -0.01 0.03 -0.07 0.05 
βdate

2 0.03 0.02 -0.02 0.07 
βrice -0.03 0.03 -0.08 0.03 
βcap 0.00 0.00 -0.01 0.00 
σ 0.21 0.02 0.17 0.25 
σind 0.06 0.04 0.00 0.15 
σsite 0.04 0.03 0.00 0.12 
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 Mean SD 2.5th  
percentile 

97.5th  
percentile 

Plasma protein (g/dL) 

α0 5.29 0.22 4.87 5.72 
βSVL 0.27 0.15 -0.04 0.57 
βsex -0.57 0.87 -2.28 1.10 
βsex x SVL -0.81 0.90 -2.54 0.98 
βdate -0.25 0.17 -0.59 0.09 
βdate

2 0.17 0.12 -0.07 0.41 
βrice 0.02 0.16 -0.30 0.32 
βcap -0.01 0.14 -0.30 0.27 
σ 1.12 0.13 0.86 1.37 
σind 0.41 0.27 0.02 0.97 
σsite 0.27 0.20 0.01 0.75 

Aspartate aminotransferase (IU/L) 
α0 16.10 3.14 9.88 22.32 
βSVL 1.22 1.63 -1.97 4.37 
βsex -3.67 8.76 -20.86 13.64 
βsex x SVL -3.44 9.37 -22.28 14.90 
βdate 1.36 1.76 -2.15 4.83 
βdate

2 -0.95 1.29 -3.47 1.56 
βrice -0.60 1.70 -3.92 2.77 
βcap 0.49 0.21 0.07 0.89 
σ 13.44 1.14 11.40 15.84 
σind 1.33 1.38 0.04 5.32 
σsite 1.13 1.13 0.03 4.18 

Creatinine kinase (IU/L) 
α0 360.58 78.04 199.18 507.53 
βSVL 29.09 63.33 -93.54 154.48 
βsex -11.43 93.60 -195.46 166.60 
βsex x SVL -2.58 96.47 -193.05 186.31 
βdate 0.57 64.61 -123.74 127.78 
βdate

2 57.37 50.84 -44.27 156.95 
βrice -78.94 65.17 -205.75 51.61 
βcap 59.99 64.18 -65.41 187.50 
σ 730.56 61.55 623.22 862.77 
σind 2.90 7.82 0.03 17.37 
σsite 13.17 65.30 0.05 156.58 
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 Mean SD 2.5th  
percentile 

97.5th  
percentile 

Uric acid (mg/dL) 

α0 4.91 0.78 3.36 6.45 
βSVL 0.33 0.40 -0.45 1.14 
βsex 3.59 2.17 -0.65 7.87 
βsex x SVL 2.94 2.29 -1.55 7.49 
βdate -1.04 0.44 -1.90 -0.16 
βdate

2 0.77 0.32 0.16 1.40 
βrice 0.32 0.43 -0.53 1.15 
βcap 0.00 0.05 -0.10 0.10 
σ 3.25 0.27 2.77 3.82 
σind 0.46 0.35 0.03 1.31 
σsite 0.65 0.47 0.03 1.75 

Glucose (mg/dL) 
α0 75.94 4.83 66.55 85.44 
βSVL 0.80 2.51 -4.12 5.76 
βsex 2.89 13.09 -22.87 28.57 
βsex x SVL -22.51 13.90 -49.36 5.32 
βdate -0.53 2.67 -5.78 4.75 
βdate

2 1.02 1.99 -2.92 4.91 
βrice -0.63 2.61 -5.67 4.56 
βcap -0.02 0.32 -0.65 0.61 
σ 20.66 1.74 17.55 24.46 
σind 1.35 1.59 0.04 6.28 
σsite 1.66 1.96 0.03 7.31 

Calcium (mg/dL) 
α0 15.11 0.36 14.41 15.84 
βSVL -0.22 0.26 -0.72 0.29 
βsex -0.82 1.39 -3.50 1.97 
βsex x SVL -0.21 1.45 -3.13 2.68 
βdate 0.03 0.28 -0.52 0.57 
βdate

2 -0.23 0.20 -0.63 0.16 
βrice 0.40 0.27 -0.12 0.93 
βcap 0.28 0.25 -0.21 0.76 
σ 2.00 0.17 1.69 2.38 
σind 0.36 0.26 0.02 0.97 
σsite 0.48 0.34 0.02 1.28 
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 Mean SD 2.5th  
percentile 

97.5th  
percentile 

Phosphorus (mg/dL) 

α0 6.17 0.44 5.31 7.04 
βSVL 0.36 0.23 -0.07 0.82 
βsex -2.19 1.25 -4.65 0.24 
βsex x SVL -0.97 1.33 -3.61 1.69 
βdate -0.62 0.25 -1.11 -0.14 
βdate

2 -0.10 0.18 -0.46 0.25 
βrice -0.19 0.24 -0.65 0.28 
βcap -0.02 0.03 -0.08 0.04 
σ 1.79 0.16 1.51 2.13 
σind 0.38 0.27 0.02 1.00 
σsite 0.29 0.23 0.01 0.85 

Total protein (g/dL) 
α0 4.66 0.14 4.40 4.94 
βSVL 0.17 0.10 -0.03 0.37 
βsex 0.12 0.56 -0.96 1.23 
βsex x SVL -0.23 0.59 -1.37 0.95 
βdate -0.03 0.11 -0.24 0.20 
βdate

2 0.00 0.08 -0.15 0.16 
βrice 0.03 0.10 -0.17 0.23 
βcap 0.02 0.09 -0.17 0.20 
σ 0.74 0.08 0.58 0.90 
σind 0.26 0.17 0.01 0.61 
σsite 0.14 0.12 0.01 0.43 

Albumin (g/dL) 
α0 1.26 0.05 1.18 1.36 
βSVL 0.06 0.03 0.01 0.12 
βsex -0.07 0.16 -0.37 0.24 
βsex x SVL -0.21 0.16 -0.51 0.10 
βdate -0.04 0.03 -0.10 0.02 
βdate

2 0.01 0.02 -0.03 0.05 
βrice -0.01 0.03 -0.06 0.05 
βcap 0.01 0.03 -0.04 0.06 
σ 0.21 0.02 0.17 0.25 
σind 0.06 0.04 0.00 0.15 
σsite 0.09 0.05 0.01 0.20 
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 Mean SD 2.5th  
percentile 

97.5th  
percentile 

Globulin (g/dL) 

α0 2.80 0.31 2.21 3.41 
βSVL 0.16 0.15 -0.14 0.47 
βsex 0.28 0.85 -1.43 1.97 
βsex x SVL -0.31 0.90 -2.06 1.50 
βdate -0.13 0.17 -0.47 0.21 
βdate

2 0.11 0.12 -0.14 0.35 
βrice -0.03 0.17 -0.36 0.30 
βcap 0.02 0.02 -0.02 0.06 
σ 1.17 0.12 0.92 1.41 
σind 0.37 0.25 0.01 0.91 
σsite 0.24 0.18 0.01 0.68 

Potassium (mmol/dL) 
α0 4.76 0.26 4.26 5.28 
βSVL -0.02 0.12 -0.25 0.21 
βsex -0.70 0.64 -1.97 0.53 
βsex x SVL -1.24 0.65 -2.52 0.05 
βdate -0.13 0.13 -0.40 0.13 
βdate

2 0.21 0.09 0.03 0.39 
βrice 0.20 0.12 -0.04 0.45 
βcap 0.00 0.01 -0.03 0.03 
σ 0.87 0.08 0.73 1.04 
σind 0.20 0.14 0.01 0.53 
σsite 0.40 0.21 0.05 0.87 

Sodium (mmol/dL) 
α0 158.64 0.91 156.86 160.46 
βSVL 0.49 0.63 -0.73 1.70 
βsex -1.39 3.47 -8.22 5.46 
βsex x SVL -1.08 3.56 -7.97 5.90 
βdate -0.37 0.70 -1.73 1.02 
βdate

2 0.06 0.49 -0.88 1.06 
βrice 0.32 0.64 -0.95 1.60 
βcap 0.84 0.59 -0.31 2.00 
σ 4.72 0.51 3.69 5.74 
σind 1.29 1.02 0.05 3.67 
σsite 1.16 0.82 0.06 3.09 
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Main Points 

 
Effects on the federally and state threatened giant garter snake are a major concern under a 
long-term (10-year) plan to transfer water from sellers in the Sacramento Valley to users 
south of the Delta or in the San Francisco Bay Area. 
 
Water will be made available for transfer from cropland idling, crop shifting, groundwater 
substitution, reservoir release, and conservation. A maximum of 60,693 acres of rice land 
would be fallowed each year if the full amount of 565,614 acre feet of surface water is 
transferred annually. 
 
This level of idling potentially could have major impacts on this snake given the current 
importance of the rice landscape in the Sacramento Valley to the species’ continued survival. 
 
Giant garter snakes in the Sacramento Valley have a strong association with natural wetlands 
and aquatic agricultural habitats, particularly rice and associated water conveyances. Actions 
that degrade or eliminate habitats in the south-central portion of the Sacramento Valley near 
historical tule marsh are likely to have more serious consequences for the persistence of 
giant garter snakes than actions taken farther north and toward the edges of the valley.  
 
Impacts may be especially severe in areas adjacent to state and federal wildlife refuges, 
which may function as the core snake habitat to lead recovery efforts. 
 
The lower densities of snakes in rice than in wetlands is currently offset by the extent of rice, 
though local climatic conditions and global-scale market forces can lead to relatively large 
fluctuations in acreage under production over short time spans. Further, dependence on 
croplands leaves the snakes vulnerable to broad-scale changes in agricultural management, 
such as fallowing large areas of rice fields and conversion to incompatible crops (e.g., 
orchards, vineyards, row crops), or encroaching urbanization.  
 
Thus preserved habitat managed for the snake, with corridors linking suitable habitat blocks, 
is crucial for the survival of the species. 
 
Environmental commitments to reduce impacts to snakes will need to be carefully monitored 
and adaptively managed to ensure that robust snake populations are maintained. 
 
Examples of successful short-term mitigation for impacts of drought on snakes include 
completing an emergency restoration project in the Delta that pumped well water into a 
marsh to preserve rapidly drying habitat and obtaining permission and funding for 
unrestricted pumping of wells to maintain key snake habitat in the Grasslands Ecological 
Area in the San Joaquin Valley. 
 
Given continuing water shortages and a geographic imbalance between supply and 
demand, water transfers are likely to be an increasing part of California’s water future. 
Hence, transfers will need to be done wisely to benefit snakes and other wildlife, while at the 
same time supporting both nearby and distant human communities. 
 



2 
 

 

Purpose 

The purpose of this document is to provide a high-level synthesis of the state of 

knowledge of potential effects of long-term transfers of water from the Sacramento 

Valley on the federally and state threatened giant garter snake (Thamnophis gigas). Water 

transfers also have the potential to affect wetland-dependent birds and other wildlife 

that use managed wetlands and cultivated rice fields in the Sacramento Valley. 

 

Issue Description 

Effects on the giant garter snake are a major concern under the long-term (10-year; 

2015–2024) plan to transfer water from sellers in the Sacramento Valley to users located 

south of the Delta (or in the San Francisco Bay Area) (BOR and SLDMWA 2015, BOR 

2015a). Water will be made available for transfer from cropland idling, crop shifting, 

groundwater substitution, reservoir release, and conservation. A maximum of 60,693 

acres of rice land would be fallowed each year for 10 years if the full amount of 565,614 

acre feet of surface water is transferred annually as a result of cropland idling/crop 

shifting (USFWS 2015, 2016).  

 

This level of rice-land idling potentially could have major impacts on giant garter 

snakes given the current importance of the rice landscape in the Sacramento Valley to 

the species’ continued survival. This document summarizes key aspects of giant garter 

snake biology, current threats to the species, and concerns for snakes from fallowing 

rice.  

 

Background 

The giant garter snake is endemic to the floor of California’s Central Valley, with the 

historical range including natural wetlands from northern Butte County south to Buena 

Vista Lake near Bakersfield, Kern County (USFWS 2012). The current known range 

extends from Chico, Butte County, south to Mendota Wildlife Area, Fresno County. The 

populations north of the Sacramento–San Joaquin River Delta are believed to be 

relatively stable. By contrast, those in the San Joaquin Valley—where numbers are few, 

distribution is discontinuous, and habitat quality is low—appear to be in serious and 

notable decline and are at high risk of extirpation. The more numerous populations of 

the giant garter snake in the Sacramento Valley may reflect the availability of 

alternative habitat provided by rice cultivation in that region. Because of habitat loss 

and threats to the species, the giant garter snake is listed as both federally and state 

threatened. 

 



3 
 

The giant garter snake inhabits marshes, sloughs, ponds, small lakes, low gradient 

streams, and other waterways and agricultural wetlands such as irrigation and drainage 

canals, rice fields, and adjacent uplands (USFWS 2012). Except for the limited uplands, 

all have slow-moving, relatively warm water and emergent vegetation. Giant garter 

snakes depend upon rodent burrows to thermoregulate, to provide cover during 

ecdysis (the shedding of skin), and for over-wintering. These snakes feed on small 

fishes, tadpoles, and frogs. Breeding occurs in March and April, with females giving 

birth to live young from late July though early September. Giant garter snakes typically 

are inactive, or greatly reduce their activities, during the late fall and winter months.  

 

Key Habitat Needs 

Specific habitat needs of the giant garter snake include adequate water during the 

snake’s active season, emergent herbaceous wetland vegetation for escape and foraging 

habitat, grassy banks and openings in waterside vegetation for basking, and higher 

elevation upland habitat for cover and refuge from flooding (USFWS 2012). Radio-

telemetry data suggest that giant garter snakes rarely move more than a few meters 

from aquatic habitats during the active season (Halstead et al. 2015). 

 

Wylie et al. (2010) found that giant garter snakes will persist in areas dominated by rice 

by foraging in flooded rice fields after the rice plants have grown sufficiently to provide 

cover from predators. Giant garter snakes apparently do not tolerate seasonal wetlands 

managed for waterfowl if there is no aquatic habitat available during the active summer 

season. A combination of Body Condition Index and snake density in three habitat 

types, strongly indicates that perennial emergent marshes provide the highest quality 

habitat, rice agriculture is acceptable habitat, and seasonal winter wetlands is the least 

suitable habitat (Wylie et al. 2010). Habitat suitability modeling based on a landscape-

level GIS analysis of habitat features for the giant garter snake in the Sacramento Valley 

showed a strong association of these snakes with natural wetlands and aquatic 

agricultural habitats, including rice and associated water conveyances (Halstead et al. 

2010). 

 

Haltsead et al. (2014) used occupancy modeling to examine the distribution of giant 

garter snakes at the landscape scale in the Sacramento Valley. They emphasized the 

relative strength of historic and contemporary variables (landscape-scale habitat, local 

microhabitat, vegetation composition and relative prey counts) for predicting giant 

garter snake occurrence. Models showed a greater probability of occurrence near 

historical marsh, with the importance of distance to historical marsh thought to reflect 

dispersal limitations of giant garter snakes. Thus probability of occurrence was greatest 

along the center of the floor of the Sacramento Valley and decreased to the north and 
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toward the edges of the valley. Results suggest that preserving and restoring areas near 

historical marsh, and minimizing activities that reduce the extent of marsh or marsh-

like habitats (e.g., rice agriculture, canals) near historical marsh may benefit giant garter 

snakes. Thus, actions that degrade or eliminate habitat in the south-central portion of 

the Sacramento Valley near historical tule marsh are likely to have more serious 

consequences for the persistence of giant garter snakes than actions taken farther north 

and toward the edges of the valley. 

 

Threats 

The giant garter snake faces a host of threats, but the most serious ones are the 

continued loss and fragmentation of habitat from both urban and agricultural 

development, and the potential loss of habitat associated with changes in rice 

production (USFWS 2012). Activities such as water management and water transfers are 

also of particular concern because they exacerbate the losses from development and 

from loss of rice production. The remaining threats (e.g., introduced predators, road 

mortality, flood control and maintenance actions, and potentially climate change and 

water quality) are secondary to direct habitat loss; habitat fragmentation in the 

Sacramento Valley could become a critical issue in the snake’s survival should large-

scale habitat changes occur. 

 

Rangewide, many of the remaining populations of the giant garter snake occur in 

relatively small, isolated patches of suitable habitat surrounded by heavily altered 

landscapes, though the degree of isolation and genetic divergence vary geographically 

(Wood et al. 2015). Snake populations in the Sacramento Valley generally have higher 

connectivity (except across the Sacramento River) than in the Delta and San Joaquin 

Valley, where there is greater genetic differentiation among these more geographically 

isolated populations. Thus preserved habitat managed for the snake, with corridors 

linking suitable habitat blocks, is crucial for the survival of the species. Otherwise 

prolonged periods of drought, flooding, or diminished habitat quality are likely to 

cause further population declines.  

 

Rice Agriculture and Fallowing 

The rice industry is an important factor to consider in assessing habitat for giant garter 

snakes. Although rice agriculture serves as an alternative habitat for the giant garter 

snake in the absence of suitable natural wetlands, rice lands are of lower quality (lower 

snake densities) compared to naturally occurring perennial marsh. The lower quality of 

rice habitat for the snakes is currently offset by its extent. In recent years, California 

producers have annually cultivated about 202,343 hectares (500,000 acres) of rice, the 

vast majority of which is in the Sacramento Valley. Yet rice, like other agricultural 
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commodities, is subject to both local climatic conditions and global-scale market forces, 

which can lead to relatively large fluctuations in acreage under production over short 

time spans. Likewise, dependence of the Sacramento Valley populations on agricultural 

croplands leaves the giant garter snake vulnerable to broad-scale habitat loss from 

changes in agricultural management, such as fallowing large areas of rice fields, 

changes to incompatible crops (e.g., orchards, vineyards, row crops), or encroaching 

urbanization.  

 

Fallowing rice can have significant and complex impacts on the giant garter snake 

depending on the time frame and how the fallowing is conducted. 

 

Fallowing that results in barren fields and dewatering of associated ditches. Giant garter snake 

habitat can be substantially reduced or eliminated locally when rice fields are left out of 

production because of limits on water availability (high water prices, drought 

restrictions, water transfers or selling of water rights) or when growing rice is not 

economically viable. Snakes depend not only on the rice fields themselves (mainly mid-

June through August, i.e., only one-third of the snake’s active season) but more so on 

the associated irrigation and, particularly, drainage canals (or ditches), which provide 

more stable aquatic habitat than the rice fields themselves (B. Halstead pers. comm.). 

When de-watered, these conveyances lose all or most of their ability to support giant 

garter snake populations (references in USFWS 2012). Radio-tracked snakes are known 

to leave previously occupied rice-land sites when fallowing is continued for more than 

one season (Wylie et al. 2008, E. Hansen cited in USFWS 2012). 

 

Fallowing of rice as a part of a crop rotation program. Rice fields left out of rice production 

temporarily to sustain rice production over the long term pose different challenges 

(USFWS 2012). If such fields are planted with a rotation crop, especially one that is 

irrigated, essential habitat components for snakes may be maintained as long as water 

remains in canals (B. Halstead pers. comm.). Also, the long-term values to the snakes 

may be enhanced if the rice crop is made more sustainable when it otherwise might be 

eliminated. Rice crop rotation is likely to have the additional benefit of reducing farm 

chemical input and maintaining water quality (details in USFWS 2012). In such a 

setting, an irrigated rotation crop will likely keep water conveyances charged with 

water, and it is more likely to assist in prey production for snakes compared with a 

fallowed field that is left bare. 

 

The permanent conversion of rice fields to alternative crops that do not require summer 

flooding of the fields will reduce the amount of available habitat overall. The irrigation 

needs of the alternative crops, however, will determine the amount of remaining 

aquatic habitat available for the garter snake and its prey (references in USFWS 2012). 
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Fallowing fields alternately in a “checkerboard” pattern will also minimize the impact 

to the giant garter snake. 

 

Agricultural practices such as tilling, grading, harvesting, or mowing may kill or injure 

giant garter snakes (references in USFWS 2012). Giant garter snakes that over-winter 

near canals within or adjacent to rice fields are especially vulnerable to earth moving 

activities required to shape flood-irrigated fields, form rice checks, and install irrigation 

boxes. Most snakes are associated with canals when this work is done, such that 

shaping or scraping banks is especially problematic (B. Halstead pers. comm.). 

 

The growing of wild rice may have more adverse effects than growing the more 

common long- and short-grain rice varieties, which are harvested after irrigation has 

ceased and fields have dried. Because radio-marked giant garter snakes have been 

observed moving from rice fields into nearby canals as water recedes prior to harvest 

(Wylie et al. 2008), they are presumed to be absent when mechanical harvesters enter 

the fields. By contrast, wild rice is harvested while the field is inundated with water. 

The effects of mechanical harvesting on snakes in fields with water and prey are 

unknown, but the harvesting is suspected to disrupt hunting, basking, or other 

behaviors. 

 

Water Transfers 

Water transfers are increasingly being used to move water from users with 

discretionary supplies to those with critical needs. Water transfers occur annually 

between water users within any water district, and transfers between districts are 

becoming more common. Regular long-term contractual water transfers have the 

potential to significantly reduce the amount of rice lands. Impacts may be especially 

severe in areas adjacent to state and federal wildlife refuges, which may function as the 

core snake habitat to lead recovery efforts (USFWS 2012). 

 

Water transfers can be conducted with an emphasis on minimizing the effects on the 

giant garter snake. The USFWS’s biological opinion is that the Long-term Water 

Transfers (2015-2024), as proposed, are not likely to jeopardize the continued existence 

of the giant garter snake (USFWS 2015, 2016; BOR 2015b, Appendix A). The opinion 

does recognize, however, that the project will likely result in the loss of an unknown 

number of snakes from increased mortality from temporary loss of habitat, increased 

competition for resources, reduced reproductive rates, and increased mortality from 

predation. The expectation is that crop idling and shifting will temporarily remove 

suitable snake habitat and may also reduce reproduction, recruitment, and survival of 

snakes, and these effects will extend beyond the project time frame. However, 
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Reclamation is implementing a comprehensive conservation strategy with a number of 

specific environmental commitments. The strategy focuses on maintaining suitable 

habitat conditions for snakes in priority areas throughout the project action area. Water 

will be maintained in areas most important to snakes and will not be transferred in 

habitat priority conservation areas. Reclamation will also identify where idling has 

occurred, collect data and verify habitat conditions, synthesize species data, and 

implement adaptive management measures to assure effective implementation of the 

conservation measures. 

 

Water Transfers and Drought 

Interest in water transfers is heightened during periods of drought when additional 

pressure is exerted on already tight water supplies. At the same time, innovative 

solutions have been used to maintain environmental habitat, including that for the giant 

garter snake, during drought. For example, in 2014 the California Department of Fish 

and Wildlife, in cooperation with The Nature Conservancy, completed an emergency 

restoration project at the Cosumnes River Preserve that pumped well water into 

appropriately named ”Snake Marsh” to preserve rapidly drying habitat 

 (https://cdfgnews.wordpress.com/2014/09/22/). Similarly, U.S. Fish and Wildlife Service 

recently provided funding for unrestricted pumping of wells to maintain key snake 

habitat at Volta Wildlife Area in the Grasslands Ecological Area near Los Banos (Ric 

Ortega pers. comm.).  

 

In the long term, any such drought solutions will need to be compatible with the state’s 

Sustainable Groundwater Management Act of 2014, which provides a framework for 

sound groundwater management that will provide reliable water supplies and a buffer 

against drought and climate change (http://groundwater.ca.gov/). 
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ABSTRACT.—Habitat loss and modification are causing declines in the abundance and distribution of plant and animal species, yet
robust information on which to base management and regulatory decisions for these species frequently is not available. Thamnophis
gigas (Giant Gartersnakes), a species listed as threatened under the U.S. and California Endangered Species Acts, is strongly associated

with aquatic ecosystems in the Great Central Valley (California), yet many aspects of its ecology remain poorly understood. We evaluated

relationships between environmental attributes and occupancy of T. gigas and predicted the species’ occupancy across ~300,000 ha in the
northern Central Valley. We trapped T. gigas at 159 sites and characterized land cover, land use, and soil type at each site. Occupancy of T.
gigas was strongly and negatively associated with elevation and strongly and positively associated with canal density and the proportion

of rice and perennial wetland. We also found a strong and previously undescribed association between occupancy and soil order.
Estimated occupancy was over five times greater at sites underlain by alfisols, molisols, and vertisols than at sites underlain by entisols

and inceptisols. We used the statistical associations between environmental variables and occupancy to predict occupancy at a spatial

resolution and extent consistent with management of both T. gigas and regional land and water use.

Loss and modification of habitat are among the greatest
threats to all taxonomic groups. Changes in land use and land
cover in California’s Great Central Valley (henceforth, Central
Valley) since the mid-1800s exemplify such loss and modifica-
tion in the world’s major agricultural regions. To facilitate crop
production, the Central Valley’s once-expansive marshes and
other wetlands were drained and channelized by reclamation
levees, pumps, and canals (USFWS, 1999). An estimated 91%
reduction in the area of California’s wetlands has occurred since
the 1780s, attributable to expansion of agriculture and urban
areas (Dahl, 1990), with approximately 43% of freshwater
wetlands in the Central Valley lost or converted since 1939
(Frayer et al., 1989). More recently, areas near Sacramento and
other major cities are being converted from agriculture to urban
and suburban housing. These changes have contributed to
declines in the status of many wetland-associated animals and
plants, yet robust ecological information on which to base
management and regulatory decisions is not available for most
species (Alford and Richards, 1999; Gibbon et al., 2000; Brooks
et al., 2002). Agricultural and urban demands for water and
other resources that may compete with species needs almost
certainly will intensify.

Worldwide, reptiles are among the taxonomic groups for
which ecological information is particularly sparse (Metrick and
Weitzman, 1996; Gardner et al., 2007; Walsh et al., 2012). In the
Sacramento Valley (northern Central Valley), lack of information
on population dynamics and aspects of habitat quality for
Thamnophis gigas (Giant Gartersnakes), a taxon listed as
threatened under the U.S. and California Endangered Species
Acts, impedes land-use decisions by diverse resource-manage-
ment organizations. Thamnophis gigas is precinctive to the
Central Valley and is more closely associated with aquatic
environments than other gartersnakes in California (Fitch, 1940).

The species inhabits low-gradient streams, valley floor wet-
lands, and marshes. It requires wetlands for foraging, upland
areas for basking, upland burrows as summer shelter, and
higher-elevation uplands for winter brumation (Hansen and
Brode, 1980; USFWS, 1993, 1999; Hansen, 1998). All of these
features were components of historical wetlands in the Central
Valley; however, the distribution of this putative habitat for T.
gigas is more extensive and more contiguous than the
distribution of the species, suggesting that gradients of habitat
quality or mechanisms of habitat selection may not be
sufficiently understood.

Previous analyses identified environmental factors associated
with the spatial distribution of T. gigas in the Central Valley and
led to the generation of maps of habitat quality and predictions
of occupancy for the species. On the basis of presence-only data,
Halstead et al. (2010) reported that the likelihood of occurrence
of T. gigas increased as proximity to rice fields and wetlands
increased and as stream density decreased. In comparison, the
results of models based on presence-only data tend to be less
accurate than the results of models based on data on both
presences and absences (Brotons et al., 2004). On the basis of
presence and absence data from 24 sites, Halstead et al. (2014)
concluded that patterns of T. gigas occupancy were best
explained by distance to putative historic habitat (i.e., tule
[Schoenoplectus acutus] marsh). Because T. gigas is absent from
many areas of apparent habitat, Halstead et al. (2014)
hypothesized that limitations to dispersal from historic habitat
are constraining the species’ contemporary spatial distribution.
We agree that barriers to dispersal may be a factor, particularly
over relatively large spatial extents; however, other factors may
drive environmental heterogeneity that is associated with the
distribution of the species at smaller extents.

The objective of this study was to evaluate hypothesized
associations between the probability that a water body is
occupied by T. gigas and attributes of the water body and
adjacent lands. We used data from a much larger number of
sites than did previous analyses, which gave us greater ability to
evaluate potential causes of the patchy distribution of the
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species. We evaluated whether distance to historic tule marsh

was associated with occupancy and assessed the strength of

support for other hypotheses about components of habitat

quality and selection for T. gigas. We used the statistical relations

from our analyses to predict occupancy of T. gigas across a large

portion of the northern Central Valley at a spatial extent

consistent with regional management of the species and

agricultural and urban expansion and operations.

MATERIALS AND METHODS

Field Methods.—From 2009 through 2012, we conducted

surveys of T. gigas in canals, sloughs, and wetlands in the

Sacramento Valley (Fig. 1). We sampled 159 sites in the American
and Yolo Basins and the southern Sutter Basin (Fig. 1). The study
area covers at least 50% of the current range of T. gigas in the
Sacramento Valley. Data for this analysis were derived from
multiple studies, some of which included a random selection of
sites and some of which reflected opportunistic sampling driven
by perceived likelihood of snake occurrence. In all cases, we
endeavored to maximize the range of representative landscape
characteristics and distances among sites. The mean distance
between sites was 15.54 km (range 0.07–44.14 km). At each site,
consistent with methods described by Halstead et al. (2009, 2011),
we sampled T. gigas along a line of 50 funnel traps spaced 10 m
apart (total length of 500 m). We sampled public and, where
landowners agreed, privately owned canals, ditches, wetlands,

FIG. 1. Location of the Central Valley within California (top left), location of the study area relative to Sacramento (top right), and the sampling
sites (bottom).
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and drains in which water levels were sufficiently high to ensure
that traps were continuously wet, thereby reducing the risk of
desiccation or thermal stress for captured snakes. The traps were
galvanized 4-mesh eel pots (Tackle Factory [Cuba Specialty
Manufacturing], Fillmore, NY) modified to float following the
procedures in Casazza et al. (2000). We placed traps along the
edges of channels, streams, and associated vegetation, along
which T. gigas tend to move and forage. In each of the 4 yr of the
study, we sampled sites during two phases. The first phase was
from early May through mid-June, and the second phase was
from mid-July through mid-September. We chose these phases to
encompass differences in life histories among sexes and age
classes. During the first phase, males recently had left hibernacula
and were exposed to traps while searching for mates and food
(Coates et al., 2009). During the second phase, females had given
birth and were exposed to traps while searching for food. We
deployed traps for a minimum of 2 weeks at each site in a phase
and maintained and checked all deployed traps daily.

Environmental Data.—We derived nine environmental vari-
ables, eight continuous (Table 1) and one categorical, at each site.
To derive four variables related to the land cover adjacent to
sampled wetlands, we used ArcGIS (ArcGIS Desktop, release 10,
Environmental Systems Research Institute, Redlands, CA) to
delineate a 1,600-m buffer (the approximate distance that T. gigas
move during their active season; E. Hansen, unpubl. data;
USFWS, 1999) around each trap line and computed the
proportion of 30-m cells within the buffer that fell within one
of four classes: urban, rice or open water, row crops, and
grassland (USDA, 2013). The spatial distributions of these classes
changed little among the years of the study. Because all roads
were classified by the U.S. Department of Agriculture (2013) as
urban, the proportion of urban cover could be overestimated.
Therefore, we retained clusters of urban cells and removed
narrow strips of urban cells that usually represented roads
(Theobald, 2013). We computed the density (length per unit area)
of roads and canals within the 1,600-m buffer with the Line
Density tool in ArcGIS. We then computed the mean density for
all cells within the 1,600-m buffer. Elevation (which we measured
at the centroid of the trap line) captured environmental attributes
not represented by the other variables. We computed the distance
to historic tule marsh with a digitized version of the map of
Küchler (1977). We delineated a 10-m buffer around each
transect, converted the buffer to a polygon, and used the Near
tool in ArcGIS to compute the shortest distance between each
transect and the polygon that represented the historic distribution
of tule marsh. We hypothesized that occupancy is negatively

associated with elevation, road density, distance to historic tule
marsh, and the proportions of urban areas, grasslands, and row
crops (Table 1). We also hypothesized that occupancy is
positively associated with canal density and the proportions of
rice and open water (Table 1; Halstead et al., 2010).

We used data from the National Cooperative Soil Survey
(SSURGO) to classify the soils underlying each site as vertisols,
mollisols, entisols-inceptisols, or alfisols. Entisols and inceptisols
are separate orders in the SSURGO data, but we pooled the
orders because the number of sites underlain by soils in either
order was small and the two orders have similar topographic
associations (e.g., both are young and are common in steep,
rocky areas associated with rapid drainage). The majority of
sites (N = 106) were located on vertisols; 28 and 11 sites were
located on alfisols and mollisols, respectively, and 14 sites were
on entisols and inceptisols. We hypothesized that historic
hydrologic and geomorphologic processes drove soil formation
in the valley, and that wetlands and their underlying soil types
develop distinct hydrogeochemical signatures that affect habitat
selection by T. gigas. These processes likely also affected the
location of populations prior to conversion of wetlands to
agriculture.

Statistical Analysis.—T. gigas, like many species of snakes, are
difficult to capture or detect attributable to their wariness,
periods of inactivity, and cryptic coloration (Lind et al., 2005;
Durso et al. 2011; Halstead et al., 2013). Because the data were
collected over 4 yr, a multiple-seasons occupancy model
appeared to be appropriate; however, the number of parameters
that must be estimated in a multiple-seasons model is greater
than in a single-season model, and many of those parameters
were tangential to our primary hypotheses. Therefore, to reduce
the complexity of the model and avoid imprecise estimates of
parameters, we analyzed the data with a single-season occupan-
cy model (MacKenzie et al., 2002, 2006). Use of occupancy
models to estimate probabilities of detection requires multiple
surveys at each site (MacKenzie et al., 2002, 2006). We treated
surveys during the two phases in each of the four years of the
study as replicates, which resulted in eight possible surveys per
site. Over 70% of the sites (N = 115) were sampled at least twice,
and 38% of the sites (N = 60) were sampled four or more times.
We considered the species to be detected at a given site in a given
phase if at least one individual was captured in any trap.

The occupancy model included two parameters: pij, the
probability that the species was detected at site i during survey
j, and Wi, the probability that the species occupied site i during
any survey from 2009 through 2012. Prior to analyses, we

TABLE 1. The continuous covariates we used in submodels of occupancy of Thamnophis gigas (Giant Gartersnakes) in the Sacramento Valley and
sources of spatial data.

Covariate Abbreviation in model descriptions Source of data

Elevation elev U.S. Geological Survey 30-m digital elevation model
(http://nationalmap.gov/)

Proportion of urban cover urban 2013 U.S. Department of Agriculture National
Agricultural Statistics Service Cropland Data Layer
(CDL) (http://nassgeodata.gmu.edu/CropScape/)

Proportion of rice or open water rice.water 2013 CDL
Proportion of row crops row.crop 2013 CDL
Proportion of grassland grassland 2013 CDL
Canal density canal Streetmaps USA, 2012 (ESRI DVD)
Road density road USGS National Hydrologic Dataset for Hydrologic

Unit Code 1802 (California Sacramento River).
Downloaded from the national map.

Distance to historic tule marsh tule Kuchler, 1977
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developed sets of hypotheses describing the temporal variation
in detection probability and the spatial variation in occupancy
and converted these hypotheses into mathematical models. We
fit models to the data in two stages (Lebreton et al., 1992). First,
we combined models of detection probability with an intercept-
only or null model of occupancy. Models of detection
probability included fixed effects of year or phase. In models
that included a fixed effect of phase, we allowed estimates of
detection probability to vary among phases but not among
years. In models that included fixed effects of year, we did not
allow estimates of detection probability for the two phases
within a year to vary, but allowed estimates to vary among
years. We also fit models with additive and interactive effects of
phase and year. Because we did not sample the same sites in all
years and phases and weather conditions varied among
sampling periods, we expected detection probability to vary
among phases and years. We used Akaike’s information
criterion adjusted for small sample size (AICC) and Akaike
weights (wi) to evaluate the models of detection probability and
in all other model selection procedures (Burnham and Ander-
son, 2002). We considered models with AICC values within 2
points of one another to have similar statistical support
(Burnham and Anderson, 2002).

In the second stage, we combined all models of occupancy
with the highest-ranked models of detection probability (the
model with the lowest AICC value and any models within 2
AICC points). The models of occupancy included the nine
environmental variables described above. Initially, we fit
models to the data with an intercept-only model of occupancy
or an intercept and a single environmental variable. We
identified the variables for which the 95% confidence intervals
(CIs) around the estimates of the regression coefficients did not
include 0 and included those variables in models of occupancy
with three variables. We limited the number of environmental
variables to three to prevent inclusion of correlated variables in
the same model, and we did not include two variables in the
same model if their correlation coefficient was > j0.60j.
Similarly, we did not include multiple land-cover variables in
the same model because they are inherently correlated (i.e., an
increase in the proportion of one land-cover type decreased the
proportions of the other land-cover types). We evaluated the
relative strengths of association of the environmental variables
with occupancy on the basis of their occurrence in the highest-
ranked models and the magnitudes of the estimates of their
regression coefficients. We report the estimates of regression
coefficients from the highest-ranked model in which each
covariate was included and 95% CIs for all point estimates.
We tested the goodness-of-fit of the highest-ranked model to the
data with the bootstrap method of MacKenzie and Bailey (2004).

An assumption of the occupancy model is that the occupancy
status of each sample unit does not change over the duration of
sampling (the closure assumption). Because the sample units in
this study were small relative to the movement distances of T.
gigas (USFWS, 1999; E. Hansen, unpubl. data), snakes could
have emigrated from or immigrated to sites between surveys. In
addition, the occupancy status of a given site may have changed
during the 4 yr of sampling. Under some conditions, violations
of the closure assumption can bias estimates of occupancy
(MacKenzie et al., 2006). Therefore, in addition to assessing the
goodness-of-fit of the model, we organized the data as though
they were collected under Pollock’s robust design (Pollock,
1982) and used the method of Rota et al. (2009) to test whether
the assumption of closure was met. We treated the years as
seasons and fit the multiple-seasons occupancy model (Mac-
Kenzie et al., 2003, 2006) to the data. The multiple-seasons
occupancy model allows for changes in site-level occupancy
status among seasons and includes two parameters that
represent the processes that lead to changes in status: cy, the
probability that a site is colonized between seasons y and y + 1;
and ey, the probability that the species becomes extinct at a site
between seasons y and y + 1. We fit three versions of the
multiple-seasons model to the reorganized data. In the first
model, estimates of cy and ey varied among years. In the second
model, cy and ey were constant among years. In the third model,
cy and ey were fixed to 0 (to represent the closure assumption).

We standardized all of the continuous environmental
variables prior to fitting occupancy models to the data;
however, because one of our objectives was to predict
occupancy of T. gigas at locations that we did not sample, we
did not standardize the variables with the set of values from the
159 sites. Instead, we standardized the variables and predicted
occupancy across a larger area (Dickson et al., 2013) delineated
by the outer boundary of the set of 1,600-m buffers around each
site. We placed a 1,600-m buffer around each 30-m cell within
the boundary and derived values of the eight environmental
variables for each cell.

Predictions of Occupancy.—We used model-averaged estimates
of the slope and regression coefficients from the models with
three environmental variables to predict occupancy of T. gigas at
unsampled locations. We assigned a value of 0 to regression
coefficients for environmental variables not included in models
(Burnham and Anderson, 2002). The range of values of
environmental variables in the area in which we predicted
habitat quality is broader than the range of values among the
sites that we surveyed (Table 2). Therefore, some predictions
were based on values of variables that were outside the range of
values in the field data.

TABLE 2. The range of values of continuous covariates across all sites and across the area in which we predicted occupancy for Thamnophis gigas
(Giant Gartersnakes) in the Sacramento Valley.

Covariate

Sites Area in which occupancy was predicted

Minimum Maximum Minimum Maximum

Elevation (m) 4.00 19.15 0.00 72.00
Proportion of urban land 0.00 0.33 0.00 1.00
Proportion of rice or open water 0.00 0.92 0.00 0.99
Proportion of row crops 0.00 0.64 0.00 0.96
Proportion of grasslands 0.00 0.73 0.00 0.99
Canal density (m/ha) 0.45 28.98 0.00 35.00
Road density (m/ha) 0.00 52.10 0.00 218.00
Distance to historic tule marsh (m) 0.00 8,216.13 0.00 23,318.66
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To conduct a preliminary test of the spatially explicit
predictions, we used data from the California Natural Diversity
Database (CNDDB, 2015). The data, which are presence-only,
include coordinates of observations of T. gigas from across the
Central Valley. Although most of the records from the CNDDB
are from the last 20–30 yr, some records are older, and T. gigas
may have been extirpated from areas in which they were
observed more than three decades ago. Despite these short-
comings, however, the data are a useful and independent means
of evaluating the predictions of our models. We used ArcGIS to
extract the value of habitat quality from each cell in which T.
gigas was recorded and calculated the percentage of values that
exceeded 0.50.

RESULTS

We detected T. gigas during at least one survey at 82 sites
(52%). The highest-ranked model of detection probability
included an interaction between the effects of phase and year
and had nearly all the model weight (wi = 0.82). The model with
an effect of year (DAICC = 4.3, wi = 0.10) and an additive model
of the effects of phase and year (DAICC = 4.7, wi = 0.08) on
detection probability had considerably less support in the data,
and we did not include them in the second stage of model
fitting. Model-averaged estimates of detection probability for a
given phase and year ranged from 0.10 (CI 0.01–0.47) to 0.81
(0.61–0.92). Six of the eight estimates were ‡ 0.30, and three of
the estimates were > 0.70 (Table 3). The highest-ranked model
fit the data well (ĉ = 0.85).

Our results indicated that the assumption of closure was met.
The highest-ranked multiple-seasons model included coloniza-
tion and extinction probabilities that were fixed to 0. The model
in which colonization and extinction probabilities were estimat-

ed and constrained to be equal among years was ranked second

and also was supported by the data (DAICC = 2.4). The

inclusion of colonization and extinction probabilities in the

latter model, however, meant it was penalized approximately

four AICC units. Because the deviance of the model accounted

for less than half the penalty, inclusion of extinction and

colonization probabilities may not be important (Anderson,

2008). Furthermore, estimates of extinction probability from the

latter model were low (êy = 0.12 [0.03–0.37]), and estimates of

colonization probability were< 0.01, although highly imprecise.

Of the models of occupancy that included a single environ-

mental variable, the highest ranked included canal density. The

association between occupancy and canal density was positive.

The estimated 95% CI for the regression coefficient of canal

density did not include 0. Estimates of 95% CIs for four

additional environmental variables also did not include 0, and

we included these variables in three-variable models of

occupancy. The latter variables were elevation (negative

association with occupancy), soil order (lower occupancy for

entisols and inceptisols), proportion of row crops (negative),

and proportion of rice or open water (positive). There was no

support for the model that included distance to historic tule

marsh, and the 95% CI around the estimate of the regression

coefficient from the model overlapped 0.

The strengths of support for the three-variable models of

occupancy were similar. The DAICC values of all models in the

set were < 4.80 (Table 4), and four models had lower AICC

values than the highest-ranked single-variable model. Elevation

and canal density were the most strongly supported variables

(Table 4). Of the four highest-ranked models, they were in four

and three of the models (Table 4). Associations of occupancy

with proportion of rice or open water, proportion of row crops,

and soil order had weaker support, although 95% CIs around

estimates of their regression coefficients did not include 0 or

slightly overlapped 0 (Tables 4, 5). Estimates of regression

coefficients from the models that included soil order indicated

that occupancy was lower at sites on entisols or inceptisols than

at sites on the other three soil orders. Estimated occupancy in

areas underlain by entisols and inceptisols was more than five

times lower than estimated occupancy in areas on alfisols,

mollisols, and vertisols.

Predicted probabilities of occupancy varied from 0.00 to 0.94,

and the highest values were concentrated in the Colusa, Sutter,

American, and Yolo Basins (Fig. 2). These basins were separated

by areas with low values of predicted occupancy that largely

reflect the entisols and inceptisols adjacent to the Sacramento

River (Figs. 2, 3). Over 70% of the presences of T. gigas from the

TABLE 3. Model-averaged estimates of detection probability for both
phases in each of 4 yr, and their lower and upper 95% confidence
intervals, for Thamnophis gigas (Giant Gartersnakes) in the Sacramento
Valley. Phase 1 was from early May through mid-June, and phase 2 was
from mid-July through mid-September.

Year Phase Estimate Confidence interval

2009 1 0.75 0.60–0.86
2009 2 0.81 0.61–0.92
2010 1 0.72 0.54–0.85
2010 2 0.50 0.32–0.67
2011 1 0.16 0.02–0.64
2011 2 0.39 0.24–0.55
2012 1 0.30 0.19–0.44
2012 2 0.10 0.01–0.47

TABLE 4. Model selection results for the three-covariate models of occupancy of Thamnophis gigas (Giant Gartersnakes) in the Sacramento Valley.
AICC, Akaike’s Information Criterion adjusted for small sample size; Di, the AICC of the model minus the AICC of the highest-ranked model; wi,
Akaike weight; k, number of parameters; -2*log(L), -2 times the value of the likelihood at its maximum; W(.) , intercept-only model. Environmental
covariates are defined in Table 1.

Model AICC Di wi k -2*log(L)

W (canal+elev+rice.water), p(phase·year) 463.7 0.0 0.46 12 437.5
W (canal+elev+row.crop), p(phase·year) 465.7 2.0 0.16 12 439.6
W (canal+elev+soil), p(phase·year) 466.2 2.5 0.13 14 435.2
W (elev+soil+rice.water), p(phase·year) 466.6 2.9 0.11 14 435.7
W (canal+soil+row.crop), p(phase·year) 468.2 4.5 0.05 14 437.3
W (elev+soil+row.crop), p(phase·year) 468.3 4.6 0.04 14 437.4
W (canal+soil+rice.water), p(phase·year) 468.4 4.7 0.04 14 437.5
W (.), p(phase·year) 483.2 19.5 0.00 9 464.0
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TABLE 5. Relative strengths of association between occupancy of Thamnophis gigas (Giant Gartersnakes) and each covariate included in the four
highest-ranked, three-covariate models of occupancy. Estimates of regression coefficients from the highest-ranked model with each covariate and
model-averaged estimates of regression coefficients are also provided. Model-averaged estimates were used in the map of predicted occupancy.

Covariate

Number of models in

which included

Estimate of regression coefficient from highest-ranked

model with the covariate (95% CI)

Model-averaged estimate of

regression coefficient (95% CI)

Elevation 4 -2.86 (-5.62 to -0.11) -2.54 (-5.67 to 0.60)
Canal density 3 0.72 (-0.15 to 1.59) 0.69 (-0.31 to 1.69)
Proportion of rice or open water 2 0.63 (0.09 to 1.17) 0.36 (-0.38 to 1.09)
Entisols-inceptisols 2 -2.64 (-5.06 to -0.22) -0.89 (-3.46 to 1.68)
Proportion of row crops 1 -0.96 (-1.93 to 0.01) -0.22 (-0.96 to 0.53)

FIG. 2. Predicted probability of Thamnophis gigas (Giant Gartersnakes) occupancy in the northern Central Valley of California. Blue, lowest
predicted occupancy; red, highest predicted occupancy; black dots, presences of T. gigas from the California Natural Diversity Database. AB, American
Basin; CB, Colusa Basin; NB, Natomas Basin (southern American Basin); SB, Sutter Basin; YB, Yolo Basin.
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CNDDB occurred in cells with predicted occupancy > 0.50

(Figs. 2, 3).

DISCUSSION

Thamnophis gigas use canals as refugia in spring before rice

fields have been inundated and in autumn as rice fields are

being dewatered after the harvest (Hansen et al., 2015). Canals

also may be necessary components of T. gigas habitat given the

dynamic agricultural practices in the Sacramento Valley, where

rice fields may be fallowed or converted to other crops as

market conditions change. Rice fields also may be fallowed if

the value of water increases and farmers choose to sell their

water rights. Although T. gigas populations are not likely to

persist over long periods without access to inundated rice fields,
canals may provide sufficient resources during relatively short
periods of fallowing. Rice fields are believed to function as
surrogates for the wetlands that formerly were core habitat for
the species (Hansen, 1998; Halstead et al., 2014) and to serve as
essential components of habitat during the active season of T.
gigas. The rice fields’ shallow, warm waters produce high
concentrations of aquatic prey, and the rice plants provide cover
from predators (Hansen, 1998; Halstead et al., 2010). Neverthe-
less, occupancy of rice fields is heterogeneous, even in areas
where no historical or contemporary barriers to movement are
apparent.

Many mechanisms may explain the negative association
between occupancy of T. gigas and elevation, including the

FIG. 3. Occupancy of Thamnophis gigas (Giant Gartersnakes) in the Natomas Basin. Transparent purple and orange overlays represent the Natomas
and American Basins, respectively, and the blue dots represent presences of T. gigas from the California Natural Diversity Database.
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development of different prey assemblages associated with
rapid upland drainage and lowland perennial marsh, the
relative lack of wetlands and other aquatic systems on the
hillsides adjacent to the valley floor, and the increased energetic
cost of dispersal from low elevations to wetlands at higher
elevations. In addition, different soil orders are more common
on the valley floor and on the surrounding hillsides. Entisols
and inceptisols are recently formed, coarse-loamy soils with a
geomorphic history of rapid drainage associated with elevation
change and coarse sediment deposition by floodwaters. By
contrast, alfisols, mollisols, and vertisols generally occur in
relatively flat areas (e.g., steppes and prairies). These three clay-
rich, fertile, and fine-textured soil orders are associated with
hydric conditions that result from frequent flooding and
persistent inundation. They also occur beneath historic tule
marsh, and support the majority of rice agriculture on the floor
of the Sacramento Valley.

Therefore, effects of elevation may be confounded with effects
of soil order. Although the effect of elevation was more strongly
supported than soil order in the highest ranked model in the
original model set, the greater number of parameters in the
original model of soil order may have been the cause. In the
original model, we treated soil as a fixed effect with four orders,
which meant the model had two more parameters than the
models with elevation or other continuous covariates. Model-
selection metrics such as AICC generally penalize models with
larger numbers of parameters (Burnham and Anderson, 2002).
A posteriori, we fit a second version of the soil model in which
occupancy at sites underlain by vertisols, alfisols, and mollisols
was equal but differed from occupancy at sites underlain by
entisols and inceptisols. We fit this second model because
estimates of regression coefficients from the initial model
indicated that occupancy did not differ among sites on vertisols,
alfisols, and mollisols. The revised model also had the same
number of parameters as the models with continuous covari-
ates. The revised model became the highest ranked, and the
estimate of the regression coefficient indicated much lower
occupancy at sites underlain by entisols and inceptisols. These
results are consistent with the hypothesis that underlying soil
order is associated with occupancy of T. gigas, and they provide
one explanation for observed, finer-resolution patterns of the
species’ distribution in the study area. For instance, our results
suggest that occupancy of T. gigas differs in areas underlain by
coarse, permeable alluvium along the Sacramento River
through the southwestern and southern portions of the
Natomas Basin (near the Sacramento International Airport)
and in the eastern portion of the basin (Fig. 3). Historic and
contemporary observations of T. gigas in the southwestern and
southern portions of the basic are rare, whereas there are many
observations of the species elsewhere in the basin.

The association between soil order and occupancy by T. gigas
may be explained by chemotactic selection. For example,
different soil orders may be characterized by distinct geochem-
ical attributes that T. gigas recognizes. Use of chemoreception is
well documented in gartersnakes. For example, male garter-
snakes use chemoreception to locate females that excrete
pheromones through lipids in the skin (Ford and Low, 1984;
Ford and O’Bleness, 1986; Mason, 1993; LeMaster et al., 2001)
and to discriminate between mated and unmated females
(O’Donnell et al., 2004). Pheromones also may be used by
gartersnakes to locate traditional dens during autumnal
migrations (Costanzo, 1989; Lemaster et al., 2001). Although
areas underlain by entisols and incepticols often are leveled to

maintain persistent surface water for use in rice agriculture,
they still may retain the historic chemical signature of rapidly
draining soils, and our results suggest that T. gigas may avoid
these areas.

Previous analyses cited the estimated extent of historic tule
marsh as the variable most strongly associated with T. gigas
occupancy (Halstead et al., 2014), but the results of our analyses
did not support that hypothesis. We used data from a greater
number of sites than Halstead et al. (2014) (N = 159 vs. N = 24),
and our sites were concentrated in a smaller area. In addition,
~74% of our sites were within the area of predicted historic tule
marsh. At the coarser resolution examined by Halstead et al.
(2014), mechanisms related to dispersal appeared to be more
relevant. They evaluated covariates that were measured at
multiple resolutions, and models that included the distance to
historic tule marsh were the most strongly supported. The
higher density of sites in our study allowed us to evaluate
mechanisms that operate at finer resolutions. At this resolution,
canal density, the proportion of adjacent rice agriculture and
wetlands, and underlying soils appear to be stronger drivers of
T. gigas occupancy.

Legally mandated conservation actions for T. gigas are
included within numerous regional land-use plans (e.g., City
of Sacramento et al., 2003; Yolo County, 2015). Some plans
include habitat area or configuration requirements (City of
Sacramento et al., 2003; Yolo County, 2015) or simple assump-
tions about attributes of vegetation structure and composition
that equate to habitat for the species (Yolo County, 2015). In
many cases, these assumptions have not been validated by
robust analyses of comprehensive empirical data and are not
consistent with our results, suggesting a higher degree of
heterogeneity in T. gigas habitat in the Central Valley.

The spatial scale of our results is highly relevant to regional
resource management (e.g., City of Sacramento et al., 2003;
USFWS 2015). For example, our results facilitate the identifica-
tion of individual habitat patches within basins and barriers to
migration of T. gigas among basins. Results from analyses of
nuclear DNA suggested similar connections or barriers among
basins (Wood et al., 2015). For example, both occupancy and
genetic results indicated that T. gigas populations in the
American Basin (including the Natomas Basin, or southern
American Basin) are relatively well-connected to basins on the
east side of the Sacramento River (e.g., Sutter Basin and Butte
Basin) but less connected to populations on the west side of the
Sacramento River (e.g., Yolo Basin) (Wood et al., 2015). Together
or individually, such data on occupancy and population
genetics can be used to estimate current and future patterns of
movement, gene flow, and genetic differentiation given different
scenarios of environmental change (e.g., McRae et al., 2008).
This information also is useful for identifying the most effective
spatial scales for taking conservation actions, such as mitigation
or translocation.

Although we used data from multiple years, we fit a single-
season occupancy model because our primary objective was to
identify correlates of occupancy. We also were aware that the
low detection probability of T. gigas may require pooling data
across years to generate estimates that are reasonably precise.
We tested the assumption of closure, and the results of our test
supported use of the single-season model; however, we
acknowledge that the low capture probabilities preclude strong
inference regarding closure. Based on our experience with the
species and the results of other studies, we do not think that
violations of the closure assumption biased the inferences from
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this study. For example, the positive associations between
occupancy and canal density and proportion of rice in our study
were consistent with the results of Halstead et al. (2010), who
collected data in the same general locations but used presence-
only data and different analytical methods (factor analyses;
Calenge and Basille, 2008).

The precision of our estimates was strengthened by the
detection probabilities in 2009 and 2010 (Table 3), which are
relatively high for snakes (Durso et al., 2011). During those
years, we sampled wetlands in the core of the current
distribution of T. gigas, where we expected densities to be
moderate or high (e.g., USFWS, 1999, 2015; CNDDB, 2015). In
2011 and 2012, we sampled a higher proportion of wetlands
outside the core, where we expected that densities of T. gigas
would be much lower. Our expectations about the gradient of
density appeared to be correct, and, consequently, estimates of
detection probability declined and were generally less precise
(Table 3). These results suggest that occupancy studies based on
data from aquatic trapping may lead to imprecise estimates
when T. gigas densities are low, and other sampling methods
may be more effective. We are currently investigating the
usefulness of other methods, and preliminary results suggest
that environmental DNA (E. Hansen and G. Schumer, unpubl.
data) and scent detection dogs (E. Hansen and H. T. Harvey and
Associates, unpubl. data) may be feasible alternatives where the
probability of detecting T. gigas is low.

Although our work increases the resolution of estimates of T.
gigas occupancy, our predictions of occupancy were based in
part on values of covariates outside the range of our field data.
Additionally, there are gaps and regional inconsistencies in the
SSURGO soil data, and the number of trap lines in areas
underlain by entisols and inceptisols was small. Therefore, we
suggest that our predictions be evaluated with additional data.
We also suggest that future work emphasize identification of
soil-chemistry metrics that can be measured in the field and that
are indicative of biologically meaningful soil properties. Such
information could facilitate rapid assessment of field conditions,
improve the capacity to predict occupancy, and facilitate
reliable, fine-resolution predictions of habitat quality through-
out the species’ range. Such knowledge might improve the
ability to manage T. gigas at a regional level and across its range.
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Final EIR Western Canal Water District and Richvale Irrigation 
March 2018 District Water Transfers 2-1 

Chapter 2 

Proposed Project 

This chapter includes a detailed description of the proposed project. The proposed project is the 

transfer of surface water in the years 2018 through 2022 from WCWD and RID.  The proposed 

project includes potential transfers of up to 60,000 AF of surface water per year, but transfers in 

any one year could be less than this upper limit or only one district could decide to transfer 

water.  

A water transfer temporarily moves water from a willing seller to a willing buyer.  To make water 

available, the seller must take an action to reduce consumptive use or use water in storage.  

Water transfers must be consistent with State and Federal law.  Transfers involving water 

diverted through the Delta are governed by existing water rights, applicable Delta pumping 

limitations, reservoir storage capacity and other legal and regulatory requirements.  

2.1 Water Transfer Methods 
WCWD and RID would make water available for transfer through cropland idling of not more 

than 20 percent of the rice fields within WCWD and RID. Cropland idling makes water available 

for transfer that would have been used for agricultural production.  Water would be available on 

the same pattern throughout the growing season as it would have been consumed had a crop 

been planted.  The irrigation season generally lasts from April or May through September for 

most crops in the Sacramento Valley.  

WCWD and RID, combined, could idle up to 18,182 acres of rice fields, which would result in up to 

60,000 AF of water available for transfer. WCWD and RID would not idle more than 20 percent of 

rice acreage within each district. Transfers could occur in years when there is demand for water, 

but WCWD and RID would not transfer water if their surface water supplies were reduced in 

accordance with the terms of their respective diversion agreements with the State of California. 

The quantity of water made available for transfer through cropland idling would be calculated 

based on the evapotranspiration of applied water (ETAW).  ETAW is the portion of applied 

surface water that is used by the crop and evaporated from the soil and plant surfaces.  The 

ETAW for rice crops is 3.3 AF/acre (Reclamation and DWR 2015). These values were developed 

using the conceptual model and data in DWR Bulletin 113-3 (DWR 1975). 

Consistent with the provisions contained in Water Code Section 1018, participating landowners 

in WCWD and RID are encouraged to cultivate or retain non-irrigated cover crops or natural 

vegetation into their cropland idling transfer to protect habitat value in the area to be idled.  Idled 

land cannot be irrigated during the transfer season, but vegetation that is supported only through 

precipitation, remnant soil moisture, or that has begun to senesce in the summer months may 

remain on the idled fields.  Excessive vegetation supported by seepage from irrigation may result 

in a decrease in the amount of water available for cropland idling transfer. 
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December 2, 2019 
 

Frances Mizuno 
San Luis & Delta-Mendota Water Authority 
842 6th Street 
Los Banos, CA 93635 

Via email: frances.mizuno@sldmwa.org  

RE: Comments on Long-Term Water Transfers Final Environmental Impact 
Statement/Final Environmental Impact Report, SCH#2011011010 

Dear Ms. Mizuno: 

Thank you for the opportunity to review the Final Environmental Impact Statement/Final 
Environmental Impact Report (Final EIS/EIR) for the San Luis & Delta-Mendota Water 
Authority (SLDMWA) and US Bureau of Reclamation (Reclamation) Long Term Water 
Transfers project. The Council previously submitted comments to Reclamation on both the 
initial 2014 Draft Long-Term Water Transfers EIS/EIR (2014 Draft EIS/EIR, see Attachment 1) 
and the 2015 Final Long-Term Water Transfers EIS/EIR (2015 Final EIS/EIR, Attachment 2). 
Both comment letters identified: (1) omission of the Sacramento-San Joaquin Delta Reform Act 
of 2009 (Delta Reform Act) (Wat. Code § 85000 et seq.) and the Delta Plan from the regulatory 
setting sections of these documents; (2) the requirement in Water Code section 85225 for 
SLDMWA to determine whether the project is a covered action and, if so, file a Certification of 
Consistency with the Council before implementing the proposed project; and (3) Delta Plan 
regulatory policies or regulations potentially implicated by the proposed project. Ultimately, 
none of these comments were addressed in the 2015 Final EIS/EIR. 

On March 22, 2019, the Council submitted comments to SLDMWA on the Long-Term Water 
Transfers Revised Draft Environmental Impact Report/Supplemental Draft Environmental 
Impact Statement (RDEIR/SEIS, see Attachment 3), again identifying these deficiencies. The 
Final EIS/EIR provides SLDMWA’s proposed responses to these comments (Final EIS/EIR 
Appendix S, pp. S-28 to S-35). However, SLDMWA has not proposed revisions to the EIS/EIR 
in response to the Council’s comments. 

On November 15, 2019, SLDMWA representatives met with Council Chair Susan Tatayon and 
Council staff to discuss these concerns and to attempt to clarify certain aspects of the project 
of concern to the Council, including but not limited to: acknowledgement of the Delta Reform 
Act, Council, and Delta Plan in the regulatory setting of the EIS/EIR; the limited potential for 
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the proposed project to facilitate multi-year water transfers; and the strategy SLDMWA has 
outlined to mitigate streamflow impacts of such transfers across various water year types or 
under cumulative conditions created by multiple multi-year transfers. Thank you for meeting 
with us to discuss these points. The Council appreciates any additional clarifications you can 
offer through supplemental responses prior to certification of the Final EIS/EIR. 

Although SLDMWA identifies limited potential for multi-year water transfers to occur, the Draft 
and Final EIS/EIR in multiple places identify the potential that such water transfers would result 
with implementation of the proposed project. Therefore, the Council maintains the position 
outlined in previous comment letters. This letter summarizes and responds to SLDMWA’s 
responses to the Council’s comments on the RDEIR/SDEIS. 

Council Comments on SLDMWA Responses  

SLDMWA Response 4-1: SLDMWA’s response summarizes the Council’s decision to exempt 
single-year water transfers from Covered Action requirements, and states that the “Lead 
Agencies are not managing a bank or program.” The response states that any future transfer is 
an “independent transaction” subject to review and approval by Reclamation and the parties to 
the transfer, and that “[i]f Lead Agencies enter into a multi-year transfers agreement, the 
required Certifications of Consistency with the Council would be filed at that point.” (This 
response also addresses comments 4-2, 4-3, 4-4, 4-5, and 4-7.) 

Council response to SLDMWA response 4-1: While single-year water transfers are exempt 
from Delta Plan covered action requirements, the project description does not solely anticipate 
single-year transfers. The Final EIS/EIR (Section 1.3.2.2) describes numerous State 
regulations that pertain to long-term transfers, but does not mention applicable Water Code 
sections related to the Council’s authority, the Delta Plan, and Delta Plan regulations that apply 
to multi-year water transfers. The Final EIS/EIR should acknowledge the Delta Reform Act, 
applicable Delta Plan regulatory policies WR P1, WR P2, and GP 1 (as described in the 
Council’s letter on the RDEIR/SDEIS (Attachment 3)), and consistency determination 
requirements.  

The Council agrees that a Certification of Consistency with the Delta Plan will be necessary for 
a potential multi-year transfer project, and we encourage SLDMWA to further clarify that matter 
in the record prior to certifying the Final EIS/EIR. However, the Long-Term Water Transfers 
project itself also appears to meet the definition of a covered action, and SLDMWA should file 
a Certification of Consistency with the Delta Plan covering the program-level elements of the 
project before a potential multi-year water transfer occurs.  

SLDMWA Response 4-6: With regard to Mitigation Measure WS-1, SLDMWA’s response 
reiterates that the minimum streamflow depletion factor can be adjusted based on additional 
information. The response also clarifies that the Department of Water Resources (DWR) 
collects data on streamflow depletion as part of the Groundwater Sustainability Plan (GSP) 
development process.  
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Council Response to SLDMWA Response 4-6: A portion of the Council’s original comment 
from March 22, 2019 was not addressed in the Final EIS/EIR. The comment stated, “This 
mitigation measure addresses the initial streamflow depletion, but it does not address 
cumulative impacts from multiple multi-year water transfers on streamflow. The measure 
should be updated to address conditions during various water year types and the cumulative 
effects of multi-year water transfers from groundwater pumping.” SLDMWA’s response does 
not describe how Mitigation Measure WS-1 addresses variations in water year types or the 
cumulative effects of potential multi-year water transfers, and the Final EIS/EIR does not 
propose to modify Mitigation Measure WS-1 to account for these factors.  

In conclusion, Council staff recommend that SLDMWA determine if the Long-Term Water 
Transfers project is a covered action, and subsequently file a Certification of Consistency with 
the Delta Plan if applicable. For the reasons outlined on pages 2 and 3 of our March 22, 2019 
letter, the project appears to meet the definition of a covered action under Water Code section 
85057.5(a). We encourage SLDMWA to continue to engage with Council staff prior to 
developing and submitting a Certification of Consistency for this project. Please contact 
Anthony Navasero at (916) 445-5471 (Anthony.Navasero@deltacouncil.ca.gov) with any 
questions. 

Sincerely, 

Jeff Henderson, AICP 
Deputy Executive Officer 

Attachments: 
Attachment 1: December 1, 2014 Council Comment Letter on 2014 Draft EIS/EIR 
Attachment 2: April 24, 2015 Council Comment Letter on 2015 Final EIS/EIR 
Attachment 3: March 22, 2019 Council Comment Letter on RDEIR/SEIS 

Copied: 

Sheryl Looper  
Bureau of Reclamation, Mid Pacific Division 
2800 Cottage Way, MP-400 
Sacramento, CA 95825 

Via email: slooper@usbr.gov  







Attachment B 
GCID Response Letter to Michael Billou 



 

 

 

 
 
 
 
 
 
 
 
April 25, 2019 
 
Mr. Michael Billiou 
Billiou Farming Company 
Post Office Box 765 
Hamilton City, California 95951 
 
Subject:  Revised EIR and Supplemental EIS for Water Transfers 
 
Dear Mr. Billiou: 
 
Glenn-Colusa Irrigation District (GCID) is in receipt of your letter to the U.S. Bureau of 
Reclamation (Reclamation), dated March 16, 2019, containing your comments on the 
December 2018 Long-Term Water Transfers Revised EIR/Supplemental EIS (EIR/EIS). 
GCID notes your comment letter recommendation to limit or exclude GCID as a 
Potential Seller on the basis of purported impacts cited therein. As a distinguishing 
point, your correspondence specifically addresses the five GCID owned groundwater 
production wells (GCID Wells); not the private landowner wells within the GCID service 
area that could potentially participate in long-term water transfers. Table 1 below 
addresses some of the concerning inaccurate statements contained in your letter. 
 

Statement Purported  Fact 

2011-2018 total pumping of GCID Wells 20,000 acre-Feet 13,790 acre-Feet 

Maximum limits of GCID groundwater 
transfer in the EIR/EIS 

91,000 acre-Feet  25,000 acre-Feet 
per year 
(Alternatives 2 &3) 

EIR/EIS GCID groundwater transfer 
source  

GCID Wells A potential 
combination of 
GCID Wells and 
private landowner 
wells within the 
GCID service area 

 
Three of the five GCID Wells, in closest proximity to your wells, are a part of the Stony 
Creek Fan Partners Aquifer Performance Testing (SCFPAPT). These wells are screened 
between 712 feet below ground surface (ft-bgs) to 1241 fbgs in the lower Tuscan 
Formation and were pumped in two phases for 30-days and 154-days to investigate 
responses, recovery, and interaction amongst the local aquifer systems. The December  
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2012 SCFPAPT final report, prepared by a California registered Professional Geologist, 
cited the following findings: 

 The GCID Wells are perforated in a generally characteristic confined aquifer. 

 From amongst the California Department of Water Resources (DWR) monitoring 
well network, the twenty-six DWR observation wells that are perforated above 
550 ft-bgs displayed no GCID test pumping induced drawdown.  

 “All wells recovered to levels consistent with the historical baseline trends by 
March 2012.” 

 No direct subsidence occurred as a result of this testing.  
   

Your concerns were likewise noted in 2013 with your submission of a third party 
report on July 24, 2013, related to the GCID groundwater substitution transfer of 5,000 
acre-feet to San Luis & Delta-Mendota Water Authority. In response to your complaint 
about one of your irrigation wells pumping abnormally due to said transfer, GCID staff 
promptly developed a monitoring grid of surrounding wells in coordination with you 
and performed water level monitoring of them on a weekly basis, as shown in the 
enclosed Exhibit 1. Notably, the monitored DWR multi-completion well just 0.4 mile 
southwest of the well of interest featured steady and inclining groundwater levels 
during the transfer, for wells screened 380 ft-bgs and above. Your wells that were 
monitored showed similar responses. DWR Northern Region staff and the Glenn 
County Water Resource Coordinator reviewed the complaint along with the monitoring 
data and found no GCID transfer impact to your wells. On August 6, 2013, you 
withdrew the impact claim on the basis that your well pump had not sucked air for 
nearly two weeks.   
 
Your comments regarding the hydrographs in your letter are addressed in the enclosed 
Exhibit 2. The latest corresponding hydrographs, publicly available, from DWR’s 
California Statewide Groundwater Elevation Monitoring (CASGEM) data and DWR’s 
Water Data Library information are enclosed with notes supporting steady and 
increasing groundwater level baseline trends, as is consistent with the aforementioned 
findings. Furthermore, your letter clearly omits the following considerations: 
 

 The GCID earthen canal system is a source of considerable annual groundwater 
recharge to the region, principally in the vicinity of Hamilton City. 

 The likelihood that other local groundwater production wells may be operating 
from perforation zones below 500 ft-bgs and/or that wells from multiple 
counties may be pumping groundwater from the same aquifer. 

 Your groundwater wells, pumps, and appurtenances may have reached the end 
of their useful service lives (i.e. infrastructure age in exceedance of 40+ years, 
etc.). 

 



Mr. Michael Billiou 
April 25, 2019 
Page 3 
 
 
GCID is committed to continued reliable, responsible, and sustainable stewardship of 
its water resources for the benefit of its landowners, water users, and the region. This 
includes considerations to participate in potential programs for conjunctive use of 
surface water and groundwater in addition to active engagement in the local 
implementation of and compliance with the Sustainable Groundwater Management Act. 
Please feel free to contact me at (530) 934-8881, if you have any comments or 
questions. 
 
Sincerely, 

 
Zachary W. Dickens 
District Engineer 
 
                                                        
Enclosures (2) 

:  Dan Cordova 
        Carolyn Buckman 
 Thaddeus L. Bettner 
            

            

            

            

            

      

    



Exhibit 1: GCID 2013 Local Monitoring Data in Response to Third Party Report  

 

 

  



Exhibit 1: GCID 2013 Local Monitoring Data in Response to Third Party Report  



Exhibit 2: DWR Hydrographs with GCID Response to Comments 

 

 

 

CASGEM Data for 22N02W01N001M, located 0.32± mile from GCID Well 1 (22N02W02J001M) 

 
NOTE: The spring water level readings are within 95% of the monitored baseline.  

 

CASGEM Data for 22N01W29N004M, located nearest to your wells (“Monitoring Well” in the Exhibit 1 Map) 

 

NOTE: The spring 2017 and spring 2019 water level readings are the highest on record. 
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DWR Water Data Library data for 21N02W01F Multi-Completion Monitoring Well 

 

NOTE: The wells screened 307 ft-bgs and above have notable recovery in comparison to the levels  

  in the early 2000s. 

 

 

 

 

 

 

 



Exhibit 2: DWR Hydrographs with Response to Comments 
 
NOTE: The GCID Wells hydrographs below delineate no trend in groundwater level declines. 

CASGEM data for 22N02W02J001M (GCID Well 1) 

 

 

CASGEM data for 22N01W19K005M (GCID Well 2) 
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CASGEM data for 21N01W05D001M (GCID Well 3) 

 

 

CASGEM data for 21N01W31H001M (GCID Well 4) 
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CASGEM data for 21N02W36A001M (GCID Well 5) 

 

NOTE: This well is screened from 190-500 ft-bgs and 600-710 ft-bgs and shows no decline trend since the beginning of 

             the monitoring record in 1990. 


