
  

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.  



San Luis & Delta-Mendota Water Authority 
April 9, 2020 
Page 5 
 
 
 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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Attachments 

• Attachment A: Comment Letters on 2019 Final EIS/EIR 

• Attachment B: GCID’s formal response letter to Michael Billou’s comment on the 
RDEIR/SDEIS 
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Comment Letters on Final EIS/EIR 





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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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. 





AquAlliance et al. 
FEIS/R Comments 

Page 15 of 19 
 

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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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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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 
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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  
 



 9 

 
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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Westlands Water District
and Solar Developments

February 2016
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Lands Non-Solar

County Boundary

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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Figure 2
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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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CSPA et al., Delta Smelt Fall Habitat Action in 2019. 
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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 

 



CSPA et al., Delta Smelt Fall Habitat Action in 2019. 
19 August 2019, Page 6 of 7.  

 
 

 
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. 
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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. 



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

 

 12 

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. 



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

 

 14 

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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Figure C-1. GCID 28-day constant-discharge aquifer test:  Monitoring grid location map 
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