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mitigating potential impacts from groundwater substitution transfers.  I will provide comments 
and recommendations on these topics following seven comments and recommendations on 
general issues, assumptions and methods that are used throughout the Draft EIS/EIR.  

General Comments 

1. The Draft EIS/EIR has an underlying assumption that specific information on each proposed 
transfer will be evaluated in the future by the Bureau of Reclamation, the California 
Department of Water Resources (DWR), perhaps the California State Water Resources 
Control Board (SWRCB), and local agencies, presumably the County, or other designated 
local agency (Sections 1.5, 3.1.4.1-WS-1 and 3.3.4.1-GW-1).  The Draft EIS/EIR relies on the 
results of the SACFEM2013 groundwater modeling effort to validate the conclusion of less 
than significant and reasonable impacts that cause no injury from the groundwater 
substitution transfer pumping.  This conclusion is reached based on model simulation 
results, and assumption of implementation of mitigation measures WS-1 and GW-1.  
However, the Draft EIS/EIR provides only limited information on the wells to be used in the 
groundwater substitution transfers (see Table 3.3-3), and no information on non-
participating wells that may be impacted.  Information that is still needed to evaluate the 
potential impacts simulated by the groundwater modeling and the potential significance of 
the groundwater substitution transfer pumping includes, but isn’t limited to:  

a. proposed transfer wells locations that are sufficiently accurate to allow for determination of 
distances between the wells and areas of potential impact, 

b. the distances between the transfer wells and surface water features, 
c. the number of non-participating wells in the vicinity of the transfer wells that may be 

impacted by the pumping,  
d. the distance between the transfer wells and non-participant wells that may be impacted by 

the transfer pumping, including domestic, public water supply and agricultural wells, 
e. the number of non-participating wells in the vicinity of the transfer wells that can be 

expected to be pumped to provide public water supply or irrigation water during the same 
period as the transfer pumping, 

f. the amount of well interference anticipated at each of the non-participating domestic, public 
water supply and agricultural wells in the vicinity of transfer wells, 

g. the aquifers that the non-participating wells in the vicinity of the transfer wells are drawing 
groundwater from,  

h. groundwater level hydrographs near the non-participating and participating transfer wells, to 
document the pre-transfer trends and fluctuations in groundwater elevations in order to 
evaluate the current conditions and serve as a reference for monitoring impacts from 
transfer pumping, 

i. the identity and locations of wells that will be used to monitor groundwater substitution 
transfer pumping impacts, the aquifers these wells are monitoring, frequency for taking and 
reporting measurements, and the types and methods for monitoring and reporting, 

j. groundwater level decline thresholds at each monitoring well that require actions be taken 
to reduce or cease groundwater substitution transfer pumping to prevent impacts from 
excessive drawdown, including impacts to non-participating wells, surface water features, 
fisheries, vegetation and wildlife, other surface structures, and regional economics. 

This list addresses only the minimum of information needed about the groundwater wells 
and does not address other elements of the groundwater substitution transfer, which I will 
discuss under separate sections, including the WS-1 and GW-1 mitigation measures, the 
SACFEM2013 groundwater modeling effort, and stream depletion impacts. 
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I recommend the Draft EIS/EIR be revised to include the additional well 
information and monitoring requirements listed above.  I recommend that 
mitigation measures WS-1 and GW-1 be revised to provide specific 
requirements for monitoring, thresholds of significance, and actions to be taken 
when the thresholds are exceeded. 

2. The only maps provided by the Draft EIS/EIR that show the location of the groundwater 
substitution transfer wells, and the rivers and streams potentially impacted are the simulated 
drawdown Figures 3.3-26 to 3.3-31, which are at a scale of approximately 1 inch to 18 miles 
on letter size paper.  These figures show clusters of wells and several rivers, creeks and 
canals.  A few are labeled, but apparently not all of the streams and creeks evaluated for 
groundwater substitution impacts are shown.  Figures 3.7-1 and 3.8-2 show the major rivers 
and reservoirs evaluated in the biological analyses, and Tables 3.7-2, 3.7-3, and 3.8-3 list up 
to 34 small rivers or creeks that were apparently evaluated for stream depletion using the 
SACFEM2013 groundwater model.  Without river/stream/creek labels on the drawdown 
figures at a scale that allows for reasonable measurement and review, it is difficult to 
determine the anticipated drawdown at the 34 small rivers and creeks or other important 
habitat areas.   

The Fisheries Section 3.7, and Vegetation and Wildlife Section 3.8 provide discussions of the 
potential impacts from groundwater substitution transfer induced stream depletion 
(Sections 3.7.2.1.1, 3.8.2.1.1 and 3.8.2.1.4).  The Well Acceptance Criteria of Table B-1 in 
Appendix B of the October 2013 joint DWR and BoR document titled Draft Technical 
Information for Preparing Water Transfer Proposals (DTIPWTP) lists in the table footnotes 
eight major and three minor surface water features tributary to the Delta that are affected 
by groundwater pumping.  Apparently, the Well Acceptance Criteria in Table B-1 will be 
applied to these eleven surface water features as part of mitigation measure GW-1.  
Whether the Well Acceptance Criteria will also be applied to the creeks listed in Tables 
3.7-2, 3,7-3 and 3.8-2 is not specifically stated in the Draft EIS/EIR or GW-1.   

The lack of maps with sufficient detail to see the relationship between the wells and the 
surface water features prevents adequate review of the Draft EIS/EIR analysis to determine 
whether mitigation measures WS-1 and GW-1 will be effective at mitigating pumping 
impacts.  As I will discuss in Part 2 of this letter, the distance between a surface water 
feature and a pumping well is a critical parameter in estimating the rate and duration of 
stream depletion.  Maps are needed of each seller’s service area at a scale that allows for 
reasonably accurate measurement of distances between the groundwater substitution 
transfer wells and surface water features, other non-participating wells, proposed 
monitoring wells, fisheries, vegetation and wildlife areas, critical surface structures, and 
regional economic features.  

I recommend the Draft EIS/EIR be revised to provide additional maps of each 
seller’s service area at a scale that allows for reasonably accurate measurement 
of distances between the groundwater substitution transfer wells and surface 
water features listed in Tables 3.7-2, 3.7-3, 3.8-3 and B-1 as well as other non-
listed surface water dependent features such as wetlands and riparian areas, 
non-participating wells, the proposed monitoring wells, wildlife areas, critical 
surface structures, regional economic features, and other structures that might 
be impacted by groundwater substitution pumping.  

3. The Draft EIS/EIR evaluated a number of potential environmental impacts from the 
groundwater substitution transfers using the finite element groundwater model 
SACFEM2013.  The results of the modeling effort were used in the assessment of the 
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potential biological resource impacts from reductions in surface water flow caused by 
groundwater substitution transfer pumping (pages 3.7-18 to 3.7-30, and 3.8-49 to 3.8-67).  
The Draft EIS/EIR assumes that SACFEM2013 model results are sufficiently accurate to 
justify removing most of the small creeks from a detailed effects analysis (Table 3.7-3 and 
3.8-3).   

Statements are given that the mean monthly reduction in the Sacramento, Feather, Yuba and 
American rivers will be less than 10 percent (pages 3.7-25 and 3.8-49) and that other stream 
requirements of flow magnitude, timing, temperature, and water quality would continue to 
be met.  However, actual SACFEM2013 model results on anticipated changes in flow, 
temperature and water quality are not provided for all of the surface water features that 
may be potentially impacted by the groundwater substitution transfer projects.  Creeks that 
passed a preliminary screening, Tables 3.7-3 and 3.7-4, were selected to be modeled by 
water year type for stream depletion that exceeds 1 cubic feet per second (cfs) and 10% 
reduction in mean monthly flow.  Results of the modeling effort are presented in Tables 3.8-
4 to 3.8-7.   

The Draft EIS/EIR notes that not all surface water features were evaluated because some 
lacked sufficient historical flow data, or they were too small to model (page 3.7-20).  The 
Draft EIS/EIR then assumes that the pumping impacts to un-modeled small surface water 
features are similar to nearby modeled features.  No maps with sufficient detail are provided 
to allow for determination of the spatial relationship between the modeled and un-modeled 
surface water features, or the relationship between the groundwater substitution transfer 
wells and the modeled and un-modeled surface water features (see comment no. 2).  The 
distance between a well and a surface water feature is a critical parameter in determining 
the rate and timing of surface water depletion resulting from groundwater pumping.  The 
validity of the assumption that the un-modeled surface water features will respond similarly 
to the modeled is dependent on the distance between them and their respective distances 
to the pumping transfer well(s).  I will discuss in more detail in Part 2 the importance of 
distance in the calculation of stream depletion.   

The Draft EIS/EIR also provides Figures B-5 and B-6 of Draft EIS/EIR Appendix B that graph 
in aggregate the changes in stream-aquifer interactions, presumably equal to changes in 
stream flow, based on the SACFEM2013 simulations.  While these graphs are interesting for 
several reasons, they don’t provide information specific to each seller service area on flow 
losses expected in each river and creek.  No figures are provided that show the longitudinal- 
or cross-sections of channel where impacts are expected, or the rate of stream depletion in 
each channel section.  Maps with rates and times of stream depletion by longitudinal channel 
section are needed to allow for an adequate review of the Draft EIR/EIS conclusion of less 
than significant and reasonable impacts with no injury.  These maps are also needed to 
evaluate the specific locations for monitoring potential impacts.   

Statements are made in Section 3.7 that reductions in surface flow due to groundwater 
substitution pumping would be observed in monitoring wells in the region as required by 
mitigation measure GW-1.  Thus detailed maps that show the locations of the monitoring 
wells and the areas of potential impact along with the rates and seasons of anticipated 
stream depletion are needed for each service area.  These maps are also needed to allow 
for evaluation of the cumulative effects whenever pumping by multiple sellers can impact the 
same resource.  Without site-specific information on expected locations and changes in flow 
at each potentially impacted surface water feature, it’s difficult to evaluate the adequacy of 
any monitoring effort.     
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I recommend the Draft EIS/EIR be revised to provide additional information on 
the anticipated changes in surface water flow, temperature, water quality and 
channel geomorphology for each river, creek and surface water feature in the 
areas of groundwater substitution transfer pumping.  In addition, I recommend 
that maps showing the along channel longitudinal sections, the maximum 
anticipated changes in flow rate, water temperature, water quality, and the 
timing of the maximum anticipated rate of stream depletion due to 
groundwater substitution transfer pumping be provided at an appropriate scale 
to allow for adequate measurement and review in the Draft EIS/EIR, and for use 
in the WS-1 and GW-1mitigation monitoring programs.   

4. The results of the SACFEM2013 simulation are used to evaluate stream depletion quantities 
and impacts for vegetation and wildlife resources that are dependent on surface water 
(Sections 3.7 and 3.8), and to determine the expected lowering of groundwater levels in the 
areas of transfer pumping (Section 3.3).  The groundwater substitution transfer pumping 
simulation was run from water year (WY) 1970 to WY 2003 and assumed 12 periods of 
groundwater substitution transfer at various annual transfer volumes as shown in Figure 3.3-
25.  The apparent Draft EIS/EIR baseline for analysis of groundwater pumping impacts ends 
with WY 2003 because of limitations of the CalSim II surface water operations model.  The 
CalSim II model was jointly developed by DWR and BoR and is used to determine available 
export capacity of the Delta.  The WY 2003 time limitation was adopted in the 
SACFEM2013 groundwater-modeling effort apparently because of the desire to combine the 
simulation of groundwater impacts with estimating the timing of when groundwater 
substitution water could be transferred through the Delta (Section 3.3.2.1.1).  The 
description of the SACFEM2013 modeling effort states that the volume of groundwater 
pumping was determined by “comparing the supply in the seller service area to the demand 
in the buyer service area” (page 3.3-60). 

While this is an interesting modeling exercise, and much can be learned from it, the 
simulations didn’t evaluate the impacts of pumping the maximum annual amount proposed 
for each of the 10 years of the project.  It is important that with any simulation used to 
analyze potential project impacts that the maximum levels of stress, pumping, proposed by 
the project be simulated at each of the project locations for the entire duration of the 
project.  This is especially important whenever the simulations are used to justify the 
conclusion that project impacts will be less than significant, reasonable and cause no injury.  
Because the groundwater modeling effort didn’t include the most recent 11 years of record, 
it appears to have missed simulating the most recent periods of groundwater substitution 
transfer pumping and other groundwater impacting events, such as recent changes in 
groundwater elevations and groundwater storage (DWR, 2014b), and the reduced recharge 
due to the recent periods of drought.  Without taking the hydrologic conditions during the 
recent 11 years into account, the results of the SACFEM2013 model simulation may not 
accurately depict the current conditions or predict the effects from the proposed 
groundwater substitution transfer pumping during the next 10 years.   

Although the Draft EIS/EIR project description is specific on the volumes and periods of 
groundwater substitution transfer pumping as shown in Tables 2-4 and 2-5, the write-up of 
the groundwater modeling effort aggregated the volume pumped (Sections 3.3.2.4.2 and 
B.4.3.1.2 in Appendix B).  The simulated volume of groundwater pumped doesn’t reach the 
maximum being requested by the project in any individual year or for all ten years (Figures 
B-4 in Appendix B and 3.3-25).  Note, the annual groundwater substitution transfer amounts 
shown in Figure B-4 in Appendix B are not the same as the amounts simulated by the 
SACFEM2013 model as shown in Figure 3.3-25.  The presentation of the SACFEM2013 
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model results in Sections 3.3.2.4.2 and B.4.3.1.2 don’t tabulate or provide detailed maps by 
seller service area on the pumping rates, cumulative pumped volumes, pumping times and 
durations, or which aquifers were pumped in the simulations. The model documentation 
doesn’t provide the maximum drawdown or the expected centers of maximum drawdown 
for each seller service area.   

The documentation of the SACFEM2013 model results should also discuss the variations in 
potential impacts that might result from pumping transfer wells other than those simulated.  
If the groundwater simulation didn’t pump all of the transfer wells listed in Table 3.3-3 for 
each seller at their maximum rate, then the modeling documentation should describe how 
the impacts from the simulation should be evaluated for the non-simulated transfer wells 
and for those well simulated at less than maximum pumping.  For example, if the modeling 
effort provides the pumping time and distance drawdown characteristics of each well this 
information can be used to estimate the drawdown at different distances, pumping rates, 
and durations of pumping (see pages 238 to 244 in Driscoll, 1986).  The Draft EIS/EIR should 
provide the time-drawdown and distance-drawdown hydraulic characteristics for each 
groundwater substitution transfer well so that non-simulated impacts can be estimated.  The 
Draft EIS/EIR should then describe a method(s) for estimating the drawdown at different 
distances, rates and durations of pumping so that non-participant well owners can estimate 
and evaluate the potential impacts to their well(s) from well interference due to the 
pumping of groundwater substitution transfer well(s).  

Because the rate of stream depletion is scaled to pumping rate and because the model 
documentation doesn’t indicate the pumping locations, rates, volumes, times or durations 
that produced the pumped volumes shown in Figure 3.3-25, or the stream depletions shown 
in Figures B-5 and B-6 in Appendix B, there is uncertainty whether the SACFEM2013 
modeling simulated the maximum rate of stream depletion for the proposed 10-year 
project.  The annual volume of groundwater pumping shown in Figure 3.3-25 are less than 
the maximum requested, and pumping for a continuous 10 years was not simulated.  This 
suggests that the stream-interaction values or stream depletion(?) shown in Figures B-5 and 
B-6 of Appendix B are not the maximum level of impact that might occur from the 10-year 
project.   

Without information on the rate, timing and duration of the groundwater pumping, there 
can be no evaluation of whether the annual simulated impacts are representative of the two 
pumping seasons listed in Table 2-5, or just a single 3-month pumping season.  Whenever 
the simulated annual pumping rate was greater than the single season maximum of 163,571 
acre-feet (AF), two seasons of pumping are required, but the percentage in each season is 
unknown.  If the simulated pumping time represents only one season or a mixture of the 
two seasons, then the simulation may not reflect the actual timing and/or duration of 
maximum groundwater substitution pumping impacts proposed in Table 2-5.  If a simulation 
doesn’t evaluate the project under existing conditions or simulate the maximum stress 
allowed by the project description, then it raises a question of whether the Draft EIS/EIR 
adequately evaluated the projects potential impacts.  Without thorough documentation of 
the SACFEM2013 groundwater impact simulation, it is difficult to review and analyze the 
model’s predictions for potential impacts from each seller’s groundwater substitution 
transfer project, or use the model results in designing and setting impact thresholds for the 
groundwater monitoring required in mitigation measure GW-1. 

I recommend the Draft EIS/EIR be revised to provide a more complete 
description of the SACFEM2013 groundwater modeling effort, including 
tabulation of the groundwater substitution pumping rates, volumes, durations, 
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and dates for each simulated well; the hydraulic characteristics of each well 
simulated; the aquifer(s) pumped by each simulation well; the impacts from the 
maximum proposed pumping, annually and during the 10-years of the proposed 
project; sufficiently detailed maps of the well locations in each seller’s service 
area that non-participants and the public can use to identify any well’s 
relationship to the groundwater substitution transfer wells and understand the 
potential impacts to groundwater levels.  I recommend the Draft EIS/EIR 
provide, for each transfer well, the pumping time and distance drawdown 
characteristics such that drawdown for durations, distances and rates of 
pumping other than those simulated can be estimated.  I recommend the Draft 
EIS/EIR also provide an explanation of why the simulation is representative of 
the current (2014) conditions, how the simulation can be used to assess current 
and future conditions, and how the simulation can be used to evaluate, monitor 
and set impact thresholds for future impacts from the 10-year project at the 
maximum groundwater substitution transfer pumping volumes listed in Tables 
2-4 and 2-5.  

5. The Draft EIS/EIR was written from the perspective of the process of transferring surface 
waters through the Delta.  This surface water point of view has carried over into some of 
the analyses of impacts and mitigations for groundwater pumping.  For example, the 
discussions of potential impacts to surface water users, fisheries, and other stream 
dependent biological resources are thought of as occurring “downstream” of the 
groundwater substitution wells.  While it is correct that groundwater pumping can impact 
down gradient resources, pumping can also affect up gradient and lateral resources.  A 
pumped well creates a depression in the surrounding aquifer, often referred to as a “cone of 
depression.”  Thus, the area of impact around a pumping well is not a single point, but a 
region whose extent is sometimes called the “area, radius or zone of influence.”  The length 
of stream affected by groundwater pumping is related to the distance between the well and 
the stream (Figures 16 and 29 from Barlow and Leake, 2012; Exhibits 1.1 and 1.2).  Miller 
and Durnford (2005) noted that for an ideal aquifer and stream at longer durations of 
pumping, when the stream depletion rate approaches the well pumping rate, 50% the stream 
depletion occurs within a stream reach length of twice the distance between the stream and 
well, and 87% of the depletion occurs within a reach length of 10 times the stream to well 
distance.  Obviously, for non-ideal aquifers and streams the length of stream depleted will 
vary from the ideal, but this illustrates that stream depletion caused by a pumping well is not 
focused at one point, but occurs along a length of stream with impacts that occur upstream 
and downstream from the point on the stream that is typically closest to the well.   

Because groundwater is generally flowing, the water table or piezometric surface has a 
slope.  This slope causes the cone of depression around a pumping well to elongate along 
the direction of regional flow.  The elongated cone of depression is often referred to as a 
“capture zone” (Frind and others, 2002) and determining its extent is a basic part of a pump 
and treat groundwater cleanup program (USEPA, 2008a).  This “capture zone” is related to 
stream depletion capture because the pumping well intercepts groundwater that would 
eventually discharge to surface water or be used by surface vegetation.  If the “capture 
zone” extents far enough it may cross a surface water feature and induce greater seepage.  
However, unlike the capture needed for a contaminant plume, stream depletion can occur 
without the actual molecule of water that enters the well having to originate from the 
stream (Figure 29; Exhibit 1.2).   

The stream depletion occurs when groundwater is either intercepted before reaching the 
stream or seepage from the stream is increased.  This water only has to backfill the change 
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in storage caused by pumping, it doesn’t have to enter the well.  The “capture zone” also 
extends upgradient to the recharge area that’s the normal source of water flowing past the 
well.  The aquifer recharge that flows past the pumping well may be derived from a wide 
mountain front area, it could be a section of another river that crosses the the “capture 
zone”, or an overlying area of agricultural irrigation.  In a complex hydrogeologic setting, 
numerical modeling that utilize particle tracking is needed to define where a pumping well is 
recharged and where it may deplete surface water features (Frind and others, 2002; Franke 
and others, 1998).  

The concepts of a wide zone of influence and an elongated “capture zone” are important for 
the Sacramento Valley groundwater substitution transfers projects because the analysis and 
monitoring of potential pumping impacts requires a multidirectional evaluation.  It can’t be 
assumed that stream depletion impacts from pumping occur only downstream from the 
point on the stream closest to the pumping well.  Any monitoring of the effects of 
groundwater substitution pumping on surface or ground water levels, rates and areas of 
stream depletion, fisheries, vegetation and wildlife impacts, and other critical structures 
needs to cover a much wider area than what is needed for a direct surface water diversion.  
This is a fundamental issue with the Draft EIS/EIR.  The environmental analyses, monitoring 
requirements and mitigation measures appear to be developed without adequately 
considering the multidirectional, wide extent of potential impacts from groundwater 
substitution transfer pumping. 

I recommend the Draft EIS/EIR be revised to address the wide extent of 
potential impacts for groundwater substitution transfer pumping.  This should 
include conducting numerical modeling of the groundwater basin using particle 
tracking to determine which surface water features and other structures are 
potentially impacted by the pumping of each transfer well and to determine the 
extent of stream depletion along each potentially impacted surface water 
feature.  The monitoring and mitigation measures WS-1 and GW-1 should also 
be revised to account for a wide area of potential impact from groundwater 
substitution transfer pumping.  

6. The Draft EIS/EIR is written with the assumption that project specific evaluation for each 
seller agency will be done at a later time by the BoR and/or DWR, and at the local level (see 
Section 3.3.1.2.3, mitigation measure GW-1 in Section 3.3.4.1, and Section 3.1 in the 
DTIPWRP).  The Draft EIS/EIR lists in Table 3.3-1 and Table 3-1 of the DTIPWRP the 
Groundwater Management Plans (GMP), agreements and county ordinances that regulate 
the sellers at a local level.  The Draft EIS/EIR discusses only two county ordinances, the 
Colusa Ordinance No. 615 and Yolo Export Ordinance No. 1617, one agreement, the 
Water Forum Agreement in Sacramento County, and one conjunctive use program, the 
American River Basin Regional Conjunctive Use Program.  The Table 3-1 in the DTIPWRP 
lists short descriptions of the county ordinances related to groundwater transfers, if one 
exists.  These descriptions don’t always identify the actual ordinance number that applies to 
a groundwater substitution transfer, but sources for additional information are provided in 
the table.   

The DTIPWRP (page 27) and GW-1 (page 3.3-88) instructs the entity participating in a 
groundwater substitution transfer that they are responsible for compliance with local 
groundwater management plans and ordinances.  Except for the brief discussion of the two 
ordinances, one agreement, and one conjunctive use program listed above, the Draft EIS/EIR 
doesn’t describe the requirements of local GMPs, ordinances, and agreements listed in 
Tables 3.3-1 (page 3.3-8) and Table 3-1 (page 27).  Thus, the actual groundwater substitution 
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transfer project permit requirements, restrictions, conditions, or exemptions required for 
each seller service area by BoR, DWR, and one or more County GMP or groundwater 
ordinance will apparently be determined at a future date.  It follows that any actual 
monitoring requirements, mitigation measures, thresholds of significance required by BoR, 
DWR or local governing agencies will also be determined at a future date.  The mechanism 
for the public to participate in the determination of the actual groundwater substitution 
transfer project permit requirements, restrictions, conditions, mitigation measures or 
exemptions isn’t specified in the Draft EIS/EIR.   

Addition information is needed on what the local regulations require for exporting 
groundwater out of each seller’s groundwater basin.  The Draft EIS/EIR needs to discuss 
how the local regulations ensure that the project complies with California Water Code 
(WC) Sections 1220, 1745.10, 1810, 10750, 10753.7, 10920-10936, and 12924 (for more 
detailed discussion of these Water Codes see Draft EIS/EIR Section 3.3.1.2.2).  Although the 
Draft EIS/EIR doesn’t document, compare or evaluate the requirements of all local agencies 
that have authority over groundwater substitution transfers in each seller service area, the 
Draft EIS/EIR concludes that the environmental impacts from groundwater substitution 
transfer pumping by each of the sellers will either be less than significant and cause no injury, 
or be mitigated to less than significant through mitigation measures WS-1, and GW-1 with 
it’s reliance on compliance with local regulations.  Because the spatial limits of groundwater 
substitution pumping impacts are controlled by hydrogeology, hydrology, and rates, 
durations and seasons of pumping, the impacts may not be limited to the boundaries of each 
seller’s service area, GMPs, or County.  There is a possibility that a seller’s groundwater 
substitution area of impact will occur in multiple local jurisdictions, which should results in 
project requirements coming from multiple local as well as state and federal agencies.  The 
Draft EIS/EIR doesn’t discuss which of the multiple local agencies would be the lead agency, 
how an agreement between agencies would be reached, or how the requirements of the 
other agencies will be enforced.  The Draft EIS/EIR only briefly mentions the Northern 
Sacramento Valley Integrated Regional Water Management Plan (IRWMP) (page 3.3-91 and -
92) and doesn’t mention the American River IRWMP (http://www.rwah2o.org/ 
rwa/programs/irwmp/), the Yuba County IRWMP (http://yubairwmp.org/the-plan-irwmp/ 
content/irwmp-plan), or the Yolo County IRWMP (http://www.yolowra.org/irwmp.html).  
The Draft EIR/EIS doesn’t provide information on the water management requirements of 
the IRWMP covering each seller service area or how the groundwater substitution transfers 
will be accounted for in the IRWMP process. 

Because the Draft EIS/EIR requires that each individual transfer project meet the 
requirements of Water Code sections listed above, and because it assumes that each of the 
sellers will separately comply with all federal, state and local regulation, GMPs, IRWMPs, 
ordinances or agreements, the Draft EIS/EIR should provide an analysis of how these local 
regulations, GMPs, ordinances or agreements will ensure each seller’s project achieves the 
goals of no injury, less than significant and reasonable impacts.  Each seller’s project analysis 
should identify what future analyses, ordinances, project conditions, exemptions, monitoring 
and mitigation measures are required to ensure that each of the seller’s project meets or 
exceed the goals of the Draft EIS/EIR.   

I recommend the Draft EIS/EIR be revised to include a discussion and 
comparison of the local regulations, GMPs, IRWMPs, ordinances and 
agreements that govern each of the seller’s proposed groundwater substitution 
transfers.  I recommend each analysis demonstrate that each seller’s project will 
meet or exceed the environmental protection goals of the Draft EIS/EIR.  I 
recommend an analysis that compares local and regional management plans, 
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ordinances, regulations, and agreements with the monitoring and mitigation 
measures in the Draft EIS/EIR to identify any additional mitigation measures 
needed to ensure compliance with local, regional, state and federal regulations.  
I recommend an analysis that includes: (1) a discussion on how the local lead 
agency will be determined; (2) how multiagency jurisdictions will be enforced; 
(3) how conflicts between different local, regional, state and federal regulatory 
jurisdictions will be resolved; and (4) how public participation will occur.   

7. The Draft EIS/EIR provides only one groundwater elevation map of the Sacramento Valley 
groundwater basin, Figure 3.3-4, which shows contours from wells screened from a depth 
greater than 100 feet to less than 400 feet below ground surface (bgs) (>100 to < 400 feet 
bgs) and only for the northern portion of the proposed groundwater substitution transfer 
seller area.  The Draft EIS/EIR doesn’t provide maps showing groundwater elevations, or 
depth to groundwater, for groundwater substitution transfer seller areas in Placer, Sutter, 
Yolo, Yuba, and Sacramento counties.   

The DWR provides on a web site a number of additional groundwater level and depth to 
groundwater maps at: 
http://www.water.ca.gov/groundwater/data_and_monitoring/northern_region/Groundwater
Level/gw_level_monitoring.cfm#Well%20Depth%20Summary%20Maps.   

For example, there are maps that show the change in groundwater levels from the spring of 
2004 to spring of 2014 for shallow screened wells (<200 feet bgs), intermediate wells (>200 
to <600 feet bgs), deep wells (>600 feet bgs), and well screened in the >100 to < 400 feet 
bgs interval.  In addition, the DWR web site has a series of well depth summary maps for 
Butte, Colusa, Glenn, and Tehama counties, and the Redding Basin that show the density of 
wells screened at less than 150 feet bgs, and between 150 and 500 feet bgs, along with 
contours of the depth to groundwater in the summer of 2013.  There are also numerous 
other groundwater elevation contour maps on DWR’s web page, going back to 2006.  
Historical and recent groundwater elevation and depth contours maps for Placer, Sutter, 
Yolo, Yuba, and Sacramento counties may be available from the groundwater substitution 
transfer sellers, other water agencies in those counties, the IRWMP documents, or technical 
reports on groundwater management (for example, Northern California Water Association, 
2014a, b, and c). 

Historic change and current groundwater contour maps are critical to establishing an 
environmental baseline for the groundwater substitution transfers.  This information is 
needed to evaluate the impacts from groundwater substitution transfers because it 
establishes the present groundwater basin conditions and document the changes and trends 
in groundwater levels in the last 10-plus years, which were not simulated by the 
SACFEM2013 modeling.   

Information on the depth to shallow groundwater is critically important because of the 
analysis of impacts to vegetation and wildlife in Section 3.8 assumed, based on the results of 
the SACFEM2013 model, that the current depth to shallow groundwater is greater than 15 
feet bgs for most of the Sacramento Valley groundwater basin (page 3.8-32).  Because the 
simulation showed a condition of greater than 15 feet depth to groundwater, the Draft 
EIS/EIR concluded that impacts from lowering of the shallow water table as a result of the 
groundwater substitution transfer pumping would be less than significant (page 3.8-47).   

This assumption however appears to conflict with the DWR shallow well depth summary 
maps (DWR, 2014a) that show contours of the depth to groundwater in wells less than 150 
feet bgs in the summer 2013.  These maps show extensive areas around the Sutter Buttes 
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and to the north were the depth to groundwater is less than 10 feet and 20 feet (Exhibit 
2.1).  These maps also show extensive areas where the depth to groundwater is less than 40 
feet, a depth significant to some tree species such as the valley oak (page 3.8-32).  There is 
also a recent trend of lower groundwater levels in a number of areas in the Sacramento 
Valley as shown on the DWR 2004 to 2014 groundwater change maps for shallow, 
intermediate, deep aquifer zones available from the web site listed above (DWR, 2014b).  
Exhibit 2.1 has a composite map of the shallow zone well depth maps and traces of the 
shallow zone 2004 to 2014 groundwater elevation change contours. 

These groundwater elevation, depth and changes in elevation maps are important for 
documenting baseline groundwater conditions.  The recent trend of decreased groundwater 
levels should be included in the analysis of groundwater substitution pumping impacts 
because the drawdowns shown in Figures 3.3-26 to 3.3-31 will interact with existing 
conditions, and may cause additional long-term decreases in groundwater levels.  The Draft 
EIS/EIR’s assessment of the impacts from groundwater substitution transfer pumping to 
existing and future wells, fisheries, vegetation and wildlife, and surface structures should 
factor in these recent trends in groundwater levels and not rely solely on SACFEM2013 
model simulations that ended in 2003.  In addition, the hydrographs in Appendix E that 
show the SACFEM2013 model results should identify wells near the selected 34-hydrograph 
locations where groundwater level measurements have been taken and show these actual 
groundwater levels on the hydrographs.  Currently the public is left with the task of finding 
groundwater level data near the 34 selected hydrograph locations and then validating the 
simulation results by making comparisons between the simulated water levels and the actual 
water levels.  This model validation task should be part of the Draft EIS/EIR. 

I recommend the Draft EIS/EIR be revised to include maps of recent 
groundwater levels and depths to groundwater along with changes in 
groundwater levels and depths for at least the last 11 years for all of the counties 
where the seller agencies propose a groundwater substitution transfer project.  I 
recommend that the Draft EIS/EIR be revised to provide additional verification 
of the SACFEM2013 model results by comparing them to measured 
groundwater levels in the vicinity of the 34 selected modeling hydrograph 
locations.  I also recommend the hydrographs of actual water level 
measurements in the vicinity be included on the simulation hydrographs, so that 
the public can review the accuracy of the simulation.  I recommend contour 
maps showing the current depth to groundwater be made from actual shallow 
groundwater measurements and that these contours be shown on maps of the 
surface water features identified and evaluated in Draft EIS/EIR Sections 3.3-
Groundwater, 3.7-Fisheries (Table 3.7-3), and 3.8-Vegegation and Wildlife 
(Table 3.8-3).  I recommend that the SACFEM2013 simulation drawdowns be 
combined with the current (2014) groundwater elevations for each groundwater 
substitution transfer aquifer to show the cumulative impacts of the 10-year 
project on existing groundwater elevations. 

Groundwater Model SACFEM2013  

A finite element groundwater model, SACFEM2013, was used to evaluate the potential for 
changes in groundwater levels and stream depletion from groundwater substitution transfer 
pumping during the 10-year period of the project.  The results of the simulations were used 
to evaluate the impacts to fisheries, vegetation and wildlife (Section 3.7 and 3.8).  Section 
3.3.2.1 discusses the use of the model for estimating regional groundwater level declines due 
to groundwater substitution pumping.  Figures 3.3-26 to 3.3-31 provide simulated changes in 
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groundwater elevation or head for three intervals, up to 35 feet bgs, 200 to 300 feet bgs, 
and 700 to 900 feet bgs.  Figures 3.3-32 to 3.3-40 and Appendix E provide hydrographs of 
model simulations for 34 selected locations shown on the simulated groundwater elevation 
change maps.  Sections 3.7.2.1.1, 3.7.2.1.3, 3.7.2.4.1, 3.8.2.1.1, 3.8.2.1.4, and 3.8.2.4.1 provide 
discussion on the potential impacts of groundwater substitution transfer pumping on 
fisheries, vegetation and wildlife resources from a drop in the shallow groundwater table 
and depletion of stream flows. 

The SACFEM2013 model was set up to simulate transient flow conditions from WY 1970 to 
WY 2010 (page 3.3-60).  Historic data from 1970 to 2003 were use to estimate the 
potential impacts from groundwater substitution transfers during the 10-year period of the 
project.  The simulation terminated at 2003 because that was the last simulation period 
available for the CalSim II model, a planning model designed to simulate operations of the 
CVP and SWP reservoirs and water delivery systems.  Additional SACFEM2013 model 
documentation is given in Appendix D, which provides information on the model gridding, 
layering, assumptions and calculation methods.  Several of the model designs and parameters 
selected likely influenced the model’s ability to predict future impacts from the 10-year 
groundwater substitution transfer project.  Those include: the time period of the model, the 
assumptions about the amount and frequency of groundwater substitution pumping, the 
model’s nodal spacing, estimates of aquifer properties, the number of streams simulated, 
streambed parameters, and specified-flux boundaries.  There are at least two other 
groundwater simulation models developed for the Sacramento Valley, a U.S. Geological 
Survey model, USGS-CVHM (Faunt, ed., 2009) and a DWR-C2VSim model (Brush and 
others, 2013a and 2013b).   

A comparison between the SACFEM2013 and these two other models provides 
an interesting assessment of how these three models estimated the 
hydrogeologic character and conditions of the Sacramento Valley.  A 
comparison also demonstrates that there is no one correct groundwater model, 
that models with different parameter distributions can achieve reasonable 
calibration.  With models of differing hydrogeologic characteristics, the 
predictions of future impacts by each model should be expected to differ.  
Determining which of the models accurately predicts future impacts requires 
the validation of each model’s prediction with new field data.  The Draft EIS/EIR 
mitigation measures for groundwater substitution transfer pumping shouldn’t 
assume that the SACFEM2013 model results are all that is needed to 
demonstrate no injury and less than significant impacts from the proposed 
project.  Validation of the model-based conclusion of no impacts requires 
collection of new field data and comparison to simulation predictions 
throughout and beyond the 10-year project.   

A comparison of portions of the SACFEM2013 simulation for the Draft EIS/EIR with the two 
other models is given below. 

8. Period of Modeled Historic Groundwater Conditions – Although the model simulation period 
ended in 2003, the Draft EIS/EIR indicates that the model was run to 2010, but the results 
were not provided.  From the model write-up it is unknown whether the latest 
groundwater elevations were a factor in the modeling effort.  The simulation hydrographs in 
Appendix E terminate in 2004.  Apparently, the hydrologic conditions for the latest 10 years 
are not included because the Draft EIS/EIR doesn’t discuss how the model simulations agree 
with the current baseline conditions.  Specifically, the change in groundwater elevation 
between 2004 and 2014 as document by DWR (2014b) in a series of three maps.  I’ve 
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provided in attached Exhibits 3.1 to 3.3 maps that are composites of DWR’s 2004 to 2014 
groundwater change maps with Draft EIS/EIR Figures 3.3-29, 3.3-30 and 3.3-31, the 
SACFEM2013 1990 hydrologic conditions simulations of drawdown by zone.  The 1990 
hydrologic condition was selected for comparison because the sequence of groundwater 
pumping events is the closest match to the actual pumping requested in the Draft EIS/EIR.  
Note that the depth intervals of the two sets of maps don’t exactly coincide, but they are 
generally grouped as shallow, intermediate and deep aquifers.   

Exhibits 3.1 to 3.3 show that the simulated changes in groundwater elevation from the 10-
year groundwater substitution transfer project appear to widen the existing groundwater 
depressions.  The pumping depression southwest of Orland will expands to the east and 
northeast, as will the depression in the Williams area.  A pumping depression will develop in 
the Live Oaks area and to the east.  In the southeastern Sacramento area, the pumping 
depression from the 10-year project will apparently extent southeastward beyond the limits 
of the Sacramento Valley transfer project boundary.  Combining the existing areas of recent 
sustained groundwater drawdown with the additional drawdown from the groundwater 
substitution transfer pumping could slow the recovery of groundwater elevations.  The 10-
year project pumping east of Orland may connect the two existing groundwater depressions 
around Orland and Chico to create one large depression.  Because the DWR 2004 to 2014 
groundwater change maps don’t extend completely to the southern portions of the 
Sacramento Valley groundwater substitution transfer area in Placer, Sutter, Yolo, Yuba, and 
Sacramento counties, no evaluation can be made about the impact of 10 years of 
groundwater substitution transfer pumping on existing groundwater conditions in those or 
adjacent areas. 

I recommended the Draft EIS/EIR be revised to discuss how the SACFEM2013 
simulations incorporate the changes in groundwater level from 2004 to 2014 in 
assessing the potential impacts from the proposed 10 years of groundwater 
substitution transfer pumping.  I recommended this discussion include 
evaluation of the rate and duration of groundwater level recovery that factors in 
the existing (2014) groundwater levels.  I also recommend the Draft EIS/EIR be 
revised to discuss how during the 10 years of project transfers through the Delta 
will be made with a CalSim II model that’s only current to the year 2003. 

9. Simulation Pumping Volume and Frequency - The model simulated a series of groundwater 
pumping events in 12 out of the 34 years of simulation (page 3.3-60).  The logic of a 
multiyear, variable hydrology simulation was that it allowed for evaluation of the cumulative 
effects of pumping in previous years (page 3.3-61).  Figure 3.3-25 shows the simulated 
periods of groundwater substitution transfer pumping.  The 1990 simulation period most 
closely matches the multiyear pumping being requested by the 10-year project.  The 1990 
simulation period included groundwater pumping 7 out of 10 years, with pumping values 
ranging from approximately 95,000 acre-feet per year (AFY) to approximately 262,000 AFY, 
as measured from Figure 3.3-35.  Note the actual pumping rates, volumes, and pumping 
durations were not provided in the simulation documentation.  Apparently, none of the 
modeled groundwater substitution pumping simulation periods was given the actual 
maximum groundwater substitution pumping value of 290,495 AFY as calculated from Table 
2-5.  The time-weighted annual average pumping rate for the 1990 simulation period is 
approximately 126,900 AF, as measured from Figure 3.3-35.  This represents approximately 
44% of the maximum pumping rate requested in the Draft EIS/EIR (126,900 AF/290,495 AF 
= 0.437).  Therefore the SACFEM2013 Draft EIS/EIR simulations may only represent a 
portion of the project’s potential impacts from groundwater substitution transfer pumping. 
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I recommend the Draft EIS/EIR be revised to discuss how the SACFEM2013 
simulations provide a full and accurate estimation of the potential impacts from 
the groundwater substitution transfer pumping throughout the 10-year project.  
I also recommend the Draft EIS/EIR be revised to include SACFEM2013 
simulations at the maximum requested annual volume of 290,495 AF for each of 
the 10 years of pumping.  

10. Simulation Grid Size - The SACFEM2013 documentation states that the grid used for 
groundwater substitution transfer simulations has 153,812 nodes and 306,813 elements 
(page D-3 of Appendix D).  The model nodal spacing varies from 410 feet to 3,000 feet, with 
an approximate nodal spacing of 1,640 feet along streams and flood bypasses.  While this 
nodal spacing is reasonable for regional groundwater simulations, the results of the 
simulations may not provide the detail needed to evaluate drawdown interference between 
the groundwater substitution transfer wells and adjacent non-participating wells.  
Information is needed on the locations of the groundwater substitution transfer wells and 
the adjacent non-participating wells in order to determine whether the current simulation 
grid spacing can accurately estimate well interference.  The Draft EIS/EIR analysis of 
groundwater substitution pumping impacts should be based on an appropriate model grid 
spacing to establish accurate maximum thresholds for well interference caused by the 
transfer well pumping.  The Draft EIS/EIR should provide sufficient information that an 
owner of a non-participating well can determine accurately the maximum anticipated 
increase in drawdown at their well during the 10 years of groundwater substitution transfer 
pumping.  Whether this amount of increased drawdown is significant at each non-
participating well is a matter of the current well design and groundwater conditions at each 
well.  The Draft EIS/EIR should establish values for the maximum allowable well interference 
drawdown from groundwater substitution transfer pumping, which should be based on the 
costs and inconvenience of lowering the water level.  The Draft EIS/EIR should establish the 
economic costs and level of injury that are reasonable for a non-participating well owner to 
assume and will keep the impacts from the 10-year project in compliance with the no injury 
rule as required by WC Section 1706, 1725 and 1736 (Section 1.3.2.3).   

I recommend the Draft EIS/EIR be revised to discuss how the maximum 
thresholds for water level drawdown due to well interference from groundwater 
substitution transfer pumping will be established for non-participating wells, and 
provide a process for assigning a threshold to each non-participating well, along 
with monitoring requirements and specific mitigation measures should the 
threshold be exceeded.  The Draft EIS/EIR also should be revised to provide the 
threshold values for well system repair costs used in set the maximum allowable 
well interference drawdown, along with the documentation and analysis of why 
the well interference drawdown and cost thresholds are considered reasonable 
and result in no injury to non-participating well owners, and comply with the 
Water Code. 

11. Simulation Hydrogeologic Parameter Values - The SACFEM2013 model was developed with 
seven layers of varying thickness that extend from the shallow water table to the base of 
fresh water.  The USGS-CVHM model has ten layers, while the DWR-C2VSim model has 3 
layers.  All of the models assume that the uppermost layer, layer 1, was unconfined and the 
lower layers are confined aquifer.  The hydrogeologic parameters values differ for each of 
these models as shown in a summary table in Exhibit 4.1.  Both the CVHM and C2VSim 
models divided the Central Valley in to 21 subregions (Figure 3, Brush and others, 2013a; 
Exhibit 4.4). The SACFEM2013 doesn’t use subregions from the Sacramento Valley model.  
As discussed below, the SACFEM2013 appears to use the same distribution of the 
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horizontal hydraulic conductivity, Kh, for all model layers (Figure D-4 of Appendix D).  Both 
the CVHM and the C2VSim models appear to have more varied hydraulic conductivity 
distributions then SACFEM2013. 

Development of the SACFEM2013 simulations used horizontal hydraulic conductivity values 
derived from the well logs of large-diameter irrigation wells.  Shallow and low-yielding wells, 
less than 100 gallons per minute (gpm), and domestic-type wells were not used (page D-12 
of Appendix D).  The values of specific capacity (gallons per minute per foot of drawdown) 
from the DWR well completion reports were used to estimate transmissivity around a well 
using an empirical equation for confined aquifer developed from Jacob’s modified non-
equilibrium equation (see equation 8 page D-13 and Appendix 16D of Driscoll, 1986 in 
Exhibit 4.6).  Transmissivity was converted to Kh by assuming the aquifer thickness was 
equal to the length of the well screen interval.  These well Kh values were then averaged 
using a geometric mean with surrounding wells within a critical distance of 6 miles.  The 
results of the geometric mean averaging were then gridded using a kriging to produce Kh 
values across the modeled area (Figure D-4 in Appendix D).  The transmissivity of each 
model layer was then calculated at each node by multiplying the kriged geometric mean 
value of Kh by the aquifer layer thickness.  The vertical hydraulic conductivity, Kv, was 
calculated by assuming a uniform Kh:Kv ratio of 50:1 for layer 1 and 500:1 for layers 2 to 7.   

The CVHM model (Faunt, ed., 2009) used the percentage of coarse-grained material from 
well logs and boreholes as the primary variable in a sediment texture analysis of the Central 
Valley, which was divided into nine textural provinces and domains (Figures A10 to A14; 
Exhibits 4.7a to 4.7i).  The Sacramento Valley has three textural domains, Redding, eastern, 
and western Sacramento domains (page 30, Faunt, ed., 2009).  The coarse-grained fraction 
was correlated to horizontal (Kh) and vertical (Kv) conductivity (page 154, Faunt, ed., 2009).  
The Kh values were estimated using kriging and a weighted arithmetic mean, a type of 
power mean, whereas the Kv value estimates used either a harmonic or geometric mean.  
Faunt (ed., 2009) notes that the arithmetic mean is most influenced by the coarser-grained 
material, whereas the fine-grained material more heavily weights both the harmonic and 
geometric means.  Figure C14 (Exhibit 4.7j) shows the relationship between the percentage 
of coarse-grained deposits and hydraulic conductivity for the different types of means.  For 
the Sacramento Valley the texture-weighted power-mean value was -0.5, a value midway 
between the harmonic and geometric means (Table C8, Exhibit 4.3).   

Table C8 lists the end member hydraulic conductivity values used in the CVHM model with 
those for the Sacramento Valley ranging from 670 feet/day (ft/day) for coarse-grained to 
0.075 ft/day for fine-grained.  The table also lists field and laboratory values of Kh and Kv for 
coarse and fine-grained deposits.  The Redding textural domain has the highest percentage 
of coarse-grained material of the three in Sacramento Valley, a mean of 39 percent, with the 
western portion becoming coarser with depth (page 30, Faunt, ed., 2009).  The western and 
eastern Sacramento domains are finer-grained, with the eastern mean at 32 percent coarse-
grained deposits, and the western mean at 25 percent.  Figure A15B(A?) (Exhibit 4.7k) 
shows the cumulative distribution of kriged sediment textures for each layer of the CVHM 
model for the Sacramento Valley.  Figures A12A to A12E (Exhibits 4.7c to 4.7g) show the 
distribution of coarse-grained deposits in CVHM groundwater model layers 1, 3, Corcoran 
Clay, 6 and 9 for the Sacramento and San Joaquin Valleys.  Isolated coarser-grained deposits 
that occur in layer 1 are associated with the Sacramento River, distal parts of fans from the 
Cascade Range and northern Sierra Nevada, and the American River (page 30, Faunt, ed., 
2009; Figure A14, Exhibit 4.7i).  Although the texture maps, Figures A12A to A12E of 
CVHM, and the hydraulic conductivity distribution map of Figure D4 of SACFEM2013, show 
different characteristic of each model’s hydraulic conductivity, they can be compared by 
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their visual complexity.  The CVHM texture also varies by model layer, whereas the 
SACFEM2013 apparently applied the same Kh distribution to each layer.  The CVHM 
western and eastern Sacramento domains appear to have smaller coarse-grained areas than 
the SACFEM2013 higher hydraulic conductivity areas (Figures A12, C14 and A15 in Exhibits 
4.7c, 4.7j, and 4.7k versus D4 in Appendix D).  Figure 12E (Exhibit 4.7g) shows layer 9 with 
high percentages of coarse-grained deposits that have higher Kh values (Figure C14) in the 
western parts of the Redding (10) and northern western portion of the western Sacramento 
(11) province.  Whereas Figure D4 of SACFEM2013 shows these same areas as having the 
lowest Kh values, suggesting finer-grained textures dominate. 

The C2Vsim model divided the Sacramento Valley into seven subregions, as did the USGS-
CVHM model.  Like the USGS model, hydraulic conductivity varies with the three model 
layers for the Sacramento Valley.  The spatial variability of the Kh and Kv values for the 
C2VSim model is greater than with the SACFEM2013 model (compare Figures 34 and 35 
from Brush and others, 2013a in Exhibits 4.8a to 4.8f to Figures D4 of Appendix D).  Table 5 
of Brush and others, 2013a (Exhibit 4.2) shows the range of model parameters for the 
saturated groundwater portion of the C2VSim model.  Kh values range from 2.2 ft/day to 
100 ft/day, and Kv from 0.005 ft/day to 0.299 ft/day.  The highest Kh value for the C2VSim 
model is less than for SACFEM2013 (100 ft/day vs 450 ft/day), while the lowest values are 
lower (0.005 ft/day vs <0.1 ft/day).  

I recommend the Draft EIS/EIR discuss the uncertainty in aquifer hydraulic 
parameter estimations for the groundwater substitution transfer pumping 
simulations and the sensitivity of the model results to the uncertainty in the 
groundwater hydraulic parameters.  I recommend the Draft EIS/EIR discuss how 
the uncertainty in hydraulic conductivity parameters influences: (1) estimates of 
potential stream depletion (Section 3.3), (2) evaluations of fisheries impacts 
(Section 3.7), (3) evaluations of vegetation and wildlife impacts (Section 3.8), 
and (4) the screening procedures that removed a number of the small streams 
from further environmental impact analysis (Table 3.7-3 and 3.8-3). 

12. Simulation Groundwater Storage Parameters - The SACFEM2013 simulations assigned to the 
upper unconfined model layer 1 a uniform specific yield (Sy) value of 0.12 (dimensionless) 
(page D-14 in Appendix D; Exhibit 4.1).  For the confined model layers 2 to 7 a uniform 
specific storage, Ss, value of 6.5 x 10-5 per foot (ft) was used (page D-14 of Appendix D; 
Exhibit 4.1).  Both the CVHM and C2VSim simulations used a range of values of Sy and Ss 
that were more variable than SACFEM2013 (Exhibits 4.1, 4.8n, and 4.8o).  The CVHM 
simulation used a range of Sy and Ss values, (CVHM Table C8, Exhibits 4.3).  The CVHM 
simulation also used a range of Ss values for coarse-grain elastic and fine-grained elastic and 
inelastic deposits to simulating subsidence from groundwater pumping.  The C2VSim 
simulations used a range of Sy values for model layer 1 and separate ranges of Ss values for 
layers 2 and 3 (C2VSim Table 5, Exhibits 4.2; Exhibits 4.8g to 4.8i).  The C2VSim and CVHM 
models assigned a range of coefficients for elastic (Sce) and inelastic (Sci) deposits used in 
simulating subsidence (Exhibits 4.1, 4.8j to 4.8m).  Note, the Ss values are multiplied by the 
aquifer thickness at each model node at to obtain the dimensionless value of storativity (S) 
for confined aquifers (S = Ss x thickness), which is similar to the dimensionless Sy parameter 
for an unconfined aquifer. 

I recommend the Draft EIS/EIR discuss the uncertainty in aquifer storage 
parameter estimations for the groundwater substitution transfer pumping 
simulations and the sensitivity of the model results to the uncertainty in the 
groundwater storage parameters.  I recommend the Draft EIS/EIR discuss how 
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uncertainty in groundwater storage parameters influences: (1) estimates of 
potential stream depletion (Section 3.3), (2) evaluations of fisheries impacts 
(Section 3.7), (3) evaluations of vegetation and wildlife impacts (Section 3.8), 
and (4) the screening procedures that removed a number of the small streams 
from further environmental impact analysis (Table 3.7-3 and 3.8-3). 

13. Simulation River and Stream Parameters - All three models simulated the interactions between 
the groundwater and streams or rivers.  The rate and direction of movement of water 
between streams and shallow groundwater is governed by the vertical hydraulic conductivity 
of the streambed, Kvb, thickness of the streambed, m, the wetted perimeter of the stream, 
w, and the difference in elevation between groundwater table and stream.  The hydraulic 
parameters of a streambed are combined into a term called conductance, C, which is 
calculated as the product of Kvb times the wetted perimeter divided by the streambed 
thickness (C = [Kvb x w]/m).   

The SACFEM2013 simulations assigned all eastern streambeds draining from the Sierra 
Nevada a Kvb value of 6.56 ft/day (2 meters/day), except the Bear River and Big Chico 
Creek, whose values were unstated (page D-7 of Appendix D).  For all western streambeds 
draining the Coast Ranges, a higher value of Kvb at or above 16.4 ft/day (5 meters/day) was 
assigned.  Figure 3.3-24 in the Draft EIS/EIR shows the SACFEM2013 groundwater boundary 
and the simulated rivers and streams.  This map may not be showing all of the small streams 
evaluated in the simulation based on the streams listed in Tables 3.7-3 and 3.8-3 (also see 
general comment no. 2).   

The streambed Kvb values used in CVHM simulation are shown in Figure C26 (Exhibit 5.3).  
The values of Kvb for the Sacramento Valley varying from approximately 0.04 ft/day to 5.6 
ft/day are shown in Figure C26.  Results of the CVHM simulation of surface water-
groundwater interactions, gains and losses, from 1961 to 1977 are compared to measured 
and simulated stream gauge values in Figures C19A and C19B (Exhibits 5.4a and 5.4b).   

The C2VSim simulations also used varying values for streambed Kvb ranging from 0 to 44 
ft/day with a mean of 1.8 ft/day and lake bed Kvb of 0.67 ft/day (page 100, Brush and others, 
2013a; Exhibit 5.1).  Simulated streambed conductance values are shown in Figure 40 of 
Brush and others, 2013a (Exhibit 5.2).   

I recommend the Draft EIS/EIR discuss the uncertainty in streambed parameter 
estimations for the groundwater substitution transfer pumping simulations and 
the sensitivity of the model results to the uncertainty in the hydraulic 
characteristics of the streambeds.  I recommend the Draft EIS/EIR discuss how 
uncertainty in the hydraulic characteristics of the streambeds influences: (1) 
estimates of potential stream depletion (Section 3.3), (2) evaluations of fisheries 
impacts (Section 3.7), (3) evaluations of vegetation and wildlife impacts (Section 
3.8), and (4) the screening procedures that removed a number of the small 
streams from further environmental impact analysis (Table 3.7-3 and 3.8-3). 

14. Groundwater Flow Between Sub-regions - Of the three previously discussed regional 
groundwater models for the Sacramento Valley, only the reports for the C2VSim simulation 
provided information on the volume of groundwater that flows laterally among groundwater 
subregions.  The C2VSim simulation results show that groundwater flow between 
subregions has changed significantly in some areas (Figures 81A to 81C of Brush and others, 
2013a and Figure 39 of Brush and others, 2013b; Exhibits 6.1a to 6.1c and 6.2).  The 
SACFEM2013 simulations results presented in the Draft EIS/EIR don’t provide information 
on the exchange between subregion areas used in simulations by the USGS (Faunt, ed., 
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2009) and DWR (Brush and others, 2013a and 2013b).  Therefore, the flow of groundwater 
between the subregions and/or counties of the 10-year project’s groundwater substitution 
transfer sellers wasn’t evaluated for potential impacts on neighboring areas.  The loss or gain 
of groundwater from neighboring subregions should be evaluated in the Draft EIS/EIR.  

Accounting for subsurface flow among subregions is an important part of the water balance 
because it is measures of the amount of impact that groundwater pumping in one subregion 
has on it’s neighboring subregions.  The subsurface inter-basin movement of groundwater is 
an important element in the analysis of the environmental impacts from the 10-year 
groundwater substitution transfer projects because the groundwater substitution transfer 
pumping by sellers in one region can have a significant impact on the groundwater levels, 
storage and stream depletion in adjacent regions. 

The C2VSim simulations calculated the volume of groundwater that flowed between the 
subregions and presented the results for three decades, 1922-1929, 1960-1969, and 2000-
2009, and for the total simulation period, 1922-2009.  Tables 10 through 13 (Brush and 
others, 2014a; Exhibits 6.3a to d) provide the sum of inter-region groundwater flow for each 
model subregion, but not the individual values of flow among adjoining subregions.  Figures 
81 and 39 (Exhibits 6.1a to 6.1c and 6.2) give the simulated annual volume of inter-region 
flow for the three decades and from 1922 to 2009.  An estimate of a portion of the long-
term changes in groundwater storage in each subregion can be made by comparing the 
change in annual volume and flow direction between sub-regions.   

For example, in the 1922 to 1929 simulation period subregion 9 (Sacramento-San Joaquin 
Delta received 81,000 AFY of groundwater flow from adjoining subregions 6, 8, 10 and 11 
(Exhibit 6.1a).  By 1969 the simulation shows that subregion 9 was still receiving a small 
volume, 2,000 AFY, of groundwater flow from subregion 6, but losing approximately 56,000 
AFY to subregions 8, 10, and 11 (Exhibit 6.1b).  A change in groundwater storage from 1929 
to 1969 in the Delta of 135,000 AFY; from a plus 81,000 AFY to a minus 54,000 AFY.  For 
2002-2009, the simulation shows that the Delta still receiving a small volume, 4,000 AFY, of 
groundwater flow from subregion 6, but now losing 137,000 AFY to subregions 8, 10 and 11 
(Exhibit 6.1c).  A loss in storage in the Delta of 214,000 AFY from 1929.  The 2000-2009 
simulation period shows that subregion 8 is receiving a large portion of the groundwater 
flow out of the Delta, 112,000 AFY, a reversal in groundwater flow direction and a 
cumulative annual loss to the Delta from 1922-1929 of 147,000 AFY.  Subregion 8 in turn 
loses 17,000 AFY of groundwater flow to subregion 7 in 2000-2009, and receives 123,000 
AFY from subregion 11 (Exhibit 6.1c).  A reversal of 1922-1929 when subregion 8 received 
1,000 AFY from subregions 7 and gave 1,000 AFY to subregion 11.   

The 10-year transfer project proposes under the groundwater substitution to pump up to 
approximately 75,000 AFY from subregions 7 and 8, Table 2-5.  This additional pumping will 
likely cause additional groundwater to flow from the subregion 9, the Delta, and subregion 
11 into subregion 8, and eventually to subregion 7.  Similar shifts in direction and annual 
volumes of groundwater flow have occurred with the other Central Valley subregions.  The 
changes direction and volume of flow between the Delta and surrounding subregions appear 
to be the largest shift in groundwater flow for in Sacramento Valley area. 

I recommend the Draft EIS/EIR be revised to evaluate the subsurface flows 
between subregions in Sacramento Valley due to the proposed groundwater 
substitution transfer pumping.  I recommend the Draft EIS/EIR be revised to 
include groundwater model simulations that account for the rates, volumes, 
times, and changes in direction of groundwater flow between the seller pumping 
areas and the surrounding non-participating regions.  I recommend the Draft 
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EIS/EIR also analysis the short- and long-term impacts from the changes in 
subregional groundwater flow caused by the 10-year transfer project. 

Mitigation Measure WS-1 

15. The purpose of mitigation measure WS-1 as stated in Draft EIS/EIR Section 3.1.4.1 is to 
mitigate potential impacts to CVP and SWP water supplies from stream depletion caused by 
groundwater substitution transfer pumping.  The stream depletion factor (BoR-SDF) is 
imposed by the BoR and DWR because they will not move transfer water if doing so violates the 
no injury rule (page 3.1-21).  The no injury rule is discussed in Section 1.3.2.3 and cites CA 
WC Sections 1725, 1736 and 1706.  The language from WC 1736 that also requires 
transfers to not result in unreasonable effects to fish, wildlife, or other instream beneficial 
uses is discussed in the subsequent Section 1.3.2.4. 

Draft EIS/EIR Sections 3.1.2.4.1 (page 3.1-15) and 3.1.6.1 (page 3.1-21) discuss the impacts 
from groundwater substitution transfers on surface water.  On page 3.1-16 the Draft EIS/EIR 
states that groundwater recharge, presumably greater because of groundwater substitution 
pumping, occurring during higher flows would decrease flow in surface waterways.  During 
periods of high flow, the decrease in surface flow won’t affect water supplies or the ability 
to meet flow or quality standards.  The document also states that if groundwater recharge 
occurs during dry periods, presumably occurring when groundwater substitution transfers 
are needed, groundwater recharge would decrease flows and affect BoR and DWR 
operations.  BoR and DWR would then need to either decrease Delta exports or release 
additional flows from surface storage to meet the required standards.  These statements are 
followed by seemly conflicting statements that: 

Transfers would not affect whether the water flow and quality standards are met, 
however, the actions taken by Reclamation and DWR to meet these standards because of 
instream flow reductions due to the groundwater recharge could affect CVP and SWP 
water supplies. (page 3.1-16) 

Increased releases from storage would vacate storage that could be filled during wet periods, 
but would affect water supplies in subsequent years if the storage is not refilled. (page 3.1-17) 

The potential for the reduction in surface water storage to eventually cause reductions in 
streamflow and water quality isn’t clearly addressed in the Draft EIS/EIR. 

Overall, the increased supplies delivered from water transfers would be greater than the 
decrease in supply because of streamflow depletion; however, the impacts from streamflow 
depletion may affect water users that are not parties to water transfers.  On average, the 
losses due to groundwater and surface water interaction would result in approximately 15,800 
AF of water annually compared to the No Action/No Project Alternative, or approximately a 
loss of 0.3 percent of the supply. (page 3.1-18) 

In a period of multiple dry years (such as 1987-1992), the streamflow depletion causes a 2.8 
percent reduction in CVP and SWP supplies, or 71,200 AF. (page 3.1-18) 

To reduce these effects, Mitigation Measure WS-1 includes a streamflow depletion factor to 
be incorporated into transfers to account for the potential water supply impacts to the CVP 
and SWP.  Mitigation Measure WS-1 would reduce the impacts to less than significant. (page 
3.1-18)  

Additional information on the requirements of WS-1 appears to be contained in the 
October 2013 joint DWR and BoR document titled Draft Technical Information for Preparing 
Water Transfer Proposals (DTIPWTP) because the discussion in that document’s Section 3.4.3 



	   20 

on estimating the effects of transfer operations on streamflow says that a default BoR-SDF 
of 12 percent will be applied “unless available monitoring data analyzed by Project Agencies 
supports the need for the development of a transfer proposal site-specific SDF” (page 33).  The 
document also states that:  

Although real time streamflow depletion due to groundwater substitution pumping for water 
transfers cannot be directly measured, impacts on streamflow due to groundwater pumping 
can be modeled. Project Agencies have applied the results from prior modeling efforts to 
evaluate potential groundwater transfers in the Sacramento Valley to establish an estimated 
average streamflow depletion factor (SDF) for transfers requiring the use of Project Facilities. 

I have several comments on this analysis of stream depletion impacts and mitigation measure 
WS-1: 

a. Sections 2.3.2.2 and 2.3.2.3 discuss potential groundwater substitution and crop 
idling transfers and the limitations on the timing of the transfers.  Transfers typically 
occur from July to September, but could also occur from April to June if conditions 
in the Delta allow for transfer.  Surface water to be used in groundwater 
substitution and crop idling transfers would be stored during April to June if the 
condition of the Delta is unacceptable for transfer.   

My understanding of the BoR-SDF in mitigation measure WS-1 is that at the same 
time transfer surface waters are flowing towards the Delta, a portion of that water 
is assigned to the waterway to “offset” or compensate for stream depletion caused 
by groundwater substitution pumping.  The Draft EIS/EIR doesn’t seem to address 
the issue of how to compensate for groundwater substitution pumping impacts 
occurring before or after the transfer water flows to the Delta, the long-term 
losses caused by the pumping in subsequent years, and cumulative impacts from 
multiple years of pumping by all sellers.  Yet the Draft EIS/EIR acknowledges that 
stream depletion is cumulative and a cumulative increase in depletion can be 
significantly greater than with a single event (Section 4.3.1.2 in Appendix B).  The 
SACFEM2013 simulation shows that stream depletion will continue for a number of 
years after the groundwater substitution pumping event (Figures B-4, B-5 and B-6 
in Draft EIS/EIR Appendix B).  Mitigation measure WS-1 doesn’t appear to fully 
address how mitigation will occur for stream depletion impacts from groundwater 
substitution pumping during entire duration of the impact. 

I recommend mitigation measure WS-1 be revised to clearly address 
how reductions in stream flows caused by groundwater substitution 
transfer pumping will be mitigated to less than significant for all of the 
times when stream depletion is occurring, including the time before and 
after the water is physically transferred; long-term impacts; and 
cumulative impacts from multiple sellers over multiple years of 
participating in groundwater substitution transfers. 

b. Although mitigation measure WS-1 doesn’t state that its implementation is linked 
to the October 2013 DTIPWTP (that linkage is part of mitigation measure GW-1), 
the DTIPWTP discusses the use of the BoR-SDF in the methodology for 
determining the amount of water available for groundwater substitution transfer, 
and the effects of the groundwater substitution pumping on streamflow in Section 
3.4 (page 31).  Item 5 on page 31 gives the formula for using four steps in 
determining the amount of transferable water, one of which is subtraction of the 
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estimated streamflow reduction.  Section 3.4.3 states on page 33 of the DTIPWTP 
that: 

Although real time streamflow depletion due to groundwater substitution pumping for 
water transfers cannot be directly measured, impacts on streamflow due to 
groundwater pumping can be modeled. Project Agencies have applied the results from 
prior modeling efforts to evaluate potential groundwater transfers in the Sacramento 
Valley to establish an estimated average streamflow depletion factor (SDF) for 
transfers requiring the use of Project Facilities. 

Project Agencies will apply a 12 percent SDF for each project meeting the criteria 
contained in this chapter unless available monitoring data analyzed by Project Agencies 
supports the need for the development of a transfer proposal site-specific SDF. 

Project Agencies are developing tools to more accurately evaluate the impacts of 
groundwater substitution transfers on streamflow. These tools may be implemented in 
the near future and may include a site-specific analysis that could be applied to each 
transfer proposal.  

Mitigation measure WS-1 states on page 3.1-21 that:  

The exact percentage of the streamflow depletion factor will be assessed and 
determined on a regular basis by Reclamation and DWR, in consultation with buyers 
and sellers, based on the best technical information available at that time. The 
percentage will be determined based on hydrologic conditions, groundwater and 
surface water modeling, monitoring information, and past transfer data. 

From these statements it appears that: (1) the BoR, DWR and other Project 
Agencies have previously analyzed the amount of stream depletion caused by past 
groundwater substitution transfers, and (2) the default of 12% BoR-SDF may not be 
applied to groundwater substitution during the 10 years of transfers because 
transfer-specific studies will be needed.  The Draft EIS/EIR doesn’t provide 
information or cite references on the previous modeling and/or monitoring efforts 
to determine the correct stream depletion factor.  It also doesn’t provide specific 
information on the method(s) and review process to be used in implementing 
mitigation measure WS-1, or what additional assessments are needed to determine 
the “exact percentage” for the BoR-SDF.  Mitigation measure WS-1 appears to 
require that the assessment, the calculation methodology, and determination of the 
correct BoR-SDF be done at a future time.  The Draft EIS/EIR doesn’t state 
whether other regulatory agencies and/or the public will have an opportunity in the 
future to review and comment on the methodology and determination of the 
“exact percentage” of the BoR-SDF for each groundwater substitution transfer 
seller.  The Draft EIS/EIR also doesn’t state whether other regulatory agencies 
and/or public comments will be considered by BoR and DWR in determining the 
BoR-SDF percentage. 

The statement that real time stream depletion can’t be directly measured 
contradicts other statements in the Draft EIS/EIR, requirements of mitigation 
measure GW-1, and the scientific literature.  For example: Section 3.5 of the 
DTIPWTP states that one of the objectives of the monitoring plan is to:  

Determine the extent of surface water-groundwater interaction in the areas where 
groundwater is pumped for the transfer. (page 34) 

This objective is in the project’s monitoring program therefore it appears to 
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indicate that some method is available for monitoring the surface water-
groundwater interactions, not just the pre-pumping model simulations.  The 
Fisheries (3.7) and Vegetation Wildlife (3.8) sections of the Draft EIS/EIR appear to 
state that flow reductions in surface waterways caused by groundwater 
substitution pumping will be monitored.  Paragraphs similar to the ones given 
below state that monitoring wells are part of the mitigation measure for surface 
waters:  

In addition, flow reductions as the result of groundwater declines would be observed at 
monitoring wells in the region and adverse effects on riparian vegetation would be 
mitigated by implementation of Mitigation Measure GW-1 (See Section 3.3, 
Groundwater Resources), because it requires monitoring of wells and implementing a 
mitigation plan if the seller’s monitoring efforts indicate that the operation of the wells 
for groundwater substitution pumping are causing substantial adverse impacts. The 
mitigation plan would include curtailment of pumping until natural recharge corrects 
the environmental impact. Therefore, the impacts to fisheries resources would be less 
than significant in these streams. (pages 3.7-26 and 3.7-56) 

In addition, the Proposed Action has the potential to cause flow reductions of greater 
than ten percent on other small creeks where no data are available on existing 
streamflows to be able to determine this. The impacts of groundwater substitution on 
flows in small streams and associated water ways would be mitigated by 
implementation of Mitigation Measure GW-1 (see Section 3.3, Groundwater 
Resources) because it requires monitoring of wells and implementing a mitigation plan 
if the seller’s monitoring efforts indicate that the operation of the wells for groundwater 
substitution pumping are causing substantial adverse impacts. The mitigation plan 
would include curtailment of pumping until natural recharge corrects the environmental 
impact. Implementation of these measures would reduce significant effects on 
vegetation and wildlife resources associated with streams to less than significant. 
(pages 3.8-51, 3.8-58 and 3.8-68)  

All of these statements seem to contradict the statement in mitigation measure 
WS-1 that stream depletion can’t be measured in real time.  Although the Draft 
EIS/EIR doesn’t provide the technical method(s) for determining surface water flow 
using monitoring in groundwater wells, it’s reliance on mitigation measure GW-1 
to ensure that streamflows are adequate implies that a method is available.  
Because WS-1 and GW-1 both have one of the same objectives, to mitigation 
streamflow losses due to groundwater substitution pumping, the mitigation 
measure are linked.  Thus, the real time monitoring of groundwater intended to 
mitigate streamflow losses under GW-1 might also facilitate real time monitoring 
of streamflow needed for WS-1.  I’ll provide in Part 2 of this letter some additional 
discussion and references to scientific literature on studies and methods for 
measuring stream seepage and stream depletion caused by groundwater pumping.  

I recommend the Draft EIS/EIR be revised to clearly discuss the 
methods available for determining the value of the BoR-SDF for each 
groundwater substitution transfer well.   I recommend the Draft EIS/EIR 
be revised to discuss the procedure for Project Agency review and 
approval, along with process for review and comment by other public 
agencies and the public.  I recommend the Draft EIS/EIR be revised to 
discuss the methods and results of prior BoR-SDF determinations.  I 
recommend the Draft EIS/EIR be revised to define the data needed to 
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determine the “exact percentage” of stream depletion from 
groundwater substitution pumping during the 10-year transfer project, 
the technical method(s) that will be used to calculate the amount of 
stream depletion and the BoR-SDF, and the method(s) for monitoring 
surface water flow losses and verifying the effectiveness of the BoR-SDF 
and mitigation measure WS-1.    

c. Section 3.4.1 of the DTIPWTP discusses calculation of baseline groundwater 
pumping for groundwater substitution transfers.  Baseline groundwater pumping 
and stream depletion reduction are part of the four-step process for determining 
the amount of transferable water (page 31).  Water transfer sellers wanting to use 
groundwater substitution pumping are requested to submit information to:  

Identify all wells that discharge to the contiguous surface water delivery system within 
which a well is proposed for use in the transfer program, and  

The amount of groundwater pumped monthly during 2013 for each well that 
discharges to the contiguous surface water delivery system.  

Section 3.4.2 discusses measuring groundwater pumping provided for groundwater 
substitution transfers and states that:  

Sellers should provide pumping records from all wells that discharge to a contiguous 
surface water delivery system used in groundwater substitution transfers. (page 32)  

The requirement that the groundwater transfer pumping baseline and metering of 
transfer pumping be conditioned on the water being discharged to the contiguous 
surface water delivery system suggests that if the groundwater substitution pumping 
discharges to a non-contiguous surface water or directly to a field that the 
establishment of a pre-transfer pumping baseline and transfer metering aren’t 
required.  Is that the case?  If it is the case, then how is the amount of transferable 
water determined whenever the groundwater substitution transfer pumping 
doesn’t discharge to a contiguous surface water deliver system?  If the pre-transfer 
baseline pumping is removed from the calculation, does that increase or decrease 
the amount of transferable water and how does that change the BoR-SDF 
requirement?  Is metering required for groundwater substitution transfer wells that 
don’t discharge to a contiguous surface streams water delivery system?  If not, how will 
measurement of transferred water and the required amount of the BoR-SDF be 
verified?  All of these factors are relevant because they are linked to mitigation 
measure WS-1 through the DTIPWTP four-step process to determine the amount 
of transferrable water.  The amount of transferrable water incorporates the BoR-
SDF to prevent injury and reduce groundwater substitution pumping stream 
depletion impacts to less than significant.   

I recommend the Draft EIS/EIR be revised to provide a discussion of 
how the baseline for pre-transfer groundwater pumping will be 
determined and how metering of all groundwater substitution transfer 
pumping for wells will be done regardless of whether the well discharges 
to a contiguous surface water delivery system.  I recommend the Draft 
EIS/EIR be revised to discuss how the BoR-SDF will be determined, 
monitored, and it’s effectiveness verified for all groundwater 
substitution transfer wells regardless of whether the well discharges to a 
contiguous surface water delivery system.  

 



	   24 

Mitigation Measure GW-1 

16. The Draft EIS/EIR has only two mitigation measures that apply to the groundwater 
substitution transfers, WS-1 and GW-1.  GW-1 is the principle mitigation measure for the 
10-year transfer project’s Draft EIS/EIR and is discussed in Section 3.3.4.1.  The 
requirements contained in the October 2013 joint DWR and BoR Draft Technical Information 
for Preparing Water Transfer Proposals (DTIPWTP) and its 2014 Addendum are included in 
GW-1 by reference.  The monitoring and mitigation measures of GW-1 are generally 
statements of objectives and requirements for development in the future monitoring and 
mitigation plans that are approved by BoR and perhaps DWR.  GW-1 doesn’t appear to 
provide any future opportunity for review and comment by parties that may be impacted by 
the groundwater substitution transfers such as the non-participating well owners, the public, 
or other regulatory agencies.  GW-1 has statements such as:  

The monitoring program will incorporate a sufficient number of monitoring wells to accurately 
characterize groundwater levels and response in the area before, during, and after transfer 
pumping takes place. (page 3.3-88) 

The monitoring program will include a plan to coordinate the collection and organization of 
monitoring data, and communication with the well operators and other decision makers. (page 
3.3-89) 

Potential sellers will also be required to complete and implement a mitigation plan. (page 3.3-
89) 

To ensure that mitigation plans will be feasible, effective, and tailored to local conditions, the 
plan must include the following elements: (page 3.3-90 and 3.3-91) 

 A procedure for the seller to receive reports of purported environmental or effects to non-
transferring parties;  

 A procedure for investigating any reported effect;  
 Development of mitigation options, in cooperation with the affected parties, for legitimate 

significant effects  
 Assurances that adequate financial resources are available to cover reasonably 

anticipated mitigation needs.  

Reclamation will verify that sellers adopt and implement these measures to minimize the 
potential for adverse effects related to groundwater extraction. (page 3.3-91) 

GW-1 does have some specifics on requirements for the frequency of groundwater level 
monitoring, such as weekly monitoring during the transfer period (page 3.3-89).  
Requirements for the frequency of reporting are less specific.  Summary tables to BoR 
during and after transfer-related groundwater pumping, and a summary report sometime 
after the post-project reporting period.  The project reporting period extends through 
March of the year following the transfer (page 3.3-90).  The requirement for only a single 
year of groundwater monitoring appears to be insufficient given the duration of the 
simulated pumping impacts (see Figure B-5 in Appendix B).  Other reporting requirements 
such as groundwater elevation contour maps are given as “should be included” rather than 
“shall be included” (page 3.3-90).  

The BoR should already have monitoring and mitigation plans and evaluation reports based 
on the requirements of the DTIPWTP for past groundwater substitution transfers, which 
likely were undertaken by some of the same sellers as the proposed 10-year transfer 
project.  The Draft EIS/EIR should provide these existing BoR approved monitoring 
programs and mitigation plans as examples of what level of technical specificity is required 
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to meet the objectives of GW-1 that include: (1) mitigate adverse environmental effects that 
occur; (2) minimize potential effects to other legal users of water; (3) provide a process for review 
and response to reported effects; and (4) assure that a local mitigation strategy is in place prior to 
the groundwater transfer (page 3.3-91).  In addition, examples of periodic reporting tables and 
final evaluation reports should be provided to demonstrate the effectiveness of the GW-1 
process at preventing or mitigating impacts from the groundwater substitution transfer 
pumping.  Other deficiencies in GW-1 have been discussed above in my comments nos. 1, 2, 
3, 5, 6 and 15, and below in comment no. 18. 

I recommend the Draft EIS/EIR be revised to include specifics on additional 
requirements that must be part of mitigation measure GW-1 including: (1) 
required distances from wells and surface water features, and aquifer zones for 
groundwater elevation monitoring; (2) the duration of the required post-
transfer monitoring that accounts for the effects of the 10 years of pumping; (3) 
specifics requirements on scale and detail for maps, figures and tables needed to 
document groundwater substitution pumping impacts; and (4) specific threshold 
for changes in groundwater elevation, groundwater quality and subsidence that 
will be considered significant.  I recommend the Draft EIR/EIS be revised to 
provide existing BoR approved monitoring and mitigation plans and reports for 
past groundwater substitution transfers as examples of the types of technical 
information necessary to ensure no injury with less than significant impacts and 
appropriate mitigations.  I recommend the Draft EIS/EIR be revised to provide 
specifics on how the public will be able to participate in the BoR and DWR 
approval and revision process for the 10-year transfer project monitoring and 
mitigation plans.  I also recommend the Draft EIS/EIR revise GW-1 to include 
the issues discussed elsewhere in my comments nos. 1, 2, 3, 5, 6, 15 and 18.    

 

Water Quality 

17. The Draft EIS/EIR discusses water quality in Section 3.2, but focuses on potential impacts to 
surface waters.  Discussions of impacts from groundwater substitution transfer pumping on 
groundwater quality are given in Section 3.3 (pages 3.3-33 to 3.3-35).  The Draft EIS/EIR 
discusses the potential for impacts to groundwater quality from migration of contaminants 
as a result of groundwater substitution pumping, but provides only a general description of 
the current condition of groundwater quality.  Section 3.3 gives the following statements on 
water quality: 

Groundwater Quality: Changes in groundwater levels and the potential change in groundwater 
flow directions could cause a change in groundwater quality through a number of mechanisms. 
One mechanism is the potential mobilization of areas of poorer quality water, drawn down 
from shallow zones, or drawn up into previously unaffected areas.  Changes in groundwater 
gradients and flow directions could also cause (and speed) the lateral migration of poorer 
quality water. (pages 3.3-59 and 3.3-60) 

Degradation in groundwater quality such that it would exceed regulatory standards or would 
substantially impair reasonably anticipated beneficial uses of groundwater; or (page 3.3-61) 

Additional pumping is not expected to be in locations or at rates that would cause substantial 
long-term changes in groundwater levels that would cause changes to groundwater quality. 
Consequently, changes to groundwater quality due to increased pumping would be less than 
significant in the Redding Area Groundwater Basin. (page 3.3-66) 
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Inducing the movement or migration of reduced quality water into previously unaffected areas 
through groundwater pumping is not likely to be a concern unless groundwater levels and/or 
flow patterns are substantially altered for a long period of time. Groundwater extraction under 
the Proposed Action would be limited to short-term withdrawals during the irrigation season. 
Consequently, effects from the migration of reduced groundwater quality would be less than 
significant. (page 3.3-83) 

Groundwater extracted could be of reduced quality relative to the surface water supply 
deliveries the seller districts normally receive; however, groundwater quality in the area is 
normally adequate for agricultural purposes. Distribution of groundwater for municipal supply 
is subject to groundwater quality monitoring and quality limits prior to distribution to 
customers. Therefore, potential impacts to the distribution of groundwater would be minimal 
and this impact would be less than significant. (page 3.3-84) 

The Draft EIS/EIR notes that several groundwater quality programs are active in the seller 
regions (pages 3.3-6 to 3.3-10).  No maps are provided that show the baseline groundwater 
quality and known areas of poor or contaminated groundwater.  Groundwater quality 
information on the Sacramento Valley area is available from existing reports by the USGS 
(1984, 2008b, 2010, and 2011) and Northern California Water Association (NCWA, 
2014c).  The Draft EIS/EIR doesn’t compare the known groundwater quality problem areas 
with the SACFEM2013 simulated drawdowns to demonstrate that the proposed projects 
won’t draw in or expand the areas of known poor water quality.  The Draft EIS/EIR analysis 
doesn’t appear to consider the impacts to the quality of water from private wells.  Pumping 
done as part of the groundwater substitution transfer may cause water quality impacts from 
geochemical changes resulting from a lowering the water table below historic elevations, 
which exposes aquifer material to different oxidation/reduction potentials and can alter the 
mixing ratio of different quality aquifer zones being pumped.  Changes in groundwater level 
can also alter the direction and/or rate of movement of contaminated groundwater plumes 
both horizontally and vertically, which may expose non-participating wells to contaminants 
they would not otherwise encounter.   

As noted above in my general comment no. 7, the DWR well depth summary maps for the 
northern Sacramento Valley show that there are potentially thousands of private well 
owners in and adjacent to the proposed project areas of the groundwater substitution 
drawdown.  Exhibit 2.1 has a composite map of DWR’s northern Sacramento Valley well 
depth summary maps (DWR, 2014a) for the shallow aquifer zone, wells less than 150 feet 
deep and the areas of groundwater decline from 2004 to 2014 (DWR, 2014b).  Exhibit 7.1 
has a table that summarizes the range of the number of shallow wells by county that lie 
within the areas of groundwater decline from 2004 to 2014.  In my general comment no. 5, I 
discussed the concept of capture zones for wells and the need for groundwater modeling 
using particle tracking to identify the areas where a well receives recharge.  Particle tracking 
to define a well capture zone(s) can also be used to determine if known zones or areas of 
poor or contaminated water will migrate as a result of the groundwater substitution 
transfer pumping.  Particle tracking can also identify private and municipal wells that lie 
within the capture zone of a groundwater substitution transfer well and might experience a 
reduction in water quality from the transfer pumping.  Particle tracking can identify locations 
where mitigation monitoring of groundwater quality should be conducted to quantify 
changes in groundwater quality. 

Even though there are already a number of shallow wells impacted by historic groundwater 
level declines, the Draft EIS/EIR reaches the conclusion that the groundwater substitution 
transfer pumping will not cause injury or a significant impact to groundwater quality.  This 
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conclusion is reached in part because the assumed beneficial use of groundwater 
substitution pumped water is agricultural, or urban, where the quality of water delivered is 
monitored by an urban water agency.  Only these two beneficial uses are assumed even 
though Table 3.2-2 lists numerous other uses for waters in the seller service areas.  The 
Draft EIS/EIR doesn’t provide sufficient information on existing water quality conditions in 
the Sacramento Valley to allow for evaluation of potential geochemical changes that 
groundwater substitution pumping might cause.  The Draft EIS/EIR sets a standard of 
significance in degradation of groundwater quality that requires contaminants exceed 
regulatory standards or impair reasonably anticipated beneficial uses (page 3.3-61).  This 
standard of significance ignores the regulatory requirements of the Water Quality Control 
Basin Plans (Basin Plans) (http://www.waterboards.ca.gov/centralvalley/water_issues/ 
basin_plans/index.shtml).  The Draft EIS/EIR only briefly discusses the role of the Basin Plans 
in maintaining water quality (page 3.2-7). In addition this water quality threshold of 
significance likely violates the State Water Resources Control Board Resolution No. 68-16, 
titled Statement of Policy with Respect to Maintaining High Quality of Waters in California, that 
states: 

“Whenever the existing quality of water is better than the quality established in policies as of 
the date on which such policies became effective, such existing high quality will be maintained 
until it has been demonstrated to the state that any change will be consistent with the 
maximum benefit to the people of the state, will not unreasonably affect present and 
anticipated beneficial use of such water and will not result in water quality less than that 
prescribed in the policies.” 

“The nondegradation policy of the State Board (Resolution No. 68-16) applies to surface and 
groundwaters that are currently better quality than the quality established in ‘adopted policies.’ 
In terms of water quality objectives, the basin plans are the source of adopted policies.” 

I recommend the Draft EIS/EIR be revised to document the known condition of 
the groundwater quality in the Sacramento Valley and Redding Basin and 
include available maps.  I recommend that this assessment evaluate the 
potential impacts from migration of known areas of poor groundwater quality 
that could be further impaired or spread as a result of the groundwater 
substitution transfer pumping.  I recommend a groundwater quality mitigation 
measure be provided for evaluation the existing water quality in wells (assuming 
owner cooperation) within and adjacent to known areas of poor groundwater 
quality that lie within and adjacent to the simulated groundwater transfer 
drawdown areas, especially those that lie within the capture zone.  I 
recommend the groundwater quality mitigation measure include: (1) 
procedures for sampling wells, (2) methods of water quality analysis, (3) a 
QA/QC program, (4) standards and threshold for water quality impairment 
consistent with public health requirements and Basin Plan beneficial uses and 
SWRCB Resolution No. 68-16, (5) provisions for independent oversight and 
review by regulatory agencies and affected well owners, and (6) specific 
reporting and notification requirements that keep the owners of non-
participating wells, the public, and regulatory agencies informed.  I recommend 
the groundwater quality mitigation measure include provisions for modification 
and/or treatment of non-participating wells should the quality of water delivered 
be significantly altered by groundwater substitution transfers.  I recommend the 
groundwater quality mitigation measure be in effect during the 10-year period 
of transfer pumping and the following recovery period until groundwater flows 
return to the pre-project condition.  I recommend the Draft EIS/EIR also 
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require a funding mechanism for implementing the groundwater quality 
mitigation measures for the entire 10-year duration of the groundwater 
substitution transfers and the recovery period.  I recommend the costs of the 
groundwater quality mitigation monitoring be the responsibility of the project 
proponents, not the non-participating wells owners or the public.  These costs 
should include reimbursement of any costs incurred by regulatory agency 
oversight and costs incurred by non-participating well owners. 

Subsidence 

18. The impacts of subsidence due to groundwater substitution transfer pumping are discussed 
in Section 3.3.  Section 3.3.1.3.2 discusses groundwater-related land subsidence and notes 
that Global Positioning System (GPS) surveying is conducted by DWR every three years at 
339 elevation survey monuments throughout the northern Sacramento Valley (page 3.3-28).  
In addition, eleven extensometers, as shown in Figure 3.3-11, monitor land subsidence.  
Figure 3.3-11 provides graphs of the subsidence for five of the eleven extensometers; no 
information is provided on the results on the GPS surveys.  Mitigation measure GW-1 also 
incorporates by reference the October 2013 DTIPWRP and its 2014 Addendum.  The 
DTIPWRP doesn’t add any additional monitoring or mitigation requirements for subsidence, 
stating that areas that are susceptible to land subsidence may require land surface elevation 
surveys, and that the Project Agencies will work with the water transfer proponent to 
develop a mutually agreed upon subsidence monitoring program (pages 34 and 37).  
Apparently the Draft EIS/EIR expects that the mutually agreed upon subsidence monitoring 
programs will be a future mitigation measure.  The Draft EIS/EIR doesn’t discuss how other 
regulatory agencies or the public will participate in the reviewing and commenting on any 
future subsidence mitigation measure. 

The Draft EIS/EIR relies on local GMPs and county ordinances to prevent impacts from 
subsidence, but doesn’t discuss any specific monitoring or mitigation measures for each 
proposed groundwater substitution transfer pumping area (page 3.3-7).  The Draft EIS/EIR 
acknowledges that subsidence has occurred in the past in portions of the Sacramento Valley 
in Yolo County (page 3.3-29), and that the Redding groundwater basin has never been 
monitored (page 3.3-17).  Yet only a qualitative assessment of potential project impacts was 
done by comparing SACFEM2013 simulated groundwater drawdowns with areas of existing 
subsidence and by comparing estimates of pre-consolidated heads/historic low heads (page 
3.3-61).   

The Draft EIS/EIR relies on the mitigation measure GW-1 to prevent and remedy any 
significant impacts from subsidence.  The requirements in mitigation measure GW-1 for 
subsidence impacts specify that the BoR will determine, apparently in the future and only 
when mutually agreed upon, the “strategic” monitoring locations throughout the transfer 
area where land surface elevations will be measured at the beginning and end of each 
transfer year (page 3.3-89).  When the land surface elevation survey indicates an elevation 
decrease in an area, more subsidence monitoring will be required, which could include: (1) 
extensometer monitoring, (2) continuous GPS monitoring, or (3) extensive land-elevation 
benchmark surveys conducted by a licensed surveyor.  More extensive monitoring will be 
required for areas of documented historic or higher susceptibility to land subsidence (page 
3.3-89).  The Draft EIS/EIR concludes that with these subsidence monitoring mitigation 
measures of GW-1, impacts will be reduced to less than significant (page 3.3-66).   

Exhibits 8.1a to 8.1c provides composite maps using as a base DWR’s Spring 2004 to 
2014 Change in Groundwater Elevations (DWR, 2014b) for the shallow (less than 200 feet 
bgs), intermediate (200 to 600 feet bgs) and the deep (greater than 600 feet bgs) aquifer 
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zones in the northern Sacramento Valley.  A map of the natural gas pipelines in the 
Sacramento Valley (Exhibit 8.6) has been scaled and combined with Exhibits 8.1a to 8.1c.  
Exhibit 8.2 depicts on DWR’s (2014b) intermediate zone change in groundwater elevation 
map, the locations of extensometers and the GPS subsidence grid (from Figure 6 in DWR, 
2008; Exhibit 8.4), and the known subsidence area southeast of Williams and into Yolo 
County (from Draft EIS/EIR Figure 3.3-11)).   

The subsidence area in Yolo County isn’t fully shown on the DWR’s 2014 groundwater 
elevation change maps, but is shown in the composite maps (Exhibits 8.1a to 8.1c).  These 
exhibits and Exhibit 8.2 show that the western line of extensometers lies along the eastern 
edge of the intermediate zone of greatest groundwater elevation change, and aligns with the 
central axis of the mapped changes in groundwater elevation in deeper aquifer zone.  The 
extensometers don’t appear to lie within the area of known subsidence southeast of 
Williams and into Yolo County (Figure 3.3-11).  The GPS subsidence grid network does 
extend across eastern portion of the known subsidence area southeast of Williams and into 
Yolo County depicted in Figure 3.3-11 and the groundwater elevation change in the 
intermediate aquifer zone southwest of Orland (Exhibit 8.2). 

Although there are several areas in the Sacramento Valley of known decrease in 
groundwater elevations, known areas of subsidence (Faunt, ed., 2009; Exhibit 8.3), and 
apparently a GPS network with repeated elevation measurements (Exhibit 8.4), the Draft 
EIS/EIR doesn’t provide any specific information on the “strategic” locations where 
groundwater substitution pumping done under the 10-year transfer project will require 
additional subsidence monitoring.  The historic subsidence data along with the GPS grid 
elevation data, historic groundwater elevation change data and the future areas of 
drawdown from the 10 years of groundwater substitution pumping shown in Figures 3.3-26 
to 3.3-31 should be sufficient information to develop the initial “strategic” locations for 
monitoring potential subsidence.  The Draft EIS/EIR should be able to provide the specific 
thresholds of subsidence that will trigger the need for additional extensometer monitoring, 
continuous GPS monitoring, or extensive land-elevation benchmark surveys by a licensed 
surveyor as required by GW-1.  The Draft EIS/EIR should also specify in mitigation measure 
GW-1, the frequency and methods of collecting and reporting subsidence measurements, 
and discuss how the non-participating landowners and the public can obtain this information 
in a timely manner.  In addition, the Draft EIS/EIR should provide a discussion of the 
thresholds that will trigger implementation of the reimbursement mitigation measure 
required by GW-1 for repair or modifications to infrastructure damaged by non-reversible 
subsidence, and the procedures for seeking monetary recovery from subsidence damage 
(page 3.3-90).  The revised Draft EIS/EIR should review the information provided by 
Galloway and others (2008), and the Pipeline Research Council International (2009) 
regarding land subsidence hazards. 

An objective of the mitigation measure GW-1 is to mitigate adverse environmental effects 
from groundwater substitution transfer pumping (page 3.3-88).  As part of the preliminary 
assessment of potential environmental impacts from subsidence due to groundwater 
substitution pumping, a review and determination of the critical structures that might be 
impacts is recommended.  There are a number of critical structures in the Sacramento 
Valley that may be susceptible to settlement and lateral movement.  These include natural 
gas pipelines, gas transfer and storage facilities, gas wells, railroads, bridges, water and sewer 
pipelines, water wells, canals, levees, other industrial facilities.  Exhibits 8.5 to 8.11 provide 
several maps of gas pipeline, and gas and oil related facilities obtained from the web sites of 
the CA Energy Commission (CEC) and the CA Department of Conservation’s Division of 
Oil, Gas and Geothermal Resources (DOGGR).  In addition, composite maps (Exhibits 8.1a 



	   30 

to 8.1c) are provided that show the locations of the natural gas pipelines (Exhibit 8.6) with 
the DWR 2004 to 2014 change in groundwater elevation maps (DWR, 2014b).  Additional 
maps of railroads, bridges, canals, levees, water and sewer pipelines and important industrial 
facilities should be sought and the location of those structures compared to the potential 
areas of subsidence from groundwater substitution transfer pumping.  Specific “strategic” 
subsidence monitoring locations should be given in mitigation measure GW-1 based on 
analysis of the susceptible infrastructure locations and the potential subsidence areas.  The 
local, state and federal agencies that regulate these critical structures and pipelines as well as 
the facility owners should be contacted for information on the limitations on the amount of 
movement and subsidence the infrastructures can withstand.  The limitations on movement 
and subsidence should be incorporated into any triggers or thresholds for additional 
monitoring and implementing mitigations needed to reduce subsidence impacts to less than 
significant and cause no injury. 

I recommend that: (1) the Draft EIS/EIR be revised to provide information on 
initial “strategic” locations and types of subsidence monitoring that are 
necessary based on the existing conditions and the proposed groundwater 
substitution pumping areas; (2) the Draft EIS/EIR and mitigation measure GW-1 
be revised to provide specific thresholds of subsidence that will trigger the need 
for additional subsidence monitoring; (3) mitigation measure GW-1 be revised 
to include the frequency and methods of collecting and reporting subsidence 
measurements; (4) the Draft EIS/EIR discuss how the non-participating 
landowners and the public can obtain subsidence information in a timely 
manner; (5) the Draft EIS/EIR and GW-1 be revised to provide the thresholds 
that trigger implementation of the reimbursement mitigation measure required 
by GW-1 for repair or modifications to infrastructure damaged by non-
reversible subsidence along with the procedures for seeking monetary recovery 
from subsidence damage; and (6) the Draft EIS/EIR be revised to provide a map 
and inventory of critical structures in the Sacramento Valley that may be 
susceptible to settlement and lateral movement.  These structures should 
include natural gas pipelines, gas transfer and storage facilities, gas wells, power 
plants, railroads, bridges, water and sewer pipelines, water wells, canals, levees, 
other industrial facilities.  I further recommend that the Draft EIS/EIR solicit 
advice from local, state and federal agencies, as well as the infrastructure 
owners on the amount of subsidence that these critical structures and pipelines 
can withstand, and provide copies of their responses and incorporate their 
requirements in mitigation measure GW-1 to ensure the stability and function 
of these facilities.   

Geology and Seismicity 

19. Environmental impacts from the project to geologic and soil resources are discussed in 
Section 3.4 of the Draft EIS/EIR.  The Draft EIS/EIR assumes that because the projects don’t 
involve the construction or modification of infrastructure that could be adversely affected by seismic 
events, seismicity is not discussed in this section.  The Geology and Soils section therefore 
focused on chemical processes, properties, and potential erodibility of soils due to cropland idling 
transfers.  Impacts of subsidence are discussed in Section 3.3 of the Draft EIS/EIR and above 
in my comment no. 18. 

The Draft EIS/EIR reasoning that because the projects don’t involve new construction or 
modification of existing structures that there are no potential seismic impacts from the 
activity undertaken during the transfers is incorrect.  The project area has numerous 
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existing structures that could be affected by the groundwater substitution transfer pumping, 
specifically settlement induced by subsidence.  Although the seismicity in the Sacramento 
Valley is lower than many areas of California, it’s not insignificant.  There is a potential for 
the groundwater substitution transfer projects to increase the impacts of seismic shaking 
because of subsidence causing additional stress on existing structures.  The discussion in 
Section 3.3 on potential subsidence from groundwater substitution pumping was only 
qualitative because the SACFEM2013 simulations didn’t calculate an estimate of subsidence 
from the transfer projects (page 3.3-61).  The subsidence assessment also didn’t 
acknowledge or consider the numerous natural gas pipelines or other critical facilities and 
structures that occur the Sacramento Valley.  Exhibits 8.5 to 8.11 provide a series of maps 
that show some of the major natural gas pipelines, oil refineries, terminal storage, and 
power plants in the Sacramento Valley.  In addition, there are a number of railroads, bridges, 
canals, and water and sewer pipelines within the transfer project area.  As I discussed in my 
comment no. 18 on subsidence impacts, some of these existing structures and pipelines are 
sited within or traverse areas of known subsidence, existing areas of large groundwater 
drawdown, and areas within the proposed groundwater substitution transfer pumping.  
There are a number of technical documents on seismic impacts to pipelines (O’Rouke and 
Norberg, 1992; O’Rouke and Liu, 1999, 2012) as well as a proceeding from a recent ASCE 
conference on pipelines (Miami, Florida, August 2012).   

The characteristics of future seismic shaking in California can be assessed using the following 
web resources provided by the California Geological Survey (CGS) in conjunction with the 
U.S. Geological Survey and other academic and professional organizations:   

California Fault Activity Map web site: 

http://www.quake.ca.gov/gmaps/FAM/faultactivitymap.html 

Probabilistic Seismic Hazard Mapping web site: 

http://www.consrv.ca.gov/cgs/rghm/psha/pages/index.aspx 

Probabilistic Seismic Ground Motion Interpolator web site: 

http://www.quake.ca.gov/gmaps/PSHA/psha_interpolator.html 

Earthquake Shaking Potential for California Map web site: 

http://www.conservation.ca.gov/cgs/information/publications/ms/Documents/MS48_r
evised.pdf 

In addition to the potential impacts to existing infrastructure from seismic shaking, the 
occurrence of faults within the Sacramento Valley may influence the movement of 
groundwater.  The USGS-CVHM groundwater model (Faunt, ed., 2009) incorporated a 
number of horizontal flow groundwater barriers (Figure C1-A, pages 160, 203, and 204; 
Exhibits 9.1, 9.2, 9.3a and 9.3b) that appear to align with faults shown in a series of screen 
plots from the interactive web site 2010 Fault Activity Map for California (CGS, 2010) 
(Exhibits 9.4a to 9.4d, 9.5 and 9.6).  The SACFEM2013 model documentation didn’t indicate 
that faults were considered as potential flow barriers and the resulting simulation maps in 
Figures 3.3-26 to 3.3-31don’t show any flow barriers. 

I recommend that the Draft EIS/EIR be revised to: (1) assess the potential 
environmental impacts from seismic shaking on critical structures and pipelines 
in areas of potential subsidence caused by the groundwater substitution transfer 
pumping; (2) provide maps that identify and locate existing pipelines and critical 
structures such as storage facilities, railroads and bridges within the areas 
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affected by groundwater substitution pumping; (3) solicit and provide results of 
the advice from local, state and federal agencies, as well as the infrastructure 
owners, on the amount of subsidence that these critical structures and pipelines 
can withstand under in both static and seismic conditions; (4) provide a 
mitigation measure(s) that addresses the requirements for monitoring the 
subsidence in the area of these critical structures and pipelines; and (5) provide 
specific monitoring and reporting requirements for potential seismic impacts to 
critical structures that includes establishing any additional structures for 
monitoring and taking subsidence measurements, and conducting additional 
periodic surveys of ground elevation and displacement.  I recommend the Draft 
EIS/EIR be revised to provide the thresholds that trigger implementation of the 
reimbursement mitigation measure required by GW-1 for repair or 
modifications to infrastructure that may be damaged by seismic movement in 
areas that have exceeded the thresholds for non-reversible subsidence, and 
provide procedures for seeking monetary recovery from subsidence damage.  I 
also recommend the Draft EIS/EIR be revised to discuss the importance and 
impacts of the horizontal flow barriers and/or faults within the Sacramento 
Valley on the results of the drawdown and stream depletion simulations of 
SACFEM2013. 

II. Additional Technical Information Relevant to the Assessment of Potential 
Environmental Impacts from the 10-Year Groundwater Substitution Transfers.  

Historic Changes in Groundwater Storage 

20. The Draft EIS/EIR provides SACFEM2013 simulations of groundwater substitution transfer 
pumping effects for WY 1970 to WY 2003.  The discussion of the simulation didn’t provide 
specifics on how the model simulated the current conditions of the Sacramento Valley 
groundwater system or the potential impacts from the 10-year groundwater substitution 
transfer project based on current conditions.   A DWR groundwater contour map, Figure 
3.3-4, shows the elevations in the spring of 2013 for wells screened at depths greater than 
100 ft. bgs. and less than 400 ft. bgs.  Figures 3.3-8 and 3.3-9 provide the locations and 
simulation hydrographs for selected monitoring wells in the Sacramento Valley.  Appendix E 
provides additional monitoring well simulation hydrographs for selected wells at locations 
shown on Figures 3.3-26 to 3.3-31.  As discusses above in comments no. 7, these 
hydrographs appear to show only simulated groundwater elevations.  Actual measured 
groundwater elevations are needed to evaluate the accuracy of the simulations.  The Draft 
EIS/EIR briefly discusses on page 3.3-12 the groundwater production, levels and storage for 
the Redding Basin, and on pages 3.3-21 to 3.3-27 there is a similar discussion for the 
Sacramento Valley.  Faunt (ed., 2009) is cited for the conditions of the Sacramento Valley 
groundwater budget and Figure 3.3-10, taken from Faunt (ed., 2009; Figure B9; Exhibit 
10.2a), shows the historic change in groundwater storage in the Central Valley as 
determined by the CVHM model simulations.  Based in part on the information in Faunt 
(ed., 2009), the Draft EIS/EIR concludes that the Sacramento Valley basin’s groundwater 
storage has been relatively constant over the long term, decreasing during dry years and 
increasing during wetter periods.  However, the Draft EIR/EIS’s discussion of the status of 
groundwater in the Sacramento Valley doesn’t utilize all of the information on groundwater 
storage or water balance available in Faunt (ed., 2009), more recent simulation studies by 
Brush and others (2013a and 2013b), or the summary of groundwater conditions in recent 
reports by the Northern California Water Association (NCWA) (2014a and 2014b). 
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Faunt (ed., 2009) provides in Table B3 (Exhibit 10.1) selected average annual hydrologic 
budget values for WYs 1962-2003.  In addition, Figures B10-A and B10-B of Faunt (ed., 
2009) show bar graphs for the average annual groundwater budget for the Sacramento 
Valley and the Delta and Eastside Streams (Exhibits 10.2b and 10.2c).  Table B3 gives the 
water balances for subregions in the Sacramento Valley (1 to 7) and the Eastside Streams 
(8).  Table B3 gives values for the net storage from specific yield and compressibility of water; 
positive values indicate an increase in storage, while a negative value is a decrease.  For 
Sacramento Valley, the sum of the annual average from 1962 to 2003 in net storage is given 
as -99,000 AFY and for the Eastside streams -26,000 AFY.  Unfortunately, the components 
in Table B3 don’t seem to be a complete groundwater water budget, so following the 
calculations of the average annual net change in groundwater storage isn’t obvious.  Figures 
10A and 10B (Exhibits 10.2a and10.2b), however, do provide bar graphs of the groundwater 
water budgets with values for the entire Sacramento Valley and the Delta and Eastside 
Streams.  If it’s assumed that groundwater pumping shown as a negative value in Figures 10A 
and 10B represents an outflow from groundwater storage, then other negative values would 
also be considered outflows.  Positive values are therefore assumed to be inflows to 
groundwater storage. 

For the entire Sacramento Valley (subregions 1 to 7), Faunt (ed., 2009) shows the net 
change in annual groundwater storage as the sum of the negative outflows and positive 
inflow in Figure 10A at a negative 650,000 AFY (-0.65 million AFY) (2.88 – 
[0.29+0.03+1.66+1.37+0.18] = 2.88 – 3.53 = -0.65).  The values in Figure 10B can be 
summed in a similar manner and yield a net change in storage of a positive 90,000 AFY for 
the Delta and Eastside Streams.  Unfortunately, the bar graph in Figure 10B for the Eastside 
Streams (subregion 8) doesn’t have numerical values.  A visual comparison of the inflow and 
outflow bars suggests that for subregion 8 the outflows, mostly pumping, are at or slightly 
greater than the inflows. 

The groundwater budget information by Faunt (ed., 2009) can be compared with two other 
more recent sources of Sacramento Valley information contained in four documents, Brush 
and others (2013a and 2013b) and NCWA (2014a and 2014b). Brush and others report on 
the recent version of the C2VSim groundwater model (version R374) and provide 
simulation results.  The NCWA reports also used the C2VSim (R374) model, but provided 
additional analysis and results of the historic land development, water use and water 
balances in Sacramento Valley.  Some of the information developed by Brush and others 
(2013a and 2013b), and Faunt (ed., 2009) on the condition of the Sacramento Valley 
groundwater system was previously discussed in my comments on the SACFEM2013 model 
simulations, nos. 8 to 14. 

My comment no. 14 on groundwater flow between subregions is also relevant to this 
discussion of the historic changes in groundwater storage.  Accounting for the transfer of 
groundwater between regions is critical for understanding the impacts of pumping in one 
region or area on the adjacent regions.  The sources of water backfilling a groundwater 
depression don’t all have to come from surface waters, ie., stream depletion, precipitation, 
deep percolation, and artificial recharge.  Some of that “recharge” can come from adjacent 
aquifers by horizontal and vertical flow.  When pumping creates a depression in the water 
table or piezometric surface, the depression steepens the gradient thereby increasing the 
rate of flow towards it; the depression can also change the direction of groundwater flow.  
Often the “recharge” to a pumping depression comes from adjacent groundwater storage 
that lies outside the zone of influence of the pumping.  When the rates and volumes of 
recharge from surface waters are insufficient to rapidly backfill a pumping depression, the 
impact on groundwater storage and elevations in adjacent regions increases. 
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Brush and others (2013a) provide a breakdown of water budget by subregion, Tables 10 to 
13 (Exhibits 6.3a to 6.3d), but only for the selected three decades (1922-1929, 1960-1969, 
and 2000-2009), and for the total modeled period from 1922 to 2009.   They do provide 
values for the change in groundwater storage for all 21 of the Central Valley subregions and 
5 hydrologic regions.  Of particular importance to the discussion of the current condition of 
the groundwater basin are the results of the C2VSim simulations of the annual average 
change in groundwater storage for each of the three decades and from 1922 to 2009, Tables 
10 to 13 (Exhibits 6.3a to 6.3d).  For the Sacramento Valley (subregions 1 to 7), Table 10 
lists the 1922-2009 change in storage as -165,417 AFY (I’m assuming the units of the table 
are acre-feet), and for the Eastern Streams (subregion 8) -135,304 AFY.  For the most 
recent decade, 2000-2009, the average annual change in groundwater storage has increased 
in both the Sacramento Valley and the Eastern Streams to -303,425 AFY and -140,715 AFY, 
respectively (Table 13).  Although the tables in Brush and others don’t list the groundwater 
flow between subbasins, Figures 81A to 81C (2013a) and Figure 39 (2013b) (Exhibits 6.1a to 
6.1c and 6.2) provide this information for the selected decades and for the total simulation 
period.  As discussed above in my comment no. 14, the change in interbasin groundwater 
flow can be significant particularly when recharge in a region is deficient.  The Draft EIS/EIR 
should specifically discuss and account for any changes in the rate and direction of interbasin 
groundwater flow.  Interbasin groundwater flow may become a hidden long-term impact 
that increases the time needed for recovery of groundwater levels from groundwater 
substitution transfer pumping, and can extend the impact from groundwater substitution 
transfer pumping to areas outside of the groundwater substitution transfer seller’s 
boundary. 

Two recent reports on the condition of groundwater in the Sacramento Valley are provided 
by the Northern California Water Association (NCWA, 2014a and 2014b).  Tables 3-6, 3-7, 
and 3-8 in the NCWA technical supplement report (2014b; Exhibits 10.5a to 10.5c) provide 
water balance information for the Sacramento Valley for the same three decades as Brush 
and others (2013a).  The NCWA tables separate the water balance elements into three 
types, land uses (Table 3-6), streams and rivers (Table 3-7), and groundwater (Table 3-8).   
The values of the change in groundwater storage given in Table 3-8 are similar to those 
given by Brush and others (2013a).  The NCWA technical supplement report (2014b) also 
provides additional information on the 1922 to 2009 water balance through the use of 
graphs and bar charts.  Figures 3-22 and 3-24 (Exhibits 10.6c and 10.6d) provide graphs of 
simulated estimates of annual groundwater pumping in the Sacramento Valley and the annual 
stream accretion.  Positive stream accretion occurs when groundwater discharges to surface 
water, negative when groundwater is recharged.  Other graphs include simulated deep 
percolation, Figures 3-26 and 3-27 (Exhibits 10.6e and 10.6f), annual diversions, Figures 3-19 
and 3-20 (Exhibits 10.6a and 10.6b), and relative percentages of surface water to 
groundwater supplies, Figure 3-29 (10.6g). 

The NCWA technical supplement report (2014b) notes in Sections 3.8 and 3.8.4 that 
negative changes in groundwater storage  

... suggest that the groundwater basin is under stress and experiencing overdraft in some 
locations.  Review of the Sacramento Valley water balance, as characterized based on C2VSim 
R374 and summarized in Tables 3-6 through 3-8 reveals substantial changes in water balance 
parameters over time that affect overall groundwater conditions. … Over time, it appears that 
losses from surface streams have increased as a result of declining groundwater levels. The 
declining levels result from increased demand for groundwater as a source of supply without 
corresponding increases in groundwater recharge. (page 41) 
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A contributing factor to the decrease in accretions to rivers and streams over the last 90 years 
is that deep percolation of surface water supplies (and other forms of recharge) has not 
increased in a manner that offsets increased groundwater pumping. (page 48) 

The simulated groundwater pumping graph in NCWA Figure 3-22 and stream accretion 
graph in NCWA Figure 3-24 were combined into one graph by scaling and adjusting their 
axes (Exhibits 10.7).  The vertical scales of these two graphs were adjusted so that a zero 
value of stream accretion aligned with 1.5 million acre-feet (MAF) of annual groundwater 
pumping.  This alignment was done to reflect the fact that in the early 1920s, groundwater 
pumping was approximately 0.5 MAF per year (MAFY) while stream accretion was 
approximately 1.0 MAFY.  As shown in the combined graph, stream accretion generally 
decreases at approximately the same rate as groundwater pumping increases.  Thus, at a 
point of no appreciable groundwater pumping, pre-1920s, the total long-term average annual 
stream accretion was likely 1.5 MAF, based on the C2VSim simulations. 

Drawn on top of the stream depletion and groundwater pumping graphs are several visually 
fit, straight trend lines.  These lines, which run from 1940 to the mid-1970s and the late 
1980s to mid-1990s, are mirror images reflected around the horizontal 0 accretion axis.  
Information provided at the bottom of the composite graph was taken from NCWA Tables 
3-7 and 3-8 (Exhibits 10.5b and 10.5c).  The slope of the trend line from 1940 to the mid-
1970s is approximately (+-)27,000 AFY, and (+-)85,000 AFY in the late 1980s to the mid-
1990s; a 3-fold increase in slope.  After the mid-1990s the slope of groundwater pumping 
flattens to be similar to that of the 1940s–mid-1970s, while the stream depletion line 
became almost flat, ie., no change in rate of accretion.  The reason for the stream depletion 
rate being flat is unknown, but there are several factors that could contribute to a fixed rate 
of stream accretion. 

First, after depleting 1.5 MAFY from the Sacramento Valley streams, the surface waters may 
not be able to provide much more, at least no increase to match the pumping.  Second, this 
may also be a consequence of the model design because the number of streams simulated 
was limited.  Third, the model’s grid may not extend out far enough to encompass all of the 
streams that contribute to groundwater recharge.  More information on the areas of where 
streams gain and lose in the Sacramento Valley is needed to determine if there are any 
sections of stream, gaining or losing, that might still have the ability to interact at a variable 
rate in the future, ie., during and after the 10-year groundwater substitution transfer 
project. 

A third graph is drawn on the composite accretion-pumping graph in Exhibit 10.7 that shows 
the C2VSim simulated cumulative change in groundwater storage for the Sacramento Valley 
from 1922 to 2009.  This graph was taken from Figure 35 of Brush and others, 2013b 
(Exhibit 10.4).  A straight trend line with a negative slope of approximately -163,417 AFY is 
drawn on top of the third graph, which is the value for average annual change in storage 
from 1922 to 2009 given in Table 10 of Brush and others (2013a; Exhibit 6.3a) for the seven 
subregions of the Sacramento Valley.  The selected graph of the cumulative change in 
groundwater storage is one of three available. 

The graph of cumulative change in groundwater storage for the Sacramento Valley in Figure 
35 differs from the graph in Figure 83 in Brush and others (2013a; Exhibit 10.3) and in Figure 
B9 of Faunt (ed., 2009; Exhibit 10.2a).  Both of Figure 83 and Figure B9 show a gain in 
groundwater storage with their Sacramento Valley graphs lying generally above the 
horizontal line of zero change in storage.  The cumulative change in groundwater storage 
graph from Figure 35 (Exhibit 10.4) was selected because: 
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 its slope is a close match for the average annual change in storage from 1922 to 2009 
of -163,417 AFY given in Table 10, 

 the values for change in groundwater storage in the three selected decades are all 
negative (Table 3-8, NCWA, 2014b), which the other two graphs don’t clearly 
indicate, 

 the calculation of average annual change in groundwater storage from 1962 to 2003 
shown in Table B3 and Figures B10-A and B10-B of Faunt (ed., 2009) are negative, 
which conflicts with Figures B9 and 83, and 

 change in DWR groundwater elevation maps from spring 2004 to spring 2014 
(Exhibit 3.1, 3.2 and 3.3) suggest that there are significant regions of the Sacramento 
Valley that have lost groundwater storage, which suggests that the current condition 
is one of a loss in storage rather than a gain. 

Additional review and analysis of the changes in groundwater storage in the Sacramento 
Valley is needed.  Any additional review of changes in groundwater storage in the 
Sacramento Valley should consider the recent changes in groundwater elevations such as 
those shown in DWR (2014b) for WYs 2004 to 2014, and Figures 2-4 and 2-5 of NCWA, 
2014b (Exhibit 10.8 and 10.9), as well as other studies such as the support documents for 
the regional IRWMPs. 

I recommend the Draft EIS/EIR be revised to provide a more comprehensive 
assessment of the historic change in groundwater storage in the Sacramento 
Valley groundwater basin, and other seller sources areas within the proposed 
10-year groundwater substitution transfer project.  I also recommend that the 
Draft EIS/EIR be revised to include an assessment of the impacts of groundwater 
flow among subregions due to the proposed 10-year groundwater substitution 
transfer project. 

The Concept of the Stream Depletion Factor, SDF 

21. The Draft EIS/EIR proposes that a stream depletion factor, BoR-SDF, be applied to 
groundwater substitution transfers as mitigation for flow losses due to groundwater 
pumping.  The Draft EIS/EIR implies that the BoR-SDF will be a fixed percentage of the 
transferred groundwater substitution water.  The main text of the Draft EIS/EIR doesn’t 
clearly specify the BoR-SDF percentage, but appended documents state that the default is 
12%, unless available monitoring data analyzed by Project Agencies supports the need for the 
development of a transfer proposal site-specific SDF (page 33 in the DTIPWTP).  Elsewhere in 
the Draft EIS/EIR, the average annual surface water–groundwater interaction losses are 
estimated at approximately 15,800 AF and in multiple dry years losses of 71,200 AFY are 
anticipated (page 3.1-18).  The Draft EIS/EIR proposes mitigation measure WS-1, which 
utilizes the BoR-SDF with the transfers to account for the losses from stream depletions, 
and thereby reduces the water supply impacts to less than significant (page 3.1-18).  As I 
discussed above in my comment no. 9, the maximum annual groundwater substitution 
pumping is 290,495 AF as calculated from Table 2-5.  The estimated annual average surface 
water–groundwater interaction loss of 15,800 AF is 5.4 % of the maximum allowable annual 
groundwater substitution transfer, while a loss of 71,200 AF is 24.5%. 

The use of a fixed percentage of transfer water to mitigate increased stream flow losses 
from the groundwater substitution pumping may not result in the reduction of stream flow 
impacts to less than significant.  I’ve discussed above in my comment no. 15 several of the 
issues about the design of mitigation measure WS-1.  The following are additional comments 
on WS-1 specific to the fixed percentage BoR-SDF and how it differs from the concept of 
stream depletion commonly used in scientific literature. 
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Jenkins (1968a and b; Barlow and Leake, 2012) defined the “stream depletion factor” (herein 
called the Jenkins-SDF) as the product of the square of the distance between a well and a 
surface water body (a2) multiplied by the storage coefficient (S or Sy) divided by the 
transmissivity (T) (Jenkins-SDF = distance2 x storage coefficient/transmissivity = a2 x S/T) 
(see Table 1 and page 14 in Barlow and Leake, 2012).  The units of the Jenkins-SDF are in 
time, ie., days, years, etc.  The Jenkins-SDF also occurs in Theis’ well function, W(u) (see 
pages 136 and 150 in Domenico and Schwartz, 1990).  Domenico and Schwartz (1990) 
showed that the Jenkins-SDF can be expressed as a dimensionless Fourier number, which 
occurs in all unsteady groundwater flow problems.  The Jenkins-SDF has several other 
important characteristics that are not part of the BoR-SDF, which likely influence the actual 
rate and volume of surface water lost due to groundwater substitution transfer pumping. 

1. The value of stream depletion varies with the duration of pumping and unlike the 
BoR-SDF isn’t a fixed value.  For an ideal aquifer (homogeneous, isotropic and 
infinite), two ideal curves normalized to the Jenkins-SDF value can be created that 
show stream depletion as a percentage of the total pumping rate or total pumped 
volume against the normalized logarithm of pumping time (see Figure 1 from Miller 
and Durnford, 2005; Exhibit 11.1).  In Figure 1, equation no. 1 shows the 
instantaneous rate of stream depletion as a percentage of the maximum pumping rate 
versus the logarithm of normalized time, and equation no. 2 shows the volume of 
depletion as a percentage of the total volume pumped versus the logarithm of 
normalized time.  Jenkins somewhat arbitrarily defined his SDF as the pumping 
duration equal to the calculated stream depletion factor (a2 x S/T).  Jenkins noted that 
for the ideal aquifer at the time of the SDF, the cumulative volume of water depleted 
from the stream equals 28% of the total volume pumped (Jenkins, 1968a; Wallace and 
Durnford, 2005 and 2007).  As shown in Figure 1 in Exhibit 11.1, when the actual 
pumping duration is normalized to the Jenkins-SDF, the ideal volume curve always 
goes through 28% when the pumping time equals the Jenkins-SDF (time/SDF = 1; 
Jenkins, 1968a). 

2. An important factor in the Jenkins-SDF is that stream depletion varies with the 
square of the distance between the well and the stream, whereas, the depletion rate 
varies only linearly with changes in S or T.  The ratio of T/S is also called the 
hydraulic diffusivity, D, which has units of length2/time (see Table 1 and Box A in 
Barlow and Leake, 2012).  The rate that hydraulic stress propagates through an 
aquifer is a function of the diffusivity.  Greater values of D result in more rapid 
propagation of hydraulic stresses.  Barlow and Leake (2012) note that the ratio T/S 
(or T/Sy) controls the timing of stream depletion and not each value individually.  
Streamflow depletion can occurs more rapidly in confined aquifers than in unconfined 
aquifers because S is much smaller than Sy, resulting in a larger D value. 

3. For a given duration of pumping, the percentage of instantaneous depletion is greater 
than the percentage of volume depleted.  For the ideal aquifer at a pumping duration 
equal to the Jenkins-SDF value, the instantaneous depletion is 48% of the maximum 
pumping rate, while the cumulative volume of depletion is 28% of the total pumped 
volume (Figure 1, Exhibit 11.1).  For a non-ideal aquifer where numerical simulations 
are needed to estimate stream depletion, eg., the SACFEM2013 simulations, the time 
when the cumulative volume of stream depletion is at 28% of the total volume 
pumped can be used as an “effective” Jenkins-SDF to allow for evaluation and 
comparison of potential impacts from pumping. 

4. Stream depletion continues to occur after pumping ceases.  Jenkins (1968a, b) 
referred to this as residual depletion.  Depending on the duration of pumping and the 
value of the Jenkins-SDF, stream depletion can be greater after pumping ceases (see 
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pages 42 to 45 in Barlow and Leake, 2012).  Barlow and Leake (2012 on page 43) give 
the following five key points regarding stream depletion after cessation of pumping: 
a. Maximum depletion can occur after pumping stops, particularly for aquifers with low 

diffusivity or for large distances between pumping locations and the stream. 
b. Over the time interval from when pumping starts until the water table recovers to 

original pre-pumping levels, the volume of depletion will equal the volume pumped. 
c. Higher aquifer diffusivity and smaller distances between the pumping location and the 

stream increase the maximum rate of depletion that occurs through time, but decrease 
the time interval until water levels are fully recovered after pumping stops. 

d. Lower aquifer diffusivity and larger distances between the pumping location and the 
stream decrease the maximum rate of depletion that occurs through time, but increase 
the time interval until water levels are fully recovered after pumping stops. 

e. Low-permeability streambed sediments, such as those illustrated in figure 11, can 
extend the period of time during which depletion occurs after pumping stops. 

f. In many cases, the time from cessation of pumping until full recovery can be longer 
than the time that the well was pumped. 

5. As noted above in key point no. 4b, the volume of stream depletion will eventually 
equal the total pumped volume.  The time required for full aquifer recovery from 
pumping depends on the value of the Jenkins-SDF, availability of water to capture, the 
rate and duration of recharge above what normally occurs, and other factors like the 
streambed sediment permeability and aquifer layering.  Figure 1 in Exhibit 11.1 also 
shows that for an ideal aquifer the time needed to reach 95% depletion is 
approximately 127 times the Jenkins-SDF value.  This is consistent with the estimates 
made by Wallace and others (1990) in Table 3  (Exhibit 11.2) on the time it takes to 
reach 95% depletion, which they consider a point where a new dynamic equilibrium 
is established.  Although the 127-times-SDF multiplier assumes continuous pumping, 
the fact is the time for full recovery by residual depletion without pumping shouldn’t 
be any sooner than it takes to obtain 95% stream depletion with pumping.  In other 
words, rate and volume of loss from a stream can’t be any higher without pumping 
than with pumping, all other parameters being equal.  This means that without some 
additional source of recharge above what normally occurs, including natural wet and 
dry cycles, the total time required to achieve full recovery from the 10 years of 
groundwater substitution transfer pumping will be much longer than the 5 years cited 
in the Draft EIS/EIR (pages 3.3-80).  For additional discussion of the stream depletion 
under natural variations in recharge and discharge see Maddock and Vionnet (1998). 

Another factor that isn’t clearly acknowledged in the Draft EIS/EIR is the difference between 
the instantaneous depletion rate and cumulative volumetric depletion rate.  The Draft 
EIS/EIR appears to focus on cumulative volumetric depletion in mitigation measure WS-1.  
However, the instantaneous stream depletion rate is probably more important when 
evaluating impacts to fisheries and stream habitat.  The instantaneous rate of flow, 
instantaneous depth of flow and the corresponding instantaneous wetted perimeter of flow 
at any point in a stream are the best measures of habitat value to the fish and other water 
dependent species.  The cumulative volume of stream depletion relative to the total pumped 
volume, on the other hand, can’t be easily translated stream to instantaneous flow, water 
depth or wetted perimeter at a point in a stream because discharges having different 
hydrographs can result in the same total volume of flow.  For example, if I estimate that the 
stream depletion during a 3- to 6-month period of groundwater substitution pumping will be 
a maximum of 1 cubic-foot-per-second, I can evaluate the significance of this change to the 
stream’s habitat value using the stream’s historic hydrograph and fluvial geomorphology.  
However, if I estimate that over the same period of pumping the stream will lose, at the end 
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of pumping, a total 12 percent of the total volume pumped, I can’t determine what changes 
will occur in the habitat function of the stream at a specific time and place.  Perhaps, if I 
assume that the cumulative volume of stream depletion increases linearly with time, going 
from zero at time zero, to 12% at the end of pumping, then I could also assume that the 
instantaneous rate of stream depletion would also change linearly from 0% at the start to 
24% of the pumping rate at the end of pumping.  Remember that in this case the area under 
the instantaneous depletion curve is triangular, and therefore the maximum instantaneous 
depletion rate would be twice the total cumulative depletion rate.  In reality, the ratio of 
instantaneous to volumetric depletion for the ideal Jenkins-SDF curves vary with pumping 
duration; the ratio is approximately 1.7:1 for time/SDF = 1 (Figure 1, Exhibit 11.1).  Figure 1 
also shows for the ideal curve that when the instantaneous depletion (eq. 1) is 24%, the 
volumetric depletion is 10% (eq. 2), a ratio of 2.4:1, and when eq. 1 is at 83%, eq. 2 is at 
70%, a ratio of 1.19:1. 

Mitigation measure WS-1 appears to be based on the cumulative volume of water pumped 
for each period of groundwater substitution transfers, not the instantaneous rate of stream 
depletion caused by the pumping.  Mitigation measure WS-1 uses of a fixed value for 
compensating stream losses, which is inconsistent with the hydraulics of stream depletion.  
Because stream depletion actually increases with pumping time, mitigation measure WS-1 
needs to specify the maximum duration of pumping allowed, ensuring that the depletion rate 
stays below the WS-1 value, ie., 12%.  This maximum duration of pumping should be 
established based on impacts to stream habitat from instantaneous changes in stream flow, 
not the cumulative change in volume.  The maximum duration of allowable pumping would 
change with the distance between the well and stream and with the diffusivity around each 
well because these control the rate of stream depletion.  The well acceptance criteria in 
Table B-1 of Appendix B in the DTIPWTP suggests that some calculation has been made to 
establish the specified setback distances, but no methodology or calculation is given in the 
Draft EIS/EIR.  The Draft EIS/EIR should document how the maximum allowable stream 
depletion rate, instantaneous and volumetric, and the associated maximum duration of 
pumping will be calculated for each well in the groundwater substitution transfer project. 

Although the Draft EIS/EIR doesn’t fully evaluate the potential stream depletion that may 
occur with the proposed 10-year groundwater substitution transfer project, another report 
prepared by CH2MHill (2010) and submitted to DWR provides additional analysis on the 
simulated impacts from the 2009 groundwater substitution transfers.  The simulations of the 
2009 transfer impacts were done using the SACFEM model, presumably an earlier version of 
the SACFEM2013 model.  Figures 4, 5 and 6 in the CH2MHill 2010 report provide 
simulation graphs of stream depletion for three groundwater substitution transfer periods, 
1976, 1987 and 1994 (Exhibits 11.3a to 11.3c).  Graphs (a) to (c) in each figure appear 
somewhat like Figures B-5 and B-6 in Appendix B of the Draft EIS/EIR in that they show a 
depletion peak shortly after pumping starts, with a gradual decay following the cessation of 
pumping.  Graphs (d) of Figures 4, 5 and 6 are not provided in the Draft EIS/EIR, but provide 
important additional information.  These (d) graphs show the cumulative depletion for each 
of the three scenarios and are essentially the volumetric depletion curve of eq. 2 in Miller 
and Durnford’s Figure 1 (Exhibit 11.1).  These cumulative volume depletion curves are 
important because they show the time needed to fully recover from the three groundwater 
substitution transfer pumping events.  For example, Figure 4(d) shows that recovery from 
the pumping event in 1976 is only approximately 60% after 25 years; much longer than the 5 
years for 55% to 75% recovery stated in the Draft EIS/EIR (pages 3.3-70).  For comparison, 
Figure 4(d) of CH2Mhill (2010) is plotted on Miller and Durnford’s Figure 1 in Exhibit 11.1 
by normalizing the values plotted in 4(d) by an effective Jenkins-SDF value of 2.4 years.  
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Notice that for the simulated Figure 4(d) Jenkins-SDF curve, depletion initially occurs 
sooner than with an ideal aquifer, but then depletion slows.  At 127 times the SDF, 
approximately 300 years, the depletion is at approximately 80%. 

A point can be identified on each graph (d) where the volume of stream depletion is equal 
to 28%, the Jenkins-SDF point, and the time since pumping started measured.  For example, 
in Figure 4(d) approximately at approximately 2.4 years after the beginning of pumping the 
volume of depletion reaches 28%.  For Figure 5(d) the time to 28% is similar, estimated at 
2.3 years.  The time interval to 28% volumetric depletion in Figure 6(d) is significantly 
greater at an estimated 7.5 years.  The results presented in both Figures 4 and 5 are from 
simulation of stream depletion during dry or critically dry years followed by normal or dry 
years, while the simulation scenario of Figure 6 is for a critical year followed by wet years.  
All of the cumulative (d) graphs are filtered for the Delta conditions.  This may be the 
reason it takes longer for stream depletion to reach 28% during a wet period than dry 
period when one might expect the opposite because of the increased stream flow would 
provides more water for recharge. 

The point of this discussion is that the simulated stream depletions from the SACFEM2013 
modeling can also be presented as cumulative depletion response curves that are normalized 
by the effective Jenkin-SDF time.  The stream depletion can then be estimated for any rate 
or duration of pumping at an individual well when the stream depletion response curves 
given as percentages of both the maximum pumping rate and total volume pumped are 
normalized to the effective Jenkins-SDF (without the Delta conditions filter).  Losses for 
different distances between the well and surface water feature can be roughly estimated 
without the need to run another simulation by adjusting the Jenkins-SDF curves by the ratio 
of the square of the different distances.  Cumulative depletion for different pumping rates 
during and following the 10-year groundwater substitution transfer project can be estimated 
by the principle of superposition (Wallace and other, 1990; Barlow and Leake, 2012).  As I 
discussed in my comment no. 15b, additional discussion is needed in the Draft EIS/EIR on 
how the amount of stream depletion for WS-1 is calculated.  This discussion should include 
normalized stream depletion response curves for each groundwater substitution transfer 
well so that impacts from pumping can be estimated for different pumping durations and 
rates. 

Barlow and Leake (2012) provide an extensive discussion of the factors controlling stream 
depletion including several misconceptions (pages 39 to 45).  Review of their discussion of 
stream depletion misconceptions is recommended as part of any revision of the Draft 
EIS/EIR.  Barlow and Leake identified the following misconceptions regarding stream 
depletion (page 39): 

 Misconception 1. Total development of groundwater resources from an aquifer system is 
“safe” or “sustainable” at rates up to the average rate of recharge. 

 Misconception 2. Depletion is dependent on the rate and direction of water movement in the 
aquifer. 

 Misconception 3. Depletion stops when pumping ceases. 

 Misconception 4. Pumping groundwater exclusively below a confining layer will eliminate the 
possibility of depletion of surface water connected to the overlying groundwater system. 

I recommend that the Draft EIS/EIR be revised to document stream depletion 
response curves for each groundwater substitution transfer well.  These 
response curves should be normalized to the effective Jenkins-SDF value, given 
as a percentage of the pumping rate and total pumped volume, along with the 
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distance between the well and the modeled surface water feature.  Multiple 
stream depletion response curves should be provided, if necessary.  I 
recommend that the Draft EIS/EIR be revised to review how the BoR-SDF 
value accounts for the variability in rate and volume of stream depletion.  I 
recommend that the Draft EIS/EIR be revised to document how the maximum 
allowable instantaneous and volumetric stream depletion rates, and the 
associated maximum duration of pumping will be calculated for each well in the 
groundwater substitution transfer project to ensure that the BoR-SDR provides 
adequate flow mitigation.  I recommend that the Draft EIS/EIR be revised to 
discuss how WS-1 addresses the common stream depletion misconceptions 
noted by Barlow and Leake (2012). 

Measurement of Stream Seepage in Real Time 

22. Barlow and Leake (2012) state that methods for determining the effects of pumping on 
stream flow follow two general approaches: (1) collection and analysis of field data, and (2) 
analytical and numerical modeling (page 50).  The Draft EIS/EIR states in the OTIPWTP that 
stream depletion can’t be measured in real time (page 33) and instead relies on simulations 
of groundwater pumping to determine impacts to surface waters.  As discussed in my 
comment no. 15b, the Draft EIS/EIR also states that monitoring of surface water-
groundwater interaction is part of mitigation measures WS-1 and GW-1.  The statement 
that stream depletion measurements, ie., stream seepage rates, surface water depths, and 
surface flows, can’t be done in “real time” conflicts with scientific literature.  Measurements 
of stream flow and water depth are fundamental to stream surveys.  Although measurement 
of the seepage rate from or into a stream is done less often and is generally more difficult 
than other direct surface water measurements, procedures for making these measurements 
are well documented (Barlow and Leake, 2012; Rosenberry and LaBaugh, 2008; Zamora, 
2008; Stonestrom and Constantz, ed., 2003; Constantz, 2008; Kalbus and others, 2006).  
Linking field measurements to changes in stream flow and seepage to adjacent groundwater 
pumping is made more difficult because of the lag between the start of pumping and stream 
response, damping of the pumping response with increases in distance between the well and 
measured surface water body, and the variation in seepage rate with the increases in 
pumping time or pumping cycles.  Measurements of surface water and groundwater flow are 
also difficult because of inherent measurement errors that are sometimes greater than the 
change in flow being sought.  Barlow and Leake (2012) discuss the measurement of stream 
depletion and conclude that: 

Two general approaches are used to monitor streamflow depletion: (1) short-term field tests 
lasting several hours to several months to determine local-scale effects of pumping from a 
specific well or well field on streams that are in relative close proximity to the location of 
withdrawal and (2) statistical analyses of hydrologic and climatic data collected over a period 
of many years to test correlations between long-term changes in streamflow conditions with 
basinwide development of groundwater resources. Direct measurement of streamflow 
depletion is made difficult by the limitations of streamflow-measurement techniques to 
accurately detect a pumping-induced change in streamflow, the ability to differentiate a 
pumping-induced change in streamflow from other stresses that cause streamflow fluctuations, 
and by the diffusive effects of a groundwater system that delay the arrival and reduce the 
peak effect of a particular pumping stress. (Page 77) 

The Draft EIS/EIR provides the following statements in the DTIPWTP regarding 
groundwater substitution transfers, which are therefore part of mitigation measure GW-1: 
 … must account for … the extent to which transfer-related groundwater pumping decreases 
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streamflow (resulting from surface water-groundwater interaction), and the timing of those 
decreases in available surface water supply. (page 25); 

 Project Agencies are developing tools to more accurately evaluate the impacts of groundwater 
substitution transfers on streamflow. These tools may be implemented in the near future and 
may include a site-specific analysis that could be applied to each transfer proposal. (page 33); 

 Water transfer proponents transferring water via groundwater substitution transfers must 
establish a monitoring program capable of identifying any adverse transfer related effects 
before they become significant. (page 34); 

The objectives of the DTIPWTP groundwater substitution transfer-monitoring program 
include: 

 Determine the extent of surface water-groundwater interaction in the areas where 
groundwater is pumped for the transfer; 

 Determine the direct effects of transfer pumping on the groundwater basin, observable until 
March of the year following the transfer; 

 Assess the magnitude and potential significance of any effects on other legal users of water, 
instream beneficial uses, the environment, and the economy. (page 34) 

All of these statements and monitoring objectives imply that measurement of impacts to 
surface water from groundwater substitution transfer pumping is possible.  While 
measurement of stream depletion is complex and problematic, it is possible.  The conflicting 
statements in the Draft EIS/EIR that “real time” measurements can’t be done while 
apparently including a requirement for field monitoring of the effects of stream depletion in 
mitigation measures WS-1 and GW-1 need further explanation. 

I recommend that the Draft EIS/EIR be revised to evaluate and discuss the 
methods, techniques and procedures available for monitoring and measuring 
the rate, volume and impacts of stream depletion due to groundwater 
substitution transfer pumping.  The revised Draft EIS/EIR should provide specific 
mitigation measures, procedures and methods for monitoring groundwater 
substitution transfer pumping impacts on surface water features, including the 
frequency of monitoring and reporting. 

Other Available Data to Consider in the Establishing Baseline Conditions 

23. The Draft EIS/EIR for the 10-year long-term water transfer project should provide a review 
of the existing technical documents that describe historic environmental, surface water and 
groundwater conditions in the Sacramento Valley.  The information in these technical 
documents is critical for establish an accurate and complete environmental baseline and for 
evaluating the potential impacts from future water transfers.  Exhibit 12.1 provides an 
annotated bibliography provided by researchers with AquAlliance (Nora and Jim) of some of 
the available technical reports on groundwater resources in the Sacramento Valley.  In 
addition to creating a complete bibliography of relevant technical reports, the Draft EIS/EIR 
should provide an index map showing the areas or locations covered by each report should 
be developed.  For an example of an index map, see the 1:250000 scale regional geologic 
map sheets produced by the California Geological Survey. 

Other information is likely available from local government agencies that would document 
the current condition of the groundwater basin both quantity and quality.  For example, 
Exhibit 12.2 has a list provide by B. Smith, a researcher with AquAlliance, of recently well 
permits issued since January 1, 2009 for wells that have gone dry in Shasta County.  A GIS 
should be used to plot the locations of the wells that have gone dry.  The locations of these 
dry wells should then be compared to the current groundwater levels, past groundwater 
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substitution transfer pumping areas, and the proposed 10-year long-term project pumping 
areas.  This type of spatial analysis would help to establish an accurate baseline on 
groundwater elevations and impacts on existing wells, and provide the foundation for 
assessing the potential impacts from the 10-year long-term groundwater substitution 
transfer pumping.  Other relevant information on baseline conditions in the 10-year 
Transfer Project area can be found in the Integrated Regional Water Management Plans for 
the Northern Sacramento Valley Basin, the American River Basin, Yuba County, and Yolo 
County, see my comment no. 6. 

I recommend the Draft EIS/EIR be revised to provide an annotated bibliography 
and index map(s) of all documents that are relevant to proposed 10-year long-
term water transfer project and describe or provide data on the historic and 
environmental, surface water and groundwater baseline conditions in the 
Sacramento Valley.  I also recommend the Draft EIS/EIR be revised to provide 
information from local and regional agencies on the conditions of wells within 
their jurisdictions covering at least the last 10 years.  This local information 
should include, if available, replacement well permits issued for dry wells, 
complaints or treatment systems installed because of poor water quality, and 
damage to infrastructure from subsidence or settlement.  I recommend this 
information be mapped and compared to areas of past groundwater substitution 
transfer pumping, areas of known groundwater level depression, and the 
pumping area for the proposed 10-year project. 
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List of Exhibits 
 

1.1 – Figure 16 from Barlow and Leake, 2012 
1.2 – Figure 29 from Barlow and Leake, 2012 
2.1 – Composite map of domestic wells, < 150 ft. bgs depth summary maps for northern 

Sacramento Valley (DWR, 2014a) and traced shallow zone, well depths < 200 ft. 
bgs., 2004 to 2014 changes in groundwater elevation (DWR, 2014b)  

3.1 – Composite plot of DWR’s spring 2004 to spring 2014 groundwater elevation 
change maps for shallow aquifer zone, well depths less than 200 feet bgs, and Draft 
EIS/EIR SACFEM2013-1990 hydrologic conditions simulations shown in Figures 3.3-
29, aquifer depth approximately 35 feet 

3.2 – Composite plot of DWR’s spring 2004 to spring 2014 groundwater elevation 
change maps for intermediate aquifer zone, well depths greater than 200 feet and 
less than 600 feet bgs, and Draft EIS/EIR SACFEM2013-1990 hydrologic conditions 
simulations shown in Figures 3.3-30, aquifer depth approximately 200 to 300 feet 

3.3 – Composite plot of DWR’s spring 2004 to spring 2014 groundwater elevation 
change maps for deep aquifer zone, well depths greater than 600 feet bgs, and 
Draft EIS/EIR SACFEM2013-1990 hydrologic conditions simulations shown in 
Figures 3.3-31, aquifer depth approximately 700 to 900 feet  

4.1 – Summary Table of Sacramento Valley Groundwater Model Parameters 
4.2 – Table 5, Brush and others, 2013a, C2VSim model parameter ranges 
4.3 – Table C8, Faunt, ed., 2009, CVHM model, measured and simulated hydraulic     

properties 
4.4 – Figure 3, Brush and others, 2013a, C2VSim model subregions and hydrologic 

regions 
4.5 – Table A1, Faunt, ed., 2009, CVHM Water-balance subregions within the Central 

Valley, California 
4.6 – Appendix 16.D, Driscoll, 1986, Empirical equations used to estimate specific 

capacity and transmissivity 
4.7a to k – Figures A10A and B (a, b), A12A to E (c to g), A13 (h), A14 (i), C14 (j) and 

A15 (k) from Faunt, ed., 2009, CVHM model parameters 
4.8 a to f – Figures 34A to C (a, b, c), 35A to C (d, e, f), 37A to C (g, h, i), 38A and B(j, 

k), 39A and B (l, m), page 92 (n) from Brush and others, 2013a, and page 154 (o) 
from Faunt, ed., 2009 

5.1 – Page 100 from Brush and others, 2013a 
5.2 – Figure 40, River-bed conductance from Brush and others, 2013a 
5.3 – Figure C26, Distribution of cells used for streams, streambed hydraulic conductivity 

values from Faunt, ed., 2009 
5.4a, b – Figure C19A and B (a, b), Distribution of stream gain/loss segments used for 

model calibration, measured and simulated from Faunt, ed., 2009 
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 
7.1 – Table summarizing the range of the number of wells in that lie within the spring 

2004 to spring 2014 shallow aquifer zone drawdown contours in northern 
Sacramento Valley from DWR, 2014a and DWR, 2014b (see Exhibit 2.1 for 
composite map) 
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8.1a to c – Shallow (a), intermediate (b) and deep (c) composite maps of spring 2004 to 
spring 2014 groundwater elevation changes in northern Sacramento Valley (DWR, 
2014b) with California natural gas pipelines map by California Energy Commission 
(Exhibit 8.6) 

8.2 – Intermediate spring 2004 to spring 2014 groundwater elevation changes in northern 
Sacramento Valley (DWR, 2014b) with DWR’s GPS subsidence grid (DWR, 2008) 

8.3 – Figure B15A, Areal extent of land subsidence in the Central Valley from Faunt, ed., 
2009 

8.4 – Figure 6, Extensometer and GPS survey locations in the Sacramento Valley from 
DWR, 2008  

8.5 – Energy Map of California, Map S-2, 2000, California Department of Conservation, 
Division of Oil, Gas and Geothermal Resources 

8.6 – California Natural Gas Pipelines map by California Energy Commission 
8.7 – California Natural Gas Pipelines and Storage Facilities map by California Energy 

Commission 
8.8 – California Oil Refineries and Terminals map by California Energy Commission 
8.9 – California Natural Gas Pipelines – Oil Refineries and Terminals map by California 

Energy Commission 
8.10 – California Power Plants map by California Energy Commission 
8.11 – Electric Generation Facilities and Projects Reviewed by the California Energy 

Commission, 1976 to July, 2014 map by California Energy Commission 
9.1 – Figure C1-A, Central Valley Hydrologic Model grid, with horizontal flow barrier 

from Faunt, ed., 2009 
9.2 – Page 160 from Faunt, ed., 2009 
9.3a, b – Pages 203 (a) and 204 (b) from Faunt, ed., 2009 
9.4a to d – Four screen prints of CGS’s 2010 Fault Activity Map of California web site, 

accesses October 31, 2014 
9.5 – Explanation for 2010 Fault Activity Map of California 
9.6 – An Explanatory Text to Accompany the Fault Activity Map of California, first 12 

pages  
10.1 – Table B3 from Faunt, ed., 2009 
10.2a to c – Figures B9 (a), B10-A (b) and B10-B (c) from Faunt, ed., 2009 
10.3 – Figure 83 from Brush and others, 2013a 
10.4 – Figure 35 from Brush and others, 2013b    
10.5a to c – Tables 3-6 (a), 3-7 (b) and 3-8 (c) from NCWA, 2014b 
10.6a to g – Figures 3-19 (a), 3-20 (b), 3-22 (c), 3-24 (d), 3-26 (e), 3-27 (f), and 3-29 (g) 

from NCWA, 2014b 
10.7 – Composite of Figures 3-22, 3-24 from NCWA, 2014b, and Figure 35 from Brush and 

others, 2013b  
10.8 – Figure 2-4 from Brush and others, 2013b    
10.9 – Figure 2-5 Brush and others, 2013b    
11.1 – Figure 1 from Miller and Durnford, 2005 
11.2 – Table 3 from Wallace and others, 1990 
11.3a to c – Figures 4 (a), 5 (b) and 6 (c) from CH2MHill, 2010 
12.1 – Annotated bibliography of reports relevant to groundwater resource assessment in 

the Sacramento Valley provided by Nora and Jim, researchers with AquAlliance, 11 
pages 

12.2 – List of permits to replace dry wells in Shasta County provided by B. Smith, 
researcher with AquAlliance, 2 pages 

 




