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Executive Summary of Comments
The analysis in the EIS/EIR of Groundwater Substitution Measures considered within Alternatives 2 and
3 for Long-Term Water Transfers does not properly account the water available. The analysis of the
Groundwater Substitution Measures in the EIS/EIR:





improperly quantifies the groundwater depletions that would result from groundwater
extraction;
fails to properly account for the timing and quantity of groundwater flow that would have
accreted to the rivers as baseflow absent the groundwater extraction;
fails to accurately quantify the effects of exfiltration from the river to groundwater; and
as a result significant quantities of water are being double counted as between available surface
water and extracted groundwater.
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The proposed mitigation measures are inadequate to offset the impacts, in some cases this is due to the
inaccurate accounting of water and in other cases it is because the proposed mitigation is too ill-defined
to provide substantive protection against impacts.

Groundwater Resources
The SACFEM 2013 groundwater model utilized for analysis in the EIS/EIR for Groundwater Substitution
Measures does not properly account the losses of water in the rivers. This is true due to a number of
deficiencies in the model’s simulation code, MicroFEM and the SACFEM2013 model’s construction.


SACFEM2013 uses a river stage that does not vary over each time step which in effect makes the
river an infinite source of water for each time step.
www.e-purwater.com
Stockton, CA 95269
Phone: (209) 451-5933
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due to Groundwater Substitution Measures after it has occurred; thus it cannot restore or offset the
permanent impact of subsidence.
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Water Supply
The “post-processing tool” referred to under evaluations of Water Supply for Water Operations
Assessment does not properly account for water as it uses SACFEM2013, CalSim II, and a spreadsheet
model called the Transfer Operations Model (TOM). The potential impacts to Water Supply from
Groundwater Substitution Measures do not properly account the water the sources available and
depleted in the Water Operations Assessment.
The CalSim II model utilized for analysis in the EIS/EIR does not properly account the losses of water in
the rivers nor the quantities of accretionary flow of groundwater to rivers within the area modeled.
Calsim II provides limited useful information to assess potential surface water impacts as the model
contains unfounded assumptions, errors, and outdated simulation codes. The very poor precision of the
surface water delivery model (CalSim II) used for the baseline assessment on quantities of water moving
in and around the CVP and SWP leads to problems in accounting for water losses due to existing
groundwater extraction and proposed groundwater extraction as Groundwater Substitution Measures.
TOM is utilized in the EIS/EIR to assess Impacts to Water Supply from Groundwater Substitution
Measures does not and by virtue of its underpinnings of SACFEM2013 and CalSim II cannot properly
account the losses of water in the rivers induced by Groundwater Substitution Measures. TOM simulates
water made available under each transfer mechanism, subject to various constraints. TOM uses an
assumed priority for transfer mechanisms used to make water available under Project alternatives in the
following order:
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Groundwater substitution – for alternatives that include this mechanism
Reservoir release
Conserved water
Crop idling – for alternatives that include this mechanism

Priorities for transfer mechanisms are necessary to develop groundwater pumping inputs to
SACFEM2013 and simulate all transfers in TOM. Thus TOM appears to bookkeep errors in available
water derived in SACFEM2013 and CalSim II. It takes input from SACFEM2013 and CalSim II to bookkeep
their inaccurate information but provides no feedback to those models
The methodology by which Groundwater Substitution Measures for Long-Term Water Transfers are
being considered and analyzed within the EIS/EIR, improperly accounts quantities of water and as a
result significant quantities of water are being double counted as between available surface water and
extracted groundwater.
Due to the improper accounting of water in Water Supply, the proposed mitigation, WS-1, is inadequate
to mitigate the impacts to water availability and water flows into and through the Delta during three
important periods of time: (1) the period of Groundwater Substitution pumping, April thru September;
(2) the Water Transfers window, July thru September; and, (3) the period following the Water Transfers
window, October to April.
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Due to the lack of a specific formulation for the proposed Water Supply mitigation, WS-1, it is
unpredictable how the mitigation will be applied. The EIS/EIR references Draft documents on Technical
Information for Preparing Water Transfer Proposals (October 2013).1 Those documents identify the
need for estimating the effects of transfer operations on streamflow and describe the use of a
streamflow depletion factor; however they provide no basis for Project Agency approval nor for transfer
proponents to submit site-specific technical analysis supporting a streamflow depletion factor. That
document which is completely relied upon in establishing proposed mitigation, WS-1, states that:
“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.”2

This future action provides no established or predictable basis for the mitigation of streamflow
depletions due to Groundwater Substitution Measures. Due to the improper accounting of water in both
the groundwater and surface water supply models utilized for Water Supply analysis, reliance upon
these models or the analysis in this EIS/EIR by the Project Agencies would result in inappropriate
estimation of the streamflow depletion factors (SDF) utilized. Examples of appropriate methodologies
for quantifying SDF for Water Supply are provided in Appendices A and B. They result in short-term SDF
ranging from 8% to 22% of the Groundwater Substitution Measures after the onset of pumping
proposed in the EIS/EIR and long-term cumulative SDF ranging from 34% to 108.5% of annual pumping
based on evaluation of the 6-year drought from 1987 to 1992.

18

The mitigation proposed for loss of Water Supply, WS-1, due to Groundwater Substitution transfers is
insufficient. It does not adequately account for the impact from the resulting reductions of water
available in the rivers and groundwater due to the improper accounting of water in the EIS/EIR analyses.
As detailed in our analysis the mitigation measure proposed has no basis in fact, and if it did the project
proponents would find that mitigation of the impacts from Groundwater Substitution Measures are not
likely to meet the Project Purpose and Need and the Project Objectives.

Water Quality
Groundwater Substitution Measures for Long-Term Water Transfers effects on Delta outflows and water
quality are not properly considered in the EIR/EIS. The EIS/EIR rates the effects on Delta outflows and
the impact to Delta Water Quality as Less Than Significant based on improper accounting of water. The
effects and impacts are likely to be Significant and thus will require mitigation.
Reservoir Releases for meeting regulatory requirements and or deliveries to Project Contractors may be
diminished by streamflow depletions from current and proposed pumping conditions in areas where
groundwater saturation falls below the adjoining river stage. These depletions of water available for
transfer via Reservoir Releases are not quantified in the EIS/EIR. The effect of these baseline conditions
impacts the availability of water to be transferred down the Sacramento River and through the
1

Department of Water Resources and Bureau of Reclamation, 2013. DRAFT Technical Information for Preparing Water Transfer
Proposals – Information to Parties Interested in Making Water Available for Water Transfers in 2014, October.
2
Ibid, at p. 33.
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Sacramento San-Joaquin River Delta to the CVP and SWP pumping stations that pump water south via
their respective aqueducts, the Delta-Mendota Canal, and the California Aqueduct.

19

Terrestrial Resources
Terrestrial Resource impacts are not properly accounted in the EIS/EIR due in part to the imprecision
and inability of the models to assess dehydration of the soils and groundwater aquifer adjoining both
small streams and large rivers.
The Proposed Mitigation, GW-1, for potential impacts to Terrestrial Resources is insufficient to mitigate
the impacts since it too is not sufficiently quantified in the EIS/EIR nor in the Groundwater Management
Plans (GWMPs) referenced. Existing GWMPs do not contain quantified year on year metrics for subbasin
depletion and refill. These GWMPs do not identify acceptable ranges of groundwater elevations for
short-term or long-term groundwater that will to sustain primary functions like support for natural
riparian communities upon which several endangered species rely.

Summary of Impact Statements Addressed from the Review Performed of the
EIS/EIR Analyses
The fundamental concept of water accounting errors in the models and conceptualizations applied to six
specific evaluations made in the EIS/EIR are addressed herein under four topic headings Groundwater
Resources, Water Supply, Water Quality and Terrestrial Resources.
Potential Impact
from Table ES-4

Statements Related
Alternative(s)

Groundwater substitution transfers
could cause a reduction in
groundwater levels in the Seller
Service Area.
Groundwater substitution transfers
could cause subsidence in the Seller
Service Area.
Groundwater substitution transfers
could decrease flows in surface
water bodies following a transfer
while groundwater basins recharge,
which could decrease pumping at
Jones and Banks Pumping Plants
and/or require additional water
releases from upstream CVP
reservoirs.
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2, 3

2, 3

2, 3

Significance
to CEQA

Proposed
Mitigation

Significance After
Mitigation
Pursuant to CEQA

S

GW-1:
Mitigation and
Monitoring
Plans

LTS

S

GW-1:
Mitigation and
Monitoring
Plans

LTS

S

WS-1:
Streamflow
Depletion
Factor

LTS
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Potential Impact
from Table ES-4

Statements Related
Alternative(s)

Significance
to CEQA

Proposed
Mitigation

Significance After
Mitigation
Pursuant to CEQA

Water transfers could change Delta
outflows and could result in water
quality impacts.

2, 3, 4

LTS

None

LTS

Groundwater substitution could
reduce stream flows supporting
natural communities in small streams

2, 3

S

GW-1

LTS

Transfer actions could alter flows in
large
rivers,
altering
habitat
availability and suitability associated
with these rivers
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Detailed Comments to EIS/EIR Analyses
Groundwater Resources
The EIS/EIR evaluates at Section 3.3.2 on Environmental Consequences/Environmental Impacts on
Groundwater Levels from the Long-Term Water Transfers lists: (1) increased groundwater pumping costs
due to increased pumping depth (i.e. increased depth to water in an extraction well); (2) decreased
yields from groundwater due to reduction in the saturated thickness of the aquifer; (3) lowered
groundwater table elevation to a level below the vegetative root zone, which could result in
environmental effects. It then sets out to evaluate Item (1) under Regional Economics and (3) under
Vegetation and Wildlife. Further it states that for Environmental Consequences/Environmental Impacts
on Land Subsidence that excessive groundwater extraction from confined and unconfined aquifers could
lower groundwater levels and decrease pore-water pressure. It notes that compression of fine-grained
deposits is largely permanent and lists various negative consequences that could result.

21

Our review finds the evaluation in the EIS/EIR of impacts to Groundwater Resources from Groundwater
Substitution Measures does not properly account for water and as a result is either inaccurate or
insufficient to evaluate the potential environmental impacts associated with Groundwater Substitution.
Potential Impact Statements Related
from Table ES-4
Alternative(s)
Groundwater substitution
transfers could cause a
reduction in groundwater levels
in the Seller Service Area.

2, 3

Significance
to CEQA

S

Proposed
Mitigation

Significance
After
Mitigation Pursuant
to CEQA

GW-1:
Mitigation
and
Monitoring
Plans

LTS

The two assessment methods utilized for Groundwater Resources in the EIS/EIR are a numerical
groundwater model, SACFEM2013, and a qualitative assessment for groundwater conditions in the
Redding Area Groundwater Basin outside of the numerical groundwater limits.
The SACFEM 2013 groundwater model does not properly account water in an integrated groundwater to
surface water system. This is due in part to the shortcomings in the underlying simulation code used,
MicroFEM, to construct the SACFEM 2013 groundwater model.3 The MicroFEM simulation code selected
for evaluation of the significance of potential impacts to groundwater lacks some essential mathematics
for evaluation of the issues presented by Groundwater Substitution Measures. MicroFEM is a simulation
code only for fully saturated groundwater systems whereas to evaluate the potential impacts and

3
The following terms, referenced herein, are typical of industry nomenclature: Algorithm - an operation or calculation (e.g., the
Darcy equation ); Simulation Code - a sequence of programming language commands that encapsulates one or more
algorithms (e.g., California DWR’s IWFM program); and, Model - an application of a simulation code to a site-specific question
(e.g., in this EIS/EIR-evaluation the use of MicroFEM and its construction into the groundwater model SACFEM2013)

Page | 1
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partially saturated groundwater flow algorithms are essential components of the simulation code
and/or the quantitative analysis. Since the MicroFEM simulation code does not have proper algorithms
to represent streamflow detachment and the resulting flux to groundwater, then as a result neither
does SACFEM2013 model, the model upon which Groundwater Resource evaluations are based.

22

As far as potential impacts to river stage heights induced by decreases in groundwater elevations from
Groundwater Substitution Measures, MicroFEM has no algorithm to calculate a change in river stage
height that governs the rate of accretion or depletion to the river. Thus calculation of fluxes into and out
of a river are inaccurate. They are either overestimated or underestimated based on the relative head
difference between groundwater and surface water. The flow into or out of the groundwater system
(called groundwater surface-water flux hereinafter) is never correct in MicroFEM due to this missing
algorithm and capability in the simulation code.
For each time step the SACFEM2013 model has a user-input river stage that is invariant for the monthly
time step. This results in substantive problems in properly accounting the depletion of water in the
groundwater aquifer and in the groundwater surface-water flux. First with regard to accounting the
depletion of groundwater SACFEM2013 does not account for the origin of surface water flowing into the
groundwater domain. Surface water flowing into the groundwater domain during each monthly timestep is treated as an infinite source of water; there is no formulation of river flow in the MicroFEM
simulation code and hence the SACFEM2013 model has no river flow accounting to provide proper
accounting of this lost surface water (That water loss accounting appears to be attempted later under
the Transfer Operations Model which we address under Water Supply). A useful publication from the
U.S. Geological Survey (USGS) from 1998, Ground Water and Surface Water A Single Resource, identifies
that the hydrologic cycle demonstrates that groundwater surface-water flux behaves dynamically and
that groundwater is not a source but rather the system of surface water and groundwater is a finite
resource defined and governed by local and regional hydrologic and hydrogeologic conditions.4 This
dynamic interaction of groundwater surface-water fluxes within the context that it is finite in quantity
and temporally controlled is not the manner in which groundwater modeling has been done for use in
the EIS/EIR. Since the source of surface water in SACFEM2013 that satisfies the model estimated
drawdown is mathematically infinite, an improper accounting of water available in the system occurs.
This results in the double counting of available water as between available groundwater for substitution
transfer and available surface water to transfer. In summary the accounting of surface water available to
recharge an aquifer in SACFEM2013 is not correct due to the fundamental construct of the model.
Due to the SACFEM2013 model requirement of groundwater surface-water flux being calculated as a
fully saturated flow condition, groundwater surface-water flux where the model calculated head near a
river reach is below the bottom of the streambed is not properly calculated in SACFEM2013. Rates of
inflow to groundwater where this occurs within the model domain for a particular model stress period
are overestimated due to both the incorrect mathematical formulation as fully saturated flow and the
invariant stage height in that river reach for that stress period (or the following stress period if there
were some model carryover of surface water depletions). Furthermore the underestimation of
groundwater depletion from that same stress period is error that is carried over to the next stress
4

Winter, T.C., J.W. Harvey, O.L. Franke, and W.M. Alley 1998. Ground Water and Surface Water A Single Resource, USGS
Circular 1139, pp. 79, p. 2.
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period. This cumulative error in accounting the temporal depletion of groundwater in SACFEM2013 is
significant because the model then subsequently does not have correct quantification of the amount of
required refill water to replenish groundwater from both natural recharge and delivery and application
of irrigation water. Thus there are problems in accounting water correctly in the connected groundwater
and surface water system due to errors in SACFEM2013.
Unlike surface water depletions to groundwater, the accretionary flow of groundwater to the river is
calculated in SACFEM 2013, but the calculation is inaccurate due to the invariant stage height during
each monthly time step in the model.
SACFEM2013 contains an unusual model construction feature with respect to natural or crop
consumptive use and evapotranspirational loss of water. It utilizes a calculation module in MicroFEM
called Drains to simulate evapotranspirational losses and groundwater discharge to land surface outside
of a recognized and model surface water course. Drains were set at land surface rather than at root
zone depth. This is altogether an unusual construction and one that reduces the quantity of water
removed by vegetation as constructed. Additional details on SACFEM2013 model review and issues
noted are provided in Attachment C herein.
SACFEM2013 is not well calibrated to actual conditions of groundwater elevation near rivers and
streams. There is almost no mention of model calibration in the EIS/EIR; those two words appear once
at page D-13. There are a number of standard references on numerical groundwater modelling that
emphasize the importance of model calibration.5,6,7 The lack of documentation in the EIS/EIR of model
calibration such as how it was conducted and what the degree of precision achieved to which outcomes,
is a significant omission. Through sources cited in the EIS/EIR we were able to locate calibration
information for SACFEM.8 The peer review cited in the EIS/EIR stated:
“Review of the representative and other calibration hydrographs reveals that significant
calibration issues exists in areas that rely mostly on surface water. This is mainly due to
the issues of SacFEM’s estimation of stream-aquifer interaction. Calibration quality
improves in areas that rely mostly on groundwater.”9
The model documentation we reviewed demonstrated local errors in predicting groundwater elevation
heads that are greater than 65 feet (see Attachment C).10 Calibration errors of this magnitude signify
that the groundwater elevations for the water table would fall below the bottom of the uppermost layer
in SACFEM2013; the significance of this is that MicroFEM simulation code only calculates unconfined
flow conditions in the uppermost layer of a particular model such as SACFEM2013. When actual
5

Reilly, T.E., and Harbaugh, A.W., 2004, Guidelines for evaluating ground-water flow models: U.S. Geological Survey Scientific
Investigations Report 2004-5038, 30 p.
6
ASTM 2001, D 5981-96 (Reapproved 2002), “Standard Guide for Calibrating a Ground-Water Flow Model Application”.
Published November 1996, 6 p.
7
ASTM 1994, D 5490-93,“Standard Guide for Comparing Ground-Water Flow Model Simulations to Site-Specific
Information”Published January 1994, 7 p.
8
WRIME, 2011. Peer review of Sacramento valley Finite Element Groundwater Model (SACFEM2013), October.
9
Ibid, p. 16.
10
Lawson, Peter, 2009. Documentation of the SacFEM Groundwater Flow Model. CH2MHill Technical Memorandum. Prepared
for Bob Niblack, California Department of Water Resources, February. This document is relied upon heavily in the peer review
document cited for Section 3.3 of the EIS/EIR: WRIME,2011.
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groundwater elevations fall below the bottom of Layer 1 in a number of locations, the model is
miscalculating the groundwater flux. This demonstrates that the SACFEM2013 model was improperly
constructed as well as poorly calibrated. Due to its lack of calibration to actual groundwater elevation
conditions, the predictive outcomes are not reliable as a basis for assessing the locations of impact and
the degree of impact to Water Supply, Groundwater Resources, Water Quality, and Terrestrial Resource
considerations. Attachment C herein highlights further critique of the SACFEM2013 based on
information found in the EIS/EIR as to the model’s construction and documentation that the EIS/EIR
relies upon in regard to the model’s construction and calibration.
Neither the quantity of water nor the timing of water’s removal from surface water is calculated
correctly in SACFEM2013 due to the structural deficiencies identified in our review. One of the essential
needs in an EIS/EIR on Groundwater Substitution Measures is accurate estimating of the timing of
impacts to the flowing rivers and streams; SACFEM2013 does not provide accurate monthly estimates of
when peak streamflow depletions will occur if Groundwater Substitution Measures are imposed in large
part because of the hydraulic isolation of the pumping from the rivers configured into the model.

27
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Accurately quantifying the changes in groundwater storage and groundwater elevations associated with
Groundwater Substitution Measures is foundational to defining the potential impacts and their
magnitude, and the metrics for the proposed mitigation measure GW-1.

Qualitative Assessments for Groundwater Resources
In section 3.3.1.3.1 Redding Area Groundwater Basin the discussion of Groundwater Production, Levels
and Storage does not quantify the quantity of current groundwater pumping or the basin safe-yield
without mining out groundwater in any of the six subbasins recognized in DWR Bulletin 118. There is no
identification of what impacts to base flows occur from current groundwater extractions for either
current Municipal & Industrial (M&I) or applied irrigation. The EIS/EIR does not quantify those
groundwater levels (i.e. drawdowns) associated with existing extractions in order to establish what the
acceptable groundwater levels (i.e. drawdowns) associated with Groundwater Substitution Measures in
this area might be. This is foundational to establish a basis for the proposed mitigation, GW-1, to avoid
impacts to existing groundwater users and to avoid impacts to the seasonal base flows in the
Sacramento River reaches in the Redding Area Groundwater Basin and those seasonal base flows of the
7 major tributaries to the Sacramento River within the basin. For example our review of the
groundwater elevation contours on Figure 3.3-4 indicate that the Sacramento River are between 420
feet and 400 feet above Mean Sea Level between the Clear Creek join and the crossing of the I-5
freeway over the Sacramento at Anderson, CA; since the stream bottom profile of the Sacramento River
is approximately 430 feet to 403 feet over this same reach the Sacramento River was losing water in this
reach during the Spring of 2013. In addition our review finds that the Sacramento River streambed
elevation is above the groundwater elevations of Spring 2013 depicted on Figure 3.3-4 at Colusa,
California and southward to the edge of that figure; this means that the Sacramento River from Colusa,
California and southward to perhaps Tyndall Landing, California is not only exfiltrating to groundwater,
but it is also not gaining the accretionary flow of groundwater that historically occurred in these river
reaches.
In Section 3.3.1.3.2 Sacramento Valley Groundwater Basin the discussion of Geology, Hydrogeology and
Hydrology notes that it was estimated by the USGS that from 1962 to 2003 that streamflow leakage
Page | 5
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(also called direct exfiltration) amounted to 19% of total basin recharge and equated to 2,527,000 acrefeet per year (AFY) or 3,490 cubic feet per second of surface-water flow. This quantity of water does not
denote the entirety of the streamflow depletion from the basin which is the: denied accretionary
groundwater flow to the rivers and streams within the basin. However, it is noted that this USGS
estimated leakage-loss that discharges from the rivers and streams to groundwater is accounted in their
CVHM model as surface water removed.11
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The impact from surface water leakage to support the groundwater elevations reviewed in Section 3.3 is
not quantified and the available response of groundwater elevations to Groundwater Substitution
Measures is not quantifiable as a result. In other words if one of the principal sources to groundwater is
surface water leakage and that leakage has already reached its maximum rate then the impact from
further groundwater extraction must take into account that removal from storage and upgradient flow
must meet the demand from Groundwater Substitution Measures.
It appears that neither quantitative nor qualitative evaluation of inflow or outflow to rivers and streams
has been done in the EIS/EIR using empirical groundwater and surface water elevation data. Our
requests for the database of groundwater elevations used in the EIS/EIR did not yield the Spring 2013
groundwater elevation data used to generate Figure 3.3-4. Further neither the report nor the data
provided to our request reveal groundwater elevation data for 2013 in the southerly portions of the
Sacramento Valley beyond the extent of Figure 3.3.-4. Comparison of empirical (actual) data to
mathematical representations in models is essential to assess whether the models are adequately
representing the physics of the real-life system being mathematically modeled. Evaluation of empirical
data such as land surface, groundwater elevations, and stream stage heights and rated flow rates,
enables assessment of the direction of flux and with more sophisticated tools the probable magnitude
of flux.

31

Proposed Mitigation for Potential Effects on Groundwater Resources
The Proposed Mitigation GW-1 for groundwater pressure decreases (a.k.a. groundwater elevations)
resulting from Groundwater Substitution Measures, GW-1, will not adequately mitigate the impacts to
groundwater users in the Seller’s Area. Proposed Mitigation GW-1 is not quantified or quantifiable as to
what groundwater pressure decreases will constitute an impact to water users in the Seller’s Area.
The groundwater elevations necessary to mitigate streamflow depletions under proposed mitigation,
GW-1, as well as the stated impact of lowered groundwater levels for existing groundwater users must
be quantifiable or else the proposed mitigation is insufficient to reduce the impacts from Groundwater
Substitution Measures. For example in the Spring 2013, the Sacramento River streambed elevations are
below groundwater elevations from Red Bluff, California to roughly Princeton, California (i.e. the
Sacramento River is gaining flow from accretionary flows of groundwater in this lengthy reach) as
depicted on Figure 3.3-4 of the EIS/EIR.

11

Faunt, C.C., ed., 2009, Groundwater Availability of the Central Valley Aquifer, California: U.S. Geological Survey Professional
Paper 1766, 225 p.
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The proposed framework for GW-1 is based upon a draft application for preparing water transfer
proposals for 2014 from DWR and U.S. Bureau of Reclamation and with the statement that this will be
updated as appropriate.12
The framework provided for groundwater monitoring and the subsequent proposed mitigation in the
EIS/EIR provides no substantive criteria for either monitoring or mitigation. With regard to groundwater
monitoring for example at page 3.3-88 under Section 3.3.4.1.2 it states
“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.”

There is no attempt at defining the minimum number of wells, a spatial resolution laterally or vertically,
nor a timeframe. The subsequent subsection on groundwater level measurement requires measurement
of groundwater elevations until March of the year following the transfer; this would imply that impacts
from one year’s transfer are not anticipated to carry over into the following year or it implies that this is
the new baseline for the subsequent year’s transfer withdrawal. There is no discussion or mention of a
multi-year monitoring program in the EIS/EIR with year over year metrics nor are in the draft application
guidance for groundwater transfer proposals. A typical application of such a monitoring program using
best available science and practice is to establish groundwater elevations in a base year and then metric
changes as relative drawdown; in this manner groundwater depletion within a basin or subbasin can be
assessed if it is occurring and this would encompass protections against injurious harm to Groundwater
Resources if natural recharge is less than normal or slower than one seasonal cycle in providing recovery
of the depletion from Groundwater Substitution Measures coupled with other groundwater uses or
fluxes. With regard to proposed mitigation for example at Section 3.3.4.1.3, the EIS/EIR states:
“If the seller’s monitoring efforts indicate that the operation of wells for groundwater substitution
pumping are causing substantial adverse impacts, the seller will be responsible for mitigating any
significant environmental impacts that occur.”
There is no definition provided of what constitutes a substantial adverse impact. Looking back to Section
3.3.2.2 Significance Criteria one finds:
“A net reduction in groundwater levels that would result in adverse environmental effects or
effects to non-transferring parties”

There is no benchmark criterion for mitigation and in fact the EIS/EIR at page 3.3-90 then states:
“To ensure that mitigation plans will be feasible, effective, and tailored to local conditions,
the plan must include the following elements:

12



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; and

Department of Water Resources and Bureau of Reclamation, 2013. DRAFT Technical Information for Preparing Water
Transfer Proposals – Information to Parties Interested in Making Water Available for Water Transfers in 2014, October
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Assurances that adequate financial resources are available to cover reasonably
anticipated mitigation needs.”

This text is extremely unclear as to: technically what is the procedure for investigation of effects; what is
the meaning of “legitimate significant effects” when a multitude of overlapping influences on
groundwater will occur from natural to man-made; and who would be monitoring and reporting on
adverse environmental effects if not the Seller’s and if so then who would be compensating for that
monitoring. Our review finds the GW-1 does not provide adequate mitigation for groundwater
decreases in the Seller Service Area as it relies upon poorly defined future actions with no established,
reliable, or predictable basis for the monitoring and mitigation.
Potential Impact Statements
from Table ES-4

Groundwater substitution transfers
could cause subsidence in the Seller
Service Area.

Related
Alternative(s)

2, 3

Significance
to CEQA

S

Proposed
Mitigation
GW-1:
Mitigation
and
Monitoring
Plans

Significance After
Mitigation Pursuant to
CEQA

LTS

Figure 2 The mechanics of land subsidence due to changes in groundwater elevations, USGS Circular 1182
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The groundwater formation in the Seller Service Area west of the Sacramento River is composed of the
Tehama Formation.13 The Tehama Formation has exhibited subsidence in Yolo County. According to the
EIS/EIR similar formational and hydrogeologic characteristics exist in the Redding Area Groundwater
Basin.
Groundwater elevation changes due to long term pumping can increase the effective stress on
subsurface materials that are under-consolidated. This is typical of some aquitards whose skeletal
materials are typically composed of fine-grained sediments and when deposited by lower-energy
hydraulic processes their ionic mineral boundaries keep them under-consolidated. When the effective
stress of the soil column on these aquitards is increased due to dehydration of the aquifers above them,
their skeletons compact. This is known as inelastic subsidence and it causes both a permanent loss of
groundwater aquifer storage capacity and a depression at the land surface (Figure 2).

34

The groundwater elevations depicted on Figures 3.3-8 and 3.3-9 demonstrate that groundwater
elevations in three of the eleven wells selected are at historic lows and under existing hydrogeologic and
hydrologic conditions are on decadal declining trends. Specifically wells 11N05E32R001M,
21N03W33A004M, and 15N03W01N001M are all at historic lows at their last measurement discounting
for seasonality. Each of these wells is in the western half of the Sacramento Valley Basin and thus would
be expected to be overlying the Tehama Formation with its known under-consolidated units. Further
groundwater extraction by Groundwater Substitution Measures will further lower groundwater
elevations in both the Redding Area Groundwater Basin and the Sacramento Valley Basin. The
assessment of changes in groundwater elevations reported at Table 3.3-5 is based on SACFEM2013
modeling and is incorrect due to the deficiencies and built-in errors noted for SACFEM2013 to accurately
represent cumulative drawdown from Groundwater Substitution Measures. Moreover without specific
well depth information and screened intervals for the handful of monitoring wells noted it is impossible
in our review to assess whether they monitor the groundwater table portions of the aquifers; the unit
where desaturation occurs and effective stresses that induce permanent land subsidence generally
occur.

Proposed Mitigation
The mitigation proposed for the potential impacts of land subsidence due to decreases in groundwater
saturation of the uppermost aquifer, GW-1, is inadequate. The monitoring measures for land subsidence
in the EIS/EIR are stated at page 3.3-89 as:
“Subsidence monitoring will include determination of land surface elevation in strategic
(determined by Reclamation) locations throughout the transfer area at the beginning and
end of each transfer year. If the land surface elevation survey indicates an elevation
decrease, then the area will require more extensive monitoring…”

Under this monitoring program approach, permanent inelastic subsidence will have occurred prior to
detection. Mitigation is offered in the form of reimbursement for infrastructure (e.g. roadway) structural
damage due to permanent subsidence (albeit elastic reversible subsidence would likely also cause
infrastructural damage). No mitigation is offered for the permanent loss of aquifer storage capacity.
13

US Bureau of Reclamation, 2014. “Long-Term Water Transfers Environmental Impact Statement/Environmental
Impact Report Public Draft, September, at p. 3.3-17.
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Under this program of monitoring and mitigation it has to be noted at Section 3.3.5 Potentially
Significant Unavoidable Impacts that this permanent impact of lost aquifer storage capacity is not
mitigated by GW-1. Under Sections 3.3.6.1 and 3.3.6.2 for Cumulative Effects for Alternatives 2 and 3,
respectively, which include Groundwater Substitution Measures the cumulative effects noted for land
subsidence are stated as:
“The groundwater substitution pumping associated with the SWP transfers would occur in an
area that is historically not subject to significant land subsidence. In the overall area of
analysis, land subsidence is occurring in several areas, as described in Section 3.3.1.3.2.”

The statement is inaccurate. The juxtaposition of Seller locations next to historic subsidence in Yolo
County makes the statement inaccurate. The EIS/EIR then goes on to say:
“…however, the existing subsidence along with future increases in groundwater pumping in
the cumulative condition could cause potentially significant cumulative effects. The impacts
of the Proposed Action would be reduced through Mitigation Measure GW-1 (Section 3.3.4.1)
to less than significant. Therefore, with implementation of Mitigation Measure GW-1, the
Proposed Action’s incremental contribution to subsidence impacts would not be cumulatively
considerable.”

35

The analysis of changes to groundwater elevations leading to this statement is inaccurate and hence the
impacts anticipated are underestimated. Perhaps more to the point the Mitigation Measure, GW-1, as
defined will not adequately address the impacts of groundwater drawdown on inelastic subsidence and
the resulting permanent loss of aquifer storage in the Seller’s Area. The proposed observation of
subsidence as mitigation cannot restore or offset the impact of subsidence once it has already occurred.
It is however possible to define a monitoring and mitigation program for the risks and potential impacts
of permanent Land Subsidence. Such a program of monitoring and mitigation would require evaluation
of historic and current groundwater elevations in the upper groundwater aquifer units over a series of
decades long cyclical hydrologic and land use conditions in each Seller Area to determine whether
groundwater elevations are at historic lows. If so then mitigation for permanent land subsidence due to
Groundwater Substitution Measures would require no Groundwater Substitution Measures for Long
Term Water Transfers be approved until groundwater elevations increase above historic lows and within
a range that accurate groundwater modeling could demonstrate would not create cumulative lowering
of groundwater elevations during the period of approved water transfers.

Water Supply
At Section 3.1.2 on Environmental Consequences/Environmental Impacts on Water Supply the
Assessment Methods states:
“Impacts to surface water supplies are analyzed by comparing the conditions in water bodies
and surface supplies without implementing transfers to the expected conditions of supplies
with implementation”

The quantitative tool to be used in assessing impacts to supplies but not water bodies from water
transfers and exports from the Delta is referred to in the EIS/EIR as a “post-processing tool.” The “postprocessing tool” referred to under evaluations of Water Supply for Water Operations Assessment
consists of the use of the SACFEM2013 groundwater model, CalSim II, and a spreadsheet model called
Page | 10
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the Transfer Operations Model (TOM). Our review will focus on these assessment tools to evaluate
potential environmental impacts and consequences from the proposed Long-Term Water Transfers
Alternatives.
Section 3.1.2.2 Significance Criteria states:
“Impacts on surface water supplies would be considered potentially significant if the long
term transfers would:
 Result in substantial long-term adverse effects to water supply for beneficial uses”

36

Putting aside the substantive issue of why short-term adverse effects to water supply for beneficial uses
is not considered as a criterion, our review finds the evaluation in the EIS/EIR of impacts to Water Supply
from Groundwater Substitution Measures to this criterion is either inaccurate or insufficient to evaluate
the potential environmental impacts associated with Groundwater Substitution as the methods of
Assessment in the EIS/EIR do not properly account water and as a result cannot be relied upon to assess
potential impacts and the means of mitigation or the timing of mitigation needs. Analysis of streamflow
depletions due to Groundwater Substitution Measures is not analyzed accurately in the EIS/EIR and the
loss of surface water to meet Water Supply needs is not properly accounted. This inaccurate accounting
results in a fraction of the groundwater extracted being double counted as available surface water for
transfer.

No Action Alternative Evaluations in EIS/EIR
It is notable that the No Action Alternative is to look at the Environmental Consequences/Environmental
Impacts in water bodies (presumably rivers and reservoirs) and surface supplies while the evaluation for
implementing Long-Term Water Transfers is to look at surface supplies with no mention of evaluating
impacts to water bodies such as rivers or reservoirs.
The quantitative tool to be used to aid in assessing impacts to surface water supplies and water bodies is
CalSim II for the No Action Alternative.
CalSim II works on a monthly time-step to assess SWP and CVP operations. CalSim II generates flows as a
water system operational decision support tool. CalSim II is not a hydraulic model and does not include
channel characteristics such as channel roughness or cross-section geometry to simulate the water
routing. As a result of CalSim II’s limitations, the models inability to schedule reservoir releases on a
daily basis creates water accounting inaccuracies of losses caused by routing and attenuation of
upstream reservoir releases to phenomena such as streamflow depletions. Additionally, CalSim II uses
simplified flow routing rules (on a monthly time-step) which result in inaccuracies associated with how
the SWP and CVP operate in extreme hydrologic conditions, especially in the driest years (DWR and
USBOR, 2004 & Ford et al., 2006).14,15

14

Department of Water Resources and U.S. Bureau of Reclamation (DWR and USROR, 2004 ). Peer Review Response: A Report
by DWR/Reclamation in Reply to the Peer Review of the CalSim-II Model Sponsored by the CALFED Science Program In
December 2003, August, 2004
15
Ford, D., Grober, L., Harmon, T., Lund, J.(Chair), McKinney, D. (Ford et al., 2006). Review Panel Report San Joaquin River
Valley CalSim II Model Review. CALFED Science Program – California Water and Environment Modeling Forum. January 12,
2006.
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CalSim II was developed over a decade ago to assess new storage and conveyance facilities in the CVP &
SWP systems on a monthly time-step. Use of CalSim II has yielded significant scrutiny on its ability to
provide relevant data to assess potential future impacts (Close, A. et al, 2003).16 The CalSim II model
presented in the EIS was used for the baseline conditions (2014 planning horizon) and was not used to
assess potential changes resulting in future land use and hydrologic/metrological conditions. The
baseline assessment can only assess how the Long-Term Transfer Project would impact the environment
if it was in-place from 1970-2003 and therefore cannot assess potential impacts of future conditions
that are different than the baseline conditions such as various climate change scenarios.

37

Alternative 2 and 3 Evaluations in EIS/EIR
The EIS/EIR reaches the following conclusion with regard to Potential Impacts to Water Supply from
Groundwater Substitution Measures.
Potential Impact Statements from
Table ES-4
Groundwater substitution transfers could
decrease flows in surface water bodies
following a transfer while groundwater
basins recharge, which could decrease
pumping at Jones and Banks Pumping
Plants and/or require additional water
releases from upstream CVP reservoirs.

Related
Alternative(s)

Significance
to CEQA

2, 3

S

Proposed
Mitigation

Significance
After Mitigation
Pursuant to
CEQA

WS-1:
Streamflow
Depletion
Factor

LTS

The analysis of Environmental Consequences/Environmental Impacts is not done accurately nor with a
complete conceptual model of the interactive groundwater and surface water system that constitute
the Water Supply. At page 3.1.5 in Section 3.1.2.4.1 the analysis states that groundwater basins are
naturally recharged after drawdown by rainfall and surface water to groundwater flux, thereby
depleting available in stream flow. It goes on to state that the accretionary flow of groundwater to
surface water can be intercepted by groundwater extraction; however, it fails to note that this is a
depletion of available surface water and water for other beneficial uses such as the health of the
riparian and hyporheic zones. As detailed further in our review that follows a proper conceptual model
of the hydrologic system for Water Supply demonstrates that the water deprived for the natural
consumptive use, evapotranspiration and potentially evaporation via Groundwater Substitution
Measures is the likely conserved-water available. The analysis of Water Supply is improperly
conceptualized.
Additionally at page 3.1.6 in Section 3.1.2.4.1 the EIS/EIR states:
“Transfers would not affect whether the water flow and quality standards are met… but only
Reclamation and DWR water supplies”
16

Close, A., Haneman, W.M., Labadie, J.W., Loucks D.P. (Chair), Lund, J.R., McKinney, D.C., and Stedinger, J.R. (Close, A. et al.).
Strategic Review of CALSIM II and its Use for Water Planning, Management, and Operations in Central California. Submitted to
the California Bay Delta Authority Science Program Association of Bay Governments. Oakland, California. December 4, 2003.
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The EIS/EIR notes that it is the State and Federal projects responsibility to maintain water quality
standards in the Sacramento River, its tributaries, and the Delta. It then anticipates hypothetically that if
the streamflow depletion resulting from Groundwater Substitution Measures results in decreased river
flows then USBOR and DWR would modify operations by decreasing Delta exports or release of
additional water from reservoirs to meet Delta outflow and/or water quality standards; however as
documented in Attachment D herein the Federal and State projects were unable to maintain these
standards in 2013 due to dry year conditions and a lack of available in-stream flow and releases of
water.

38

The quantitative tool used in assessing impacts to supplies but not water bodies from water transfers
and exports from the Delta is referred to in the EIS/EIR as a post-processing tool. From Appendix B,
“The post-processing tool also includes changes in flows in waterways caused by streamflow
depletion from groundwater substitution. Data for the post-processing tool was provided by
the SACFEM2013 model, which includes highly variable hydrology (from very wet periods to
very dry periods) was used as a basis for simulating groundwater substitution pumping.”

The EIS/EIR used two other models, CalSim II and a spreadsheet accounting model referred to as TOM,
to attempt to properly account streamflow depletions. A general technical reference from the U.S.
Geological Survey (USGS) published in 1998 entitled Ground Water and Surface Water - A Single
Resource identifies that the hydrologic cycle demonstrates that groundwater is not a source of water
but rather behaves as a reservoir, receiving and releasing water as governed by local and regional
hydrologic and hydrogeologic conditions.17 The use of the combination of three models does not
properly account for water and thus the evaluation of “how long-term transfers could benefit or adversely
affect water supplies” does not accurately identify potential impacts to available-water for Water Supply.

17

Winter, T.C., J.W. Harvey, O.L. Franke, and W.M. Alley 1998. Ground Water and Surface Water A Single Resource, USGS
Circular 1139, pp. 79, p. 2.
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depletion of streamflow induced by an extraction well and its zone of capture done by C.V. Theis of the
USGS in 1941.19
Dr. Theis commented in his 1941 paper on one aspect of the analysis of the overall effects of extraction
in an alluvial river valley on the flow into and from a river:
“…the flux ‘from the river’ will be spoken of in the following treatment, the flux may be either
an actual movement of water from the river or a decrease of the customary movement of
water to the river”
- C.V. Theis

This customary movement of water is also commonly known as the accretionary flow of groundwater to
the river; it is accretionary flow of groundwater to a river that provides the observable and measurable
flow of water in a free-flowing stream during lengthy dry periods when no rain or snowmelt provides
the baseflow in a river or stream (i.e. not an ephemeral stream or arroyo). In the illustration below
(Figure 4) it can be seen that consistent with Dr. Theis observation on the flux “from the river” the
impact to the river is due to loss of accretionary flow to the river and not as a result of direct streamflow

39

Figure 4 Cross-Sectional View of Extraction Well Depleting the Accretion of Flow to a River

depletion by way of river exfiltration. This phenomena from a well located some distance from the river
results in streamflow depletion; the principal difference between this case and the one where the zone
of capture to the well reaches the streambed of the river is the timing of the streamflow depletion.
L.K. Wenzel of the USGS in the peer-reviewed Discussion of this seminal paper by Dr. Theis from 1941
offered this observation:
“It is possible that in some localities all or a part of the water removed from the well may be
obtained indirectly by reducing the amount of water that is transpired by plants from the
zone of saturation. This is accomplished, of course, through the lowering of the water-table
and capillary fringe to some depth below the roots of the plants.”
- L.K. Wenzel20

19

Theis, C.V., 1941, The effect of a well on the flow of a nearby stream: Transactions, American Geophysical Union, v. 22, part 3,
p. 734-737.
20
Wenzel, L.K., 1941, Discussion re: The effect of a well on the flow of a nearby stream: Transactions, American Geophysical
Union, v. 22, part 3, p. 737-738.
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Figure 5 Plan View of Extraction of Groundwater via a Groundwater Substitution Well from which the Zone of
Capture to the Well Does not reach the River

Figure 5 illustrates that extraction pumping far back from a river’s edge (e.g. perhaps more than 1-mile)
does not capture water directly from the river but instead results in a loss of accretionary flow of
groundwater to the river as depicted by the reduced accretionary flow arrows and the diminished
riparian zone flora (and in all likelihood impacts the hyporheic fauna near and beneath the riparian zone
that supports the food chain for pelagic fish such as salmonids and the habitat for other threatened
species). The deprivation of flow to the river from a groundwater extraction well located some distance
from the river is ultimately equal to the quantity of extraction; if the flow to the well is drawn from
storage then that storage will be replaced eventually by an equivalent quantity of groundwater via
direct recharge and indirect groundwater recharge. As Dr. Wenzel’s comment notes the only water not
deprived to the river or stream is that water that would otherwise have been withdrawn for
consumptive use and evapotranspiration by vegetation that is/was able to utilize water from the zone of
saturation (i.e. the water table aquifer).
Evaluation of the timing of streamflow depletion due to groundwater extraction wells was made simpler
by a further paper by Dr. Theis and his co-author in 1963. The following graphic (Figure 6) describes the
timing of impact to a stream or river’s quantity of flow based upon two primary criteria, the ration of the
aquifer storage coefficient to the aquifer transmissivity, S/T, and the distance between the extraction
well and the river.21 The coefficients are as described in the Explanation in the chart with the X-axis
denoting the time since pumping began.

21

Theis, C.V. and C.S Conover. 1963 “Chart for Determination of the Percentage of Pumped Water being Diverted from a
Stream or Drain” USGS Water Supply Paper 1545-C. pp. C106-C109.
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Subsequently Bruce Hunt (1999) developed an analytical
solution to the question of what is the response in a river
that has a lower permeability streambed surrounding it
than the permeability of the groundwater aquifer to
which it is connected including the conceptualization of
an extraction well which only partially penetrates the
aquifer adjoining the stream. 25 While the bounding
conditions of a homogeneous aquifer of infinite extent
are applied to each of the aforementioned methods in
order to solve the equations of unsteady flow in which a
well or wells are actively extracting constitute an
idealized case, the inclusion of a semi-pervious
Figure 7 Definition Sketch for a partially streambed fully to the solution provides an even more
penetrating well and a river with semi-pervious realistic estimate of the timing of impact on flow in a
layer Hunt (1999)
river or stream (Figure 7).
Lastly, Bruce Hunt (2003) developed an analytical solution to the case of a stream incised into a low
permeability layer or formation over top of a more permeable aquifer (Figure 8).26
Each of the four analytical mathematical solutions to the
question of the impact of extraction well pumping on flow in
a stream and the genesis of the water captured by an
extraction well remain valid, particularly where the bounding
assumptions are met well by the aquifer being pumped.
Various mathematical solvers are available to look at
streamflow depletion by the appropriate analytical method
for each case including some provide by Dr. Bruce Hunt27; the
most recent set of solvers for each of these groundwater to
surface-water analytical methods was developed by the USGS
(2008).28 The USGS program STRMDEPL08 enables a sequence
of time varying pumping during an irrigation season and it
Figure 8 Definition Sketch for flow to well in allows for year on year carryover of aquifer depletion to be
semipermeable aquifer Hunt (2003)
retained in a subsequent year. This program represents “best
available science” for near field assessment of groundwater
extraction on the flow in nearby streams. Based upon the information provided in the EIS/EIR with
regard to stream aquifer relationships our review determined that the conceptual model of Figure 7,
Hunt (1999) best fits the conditions described for the Sacramento Valley. An evaluation of streamflow
depletions for select wells near rivers was undertaken for the extended drought period of 1987 to 1992
25

Hunt, B., 1999.. Unsteady stream depletion from ground water pumping. Ground Water, 37(1), pp. 98–102.
Hunt, B. 2003. Unsteady Stream Depletion when Pumping from Semiconfined Aquifer. Journal of Hydrologic Engineering, Vol.
8, No. 1, pp. 12-19.
27
http://www.civil.canterbury.ac.nz/staff/bhunt.asp
28
Reeves, H.W., 2008,STRMDEPL08—An extended version of STRMDEPL with additional analytical solutions to calculate
streamflow depletion by nearby pumping wells: U.S. Geological Survey Open-File Report 2008–1166, 22 p.
26
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noted in the EIS/EIR was undertaken and the method and results are presented in Attachment A. These
analyses result in a range of streamflow depletion factors (SDF) from in short-term SDF ranging from 8%
to 22% by the end of a 1987 extraction scenario proffered in the EIS/EIR and long-term cumulative SDF
ranging from 34% to 108.5% of annual pumping based on evaluation of the 6-year drought from 1987 to
1992 again following the extraction scenario proffered in the EIS/EIR due to the cumulative depletion of
aquifer storage and the available accretionary flow of groundwater to the river as compared to stream
flow from the river to satisfy the capture of water by a groundwater extraction well.

39

Assessment of SACFEM2013 Model for Water Supply Analysis in the Post Processing Tool
The SACFEM2013 model in the EIR/EIS does not account for the streamflow depletions induced by
groundwater pumping along the lines of any of the analytical methods identified above from the
literature. SACFEM2013 has no river flow accounting to account water flow depletions. As for potential
impacts to surface water flow rates due to groundwater accretions or depletions SACFEM2013 does not
account the quantity of water flowing within a river. There simply is no algorithm in the MicroFEM code
to account for changing rates of streamflow and dynamically changing river stage associated with
streamflow. Hence these potential impacts are not accounted in the SACFEM2103 model.29 As a result of
this missing algorithm in the model the outflow of surface water to groundwater in a river reach where
Groundwater Substitution Measures lower the modeled head in the upper aquifer (ignoring the
numerous errors in the formulation of well extractions and in the SACFEM2013 model hydraulic
parameters)30 below the river bottom water is not properly accounted in SACFEM2013. The loss of
surface water flowing into the groundwater domain to satisfy the extraction well demand via
streamflow depletion is not accounted. Thus the available Water Supply will not be properly accounted
using SACFEM2013 with respect to both the magnitude of the impacts to Water Supply due to
Groundwater Substitution pumping and the timing of such impacts to Water Supply and surface water
flow in the rivers. This holds for extraction from any of the 327 groundwater extraction wells proposed
as a part of Alternatives 2 and 3. This lack of water accounting affects the ability of the “post-processing
tool” to properly evaluate water availability under Water Supply due to the shortcomings of the
SACFEM2013 model to calculate changes in river flow.
Further as to the poor accounting of water available to the “post-processing tool,” the river outflow is
not accounted properly in the SACFEM2013 groundwater model at the river nodes. As mentioned under
Groundwater Resources SACFEM2013 sets each river reach’s stage height as invariant during a month,
irrespective of the groundwater withdrawals. This river stage invariance means that SACFEM2013
calculates as though there is an infinite amount of water in the nearby river (i.e. no streamflow
depletion impact on the predicted outflow of water).

29

SACFEM2013’s agricultural groundwater extraction terms were reportedly developed using the Irrigation Demand Calculator
(IDC) within the California Dept. of Water Resources, Integrated Water Flow Model (simulation code). The use of only a portion
of the IWFM, simulation code and the manner in which it was done leaves the soil moisture model and the groundwater model
uncoupled with no feedback between the two models except that perhaps carried by the user from SACFEM back to the IDC
model .
30
SACFEM 2013 formulation places all extraction wells into Layers 2, 3, and 4 and then artificially imposes a vertical anisotropy
of 500:1 at each flow layer.
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The river inflow (i.e. gaining reaches) is calculated in SACFEM2013. However it is done inaccurately due
to the invariant stage height during each monthly time step in the model. This imprecision results in an
improper accounting of water. Not surprisingly the peer review for the model done in 2011 found:
“Review of the representative and other calibration hydrographs reveals that significant
calibration issues exists in areas that rely mostly on surface water. This is mainly due to the
issues of SacFEM’s estimation of stream-aquifer interaction. Calibration quality improves in
areas that rely mostly on groundwater.”31

42

Using this mathematical formulation in the algorithm for groundwater to surface water flux, the degree
of exfiltration in each month from the river to groundwater is too high if flow and stage in the river
decrease due to Groundwater Substitution Measures or alternatively the degree of exfiltration is too
low if Water Transfer flows increase river stage during the transfer period of July to September as more
of that water would be depleted from the stream and not available to the Buyer’s Area. Thus inputs
from SACFEM2013 to TOM for subsequent analysis of Water Supply, are inaccurate.
Review of SACFEM2013 by the aforementioned peer review found that SacFEM2013 deep percolation
rates are not supported by the fundamental Irrigation Demand Calculation (IDC) module’s methodology
(a subcomponent of DWR’s Integrated Water Flow Model, IWFM simulation code) and parameters. This
results in a disconnection between SacFEM2013 and IDC. They recommended incorporating a feedback
loop between the two models (IDC as constructed for SACFEM2013 input, and SACFEM2013) and
subjecting them to convergence criteria. Their review states:

43

“SACFEM deep percolation rates are not consistent with other data sets and it should be
ensured that they are supported by historical land use, crop mix, and agricultural practices.”

It is unknown whether these recommendations from 2011 to SACFEM2013 were incorporated to
SACFEM2013 based on the documentation provided in the EIS/EIR and on the documents requested and
received from the project proponents. Further review of SACFEM2013 is provided in Attachment C
herein.
Lastly with regard to SACFEM2013 and Water Supply considerations we note that unlike Appendix B of
the EIS/EIR on the uncertainties and limitations of TOM and CalSim II, there are no statements in
Appendix D of the EIS/EIR or the main body of the EIS/EIR as to the uncertainties in the modeling
assumptions or stated limitations on the utility and intended uses of the SACFEM2013 groundwater
model.
Looking at “Best Available Science” for evaluation of potential impacts in the EIS/EIR there is a
simulation code available from DWR, IWFM, which can better evaluate the time varying mass balance
between surface water and groundwater inclusive of losses or gains in soil moisture to crop demand and
precipitation. The IWFM simulation code’s capabilities are summarized in Attachment B herein and
documented for the current release by DWR.32 However, the simulation code with these general
capabilities was first publicly released in 2003. Further there is an existing model of the Central Valley in
IWFM, C2VSim, which is calibrated for the period 1922 to 2009, which was initially released to the public
in 2011. The C2VSim model can be run with either a coarse finite element grid (C2VSim-CG with 1,392
31

WRIME. 2011. Peer review of Sacramento valley Finite Element Groundwater Model (SACFEM2013), October at page 16

32

http://baydeltaoffice.water.ca.gov/modeling/hydrology/IWFM/IWFMv4_0/v4_0_331/downloadables/IWFMv4.0.331_TheoreticalDocumentation.pdf.
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elements, run-time 6 minutes) or with a fine finite element grid (C2VSim-FG with over 35,000 elements,
run-time 6 hours). For both versions, the elements are grouped into 21 water-budget sub-regions. 33 The
C2VSim-CG model was utilized in our review to assess the cumulative impacts.34 DWR notes that both
C2VSim versions will also be useful tools for integrated regional water management plans, planning
studies, groundwater storage investigations, assessing infrastructure improvements, evaluating
ecosystem enhancement scenarios, conducting climate change studies, and assessing the impacts of
changes to water operations. The results of our assessment of relative streamflow depletions in several
river reaches brought about by projected use of available transfer volumes in the extended drought of
suggest that streamflow depletions of 8% to 22% depending upon the year and the river reach will result
from a mass balanced model. In our review the use of C2VSim-CG provides a reasonable estimate of
what best available science would reveal. Use of C2VSim-FG would likely improve upon the accuracy of
the estimated streamflow depletions resulting from Groundwater Substitution Measures on Water
Supply.

44

Assessment of the CalSim II Model for Water Supply Analysis in the Post Processing Tool
As stated previously for the No Action Alternative, the use of CalSim II has yielded significant scrutiny on
its ability to provide relevant data to assess potential future impacts (Close, A. et al, 2003).35 The CalSim
II model presented in the EIS was used for the baseline conditions (2014 planning horizon) and was not
used to assess potential changes resulting in future land use and hydrologic/metrological conditions.
The baseline assessment can only assess how the Long-Term Transfer Project would impact the
environment if it was in-place from 1970-2003 and therefore cannot assess potential impacts of future
conditions that are different than the baseline conditions such as various climate change scenarios.
CalSim II does not provide adequate loss factors to assess potential project impacts. The CalSim II model
describes the physical system (e.g., reservoirs, channels, pumping plants), basic operational rules (e.g.,
flood-control diagrams, channel capacity, evaporation, minimum flows, salinity requirements), and
priorities for allocating water to different uses (water quality, ecosystems, etc.). As a result of CalSim II’s
complexity, very important water loss characteristics such as stream reaches losses, deep groundwater
percolation, and stream-aquifer interactions are generalized as basin “efficiencies” rather than losses for
specific reaches or stream-aquifer interactions. The lack of specific loss characteristics within CalSim II
yields inaccuracies specific to even seasonal and annual water accounting losses (e.g., stream-aquifer
interactions) that have been identified as potential impacts from the proposed Long Term Water
Transfers.

33

As reported by the DWR at http://baydeltaoffice.water.ca.gov/modeling/hydrology/C2VSim/index_C2VSIM.cfm on
November 30, 2014
34
Informal telephonic requests to DWR’s Bay Delta Office for C2VSim-FG on November 13, 2014 revealed that they view the
model as not ready yet for public release.
35
Close, A., Haneman, W.M., Labadie, J.W., Loucks D.P. (Chair), Lund, J.R., McKinney, D.C., and Stedinger, J.R. (Close, A. et al.).
Strategic Review of CALSIM II and its Use for Water Planning, Management, and Operations in Central California. Submitted to
the California Bay Delta Authority Science Program Association of Bay Governments. Oakland, California. December 4, 2003.
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Hydrology modeling within CalSim II uses a “depletion analysis” to estimate the historical and projected
level flows (Ford 2006).36 As a result of this, CalSim II requires a calculation to estimate the aggregate
stream inflow for each sub-watershed. This calculation is identified as the “closure term” of the
hydrologic mass balance and is also how the model encompasses errors resulting from over/under
estimates of water losses. In recent documentation regarding future development of CalSim II into
version III, DWR and Reclamation provided a graphic of “closure term” magnitudes. 37
In this graphic from Draper 2008 (Figure 9), the “closure term” represents a significant amount of error
in CalSim that has to be accounted for to create a hydrologic mass balance. Note that this graph is in
thousands of acre-feet/year.
Thus the “closure term”
necessary to correct for water
budget errors in CalSim
ranges from (2,000,000) AFY
in deficit to 3,000,000 AFY in
surplus. CalSim II does not
account for water on an
annual basis with precision.
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CalSim II cannot assess how
“Long-Term” water transfers
would impact future water
demands, water supplies, and
required water quality and
ecosystem
management
requirements. Hence the
analysis of potential impacts
Figure 9 Closure Terms to Correct Accounting Problems in CalSim for Annual
to Water Supply based upon
Quantities of Water
CalSim II is insufficient.
CalSim II does not provide adequate detail to assess project impacts. The very poor precision of the
surface water delivery model (CalSim II) used for the baseline assessment on quantities of water moving
in and around the CVP and SWP leads to problems in accounting for water losses due to existing and
proposed groundwater extractions.
As noted in the review of CalSim II in Draper (2008) there is a version of CalSim referred to alternately as
CalSim III or CalSim 3 that appears to have been in development and use since approximately 2006.

36

Ford, D., Grober, L., Harmon, T., Lund, J.(Chair), McKinney, D. (Ford et al., 2006). Review Panel Report San Joaquin River
Valley CalSim II Model Review. CALFED Science Program – California Water and Environment Modeling Forum. January 12,
2006.
37
Draper, A. CalSim-III Hydrology Development Project, CalSim III Implementation, MWH Americas, California Water and
Environmental Modeling Forum Annual Meeting, 2008
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“The C2VSim-CG model is being used as the basis for the groundwater flow component of
CalSim 3, and has also been used to investigate how Sacramento Valley water transfers may
affect Delta flows and how an extended drought may impact groundwater levels.”38

It would appear that CalSim III represents “Best Available Science” with its focus on improving the
significant shortcomings in CalSim II identified in our review and that of others. However, CalSim III was
not utilized for the EIS/EIR. An analysis of the outcomes for the project by way of CalSim III use would
appear to represent something approaching best available science on the available windows of water
for transfer prior to 2003 and post 2003 to present and beyond. The availability and uses of CalSim III by
USBOR for the CVP could not be determined during our review.
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Assessment of the Transfer Operations Model for Water Supply Analysis in the Post Processing
Tool
TOM was developed to analyze effects of the Long-Term Water Transfer Project on the CVP, SWP, major
rivers, and the Delta. TOM does not provide a specialized groundwater, hydrology, or hydraulic
simulations of the Long-Term Water Transfer Project but rather provides water accounting based upon
inputs from SACFEM2013 and CalSim II. As a result of the water accounting approach, the inaccuracies
within CalSim II (e.g., water losses, closure term error, etc.) and SACFEM2013 (e.g., stream-aquifer
interactions, groundwater elevation predictions, etc.) are carried over into TOM to quantify and assess
potential impacts resulting from the Long-Term Water Transfer Project.
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Our review of the TOM model provided by the project proponents at our request yielded a number of
errors that were also included in the EIS text. Table 1 presents two examples water transfer volumes
that were presented in the EIS/EIR Executive Summary Table 2, EIS/EIR descriptive text of each text from
section 3.1.1.3, and TOM.
Table 1 – Comparison of Transfer Volumes Within Long-Term Water Transfer Project Documentation
Transfer Description
Table ES-2 (AF) EIS Section
TOM (AF)
3.1.1.3 (AF)
Anderson-Cottonwood Irrigation District
5,225
5,225
5,938
(Maximum Groundwater Substitution Volume)
Garden Highway Mutual Water Company
14,000
12,287
14,000
(Maximum Groundwater Substitution Volume)
Conaway Preservation Group
(Maximum Cropland Idling or Crop Shifting
9,239
9,239
21,349
Volume)
Upon review of Table 1, how specific transfer volumes of water are applied in TOM, CalSim II, and
SACFEM2013 is neither understood nor constant. Additionally, specific model descriptions of how
CalSim II, SACFEM2013 and TOM account for each water transfers are vague. The EIS states that there is
a priority of transfer volumes (“…groundwater substitution and reservoir release are more likely transfer
mechanisms than crop idling…”, Section B.4.3.1.2) but specifically how each transfer was applied to the

38

As reported by the DWR at http://baydeltaoffice.water.ca.gov/modeling/hydrology/C2VSim/index_C2VSIM.cfm on
November 30, 2014
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time series and into each model are not documented. To understand how each transfer volume is
applied in each model is essential to properly assess the validity of the analysis of potential impacts.

50

Within TOM, adjustments in delivered water through the Delta include a portion lost as carriage water
which is defined as extra water needed to carry water across the Delta to export facilities. Carriage
water is a critical part of the water modeling analyses because the additional water is needed to
maintain Delta water quality. Because the majority of the transfer water is made available and diverted
upstream of the Delta, TOM assumes carriage percentage adjustments based on the location of the
transfer:




Transfers from the Sacramento River assume a 20 percent carriage water adjustment;
Transfers to Contra Costa Water District assume a 20 percent carriage water adjustment;
Transfers from Merced Irrigation District assume a 10 percent carriage water adjustment for
water flowing from the San Joaquin River into the Delta.
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The use of a single carriage percentage based on location does not adequately address potential impacts
to Delta water quality. The concept of carriage water is a complex concept that would require
appropriate hydrodynamic models coupled with a hydrology and groundwater model to identify
appropriate carriage water volumes over time. The EIS states that the initial estimates for carriage water
should later be verified and adjusted and therefore water quality impacts cannot be assessed with the
models presented in the EIS/EIR for Long-Term Water Transfers. Additionally, significant stream flow
depletion associated with pumping will likely reduce water transfers to the Delta and result in significant
water quality impacts and/or limited transfers to water buyers. Therefore, statements with the EIS/EIR
claiming limited changes in Delta outflow as well as water quality impacts are unfounded.
Carryover of storage water within reservoirs is one of many factors within the EIS/EIR, TOM and CalSim
II that lacks a description of application. In other words there is no detail provided on where each of the
water volumes in TOM are derived (e.g. groundwater vs. stored water). As a result of streamflow
depletion from Groundwater Substitution Measures, the EIS/EIR identifies that small decreases in water
supplies to users could occur when the stored reservoir release transfers decrease carryover storage in
reservoirs. These operational controls are very important to how storage facilities would operate during
extended dry periods. These operational assumptions within the modeling are not described in the
EIS/EIR text or models. Therefore, carryover along with other operational assumptions associated with
the Long-Term Water Project is not properly assessed and the resulting operational Water Supply
impacts could be significant; these potential and probable impacts to Water Supply are not analyzed in
the EIS/EIR for Groundwater Substitution Measures.
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Summary of Impact Assessment
Impacts to Water Supply from the Water Operations Assessment are not fully quantified. The improper
accounting of water under Groundwater Substitution Measures results in insufficient control on water
accounting such that water lost from river flow due to both the impairment of accretionary groundwater
flow to support Project operations and the direct losses from river flow to groundwater extraction wells
in the Groundwater Substitution program may be counted twice or more. Evaluation of the effects on
Water Supply from the Groundwater Substitution Measures requires adequate and accurate analysis of
what the sources of water in Water Supply and what appropriate streamflow depletions are for
Page | 24

53

Review and Comment
On Long-Term Water Transfers EIS/EIR of September 2014

Groundwater Substitution Measures on top of existing conditions to assess short-term and long-term
effects on Water Supply from Long-Term Water Transfers. Further the use of Groundwater Substitution
Measures has important impacts to Water Supply in regard to operational flexibility. These have been
rated to be Less Than Significant in the EIS/EIR but given the substantive errors noted in assessing
available water for Long-Term Water Transfers this likely deserves re-examination.

53

Proposed Mitigation
Due to the improper accounting of water in Water Supply, the proposed mitigation WS-1 is inadequate
to mitigate the likely impacts to water availability and water flows into and through the Delta during
three important periods of time: (1) the period of Groundwater Substitution pumping, April thru
September; (2) the Water Transfers window, July thru September; and, (3) the period following the
Water Transfers window, October to April.
The Proposed Mitigation WS-1 to address streamflow depletion resulting from Groundwater
Substitution Measures is ill defined and will not adequately mitigate the impacts to Water Supply.
Due to the lack of a specific formulation for the proposed Water Supply mitigation, WS-1, it is
unpredictable how the mitigation will be applied. The EIS/EIR references Draft documents on Technical
Information for Preparing Water Transfer Proposals (October 2013).39 Those documents identify the
need for estimating the effects of transfer operations on streamflow and describe the use of a
streamflow depletion factor; however they provide no basis for Project Agency approval nor for transfer
proponents to submit site-specific technical analysis supporting a streamflow depletion factor. That
document which is completely relied upon in establishing proposed mitigation, WS-1, states that:
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“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.”40
This future action provides no established or predictable basis for the mitigation of streamflow
depletions due to Groundwater Substitution Measures. Due to the improper accounting of water in both
the groundwater and surface water supply models utilized for Water Supply analysis, reliance upon
these models or the analysis in this EIS/EIR by the Project Agencies would result in inappropriate
estimation of the streamflow depletion factors utilized. Examples of best available science
methodologies for quantifying streamflow depletion factors for Water Supply are provided in
Attachment A . They result in short-term streamflow depletion factors ranging from in short-term SDF
ranging from 8% to 22% of the Groundwater Substitution Measures proposed in the EIS/EIR and longterm cumulative SDF ranging from 34% to 108.5% of annual pumping based on evaluation of the 6-year
drought from 1987 to 1992
The mitigation proposed for loss of Water Supply, WS-1, due to Groundwater Substitution transfers is
insufficient. It does not adequately account for the impact from the resulting reductions of water
available in the rivers and groundwater due to the improper accounting of water in the EIS/EIR analyses.
39

Department of Water Resources and Bureau of Reclamation, 2013. DRAFT Technical Information for Preparing Water
Transfer Proposals – Information to Parties Interested in Making Water Available for Water Transfers in 2014, October.
40
Ibid, at p. 33.
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As detailed in our analysis the mitigation measure proposed has no basis in fact, and if it did the project
proponents would find that mitigation of the impacts from Groundwater Substitution Measures are not
likely to meet the Project Purpose and Need and the Project Objectives.

58

Water Quality
Groundwater Substitution Measures for Long-Term Water Transfers effects on Delta outflows and water
quality are not properly considered in the EIR/EIS. The EIS/EIR rates the effects on Delta outflows and
the impact to Delta Water Quality as Less Than Significant based on improper accounting of water. The
effects and impacts are likely to be Significant and thus will require mitigation.
Potential Impact
Statements from Table
ES-4
Water transfers could
change Delta outflows and
could result in water quality
impacts.

Related
Alternative(s)

2, 3, 4

Significance
to CEQA

LTS

Proposed
Mitigation

None
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Significance After
Mitigation Pursuant to
CEQA

LTS

The analysis of Environmental Consequences/Environmental Impacts is not done accurately nor with a
complete conceptual model of the interactive groundwater and surface water system depletions that
would affect the Federal and State water projects, CVP and SWP, to meet Water Quality requirements.
As noted previously the analysis of components for Water Supply is improperly conceptualized and yet
finds that streamflow depletion of significance can occur and must be mitigated by application of an
appropriately calculated SDF.
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Again from page 3.1.6 in Section 3.1.2.4.1 the EIS/EIR states:
“Transfers would not affect whether the water flow and quality standards are met…” but
only Reclamation and DWR water supplies”

The EIS/EIR anticipates hypothetically that if the streamflow depletion resulting from Groundwater
Substitution Measures results in decreased river flows then USBOR and DWR would modify operations
by decreasing Delta exports or release of additional water from reservoirs to meet Delta outflow and/or
water quality standards; however as documented in Attachment D herein the Federal and State projects
were unable to maintain these standards in 2013 due to dry year conditions and a lack of available instream flow and releases of water.
Under Assessment Methods at page 3.2-27 in Section 3.2.2.1.1 states that quantitative analysis relies on
hydrologic modeling estimated changes in river flow rates and reservoir storage for the CVP and SWP
reservoirs and the rivers they influence. The quantitative analysis is left to Appendix B but the main body
states that:
“If the changes are small and within the normal range of fluctuations (similar to the No
Action/No Project Alternative) for that time period, it is … assumed that any water quality
impacts would be less than significant”

According to the EIS/EIR:
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“CalSim II is the latest version of CalSim available for general use. It represents the Central
Valley with a node and link structure to simulate natural and managed flows in rivers and
canals. It generates monthly flows showing the effect of land use, potential climate change,
and water operations on flows throughout the Central Valley.” 41

With Closure Terms to rectify storage and flow on the order of millions of acre-feet per year (as much as
3,000,000 AFY during the model periods simulated for the EIS/EIR), CalSim II is not an adequate tool for
assessing whether flow and required storage changes under the proposed Groundwater Substitution
Measures are small, normal or significant to enable the assumption of insignificant water quality
impacts. Further CalSim II works on a coarse monthly time-step to assess SWP and CVP operations.
However, water quality and ecosystem management decisions require a more detailed weekly or daily
time-steps to properly account for potential water availability and timing impacts. CalSim II is not the
appropriate modeling system to assess the Long-Term Transfer Project which will cause daily flow
changes that require water quality and ecosystem management decisions to mitigate impacts before
they occur and does not represent best available science (see earlier comment on CalSim III under
Water Supply).
Contracted Reservoir Releases by the Sellers may be diminished by streamflow depletions from current
pumping conditions in areas where groundwater saturation falls below the river stage adjoining under
existing conditions. These depletions of water available for transfer via Reservoir Releases and are not
quantified in the EIS/EIR. The effect of these baseline conditions impacts the availability of water to be
transferred down the Sacramento River and through the Sacramento San-Joaquin Rivers Delta to the
CVP and SWP pumping stations that pump water south via their respective aqueducts, the DeltaMendota Canal, and the California Aqueduct.
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The quantitative analysis of potential Water Quality impacts to the Sacramento-San Joaquin Delta is
provided in Appendix C. Appendix C states at page C-2 that:
“The Delta Conditions analysis is performed with the Delta Simulation Model 2 (DSM2).
DSM2 setup relies on the output of three additional tools for this Project: CalSim II, the
Transfer Operations Model (TOM), and the Delta Island Consumptive Use model (DICU
model). CalSim II outputs simulating California’s water delivery system to the Delta are used
to supply inflow and export boundary conditions to DSM2.”
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Use of a CalSim II model with monthly outputs that are crude approximations of actual system
performance at best renders use of these outputs to create daily approximations that are supplied to
DSM2 useless in assessing the potential for water quality impacts from proposed Groundwater
Substitution Measures that will impair the actual timing of surface-water baseflow as a result of
streamflow depletion and the quantity of water available to meet Delta Water Quality requirements.

Proposed Mitigation
Our review finds that the Less Than Significant assessment in the EIS/EIR lacks sufficiently accurate
analysis as to available flows and storage of water in the Sacramento River watershed by virtue of the
precision of the models used in the quantitative assessment. Mitigation is likely required to assure

41

EIS/EIR Public Draft Under Review at page C-5
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sufficient baseflow and stored water availability for CVP and SWP operating requirements for Water
Quality.

64

Terrestrial Resources
Potential Impact
Statements from Table
ES-4

Related
Alternative(s)

Significance to
CEQA

Groundwater substitution
could reduce stream flows
supporting natural
communities in small
streams

2, 3

S

Proposed
Mitigation

GW-1

Significance After
Mitigation Pursuant
to CEQA

LTS

Assessment methods in the EIS/EIR for riparian, wetland, and natural in-stream community (e.g. fauna in
the hyporheic zone such as Caddis fly larvae) impacts include SACFEM2013. Reportedly SACFEM2013
predicted changes in groundwater elevations over time were used to assess the potential impacts of
groundwater depletion on stream flows in small tributaries and associated natural communities.
However, it should be noted that in wetland and riparian habitats, groundwater typically ranges from
eight feet to just below the ground surface Faunt (2009).42 As noted previously under the discussion of
Groundwater Resources evaluations, SACFEM2013 contains an unusual model construction feature
using model “Drains” with respect to riparian habitats consumptive use of water, its evapotranspiration
of water, and groundwater discharge to land surface outside of a recognized and model surface water
course. Drains were set at land surface rather than at root zone depth. Thus SACFEM2013 is highly
imprecise in its ability to discern where and how much a riparian or riverine habitat is utilizing
groundwater or residual soil moisture (see earlier commentary on the decoupling of the soil moisture
model from the SACFEM2013 groundwater model)
The EIS/EIR notes that:
“…groundwater modeling results indicate that shallow groundwater is typically deeper than
15 feet in most locations under existing conditions, and often substantially deeper…”43

Modeling is not the best available science for this analysis when empirical data are available to assess
actual or anticipatable depth to a phreatic surface or the capillary fringe of water rising above the
phreatic surface in native sediments and soils. For example groundwater elevations of Spring 2013
depicted on Figure 3.3-4 along the Sacramento River main stem from Red Bluff, California to roughly
Princeton, California are above the streambed elevations. This indicates that the Sacramento River is
gaining flow from accretionary flows of groundwater in this lengthy reach, and the phreatic surface of
groundwater would be expected to be eight feet or less below ground surface along the riparian
corridor of the river with possible wetlands. Similarly groundwater elevations depicted on Figure 3.3-4
42

Faunt, C.C., ed., 2009, Groundwater Availability of the Central Valley Aquifer, California: U.S. Geological Survey Professional
Paper 1766, 225 p

43

EIS/EIR Public Draft at page 3.8-32
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along the Feather River from Oroville to Live Oak are above the streambed elevations. Conditions for the
riparian corridor and potential wetlands may exist based on these data. The areas where groundwater
elevations are below the elevation of the bottom of river courses was noted in the discussion of
Groundwater Resources; yet an analysis of near river and stream course depths to groundwater or the
capillary fringe can be reasonably estimated from the data. Data are better than models for current or
historic conditions analysis.
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Terrestrial Resource impacts are not properly accounted in the EIS/EIR due in part to the imprecision
and inability of the models to assess dehydration of the soils and groundwater aquifer adjoining streams
and large rivers.

Proposed Mitigation
Proposed Mitigation GW-1 is not quantified or quantifiable as to what groundwater pressure decreases
will constitute an impact to natural communities in and near small streams in the Seller Service Area.
The groundwater elevation changes within a conceptual monitoring plan that would be necessary to
mitigate stream flows supporting natural communities in small streams under proposed mitigation, GW1, must be quantifiable or else the proposed mitigation is insufficient to reduce the impacts from
Groundwater Substitution Measures. The proposed mitigation, GW-1, is not sufficiently quantified in the
EIS/EIR nor in the Groundwater Management Plans (GWMPs) referenced. Existing GWMPs do not
contain quantified year on year metrics for subbasin depletion and refill within acceptable ranges to
sustain primary functions like support for natural communities.
Potential Impact
Statements from Table
ES-4
Transfer actions could alter
flows in large rivers, altering
habitat availability and
suitability associated with
these rivers

Related
Alternative(s)

Significance to
CEQA

2, 3, 4

LTS

Proposed
Mitigation

None
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Significance After
Mitigation Pursuant
to CEQA

LTS

Much of the discussion of small streams is applicable to large rivers. Additional considerations are noted
in the following discussion that demonstrate a finding of Less Than Significant is apparently due to a
faulty analysis of the type of impacts, and their foreseeable magnitude and likelihood of creating
Significant impact to habitat supported by large rivers.
Water transfers would affect flows in the rivers and creeks adjacent to and downstream of the areas
where transfer activities (of all kinds) would occur. Changes in stream flows that would result within the
Seller Service Area may affect natural communities, such as riverine, riparian, seasonal wetland, and
managed wetland natural communities, which are reliant on CVP and SWP operational outcomes with
Water Transfers such as surface-water flow velocity, surface-water quality (in particular water
temperature both released and exchanged with groundwater), and the accretion or depletion of
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groundwater near surface. These operational outcomes and effects could propagate downstream of the
areas/locations where pumping occurs.
The extraction scenarios proffered in the EIS/EIR will cumulatively over time and space reduce the
available accretionary flow of groundwater to the large rivers in addition to the loss of water directly
from the adjoining large river, where proximate to a well or wells, to satisfy the capture of water by
groundwater extraction wells used for Long-Term Water Transfers as Groundwater Substitution
Measures.
Releases of storage water within reservoirs is one of many factors within TOM and CalSim II that lack a
sufficient description for the analyses required here for natural habitat flow requirements. An adequate
form of model would incorporate anticipated timing of natural flow impacts and controlled releases for
Water Transfers. Again the best available science would include implementation of the IWFM simulation
code to an appropriately configured model. Due to the IWFM codes ability to account stream flows
dynamically in the simulation code’s algorithms the timing and magnitude of flows could be quantified.
From this foundational quantification additional models on river flow velocities, bed scour,
temperatures and other attributes of Seasonally Varying Flow (SVF) that has been found to be essential
to riverine habitat.44 In other words there is no detail provided on where each of the water volumes in
TOM are derived (e.g. groundwater vs. stored water). As a result of streamflow depletion from
Groundwater Substitution Measures, the EIS identifies that small decreases in water supplies to users
could occur when the stored reservoir release transfers decrease carryover storage in reservoirs. These
operational controls are very important to how storage facilities would operate during extended dry
periods.
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Proposed Mitigation
A reanalysis of the potential impacts of Water Transfers is required using best available science to
ascertain the magnitude of potential impacts, system operational constraints on those impacts, and the
method and implementation of mitigation, if needed.
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Fisheries
The findings of Less Than Significant for Fisheries is not supported by the analytical tools based upon the
preceding analyses of Groundwater Resources and Water Supply and should be revisited as to
availability of water to support riparian and hyporheic zones along the waterways for habitat support for
species of special interest identified in Section 3.7.1.2 and as to timing and quantity impacts of river
flows due to streamflow depletions evaluated under Water Supply.

44

Risley, John, Wallick, J.R., Waite, Ian, and Stonewall, Adam, 2010, Development of an environmental flow framework for the
McKenzie River basin, Oregon: U.S. Geological Survey Scientific Investigations Report 2010-5016, 94 p.
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ATTACHMENT A
STREAMFLOW DEPLETION CALCULATIONS USING USGS STRMDEPL08
FOR SELECT GROUNDWATER SUBSTITUTION TRANSFER WELLS
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Development of Streamflow Depletion Factors for Select Wells
The USGS released in 2008 a numerical code, STRMDEPL08, that solves the analytical solutions of Theis,
1941, Hantush 1954, Hunt 1999, and Hunt 2003 for groundwater interaction with nearby streams. One
of the key advantages to STRMDEPL08 is the ability to use time varying flow rates and shorter time steps
down to one half of a calendar month.
Six wells in close proximity to streams based upon the input arrays provided for SACFEM2013. The
distance to the nearest stream or river was calculated in GIS to the polylines for surface water bodies
provided in response to the Delta Water Agency for model input datasets. This was generally found to
be a greater distance than represented by the nodal structure of surface water nodes in SACFEM2013
vs. the groundwater extraction well nodes. Hence this is a conservative estimate of configuration with
regard to expected streamflow impact (the distance of an extraction well from a stream is a key
determinant in the timing and magnitude of the streamflow depletion)
Streambed thickness was set at 1 meter per the model documentation. Stream widths were as provided.
Additionally the streambed vertical conductivity was as specified in the SACFEM2013 model dataset.
These values were found to range from 1 meter/day to 0.1 meter/day which does not correspond to the
Appendix D documentation but was used anyway.
The pumping stress was applied for the extended drought period of 1987 to 1992 for each well. The
pumping rate applied for each well was derived from the information provided by the Bureau of
Reclamation for their TOM operational analysis model. The total water available for extraction and
transfer by the six entities (Sellers) for which a well was evaluated was used. The rate for the well was
estimated by dividing the total quantity transferable by the number of wells owned (e.g. Pelger Mutual
Water Company). It was then further modified by applying an estimate of Evapotranspiration on the
average climatic zone of Yuba City. Groundwater extraction was thereby curved from April to
September, the period of water demand for crops in that climate.
The results for 6 wells are depicted on the following pages, first by fraction of annual pumping per
month, and then by cumulative extraction by pumping year. The carryover of depletions produces
cumulative losses of more than 100% in certain years based upon the annual variability in pumping
rates.

Review and Comment
On Long-Term Water Transfers EIS/EIR of September 2014

ATTACHMENT B
OVERVIEW OF IWFM SIMULATION CODE CAPABILITIES
AND C2VSIM-CG MODEL CONDITIONS ASSESSMENT FOR STREAMFLOWS
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Overview of IWFM
The Integrated Water Flow Model (IWFM) is a fully documented FORTRAN based computerized
mathematical model that simulates ground water flow, stream flow, and surface water – ground water
interactions. IWFM was developed by staff at the California Department of Water Resources (DWR). IWFM
is GNU licensed software, and all the source codes, executables, documentation, and training material,
are freely available on DWR’s website.
The hydrological processes that are simulated in IWFM are the groundwater heads in a multi-layer aquifer
system, stream flows, lakes (open water bodies), direct runoff of precipitation, return flow from irrigation
water, infiltration, evapotranspiration, vertical moisture movement in the root zone and the unsaturated
zone that lies between the root zone and the saturated groundwater system.
The interaction between the aquifer, streams and lakes as well as land subsidence, tile drainage,
subsurface irrigation and the runoff from small watersheds adjacent to model domain are also modeled
by IWFM.
IWFM is a water resources management and planning model that simulates groundwater, surface water,
groundwater-surface water interaction, as well as other components of the hydrologic system. Preserving
the non-linear aspects ofthe surface and subsurface flow processes and the interactions among them is
an important aspect of the current version of IWFM.
Simulation of groundwater elevations in a multi-layer aquifer system and the flows among the aquifer
layers lies in the core of IWFM. Galerkin finite element method is used to solve the conservation equation
for the multi-layer aquifer system. Stream flows and lake storages are also modeled in IWFM. Their
interaction with the aquifer system is simulated by solving the conservation equations for groundwater,
streams and lakes simultaneously.
An important aspect of IWFM that differentiates it from the other models in its class is its capability to
simulate the water demand as a function of different land use and crop types, and compare it to the
historical or projected amount of water supply. The user can specify stream diversion and pumping
locations for the source of water supply.
User-specified diversion and pumping amounts can be distributed over the modeled area for agricultural
irrigation or urban municipal and industrial use. Based on the precipitation and irrigation rates, and the
distribution of land use and crop types over the model domain, the infiltration, evapotranspiration and
surface runoff can be computed. Vertical movement of the soil moisture through the root zone and the
unsaturated zone that lies between the root zone and the saturated groundwater system can be
simulated, and the recharge rates to the groundwater can be computed.

Overview of C2VSim- CG
C2VSIM-CG Boundaries and Grid
The model encompasses approximately 20,000 square miles. The finite-element grid has 1393 nodes,
1392 elements.

Model Layering
There are three explicit groundwater layers in C2VSim with two aquitards layers between the three layers.
The bottom of layer 1 was specified to attempt to maintain a minimum saturated thickness of 100 ft
except at the model lateral boundaries. The bottoms of layers 1 and 2 were set to incorporate the depth
of most groundwater extraction well screens into one or both layers. The bottom of layer 3 was set at the
base of fresh water

C2VSIM Land Use Process
For the land use process module C2VSIM defines 21 subregions that correspond to the Joint DWR-USBR
Depletion Study Drainage Areas (DSAs)
The land use type modules that are simulated in the model are:
•
•
•
•

Agriculture
Urban
Native
Riparian

Watersheds and Streams
Major watersheds have gaged flows to C2VSIM
streams. Minor watersheds are treated using IWFM
Small Watersheds process module.

The model incorporates 72 stream reaches and 97
surface water diversion points. There are two
lakes within the model domain. There are also

eight flood water bypass canals modeled as surface water diversions in the domain but with their own
hydraulic characteristics to differentiate them from other diversion points.

Model Input Parameters
Precipitation Stations and Zones
The model inputs were derived from 32 precipitation stations. Monthly precipitation data from October
1921 to September 2009 were input to the model. Elemental multipliers were used to match the monthly
precipitation arrays from the Precipitation Regression Inverse Slope Model (PRISM) 1971-2000 from
Oregon State University

Hydraulic Parameters
Horizontal hydraulic conductivity
• 20 – 80 ft/day in layers 1 and 2
• 5 ft/day in layer 3
Vertical hydraulic conductivity
• 5x10-5 – 1x10-3 ft/day
Specific yield
• 0.12 – 0.18
Specific storage
• 2x10-5 ft-1

C2VSIM calibration
C2VSIM calibration was done in an organized sequence of steps. The first step was to update the
Conceptual Model for:
•
•
•
•
•
•
•

Small watershed delineation
Precipitation data and stations
Model Layering and Thicknesses
Initial heads
Stream-bed elevations
Rainfall Runoff Uniform Curve Numbers
Agricultural root-zone process

The calibration data used included:
•
•
•
•
•
•
•

1976 water level maps for layers 1 & 2
Head observations at 221wells
Single screen coincides with model layering
Measurements before 1977 and after 1997
No more than one well per model element
Vertical head gradients at 9 locations
Average stream accretions and depletions

Calibration was done using PEST with Pilot Points to do inverse parameter fitting to achieve best estimates
of parameters to fit through observations (i.e. field data). The calibration sequence used was:

1. Land use process
• Agricultural root-zone process
• Curve numbers
2.
•
•
•

Groundwater flow system
Hydraulic conductivity of layers 1 & 2
Vertical anisotropy
Specific yield in layer 1

3. Surface water flow system
• Stream-bed conductivity

Calibration Results
Water Levels:
• Layer 1 generally good
• Layer 2 high beneath Corcoran Clay
Spatial correlation of head residuals
• Reasonable in Sacramento Valley (low on western edge)
• Low in western San Joaquin Valley
• High beneath Corcoran Clay
• Simulated water level trends match observed water level trends on a regional basis

Water Budget Items
C2VSIM shows net groundwater discharge to streams. C2VSIM simulated stream accretions and
depletions have same sign as observed, and magnitude is close

