Public Comment
Bay Delta Plan Workshop 3
Deadline: 10/26/12 by 12 noon

Jeanine Townsend

Clerk to the Board P ECEIVE FJ
State Water Resources Control Board \ L
P.O. Box 100 10-26-12
Sacramento, California 95812

SWRCB Clerk

RE: Bay-Delta Workshop 3: Analytical Tools

October 26, 2012

Dear Ms. Townsend:

American Rivers is providing comments in response to the State Water Resources Control Board’s
(“Board’s”) notice dated June 22, 2012, in which the Board presented the schedule for a series of
workshops on particular topics associated with its review and potential revision of the 2006 Water
Quality Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary (Bay-Delta Plan).
This letter addresses the topics to be discussed in the third workshop, Analytical Tools for evaluating the
water supply, hydrodynamic, hydropower Effects of the Bay-Delta Plan, and responds to the two
qguestions the Board posed in the June 22, 2012 notice.

Question one: what types of analyses should be completed to estimate the water supply,
hydrodynamic, and hydropower effects of potential changes to the Bay-Delta Plan?

1. The Board should take utilize the logic chain approach as a framework for organizing adaptive
management of the Bay-Delta Plan. The logic chain is an approach developed by American
Rivers and the Bay Institute for the Bay Delta Conservation Plan (Attachment 1). The approach
was reviewed and validated by an independent scientific panel convened by the Delta Science
Program for BDCP (DSC Panel, 2010). The Board should require that the BDCP use the logic-
chain to structure the BDCP adaptive management framework.

2. The Board should use the Delta Regional Ecosystem Restoration Implementation Plan process
(DRERIP) for evaluating and testing proposed adaptive management measures. The DRERIP
approach and DRERIP conceptual models were developed over the course of several years by
the CALFED Science program and later the Ecosystem Restoration program with extensive input
from the fish and wildlife agencies (DRERIP, 2008). http://www.dfg.ca.gov/ERP/DRERIP.asp

3. The adaptive management element of the Bay-Delta Plan should adopt an iterative approach for
testing, assessing, and revising conservation measures designed to protect public trust
resources. Adaptive management is an iterative approach as illustrated by the circular adaptive
management diagram described in the Delta Stewardship Council’s Draft Delta Plan, which has
been presented to you by previous expert panelists in workshops number one and two.


http://www.dfg.ca.gov/ERP/DRERIP.asp

Adaptive management will be much more effective if it is practiced deliberately and strategically
using the logic-chain and the DRERIP evaluation process. American Rivers recommends the
boards utilize the following ten step approach on a periodic basis to continuously refine and
revise conservation measures, including flow measures.

The Board should consider the availability of alternative water supplies and water transfers in
determining water supply impacts of potential changes to the Bay-Delta plan. The Board should
specifically model reservoir reoperation, including change in the flood reservation and
conjunctive management of surface and groundwater supplies. Previous studies have
demonstrated that conjunctive management can improve water supply yields for both
consumptive and environmental flows (NHI et. al, 2011; NHI, 1998) In conducting these
analyses, the Board should build on the modeling approach in certain BDCP alternatives (CS5,
Alternative 7a, and Alternative 8 proposed by SWRCB staff) that shows that it is possible to
substantially increase winter/spring outflow without adversely or significantly affecting reservoir
storage and upstream protections for salmonids.

The Board should conduct an integrated water management analysis to determine how
expanded floodways could enable changes in the flood reservation rules for upstream reservoirs
in a manner that improves water supply reliability without compromising public safety.
American Rivers has already conducted a pilot analysis of this approach for the San Joaquin
Basin. A draft report describing this method and results from our pilot study are attached as
Appendix B to this comment letter.

The Board should compare flow alternatives, including alternatives based on a percentage of
unimpaired flows approach, to the flow needs of key species. Similar to what the Board did in
2010, we recommend that they first aggregate the flow needs of key species and then compare
those needs with other alternatives to see how well they meet the duration, frequency,
magnitude, and timing of flow needs of species. In addition to the unimpaired flows approach,
the Board should develop alternatives that mimic the natural spring hydrograph while avoiding
the potential for severe declines in reservoir storage that could harm public trust resources. See
paragraphs 8 and 9 below for more detail on how to develop alternative flow regimes that
mimic the natural flow regime.

To the extent that the beneficial uses may conflict, or the Board is otherwise required to balance
the needs of public trust resources and consumptive uses in revising water quality objectives,
the Board should first identify the ecological flow needs of public trust resources. If reservoir
releases for ecological flow needs result in undesirable impacts to other beneficial needs, the
board should then consider reservoir and water management strategies such as conservation to
mitigate impacts to other beneficial uses. If the board eventually determines that innovative
reservoir and water management strategies do not sufficiently mitigate impacts to other
beneficial uses, the board should only then consider balancing the ecological flow needs of



public trust resources against other beneficial uses using the approach identified in
recommendation number 9 below.

8. To the extent that the Board determines that limiting ecological flows may be necessary to
minimize the conflict between beneficial uses, the Board should then identify the most
important ecological needs (i.e. instream temperature regulation, flood plain inundation, or
spring pulse flows), develop measurable objectives that specify timing, duration, magnitude, and
frequency of flows necessary to achieve these objectives, and then develop a revised flow
regime designed to meet these objectives with less impact on other beneficial uses.

American Rivers recommends the following approach to developing flow regimes that best
balance the needs of ecological flow regimes and other beneficial uses: Develop ecological flow
budgets for five or six year classes (wet, above normal, below normal, dry, critical high, and
critical low)" and then shape the ecological flow budget into daily or weekly environmental
hydrographs for each year type that are designed to best achieve the most important ecological
objectives within the ecological flow budget for each year class. These environmental
hydrographs should then be modeled as instream flow requirements on a monthly time step for
the period of record. If the demand imposed from the environmental flow hydrographs still
results in undesirable reservoir level declines in some years, the model should then be
constrained to limit irrigation deliveries and environmental flow releases when reservoir levels
drop below a specified threshold on March 1. This analysis should be run iteratively to identify
an optimal balance between environmental flow releases, reservoir levels, and other beneficial
uses.

9. The optimized environmental flow hydrographs developed for each year class should then be
converted into a “continuous line hydrograph” using the procedure described in Draft Operation
Guidelines for Implementing Restoration Flows that was developed for the San Joaquin River
Restoration Program (SJRRP, 2008).

10. The Board should conduct an analysis of the frequency, timing, and area of floodplain
inundation for various alternatives. To conduct this analysis, the Board should use an approach
developed by American Rivers that quantifies the area and annual frequency of inundated
habitat for various flow regime alternatives. This approach generates area-duration-frequency
curves for various flow regimes and compares estimated annual habitat curves (EAH) for
different flow regime scenarios. This approach is described in Appendix B to this comment
letter.

Question two: What analytical tools should be used to evaluate these effects? What are the
advantages, disadvantages, and limitations of these tools?

! Year classes should be divided according to exceedance values roughly as follows (wet - 80 percent exceedance,
above normal — 50 to 80 percent, dry — 20 to 50 percent, critical high — 5 to 20 percent, and critical low — less than
5 percent exceedance.



1. The Board should use a hydraulic model to evaluate the frequency and area of floodplain
inundation, particularly for the lower San Joaquin River. American Rivers recommends the HEC-
RAS model developed by the USACE for the lower San Joaquin and modified by Newfields River
Basin Services for DWR.

2. Environmental Flows Model (EFM) developed by the USACE to calculate the frequency,
duration, and timing of specific flow objectives for varying hydrologies.

3. The Board should use models like the Water Evaluation and Planning (WEAP), CALVIN or another
approach. The Board should not simply rely on CALSIM due to its inability to consider demand
reduction strategies such as conjunctive use, water conservation, and water transfers. Water
supply models such as WEAP should be utilized first to identify the best strategies for balancing
water supply and public trust resources and then identify the economic impacts various
environmental flow scenarios utilizing and economic optimization such as CALVIN.

Thank you for this opportunity to provide written comments. | have attached a list of references and
submitted the new document referenced above in form requested by the Board. American Rivers looks
forward to the upcoming workshops. If you have any questions about our comments or about the
material attached, please contact me at (510) 388-8930.

Sincerely,

gma.,-,

John Cain
Conservation Director
Bay-Delta and Flood Management
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Appendix A: Eightfold Path to Adaptive Management for a Bay-Delta Plan

1. Develop and/or refine SMART objectives identify assumed stressors that presently limit
attainment of the objectives (hypotheses re: what’s causing fish decline in the Delta). Develop
stressor reduction targets that would be sufficient to significantly reduce the assumed stressor.
Identify specific conservation measures, including changes in the flow regime, to achieve
stressor reduction targets.

2. Utilize the DRERIP evaluation process to determine the magnitude and certainty of positive and
negative stressor reduction outcomes associated with conservation measures. Evaluate risk,
reversibility, and opportunity to learn from each action as well as an estimated timeline from
project initiation to development of outcomes. Use quantitative models as appropriate to
guantify outcomes and inform the DRERIP evaluation.

3. Complete the DRERIP evaluation process by inputting information from step two into DRERIP
vetting process. This sorts conservation measures into four bins:
a. Full scale implementation (Tier 1 actions)
b. Pilot project (Tier 2 actions)
c. Targeted research (Tier 3 - low certainty/high to medium magnitude)
d. Discard. Note that discarded measures can be substantially revised and reevaluated.
4. Compare magnitude and certainty of Tier 1 measure outcomes to total stressors reduction
targets in step 1, identify gaps, and then refine or develop new conservation measures to fill
those gaps.

5. Run new or modified conservation measures through the DRERIP vetting process and revise Tier
1 action plan as appropriate.

6. Assemble all Tier 1 projects into an “Implementation Action Plan” and then sum-up the
projected outcomes into a credible estimate of the overall impact in short-term, mid-term, and
long-term (this may be a numerical estimate, but will more likely have a qualitative aspect to it).
This will be the plans estimated contribution to ecosystem recovery.

7. Assemble all Tier 2 and Tier 3 measures and develop an “Uncertainty Reduction Plan” by which
lessons learned from these can contribute to full-scale implementation or abandonment of Tier
2 and 3 conservation measures. ldentify how information gained from these projects will be
useful in developing/refining life cycle analysis or other models to help reduce uncertainty over
time.

8. Revise objectives and develop performance metrics based on information developed from
previous 7 steps. Repeat steps 1-8 for revised objectives.



9. Based on collective learning from previous eight steps — design scientific decision-making
process (“Adaptive Management Plan”) for moving forward.

10. Compile Tier 1 Implementation Action Plan, “Uncertainty Reduction Plan,” and “Adaptive
Management Plan” into the Bay-Delta plan and the BDCP permit application.



Appendix B: American Rivers Comments to SWRCB Workshop #3

Quantifying the Benefits of Expanded Floodways

An approach to multi-benefit river corridor evaluation
informed by a pilot study on the San Joaquin River

Problem Statement

Integrated water management planning to achieve multiple objectives with new investments is the
official policy of the state of California and the underlying premise of several major planning efforts
including the Central Valley Flood Management Plan (CVFMP), the Bay Delta Conservation Plan (BDCP),
and the Delta Plan. Each of these planning efforts identifies the creation of floodplain habitat as a
critical element of success. Floodplain creation for these efforts will require expansion and/or
reorganization of the physical footprints of the San Joaquin River, Sacramento River, and Delta corridors.
Despite the fact that each of these efforts (among others with significant floodplain habitat goals) is well
underway, a clear and widely-applicable approach to 1) defining necessary modifications to existing river
corridor footprints, and 2) systematically evaluating the three primary benefits (water supply, flood
management, and ecosystem) of the modified system has remained elusive. Without such an approach,
it will be difficult, if not impossible, to plan and design projects to systematically achieve these multiple
benefits.

This study proposes an approach to evaluating these three benefits and demonstrates its use through a
pilot study of an expanded footprint on the lower San Joaquin River, where we hypothesized that an
expanded river corridor footprint could measurably improve flood management, increase water supply
reliability, and improve ecosystem conditions. Our approach requires three primary inputs (peak flow
hydrology, daily hydrology, and a modifiable river corridor footprint) and includes three types of
analyses (flood management evaluation, water supply evaluation, and ecosystem benefit evaluation).
We combined widely-accepted data and methods in this study, all of which are described in the
following sections and illustrated in Figure 2.
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Figure 1. Expanded Flood Corridor

Study Objectives

The objective of the study is to develop and demonstrate an approach for quantifying the flood risk
reduction, water supply, and ecosystem restoration benefits of expanding floodways along leveed river
channels.

Pilot Study Area Selection

We selected a reach of the lower San Joaquin River between Vernalis and Old River as a test case for
evaluating the benefits of an expanded river corridor footprint for the following reasons:

1. Itis a known bottleneck for the San Joaquin River flood management system and has failed
repeatedly during the last half century;

2. ltisincreasingly constrained due to recent and ongoing urbanization in levee-protected
floodplains in Manteca, Lathrop, and Stockton;

3. ltisinaregion shown by the USGS (Dettinger et al 2011) as likely to experience significantly
larger floods in the future as a result of climate change, particularly rising temperatures;

4. Hydrology and flow routing in this area are relatively simple compared to the Sacramento basin
due to the relatively small number of tributaries and unregulated run-off.



5. ltis easier to model reservoir management change in the San Joaquin basin relative to the
Sacramento basin, because the areas reservoirs are not relied upon to meet Delta outflow
objectives.

Methods

We developed several different scenarios to illustrate the range of potential benefits possible with an
expanded flood corridor and altered hydrology along the lower San Joaquin River and then used an
integrated set of analyses using existing analytical tools to evaluate the flood risk reduction, water
supply, and ecosystem benefits of each scenario.

We developed four distinct hydraulic scenarios including an expanded floodway and three different
reservoir reoperation scenarios. The expanded floodway scenarios enable reservoirs to safely release
larger flows prior to a forecasted flood and therefor justify reservoir reoperation scenarios with reduced
flood reservation requirements

Floodway and Hydraulic Scenarios:

1. Existing conditions: Existing channel and levee configuration combined with existing hydrology
and reservoir operations.

2. Existing floodway configuration with altered hydrology: Existing channel and levee configuration
with an altered hydrology and reservoir operation regime (described in the reservoir
reoperation scenario #3 below) designed to increase the frequency of floodplain inundation
without significantly disrupting water supply deliveries or reservoir reoperation.

3. Expanded floodway configuration (Figure 1) with existing hydrology: Setback or removed
levees along the San Joaquin between Vernalis and Mossdale, create a new flood bypass along
Paradise Cut, and setback levees on Fabian Tract. The assumed configuration routes more
water over the Paradise Weir and out to Grant Line Canal and the Old River, and creates flood
storage in Fabian Tract.

4. Expanded floodway configuration and altered hydrology: Floodway configuration identical to
scenario 3 and altered hydrologic regime as described in scenario 2.

Reservoir Re-operation Scenarios:

Existing conditions modeled (1950-2001).

Reservoir reoperation modeled (1950-2001): Assumes both reducing the flood reservation and
conjunctive use to transfer reservoir storage into groundwater storage. We justify the
reduction in the flood reservation by expanding the downstream floodway so that it can safely
accommodate larger objective releases®. The model assumes that the size of the minimum
flood reservation starting November 1* and extending through the flood season is half of what
is required under existing rules for New Melones, New Exchequer, and New Don Pedro. In
addition, the model establishes a lower maximum storage on November 1* and transfers any

2 Objective releases are the target reservoir release prior to and during a large flood.



water in excess of this maximum into a groundwater bank. This effectively increases flood
reservation on November 1%, but the reservoir is allowed to immediately fill to the new
minimum flood reservation rule described above.

3. Reservoir reoperation with increased instream flows: Assumes scenario two but with a
downstream flow target designed to create 14 days or more of inundated floodplain habitat in
all but the driest 20% of years.

The purpose of the three reservoir reoperation scenarios is to compare the water supply outcomes of
different reservoir reoperation scenarios that could be logically paired with floodway scenarios
described above. Either scenario two or three, which both decrease the flood reservation requirement,
can be paired with the expanded floodway scenarios because the expanded floodways allow reservoirs
to safely release higher flows before a forecasted flood, obviating the need for a larger flood
reservation.

Integrated Approach with Existing Analytical Tools

We developed an integrated “flow” of analyses (Figure 2) using available and widely accepted tools that
allowed us to iteratively evaluate the multiple benefits of an expanded flood corridor and altered daily
hydrology in the lower San Joaquin River. The inputs to this flow of analyses include flood corridor
geometry using best available topographic information (LiDAR data), flood hydrology (the CVFMP 50-
year hydrograph and the 1997 flood hydrograph), and daily hydrology (USGS records). We used daily
hydrology from the Vernalis gauge for the post Dam period (1979-present) to characterize existing
conditions and synthesized daily hydrology from monthly reservoir model outputs to describe an altered
hydrologic regime designed to increase the frequency of floodplain inundation. Using these inputs, we
applied a one-dimensional hydraulic model based on the Comprehensive Study (USACE 2002) HEC-RAS
model to measure both inundated floodplain area for a wide range of flow and flood stage for extreme
events.

We used the Water Evaluation and Planning (WEAP) model (SEI 2011) to predict how the different
reservoir reoperation scenarios change reservoir storage, water supply deliveries, and monthly reservoir
releases. We analyzed daily hydrology with the ecosystem functions model (HEC-EFM) (USACE 2011)
developed by the USACE to define the frequency and magnitude of duration events (1-day, 7-day, 14-
day, etc.) under the various hydrologic scenarios, and then correlated these flow magnitudes with
output from the hydraulic model to calculate the frequency and area of inundated habitat for various
duration events.

To quantify flood risk, we developed estimates of annualized levee failure probability. While annualized
expected damage is typically used in this type of analysis, we lacked reasonable economic data for the
reach and chose instead to examine failure probability for the reach which can then easily be used if
flood damage functions become available in the future. We defined the probability of levee failure
using levee fragility curves which relate the probability of failure, due to both overtopping and
geotechnical instability, to freeboard. The fragility curves were published by DWR in the most recent
version of the Central Valley Flood Protection Plan (CVFPP) (DWR 2012). Using the correlations defined
by the fragility curves for the lower reach of the San Joaquin River, we mapped the probability of failure



for each 10-foot segment of levee in both the existing and levee removal scenario. We then calculated
the average failure probability for the reach for each modeled flow and correlated this probability of
failure with the probability that the given flow may occur. By integrating the failure curves, we were
able to calculate annualized failure probabilities.

Performance Metrics

We evaluated performance using the metrics described in Table 1. We used fairly standard metrics for
flood risk reduction and water supply enhancement but we developed two new metrics for floodplain
inundation habitat — the area-duration-frequency (ADF) curve and the annualized expected habitat
(AEH). The ADF is a calculation of the area of inundated floodplain habitat wetted for a minimum
duration during the ecologically appropriate season (e.g. 14 days in the spring) as well as the annual
frequency at which the inundation occurs. The AEH values are the amount of floodplain habitat that
occurs in any given year and are calculated by integrating each ADF curve over the recurrence interval
(f=0to f=1) . The ADF and AEH could be used to predict habitat availability for a number of terrestrial
and aquatic plan and animal species, but we have constrained this analysis to estimating expected
habitat for rearing juvenile salmon and reproducing Sacramento splittail.
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Figure 2. Schematic depicting the analysis flow




TABLE 1: Evaluation Criteria for Expanded Floodway Analysis

Performance Metrics

Rationale

Flood Risk Reduction

Reduced Stage in Urban Areas
e Mossdale
e Head of Old River
e Brandt Bridge

Reducing stage in urban reaches far more important than
reducing stages in other reaches.

Reduced Stage in Rural Areas
e Paradise Cut at 5
e Paradise Cut at Paradise Rd.
e Old River at Middle River
e Old River at Tracy Blvd.
e Grant Line Canal at Tracy Blvd.

Provides information on how the hydraulics of the system
change with different scenarios. Not particularly useful as
measure of flood risk because surrounding areas are relatively
undeveloped .

Reduced Failure Probability in urban
reach between Mossdale and Stockton

Levee fragility is used as surrogate for risk, since flood damage
functions for this reach are not currently available.

Percent Increased Capacity

Surrogate for resiliency to characterize system performance in
large events that cannot be modeled without making
extraordinary assumptions.

Water Supply Reliability

Total Annual Deliveries (from Stanislaus,
Tuolumne, Merced, Fresno Chowchilla
Rivers, and new groundwater bank))

Ultimate measure of water supply performance.

Total Carryover Storage (six existing
terminal reservoirs plus a new 1 MAF
groundwater bank)

Surrogate for water supply reliability with implications for
hydro-power generation.

Vernalis Flow: Feb-May volume (TAF)

Ecological water supply reliability during critical period.

Ecosystem Function

Floodplain Inundation
e Maximum Potential Area
e Area Duration Frequency (ADF)
Curve
e Annualized Expected Habitat for
various duration events

Defines the relationships between three critical ecosystem
variables for the entire suite of possible combinations.
Maximum potential area refers to the hydrologically
connected floodplain.

Juvenile Salmon Habitat
e ADF for 14 days Dec.-May

Minimum inundation duration necessary to generate food and
habitat for juvenile salmon. Timing needs correction: should
be adjusted to February thru May, but we don’t expect
significant change in results.

Sacramento Splittail Reproduction
e ADF for 30 days Feb-June

Inundation duration necessary for spawning and juvenile
rearing.

Other Ecosystem Functions not evaluated
e Channel migration
e Channel complexity
e Hyporheic flow
e Riparian recruitment
e Other species

Channel migration, complexity, and subsurface flow cannot be
evaluated with study approach, but would clearly benefit from
expanded floodway and increased flood flow frequency.
Riparian recruitment and habitat potential for other species
could be tested with study approach, but were not evaluated
as part of this study.




Results

The results for each of the metrics identified in Table 1 are presented below.

Peak Flow Stage Reduction

Figures 3-5 compare peak flood stage under existing and expanded floodway scenarios throughout the
study area. Figure 3 shows the water surface elevation reductions at eight locations for the 50 year
recurrence interval flow. Flood stage along the urbanized mainstem of the San Joaquin River between
Manteca and Stockton declined nearly 2 feet at Mossdale, Head of Old River, and Brandt Bridge. Flood
stage is also reduced nearly 2 feet at the confluence of Middle River and the head of Old River. In
addition to reducing flood risk for the urbanizing areas, these stage reductions also reduce risk for
Robert’s Tract, which is home to numerous farmers who grow perennial crops. Stage reduction in these
areas is due to lower flood volumes resulting from the increased diversion of mainstem flows away from
the mainstem and into the expanded Paradise Cut bypass and eventually Grant Line Canal and lower Old
River.

Figures 4a-4d show water surface profiles for the 50-year flood along several different flow paths
including the mainstem, Paradise Cut, Old River, and Grant Line Canal. Figure 2a shows stage reductions
of up to 5 feet in the rural reach downstream of Vernalis and upstream of Highway 5 (station 9,000)
where major setbacks are implemented.

Because of the assumed modifications to the Paradise Weir, Paradise Cut receives a greater portion of
the total San Joaquin River flow under the proposed conditions. Due to levee setbacks and the general
widening of Paradise Cut, however, water surface elevations in Paradise Cut are generally lower under
the proposed conditions scenario. This is most dramatic in the vicinity of Paradise Road, where the
water surface reduction is over 2 feet. Near the Interstate 5 bridge, the reduction is negligible.

Despite the fact that more flow is routed into Grant Line Canal and Old River from Paradise Cut, flood
stages are generally lower in Grant Line Canal (Figure 4b), because all of Fabian Tract has been
converted into a floodplain and attenuation basin as part of the expanded floodway scenario. In lower
Old River, however, stage during the 50-year recurrence interval flow is increased by 5 feet. This
appears to be an artifact of how an altered Fabian Tract is represented in the model: the model
geometry results in floodwaters being routed out of Grant Line Canal across Fabian Tract and into the
constrained Old River channel. Results for both Grant Line Canal and lower Old River are less reliable
due to their relative proximity to the model boundary.



Figure 3: Water Surface Reductions at Eight Key Locations
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Figure 4a: Longitudinal Profiles of Water Surface Elevation, Mainstem San Joaquin River.
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Figure 4b: Longitudinal Profiles of Water Surface Elevation, Paradise Cut through Old River
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Figure 4c: Longitudinal Profiles of Water Surface Elevation, Mainstem San Joaquin River through Old River
through Middle River
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Figure 4d: Longitudinal Profiles of Water Surface Elevation, Mainstem San Joaquin River through Old
River through Grant Line Canal



Percent Increase in Flood Conveyance Capacity

Figure 5 compares existing and proposed peak stage conditions for the 50-year flow at Brandt Bridge on
the urbanizing mainstem San Joaquin River. The expanded lower San Joaquin River corridor can convey
28 percent more flow (13,600 cfs) than the existing conditions scenario without exceeding the 50-year
flow stage at Brandt Bridge. This is not an increase in hydraulic capacity at Brandt Bridge itself, but
rather an increase in the total system conveyance capacity associated with re-routing more of the peak
flow away from the urbanizing mainstem between Lathrop and Stockton and into Paradise Cut, resulting
in lower flows at Brandt Bridge for the 50-year peak flow. It is important to note that the flow at
Vernalis represents the entire flow in the San Joaquin River prior to routing through flow splits down the
four major distributary channels (Old River, Middle River, Grant Line Canal, and mainstem San Joaquin
River).

Water Surface at Brandt Bridge Versus Flow at Vernalis

16

14

——Existing Water Surface

—Proposed Water Surface

12

10

Water Surface at Brandt Bridge, Feet above Mean Sea Level

4 T T T T T T

0 10000 20000 30000 40000 50000 60000

Flow At Vernalis in Cubic Feet per Second

Figure 5: Water Surface Elevation at Brandt Bridge vs. Flow at Vernalis. The grey shading represents the
increased total capacity for flow at Vernalis for a given water surface elevation at Brandt Bridge.
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Reduced Failure Probability (function of the increase in freeboard)

Table 2 below shows the annualized probability of failure for the right bank levee protecting the
urbanized reach of the Lower San Joaquin River between Mossdale and Stockton. The reduction in levee
failure probability is a function of the increase in freeboard that results from expanded conveyance
capacity. Corridor expansion provides a significant reduction in the annualized probability of failure of
the levee through the reach. Looking at the combined effects of corridor expansion and a reservoir
reoperation scenario, the annualized probability of a levee failure in the reach is reduced from 9.2 to 2.3
percent, or a 75 percent change. It is important to realize that the right bank levee, which protects the
urbanizing areas in Reclamation District 17, is much stronger then the left bank levee for which results
are not shown.

The recommended changes in hydrology, however, significantly increase the probability of failure when
the configuration of the flood system is held constant and only the hydrology is varied. The levee
fragility results in table 2 take into consideration both the expanded floodway and the altered
hydrology. The expanded floodway reduces levee failure probability by lowering flood stage for all flood
events. The recommended hydrology, however, intentionally increases the frequency of moderate
flood events to create inundated floodplain habitat. Although these moderate flood events are well
below the design flow for this reach, the increase in the frequency of these events under the
recommended flow regime combined with a slight probability of levee failure at low flood stages,
increases the probability of failure slightly. Although the levee fragility analysis considers changes in
probability of failure due to intentional changes in the hydrology, it assumes that the frequency of
unintentional and uncontrolled releases during extreme floods does not change despite the fact that the
flood reservation in upstream reservoirs is halved.

Table 2: Percent probability of levee failure between Mossdale and Brandt Bridge.

Percent
Change due
Existing Recommended | to reservoir
Hydrograph Hydrograph reoperation
Existing Floodway 9.2% 14.6% 37%
Expanded Floodway 1.7% 2.3% 25%
Percent Change from Floodway Expansion -81% -84%

Water Supply Reliability: Deliveries, Carryover Storage, and Vernalis Flows

Figures 6 and 7 show changes in combined annual carryover storage and combined annual deliveries as
well as changes in average annual carryover storage and average annual deliveries for the six reservoirs
and the new groundwater bank assumed in the reservoir reoperation scenarios. The results are
preliminary, but they indicate a fifteen percent decline in end of year carryover storage and, surprisingly,
a ten percent increase in average annual deliveries between existing conditions and hydrologic scenario
number three (reservoir reoperation with increased instream flows downstream). The reduction of
carryover storage is the result of both intentional drawdown for groundwater banking at the end of the
year as well as increased releases to meet spring flow targets at Vernalis. The surprising increase in



average annual deliveries is presumably the result of both increased storage and the reduced flood
reservation requirement.
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Figure 7: Average annual deliveries from reservoirs and new groundwater storage
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Figure 8: Feb.-May flow volume

Figure 8 shows changes in the Vernalis flow regime during the February-May target period for the three
hydrologic scenarios relative to 60% unimpaired flows — the flows that the State Water Resources
Control Board concluded were necessary to fully protect public trust resources in the lower San Joaquin
River and Delta in the absence of other conservation measures.

Floodplain Inundation Potential
Figure 8 shows changes in maximum inundated floodplain potential between the existing and expanded

floodway configuration. Not surprisingly, set-back levees in the expanded floodway scenario increase
maximum potential inundation by 500 percent. The existing configuration in each hydrologic scenario
has a maximum value for inundated floodplain habitat of approximately 4,700 acres; the corridor
expansion increases the maximum potential to approximately 21,000 acres.

In both physical scenarios we see that the main channel overtops and inundates the land adjacent to the
river at flows between 10,000 and 15,000 cfs. The existing condition quickly inundated all the area
between the levees and at approximately 27,000 cfs. There are no further gains in inundated floodplain
as the entire system of less than 5,000 acres is already underwater. The corridor expansion curve rises
steeper and faster and does not begin to level off until after 35,000 cfs, at which time the maximum
potential floodplain habitat has reached approximately 21,000 acres. The inflection point for the levee



removal curve sits at approximately 22,000 cfs and represents the flow that produces the highest
marginal habitat benefit to the system: in this range of flow, to increase potential habitat by one acre,
an additional flow of 1.2 cfs is required. The highest marginal increase in habitat for the existing physical
system occurs around 15,000 cfs and requires an additional 5.0 cfs for each addition acre of floodplain
habitat.
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Figure 8: Floodplain inundation potential - Inundated Area vs. Flow at Vernalis.

Area-Frequency-Duration Curves

Figure 9 provides the best visual comparison of changes in area-frequency-duration (ADF) curves of all
four scenarios. The ADF is a calculation of the area of inundated floodplain habitat wetted for a
minimum duration during the ecologically appropriate season (e.g. 14 days in the spring) as well as the
annual frequency at which the inundation occurs. Figure 9 compares the frequency of available 14-day
habitat, which we assume is the minimum inundation duration threshold necessary to provide
significant benefits to rearing juvenile salmon. Corridor expansion alone is capable of providing only
marginal increases in habitat benefits for high frequency events (i.e. flows with recurrence intervals less
than 4 years). It is only with hydrologic modifications that these benefits can be amplified to truly
significant levels. Corridor expansion combined with a modified flow scenario, however, increases
significantly the amount of available floodplain habitat. It increases habitat by a factor of three for every
two year event, a factor of four for every three year event, and by a factor of five for every four year
event.
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Figure 9: Area-Frequency-Duration Curve for 14-day events that occur between December and May

Figures 10 and 11 show the ADF curves for existing and proposed floodway and hydrology scenarios for
various inundation durations (1-day, 7-days, 14-days, etc.). Figure 10 compares the frequency of
inundated area events for the existing and expanded floodway scenarios under existing hydrologic
conditions, while Figure 11 compares the two floodway scenarios with reservoir reoperation. The
inundated area does not change significantly for frequent events (2-year recurrence or less) under
existing hydrology for either floodway scenario, because the frequency of large events on the San
Joaquin River is highly regulated and extremely low under existing conditions. The inundated area for
less frequent events (5-year recurrence) expands dramatically from a maximum of 5,000 acres to a
maximum of 20,000 acres in the expanded floodway scenario. Changes in hydrology, on the other hand,
yield significant increases in the area of frequently inundated floodplain habitat for both the existing and
expanded floodway scenarios, but the gains are much larger on the expanded floodway.

Annualized-Expected-Habitat

Table 3 compares the annualized-expected-habitat curves for the four scenarios. The AEH values are the
average amount of floodplain habitat that statistically occurs in any given year and are calculated by
integrating each ADF curve over all frequencies (f=0 to f=1) . Expanding the floodway combined with
the reservoir reoperation scenario increases the annual average amount of floodplain habitat by 3.5 or
4.5 times over existing conditions. The AEH provides a measure of floodplain habitat over time, but the
annual average values may not be particularly relevant to species that require regular inundation
events.



Table 3: Annualized-Expected-Habitat (AEH) values

Recommended Flow Post-New Melones hydrologic record
Annualized Inundation Area Annualized Inundation Area
(acres) (acres)

Duration Status Quo ‘ No Levee Duration Status Quo ‘ No Levee
1 3266 9743 1 2233 5920
3 2742 9006 3 2046 5544
7 2665 8676 7 1929 5098
14 2224 6530 14 1822 4644
21 1926 4987 21 1764 4361
28 1810 4464 28 1675 4027
60 1364 2672 60 1356 2711
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Figure 10: Area-Frequency-Duration (ADF) curves for existing hydrology.
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frequency of inundation events.



Appendix C: American Rivers Comments to SWRCB Workshop #3

Expected Annual Floodplain Habitat Method: A new approach and planning metric for measuring the
floodplain habitat benefits of proposed flood management projects

John Cain, American Rivers
Katie Jagt, P.E., American Rivers
Mary Matella, UC Berkeley
Mark Tompkins, P.E. Ph.D., Newfields

Floodplain habitat and processes are critical to several species including threatened and endangered
runs of Chinook salmon (Oncorhynchus tshawytscha ) and are valuable for splittail (Pogonichthys
macrolepidotus) as well as aquatic food web productivity. Ecosystem restoration, and more specifically
the creation of floodplain habitat, is currently a major objective of several state and federal planning
efforts including the Bay-Delta Conservation Plan and the Central Valley Flood Protection Plan, but
efforts to plan and evaluate potential floodplain restoration projects, or even measure the existing
extent and quality of floodplain habitat, have been frustrated by both the ephemeral nature of
floodplain habitats and the lack of a readily available and easily useable quantification method. The
function of a floodplain depends not just on the extent of inundated area with suitable characteristics
(temperature, velocity, depth) for a particular species, but equally important, the frequency, timing, and
duration of inundation. For example, ten thousand acres of floodplain that are inundated every ten
years may provide less functional habitat to juvenile salmon then 1,000 acres of floodplain that are
inundated every year. Similarly, inundated habitat for one objective may provide no value for another
floodplain dependent objective: fourteen days of inundation may be sufficient to provide rearing
habitat for juvenile salmon, but not for reproducing Sacramento splittail — a species that requires a
minimum of 20-30 days of inundation. These complexities, numerous defining variables, and
occasionally overlapping objectives have proven difficult for planners, engineers, and decision makers to
sort out. Faced with this same dilemma and a lack of language or metrics to succinctly describe
floodplain habitat benefits, we developed a method that transparently integrates critical ecosystem
variables and quantifies floodplain habitat using existing tools and generally readily available data.

The expected annual floodplain habitat (EAH) method generates a metric that integrates both the
spatial and temporal parameters that determine the value of inundated habitat for any given species. It
generates area-duration-frequency (ADF) curves (figure 1) that quantify the area inundated for a
specified duration, timing, and frequency. For example, ADF curves can tell you how much area gets
inundated between March and May for 14 days in at least 50% of all years. Mathematically, the area
under each of the area-duration-curves represents the average expected annual habitat benefit for a
flow of a given duration. EAH is a metric for quantifying existing or future conditions and is particularly
useful for comparing the habitat benefits of alternative river and flood management scenarios. It can be
effectively used as screening metric with minimal costs and only superficial knowledge of species needs,
or it can be refined to measure and design very detailed floodplain habitats using high resolution
models.



ADF curves and EAH values can be generated with standard flood management planning tools and data
using an easily replicable process. Figure 1 provides a schematic of the protocol used to calculate EAH
vales. Daily hydrology data and floodplain topography provide input into a hydraulic model to generate
stage-discharge curves that are then filtered in GIS to calculate flow versus inundated area curves (figure
2). Daily hydrology processed with the ecosystem function model (EFM) (USACE 2002) defines the
frequency at which a flow occurs for a given duration during a specific season (figure 3). The primary
innovation of the EAH method is to combine the separate inundated area-flow and flow frequency
curves into ADF curves (figure3). EAH values reflect the area under the ADF curve (figure 4).

The EAH approach can be easily adopted by all flood management agencies that use GIS based hydraulic
models and have access to daily hydrologic data for a reasonably long period of record®. EAH values are
very similar to expected annual damage (EAD) values that are regularly developed in planning studies by
the USACE and other flood management agencies but instead of providing a measure of average annual
damages, they provide a measure of the average annual floodplain habitat benefits a project may
provide. One dimensional hydraulic models can generate useful inputs for EAH analysis in planning level
studies, but two dimensional models may be necessary to develop detailed designs for specific species.
In all cases, detailed topographic data is necessary to develop reliable stage-discharge curves for the
range of flows extending from the 1-year event to the 10-year event, the most ecologically relevant
frequencies.

ADF curves and EAH values can be used to quantitatively evaluate project performance for a variety of
objectives. Where species specific needs have not been identified, total inundated area can be used as a
surrogate for many species in planning studies while specific suitability curves can be generated for a
variety of habitats, including agricultural cover types. In situations with multiple species objectives,
planners can utilize EAH values for various species to inform and optimize design of river management
projects.

Aside from the data and hydraulic modeling issues that arise in any flood management study, the
calculation of EAH is transparent and replicable. Calculation of inundated area and frequency of
inundation is based solely on stage discharge relationships and standard frequency analysis statistics.
Calculation of inundated area that is “suitable” for a particular species requires input based on
professional judgment or empirical data to generate a habitat suitability curve, but the conversion of
this curve into an EAH is a clear process that is not distorted by weighting factors or professional
opinion.

* Flow frequency relationships can be generated to augment insufficient hydrologic data sets in areas without a
sufficiently long period of record to accurately characterize the frequency of ecologically relevant pulse flow
events.
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Figure 3: Each of the above correlations creates one point on the ADF (Area-duration-frequency) plot.
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Figure 4: The area under each of the lines represents the average annual habitat area for each duration
event. We are calling this the AEH (annual expected habitat).
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LOGIC CHAIN TERMINOLOGY
(Revised October 25, 2012)

1. Problem Statement: As the name implies, this is a broad, concise statement of the issues BDCP is trying to
address for each species and the ecosystem as a whole. It implies the goals and should identify the general
hypotheses regarding the main causes of the problem. It does not adopt one of the hypotheses as the
“preferred” hypothesis.

2. Goals and Objectives: Goals are ultimate outcomes regarding recovery of the ecosystem/covered species;
these are statements that describe what is needed to achieve the goal. Objectives are the answers to “we will
know we have succeeded when ”. Objectives should be “S.M.A.R.T” —that is, specific, measurable,

achievable, relevant (to the goal), and time-bound. Neither Goals nor Objectives should specify how we get to

the goal nor adopt a particular hypothesis about what prevents us from getting there.

2.a. BDCP Objectives: Objectives do not necessarily identify BDCP’s level of responsibility for attaining the
desired conditions; “BDCP objectives” are some fraction of the overall recovery objectives.

3. Conceptual Model: Conceptual models are detailed descriptions of how we believe the ecosystem or species
populations function. Because of the complexity and high degree of uncertainty regarding how ecosystems
function, conceptual models are generally built upon a web of assumptions regarding the factors that drive and
limit the ecosystems, key ecosystem processes, or particular species or habitats. These assumptions are
potential hypotheses for what prevents us (Chinook salmon) from attaining the Goals and Objectives currently.
The adaptive management plan will implement “tests” of these hypotheses via the Conservation Measures.
Prioritization and scale of implementation rely on information in the Conceptual Models (e.g. the strength of
support for various hypotheses).

Various conceptual models are relevant to attaining any given Goal/Objective. As we learn more about the
ecosystem through adaptive management, we update the conceptual model (see dashed arrow in the attached
figure), and in some cases, that may lead us to change or refine assumptions and desired changes (targets) as
described below.

4. Assumed Stressor: This step is an explicit description of the stressor that is hypothesized to limit progress
toward the objective. The conceptual models (above) contain numerous assumptions or hypotheses; the
desired changes (below) address specific assumptions (i.e. they are tests of specific hypotheses).

5. Desired Changes: Desired changes are stressor reduction targets. Like objectives, desired changes are
S.M.A.R.T. The desired changes should be sufficient to significantly alleviate any limits that the assumed stressor
places on attaining species, community, or ecosystem goals/objectives. Desired changes can be a combination
of physical, biological, financial, or research outcomes (i.e. we may desire a change in the strength of our
conceptual model or knowledge base). Like goals and objectives, desired changes can change as we revise the
conceptual model, but only within the BDCP governance framework and pre-determined adaptive management
range.

6. Conservation Measures: Conservation Measures are both restoration actions and tests of one or more
assumptions embedded in the conceptual models. If the assumptions that lead to “desired changes” and to



“projected outcomes” are verified (see dashed arrows in the attached figure), then the Conservation Measure
will contribute to the Goal . Note: Implementation of the Conservation Measure is neither a desired change,
objective, or goal because the Conservation Measure’s benefits are hypothetical — desired change targets,
objectives, and goals are always outcomes; conservation measures are means to those ends.

6a. Hypotheses re: Conservation Measures: The Conservation Measures are based upon conceptual models as
well. These may be formal conceptual models (e.g. DRERIP) or internal conceptual models. Conservation
measures should state why they are expected to produce beneficial outcomes. In many cases, these can be
written in the form of an equation that shows the contribution of different factors to the projected outcome.
Thus, these “Conservation Measure-specific” hypotheses are used to develop projected outcomes.

7. Projected Outcomes: Conservation Measures are designed to achieve one or more outcomes. Clear
articulation of how the conservation measure will produce projected outcomes (both positive and negative)
allows decision-makers to understand how the Conservation Plan as a whole intends to achieve its objectives
and allows analysts and decision-makers to assess whether a conservation measure has contributed to its
associated target(s). Identifying negative potential outcomes is critical to transparency and allows development
of metrics to capture these potential impacts.

8. Actual (+ and -) Outcomes: Actions produce outcomes. We suspect some of these will be positive and some
will be negative (detracting from attainment of the goal). We must measure both the positive and negative
outcomes in order to understand if, on the whole, the conservation measure is successful (and to refine
implementation of subsequent conservation measures).

9. Metrics: Metrics define environmental/biological/ecological variables that will be measured to determine
whether (a) the conservation measure is contributing towards the objective/target (hypothesis 1) AND (b)
whether the objective/target is contributing towards attainment of the goal (hypothesis 2). Measuring only one
of these two outcomes is not sufficient as we must know both that implementation of the Conservation
Measure leads to the desired targets (e.g. that restored tidal marsh produces food and habitat) and that the
targets actually contribute to the relevant Goal/Objective (e.g. more food results in more Chinook salmon).

10. Analysis: Adaptive management does not function unless results of monitoring and targeted studies
(“metrics”) are analyzed to determine effectiveness of conservation actions and veracity of Conceptual Model
(Desired Changes to Objectives) — these are two separate sets of hypothesis evaluation. The Independent
Science Advisor’s report (2009) stressed that this was missing from early drafts of the Conservation Strategy and
it is still missing from the most recent version of Chapter 3.
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Background

The Bay-Delta Conservation Plan (BDCP) is being prepared through collaboration among
several government, non-government, and private-sector entities. The goal of BDCP is to
identify actions that will contribute to the recovery and protection of endangered and sensitive
species and their habitats in the Sacramento-San Joaquin Delta of California while maintaining
or improving water supplies to a diversity of users. To this end, a “logic chain” has been
proposed as a framework for linking recovery goals for covered fish species with BDCP goals,
objectives, conservation measures, monitoring, and adaptive management.

The review panel convened by the Delta Science Program met in Sacramento on March 2-4,
2010, to evaluate this approach. In this review, we drew heavily from the following documents:
Logic Chain Status Report, Chapters 3.3 and 3.4 of the draft BDCP, SAIC Draft Effectiveness
Monitoring for Conservation Measures document, Summary Report of the DRERIP Evaluations
of BDCP Draft Conservation Measures, Independent Science Advisors’ Report on Adaptive
Management, and examples of logic chains provided by American Rivers and The Bay Institute.

The Charge

The charge to the review team had three elements. The first was to address whether the logic
chain framework is a useful tool for refinement of BDCP goals and objectives. The second was
an assessment of the logic chain framework with a focus on determining if the internal logic was
sound and if there were critical gaps. The third element was to recommend next steps for
populating key logic chains and to consider where additional science was needed in the BDCP
process. This report addresses these three elements of the charge to the review team.
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Recommendations

Adequacy of the logic chain framework

The general logic-chain approach should continue to be developed and then applied, as it
has the potential to clearly articulate and link goals, objectives, actions, and outcomes.

The logic chain should be first applied to the covered fish species.

The revisions to the logic chain structure developed by the review panel should be
incorporated, as appropriate, to reduce areas of ambiguity and refine the logic chain.

Assessment of the logic chain framework

BDCP should distinguish between order-of-magnitude approximations of BDCP goals
and objectives that are acceptable in the early planning phase and the more detailed
descriptions that will be necessary as the plan is finalized and ready for implementation.

The projected outcomes should be framed as testable hypotheses linked to specific
conservation measures and evaluated against actual outcomes. Outcomes must be
quantified, with specified and measurable parameters and appropriate metrics. The
analytical methodology to be employed should also be specified. It is important to know
with clarity whether a conservation measure is working as intended.

Use metrics to evaluate the success of outcomes that clearly link to biological functions;
consider the judicious use of surrogate metrics. For example, accurate quantification of
rare and endangered fish species may not be possible but overall community structure
that characterizes native and non-native groups could serve as a surrogate measure.

Constraints to implementation of the conservation measures (e.g., financial,
environmental, logistical) should be considered as part of the planning process rather than
as factors to be included only when one comes to implementing conservation measures.
This will ensure that expectations about implementation are commonly understood. For
example, budgetary requirements to make the necessary monitoring measurements and
analyze the resulting data should be developed as soon as possible so that this
information can be used in the prioritization of conservation measures.

The potential impacts of system dynamics, variation, and change (especially those
associated with climate variability, climate change, and sea-level rise) on the
effectiveness of conservation measures should be explicitly addressed in the logic chain.
A steady-state equilibrium, in which the system varies around some stable long-term state
(i.e., stationarity), cannot be assumed.

The adaptive management framework should be developed in greater detail, recognizing
that analysis is not the endpoint of adaptive management. Adaptive management
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approaches should be incorporated into the body of the logic chain rather than relegated
to something that is done at the end, after measures have been implemented.

Next steps and science needs

e Rather than developing all logic chains at the same pace, logic chains should be
developed in detail for 2-3 species and then evaluated as a proof of concept. These logic
chains should be for species for which understanding is high (e.g., splittail). A user-
friendly version of the logic chain that describes the approach and its uses in readily
understandable terms should be developed now.

e The upper section of the logic chain (problem, recovery/species goals, and
recovery/species objectives) should be developed and populated by the responsible
regulatory and permitting agencies. This needs to be done immediately, because the
application of logic chains to BDCP goals and objectives and the evaluation of
hypotheses that feed into adaptive management depend on a clear statement of the
problem to be addressed and well-defined recovery/species goals and objectives.

e The middle section of the logic chain (BDCP goals and BDCP objectives) should be
developed through collaborative efforts. A limited number of experts from the permitting
agencies, non-governmental organizations, and the potentially regulated entities should
participate in developing this section of the logic chains.

e A science expert workshop should be convened to populate the lower part of the logic
chain, focusing on the conservation measures, outcomes, monitoring, metrics, and the
form of an adaptive management process once the upper and middle sections of the logic
chains have been completed.

e Simulation models and scenario analysis should be used to explore the potential
consequences and cost-effectiveness of conservation measures as part of the planning
process, before measures are actually implemented.

e The formalisms of other approaches such as cost-benefit analysis, return-on-investment,
or ecological risk analysis should be used to help set priorities and evaluate outcomes.
Such tools should be used to inform decision making and negotiations, to consider
tradeoffs, and to establish priorities among conservation measures.

General Comments

Before dealing with the details of the logic-chain, we offer several general comments as broad
guidance for further development of the approach. First, our ability to recover or manage covered
species depends on a clear understanding of what factors are limiting or creating stress to
populations. These are the factors that must be removed or mitigated by the conservation
measures. Such factors may be identified in recovery plans or may require additional information
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obtained from the scientific literature and/or expert opinion, and should be refined through the
adaptive management process.

Second, there is an underlying (but unstated) assumption of stationarity that runs through the
logic chain approach, the draft BDCP documents, and recovery plans. This assumption leads to
the expectation that there is a stable “baseline” condition for the Bay-Delta ecosystem and the
populations it supports. Given the massive changes in this ecosystem over the past century, this
is almost certainly not true now. The potential effects of climate change on sea level, tidal fluxes,
Sierra snowfall, and the timing of freshwater runoff make it even less likely to hold in the future.
The logic chain and BDCP should explicitly incorporate non-stationary dynamics into the
framework.

Third, it is important to incorporate study designs, monitoring protocols, and metrics as part of
the logic chain. In particular, consideration of the statistical power required for detecting the
effects of conservation measures, coupled with a determination of acceptable levels of response
of covered species or other targets to conservation measures, may help to determine the
feasibility or priority of particular measures.

Fourth, although it is important to have a clear and logical structure for developing hypotheses
about the consequences of conservation measures and the efficacy of these measures in
addressing BDCP goals and objectives, the framework should not be so highly structured and
prescriptive that it constrains thought or resists the exercising of dynamic adaptive management.
The Bay-Delta ecosystem is complex. The responses of covered species to conservation
measures will always be clouded by uncertainty — did a species respond to a measure or to
something else? Dealing with such uncertainties requires flexibility in planning and
implementation.

Evaluation of the Logic Chain

In order to understand the logic and function of the logic chain, the review team chose to delve
into the logic chain example for the Delta Smelt (Appendix 2). We reviewed and assessed this
example from top to bottom; here are our observations and comments, utilizing the terminology
of the example provided.

Problem statement, goals and objectives

The problem statement, goals, and objectives need to match or encompass those in the recovery
plan(s). Broad statements for the species/populations as a whole are acceptable at this level.

Conceptual models

This part of the logic chain only references conceptual models. Various types of models --
conceptual, statistical, process, simulation, etc. — can be used to identify factors that limit the
population as a whole, and different models and types of models consider factors such as
population dynamics, hydrology, predation, or habitat availability. These models (or perhaps a
nested set of increasingly more specific models) can be used to identify what limiting factors or
stressors (if any) occur within the planning area and, therefore, would be addressed by BDCP



BDCP Logic Chain Review 5

actions. In addition, when these models are used, they relate to what has caused the problem, as
articulated in the problem statement.

Hypotheses

The “hypotheses” (which as stated in the logic chain are actually assumptions rather than
hypotheses) can better be characterized as specific “BDCP goals” with each goal statement
articulating how a limiting factor might be addressed within the BDCP planning area. One goal
statement for each limiting factor (e.g., increase food in the pelagic zone by 15 percent to
improve sub-adult survival) specifying season and location would be necessary.

The limiting factors framed as goals do not need to be directly tested as formal hypotheses. The
process relies on the models (above) or the wider knowledge base to identify the limiting factors
and assumes that alleviating those factors will in fact address the problem.

Desired change

To link with the goal statements described above, the “desired change” category would be
logically called “BDCP objectives.” The level of quantification of the objectives depends on
whether they will be used to develop prioritizations in the early planning phase (in which case
they can be order-of-magnitude approximations) or if they are part of the finalized plan. If the
latter, the objectives would need to be the so-called “SMART objectives” that are specific,
measurable, achievable, relevant and time-based.

In some cases, the terminology “thresholds of change” has been used instead of “desired
change,” suggesting that there is a lower threshold of detectability of an effect or an upper
threshold beyond which additional changes have no additional beneficial effects. These levels
define an envelope of effects or change that is either detectable or relevant. We find the use of
this terminology confusing and, in some instances, inaccurate. It needs to be clear whether this is
something to be achieved (like a target) or exceeded (like a minimum acceptable achievement).

Conservation Measures

The conservation measures are the BDCP conservation measures or actions. They relate directly
to the BDCP goal and objective statements and reduce the limiting factors within the BDCP
planning area. Linking proposed conservation measures to BDCP goals and objectives will help
to show gaps, such as objectives for which no appropriate measure exists.

Once the conservation measures have been described, a clear prioritization process would be
useful, as not all measures will be logistically, financially, or politically feasible. Such
prioritization could be based on an evaluation of cost effectiveness of measures relative to their
outcomes and the linkages between implementation, analysis, and adaptive management.
Negative consequences and the timing of actions (sequencing) would also need to be considered.

Outcomes

The projected outcomes currently are not framed as quantitative, testable hypotheses. It is at this
level of the logic chain where such hypothesis testing should occur. Stated as such, these



BDCP Logic Chain Review 6

hypotheses would drive the analytical approaches for evaluating the hypotheses and the form and
structure of monitoring (i.e., gathering the information to evaluate or test the hypotheses).

The monitoring design (or experimental design) may vary among different conservation
measures or be applied in different ways to different places for the same conservation measure
(i.e., a real experiment). It will be critical to determine what level of measurement, monitoring,
and analysis would be considered not too little (to demonstrate an effect), nor not too much (a
huge investment in limited resources), but just right (the Goldilocks approach). Costing of the
analytical methods and monitoring would be a consideration in the prioritization of conservation
measures mentioned above. The monitoring structure will in turn lead to the selection of
appropriate metrics and consideration of such key attributes as spatial and temporal resolution,
statistical power, analytical framework to employ, and best representation and visualization of
results.

Analysis

The analysis box in the Delta smelt logic chain provided would benefit from being more detailed
and expanded to include the adaptive management loop. Adaptive management is not the same
thing as the hypothesis testing that is included as part of the logic chain. Implementation of
conservation measures leads to actual outcomes that must be monitored and analyzed. The
comparison of projected outcomes (the hypotheses) with the actual outcomes is the focus of
analysis. These results then feed into the adaptive management loop and back into other
components of the logic chain (see next section). This is also where the system metrics may
come in - how do the outcomes relate back not only to the specific objectives (e.g., food supply),
but to the broader objectives (e.g., population growth, survival).

The adaptive management phase involves not only the analytical element, but the
synthesis/interpretation component — what does analysis comparing projected and actual
outcomes mean in terms of the objectives, identification of limiting factors, goals, or problem
statement? To be effective, adaptive management needs to be part of the process, not an add-on
at the end or a post-facto component once the actions have been taken. The details of adaptive
management are missing from the logic chain.

There are two aspects of the hypothesis testing/analysis/interpretation components that must be
distinguished: (1) the “virtual,” in which the analysis is conducted as a sophisticated conceptual
or analytical modeling exercise, to explore the anticipated consequences of a conservation
measure and the adaptive management loop; and (2) the “real,” in which the conservation
measure has been implemented and we are looking at what actually results.

An Alternative Approach

Although there is much of value in the logic-chain approach, our evaluation and comments
suggest that there is room for improvement, especially to clarify some of the logical relationships
in the logic chain. We offer here an alternative approach that incorporates elements of the logic
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chain. The following diagram traces the main elements of this approach; the following comments
are keyed to the numbered sections in the diagram.

MODELUTILIZATION

o MONITORING TYPE

Goals &
Objectives

/ o \ System

N
== Limiting Factors ‘/BDCP Goals & Objectives \
a Potential o Compliance
Outcomes Conservation Measures
Cause- o \ Performance L
l Effect Expected Outcomes Mechanistic
Analyze, Synthesize, Evaluate _( \

1. Atthe top of triangle are the recovery/species goals and objectives. Because the BDCP

needs to contribute to recovery of the covered species, there must be a clear link to the
needs of those species. This is best defined by existing recovery plans for the species. If a
recovery plan is not available, the responsible agencies should provide guidance on
appropriate goals and objectives for the species as a whole.

The contribution to recovery made by BDCP is not predefined. Expert opinion and
conceptual models of the species can be used to identify limiting factors/stressors for the
species; BDCP should further select those limiting factors/stressors that can be addressed
by the potentially regulated entities (PRES) and that occur within the planning area.

From this subset of limiting factors, BDCP can then identify more specific goals and
objectives that are within its scope and that are scaled by the level of effort envisioned for
the Plan.

Conservation Measures must be identified that have the capacity to achieve the BDCP
goals and objectives. Candidate measures can be screened using simple models (e.g.,
conceptual, statistical) to assess potential outcomes, both positive and negative. After
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screening an initial list of conservation measures, some BDCP goals and objectives may
appear unlikely to be addressed; additional conservation measures should then be
developed and/or the BDCP goals and objectives should be revisited to ensure that their
scale and scope generally match with the level of effort envisioned for the Plan.

4. Once the types and overall scale of the conservation measures have been determined,
they can be further developed to the “project level” and more specific expected outcomes
identified. At this level of specificity, models of all types can be used to apply cause-
effect relationships and find outcomes that achieve BDCP goals and objectives (and
identify any potential negative outcomes). Where cause-effect relationships are weak or
there is disagreement over the nature or magnitude of outcomes, testable hypotheses can
be developed linking the action to the outcome and projects designed to test the
hypotheses. The analytical framework for testing these hypotheses (and the necessary
mechanistic monitoring) should be developed at this stage, prior to implementation of the
projects.

5. Monitoring informs all of these steps. System-level monitoring informs whether goals
and objectives for BDCP and the species are being achieved. Compliance monitoring
ensures that measures (e.g., actual Old and Middle River (OMR) flows, elevation of
grade or fill, water quality standards) are being implemented as expected. Performance
monitoring is used to tell whether a conservation measure is achieving the expected
outcomes, and mechanistic monitoring provides diagnostic information on why the
expected outcomes are or are not being achieved. These types of monitoring are
described in the Independent Advisors’ Report on Adaptive Management.

6. Once projects have been implemented and monitoring data are available, the key adaptive
management step of Analyze, Synthesize and Evaluate must be conducted to: a) assess
performance; b) inform adjustments to implemented projects and future actions; c)
incorporate information as part of the knowledge base and; d) utilize information in
models for future use in the planning process. This is the essence of adaptive
management.

Linking Conservation Measures to Outcomes: Issues of Study Design, Quantification,
Metrics, and Monitoring

Specific conservation measures provide the opportunity to develop clear hypotheses that predict
outcomes, require rigorous quantification, and lead to well-designed studies with defined metrics
and monitoring approaches. Conservation measures exert themselves at a variety of spatial
scales. For example, reduction in a specific stressor might produce a response at the scale of the
entire Delta while a habitat restoration project will impact a specific location. Study designs must
necessarily consider the spatial component of the conservation measures and monitor appropriate
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response variables to the action. Study designs also must consider appropriate analytical
frameworks for comparing responses to the actions. Will evaluation of the conservation measure
be compared to a long-term trend, a control site, or a change in trajectory within a specific
location? Scientists should be engaged to address the challenges of designing studies that
effectively evaluate whether implemented conservation measures are yielding desired outcomes.
This is an area where scientific expertise should be focused rather than on identifying
overarching goals and objectives.

Well-designed studies linked to specific conservation measures are critical for developing the
larger integrated monitoring framework. Finite resources will be available to evaluate the
effectiveness of conservation measures agreed upon through BDCP. The sooner that study
designs with designated metrics and monitoring locations are developed for each conservation
measure to be implemented, the more readily can decisions be made on the best package of
metrics to deploy, the locations for these measurements, and the analytical framework for data
analyses. These decisions are integral to application of adaptive management, communication of
outcomes from specific conservation measures, and informing decision-makers on management
actions. These steps must be carried out within the context of the overall planning effort and not
left until later.

The Role of Adaptive Management

In a system as complex as the Bay-Delta, involving multiple constituencies and numerous
projects that entail huge investments, it is essential to avoid costly mistakes. The focus of the
logic-chain approach on defining meaningful goals and objectives for BDCP is an important part
of a successful planning process. It is also an essential element of adaptive management, which
itself must be a core part of BDCP. Much has been made of adaptive management and its role in
effective conservation and management. Real adaptive management, however, is rarely
undertaken. In particular, the part of the process that involves assessment and synthesis of
information gained after actions have been taken is often neglected or short-circuited, and the
critical phase of linking that knowledge to decisions about whether to continue, modify, or stop
actions, refine objectives, or alter monitoring efforts is usually missing. The report of
Independent Science Advisors on Adaptive Management to the BDCP Steering Committee
provides detailed guidance that should be incorporated into any logic-chain approach in BDCP.

Several aspects of adaptive management merit particular attention in relation to the logic-chain
approach. First, adaptive management must begin with a clear definition of the problem to be
addressed and the goals and objectives to be met. The hierarchical structure of logic plans helps
to bring clarity to these statements of goals and objectives. Second, models can play a valuable
role in adaptive management. Many of the conservation measures being proposed for the Bay-
Delta are large and expensive; simulation or scenario models can be used to explore the likely



BDCP Logic Chain Review
10

outcomes of these measures before actually implementing the measures, and this information can
be used in an adaptive-management framework to adjust goals, objectives, hypotheses, or
measures as appropriate. Third, the adaptive-management phases of assessment, synthesis,
translation, and communication must be integral parts of either model-based or actual
implementations of adaptive management. Little is accomplished by producing model output or
monitoring following the implementation of conservation measures if the resulting information
does not make its way, in a carefully evaluated and readily comprehensible form, into the
decision-making process.

Prioritization and Sequencing

The successful development of quantifiable objectives for BDCP will provide added benefits by
allowing the expected outcomes of individual conservation measures to be compared to one
another and used with other data to prioritize and sequence implementation. Measures with more
significant outcomes and a broader range of species to benefit will be identified. Together with
cost information (including the potential for negative outcomes), this information can be used by
BDCP to develop a prioritized list of conservation measures, with the order of implementation
being dependent upon decision criteria such as risk tolerance, availability of funds, cost relative
to expected benefit, water requirements, and ease of implementation. For example, an
implementation plan could sequence high-priority projects based on costs and reliability of
benefits to seek to achieve early successes at minimal cost. Well-developed decision-support
tools, such as ecological risk assessment or return-on-investment analysis, should be
incorporated into the prioritization process.
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APPENDIX 1

Specific Questions to the Panel and Panel Responses

The charge to the Review Panel included several specific questions. Here are our answers; the
main body of the report describes our responses, evaluations, and suggestions in greater detail.

Purpose

Does the framework reflect the recommendations made in February 2009 by the BDCP
Independent Science Advisors’ Report on Adaptive Management? No

Can the framework adequately serve as a basis for refining the BDCP goals and
objectives and developing an adaptive management plan? Yes, if developed fully

Is the logic framework clearly defined and described? Only partially

Is it internally consistent? It is not consistent in how hypothesis testing is being employed
Is it clear for what purpose and how the framework might be used? Yes, although greater
clarity in linking BDCP goals and objectives to conservation measures and outcomes
would be an improvement

Approach

Avre the linkages between elements of the framework clear? Yes

Is the relationship between recovery plan goals and BDCP goals and objectives clear? No
What level of detail is necessary for the goals and objectives and for the framework in
general? Recovery/species goals and objectives can be stated qualitatively if sufficient
detail is not available; BDCP objectives can be stated qualitatively or with order-of-
magnitude approximations in the early planning stages, but with greater quantification
as the plan is finalized for implementation; expected outcomes to conservation measures
should be stated in sufficient quantitative detail to permit measurement, analysis, and
testing of hypotheses.

Is the current use of conceptual models and hypotheses clear and helpful? Only partially;
currently the hypotheses are in the wrong place in the logic chain. If not, how might this
be changed or refined? We have offered a refinement of the logic chain approach that
improves clarity

What are the next steps regarding populating the logic chain? General goals and
objectives should be defined and populated by the appropriate regulatory agencies; it
should be an immediate priority to develop clearer, more concise language and to find
consensus on goals and objectives within the BDCP steering committee

What, if any, future role/need is there for additional scientific input? The hypotheses
linking conservation measures to projected outcomes, the design of studies to assess
these linkages, and the framework for implementing adaptive management would benefit
from additional scientific input

Feasibility

Is the framework approach feasible to implement? Yes, if done so in a focused manner
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e If not, what can be done to streamline or phase the approach? Conduct a complete logic
chain assessment for 2-3 species as proof of concept
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APPENDIX 2

The Current Version of the Logic Chain for Delta Smelt
(Appendix B of the Logic Chain provided by American Rivers and The Bay Institute)
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Scientific Evaluation Worksheet (DRERIP Tool)

The scientific evaluation process provides a framework for evaluating and documenting the scientific
basis for potential Delta restoration actions. Instructions and definitions for completing the worksheet are
provided at the end of the worksheet.

Evaluation Team:
Date:

Action:

Step 1: Is the action written in such a way that it can be evaluated?
If yes, list the action, approach, and outcome below and continue.
Action:
Approach:
Outcome(s):

If no, explain why below, reject the action as written and move on to another action. Do not
attempt to rewrite the action.

Problem(s) with Action as written:

Step 2: Assess Support for Action-Outcome Relationship Using Outcomes
and Stressor Tables

Is the cause-effect relationship inferred in the Action supported by the Conceptual
Models or Other Source Information?

If yes, document the specific model sections and/or page numbers, or other source
materials that support this conclusion and continue.

Models used:

Other sources:

If no, document the rationale for the finding and stop.

Rationale:

Draft Scientific Evaluation Worksheet, version 20 Updated at 12/2/08
-1-



Comments and suggestions for changing Action:

Identify data gaps and information that would be helpful in evaluating the action.

Step 3: Identify positive and negative outcome(s) for covered species

Positive Outcomes to Evaluate

Species

Outcome (i.e. effect on
species)

Source (name of Conceptual
Model or external reference)

Outcome P1 (intended):

Outcome P2:

Outcome P"X":

Negative Outcomes to Evaluate

Species Outcome (i.e. effect | Source (name of Conceptual
on species) Model or external reference)
Outcome P1
(intended):
Outcome P2:
Outcome P"X":
Step 4: Identify Scale of Action (Large, Medium, Small: see instructions)
Scale:
Rationale:
Step 5: Describe Relation to Existing Conditions

Would the action result in a change to system dynamics (either within the Delta or as inputs
to the Delta) such that the current understanding of how the system works may no longer

hold?

If yes, describe the specific boundary conditions that are expected to change and the likely
extent of the change. Consider how the changes may affect the ability to evaluate the
action using existing models and information.

If no, describe why not and continue.

Draft Scientific Evaluation Worksheet, version 20
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Step 6: Score Magnitude, Certainty, and Worth of Potential Positive
Ecological Outcome(s)

Outcome P1:

Criteria Score? Rationale for Scoring, Document DLO
paths/additional information used

Magnitude

Certainty

Worth Score P1:

Outcome P2:

Criteria Score | Rationale for Scoring, Document DLO
paths/additional information used

Magnitude

Certainty

Worth Score P2:

Outcome P3:

Criteria Score | Rationale for Scoring, Document DLO
paths/additional information used

Magnitude

Certainty

Worth Score P3:

Comments and/or Assumptions used in scoring:

! See Appendix A

Draft Scientific Evaluation Worksheet, version 20 Updated at 12/2/08
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Step 7: Score Magnitude, Certainty and Risk of Potential Negative Ecological

Outcome(s)
Outcome N1:
Criteria Rationale for Scoring, Document DLO paths/additional
Score information used
Magnitude
Certainty

Risk Score N1:

Outcome N2:

Criteria Score

Rationale for Scoring, Document DLO
paths/additional information used

Magnitude

Certainty

Risk Score N2:

Outcome N3:
Criteria Score | Rationale for Scoring, Document DLO
paths/additional information used
Magnitude
Certainty

Risk Score N3:

Comments and/or assumptions used in scoring:

Draft Scientific Evaluation Worksheet, version 20 Updated at 12/2/08
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Step 8: Identify any Important Gaps in Information and/or Understanding

Data Needs (indicate specific models, DLO relationships, or other information indicating the

need):

Research Needs (describe specific research activities that could be employed to increase

understanding):

Step 9: Estimate Overall Degree of Worth and Risk

Combined Worth and Risk Scores

Outcome

Worth Scores

Risk Scores

P1

P2

N1

N2

Cumulative
Score

Provide rationale for the overall scores:

Draft Scientific Evaluation Worksheet, version 20
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Step 10: Assess Reversibility and Opportunity for Learning
Reversibility (yes/easy, no/hard - see instructions):

Comments:

Opportunity for Learning (high, low - see instructions):

Comments (refer to specific sources of information that support the above determination and
identify high priority research questions and testable hypotheses):

Step 11: Assign the Adaptive Management Category Using the Decision Tree

Adaptive Management Category (full, pilot project, targeted research, discard):

Comments:

Draft Scientific Evaluation Worksheet, version 20 Updated at 12/2/08
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Step 1:

Step 2:

Step 3:

Step 4:

Instructions

Is the action written in such a way that it can be evaluated?

The action should be clearly written and contain basic components (action, approach,
and outcome) as outlined in the Guidelines for Writing and Parsing Actions (7/16/07).
An action can include multiple outcomes, but should list only one approach.

Is the cause and effect relationship between the action, approach, and outcome
supported by the conceptual models, or other source material?

Review General Outcomes table to identify conceptual models that include the
general type of outcome identified in the action. Use these models and any other
relevant source materials to assess if the relationship inferred by the action has been
documented. If it is determined that the cause and effect relationship is not
supported, document why and provide suggestions for how the actions might be re-
cast to better achieve the desired outcome based on information in the conceptual
models and other available scientific information. These suggestions can be used by
action developers to improve the action for the next round of screening.

Identify positive and negative outcome(s) for covered species

Using the standardized lists of outcomes and stressors from the Outcomes Table,
identify as many positive and negative outcomes as possible (including the intended
outcome). Outcomes should not be evaluated at this step, just simply listed. Outcomes
not captured in models but identified based on other available information should be
included, with notes describing the information used to identify the outcomes.

Identify positive and negative outcomes focusing only on covered species, but
ensuring that all covered species anticipated to be affected are addressed, i.e., if the
action is intended to benefit salmon, still look at effects on smelt.

Identify Scale of Action

Identify the scale of the Action ‘scope’ based on the following criteria. The purpose
of establishing Action scale is to assist with determining the magnitude of effect on
the ecosystem. Large, medium and small should be considered relative to the Delta
and the temporal dynamics of processes being manipulated.

Draft Scientific Evaluation Worksheet, version 20 Updated at 12/2/08
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Step 5:

Step 6:

Step 7:

Step 8:

Large:  Broad spatial extent, significant duration and/or frequency, and/or major
reversal compared to existing conditions. Landscape scale.

Medium: Moderate spatial extent, moderate duration and/or frequency, and/or
moderate change compared to existing conditions. Regional scale.

Small: Small acreage, short duration or only occasionally, and/or small change
compared to existing conditions. Local scale.

Describe Relation to Existing Conditions

Review the Boundary Conditions paper to assess whether or not the action has the
potential to change system dynamics (either within the Delta or as inputs to the Delta)
beyond the existing range conditions (i.e. change in inflows to the Delta, modified
hydrodynamic conditions, or salinity regimes) such that the current understanding of
how the system works may no longer hold? Consider how the changes may affect the
ability to evaluate the action using existing models and information.

Score Magnitude, Certainty and Worth of Potential Positive Ecological
Outcome(s)

Using the conceptual models and other relevant source materials, identify and score
the expected magnitude and certainty of the identified positive ecological outcomes.
Record the magnitude and certainty for each positive outcome. Use one table per
positive outcome. Add additional tables as needed to reflect additional outcomes.

Use the definition, criteria, and conversion tables in Appendix A to guide the scoring
determination and to select an estimate of “Worth”. Document how scores for
magnitude and certainty were arrived at, including citation of specific model sections
and page numbers, and/or additional information used in the rationale section.

Score Magnitude, Certainty and Risk of Potential Negative Ecological
Outcome(s)

Using the conceptual models and other relevant source materials identify and score
the expected magnitude and certainty of each negative ecological outcome. Record
the magnitude and certainty in the tables below. Use one table per outcome. Add
additional tables as needed to reflect additional outcomes.

Use the criteria and conversion tables in Appendix A to guide the scoring
determination and to select an estimate of “Risk”. Document how scores for
magnitude and certainty were arrived at, including citation of specific model sections
and page numbers, and/or additional information used in the rationale section.

Identify any Important Gaps in Information and/or Understanding

Using the levels of understanding assigned to the DLO relationships used in the
evaluation thus far, and/or any additional information from other sources, identify
important data or research needs, that could enhance future evaluation of this or
similar actions.

Draft Scientific Evaluation Worksheet, version 20 Updated at 12/2/08

-8-



Step 9:

Step 10:

Estimate Overall Degree of Worth and Risk

Enter scores for Worth and Risk from Steps 5 and 6 above into the table below and
estimate the overall Worth and Risk scores for the Action as a whole. Add additional
rows to the table as needed to reflect additional positive or negative outcomes.

Overall Worth score should be determined based on consideration of the cumulative
positive outcomes (several medium outcomes could justify an overall score of “High
worth).

Overall Risk should be based on the highest single risk score (i.e. if any one of the
outcomes has a high risk, then the overall Risk should be “high”).

Assess Reversibility and Opportunity for Learning
Assess reversibility and opportunity to learn using the criteria below.

Reversibility
Yes/Easy Outcome could likely be reversed as, or more quickly and cheaply than

implementing the action.

No/Hard Reversing outcomes would require more time or more money than
implementing the action; outcomes may not be completely reversible.

Opportunity for Learning
High Expect to advance our understanding of critical uncertainties as identified
in Conceptual Models in a quantifiable manner

Low Impractical or excessive time or resources likely required to achieve such
understanding.

Draft Scientific Evaluation Worksheet, version 20 Updated at 12/2/08
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Step 11: Assign the Adaptive Management Category Using the Decision Tree

DRERIP Decision Tree for Routing Actions

> Worth

L High
oW Medium o

N Y Opp. to
|
Learn Learn
Opp. to
H H
L

Pilot Targeted Pilot
Project Research Project

Alternate Alternate
Approach? Approach?

N N N
Research ¥ Research WV
Y Uncert? Y Uncert?
Y Y Y
Targeted Targeted Targeted
Research Research Research
L 4
Rewrite
and
Reroute
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Appendix A:
Definitions, Criteria and Conversion Matrices

The following definitions, criteria, and conversion matrices, are provided to aid the Scientific
Evaluation process. Some of the definitions pertain to terms used in the conceptual models, such
as understanding and predictability. Other definitions relate directly to completion of the
Scientific Evaluation worksheet.

Scientific Evaluation Terms

The terms scale, magnitude, and certainty are Scientific Evaluation terms used to characterize
the cumulate “path” or *“chain” found between a Restoration Action being evaluated and each
Outcome being considered within Scientific Evaluation. Such a path or chain is not the same as
the linkages in the conceptual models that describe the cause-effect relationships between a
single driver and a single outcome (see conceptual model terms below).

The terms worth, risk, reversibility, and opportunity for learning are Scientific Evaluation terms
that combine considerations of magnitude and certainty to assess the consequences of an action
and recommend whether the action should be considered as targeted research, a pilot study, a
full-scale implementation project, or discarded using the Scientific Evaluation decision tree.

Scale - Scale addresses temporal and spatial considerations, quantity and/or degree of
change contained within the Action.

Magnitude — Magnitude assesses the size or level of the outcome, either positive or
negative, as opposed to the scale of the Action. It can be assigned using consideration of
population or habitat effects, and higher scores require consideration of the scale of the
Action shown to result in the outcome. Magnitude scores are assigned by expert
assessment, documented in the Scientific Evaluation worksheet, of the DLO pathway
linking the action and the outcome, and/or any additional information available to the
Scientific Evaluation team, the use of which must be documented in the Scientific
Evaluation worksheet.

Certainty - Certainty describes the likelihood that a given Restoration Action will achieve
a certain Outcome. Certainty considers both the predictability and understanding of
linkages in the DLO pathway from the action to the outcome. Generally, high
importance-low predictability linkages drive the scoring; it is important to ensure that
certainty is not unduly weighted by a comparatively low-importance, albeit low-
predictability linkage.

Worth - Combines the magnitude and certainty of positive outcomes to convey the
cumulative “value” of a Restoration Action toward achieving an Outcome.

Draft Scientific Evaluation Worksheet, version 20 Updated at 12/2/08
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Risk - Combines the magnitude and certainty of negative outcomes to convey the
cumulative “potential” for a Restoration Action to result in an adverse, or negative
Outcome.

Reversibility - The ease and predictability with which the outcome(s) of a Restoration
Action or a group of Restoration Actions can be undone and/or reversed. For example, if
the Action changes the ecosystem structure, can the original form be re-established?
Have such outcomes been un-done in the past? A change to a flow regime is relatively
easy to reverse; successful introduction of a new species is relatively difficult to reverse.

Opportunity for learning - Opportunity for learning is the likelihood that a Restoration
Action or a group of Restoration Actions will increase the level of understanding with
regard to the species, process, condition, region or system that is in question or of
concern, assuming that appropriate monitoring and evaluation is conducted.

Conceptual Model Terms

The terms importance, predictability, and understanding are used in the conceptual models to
characterize individual linkages (depicted as arrows in the models) between a driver and an
outcome. The terms pertain to specific processes or mechanisms within a given model (e.g. how
important is the supply of organic matter to mercury methylation?). The graphical forms of the
conceptual models apply line color, thickness, and style to represent these three terms.

Importance - The degree to which a linkage controls the outcome relative to other drivers
and linkages affecting that same outcome. Models are designed to encompass all
identifiable drivers, linkages and outcomes but this concept recognizes that some are
more important than others in determining how the system works. If a driver is
potentially more important under particular environmental conditions, the graphic should
display the maximum level of importance of this driver with the narrative describing the
range of spatial and temporal conditions associated with this driver.

Predictability - The degree to which the performance or the nature of the outcome can be
predicted from the driver. Predictability seeks to capture the variability in the driver-
outcome relationship. Predictability can encompass temporal or spatial variability in
conditions of a driver (e.g., suspended sediment concentration or grain size), variability in
the processes that link the driver to the outcome (e.g., sediment deposition or erosion rate
as influenced by flow velocity), or our level of understanding about the cause-effect
relationship (e.g., magnitude of sediment accretion inside vs. outside beds of submerged
aquatic vegetation). Any of these forms of variability can lead to difficulty in predicting
change in an outcome based on changes in a driver.

Understanding — A description of the known, established, and/or generally agreed upon
scientific understanding of the cause-effect relationship between a single driver and a
single outcome. Understanding may be limited due to lack of knowledge and information
or due to disagreements in the interpretation of existing data and information; or because
the basis for assessing the understanding of a linkage or outcome is based on studies done

Draft Scientific Evaluation Worksheet, version 20 Updated at 12/2/08
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elsewhere and/or on different organisms, or conflicting results have been reported.
Understanding should reflect the degree to which the model that is used to represent the
system does, in fact, represent the system.

Scientific Evaluation Scoring Criteria

The following tables should be used to inform magnitude and certainty scores for Scientific
Evaluation. These entail looking holistically at the cumulative value (positive or negative) of an
action.

Table 1 - Criteria for Scoring Magnitude of Ecological Outcomes (positive or negative)

4 - High: expected sustained major population level effect, e.g., the outcome addresses
a key limiting factor, or contributes substantially to a species population’s natural
productivity, abundance, spatial distribution and/or diversity (both genetic and life
history diversity) or has a landscape scale habitat effect, including habitat quality,
spatial configuration and/or dynamics. Requires a large-scale Action.

3 - Medium: expected sustained minor population effect or effect on large area
(regional) or multiple patches of habitat. Requires at least a medium-scale Action.

2 - Low: expected sustained effect limited to small fraction of population, addresses
productivity and diversity in a minor way, or limited spatial (local) or temporal
habitat effects.

1 - Minimal: Conceptual model indicates little effect.

Table 2 - Criteria for Scoring Certainty of Ecological Outcomes (positive or negative)

4 - High: Understanding is high (based on peer-reviewed studies from within system and
scientific reasoning supported by most experts within system) and nature of outcome
is largely unconstrained by variability (i.e., predictable) in ecosystem dynamics, other
external factors, or is expected to confer benefits under conditions or times when
model indicates greatest importance.

3 - Medium: Understanding is high but nature of outcome is dependent on other highly
variable ecosystem processes or uncertain external factors or understanding is
medium (based on peer-reviewed studies from outside the system and corroborated
by non peer-reviewed studies within the system) and nature of outcome is largely
unconstrained by variability in ecosystem dynamics or other external factors

2 - Low: Understanding is medium and nature of outcome is greatly dependent on highly
variable ecosystem processes or other external factors or understanding is low (based
on non peer-reviewed research within system or elsewhere) and nature of outcome is
largely unconstrained by variability in ecosystem dynamics or other external factors

1 - Minimual: Understanding is lacking (scientific basis unknown or not widely
accepted), or understanding is low and nature of outcome is greatly dependent on
highly variable ecosystem processes or other external factors

Draft Scientific Evaluation Worksheet, version 20 Updated at 12/2/08
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Conversion Matrices

The following two matrices are designed to combine scores for magnitude and

certainty to develop overall values for Worth and Risk.

Table 3. Conversion Matrix for Determining Worth from the Criteria Scores

for Positive Outcomes.

Is It Worthwhile?
Combining Magnitude and Certainty

Magnitude

Certainty
3 4
Med Med
Med High
3 Med Med High High
4 Med High High High

Table 4. Conversion Matrix for Determining Risk from the Criteria Scores

for Negative Outcomes.

Is It Risky?

Combining Magnitude and Certainty

Certainty
(understanding + predictability)
1 2 3 4
1 Med Med Low Low

Magnitude

Draft Scientific Evaluation Worksheet, version 20
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Introduction

In 2006, the Glenn Colusa Irrigation District (GCID) and the Natural Heritage Institute (NHI) jointly
embarked on this investigation to explore how the largest water storage reservoir in the Federal Central
Valley Project (CVP), Shasta, and the only such reservoir in the State Water Project (SWP), Oroville, could
be re-operated in conjunction with northern Sacramento Valley groundwater aquifers to increase water
supplies for both environmental and economic uses. GCID is the Sacramento Valley’s largest agricultural
water supplier with annual water entitlements of 825,000 acre-feet in most years, based on pre-1914
Sacramento River and other water rights. The Natural Heritage Institute (NHI) is a non-governmental,
non-profit organization that works at the global scale to preserve and restore the natural functions of
river systems and the services they provide to sustain and enrich human life. The investigation was
enabled by a combination of state and federal grant funding, including Proposition 50 funding
administered by the Department of Water Resources (DWR) and federal funds channeled through the
Bureau of Reclamation’s (Reclamation) Mid-Pacific Region.

Two other agricultural water suppliers, Western Canal Water District (WCWD) and Richvale Irrigation
District (RID), participated in the investigation to the extent of providing technical information and by
expressing their interest and potential willingness to support a conjunctive water management project,
subject to their review of the investigation’s findings. Both districts have water entitlements to Feather
River water supplies delivered through the SWP.

Public outreach was conducted in a variety of forums to guide the investigation and to inform interested
parties regarding findings and progress. Outreach activities included seven publicly noticed meetings
held in the Sacramento Valley, three executive briefings for Reclamation and DWR management staff
and four workshops designed primarily to facilitate collaboration with DWR and Reclamation staff
involved with operating the CVP and SWP, respectively. Additionally, the project technical team met
many times with Reclamation and DWR staff to advance and coordinate the technical work.

At its inception, the investigation focused on the Sacramento Valley’s deep aquifers, particularly the
Lower Tuscan Formation, which underlies much of the northern portion of the Sacramento Valley.
However, as the investigation progressed the study team recognized that such a narrow focus was both
overly constraining on the scope of the study and somewhat misleading because it implied that any
effects on the aquifer system due to additional recharge or pumping could somehow be confined to a
particular portion of the groundwater system. Ultimately the project evaluated the effects of exercising
both the northern Sacramento Valley’s deep aquifer system, which is presently relatively undeveloped,
and the shallower, regional aquifer, which is more heavily pumped for both domestic and agricultural
needs.

The investigation began with the expectation that surplus water generated through the re-operation of
these reservoirs could be banked in the groundwater aquifers in the Sacramento Valley, like other
conjunctive use programs in the San Joaquin Valley of California, with water put into groundwater
storage in wet years and extracted in dry years. However, initial assessment and site screening revealed
that conditions in the Sacramento Valley are not conducive to this mode of conjunctive management,
primarily because groundwater aquifers, although extensively developed and pumped in many areas,
mostly for agricultural irrigation, generally recover fully during the precipitation season. What emerged
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was a conjunctive management approach based on reservoir re-operation backstopped by several
options for reducing the draw on reservoir storage when refill is insufficient.

Core Conjunctive Management Concept

The central thesis of this investigation is that most major reservoirs that are operated today for a limited
set of water supply and flood control objectives could be re-operated to achieve newly defined
ecological restoration benefits while also improving water supply reliability, reducing flood risks, and
buffering the effects of climate change. The objective of the project was to explore the potential to
optimize operations for all of these benefits without compromising any of them.

Reservoirs that have dual water supply and flood control functions, like the CVP and SWP reservoirs, are
typically operated under conservative rules designed to maximize water supply while avoiding flood
risks. This results in relative high carryover storage levels but frequent “spills” of water during the refill
period to create sufficient flood reservation capacity as necessary to prevent flood damage to the
development that has occurred in the downstream floodplain. These spills represent the component of
the runoff hydrograph that is not controlled and therefore not appropriated for beneficial use under
California water law. To capture and manage this water would require creating additional storage
capacity. One way to do that without enlarging the reservoir, or constructing additional ones, is to lower
the water storage levels going into the refill period, thereby creating more reservoir capacity to capture
high flows. Storage levels can be lowered by delivering additional water from the conservation pool to
meet new water supply objectives, including enhancing flows for environmental benefits and
augmenting water supplies for consumptive uses such as agriculture.

However, making additional reservoir releases before the ensuing refill period incurs a larger risk of
water supply shortages in the event that the quantity of runoff during the refill season, which is always
uncertain, is not sufficient to recover the reservoir storage to the level that would have occurred if the
additional releases had not been made. Failure for the reservoir to refill would impinge on the
reservoir’s function, manifest as water supply shortages, inadequate cold water reserves or reduced
carryover storage, or some combination of these factors, unless the reservoir deficit can be made up
from other sources.

Three strategies for “paying back'” the reservoirs in this manner were investigated:

The terms reservoir “refill” and reservoir “payback” are used in this report. Reservoir refill refers to recovery of
reservoir storage by either capturing surplus surface water flow or by not making reservoir releases that would
otherwise need to be made. The latter means of reservoir refill (not making reservoir releases that would
otherwise need to be made) is referred to as reservoir payback. Different reservoir payback strategies and
mechanisms are described in the report.

’A fourth payback strategy that was not considered in this study would be to repay the reservoirs with water
conveyed to and banked in aquifers south of the Delta in previous years. This option poses certain advantages to
the Sacramento Valley by eliminating or substantially reducing the need to exercise Sacramento Valley aquifers for
payback and making surplus water available when and where it has the highest economic value. While, this option
is beyond the scope of this phase of investigation, these advantages suggest that it may be a particularly robust
alternative that warrants investigation in a subsequent phase of analysis. Notably, this option is only viable if and
when additional conveyance capacity through, around or under the Delta becomes available, as is currently being
considered in the development of the Bay Delta Conservation Plan (BDCP).
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Payback from water generated by the project in previous years and stored (or “banked”) in
aquifers in the Sacramento Valley;

Payback from groundwater pumped by cooperating water suppliers served by the CVP or SWP
to substitute for water that would otherwise have had to be delivered from the reservoirs; and,

Payback from reduction in water demands on the reservoirs, achieved by temporary crop idling
on a voluntary, compensated basis.

Project Objectives and Principles

The basic objective of reservoir re-operation is to generate additional water supplies (or “assets”) for
discretionary uses. In this case, the investigation looked at dedicating additional water supplies
generated through re-operation of Shasta and Oroville to two primary in-Valley purposes:

1.

Enhancing ecosystem functions in the Sacramento and Feather Rivers. Healthy rivers are not
just environmentally valuable, they also are central to ensuring reliable, sustainable water
supplies. Water supply systems that work in concert with the environment are less likely to be
encumbered by court orders, water rights hearings, and other restrictions that can have drastic
effects on water supplies for farming and other economic uses.

Improving local water supply reliability, particularly in times of scarcity. The investigation used
historical unmet agricultural water demands to represent the need for additional water supplies
in the Valley; however, the additional water supplies could be allocated to other uses and
locations.

Design principles were established early on to guide development of project scenarios. The principles
were derived in part from public input as well as from the sensibilities of the project sponsors and
funding agencies, all aimed at identifying realistic, implementable water management improvements.
The primary design principles are as follows:

Honor all existing CVP and SWP obligations and operational constraints: The CVP and SWP
operate under a complex set of rules and conventions consistent with project water supply and
flood control objectives and regulatory requirements, including temperature criteria, State
Water Resources Control Board (SWRCB) Decision 1640 (D-1640), and the Central Valley Project
Improvement Act (CVPIA). All of these existing objectives and constraints must be observed in
any conjunctive management scenario so that water supply obligations to contractors are met
to the same extent as under existing operations, and all applicable regulations are satisfied.

Achieve net environmental benefits, recognizing that there may be some tradeoffs among
different environmental objectives and different times and locations: The Project would be
operated to achieve or contribute to achieving certain environmental flow improvements in the
mainstem Sacramento and Feather Rivers designed specifically to enhance ecologic functions
important to the viability of protected species, particularly Chinook salmon. Three such
tradeoffs are acknowledged in the Report:

e Peak flood control releases, which may be environmentally beneficially, would be
captured and released in a controlled pattern to achieve more tailored environmental
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and geomorphic benefits. In a sense, this is a strategy to use limited environmental
water supplies in a more efficient manner.

e When groundwater pumping is needed for reservoir payback (under payback option #2,
above), this could result in temporary reductions in base flows in the tributary streams
that are also important to protected species.

e More aggressive exercise of the reservoirs to improve flow conditions for ecosystem
enhancement may entail a greater risk of depleting cold water reserves needed for
downstream temperature maintenance.

Such potential tradeoffs would be addressed through consultation with the listing agencies as
part of the NEPA/CEQA compliance by project sponsors. Additional tradeoffs between
restoration of more natural river flow regimes and maintenance of cold water pools for river
temperature control are also possible and are discussed later in this report.

3. Hold other groundwater users harmless: The participating water districts are legal users of
groundwater, and, like all other groundwater users in the basin, enjoy a correlative and co-equal
right to increase their groundwater extractions for use by the overlying landowners, subject to
the mutual avoidance of harm. Notwithstanding the legality of the participating districts’
groundwater withdrawals, the Project would adhere to a "good neighbor" principle and design
its mitigation plan to the higher standard of assuring no appreciable, unmitigated harm to
existing groundwater users.

4. Generate net economic benefits so that the program can be self-financing: The project must be
able to generate revenues that more than offset the expenditures associated with project
implementation, including construction, operation, maintenance and any mitigation costs. In the
economic analysis conducted for the study, revenues were included only for water sales; no
monetary value was attached to ecosystem restoration benefits, although these benefits may be
quite appreciable.

Project Site Screening and Selection

A systematic, qualitative assessment of conditions within the Sacramento Valley was conducted to
identify particular areas where conjunctive operations appear promising. The team examined fall
groundwater elevation maps, water supplier boundaries and distribution system coverages, and water
source maps. The project and technical teams developed an initial list of project sites from a review of
groundwater maps and their professional knowledge of the Sacramento Valley. Sites were named
according to the overlying water districts, though potential sites did not strictly conform to water district
boundaries. Information considered in this analysis included the location, water source, existing surface
water contracts, current infrastructure and additional infrastructure necessary for delivery of surface
water and for extraction of groundwater, operational concepts, and information on existing
groundwater conditions. Table ES-1 summarizes this information considered for the nine initial sites.

Evaluation of existing groundwater conditions within the Sacramento Valley shaped the site screening
and selection. In general, the evaluation revealed that while groundwater levels are drawn down during
the irrigation season in many areas of the basin, levels recover during the precipitation season except
during prolonged (multi-year) dry periods. Cones of depression generally do not persist over the
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TABLE ES-1
Initial Project Sites and Parameters
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Project to
Water Annual Surface Integrate Currently
Location Source Site Type Water Contract With Integrated?
Butte Basin Surface GW Pumping ~ 300 TAF/yr SWP Yes
Orland-Artois WD Mixed Both 53 TAF/yr CVP Yes
Rancho Capay WD Ground GW Banking None CVvP No
Corning Canal Area Mixed Both 33 TAF/yr CVP Yes
Yolo-Zamora WD Ground GW Banking None CVvP No
Glenn-Colusa ID Surface GW Pumping 825 TAF/yr CVP Yes
Stony Creek Fan area Surface GW Pumping ~ 100 TAF/yr Orland No
Colusa County WD Mixed Both 68 TAF/yr CVP Yes
Olive Percy Davis Ranch Surface GW Pumping 32 TAF/yr CVP Yes

multiple years necessary to make the dewatered aquifer space suitable for banking®. Any additional
water recharge induces additional groundwater discharge to the streams. The conclusion from this
analysis was that conjunctive operations based on a groundwater banking payback mechanism are not
feasible in the Sacramento Valley at this time. Thus, further effort was concentrated on a second option
for a payback mechanism: pumping groundwater in lieu of making reservoir deliveries in years when
reservoir payback would be necessary.

Two sites were identified on which to conduct more refined analyses with surface and groundwater
modeling tools. The GCID and Butte Basin Projects”, supplied by the CVP and SWP, respectively,
provided the potential to pump the largest quantity of groundwater compared to other sites, and are
already well integrated with the surface water system. Under this option, conjunctive management
operations would utilize wells within GCID and the Butte Basin as a backstop for more aggressive
operation of Shasta Reservoir and Oroville Reservoir, respectively.

Ecological Flow and Agricultural Water Supply Targets for Conjunctive

Operations

A major element of this investigation was the development of specific ecological flow objectives for the
Sacramento and Feather Rivers to use to formulate and evaluate reservoir re-operation scenarios. The
ecologic flow objectives fall into two categories, three that were designed for Chinook salmon recovery,
and one that was designed for riparian habitat recovery. These may be summarized as follows:

* Based on the most recent (Fall 2011) data collected by DWR, there appear to be some areas in the northern
Sacramento Valley with persistent groundwater level declines, primarily in Glenn and Tehama Counties. These
areas should be evaluated for potential groundwater banking operations in future work phases.

* The major water surface water suppliers within the Butte Basin are WCWD, RID and Biggs-West Gridley Water
District (BWGWD). BWGWD declined to participate in the investigation, so development of the Butte Basin project
concentrated on the other two districts. It is noted that WCWD and RID were passive project participants meaning
they provided information for the investigation but did not assume a sponsorship role. Additionally, the Stony
Creek Fan area and Orland Project was identified as a third potential project. However, upon further evaluation
into potential groundwater pumping capacities and the ability to integrate the project with the Sacramento River
system, it was determined that this project would not be investigated during this phase of the project. However,
this project does deserve additional analysis in future phases of investigation.
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For Chinook salmon:

e Geomorphic objectives: Sediment transport, bed mobilization and bed scour; channel migration
and floodplain processes; inundation and fine sediment deposition

e Floodplain inundation objectives : inundated floodplain habitat for rearing juveniles during the
later winter and early spring; maintain and recruit spawning habitat, but avoid scouring gravels
while eggs or alevon are present

e Spring pulse flow objectives: Suitable flow conditions and temperatures for all life stages;
For Riparian Habitat:

e Fremont cottonwood seedbed preparation, seed germination and seedling growth; periodic
large-scale disturbance of the riparian zone; riparian stand structure and diversity

In each category, the objectives are expressed as quantitative flow targets for the two rivers,
respectively, defined in terms of flow magnitude, duration, frequency and seasonality, by river reach®.
The various objectives are coupled with a dynamic decision system for prioritizing objectives from year
to year.

Historical agricultural water supply shortages in the Sacramento Valley were used to represent the
targets for water supply enhancements. Specifically, for the CVP/Sacramento River, unmet demands of
CVP contractors within the Tehama-Colusa Canal Authority (TCCA) were used to represent additional
demands. Members of the TCCA, including contractors supplied from the Corning Canal, hold

agricultural service contracts for approximately 320 TAF of contract supply from the CVP, subject to
shortages. Historical shortages (as simulated in CalSim Il) were used to quantify unmet demands. On the
Feather River system, the majority of SWP contractors have reliable water supplies with the exception of
a few small contractors. There are no existing SWP contractors with large, frequently unmet agricultural
demands in the Butte Basin. Therefore a more general unmet agricultural demand was defined for the
Feather River based on user input and judgment.

Initial Project Scenarios

Four conjunctive operations scenarios were developed for the GCID and Butte Basin project locations for
initial analysis. The scenarios are differentiated primarily by the following two parameters:

e Maximum Payback Capacity. This is the maximum volume of groundwater pumping that would
occur in any year within the pumping period (see below) in GCID and the Butte Basin,
respectively. This capacity essentially establishes the scale of the conjunctive operation, since
the water deficit in the reservoirs cannot exceed the capacity to repay it, when that becomes
necessary. Maximum capacities were based primarily on professional judgment taking into
consideration historical pumping in the two areas and average pumping intensity (acre-feet per
acre). The payback capacities selected for analysis were:

O 100 TAF in GCID and 50 TAF in Butte Basin; total 150 TAF

> Although developed specifically for the purpose of formulating conjunctive management strategies, the
recommended objectives and flows are believed to have broader utility beyond this investigation.
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O 200 TAF in GCID and 100 TAF in Butte Basin; total 300 TAF

e  Pumping Period. Pumping must occur when there is a demand for water that would otherwise
be satisfied by reservoir releases. In both project areas, the dominant crop is rice, which is
typically planted between mid-April and early June and harvested in September. Following
harvest, most rice fields are re-flooded between September and November for rice straw
decomposition and to create waterfowl habitat. Thus the water delivery season in both areas is
from mid-April through November. Based on this, three pumping periods listed below were
identified for analysis. Different pumping periods were evaluated primarily to reveal differences
in aquifer response to differences in the timing and rate of pumping. Additionally, the pumping
period affects the capital investment needed for pumping facilities.

0 “Summer” defined as May through August
0 “Fall” defined as September through November
0 “Summer and Fall” defined as May through November

The combinations of payback capacity and pumping periods selected to form scenarios are listed in
Table ES-2.

TABLE ES-2
Project Scenarios Evaluated
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

GCID Annual Butte Basin Annual
Scenario Pumping Capacity Pumping Capacity Pumping Season
1 100 TAF 50 TAF Summer (May through August)
2 200 TAF 100 TAF Summer (May through August)
3 100 TAF 50 TAF Fall (September through November)
4 100 TAF 50 TAF Summer and Fall (May through November)

TAF = thousand acre-feet

Additionally, two well field configurations were evaluated for each scenario, one corresponding to
existing wells screened at depths between 100 to 500 feet and a second well field corresponding to new
wells screened at depths of 900 to 1,100 feet. Thus a total of eight operational scenarios were
evaluated.

Analytic Tools

Formulating and evaluating potential conjunctive management projects requires simulation of both
surface water and groundwater systems. Simulating the surface water system is necessary to determine
when water is available to refill reservoirs and to estimate unmet agricultural demands, environmental
objectives, and flow conditions. A groundwater model is necessary to estimate the effects of additional
pumping on aquifer systems, including the spatial extent and magnitude of drawdown and potential
change in stream-aquifer interaction. Changes in stream-aquifer interactions may affect the surface
water system, depending on stream conditions when the changes occur. For example, if additional
pumping results in more stream loss to the aquifer or less aquifer contribution to stream flow during the
winter season of relatively wet years when the surface water system has surplus flow, there may be
little or no impact. However, if pumping reduces stream flow during months and years when the surface
water system is being operated to meet specific flow or water quality requirements, any reduction in
stream flow will require a corresponding increase in reservoir release to ensure the flow requirement
continues to be met. This decreases the water supply benefit of conjunctive management projects.
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Evaluating this aspect of conjunctive management projects required coordinated operation of surface
water and groundwater models.

The main tool used to evaluate alternative conjunctive management operations strategies and test
alternative environmental flow thresholds and priorities was a spreadsheet-based surface water model.
The model simulates changes in operation of Lake Shasta and Lake Oroville relative to conditions
depicted in a baseline CalSim Il simulation of CVP and SWP operations. The CalSim Il baseline provides
time series of reservoir storage levels, stream flows, and water deliveries which are used by the surface
water model. Conjunctive management operations are simulated and layered onto baseline operations
based on user inputs, while maintaining compliance with existing CVP and SWP rules, regulation, and
operations. Consistent with currently available CALSIM Il runs, the surface water model operates over
the 82-year period from 1922 through 2003, inclusive.

For the groundwater analysis, an existing simplified groundwater modeling tool was completely re-
designed and improved, to yield a powerful analytical package now referred to as the Sacramento Valley
Groundwater Model (SACFEM). SACFEM is a full water budget based transient groundwater flow model
that incorporates all of the groundwater and surface water budget components on a monthly time step
over the period of simulation. The model domain covers the entire Sacramento Valley floor from
Redding in the north to Sacramento in the south, and includes explicit representations of all major and
many minor streams. The model provides very high resolution estimates of groundwater level and
streamflow effects due to conjunctive water management pumping. In contrast to the surface water
model, the groundwater model operates over a 17-year period from 1987 to 2003, due to the lack of
historical data needed to calibrate the model prior to 1987.

Performance of Initial Project Scenarios

The performance of the initial project scenarios was evaluated by simulating operations with the surface
water model. Scenarios 1, 3 and 4 are identical from a surface water operations perspective because

they have the same payback pumping capacity in GCID and in the Butte Basin, respectively. Scenario 2 is
different because GCID and Butte Basin pumping capacities are higher compared to Scenarios 1, 3 and 4.

The project benefits in terms of environmental flow targets met and agricultural water supplies
generated are presented in Table ES-3. In GCID, at the 100 TAF project scale (associated with Scenarios
1, 3 and 4), environmental flow releases are made in 23 years in the 82 year period of analysis, or 28
percent of the years. The average environmental release volume is 46 TAF in the years made, or 13 TAF
averaged over the full 82-year period. Agricultural water supply releases were made in 24 years, or 29
percent of the years, with the average release volume being 46 TAF in the years made and 14 TAF
averaged over the full 82-year period. When the GCID project scale is doubled to 200 TAF (Scenario 2),
project benefits increase appreciably. Environmental flow releases are made in 40 years, or 49 percent
of the time, with the average release being 96 TAF in the years of occurrence and the 82-year average
being 47 TAF. Agricultural water supply releases also increase but not by as much proportionally as
environmental releases. The frequency of agricultural releases stays the same (at 24 years), but the
average release increases to 75 TAF in the years of occurrence and 22TAF over the 82-year period.

In Butte Basin, at the 50 TAF project scale (associated with Scenarios 1, 3 and 4), environmental flow
releases are made in 28 years in the 82 year period of analysis, or 34 percent of the years. The average
environmental release volume is 21 TAF in the years made, or 7 TAF averaged over the full 82-year
period. Agricultural water supply releases were made in 30 years, or 37 percent of the years, with the
average release volume being 27 TAF in the years made and 10 TAF averaged over the full 82-year
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Environmental and Agricultural Water Supply Benefits under Conjunctive Operations
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Executive Summary

Environmental Benefits Agricultural Benefits
Payback AvginYrs AvginYrs
Pumping| Number of Avg Over of Avg Over
Capacity of Occurrence| All Yrs Occurrence| AllYrs
Scenario(s) Project/System (TAF) Years (TAF) (TAF) |No. Yrs. (TAF) (TAF)
GCID/CVP
1,3and4 / 100 23 46 13 24 46 14
Lake Shasta-SacR
Butte Basin/SWP
1,3and4 ) 50 28 21 7 30 27 10
Lake Oroville-Feather R
GCID/CVP
2 200 40 96 47 24 75 22
Lake Shasta-Sac R
Butte Basin/SWP
2 . 100 44 43 23 30 52 20
Lake Oroville-Feather R

period. When the Butte Basin project scale is doubled to 100 TAF (Scenario 2), project benefits increase
appreciably. Environmental flow releases are made in 44 years, or 54 percent of the time, with the
average release being 43 TAF in the years of occurrence and the 82-year average being 23 TAF.
Agricultural water supply releases also increase but not by as much proportionally as environmental
releases. The frequency of agricultural releases stays the same (at 30 years), but the average release
increases to 52 TAF in the years of occurrence and 20TAF over the 82-year period.

A fundamentally important finding is revealed through inspection of how the reservoirs are refilled
following draw down to make project releases (Table ES-4). For the GCID 100 TAF project scale
(Scenarios 1, 3 and 4), reservoir refill occurs in 33 years. But in 29 years the refill comes from surplus
surface flows. In only 4 years is it necessary to pump from project groundwater. That is less than 5
percent of the years of operation. The average refill from surplus surface flows is 70 TAF in the years of
occurrence and 24 TAF over the full period. In contrast, the refill from project groundwater pumping is
also 70 TAF in the years of occurrence but just 4 TAF annually averaged over the full period. Importantly,
the maximum year pumping is 98 TAF or nearly the full assumed repayment pumping capacity. At the
200 TAF project scale in GCID (Scenario 2), reservoir refill occurs in 41 years, with refill from surplus
surface water occurring in 35 years and from project groundwater pumping in 6 years. The average refill
from surplus surface flows is 139 TAF in the years of occurrence and 58 TAF annually over the full
period.

For the Butte Basin 50 TAF project scale (Scenarios 1, 3 and 4), reservoir refill occurs in 43 years,
including 37 years of refill from surplus surface flows and just 6 years from project groundwater
pumping. The average refill from surplus surface flows is 32 TAF in the years of occurrence and 14 TAF
over the full period. In contrast, the refill from project groundwater pumping is 44 TAF in the years of
occurrence but just 3 TAF annually averaged over the full period. Importantly, the maximum year
pumping is 50 TAF, the full assumed repayment pumping capacity. At the 100 TAF project scale in Butte
Basin (Scenario 2), reservoir refill occurs in 51 years, with refill from surplus surface water occurring in
43 years and from project groundwater pumping in 8 years. The average refill from surplus surface flows
is 72 TAF in the years of occurrence and 36 TAF annually over the full period.
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TABLE ES-4
Reservoir Refill under Conjunctive Operations
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Surplus Surface Water Project Groundwater Pumping
Payback Avgin Yrs Avgin Yrs
Pumping|Number of Avg Over of Avg Over|Maximum
Capacity of Occurrence| All Yrs Occurrence| All Yrs Year
Scenario(s) Project/System (TAF) Years (TAF) (TAF) |No. Yrs. (TAF) (TAF) (TAF)
ID/CVP
1,3and4 GeIb/c 100 29 70 24 4 70 4 98
Lake Shasta-Sac R
Butte Basin/SWP
1,3and4 . 50 37 32 14 6 44 3 50
Lake Oroville-Feather R
GCID/CvP
2 200 35 139 58 6 123 9 198
Lake Shasta-SacR
Butte Basin/SWP
2 utte Basin/ 100 43 72 36 8 75 7 100
Lake Oroville-Feather R

For the Butte Basin 50 TAF project scale (Scenarios 1, 3 and 4), reservoir refill occurs in 43 years,
including 37 years of refill from surplus surface flows and just 6 years from project groundwater
pumping. The average refill from surplus surface flows is 32 TAF in the years of occurrence and 14 TAF
over the full period. In contrast, the refill from project groundwater pumping is 44 TAF in the years of
occurrence but just 3 TAF annually averaged over the full period. Importantly, the maximum year
pumping is 50 TAF, the full assumed repayment pumping capacity. At the 100 TAF project scale in Butte
Basin (Scenario 2), reservoir refill occurs in 51 years, with refill from surplus surface water occurring in
43 years and from project groundwater pumping in 8 years. The average refill from surplus surface flows
is 72 TAF in the years of occurrence and 36 TAF annually over the full period.

It is evident from this summary that there are opportunities to generate appreciable incremental
benefits through conjunctive operations in terms of increased environmental flow releases and
agricultural water supplies, without infringing on CVP and SWP operations. Additional results from
operations simulations are described in the body of this report.

Impacts of Project Groundwater Pumping

Impacts to Existing Groundwater Pumpers

The effects of the additional project groundwater pumping for reservoir payback were evaluated using
the groundwater model. This was done by imposing the payback pumping monthly time series
determined by the surface water model on baseline pumping to estimate the effects on groundwater
levels. The effects of changes in groundwater levels on the operability of existing wells in the project
area and on pumping costs were then evaluated.

There are approximately 15,400 existing groundwater production wells in the project area, with about

9,100 of those wells (59%) being relatively shallow, domestic supply wells and about 4,500 wells (29%)
being irrigation wells. The remaining wells are for unknown or other purposes (Table ES-5).
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TABLE ES-5
Number of Water Supply Wells in Project Areas
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Use Number of wells
Domestic 9,058

Irrigation 4,455

Unknown’ 1,388

Other 267

Municipal 139

Stock 75

Public 52

Total 15,434

The surface model predicted the need for pumping in about 10 percent of the years in the Butte Basin
and about 7 percent of the years in GCID under the 300 TAF pumping scenarios (200 TAF GCID, 100 TAF
Butte Basin; see Table ES-6). In years in which pumping occurs, pumping is usually required in either
GCID or in the Butte Basin, but not both. However, in exceptionally dry years, pumping would occur in
both areas in the same year (see bolded years in Table ES-6).

TABLE ES-6
Occurrence of Pumping
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Number of times
pumping occurs Years in which pumping occurs
(82 years of record) Number of times
Maximum umping occurs in
Pumping GCID - Butte - GCID - Butte - %Clg ar?d/or Butte
Shasta Oroville Shasta Oroville Basin
150 TAF 1947, 1987, 1988, 1933, 1961, 1990,
(100 TAF GCID; 50 4 6 1990 1992, 1994, 2002 9
TAF Butte Basin)
300 TAF 1923, 1929, 1947, 1929, 1933, 1947,
(200 TAF GCID;100 6 8 1987, 1988, 1990 1961, 1990, 1992, 11
TAF Butte Basin) 1994, 2002

* bolded years indicate that pumping would have occurred in both GCID and Butte Basin under the Project.

The additional (or interference) drawdown in the shallow aquifer caused by project pumping is shown in
Table ES-7, indicating that the maximum additional drawdown is generally less than 10 feet and the
average is generally less than one foot. Maximum drawdown occurs near project pumping wells but
dissipates rapidly moving away from wells.

® Data provided by California Department of Water Resources Northern District Office. 2009.
’ May include monitoring wells, vapor recovery wells, or other wells not constructed for water supply purposes.
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TABLE ES-7
Summary Statistics of Monthly Average Interference Drawdown in the Shallow Aquifer by Pumping Scenario, 1987 — 2003
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Interference Drawdown (ft)

Pumping Scenario Min ~ Max Mean Median Std. Dev.
300 TAF Summer Pumping, New Well Field 00| 136]| 05 0.3 0.7
300 TAF Summer Pumping, Existing Well Field 0.0 83| 04 0.2 0.6
150 TAF Summer Pumping, New Well Field 0.0 6.2| 0.3 0.2 0.4
150 TAF Summer Pumping, Existing Well Field 0.0 54| 0.3 0.2 0.4
150 TAF Fall Pumping, New Well Field 0.0 70| 04 0.2 0.4
150 TAF Fall Pumping, Existing Well Field 0.0 61| 0.4 0.2 0.5
150 TAF Summer & Fall Pumping, New Well Field 0.0 59| 04 0.2 0.4
150 TAF Summer & Fall Pumping, Existing Well Field 0.0 50| 04 0.2 0.5

Based in the interference drawdown simulated by the groundwater model, the results of the analysis of
impacts to existing groundwater users are summarized as follows:

o The operability of some domestic wells is likely to be affected because these wells tend to be
shallow and the magnitude of interference drawdown caused by project pumping is significant
relative to the screened intervals of these wells. The maximum number of domestic wells
impacted is estimated to be between 153 and 284, which is a relatively small percentage (about
3%) of the total number of domestic wells. This impact occurs in 1990 when pumping occurs in
both GCID and the Butte Basin and may be overstated to the extent that some of the impacted
wells are no longer in operation. It is noted that goal in project implementation would be to
minimize or avoid impacts to domestic wells, if possible.

e Impacts to the operability and yields of existing irrigation wells are negligible because the
magnitude of interference drawdown from project pumping is small relative to the screened
intervals of these wells.

e Energy requirements and costs will be increased for both domestic and irrigation pumping due
to increased pumping lifts. On an annualized basis, the increased energy cost for irrigation
pumping is estimated to range between $123,000 and $228,000, and for domestic pumping is
estimated to range between $3,000 and $5,000.

Impacts on Streamflow

The modeled project pumping scenarios result in some streamflow reductions, due either to increased
stream loss to aquifers or decreased aquifer flow into streams (Table ES-8). To compensate for these
losses, the modeling incorporated releases from Shasta and Oroville when the system is “in balance.”
Although these releases help maintain streamflow in the Sacramento and Feather Rivers, while insuring
the system as whole doesn’t experience significant losses, the releases do not directly mitigate the
impact of tributary streamflow losses to ecosystems and species. As a starting point for the assessing
impact to tributary streams, the project analyzed Butte Creek due to its high ecosystem value combined
with some of the largest discharge losses due to pumping. An additional consideration is that historical
streamflow records are available for Butte Creek but generally not for other smaller streams.
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TABLE ES-8
Peak Effects on Streamflow from Conjunctive Management Operations
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Scenario 1 Scenario 2 Scenario 3 Scenario 4
Existing New Existing New Existing New Existing New
Stream (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
All Streams? 54 53 111 105 80 90 64 65
Butte Creek 13 12 72 69 50 48 39 33
Sacramento River —
GCID to Wilkins Slough 42 37 32 28 16 18 16 15
Feather River 3 3 6 6 4 4 4 4
Little Chico Creek 3 3 6 5 4 3 4 3
Salt River 1 5 5 8 2 5 2 5
Stone Coral Creek 6 9 11 15 7 10 6 9
Stony Creek 4 5 7 7 4 6 4 4

®Includes the 7 streams listed below.
The Butte Creek analysis yielded the following key results:

e Project pumping will not impact the uppermost reach in the project areas, the primary spawning
area for Spring-run Chinook and Central Valley steelhead

e Pumping will have a greater impact on the lower reaches of Butte Creek, than the upper
0 In addition to cumulative effects, the rate of leakage is higher in downstream reaches

e The largest absolute losses in streamflow occur when discharge is also highest (Jan.-Mar)
0 The magnitude of impacts in relation to the baseflow at this time is not substantial
(maximum of 1-3% loss in streamflow)

e The largest percentage loss in stream flow occurs in the lowest reach during summer/ early fall
when Spring-run have already migrated upstream and steelhead are only beginning to enter the
streams

e Project pumping never causes average monthly discharge to fall below the instream flow
standards in the four upstream reaches

e June average monthly discharge in the lowermost reach, falls below the 40 cfs instream
standard twice in the 17 year record due to pumping of up to 150K, and four times under
pumping of up to 300K

O Most Spring-run migration has already occurred by June, but some late Spring-run
migrants, may experience minimal impacts

0 These impacts occur during the drought years of 1990, 1991, 1992, 1994, when Butte
County irrigators participated in the drought water bank
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The results of the analysis do not reveal any significant negative impact to Spring-run Chinook or Central
Valley Steelhead in Butte Creek due to project pumping. Furthermore, this analysis focused only on
those years with stream impacts (water years 1987 - 2003), during which time groundwater would have
been pumped more frequently than over the entire period assessed by the surface water model (1922-
2003). As such, on average impacts would likely be less significant and rarer than those projected in this
analysis.

Economic Analysis

The economic analysis did not assign a monetary value to the environmental benefits that would
accrue. This was not because these would be negligible. In fact, the potential increase in salmon
productivity could be quite substantial. Rather, the economic analysis was conducted in part to
determine whether the revenue from the project’s potential water sales alone would be large enough
to pay for the capital and operational costs. In sum, the question was not whether the project would be
worthwhile, but whether it could pay for itself.

The net benefit of the project considering the associated costs and expected benefits varies depending
primarily on where the water generated by the project can be sold and, to some extent, on whether
new wells are constructed or the project is operated using primarily existing wells. As summarized in
Table ES-9, if the water generated through conjunctive operations is sold in the Sacramento Valley, only
one of the scenarios has a positive net benefit, with the others having modest to strong negative net
benefits. In contrast, if the water were valued at rates paid in ag sectors outside the Sacramento Valley
or by urban customers, only one of the scenarios has a negative net benefit with the others being
positive. Interestingly, even though the 150 TAF summer and fall pumping using the existing wells was the
least-cost scenario, the analysis demonstrates that the largest net benefit is associated with the 300
TAF summer pumping scenario using the existing wells (if the water could be exported south of the
Delta).

It can be seen from Table ES-9 that the existing well scenarios dominate the new well scenarios in terms of
net benefits. The high capital costs associated with constructing new wells make this option less
economically viable.

TABLE ES-9
Net Benefit under Various Pumping Scenarios
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Annual
Annual
benefits, Penefits, Net Net
local use  €xports Total Cost benefits, benefits,
M)  (PV,$m) localuse export
Scenario M) ($M) ($M)
1 300 TAF Summer New Wells 183 365 290 -107 76
2 300 TAF Summer Existing Wells 183 365 212 -30 153
3 150 TAF Summer New Wells 73 145 135 -62 11
4 150 TAF Summer Existing Wells 73 145 94 -21 52
5 150 TAF Fall New Wells 74 148 210 -136 -62
6 150 TAF Fall Existing Wells 74 148 144 -70 4
7 150 TAF Summer & Fall New Wells 73 147 88 -14 59
8 150 TAF Summer & Fall Existing Wells 73 147 65 8 81
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Operational and Analytic Refinements Recommended by Project Operators

Beginning in April 2010, a series of three %-day workshops were held with a select group of CVP and
SWP operators for the purpose of refining project scenarios. The main purposes were: (1) to identify
additional project purposes and benefits that could potentially be realized through conjunctive
operations as a means of enhancing project economic performance and (2) to ensure that the
simulations were as realistic as possible. The workshops were complemented with one-on-one
consultations between operators and project team members as needed to clarify comments and
develop specific recommendations for incorporation into scenario development and the supporting
modeling methodology.

Specific refinements identified through collaboration with the project operators included the following:

o Updated CALSIM Il Baseline. The CALSIM Il baseline used for the initial modeling pre-dated the
2008 Biological Opinion on delta smelt (smelt BO) and the 2009 Biological Opinion on Chinook
salmon (salmon BO). The baseline was updated with a CALSIM Il model run with the smelt BO
and salmon BO included. This baseline was used for further development and evaluation of
project scenarios.

e Shasta and Oroville Reservoir Minimum Release Constraints. CVP operators expressed concerns
about the ability to reduce Shasta releases under conditions when releases are driven by
temperature compliance in the Sacramento River below the reservoir rather than water supply
demands further downstream. Constraints on the ability to reduce Shasta releases were
specified in the form of monthly minimum Keswick releases for temperature compliance.
Constraints on the ability to reduce Oroville releases for temperature compliance were specified
by SWP operators as a function of Oroville releases and time of year. Potential reductions
ranged from zero to 1,000 cfs.

e Forecast-Based Operations. The initial surface water model made project asset decisions
(volume of additional reservoir release) based on a perfect forecast of September reservoir
storage. The implication of this assumption was to minimize the risk of achieving targeted levels
of carryover storage due to conjunctive operations. The surface water model was refined to
include a forecast of fall storage conditions based on current reservoir storage, runoff forecasts,
and an estimate of reservoir releases from the current month through September. This change
made the simulations more like actual project operations.

e Oroville Reservoir Carryover Storage Targets. SWP operators specified Oroville storage targets
for the purpose of increasing carryover storage when at or below 1.5 million acre-feet (MAF)
under base conditions by up to a maximum of 200 thousand acre-feet (TAF). These targets were
developed to assist in mitigating effects of damage to the low-elevation outlet that occurred
during gate testing several years ago. Damage to the low-elevation outlet has effectively
increased dead storage in Lake Oroville leading to a desire to increase carryover storage.

e Crop Idling for Reservoir Payback. The surface water model was modified to simulate crop idling
as a payback mechanism to recover reservoir storage. This was done to reduce or avoid the
need for project pumping, thereby reducing project costs and enhancing overall project cost-
effectiveness. A number of assumptions and constraints were placed on crop idling operations,
the main assumptions being that crop idling would be voluntary and incentive-driven and would
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be limited in extent to no more than 20% of the irrigated area in GCID and the Butte Basin
(WCWD and RID).

With these refinements made to the surface water model and project operating objectives and
constraints, the project scenarios were reassessed, leading to the following observations:

e Updating the CALSIM Il baseline to include the smelt and salmon BOs had negligible effect on
project performance.

e The addition of forecast-based operations together with minimum reservoir releases for water
temperature compliance dramatically reduced project performance with respect to generating
environmental flow releases and agricultural water supplies. Relative to initial conditions,
benefits were reduced by one-half to two-thirds. The procedures developed for forecasting end-
of-year reservoir storage were deliberately conservative to limit risks to carryover storage;
however, the effect of the forecasts was to substantially reduce the estimated project water
assets, which severely reduced both environmental flow releases and agricultural water
supplies. The effect of minimum reservoir releases was to reduce the times when payback
pumping can effectively recover reservoir levels, also diminishing project performance.

e Employing project pumping to assist in meeting Oroville Reservoir carryover targets is not
effective because project pumping is called on frequently, to the extent that groundwater
impacts could become problematic. Additionally, much of the water held in reservoir storage
subsequently spills due to displacement with by surplus surface flows.

e Temporary crop idling is not an effective means of reservoir payback, primarily because crop
idling decisions need to be made early in the season and involve making an irreversible
commitment to participating growers for purchasing the water generated through crop idling
regardless of whether the water can be held in upstream storage or put to beneficial use
downstream. Modeling shows that too frequently temperature releases govern reservoir
operations and the water generated by crop idling cannot be held in storage.

Fundamental Conclusions

The seminal conclusion of this investigation is that re-operating Shasta and Oroville Reservoirs in
conjunction with operation of Sacramento Valley groundwater aquifers could produce appreciable
additional water supplies for discretionary allocation to environmental enhancement flows in the
Sacramento and Feather Rivers, for increased local and regional water supply reliability and potentially
for meeting water demands outside the Sacramento Valley. This can be done with low risk to CVP and
SWP reservoir storage levels and water deliveries under most conditions because additional releases
made for these purposes are replaced with reservoir refill from surplus surface flows most of the time,
with groundwater pumping for reservoir “payback” required relatively infrequently. In the years needed,
groundwater pumping would be appreciable but potential impacts to existing Sacramento Valley
groundwater conditions in the areas of pumping appear be manageable and could be mitigated. Overall,
the project would result in a net gain of groundwater storage in the Sacramento Valley if, as assumed,
additional water supplies generated by re-operation are used to meet demands that would otherwise be
met by pumping groundwater.

Modeling of conjunctive operations reveals that the ability to recover reservoirs by pumping
groundwater when they fail to recover sufficiently from surplus surface flows is constrained at times by
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the need to sustain reservoir releases for temperature control, in order to provide desirable conditions
for salmonids. In effect, the scale of conjunctive operations and the ability to generate one kind of
environmental benefits (ecologic flows) is constrained by existing operational requirements for another
kind of environmental benefits (temperature control). This tradeoff between different environmental
water uses points to the need for comprehensive, holistic approaches to environmental water
management. The analytical tools developed for this project are sufficient to support development of
such approaches.

While an economically feasible in-Valley operation scenario was not identified by the investigation,
prospects of a viable formulation appear promising and further development and integration of the core
concept is warranted, particularly if greater revenues can be derived by selling water at higher prices, or
there was a willingness to pay for the environmental benefits provided. It is noted that the ecologic
benefits that could be achieved by improving flow regimes in the Feather and Sacramento Rivers
through conjunctive operations were not included in the assessment of the project’s economic
feasibility. This is because methodologies for valuing those benefits are somewhat speculative.
Additionally, the benefits that would result from improved groundwater conditions within the
Sacramento Valley due to the delivery of additional surface water supplies and consequent relaxation of
groundwater pumping were not factored into the economic analysis. Valuation and inclusion of these
benefits in any future phases of investigation would enhance the economic feasibility of conjunctive
operations.

Recommended Further Investigation

A number of specific recommendations for further development and refinement of Sacramento Valley
conjunctive water management are provided in the body of this final report. These are primarily
technical in nature, involving reconciling tradeoffs among different types of environmental water uses,
more detailed water temperature modeling, refined reservoir payback operations, integration with
south of Delta groundwater banking and refinement of analytic tools.

Beyond the technical factors lie significant institutional and social challenges that would need to be
addressed if there is sufficient interest in advancing the project toward implementation. These include
developing protocols and procedures for real-time operations decisionmaking, integrating conjunctive
operations into the Coordinated Operations Agreement, developing project governance structures
among local political jurisdictions, and developing formulae for allocating project benefits and costs.

However daunting these challenges may appear, the potential benefits relative to risks revealed through

this investigation suggest that further efforts to develop and implement conjunctive water management
in the Sacramento Valley are warranted.
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1. Principal Findings and Conclusions
The main findings and conclusions reached through this investigation are summarized below:

1. The core concept of augmenting yield from Lake Shasta and Lake Oroville by increasing releases
before the refill season, and thereby reducing carry-over storage levels to allow subsequent
capture of a larger fraction of flood flows, is hydrologically feasible. In most years, the additional
reservoir space evacuated is refilled by surplus surface flows that otherwise would have been
lost as flood control releases. However, in some years, reservoir storage does not recover to
levels that would have occurred without the additional releases, resulting in a reservoir storage
deficit compared to baseline conditions.

2. To satisfy CVP and SWP supply obligations at current levels and to comply with current
environmental regulations, especially those pertaining to water temperature, it is necessary to
have a method for “paying back” any reservoir deficits resulting from the additional releases.
The scale of the re-operation that is feasible without risk to water supply and project operations
is limited by the capacity to pay back the reservoir because the maximum reservoir deficit
cannot be larger than the ability to pay it back in a single year, when necessary.

3. Atthe two payback scales investigated (see Section 5), simulations indicate that between 27
thousand acre-feet (TAF) and 69 TAF of additional water supplies could be generated on an
average annual basis from Shasta re-operation, while Oroville re-operation could yield between
17 TAF to 43 TAF on an average annual basis. However, these estimates do not take into account
the minimum mandatory reservoir releases for temperature control or forecast-based reservoir
operations as described below.)

4. Four strategies for reservoir payback have been identified as warranting consideration, three of
which were analyzed in this phase of the project. The three payback mechanisms analyzed in
this phase are:

a. Drawing on project surplus water that would be banked through intentional recharge of
groundwater at sites within the Sacramento Valley;

b. Pumping groundwater within Glenn Colusa Irrigation District (GCID), a CVP settlement
contractor, to pay back Shasta Reservoir and within Western Canal Water District
(WCWD) and Richvale Irrigation District (RID), both served through the SWP collectively
referred to as the “Butte Basin”, to pay back Oroville Reservoir; and

c. Reducing surface water demands through voluntary, temporary, and compensated
idling of crop lands by willing growers in these participating districts ®.

5. Payback through groundwater banking in the Sacramento Valley proved to be infeasible
because, under existing levels of groundwater use, the seasonally dewatered aquifer space
tends to recharge annually during the following precipitation season. Cones of depression from
groundwater pumping typically do not persist over the multiple years necessary for an efficient,
actively recharged, banking operation. Therefore, additional recharge for water banking tends to

& Another strategy for demand reduction is foregoing flooding rice lands at the end of the growing season for rice
straw decomposition. The potential to substitute other means of disposing of the straw, such as removal to delta
islands to rebuild their elevation, has not been analyzed because this option has the disadvantage of eliminating
valuable waterfowl refugia during the late fall and winter seasons.
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cause rejection of recharge from other sources or increased aquifer discharge, with little net
gain in groundwater storage. Consequently, this payback option was not further pursued.

6. Payback through groundwater pumping within the participating water districts was found to be
technically feasible with impacts on other existing groundwater users small enough to be
mitigated and compensated. Impacts to the yields and operability of agricultural wells would be
negligible, while up to approximately 3 percent of the large number (more than 9,000) of
existing domestic wells would become inoperable and would therefore needed to be deepened
or replaced. The pumping lift for all wells would increase resulting in increased pumping costs.

7. The investigation also addressed the feasibility of repaying the reservoirs through reducing
water demands in the participating districts instead of pumping groundwater. This would have
the advantage of avoiding entirely impacts on other groundwater users. This could be
accomplished through a program of voluntary crop idling by growers in these districts pursuant
to a water buy-back arrangement. This payback strategy proved to be inefficient because the
decision to call on crop idling for payback must be made before the planting season begins,
when the extent of reservoir refill is still highly uncertain. Particularly because end-of-season
reservoir storage forecasts are made conservatively, there is a significant probability that the
water made available through crop idling is either not needed or is spilled from the reservoir.
Consequently this payback option does not perform as well as groundwater pumping from a
cost-effectiveness perspective.’

8. The fourth payback mechanism, identified but not evaluated in this phase, involves drawing on
project water banked in dewatered aquifers south of the delta. This option becomes much more
viable if existing pumping constraints at the Banks and Jones plants in the south delta are
alleviated by an isolated diversion and conveyance facility around or under the delta to the state
and federal canals, such as is being considered in the Bay Delta Conservation Plan (BDCP). This
option will be evaluated in the next phase by which time BDCP options presumably will have
been clarified. It is notable that this option would allow the surplus water to be stored and used
at times and places of greatest economic value, compared to the other strategies that were
evaluated. It is also notable that this option would not entail increasing the volume of water that
is exported from the Sacramento Valley currently, but would convert some portion of delta
outflow during the flood season to water supply south of the delta.

9. All of the payback mechanisms investigated would be constrained during periods when reservoir
releases governed by water quality objectives (mainly temperature) exceed the releases needed
to serve downstream demands. Under these conditions, regardless of how it is generated,
payback water cannot be held in upstream storage because reservoir releases cannot be
reduced and still meet water quality objectives. Minimum releases at Keswick (on the
Sacramento River) are prescribed by current water quality regulations imposed by the biological
opinions of the National Marine Fisheries Service at the federal level and by the State Water
Resources Control Board at the state level to prevent lethal temperature occurrence in the

° Another strategy for implementing temporary crop idling was identified but not evaluated as part of the
investigation. Rather than invoke crop idling prior to planting, the idea would be to trigger idling during the crop
season when the determination of the need for and effectiveness of payback could be forecast with much greater
reliability. Certain crops, such as alfalfa, are adapted to intermittent irrigation, although production losses more or
less proportional to water shortages are expected.
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Sacramento River for spring and winter run salmon. Operational protocols to maintain viable
temperatures for the Feather River below the Thermalito re-regulation dam are also prescribed
in the proposed settlement agreement for the Oroville relicensing by the Federal Energy
Regulatory Commission (FERC). The extent to which these may also constrain the payback
potential for Oroville should be analyzed further.. Like the other payback options, the extent to
which the reservoir carryover storage can be reduced through additional releases for the project
purposes (environmental flows and water supply) is limited by the ability to make up any
storage deficits that result from insufficient reservoir inflow in subsequent precipitation
seasons. Substituting groundwater pumping for surface water deliveries is a means to do that.
But in the case of Shasta reservoir (and probably also Oroville reservoir under the FERC
relicensing agreement), such substitution will only work to the extent that a commensurate
amount of water can be retained in the reservoir. The requirement to release prescribed
amounts of water at Keswick dam for temperature control means that in many years,
groundwater pumping cannot completely replace reservoir water.

10. Shasta and Oroville Reservoirs are operated at present in a conservative manner that minimizes
the risks of temperature stresses for salmonids in the downstream rivers. These conservative
operations dramatically reduce potential improvements in environmental flows made possible
by project conjunctive operations. Three of the project’s four environmental flow improvements
are designed to benefit salmon through increased spring pulses for out-migration, floodplain
inundation for rearing and food, and geomorphic flows to improve spawning conditions. Yet the
more aggressive reservoir operations to generate these environmental flows unavoidably
increase the risks to the cold water pool to some extent. It is apparent that there is a tradeoff
between temperature risk reduction and environmental flow benefits. Whether the loss of
suitable habitat in some reaches of the rivers due to adverse temperatures, if any, is more than
offset by the improvements in habitat for salmon resulting from meeting the other
environmental flow improvements more frequently will also be investigated in the next phase of
this project. Itis also possible that fish passage to access the cold water resources above the
dams, such has been recommended by NMFS as a salmon recovery measure, would also
alleviate the volume and timing of cold water releases needed for temperature control below
the dams. This will also be investigated in the next phase. These subsequent investigations will
illuminate whether the optimal strategy can result in less constraining minimum releases at
Keswick and larger and more frequent yields of water for environmental flows and water supply.

11. Simulations of conjunctive operations with the effects of minimum reservoir releases for
temperature control (in combination with forecast-based simulation techniques) revealed that
project benefits are dramatically reduced, by approximately one-half to two-thirds of the levels
discussed above in #3. At this scale, the economic benefits are also small in light of the costs of
the projects, including primarily the energy cost for pumping payback groundwater and the
costs of mitigating the effects of this pumping on other groundwater users.

12. The economic benefits of the project in the near term with this (groundwater pumping) payback

mechanism include the market value of the additional water within the Sacramento Valley,
estimated to be S50 per AF.
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2. Introduction

2.1.Purpose

In 2006, the Glenn Colusa Irrigation District (GCID) and the Natural Heritage Institute (NHI) jointly
embarked on this investigation to explore how the largest water storage reservoir in the Federal Central
Valley Project (CVP), Shasta, and the only such reservoir in the State Water Project (SWP), Oroville, could
be re-operated in conjunction with northern Sacramento Valley groundwater aquifers to increase water
supplies for both environmental and economic uses. The investigation was enabled by a combination of
state and federal grant funding, including Proposition 50 funding administered by the Department of
Water Resources (DWR) and federal funds administered by the Bureau of Reclamation’s (Reclamation)
Mid-Pacific Region.

The potential of conjunctive water management in the Sacramento Valley has long been perceived as
offering significant potential to produce additional water supplies due to the presence of large surface
reservoirs and extensive, although not well understood, groundwater aquifers. Conceptual level
investigations, including one completed by NHI in 1999, have generally confirmed this potential but have
not fully taken into account the myriad factors governing reservoir operations, including the existing
water supply obligations of the reservoirs, flood control functions and environmental regulations. The
purpose of this investigation was to further investigate Sacramento Valley conjunctive management
opportunities taking into consideration these constraints. Additionally, there has been little definitive
investigation of the effects that aquifer recharge and additional pumping implicit to conjunctive
management might have on groundwater conditions in the Sacramento Valley. This was also an
objective of this investigation.

2.2.Evolution of Project Perspective and Scope

At its inception, the investigation focused on the Sacramento Valley’s deep aquifers, particularly the
Lower Tuscan Formation, which underlies much of the northern portion of the Sacramento Valley.
However, as the investigation progressed the study team recognized that such a narrow focus was both
overly constraining on the scope of the study and somewhat misleading because it implied that any
effects on the aquifer system due to additional recharge or pumping could somehow be confined to a
particular portion of the groundwater system. Ultimately the project evaluated the effects of exercising
both the northern Sacramento Valley’s deep aquifer system, which is presently relatively undeveloped,
and the shallower, regional aquifer, which is more heavily pumped for both domestic and agricultural
needs.

The investigation began with the expectation that surplus water generated through the re-operation of
these reservoirs could be banked in the groundwater aquifers in the Sacramento Valley, like other
conjunctive use programs in the San Joaquin Valley of California, with water put into groundwater
storage in wet years and extracted in dry years. However, initial assessment and site screening revealed
that conditions in the Sacramento Valley are not conducive to this mode of conjunctive management,
primarily because groundwater aquifers, although extensively developed and pumped in many areas,
mostly for agricultural irrigation, generally recover fully during the precipitation season. What emerged
was a conjunctive management approach based on reservoir re-operation backstopped by several
options for reducing the draw on reservoir storage when refill is insufficient.

The scope of the investigation included technical, economic, institutional and outreach components.
Technical work concentrated on developing coordinated groundwater and surface water models for
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formulating and evaluating alternative conjunctive management strategies and project configurations.
Model development consumed more time and a larger percentage of the project’s resources than
initially intended, which required reallocation of resources from the economic and institutional analyses.
Robust outreach was conducted throughout the course of the effort at many different levels and in
different forms.

The investigation was originally scoped to evaluate conjunctive water management opportunities within
the Sacramento Valley. However, as the investigation proceeded, it became clear that there may be
opportunities to enhance the cost-effectiveness of conjunctive operations through integration with Bay-
Delta (Delta) export operations, depending to some degree on the outcomes of current efforts to
address Delta issues and governance. Inasmuch as these outcomes are still highly uncertain, and to
maintain consistency with the project’s original scope, Delta export operations were not investigated
but are discussed in the context of possible further investigation. It should be noted that, at a
conceptual level, it appears that integration of Sacramento Valley conjunctive management with Delta
export operations could provide in-Valley benefits with lower risk compared to the in-Valley
configurations evaluated.

The other significant changes that occurred while the investigation was underway were the issuance of
the 2008 Biological Opinion on delta smelt (smelt BO) and the 2009 Biological Opinion on Chinook
salmon (salmon BO). The project baseline was adjusted during the course of investigation in response to
requirements stemming from these changes.

2.3.Report Contents

Following this Introduction, the agencies that sponsored, participated in and funded the investigation
are described and the public outreach process is summarized (Section 3). The analytic approach to the
investigation is presented in Section 4. The discussion focuses on the core conjunctive operations
concept of reservoir re-operation backed by groundwater pumping for reservoir “payback”. Additionally,
specific reservoir payback mechanisms are described and the objectives, principles and constraints that
formed the analytical framework are presented.

The initial project scenarios are presented in Section 5, including descriptions of the scenarios,
development of the analytic tools (models) used to formulate and evaluate potential project operations
and summaries of how the scenarios performed in physical and economic terms. Section 5 concludes
with a discussion of interim findings that shaped further analysis and refinement of project scenarios.

Section 6 describes the phase of the project involving collaboration with the operators of the Central
Valley Project (CVP) and State Water Project (SWP). During this phase, in response to operators’
suggestions, certain modifications were made to the analytic tools to incorporate constraints that
presently govern CVP and SWP operations, particularly reservoir operations for cold water management
and additional project objectives were assessed. These factors are described along with the conclusions
drawn from the refined and extended analysis.

Finally, in Section 7, ideas and suggestions to guide further investigation of Sacramento Valley

conjunctive water management are offered. Among the recommendations are suggestions to
investigate integration with Delta export operations.
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3. Project Sponsors, Participants and Donors

3.1.Sponsors

3.1.1. Glenn Colusa Irrigation District
The Glenn-Colusa Irrigation District (GCID) appropriative water rights begin on the Sacramento River
with an 1883 filing posted on a tree by Will S. Green, surveyor, newspaperman, public official, and
pioneer irrigator. His first claim was for 500,000 miner’s inches under 4 inches of pressure and was one
of the earliest and largest water rights on the Sacramento River.

GCID was organized in 1920, after several private companies failed financially, and a group of
landowners reorganized and refinanced the irrigation district, retaining claim to Green’s historic water
right. The disastrous rice crop failure of 1920-21 nearly destroyed the district at its inception, and the
“great depression” took a further toll, making it necessary for the district to refinance in the 1930s.
Additionally, the United States purchased lands within GCID during this period which would later
become three federal refuges totaling approximately 20,000 acres.

Today, after surviving many challenges, GCID is the largest district in the Sacramento Valley. Located
approximately eighty miles north of Sacramento, California, the district boundaries cover approximately
175,000 acres; of which 153,000 acres are deeded property and 138,800 are irrigable. There are 1,076
landowners in the District and an additional 300 tenant water users. There are an additional 5,000 acres
of private habitat land, and winter water supplied by GCID to thousands of acres of rice land provides
valuable habitat for migrating waterfow! during the winter months.

GCID’s main pump station, its only diversion from the Sacramento River, is located near Hamilton City.
The District’s 65-mile long Main Canal conveys water into a complex system of nearly 1,000 miles of
canals, laterals and drains, much of it constructed in the early 1900s. The District headquarters are
located in Willows, the county seat of Glenn County, approximately 90 miles north of Sacramento on
Interstate 5.

A five-member board of directors, who represent five subdivisions within the District, governs the
District. The annual budget is $15 million. GCID’s mission is to provide reliable, affordable water supplies
to its landowners and water users, while ensuring the environmental and economic viability of the
region.

From its first diversions until 1964, GCID relied upon its historic water rights and adequate water supply
from the Sacramento River hydrologic system which receives rainfall and snowmelt from a 27,246
square mile watershed with average runoff of 22,389,000 acre-feet, providing nearly one-third of the
state’s total natural runoff. In 1964, after nearly two decades of negotiations with the United States,
GCID along with other Sacramento River water rights diverters entered into “Settlement Water
Contracts” with the Bureau of Reclamation (Bureau). These Settlement Contracts were necessary at that
time to allow the Bureau to construct, operate, and divert water for the newly constructed Central
Valley Project. The contract provided GCID with water supply for the months of April through October
for 720,000 acre-feet of base supply, and 105,000 acre-feet of Central Valley Project water that is
purchased during the months of July and August. During a designated critical year when natural inflow
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to Shasta Reservoir is less than 3.2 million acre-feet, GCID’s total supply is reduced by 25 percent, to a
total of 618,000 acre-feet.

Additionally, the District has rights under a State Water Resources Control Board (SWRCB) permit to
“winter water” from November 1 through March 31 at a 1,200 cubic feet per second (cfs) diversion rate.
This water supply is used for rice straw decomposition and waterfowl habitat. The permit provides
150,000 acre-feet for rice straw decomposition and 32,900 acre-feet for crop consumption.
Groundwater can be used to supplement GCID’s supplies, with 5,000 acre-feet available from District
wells, and approximately 45,000 acre-feet from privately owned landowner wells.

3.1.2. Natural Heritage Institute
Natural Heritage Institute (NHI) is a non-governmental, non-profit organization founded in 1989 to
restore and protect the natural functions that support water-dependent ecosystems and the services
they provide to sustain and enrich human life. Its founders foresaw the need for a toolkit for the next
era of environmental problem-solving: where the technical challenges are more complex, the solutions
more elusive, the economics more central, the ramifications more global, and the conventional
pathways less efficacious. NHI is motivated by the realization that, when the earth's limited stock of
natural resources is squandered, the legacy bequeathed to future generations is impoverished,
sometimes for all time. The only hope for this beleaguered planet is to do more with less and to restore
the damage of the past. Increasingly, the environmental challenge is to move from strategies that freeze
the status quo to those that ensure that the economic use of natural resources also yields net
environmental gains.

Previous work by NHI has shown that re-operating existing Central Valley reservoirs in conjunction with
groundwater banks could generate surplus water to restore more natural flow patterns in the eleven
regulated tributaries of the Central Valley — comprising by far the largest ecosystem restoration program
ever undertaken in this geography — while also satisfying growing demand from agricultural and urban
users. Because it utilizes existing infrastructure, conjunctive management is faster and less costly to
implement than other water supply augmentation strategies. Indeed, it could generate more new water
supply than any other current alternative, and, uniquely, do so without any governmental subsidies.

The system-wide analysis has now progressed through the “proof of concept” stage, and NHI is applying
the results in regional demonstration projects. The first regional component is being pursued in the
Sacramento Valley through this investigation in collaboration with the Glenn Colusa Irrigation District.
This work in the Central Valley of California serves as a model for conjunctive water management in
watersheds worldwide through NHI’s Global Dam Re-optimization Initiative, which is funded by major
foundation, national governments and intergovernmental organizations.

3.2.Participating Water Suppliers

Western Canal Water District (WCWD) and neighboring Richvale Water District (RID) elected to
participate in this study in a passive manner by expressing their interest in potential willingness to
support a conjunctive management project, subject to the findings of the investigation. WCWD and RID
are two of four districts collectively referred to as the Joint Water Districts, the others being Biggs West
Gridley Water District (BWGWD) and Butte Water District (BWD). Each year, on average, the Joint Water
Districts import about 610 TAF of Feather River water into Butte Basin for irrigation purposes. The
unconsumed portion of the imported flows serve in part to recharge underlying aquifers and to sustain
flows that serve as supply sources for downstream water users.

December 2011 8



Sponsors and Participants

3.2.1. Western Canal Water District
Western Canal Water District was formed by an election of District landowners on December 18, 1984,
which elected five Directors and authorized the purchase of the District from Pacific Gas and Electric
Company. PG&E had obtained the District from their predecessor, The Great Western Power Company,
who had developed the hydroelectric power facilities on the Feather River early in the 1900s. The
acquisition included pre-1914 water rights on the Feather River for use by the District. These consist of
150,000 acre feet of natural flow of the river and 145,000 acre feet of water stored in the North Fork
Feather River Project. The District also has adjudicated rights to a small amount of Butte Creek water.

WCWD is comprised of a gross area of 65,000 acres with irrigable acreage of about 58,500 acres. The
primary crop is rice with a small amount of pasture and orchard crops. The District has ten employees
and an operations budget of about $1.3M. Two-thirds of the District lies in Butte County, and the rest in
Glenn County.

In 1998, the District completed the WCWD Fish Passage Improvement Project, which allowed for
removal of four dams on Butte Creek. Butte Creek is one of three remaining tributaries to the
Sacramento River that sustain a Spring-Run Chinook salmon population. This award winning project was
funded by WCWD, the Department of Interior, and CALFED at a cost of $9.1M.

WCWD supports conjunctive use of groundwater and surface water in order to most efficiently and
effectively use the resource for maximum benefit to the local area as well as the entire state, and has
participated in several drought years to assist the State Water Bank by facilitating groundwater
substitution exchanges. WCWD has developed a Groundwater Management Plan with Rules and
Regulations, which provide for conjunctive use in a responsible and safe manner. The District strives to
protect their water rights while working in a in a cooperative manner with all users of the water
resources, locally and on a statewide basis.

3.2.2. Richvale Irrigation District
Richvale Irrigation District (RID) was formed on July 7, 1930 by purchasing a portion of the Sutter Butte
Canal Company. Governance is provided by a three member Board of Directors that appoints a treasurer
and employs a District Secretary/General Manager. The director terms are four years and rotate on odd
years.

RID holds pre-1914 water rights to the Feather River in conjunction with three other districts (Western
Canal Water District, Biggs West Gridley and Butte Water District) that make up the Joint Water
Districts. RID consists of approximately 34,000 irrigable acres with rice being the primary crop. RID’s
service area includes the Upper Butte Basin Wildlife Area.

RID has a water service contract with DWR for an annual allocation of 149,850 acre feet. All of the
district deliveries are made through intake structures utilizing a screw gate or flashboard weir type
structures. All water is distributed through earthen canals by gravity flow.

3.3.Funding Agencies

3.3.1. Department of Water Resources

The mission of the California Department of Water Resources (DWR) is to manage the water resources
of California in cooperation with other agencies, to benefit the State’s people, and to protect, restore,
and enhance the natural and human environments. To this end and in support of the legislative
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objectives of DWR, development of a System Re-operation Program (SRP) that will identify viable re-
operation strategies of California’s statewide water system, has been an ongoing process comprised of a
diverse set of local, state, and federal agencies. The Glenn Colusa Irrigation District (GCID) is one such
local agency that has teamed with DWR to explore the feasibility of an Integrated Regional Water
Management Program (IRWMP) in the Northern Sacramento Valley region as a potential integral part of
the SRP. Funding for the GCID IRWMP is made possible through DWR’s Water Supply Reliability Program
(a portion of the voter-approved Proposition 50 water bond measure) and primarily works toward
achieving three of DWR eight Strategic Planning Goals as follows:

Goal 2 Plan, design, construct, operate, and maintain the State Water Project to achieve
maximum flexibility, safety, and reliability.

Goal 3 Protect and improve the water resources and dependent ecosystems of statewide
significance, including the Sacramento-San Joaquin Bay-Delta Estuary.

Goal 6 Support local planning and integrated regional water management through technical
and financial assistance.

While a Coordinated Operating Agreement that was initiated in the 1970’s and finalized in 1986 has
instilled a significant degree of integration between operation of the State’s two largest water
management systems, the State Water Project (SWP) and the federal government’s Central Valley
Project (CVP) that were otherwise designed as standalone systems, the GCID IRWMP seeks to further
explore opportunities to re-operate portions of California’s statewide water system to yield increased
water resources related benefits. In addition, recent action by the State Legislature in Senate Bill X2 1
(SB X2 1) (Perata, 2008 — Water Code Section 83002.5), mandates and allocates resources for “planning
and feasibility studies to identify potential options for the re-operation of the state's flood protection
and water supply systems that optimize the use of existing facilities and groundwater storage capacity.
Specifically, SB X2 1 stipulated that the studies shall incorporate appropriate climate change strategies
and be designed to determine the potential to achieve, among other things, the following objectives:

e Integration of flood protection and water supply systems to increase water supply reliability and
flood protection, improve water quality, and provide for ecosystem protection and restoration.

e Re-operation of existing reservoirs, flood facilities, and other water facilities in conjunction with
groundwater storage to improve water supply reliability, flood hazard reduction, and ecosystem
protection and to reduce groundwater overdraft.

e Promotion of more effective groundwater management and protection and greater integration
of groundwater and surface water resource uses.

e Improvement of existing water conveyance systems to increase water supply reliability, improve
water quality, expand flood protection, and protect and restore ecosystems.

3.3.2. Bureau of Reclamation
The mission of the Bureau of Reclamation is to manage, develop, and protect water and related
resources in an environmentally and economically sound manner in the interest of the American public.
Through leadership, use of technical expertise, efficient operations, responsive customer service and the
creativity of people, Reclamation seeks to protect local economies and preserve natural resources and
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ecosystems through the effective use of water.

The Mid-Pacific Region (MP Region) of the Bureau of Reclamation was created by the Secretary of the
Interior in 1942. MP Region comprises numerous dams, reservoirs and conveyances that provide water
for urban, industrial, agricultural, and fish and wildlife/environmental uses; generate hydro-electric
power; and provide for flood protection, river navigation, and recreation. The Region includes lands
from Klamath Falls, Oregon, south to Bakersfield, California, and most of northwestern Nevada. The MP
Region is one of five Regions that carry on day-to-day planning, management, and operational activities
for the Bureau of Reclamation.

Created by the Secretary of the Interior in 1942, the MP Region is headquartered in Sacramento,
California and has Area Offices located at Shasta Lake, Folsom, and Fresno, California; Carson City,
Nevada; and Klamath Falls, Oregon. Supporting offices include the Central Valley Operations Office in
Sacramento and the Mid-Pacific Construction Office in Willows, CA.

The Mid-Pacific Region is best known for the massive Central Valley Project (CVP) built to tame the flood
waters and irrigate the semi-arid acreage of California's vast Central Valley, the CVP grew over the last
50 years to become one of the largest water storage and transport systems in the world. The CVP is a
system of 20 reservoirs and more than 500 miles of major canals and aqueducts that encompasses 35
counties. The CVP has a combined storage capacity of more than 11 million acre-feet of water, manages
approximately 9 million acre-feet of water, and delivers more than 7 million acre-feet in a year, more
than any other single California agency in a normal year. There are 11 hydroelectric power plants
providing an average of 5.5 billion kilowatt hours of electricity to supply around 1.5 million people with
power throughout the Mid-Pacific Region.

3.4.Public Outreach

Public outreach was conducted in a variety of forms to guide development of the project and to inform
interested parties. The various meetings held to effect outreach, as well as achieve technical
coordination among the project team, are listed in Table 3-1 and discussed in the following subsections.

3.4.1. Public Outreach
A total of seven public outreach meetings were conducted during the course of the project to both
inform the public and to solicit feedback to guide the project’s direction. Initial public outreach
concentrated on Sacramento Valley counties and consisted of two formal meetings complemented by
informal one-on-one discussions with key county staff and elected officials. These meetings were very
useful in framing local and regional sensitivities, and provided good background for scoping and
directing the project.

Later, the team engaged the public through publicly noticed meetings, which generally drew sizeable,
interested crowds and generated useful dialogue and feedback. Three public meetings were held in the
latter half of 2008 and two more in late 2010 for this purpose. All meetings were held in the Chico
vicinity. Materials for the two 2010 meetings (October 21 and December 8) are included in Appendix A.

3.4.2. Executive Briefings

Three executive briefings were provided by the team, two with DWR management and staff and one
with Reclamation management and staff. These briefings generally consisted of high-level overviews of
project status, with emphasis on linkage and coordination with related agency initiatives.
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TABLE 3-1
Chronological List of Outreach and Technical Team Meetings
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Event #
1
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Date
11/16/2006
12/19/2006
6/19/2007
7/30/2007
9/21/2007
9/21/2007
10/23/2007
2/25/2008
5/23/2008
5/29/2008
6/18/2008
7/8/2008
8/4/2008
9/5/2008
9/16/2008
12/8/2008
1/6/2009
5/1/2009
8/11/2009
1/6/2010
4/8/2010
6/11/2010
7/9/2010
9/8/2010
10/21/2010
12/8/2010
3/17/2011

December 2011

Location

GCID

GCID

MBK Engineers/Sacramento
MBK Engineers/Sacramento
MBK Engineers/Sacramento
MBK Engineers/Sacramento
MBK Engineers/Sacramento
MBK Engineers/Sacramento
MBK Engineers/Sacramento
MBK Engineers/Sacramento
MBK Engineers/Sacramento
MBK Engineers/Sacramento
Chico City Hall
DWR/Sacramento

GCID Pump Station/Hamilton City

Durham
CirclePoint/Sacramento
MBK Engineers
USBR/Sacramento

Davids Engineering/Davis
CVO/Sacramento

San Francisco
CVO/Sacramento

MBK Engineers/Sacramento
Chico

Masonic Lodge/Chico
DWR/Sacramento

Meeting Type
Public Oureach
Public Oureach
Technical
Technical

Project Coordination
Technical
Technical
Technical
Technical
Technical
Technical
Technical

Public Oureach
Executive Briefing
Public Oureach
Public Oureach
Planning Meeting
Technical
Executive Briefing
Technical
Workshop
Executive Briefing
Workshop
Workshop

Public Oureach
Public Workshop/Oureach
Executive Briefing

Participants

GCID, NHI, Sac Valley county staff

GCID, NHI, Sac Valley county staff

GCID, NHI, technical team members

GCID, NHI, technical team members

GCID-NHI

GCID, NHI, technical team members, DWR staff

GCID, NHI, technical team members, DWR staff

GCID, NHI, technical team members, DWR staff

GCID, NHI, technical team members, DWR staff
Modeling subteam (selected technical team members)
Modeling subteam (selected technical team members)
Modeling subteam (selected technical team members)
GCID, NHI, Chico area interested/concerned parties
NHI, Tracie Billington/DWR

GCID, NHI, Sacramento Valley public

GCID, NHI, Sacramento Valley public

GCID, NHI, program manager

Tech Team

NHI, GCID, Don Glaser/USBR, USBR staff

GCID, NHI, technical team members

CVP and SWP operators

NHI Annual Board Meeting

CVP and SWP operators

CVP and SWP operators

GCID, NHI, Sacramento Valley public

GCID, NHI, Sacramento Valley public

Ajay, Goyal and DWR

12

Sponsors and Participants

Purpose/Notes

General information; gauge interest; gather feedback

General information; gauge interest; gather feedback

Project site selection, model development, environmental flows
Project site selection, model development, environmental flows
Comprehensive review of technical work; strategicissues

Project site selection, model development, environmental flows; Delta issues

Model develop and interaction; environmental flows
Model develop and interaction; environmental flows
Model develop and interaction

Model development and calibration

Model update and demonstration

Model update and demonstration

Respond to particular concerns and quesitons raised by participants
General information/update

Update public and receive comment on recent project activities
Update public and receive comment on recent project activities
Comprehensive review of technical work and public outreach
Develop methodology for assessing groundwater impacts
General information/update

Project economics

Collaborative Workshop #1

General information

Collaborative Workshop #2

Collaborative Workshop #3

Update public and receive comment on recent project activities
Update public and receive comment on recent project activities
Coordination with other DWR initiatives
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3.4.3. Workshops
Three of the four workshops conducted for the project were held specifically to engage the CVP and
SWP operators. These workshops were used to present the results of technical analyses and to frame
and discuss the various assumptions being made by the team regarding existing operation of the CVP
and SWP and implications and opportunities associated with conjunctive operations. These workshops
were invaluable in refining the project’s analytic tools and operations simulations. (Also see section 6.)

The fourth project workshop was designed to engage the Chico area public specifically to walk through
the unique conjunctive operation strategy identified for the project (which emphasizes reservoir re-
operation backed by limited groundwater pumping).

3.4.4. Technical and Other Team Meetings
During the initial technical formulation of the project from roughly mid-2007 through mid-2008, a series
of rigorous meetings were held among the technical team, but also including agency staff. It was during
these meetings that the core conjunctive operations concept was developed, project areas screened and
models developed and tested. In some cases, adjunct meetings of the project sponsors were conducted
before or after the technical team sessions to discuss project strategic issues.

Other project coordination and planning meetings were held occasionally, as needed, to ensure
adequate coordination among team members and with the funding agencies.
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4. Analytic Approach

4.1.0verview

Development of project scenarios evolved over the period from 2007 to 2011 including efforts to
develop appropriate analytic tools (or models) and to evaluate model outputs and project performance
(Figure 4-1). Scenario development began by framing projects objectives and principles consistent with
the original project proposals but also reflecting input received through initial public outreach. Once
these guiding materials were developed, efforts branched onto two parallel, coordinated tracks, one to
develop specific environmental flow targets for the Sacramento and Feather Rivers, and another to
identify areas within the Sacramento Valley for more detailed investigation. Information compiled for
project site screening also provided a basis for assessing different conjunctive operations modes at a
conceptual level, leading to identification of the most promising conjunctive management approaches.

Analytical Tools Development

Initial Model Model
Development : Refinement

Alternatives Development

Project Environmental H
o CVP & SWP
Objectives Flow Targets Initial Refined
. Operator .
and Alternatives Alternatives

Consultation

Principles Site Screening

Analysis and Results

Impact and Project
Economic Performance
Analyses Assessment

FIGURE 4-1
Project Analytical Components
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

With environmental flow targets established and a clear vision of the conjunctive operations strategy,
work began on development of the scenarios themselves and supporting analytical tools. The initial
project scenarios that resulted were analyzed in detail, providing a basis for additional public outreach
and focused consultations with the operators of the Central Valley Project and State Water Project. The
consultation with project operators was particularly instructive, leading to important refinement of the
project scenarios and identification of additional project objectives to be tested, along with some as
refinement of the models themselves.

The project’s core conjunctive operations concept, site screening process and develop of environmental
flow targets are discussed in detail in this section (Section 4). Initial model development and scenario
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development and evaluation are discussed in Section 5, with Section 6 covering model and scenarios
refinement and assessment of project performance. The relationship between the analytic components
and report structure are presented below in Figure 4-2.

Analytical Tools Development
Initial Model Model
Development Refinement

Alternatives Development

Project Environmental
Objectives Flow Targets

e CVP & SWP -
Initial Refined
and Alternatives | DRt Alternatives
Consultation

Analysis and Results

Impact and Project
Economic Performance
Analyses Assessment

FIGURE 4-2
Relationship between Analytical and Report Organization
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

4.2.The Core Reservoir Re-operation and Payback Concept

The central thesis of this investigation is that most major reservoirs that are operated today for a limited
set of water supply and flood control objectives could be re-operated to achieve newly defined
ecological restoration benefits while also improving water supply reliability, reducing flood risks, and
buffering the effects of climate change. The objective of the project was to explore the potential to
optimize operations for all of these benefits without compromising any of them. This opportunity was
recognized by the authors of CALFED’s Strategic Plan for Ecosystem Restoration:

“There is underutilized potential to modify reservoir operations rules to create more
dynamic, natural high-flow regimes in regulated rivers without seriously impinging the
water storage purposes for which the reservoir was constructed. Water release
operating rules could be changed to ensure greater variability of flow, provide adequate
spring flows for riparian vegetation establishment, simulate effects of natural floods in
scouring riverbeds and creating point bars, and increase the frequency and duration of

overflow onto adjacent floodplains°.”

1 CALFED Bay-Delta Program, Ecosystem Restoration Program Plan, Strategic Plan for Ecosystem Restoration, Final
programmatic EIS/EIR technical Appendix, July 2000.
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Reservoirs that have dual water supply and flood control functions, like the CVP and SWP reservoirs, are
typically operated under conservative rules designed to maximize water supply while avoiding flood
risks. This results in relative high carryover storage levels but frequent “spills” of water during the refill
period to create sufficient flood reservation capacity as necessary to prevent flood damage to the
development that has occurred in the downstream floodplain. These spills represent the component of
the runoff hydrograph that is not controlled and therefore not appropriated for beneficial use under
California water law. To capture and manage this water would require creating additional storage
capacity. One way to do that without enlarging the reservoir, or constructing additional ones, is to lower
the water storage levels going into the refill period, thereby creating more reservoir capacity to capture
high flows. Storage levels can be lowered by delivering additional water from the conservation pool to
meet new water supply objectives, including enhancing flows for environmental benefits and
augmenting water supplies for consumptive uses such as agriculture.

However, making additional reservoir releases before the ensuing refill period incurs a larger risk of
water supply shortages in the event that the quantity of runoff during the refill season, which is always
uncertain, is not sufficient to recover the reservoir storage to the level that would have occurred if the
additional releases had not been made. Failure for the reservoir to refill would impinge on the
reservoir’s function, manifest as water supply shortages, inadequate cold water reserves or reduced
carryover storage, or some combination of these factors, unless the reservoir deficit can be made up
from other sources.

The concept of re-operation described above was investigated in relation to Sacramento Valley
reservoirs, including three options for filling any reservoir storage deficits caused by re-operation. The
three options, referred to as reservoir “payback”, are listed below. It should be noted that payback does
not involve sending water to the reservoir from other sources. Rather, the reservoir is “paid back” by
not releasing water from it that otherwise could be called on, and meeting the water demands that
would have been met with reservoir releases with other supplies, or by reducing water demands. The
three payback options considered in this study are:

1. Payback from water generated by the project in previous years and stored (or “banked”) in
aquifers in the Sacramento Valley;

2. Payback from groundwater pumped by cooperating water suppliers served by the CVP or SWP
to substitute for water that would otherwise have had to be delivered from the reservoirs; and,

3. Payback from reduction in water demands on the reservoirs, achieved by temporary crop idling
on a voluntary, compensated basis.

Each of these payback options is discussed in greater detail later in this section.

A fourth option that was not considered in this study is to repay reservoirs with water conveyed to and
banked in aquifers south of the Delta in previous years. This option poses certain advantages to the
Sacramento Valley by eliminating or substantially reducing the need to exercise Sacramento Valley
aquifers for payback. However, this option is beyond the scope of this phase of investigation and would
be overly speculative at this time given the uncertainty in the status and configuration of Delta
conveyance and export options presently being evaluated under the Bay Delta Conservation Plan
(BDCP).

December 2011 16



Analytic Approach

4.3.Project Objectives, Design Principles and Constraints

The basic objective of reservoir re-operation is to generate additional water supplies (or “assets”) for
discretionary uses. In this case, the investigation looked at dedicating additional water supplies
generated through re-operation of Sacramento Valley reservoirs to two primary in-Valley purposes:

1. Enhancing ecosystem functions in the Sacramento and Feather Rivers. Healthy rivers are not
just environmentally attractive, they also are central to ensuring reliable, sustainable water
supplies. Water supply systems that work in concert with the environment are less likely to be
encumbered by court orders, water rights hearings, and other restrictions that can have drastic
effects on water supplies for farming and other economic uses.

2. Improving local water supply reliability, particularly in times of scarcity, to help fill water
supply shortages that occur occasionally during hydrologically dry periods. The investigation
used historical unmet agricultural water demands to represent the need for additional water
supplies in the Valley; however, the additional water supplies could be allocated to other uses
and locations.

While not an explicit component of the investigation, it should be noted that the additional water
released for ecosystem enhancement becomes additional Delta inflow, which could be used for meeting
Delta water quality objectives, for export from the Delta to meet water demands elsewhere in the state
or some combination of the two. As discussed later in this report, to the extent that additional Delta
exports could be generated while Sacramento Valley water supply reliability is increased and Delta
water quality requirements are satisfied, the economic viability of reservoir re-operation and payback
would be dramatically improved. Further investigation is needed to examine how these benefits could
be optimized.

Design principles were established early on to guide development of project scenarios. The principles
were derived in part from public input as well as from the sensibilities of the project sponsors and
funding agencies, all aimed at identifying realistic, implementable water management improvements.
The primary design principles are as follows:

1. Honor all existing CVP and SWP obligations and operational constraints: The CVP and SWP
operate under a complex set of rules and conventions consistent with project water supply and
flood control objectives and regulatory requirements, including temperature criteria, State
Water Resources Control Board (SWRCB) Decision 1640 (D-1640), and the Central Valley Project
Improvement Act (CVPIA). All of these existing objectives and constraints must be observed in
any conjunctive management scenario so that water supply obligations to contractors are met
to the same extent as under existing operations, and all applicable regulations are satisfied.

2. Achieve net environmental benefits, recognizing that there may be some tradeoffs among
different environmental objectives and different times and locations: The Project would be
operated to achieve or contribute to achieving certain environmental flow improvements in the
mainstem Sacramento and Feather Rivers designed specifically to enhance ecologic functions
important to the viability of protected species, particularly Chinook salmon. When groundwater
pumping is needed for reservoir payback (under payback option #2, above), this could result in
temporary reductions in base flows in the tributary streams that are also important to protected
species. Such potential tradeoffs would be addressed through consultation with the listing
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agencies as part of the NEPA/CEQA compliance by project sponsors. Additional tradeoffs
between restoration of more natural river flow regimes and maintenance of cold water pools for
river temperature control are also possible and are discussed later in this report.

3. Hold other groundwater users harmless: The participating water districts are legal users of
groundwater, and, like all other groundwater users in the basin, enjoy a correlative and co-equal
right to increase their groundwater extractions for use by the overlying landowners, subject to
the mutual avoidance of harm. Notwithstanding the legality of the participating districts’
groundwater withdrawals, the Project would adhere to a "good neighbor" principle and design
its mitigation plan to the higher standard of assuring no appreciable, unmitigated harm to
existing groundwater users.

4. Generate net economic benefits so that the program can be self-financing: The project must be
able to generate revenues that more than offset the expenditures associated with project
implementation, including construction, operation, maintenance and any mitigation costs. In the
economic analysis conducted for the study, revenues were included only for water sales; no
monetary value was attached to ecosystem restoration benefits, although these benefits may be
quite appreciable.

Given the project objectives and design principles set forth above, certain constraints emerged during
formulation and evaluation of project scenarios that limit the feasible scale of reservoir re-operation.
These are listed below and are described at length later in this report.

e Capacity to produce water for reservoir payback. The capacity to produce water for reservoir
payback governs the scale of reservoir re-operation, considering that the water debt owed to
any reservoir cannot exceed the capacity to repay the reservoir payback in a single year, if
necessary. However, particularly for reservoir payback based on additional groundwater
pumping (option #2 above), the greater the payback capacity the greater the risk of impacting
existing groundwater pumpers and critical streams.

e Minimum reservoir releases governed by temperature control criteria. There are conditions
under which Lake Shasta reservoir releases are governed by temperature management in the
Sacramento River between Keswick and Red Bluff, upstream of the locations were payback
water would be generated. Under these conditions, the payback mechanism is rendered
ineffective because reservoir releases cannot be reduced commensurate with the production of
payback water. (The prospective temperature standards for the Feather River under the
relicensing settlement for Oroville may also pose a constraint on re-operation of Lake Oroville
for project purposes, but this has not yet been evaluated).

Within these limits, the investigation considered whether it is feasible through reservoir re-operation to
increase the benefits that can be derived from a fixed hydrology and surface storage infrastructure.

4.4.Reservoir Payback Mechanisms

4.4.1. Groundwater Banking

Groundwater banking for reservoir payback involves making additional reservoir releases at certain
times and storing the water in aquifers for recovery months or years later. Releases generally are made
in above normal or wetter years with recovery occurring in relatively dry years. Surface water can be
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placed in storage by artificial recharge (surface spreading or injection wells) or by supplying it to water
users who would otherwise pump groundwater (in-lieu recharge). Conditions required for groundwater
banking include available storage space in an aquifer where water can be retained over periods of
several years and a feasible means of recharge. Typically, in-lieu recharge is more cost-effective than
artificial recharge; however, in-lieu recharge requires that there is baseline groundwater pumping that
can be suspended at times when additional reservoir releases are being made. Thus, in areas where
groundwater pumping is negligible or would not occur when reservoir releases would be made, in-lieu
recharge is not feasible.

4.4.2. Groundwater Pumping
Groundwater pumping for reservoir payback without having first banked the water underground implies
depleting groundwater storage. In order to be sustainable, groundwater storage depletion must be
temporary with depletions eventually offset by additional recharge induced by the pumping.
Additionally, practical restrictions need to be placed on the location, frequency, magnitude and duration
of pumping to avoid or minimize any impacts to streams and existing groundwater users.

4.4.3. Temporary Crop Idling
Temporary crop idling involves not planting crops that would otherwise be grown and irrigated.
Suspension of irrigation in this manner reduces demands on the reservoir being re-operated, allowing
water to be held in storage that would otherwise be released. In order to attract farmers into voluntary
participation in temporary crop idling programs, they must be compensated at a level that, at a
minimum, provides a net benefit equivalent to production of the crop not planted. One of the main
challenges to effective crop idling is the timing of decisionmaking by participating farmers relative to
decisions that need to be made for project operations. Farmers typically are making crop decisions and
purchasing production inputs in late winter into early spring meaning that offers to participate in crop
idling must be presented in the same timeframe. However, at that time, the need for refill water cannot
be forecast accurately while the commitments to idling and the associated payments are irrevocable.
Thus, with crop idling, there is the possibility that actual reservoir inflow turns out to be greater than
forecast, potentially rendering the water produced by crop idling unusable.

4.5. Project Site Screening

A systematic, qualitative assessment of conditions within the Sacramento Valley was conducted to
identify particular areas where conjunctive operations appear promising. This process did not
conclusively identify the very best or most feasible sites within the Valley, but did identify relatively
attractive sites for conjunctive operations based on a comparative assessment using certain criteria.

The team examined fall groundwater elevation maps, water supplier boundaries and distribution system
coverages, and water source maps. Initially it was assumed that conjunctive management operations
would follow groundwater banking type operations wherein water is stored in aquifers during years of
above normal water supply and extracted during years of below normal supply. These operations are
typical in the San Joaquin Valley and other areas in which aquifers have been depleted and appreciable
storage space exists. Following this initial assumption, the following two types of sites were identified:

e Areas in which existing groundwater levels may be lower than surrounding areas and overlying

lands are supplied almost exclusively from groundwater. This type of site may provide the
potential for groundwater banking in underlying aquifers.
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e Areas in which minimal groundwater pumping exists because overlying areas are supplied
almost exclusively from surface water. This type of site may provide a potential area for
groundwater pumping.

The project and technical teams developed and initial list of project sites from a review of groundwater
maps and their professional knowledge of the Sacramento Valley. Sites were named according to the
overlying water district, though potential sites did not strictly conform to water district boundaries.
Information considered in this analysis included the location, water source, existing surface water
contracts, current infrastructure and additional infrastructure necessary for delivery of surface water
and for extraction of groundwater, operational concepts, and information on existing groundwater
conditions. Table 4-1 summarizes this information considered for the nine initial sites.

TABLE 4-1
Initial Project Sites and Parameters
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Project to
Water Annual Surface Integrate Currently
Location Source Site Type Water Contract With Integrated?
Butte Basin Surface GW Pumping ~ 300 TAF/yr SWP Yes
Orland-Artois WD Mixed Both 53 TAF/yr CVP Yes
Rancho Capay WD Ground GW Banking None CVP No
Corning Canal Area Mixed Both 33 TAF/yr CVP Yes
Yolo-Zamora WD Ground GW Banking None CVvP No
Glenn-Colusa ID Surface GW Pumping 825 TAF/yr CVP Yes
Stony Creek Fan area Surface GW Pumping ~ 100 TAF/yr Orland No
Colusa County WD Mixed Both 68 TAF/yr CVP Yes
Olive Percy Davis Ranch Surface GW Pumping 32 TAF/yr CVP Yes

The goal was to identify at least one site that is served by the CVP (Shasta), one by the SWP (Oroville),
and one by the Orland Project. The CVP and SWP are the principal surface water systems in the
Sacramento River basin and their operations are linked to the Sacramento and Feather Rivers,
respectively, both of which are targeted for environmental restoration. The Orland Project, although not
among the largest surface water systems in the Valley, is an area where conjunctive operations have
been viewed as a possibility for many years.

The nine sites were evaluated qualitatively based on their potential to generate reservoir payback
water, an estimate of the volume of water that may be developed, and relative (compared to the other
sites) ease and cost of integrating the project with existing surface water systems.

The following additional criteria were used to identify prospective sites:

e Availability of reliable surface water supplies that could be substituted with groundwater to
enable conjunctive operations

e The presence of highly productive, underlying groundwater aquifers that could be economically
developed (or were already developed to some extent)

e The ability to locate and design production wells in a manner that would minimize effects on
existing groundwater users and surface streams
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Evaluation of existing groundwater conditions within the Sacramento Valley shaped the site screening
and selection. In general, the evaluation revealed that while groundwater levels are drawn down during
the irrigation season in many areas of the basin, levels recover during the precipitation season except
during prolonged (multi-year) dry periods. Figures 4-1 through 4-15 of the Sacramento Valley
Conjunctive Water Management Technical Investigation Modeling Report in Appendix B, which depict
historic groundwater fluctuations in wells distributed throughout the valley, illustrate this point. Cones
of depression generally do not persist over the multiple years necessary to make the dewatered aquifer
space suitable for banking'!. Any additional water recharge induces additional groundwater discharge to
the streams. The conclusion from this analysis was that conjunctive operations based on a groundwater
banking payback mechanism are not feasible in the Sacramento Valley at this time. Thus, further effort
was concentrated on a second option for a payback mechanism: pumping groundwater in lieu of
making reservoir deliveries in years when reservoir payback would be necessary.

Two sites were identified on which to conduct more refined analyses with surface and groundwater
modeling tools. The GCID and Butte Basin Projects, supplied by the CVP and SWP, respectively, provided
the potential to pump the largest quantity of groundwater compared to other sites, and are already well
integrated with the surface water system. Under this option, conjunctive management operations would
utilize wells within GCID and the Butte Basin as a backstop for more aggressive operation of Shasta
Reservoir and Oroville Reservoir, respectively.

The major water surface water suppliers within the Butte Basin are WCWD, RID and Biggs-West Gridley
Water District (BWGWD). BWGWD declined to participate in the investigation, so development of the
Butte Basin project concentrated on the other two districts. It is noted that WCWD and RID were passive
project participants meaning they provided information for the investigation but did not assume a
sponsorship role.

Additionally, the Stony Creek Fan area and Orland Project was identified as a third potential project.
However, upon further evaluation into potential groundwater pumping capacities and the ability to
integrate the project with the Sacramento River system, it was determined that this project would not
be investigated as part of this investigation. However, this project should be considered for further
analysis in any future investigations.

Project site screening is discussed in additional detail in Appendix C.

4.6. Environmental Flow Objectives

A major element of this investigation was the development of specific ecological flow objectives for the
Sacramento and Feather Rivers to use to formulate and evaluate reservoir re-operation scenarios. The
objectives are expressed as quantitative flow targets for the two rivers, respectively, and are coupled
with a dynamic decision system for prioritizing objectives from year to year. The target flows are defined
in terms of magnitude, duration, frequency and seasonality, by river reach. Although developed
specifically for the purpose of formulating conjunctive management strategies, the recommended
objectives and flows are believed to have broader utility beyond this investigation.

! Based on the most recent (Fall 2011) data collected by DWR, there appear to be some areas in the northern
Sacramento Valley with persistent groundwater level declines, primarily in Glenn and Tehama Counties. These
areas should be evaluated for potential groundwater banking operations in future work phases.

December 2011 21



Analytic Approach

The general approach and rationale are briefly summarized in the following section, followed by a
discussion of how the quantitative flow objectives and dynamic prioritization process are represented in
the surface water model (described in Section 5). The process for developing recommended
environmental flow objectives is described in detail in Appendix D.

4.6.1. General Approach and Rationale
It should be noted that the development of environmental flow regimes is as much an art as a science.
However, the team attempted, to the extent possible, to use established methods to develop a
transparent and replicable approach for identifying an environmental flow regime. The team conducted
a detailed literature review of various methods and approaches previously utilized to develop
environmental flow recommendations, and to employ a version of the holistic approach practiced in
South Africa and Australia (King et. al. 2000) to identify an environmental flow regime for the
Sacramento and Feather Rivers. This approach relies heavily on hydrological evaluations, previous
studies and modeling analysis of historical hydrology, and expert opinion to estimate environmental
flow requirements.

The approach consists of five basic steps:

1. Identify specific environmental objectives (i.e. target species, aquatic and riparian communities,
and desired ecological conditions that are flow dependent).

2. Approximate the timing, magnitude, frequency, and duration (TMDF) of flows necessary to
achieve identified environmental objectives.

3. Compare and analyze existing and historical hydrology to understand natural hydrologic
patterns and how they have been altered.

4. ldentify obvious gaps between flows necessary to achieve objectives and existing flows.

5. Modify the existing hydrograph into an environmental flow hydrograph based on an
understanding of natural hydrology and the flows necessary to achieve key objectives.

Employing this approach, the team designed the environmental hydrograph to achieve the following
three types of objectives.

e Geomorphic Functionality: Bed mobility, channel migration, and floodplain inundation

e Riparian Habitat Sustainability: Recruitment and maintenance of Fremont Cottonwood

e Chinook Salmon: Improved habitat, particularly rearing habitat, for all runs
The team relied on field data, modeling results, and studies, particularly the recent Nature Conservancy
Study of the Sacramento River™, to identify the minimum flows and critical thresholds to achieve each

of the three types of objectives. Then historical and existing hydrology were analyzed to understand
how the objectives may have been achieved under pre-dam conditions and to evaluate how existing

!2 sacramento River Ecological Flows Study Final Report, CALFED Ecosystem Restoration Program, The Nature
Conservancy, et al, March 2008.
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hydrology may fall short of meeting those objectives. The gaps identified in this manner are the basis for
identifying flow objectives.

Analyses of the hydrology on both rivers reveals that the most obvious and significant change between
pre-dam and post-dam eras is a sharp reduction in the magnitude and duration of the late winter and
early spring hydrograph and a corresponding reduction of inundated floodplain habitat. The reduction in
late winter and spring flows reduces the frequency of geomorphic and riparian flows and substantially
reduces the extent and frequency of occurrence of inundated floodplain rearing habitat for salmonids.
Thus, for both the Sacramento and Feather Rivers, an increase in late winter and early spring flow is the
primary component of the recommended environmental flow regime, but a corresponding reduction in
summer base flows is also recommended. Reduced summer flows are primarily needed to free-up water
needed to restore the spring hydrograph but may also provide ecological benefits by better
approximating the natural hydrograph. Reducing summer base flows could, however, increase summer
temperatures and harm salmonids including the endangered winter-run Chinook salmon. On the other
hand, cool water temperatures in the upper Sacramento River are largely controlled by the volume of
cold water storage behind Shasta Dam and the environmental flow regime identified here does not
involve modifying coldwater pool management.

The summer temperature issue is one of several key uncertainties that are inherent in establishing
environmental flow targets and must be addressed before any significant modifications to the flow
regime can be refined and implemented for environmental purposes. However, articulating a
hypothetical environmental flow regime is the first step in identifying and addressing constraints and
uncertainties associated with improving environmental flow regimes on regulated rivers. To that end,
the team welcomes constructive comments and criticisms that can be used to improve upon the
recommendations presented here as we learn more about the rivers and the people who depend upon
them for their livelihood.

This study focuses on the magnitude and timing of flows necessary to replicate key ecological and
geomorphic processes, and considers the flows necessary to provide suitable conditions for various life
stages of Chinook salmon and steelhead. This study does not identify specific population targets for
salmonid restoration, nor does it address important non-flow objectives such as habitat area required
for restoration of target species or augmentation of coarse sediment supplies necessary to restore full
geomorphic structure and function. Rather this study focuses on magnitude, pattern, and quantity of
water necessary to restore ecological functions assuming that adequate physical habitat exists or will be
created to complement a suitable environmental flow regime. The rationale of this focus is to identify a
hypothetical environmental flow regime for the purpose of evaluating whether it is possible to
reestablish ecological and geomorphic flows on the rivers of the Sacramento Basin without reducing
water supply deliveries to existing water users.

Analysis of historical (pre-dam) hydrology and the habitat it created were analyzed to provide a
reference point for identifying ecosystem restoration goals, recognizing that it is not possible to restore
historic conditions in highly altered systems such as the Sacramento River. Historical hydrologic analysis
is useful for identifying patterns in the timing, magnitude, duration, and frequency of flows that may be
important for maintaining native species, but it is less useful in developing specific flow prescriptions,
because physical habitat has been so profoundly changed by dams and levees and there are now
competing demands for the water. We recognize that it is not possible to fully restore historical
hydrology or habitat conditions in the Sacramento Valley, but ecosystem restoration will require
reestablishment of a minimum threshold of both hydrologic and physical habitat conditions.
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Although this study identifies hypothetical restoration flow regimes for the Sacramento and Feather
Rivers, we recognize that the most reliable method for developing a restoration flow regime is through a
long-term adaptive management program including a series of trials that test the effectiveness of
various flow prescriptions. The hypothetical flow regime serves as a reasonable starting point for
evaluating the economic feasibility of re-operating reservoirs and a long-term adaptive management
program. The assumptions and uncertainties associated with the hypothetical flow regime are important
to acknowledge and understand. To cost effectively achieve restoration, managers will ultimately need
to test these assumptions and limit the uncertainties through an adaptive management program
consisting of a combination of modeling, pilot flow studies, model calibration, and long-term
implementation.

The ecologic flow objectives fall into two categories, three that were designed for Chinook salmon
recovery, and one that was designed for riparian habitat recovery. These may be summarized as
follows:

For Chinook salmon:

e Geomorphic objectives: Sediment transport, bed mobilization and bed scour; channel migration
and floodplain processes; inundation and fine sediment deposition

e Floodplain inundation objectives : inundated floodplain habitat for rearing juveniles during the
later winter and early spring; maintain and recruit spawning habitat, but avoid scouring gravels
while eggs or alevon are present

e Spring pulse flow objectives: Suitable flow conditions and temperatures for all life stages;
For Riparian Habitat:

e Fremont cottonwood seedbed preparation, seed germination and seedling growth; periodic
large-scale disturbance of the riparian zone; riparian stand structure and diversity

4.6.2. Representing Environmental Flow Objectives in the Surface Water Model
The different flow objectives developed for the Sacramento and Feather Rivers are simulated as all-or-
nothing thresholds, meaning that a decision to satisfy an objective is made only if the full target flow can
be sustained for the specified duration. As discussed in Appendix D, environmental objectives are based
on the magnitude and duration of flows required to replicate certain ecological and geomorphic
processes. Environmental objectives are specified and prioritized by water year type. The Sacramento
River Water Year Type Index (Sacramento River Index), sometime referred to as the 40-30-30 Index, is
used to classify each year as either wet, above normal, below normal, dry, or critical.

Each of the environmental flow objectives is described quantitatively below.

4.6.2.1. Geomorphic Flow Objectives
Geomorphic releases are short-duration, high-flow events for the purpose of sediment transport,
channel migration, and flood plain processes, such as inundation and fine sediment transport.
Geomorphic releases are targeted from March through April and are only required to last several hours.
The surface water model simulates geomorphic events lasting one day due to the ramping requirements
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when making these large releases from reservoirs. Table 4-2 presents geomorphic flow objectives for
Sacramento and Feather Rivers.

TABLE 4-2
Geomorphic Flow Objectives for Sacramento and Feather Rivers
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Sacramento River Index Sacramento River (cfs) Feather River (cfs)
Wet 105,000 50,000
Above Normal 85,000 35,000
Below Normal 65,000 20,000
Dry 35,000 10,000

No objective specified in critical year types.

4.6.2.1. Riparian Establishment
The purpose of riparian establishment flows is to recruit and grow cottonwoods in the riparian areas
along the rivers. Riparian establishment flows are designed to assist in several phases of early
cottonwood growth including seedbed preparation, seed germination, and seedling growth. These flows
also create periodic large-scale disturbances of the riparian zone. Riparian establishment objectives (see
Figure 4-3) are specified for the period of mid-April through mid-June to coincide with the cottonwood
reproductive cycle. Riparian recruitment flows are large-magnitude flows for extended periods of time
and are typically only possible during years of above average runoff. Therefore these objectives are only
specified in years classified as wet or above normal by the Sacramento River Index.
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Sacramento River Riparian Establishment Objective
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report
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Figure 4-3 illustrates the shape of the of riparian establishment objectives. The objective begins with a
high-flow event held for a period of 5 days followed by a 60-day recession limb when the target each
day is 5 percent less than the previous day’s target. Table 4-3 summarizes the objectives for both the
Sacramento and Feather Rivers.

4.6.2.2. Spring Pulse Flows
Spring pulse flows are designed to simulate a portion of the historic unimpaired runoff of the river to
help create suitable flow conditions and temperatures for Chinook salmon migration. These flows also
are designed to help maintain and recruit spawning habitat and avoid scour when eggs are in redds.
Spring pulse flow targets are specified in all but critical year types, though the magnitude and duration
of the target is reduced in years with less runoff. Tables 4-4 and 4-5 summarize the spring pulse
objectives.

4.6.2.3. Flood Plain Inundation
Inundation of the Sutter and Yolo Flood Bypass channels is another environmental objective. It is
assumed for this study that the weirs that currently block flow into the bypasses below certain river
stages can be modified to allow inundation at lower river stages and flows. Inundation of the flood
bypasses provides rearing habitat for juvenile salmonids. These inundation flows are targeted to
correspond with outmigration of salmonids in the spring months and designed to last for 45 days. Flood
plain inundation flows can be set for one of three different time-periods in the surface water model:
February 15 to March 30, March 1 to April 15, or March 15 to April 30. Table 4-6 presents flood
inundation objectives for Sacramento and Feather Rivers.

TABLE 4-3
Riparian Establishment Objectives
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Sacramento Sacramento River Feather River

River Index 5-day Flow (cfs) Recession Rate  5-day Flow (cfs) Recession Rate
Wet 37,000 5% 12,000 5%

Above Normal 23,000 5% 10,000 5%

Note: No objective specified in below normal, dry, or critical year types

TABLE 4-4
Sacramento River Spring Pulse Objective
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Flows (cfs) by Date

Sacramento

River Index 3/15-3/31 4/1-4/14 4/15-4/30 5/1-5/14 5/15-5/31 6/1-6/14
Wet 14,000 14,000 14,000 14,000 14,000 8,500
Above Norm 12,500 14,000 14,000 14,000 8,500
Below Norm 12,500 12,500 12,500 8,500
Dry 10,000 12,000 12,000 8,500

Note: No objective specified in critical year types
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TABLE 4-5
Feather River Spring Pulse Objective
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Flows (cfs) by Date

Sacramento

River Index 3/1-3/14 3/15-3/31 4/1-4/14 4/15-4/30 5/1-5/14 5/15-5/31
Wet 8,000 12,500 12,500 11,000 6,000 4,000
Above Norm 6,500 6,500 10,000 10,000 5,000 3,000
Below Norm 3,200 3,200 8,000 8,000 3,200
Dry 2,700 2,700 5,500 5,500 2,700

Note: No objective specified in critical year types

TABLE 4-6
Flood Plain Inundation Objective for Sacramento and Feather Rivers
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Sacramento River Index Sacramento River at Fremont Weir (cfs)

Wet 45,000
Above Normal 35,000
Below Normal 35,000
Dry 35,000

Note: No objective specified in critical year types

4.6.2.4. Prioritization of Environmental Flow Objectives and Decision Month
Environmental objectives are prioritized based primarily on hydrologic year type and the frequency with
which the various objectives are satisfied. Considering the frequency of when objectives have been
satisfied places higher priority on objectives that have not been met in recent years relative to those
that have. For example, if the spring pulse objective is typically the highest priority in an above normal
year but was met in the previous year (either in the base condition or with a project release) it may be
desirable to shift the highest priority to the flood plain inundation objective instead.

To implement this dynamic prioritization scheme that shifts the priority from one year to the next
depending on year type and occurrence interval a user-specified relative priority value is combined with
the number of years since an objective was last satisfied to determine the final priority of objectives
each year.

Table 4-7 contains the relative priority matrix developed by the project team for use in the surface water
model. Lower numbers denote higher priorities.

Final priority is determined by subtracting the relative priority from the number of years since the
objective was met and comparing the results for all objectives.

Table 4-8 provides an example prioritization calculation for a hypothetical wet year on the Feather River
system.
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TABLE 4-7
Relative Priority Matrix for Environmental Objectives
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Both
Sacramento River Rivers Feather River

Flood
Sacramento Riparian Spring Plain Riparian Spring
River Index Geomorphic  Recruitment Pulse Inundation  Geomorphic  Recruitment Pulse
Wet 10 2 10 10 10 2 10
Above Normal 15 6 2 4 15 5 2
Below Normal 2 99 1 3 2 99
Dry 5 99 2 90 5 99 2
Critical 80 99 1 90 80 99 1
TABLE 4-8

Example Prioritization of Environmental Objectives, Feather River, Wet Year
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Flood Geo Rip. Spring
Years Since Met 6 1 4 25
Relative Priority 10 10 2 10
Final Priority -4 -9 2 15

The objectives are prioritized by descending final priority scores, as follows: Spring Pulse, Riparian
Recruitment, Flood Plain Inundation, and Geomorphic. In this example, because it had been 25 years
since the spring objective had been met, Spring Pulse became the first priority objective, though its
relative priority was lower than the Riparian Objective.

A decision must be made each spring to determine which objectives the model will attempt to meet that
year. Several of the environmental objectives have variable start times and durations. To avoid always
meeting the objective that starts earliest in the year or miss meeting an objective in hopes of satisfying a
future objective, a user-specified decision month is used in the model. Project assets, water costs, and
prioritization of environmental objectives are all determined during the decision month and results are
used for operations that year. The decision month is used to determine what objectives the model will
attempt to meet each year.

4.7. Agricultural Water Supply Objectives

As previously mentioned, historical agricultural water supply shortages in the Sacramento Valley were
used to represent the targets for water supply enhancements. Specifically, for the CVP/Sacramento
River, unmet demands of CVP contractors within the Tehama-Colusa Canal Authority (TCCA) were used
to represent additional demands. Members of the TCCA, including contractors supplied from the
Corning Canal, hold agricultural service contracts for approximately 320 TAF of contract supply from the
CVP. Annual allocations to CVP contractors are simulated in CalSim Il based on forecasted reservoir
inflows, reservoir storage conditions, and the ability to deliver water. Simulated allocations range from 0
to 100 percent of full contract supply. When simulated allocations are less than 100 percent, it is
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assumed that the difference between simulated allocations and full contract supply is an unmet
agricultural demand within the TCCA.

Figure 4-4 illustrates the annual unmet agricultural demand as a function of simulated allocations to the
TCCA for each year of the study. The annual unmet demand illustrated in Figure 4-4 was assumed to
occur on a typical agricultural demand pattern during the irrigation season.

On the Feather River system, the majority of SWP contractors have reliable water supplies with the
exception of a few small contractors. There are no existing SWP contractors with large, frequently
unmet agricultural demands in the Butte Basin. Therefore a more general unmet agricultural demand
was defined for the Feather River based on user input and judgment. Table 4-9 summarizes the assumed
unmet agricultural demand that could be met from Feather River supplies for purposes of modeling.

Figure 4-5 illustrates the annual volume of demand based on the assumptions in Table 4-9.
It should be noted again that the estimates of unmet agricultural demands described above are

regarded as surrogates for any type of water supply need that might be identified for the Sacramento
and Feather River systems.
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5. Development and Assessment of Initial Project Scenarios

5.1.Initial Project Scenarios

Four conjunctive operations scenarios were developed for the GCID and Butte Basin project locations for
initial analysis. The scenarios are differentiated primarily by the following two parameters:

e Maximum Payback Capacity. This is the maximum volume of groundwater pumping that would
occur in any year within the pumping period (see below) in GCID and the Butte Basin,
respectively. This capacity essentially establishes the scale of the conjunctive operation, since
the water deficit in the reservoirs cannot exceed the capacity to repay it, when it becomes
necessary. Maximum capacities were based primarily on professional judgment taking into
consideration historical pumping in the two areas and average pumping intensity (acre-feet per
acre). The payback capacities selected for analysis were:

O 100 TAF in GCID and 50 TAF in Butte Basin; total 150 TAF
O 200 TAF in GCID and 100 TAF in Butte Basin; total 300 TAF

e  Pumping Period. Pumping must occur when there is a demand for water that would otherwise
be satisfied by reservoir releases. In both project areas, the dominant crop is rice, which is
typically planted between mid-April and early June and harvested in September. Following
harvest, most rice fields are re-flooded between September and November for rice straw
decomposition and to create waterfowl habitat. Thus the water delivery season in both areas is
from mid-April through November. Based on this, three pumping periods listed below were
identified for analysis. Different pumping periods were evaluated primarily to reveal differences
in aquifer response to differences in the timing and rate of pumping. Additionally, the pumping
period affects the capital investment needed for pumping facilities.

0 “Summer” defined as May through August
0 “Fall” defined as September through November
0 “Summer and Fall” defined as May through November

The combinations of payback capacity and pumping periods selected to form scenarios are listed in
Table 5-1.

TABLE 5-1
Project Scenarios Evaluated
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

GCID Annual Butte Basin Annual
Scenario Pumping Capacity Pumping Capacity Pumping Season
1 100 TAF 50 TAF Summer (May through August)
2 200 TAF 100 TAF Summer (May through August)
3 100 TAF 50 TAF Fall (September through November)
4 100 TAF 50 TAF Summer and Fall (May through November)

TAF = thousand acre-feet

Additionally, two well field configurations were evaluated for each scenario, one corresponding to
existing wells screened at depths between 100 to 500 feet and a second well field corresponding to new
wells screened at depths of 900 to 1,100 feet. Thus a total of eight operational scenarios were
evaluated.
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The well field configurations corresponding to the different payback capacities and pumping depths are
illustrated in Figures 5-1 through 5-4.

®  GCID WELL FIELD
¢ WESTERN CANAL WELL FIELD
A BUTTE BASIN WELL FIELD

] |
0 Matars 5,000 Meters 10,000 Meters

FIGURE 5-1
Existing Well Locations, 100 TAF GCID And 50 TAF RID and WCWD Well Field
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report
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FIGURE 5-2
New Well Locations, 100 TAF GCID and 50 TAF Butte Basin Well Fields
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report
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FIGURE 5-3
Existing Well Locations, 200 TAF GCID and 100 TAF Butte Basin Well Fields
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FIGURE 5-4
New Well Locations, 200 TAF GCID and 100 TAF Butte Basin Well Fields
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

35

December 2011



Development and Assessment

5.2.Initial Model Approach and Development

5.2.1. Overview
Formulating and evaluating potential conjunctive management projects requires simulation of both
surface water and groundwater systems. Simulating the surface water system is necessary to determine
when water is available to refill reservoirs and estimate unmet agricultural demands, environmental
objectives, and flow conditions. A groundwater model is necessary to estimate the effects of additional
pumping on aquifer systems, including the spatial extent and magnitude of drawdown and potential
change in stream-aquifer interaction. Changes in stream-aquifer interactions may affect the surface
water system, depending on stream conditions when the changes occur. For example, if additional
pumping results in more stream loss to the aquifer or less aquifer contribution to stream flow during the
winter season of relatively wet years when the surface water system has surplus flow, there may be
little or no impact. However, if pumping reduces stream flow during months and years when the surface
water system is being operated to meet specific flow or water quality requirements, any reduction in
stream flow will require a corresponding increase in reservoir release to ensure the flow requirement
continues to be met. This decreases the water supply benefit of conjunctive management projects.
Evaluating this aspect of conjunctive management projects requires interaction between surface water
and groundwater models.

The main tool used to evaluate alternative conjunctive management operations strategies and test
alternative environmental flow thresholds and priorities is a spreadsheet-based surface water model
(Figure 5-5). It is set up to simulate changes in operation of Lake Shasta and Lake Oroville relative to
conditions depicted in a baseline CalSim Il simulation of CVP and SWP operations. The CalSim Il baseline
provides time series of reservoir storage levels, stream flows, and water deliveries which are used by the
surface water model. Conjunctive management operations are simulated and layered onto baseline
operations based on user inputs, while maintaining compliance with existing CVP and SWP rules,
regulation, and operations.

The surface water model is configured by defining target river flows through specification of
environmental objectives and inputting other user-defined parameters, including groundwater
(payback) pumping capacity, reservoir operations objectives and constraints and other factors. The
groundwater model is not operated for each surface water model run because it is much more
computationally intensive and takes much longer to run. Instead, the groundwater model was used to
develop functions that describe general surface water-groundwater interactions. These functions reside
in the surface water model and are used to account for increases in stream leakage caused by project
pumping that must be offset by additional project releases under certain conditions. This approach
allows quick testing and evaluation of alternative conjunctive operations scenarios without having to
make matching groundwater model runs.

The groundwater model was used to evaluate the particular scenarios previously described with respect
to changes in groundwater levels and stream leakages caused by additional groundwater pumping. This
was done by simulating the time series of project pumping determined through the surface operations
simulations in the groundwater model.
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FIGURE 5-5
Surface Water Model Inputs and Operations
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

5.2.2. Surface Water Model
The surface water model includes a forecast of fall storage conditions based on current reservoir
storage, runoff forecasts, and an estimate of reservoir releases from the current month through
September®®. The model simulates risk associated with making decisions based on imperfect
information. Runoff forecasts at different exceedance levels are used during the spring with more
conservative forecasts, 99 or 90 percent exceedance, used in February and March, respectively. A
method to estimate reservoir release volumes was developed for Shasta and Oroville by correlating
simulated CalSim Il releases with a system-wide CVP water supply index and SWP allocations,
respectively. The CVP water supply index is the sum of current storage in Trinity, Shasta, Folsom, and
CVP San Luis plus runoff forecasts on the Sacramento and American Rivers, plus Kings River flow to
Mendota Pool. The CVP water supply index and runoff forecasts for the Sacramento, Feather, and
American Rivers are the same as used in CalSim Il for simulation of CVP/SWP operations. Initial
correlations were developed and adjusted to balance how forecasted storage compared with CalSim Il
simulated storage across various year types.

The surface water model treats the groundwater system as a source of water and does not simulate
groundwater flows or conditions. It does, however, include features to account for estimated effects of
groundwater pumping on stream flow accretion and depletion through use of functions derived from

3 This methodology for forecasting fall reservoir storage was added as part of model refinements made in
response to suggestions provided by CVP and SWP operators (see Section 6). For the initial analysis, the model
used future (September) reservoir storage levels to make project operation decisions.
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complementary simulations of pumping in the groundwater model. These functions provided a coarse
but adequate representation of stream-aquifer interaction so that the surface water model could be
used for gaming sessions without having to operate the groundwater model. Final scenarios were
evaluated using actual changes in stream-aquifer interaction based on complimentary groundwater
model simulations.

5.2.3. Groundwater Model
Numerous improvements were made to previously existing modeling tools, and new tools were
developed for this analysis of conjunctive management projects. For the groundwater analysis, an
existing simplified groundwater modeling tool was completely re-designed and improved, to yield a
powerful analytical package now referred to as the Sacramento Valley Groundwater Model (SACFEM).
The basis for the SACFEM model was a simplified superposition-based groundwater model previously
developed to support the Sacramento Valley Water Management Program. That model represented a
very simplified depiction of the Sacramento Valley aquifer system as no recharge components to the
aquifer system (deep percolation of precipitation and applied water) or discharge components (regional
agricultural pumping) were included, and therefore the model could only compute the incremental
change in groundwater levels and streams flows during the irrigation season. It was assumed that the
aquifer system fully re-filled every winter, and each year of pumping was independent of previous
aquifer stresses.

The SACFEM model is a full water budget based transient groundwater flow model that incorporates all
of the groundwater and surface water budget components on a monthly time step over the period of
simulation. This model provides very high resolution estimates of groundwater level and streamflow
effects due to conjunctive water management pumping across the valley.

The surface water model is a new tool designed specifically to analyze conjunctive management projects
for agricultural and environmental benefits. Its flexibility for use in gaming sessions and for sensitivity
and tradeoff analysis helped provide understanding of conjunctive management concepts, operations,
and limitations.

The integration of surface water and groundwater modeling tools and the simulation of effects of
additional groundwater pumping on the surface water system is a significant advancement over
previous modeling tools. Simulation of changes in stream-aquifer interaction, the spatial and temporal
variations in those changes, and conditions in the surface water system when changes occur are key
components for evaluating conjunctive management projects and understanding their benefits and
risks.

Development and calibration of the surface water and groundwater models used to develop and analyze
the project scenarios is documented in detail in Appendix B.

5.2.4. Surface and Groundwater Model Interaction
As previously mentioned, evaluation of conjunctive management projects requires simulation of both
surface water and aquifer systems. However, regional groundwater models with the needed level of
refinement to adequately simulate pumping projects require run times that prohibit their use in gaming
situations and for quickly evaluating multiple scenarios. Therefore, the surface water and groundwater
model were used in an iterative fashion to simulate conjunctive management operations in both
systems (see Figure 5-6).
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FIGURE 5-6
Surface Water and Groundwater Model Interaction
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

An initial surface water model was developed to simulate project operations and develop the time series
of groundwater pumping at each project site. Pumping time series were simulated in the groundwater
model and results were reviewed, including changes in stream-aquifer interactions. These initial changes
were used to develop response functions for use in the gaming model to quickly approximate changes in
stream-aquifer interaction when simulating various conjunctive management operations.

Response functions were used during the gaming sessions and when conducting tradeoff analyses to
determine the final project scenarios. Pumping time series from the final project scenarios were then
provided to the groundwater model for final simulation and resulting changes in stream-aquifer
interactions associated with the pumping schedules were input back into the final surface water
simulations.

5.2.5. Qualifications
Modeling analyses were performed at a planning level to help prove concepts and define conjunctive
management projects and operations. Analyses were conducted for general projects, locations, and
operations. More specific and refined analyses will be required as specific projects are defined. Most
analysis was conducted in a comparative, rather than absolute, manner and results must be interpreted
as such.

Additionally, mathematical modeling tools typically report results at a level of precision that exceeds
their level of accuracy. For example, planning-level surface water models may provide estimates of
water supply accurate to within a range of several thousand acre-feet, but results with a precision down
to an acre-foot. Model results presented in subsequent sections are rounded to levels of precision
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appropriate for comparison with results from other scenarios. Planning-level modeling tools used in this
analysis are not necessarily accurate to this level.

5.3.Performance of Initial Scenarios

The performance of each of the initial scenarios is summarized in this section in terms of the effects of
project operations on the surface water system including reservoir storage, the frequency and
magnitude of environmental flow and water supply releases and reservoir refill. Scenarios 1, 3 and 4 all
have the same effects on the surface water system because they have the same payback pumping
capacity. (Scenarios 1, 3 and 4 are differentiated by pumping season, not by pumping volume; therefore,
each scenario has its unique effects on groundwater conditions.) Scenario 2 has different effects
because it has a different payback capacity. The material presented here is also presented and discussed
in greater detail in Appendix B.

5.3.1. Scenarios 1, 3 and 4 - Shasta Reservoir and Sacramento River
Scenarios 1, 3 and 4 are defined by maximum seasonal groundwater pumping capacities of 100 TAF in
GCID and 50 TAF in the Butte Basin. Environmental objectives and unmet agricultural demands are as
presented in preceding sections. The model first determines ability to meet environmental objectives
and then uses remaining project assets to meet agricultural demands. Sensitivity to prioritization of
environmental objectives and agricultural demands was evaluated and is explained in subsequent
sections of this report.

The following series of plots summarize the annual operations with conjunctive management. The first
series of plots summarize Sacramento River and Shasta Reservoir operations and the second series
summarize Feather River and Oroville Reservoir operations. Plots are arranged in order of how
operations occur each year. In winter and spring months, additional water is released from reservoirs to
satisfy environmental objectives. During summer months additional water is released to meet
agricultural demands. The result is that fall reservoir storage levels are lower than they would be under
operations without conjunctive management projects, as shown on Figure 5-7. Reservoir storage space
is typically refilled with surplus surface water during subsequent winter and spring periods. If reservoirs
do not refill with surplus surface water and fall reservoir storage levels are forecasted to be low,
reservoirs are refilled by pumping groundwater in conjunctive management projects and holding a
similar volume of surface water in the reservoir.
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Shasta Reservoir September Storage Exceedance Probability with Conjunctive Management, Scenarios 1, 3 and 4
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Figure 5-8 illustrates annual volumes of water released to satisfy various environmental objectives on
the Sacramento River. Color-coded bars and the legend refer to relative priority of objectives in each
year. For example, in 1928 the red bar indicates that water was released to meet objective 4, the lowest
priority objective. The type of objective, either geomorphic (Geo), riparian recruitment (Rip), spring
pulse (Spring), or flood plain inundation (Flood) is labeled above the corresponding bar. Geomorphic
objectives are met most frequently due to lower water costs associated with the short duration
objective. Average annual release for environmental objectives is 13 TAF.

Figure 5-8 shows only years when environmental objectives are met through project release.
Environmental objectives are also met at times under existing (baseline) system operation. This
information is summarized in Table 5-2. For the flood plain inundation objective, the project includes
modifications to the Freemont Weir to allow inundation with less Sacramento River flow than is
required under existing conditions. The existing Fremont Weir crest limits inundation of the Yolo Bypass
for flows less than approximately 62,000 cfs. The project assumes it is possible to modify the weir to
allow inundation with flows of approximately 35,000 cfs. Therefore this objective can be met by the
project, either under base condition flows between 35,000 and 62,000 cfs (flows in excess of 62,000 cfs
meet the objective in the base condition) or through additional reservoir release to create flows of
approximately 35,000 cfs.
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FIGURE 5-8
Sacramento River Environmental Objectives Met with Conjunctive Management, Scenarios 1, 3 And 4
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report
TABLE 5-2

Number of Years Sacramento River Environmental Objectives are Met, Scenarios 1, 3 and 4
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Met with Base

Objective Conditions Flows Met with Project Flows Total
Spring Pulse 5 2 7
Riparian Recruitment 0 0 0
Geomorphic 25 18 43
Flood Plain Inundation 21 20 41

Table 5-2 show the flood plain objective is met in 20 years with the project, though there are only

2 years with releases for this objective illustrated on Figure 5-8. This indicates that the objective was
met with base condition flows between 35,000 and 62,000 cfs (without additional reservoir release) in
18 years.

In some years, an objective may be met with base condition flows either before or after it is met with
project releases during that same year. Results presented in Table 5-2 account for these occurrences
and assume the objective is met in the base condition to prevent double counting in any year. For
example, Figure 5-8 shows that releases were sufficient to meet the geomorphic objective in 19 of the
82 years analyzed. However, in one year (1956) the objective was met both under base conditions and
then simulated to be met through project release. Results presented in Table 5-2 only show this
objective being met during base condition flows to prevent potential double counting.

Figure 5-9 illustrates annual releases from Shasta Reservoir to meet additional agricultural demand in

the TCCA service area. Dashed lines show annual unmet contract supply from CalSim Il results and green
bars illustrate the portion of unmet contract supply satisfied with conjunctive management operations.
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Sacramento River Additional Agricultural Demand Met with Conjunctive Management, Scenarios 1, 3 and 4
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Additional agricultural releases are made in 24 of the 82 years simulated, or approximately 29 percent of
the years. The average release in those years is 46 TAF, while the average annual agricultural delivery
over the 82-year simulation period is 14 TAF.

Figure 5-9 illustrates that in many years when unmet contract supply for the TCCA is highest, there are
no deliveries with conjunctive use. This is because in these years, project assets are typically low, either
because fall reservoir storage is forecast to be low and no additional releases would be made or it is a
Shasta Critical year and additional groundwater pumping for conjunctive management is assumed to be
zero™,

Additional reservoir releases for either environmental objectives or for additional agricultural delivery
result in lower fall carryover storage in Lake Shasta. Figure 5-7 illustrates this with a probability of
exceedance plot for end of September storage conditions. The solid blue line indicates fall storage
conditions under base (without project) conditions. The red dashed line indicates conditions with
conjunctive management. A solid red line at 2,400 TAF indicates the level when conjunctive
management operations would not occur to limit the risk to cold water pool management in future
years. Storage conditions below the solid green line at 1,900 TAF are when conjunctive management
operations attempt to increase storage by pumping groundwater and holding water in Shasta above
base levels™.

 curtailment of project pumping in Shasta Critical years was imposed to avoid potential conflicts with the
incremental groundwater pumping that typically occurs in those years as Sacramento River settlement contractors
attempt to make up for water supply shortages.

!> The Shasta Reservoir storage levels at which project pumping would be suspended for project purposes or would
be invoked for purposes of sustaining Shasta storage are user defined values. Values of 2,400 TAF and 1,900 TAF
for these parameters were established through parametric analyses and discussion with CVP operators.
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Figure 5-7 illustrates that fall storage levels are lower in approximately 45 percent of the years and only
when end of September storage is above 2,400 TAF. In wet years, when fall storage is at the flood
control level of 3,400 TAF, releases in spring may refill in later months within the same year resulting in
no change in fall storage conditions.

Figure 5-10 illustrates how storage deficits presented on Figure 5-7 are frequently refilled by the capture
of surplus surface water. Surplus is water that would otherwise be released from the reservoir to
maintain flood control storage and is not diverted downstream. This water is now stored in reservoir
space created by making additional releases to meet agricultural and environmental objectives. Refill
from surplus surface water occurs in 29 years with an average annual refill of 70 TAF in those years.
Average annual refill with surplus surface water for the 82-year simulation is approximately 24 TAF.

In some years, following additional reservoir releases for agricultural and environmental objectives,
there is no surplus surface water, and reservoir storage levels continue to decline putting future water
supplies and cold water pool management at risk. In these years groundwater pumping in the
conjunctive management projects is used to recover reservoir storage levels. Figure 5-11 illustrates this
annual pumping. Conjunctive management pumping occurs in 4 of the 82 years simulated, or 5 percent
of years. The average annual pumping in those years is 70 TAF. The average annual pumping for the
entire 82-year simulation is approximately 3 TAF with a maximum annual pumping of nearly the full
100 TAF of payback capacity. Pumping typically occurs in drier year types when reservoirs do not refill
with surplus surface water.
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FIGURE 5-10
Refill of Shasta Reservoir from Surplus Surface Water, Scenarios 1, 3 And 4
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

December 2011 44



Development and Assessment

120

100 A —

80 —

60 -

1,000 acre-feet

40 -

20

D
_WA
_DA
.WA
D]
C]
D]
C]
c]
c]
AN ]
.CA
w ]
w
w
w
w
N
D
D

L e e e L
OOD;EUDOOQUZ

FIGURE 5-11
Refill of Shasta Reservoir from Conjunctive Management Pumping, Scenarios 1, 3 And 4
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Over the 82-year simulation period, additional reservoir releases are made in 37 years, or 45 percent of
the years. Reservoir refill is accomplished with surplus surface flows in 29 years and with project
pumping in 4 years. The number of years with additional releases exceeds the number of years with
refill because reservoir storage deficits do not have to be completely refilled before making additional
releases, as long as the total reservoir storage deficit does not exceed the capacity of the project to refill
the reservoir in a single year. Of the total average annual additional releases of 27 TAF (14 TAF for
agriculture and 13 TAF for environmental objectives), 24 TAF is refilled from surplus surface water and 3
TAF from conjunctive management pumping. Over the 82-year period of analysis, a total of 1,148 TAF
would be delivered to satisfy agricultural demands that would otherwise be met from groundwater
pumping. Over the same period, the total volume of project pumping required for reservoir payback
would be just 246 TAF. Thus, conjunctive operations would result in a net gain to the groundwater
system of more than 900 TAF over the analysis period.

5.3.2. Scenarios 1, 3 and 4 - Oroville Reservoir and Feather River
Figure 5-12 illustrates annual volumes of water released to meet environmental objectives on the
Feather River. Hydrology and operations on the Feather River result in meeting different objectives in
different years compared to the Sacramento River. Similar to the Sacramento River operations, the
geomorphic objective is satisfied most frequently due to lower water cost associated with meeting the
shorter duration objective. Average annual release for environmental objectives on the Feather River is
7 TAF.
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Feather River Environmental Objectives Met With Conjunctive Management, Scenarios 1, 3 and 4
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Table 5-3 provides a summary of the number of times each objective is met by reservoir release and
under base operations on the Feather River. Values reported in the table for the geomorphic objective
only include years when the objective is not met under base operations. Therefore this value is less than
the number of releases shown on 5-12. The flood plain inundation objective can be met with the project
under base condition flows with the modified weir, or with a combination of project releases and the
modified weir.

Table 5-3
Number of Years Feather River Environmental Objectives are Met, Scenarios 1, 3 and 4
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Objective Met in Base Met with Project Total
Spring Pulse 3 0 3
Riparian Recruitment 1 2 3
Geomorphic 31 17 48
Flood Plain Inundation 21 20 41

Figure 5-13 illustrates additional agricultural deliveries possible with conjunctive management on the
Feather River. Dashed lines relate to assumed unmet demands within the Feather River basin and
correspond to the Sacramento Valley Index. Similar to operations on the Sacramento River, project
assets do not allow additional releases for either environmental or agricultural objectives during drier
year types when agricultural demands are higher. Additional agricultural releases are made in 30 of the
82 years simulated, or approximately 37 percent of the years. The average release in those years is 27
TAF, while the average annual agricultural delivery over the 82-year simulation period is 10 TAF.

December 2011 46



Development and Assessment

120

1001 - - - —

80 4

60 -

1,000 acre-feet

‘l Add. Ag Release — Unmet Demand ‘

FIGURE 5-13
Feather River Additional Agricultural Demand Met with Conjunctive Management, Scenarios 1, 3 and 4

Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Figure 5-14 illustrates how conjunctive management operations result in slightly lower Oroville
Reservoir fall storage conditions in approximately 60 percent of the years. Fall storage is not affected
below the minimum level of 1,500 TAF. The solid green line at 1,200 TAF denotes target storage for cold
water pool management when conjunctive management may be used to increase storage.

Figure 5-15 shows how storage space created in Oroville Reservoir through additional releases for
agricultural and environmental objectives is frequently refilled with surplus surface water. Refill from
surplus surface water occurs in 37 years with an average annual refill of 32 TAF in those years. The
average annual refill with surplus for the 82-year simulation period is 14 TAF.
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Figure 5-16 presents annual conjunctive management pumping in the Butte Basin project. Conjunctive
management pumping occurs in 6 of the 82 years simulated or 7 percent of the years. The average
annual pumping in those years is 44 TAF. The average annual pumping for the entire 82-year simulation
is approximately 3 TAF with a maximum annual pumping of the full 50 TAF of pumping capacity.

Over the 82-year simulation period, additional reservoir releases are made in 37 years, or 45 percent of
the years. Reservoir refill is accomplished with surplus surface flows in 37 years and with project
pumping in 6 years. The number of years with refill exceeds the number of years with additional release
because reservoir storage deficits may not completely refill in a single year, but instead refill over the
course of several years. In summary, of total average annual additional releases of 17 TAF (10 TAF for
agriculture and 7 TAF for environmental objectives), 14 TAF is refilled from surplus surface water and

3 TAF from conjunctive management pumping. Over the 82-year period of analysis, a total of 820 TAF
would be delivered to satisfy agricultural demands that would otherwise be met from groundwater
pumping. Over the same period, the total volume of project pumping required for reservoir payback
would be just 246 TAF. Thus, conjunctive operations would result in a net gain to the groundwater
system of 574 TAF over the analysis period.

5.3.3. Scenario2 - Shasta Reservoir and Sacramento River
Scenario 2 is defined by maximum seasonal pumping capacities of 200 TAF in GCID and 100 TAF in the
Butte Basin. This scenario is the same as Scenarios 1, 3 and 4 with respect to environmental and water
supply objectives and operating constraints, but with twice the pumping capacity.

Figure 5-17 illustrates annual volumes of water released to satisfy various environmental objectives on
the Sacramento River. The geomorphic objective is met most frequently due to lower water cost
associated with the short duration, but the larger pumping capacity increases project assets and allows
other objectives to be met more frequently than in Scenario 1. Additionally, in some years more than
one objective may be met as indicated by stacked bars. Average annual release for environmental
objectives under Scenario 2 is 45 TAF.

Figure 5-17 shows only years when environmental objectives are met through project release.
Environmental objectives may also be met under the base operations of the system.

Table 5-4 provides a summary of the number of times each objective is met by reservoir release and
under base operations on the Sacramento River. Values reported in the table for the geomorphic
objective only include those years when the objective is not met under base operations. Therefore this
value is less than the number of releases shown on Figure 5-17. The flood plain inundation objective can
be met with the project under base condition flows with the modified weir, or with a combination of
project releases and the modified weir.
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TABLE 5-4
Number of Years Sacramento River Environmental Objectives Are Met, Scenario 2
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Development and Assessment

Objective Met in Base Met with Project Total
Spring Pulse 5 5 10
Riparian Recruitment 0 2 2
Geomorphic 25 30 55
Flood Plain Inundation 21 20 41

Figure 5-18 illustrates annual release from Shasta to meet additional agricultural demand in the TCCA
service area. Additional agricultural releases are made in 24 of the 82 years simulated, or approximately
29 percent of the years. The average release in those years is 75 TAF, while the average annual
agricultural delivery over the 82-year simulation period is 22 TAF. Additional agricultural deliveries are

made in many of the same years as in Scenario 1, but at higher volumes.
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FIGURE 5-18

Sacramento River Additional Agricultural Demand Met With Conjunctive Management, Scenario 2
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Additional reservoir releases for either environmental objectives or for additional agricultural delivery
result in lower fall carryover storage in Lake Shasta. Figure 5-19 illustrates that fall storage levels are
lower in approximately 45 percent of the years and only when end of September storage is more than
2,400 TAF. During these years fall storages are lower compared to Scenario 1 because larger pumping
capacity allows for more aggressive operation of the reservoir. Additionally, a small increase in fall

storage below the 1,900 TAF target may also be possible.

Figure 5-20 illustrates how storage deficits presented on Figure 5-19 are frequently refilled by capture of
surplus surface water. Refill with surplus surface water occurs in 35 years with an average annual refill of
139 TAF in those years. Average annual refill with surplus surface water for the 82-year simulation is

approximately 58 TAF.
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Refill of Shasta Reservoir from Surplus Surface Water, Scenario 2
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Figure 5-21 illustrates annual conjunctive management groundwater pumping for Scenario 2.
Conjunctive management pumping occurs in 6 of the 82 years simulated, or 7 percent of years. The
average annual pumping in those years is 123 TAF. The average annual pumping for the entire 82-year
simulation is approximately 9 TAF with a maximum annual pumping of nearly the full 200 TAF of
capacity. Pumping typically occurs in drier year types when reservoirs do not refill with surplus surface
water.

Over the 82-year simulation period, additional reservoir releases are made in 48 years, or 59 percent of
the years. Reservoir refill is accomplished with surplus surface flows in 35 years and with project
pumping in 6 years. The number of years with releases exceeds the number of years with refill because
reservoir storage deficits do not have to be completely refilled before making additional releases, as
long as the total reservoir storage deficit does not exceed the capacity of the project to refill the
reservoir in a single year. In summary, of total average annual additional releases of 67 TAF (22 TAF for
agriculture and 45 TAF for environmental objectives), 58 TAF is refilled from surplus surface water and 9
TAF from conjunctive management pumping. Over the 82-year period of analysis, a total of 1,804 TAF
would be delivered to satisfy agricultural demands that would otherwise be met from groundwater
pumping. Over the same period, the total volume of project pumping required for reservoir payback
would be just 738 TAF. Thus, conjunctive operations would result in a net gain to the groundwater
system of 1,066 TAF over the analysis period.

5.3.4. Scenario 2 - Oroville Reservoir and Feather River
Figure 5-22 illustrates annual volumes of water released to meet environmental objectives on the
Feather River. Similar to the Sacramento River operations, the geomorphic objective is satisfied most
frequently, but increased groundwater pumping capacity allows for more aggressive reservoir
operations allowing other objectives to also be satisfied. Average annual release for environmental
objectives on the Feather River is 23 TAF.

Table 5-5 provides a summary of the number of times each objective is met by reservoir release and
under base operations on the Feather River. Values reported in the table for the geomorphic objective
only include those years when the objective is not met under base operations. Therefore this value is
less than the number of releases shown on Figure 5-22. The flood plain inundation objective can be met
with the project under base condition flows with the modified weir, or with a combination of project
releases and the modified weir.

Figure 5-23 illustrates additional agricultural deliveries under Scenario 2. Additional agricultural releases
are made in 30 of the 82 years simulated, or approximately 37 percent of the years. The average annual
release in those years is 52 TAF, while the average annual agricultural delivery over the 82-year
simulation period is 20 TAF.

Figure 5-24 illustrates how conjunctive management operations result in lower Oroville fall storage
conditions in approximately 60 percent of the years. Fall storage may be increased in a few years when
it is below the minimum target level of 1,200 TAF.

Figure 5-25 shows how storage space created in Oroville Reservoir through additional releases for
agricultural and environmental objectives is frequently refilled with surplus surface water. This occurs in
43 years with an average annual refill of 72 TAF in those years. Average annual refill with surplus for the
82-year simulation period is approximately 36 TAF.
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TABLE 5-5
Number of Years Feather River Environmental Objectives are Met, Scenario 2
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Development and Assessment

Objective Met in Base Met with Project Total
Spring Pulse 3 1 4
Riparian Recruitment 1 8 9
Geomorphic 31 25 56
Flood Plain Inundation 21 20 41
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FIGURE 5-23

Feather River Additional Agricultural Demand Met with Conjunctive Management, Scenario 2
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report
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Refill of Oroville Reservoir from Surplus Surface Water, Scenario 2

FIGURE 5-25
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Figure 5.26 presents the annual conjunctive management pumping in the Butte Basin project for
Scenario 2. Conjunctive management pumping occurs in 8 of the 82 years simulated or 10 percent of the
years. The average annual pumping in those years is 75 TAF. The average annual pumping for the entire
82-year simulation is approximately 7 TAF with a maximum annual pumping of the full 100 TAF of
pumping capacity.
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FIGURE 5-26
Refill of Oroville Reservoir from Conjunctive Management Pumping, Scenario 2
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Over the 82-year simulation period, additional reservoir releases are made in 51 years, or 62 percent of
the years. Reservoir refill is accomplished with surplus surface flows in 43 years and with project
pumping in 8 years. For Scenario 2 on the Feather River system, out of total additional releases of 43
TAF (23 TAF for agriculture and 20 TAF for environmental objectives), 36 TAF is refilled from surplus
surface water and 7 TAF from conjunctive management pumping. Over the 82-year period of analysis, a
total of 1,886 TAF would be delivered to satisfy agricultural demands that would otherwise be met from
groundwater pumping. Over the same period, the total volume of project pumping required for
reservoir payback would be just 574 TAF. Thus, conjunctive operations would result in a net gain to the
groundwater system of 1,312 TAF over the analysis period.

5.4.Impacts and Evaluation of Initial Scenarios
In the preceding section the initial project scenarios are described with respect to their performance;
that is, the ability to achieve targeted project objectives (environmental flows and agricultural water
supplies) subject to identified constraints. In this section, the scenarios are described in terms of how
project pumping would affect groundwater conditions with particular emphasis on impacts to existing
groundwater users, groundwater pumping costs and streamflows.
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5.4.1. Impacts on Groundwater Users
During average rainfall years, groundwater supplies 18 percent of the total demand for the Sacramento
River Basin, and during drought years groundwater supplies 25 percent of total demand.*® Wells in the
Project area primarily provide groundwater directly to homes and farms. A few municipal water supply
agencies also utilize groundwater on the fringes of the Project area, including Chico and Durham.

The great majority of wells in the area are associated with domestic use, with groundwater supplying
water to essentially all households. Conversely, surface water is the primary source of irrigation supply
for the majority of the farmers. Most of these are incorporated into water or irrigation districts, the
largest of which are the partners in this Project, Glenn-Colusa Irrigation District, Western Canal Water
District, and Richvale Irrigation District, and various smaller reclamation and irrigation districts and
water user associations. However, for those agricultural users outside these districts, many of which are
orchardists, groundwater is the main source of supply. It is the domestic well users and farmers growing
permanent crops that are most vulnerable to increases in groundwater extractions.

Based on well log data maintained by the Department of Water Resources, there are approximately
15,000 water supply wells (in contrast to monitoring wells) within the Project area, of which
approximately two thirds are domestic wells and one third are irrigation wells (Table 5-6). Municipal and
irrigation wells are typically screened at lower levels than domestic wells, yet there is a wide range of
depths for all types of wells. Approximately 335 wells in the Sacramento Valley extract water from the
Lower Tuscan Formation, and these tend to be larger irrigation or public water supply wells. Most of
these are located on the east side of the Valley in Butte County, while several agricultural wells on west
side of the Valley in GCID and other districts also tap into the Lower Tuscan aquifer.'’

TABLE 5-6
Number of Water Supply Wells in Project Areals
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Use Number of wells
Domestic 9,058

Irrigation 4,455

Unknown'® 1,388

Other” 267

Municipal 139

Stock 75

Public 52

Total 15,434

Agriculture is the major industry throughout the Project area. Primary crops consist of rice and orchards
(almonds, grapes, walnuts). The proportion of agricultural land planted as orchards is increasing as the

16 Domagalski, J.L., Knifong, D.L., Dileanis, P.D., Brown, L.R., May, J.T., Connor, Valerie, and Alpers, C.N. 2000.
Water Quality in the Sacramento River Basin, California, 1994-98: U.S. Geological Survey Circular 1215. Available
on-line at http://pubs.water.usgs.gov/circ1215/.

7 Northern California Water Users Association. 2005. Sacramento Valley Groundwater: An approach to better
understand and manage the Lower Tuscan groundwater resources for northern California. Available at:
http://www.norcalwater.org/pdf/sacramento_valley_groundwater_0919.pdf.

'® Data provided by California Department of Water Resources Northern District Office. 2009.

® May include monitoring wells, vapor recovery wells, or other wells not constructed for water supply purposes.
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area transitions from row crops to perennial crops and from low-value agronomic crops to higher value
vegetable or other row crops. Many individual growers’ livelihoods are dependent on having an
adequate and affordable supply of groundwater to meet crop water requirements at all times. Of these
users, growers of perennial crops and particularly orchardists are often solely dependent on
groundwater and are especially vulnerable to even temporary decreases in supply.

5.4.1.1. Occurrence of Project Pumping and Potential Impacts
The Project pumping scenarios designate an annual maximum volume of water that can be released
from existing reservoirs to meet local irrigation demands and environmental flow targets. As noted
above, in most years, the reservoir space created by additional Project releases is naturally refilled with
surplus surface water, which dam operators would otherwise release for flood control. However, in
years when refill is less than would have otherwise occurred, pumping of groundwater in lieu of
diverting surface water is implemented to make up the difference. This allows a volume of water
equivalent to the foregone diversions to remain in reservoir storage.

The surface model predicted the need for pumping in about 10 percent of the years in the Butte Basin
and about 7 percent of the years in GCID under the 300 TAF pumping scenarios (see Table 5-7). In years
in which pumping occurs, pumping is usually required in either GCID or in the Butte Basin, but not both.
However, in exceptionally dry years, pumping would occur in both areas in the same year.

TABLE 5-7
Occurrence of Pumping
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Number of times
pumping occurs Years in which pumping occurs
(82 years of record) Number of times
Maximum pumping occurs in
Pumping GCID - Butte - GCID - Butte - GCID and/or Butte
Shasta Oroville Shasta Oroville Basin
150 TAF 1947, 1987, 1988, 1933, 1961, 1990,
(100 TAF GCID; 50 4 6 1990 1992, 1994, 2002 9
TAF Butte Basin)
300 TAF 1923, 1929, 1947, 1929, 1933, 1947,
(200 TAF GCID;100 6 8 1987, 1988, 1990 1961, 1990, 1992, 11
TAF Butte Basin) 1994, 2002

* bolded years indicate that pumping would have occurred in both GCID and Butte Basin under the Project.

The groundwater model results reveal that the project pumping scenarios will result in increased energy
requirements and associated costs to maintain existing pumping volumes.?’ However, at the scale of
feasible operations under the Keswick minimum release constraint, the additional drawdown is not
expected to reduce the yield of either agricultural or domestic wells. This is particularly clear for the
irrigation wells because the screened interval (which provides a bases for estimating minimum saturated
thickness under pumping conditions) and well depth tend to be much greater than peak interference
drawdown associated with the payback pumping.

The numbers of wells experiencing reduced yield due to interference drawdown were estimated for
individual domestic wells within the Project area based on comparison of the length of the screened

20 well yield impacts and increases in energy costs associated with increased lift were assessed using a
combination of data provided by DWR describing screened interval lengths within the Project area in conjunction
with interference drawdown estimated using the groundwater model.
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interval to peak interference drawdown. Because screened interval length data were not available for all
wells, results for wells with available data were scaled upwards to provide estimates of the total
probable range of wells impacted.

Individual domestic wells were considered to be adversely impacted under the following conditions:

1. When the amount of peak interference drawdown from project pumping results in less than 25
percent of the total screened interval remains saturated, assuming that 50 percent of the
screened interval would remain saturated under baseline pumping drawdown,. This criterion
was established to provide an estimate of the maximum probable number of wells impacted.

2. When the amount of peak interference drawdown from project pumping results in less than 33
percent of the remaining screened interval (17% of the total) remaining saturated, assuming
that 50 percent of the screened interval remains saturated under baseline pumping drawdown.
This criterion was established to provide an estimate of the minimum probable number of wells
impacted.

A summary of the estimated probable range of wells impacted within potential impact zones, delineated
as areas experiencing peak interference drawdown greater than or equal to 2 feet, is provided in Table
5-8. A summary of average monthly interference drawdown within the Project area calculated at the
section scale over the 17 year analysis period for each scenario is provided in Table 5-9. In general, the
pumping of new wells, screened at 900 to 1100 feet below ground surface (ft-bgs), results in less yield
impacts than the equivalent volume of water pumped on the same schedule from existing domestic
wells screened at 0 to 300 ft-bgs. This is the case notwithstanding that production from new wells
results in greater drawdown in the shallow aquifer, on average, than pumping the same quantities at
the same rates from existing wells. This is explained by the hypothesis that greater yield impacts occur
with less interference drawdown for the pumping scenarios relying on existing wells because existing
production wells are closer to existing domestic wells than the new well field. Also, for a given project
production capacity and well field, the greatest peak drawdown is observed in fall pumping simulations
because pumping is concentrated within three months as compared to four months for the summer
pumping scenarios and seven months for the summer and fall pumping scenarios. As expected, an
intermediate magnitude of drawdown is observed for pumping over the four month summer period,
and the least drawdown is predicted for the seven month summer and fall pumping period.

5.4.1.2. Timing of Peak Interference Drawdown and Associated Impacts
Under each of the pumping scenarios, peak interference drawdown occurs for most domestic wells in
1990, when Project pumping occurred in both GCID and the Butte Basin. Additionally, in the simulations,
the largest volume of water was pumped out of GCID in 1990, and the largest total volume of water was
pumped for the Project as a whole in that year (Table 5-10). Thus, 1990 represents a “worst-case
scenario” for the period of record.

Within the potential impact area for yield impacts (interference drawdown of 2 feet or more) for each
pumping scenario, the maximum number of domestic wells experiencing peak drawdown occurs in
1990. Peak drawdown at a well lags project pumping by a few months due to the time required for
pumping in the lower aquifer to result in drawdown in the shallow aquifer. The time series of project
pumping and domestic wells experiencing peak drawdown is shown for the 300 TAF summer pumping
scenarios in Figure 5-27.

December 2011 60



Development and Assessment

TABLE 5-8
Estimated Probable Range of Domestic Well Yield Impacts
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Minimum Probable Impacts2 Maximum Probable Impacts3
Total Percent Total Percent Total
Pumping Scenario Wells" Impacted4 Impacted5 Impacted4 Impacted5
300 TAF, Summer Pumping,
. 7 01 21% 1
New Well Field 56 8% 58 ’ 58
300 TAF, Summer Pumping,
. . 696 22% 153 41% 284
Existing Well Field ° °
150 TAF, Summer Pumping,
. 12 Vi 23% 27
New Well Field 0 o 6 3%
150 TAF, Summer Pumping,
. . 346 26% 91 50% 173
Existing Well Field ° °
150 TAF, Fall Pumping, New
. 182 01 16% 2
Well Field 8 3% 6 6% o
150 TAF, Fall Pumping,
- . 405 21% 84 44% 180
Existing Well Field ° °
150 TAF, Summer and Fall
. . 156 5% 8 16% 25
Pumping, New Well Field
150 TAF, Summer and Fall
o0 TAF, Summer and Fa 373 17% 63 35% 130
Pumping, Existing Well Field
1. Total domestic wells within potential impact zones ( maximum interference drawdown greater than or equal to 2 feet).
2. Estimated impacts based on peak interference drawdown greater than 67% of estimated saturated screened interval.
3. Estimated impacts based on peak interference drawdown greater than 50% of estimated saturated screened interval.
4. Percent of wells within potential impact zones with yield impacts.
5. Estimated total number of wells within potential impact zones with yield impacts.

TABLE 5-9
Summary Statistics of Monthly Average Interference Drawdown in the Shallow Aquifer by Pumping Scenario, 1987 — 2003
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Interference Drawdown (ft)

Pumping Scenario Min Max Mean Median Std. Dev.
300 TAF Summer Pumping, New Well Field 00| 136] 05 0.3 0.7
300 TAF Summer Pumping, Existing Well Field 0.0 8.3 0.4 0.2 0.6
150 TAF Summer Pumping, New Well Field 0.0 6.2 0.3 0.2 0.4
150 TAF Summer Pumping, Existing Well Field 0.0 54| 0.3 0.2 0.4
150 TAF Fall Pumping, New Well Field 0.0 70| 04 0.2 0.4
150 TAF Fall Pumping, Existing Well Field 0.0 61| 04 0.2 0.5
150 TAF Summer & Fall Pumping, New Well Field 0.0 59| 04 0.2 0.4
150 TAF Summer & Fall Pumping, Existing Well Field 0.0 50| 04 0.2 0.5
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Volume of Water Pumped by Year, Scenario, and Area
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Development and Assessment

Pumping Scenario
Calendar | 300 TAF Summer 150 TAF Summer 150 TAF Fall 150 TAF Summer and Fall
Year GCID |Butte| TOTAL|GCID |Butte| TOTAL|GCID |Butte| TOTAL| GCID Butte | TOTAL
1987 116 0 116 96 0 96 96 0 96 95 0 95
1988 35 0 35 37 0 37 60 0 60 53 0 53
1990 198 92 289 99 26 125 99| 50 149 97 41 138
1992 0] 100 100 0] 50 50 0] 50 50 0 50 50
1994 0 33 33 0] 33 33 0] 50 50 0 48 48
2002 0] 56 56 0] 49 49 0] 49 49 0 48 48
TOTAL 349 280 629 232| 159 391 255| 199 454 245 188 432
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FIGURE 5-27

Project Pumping for 300 TAF Summer Pumping Scenarios and Number of Domestic Wells Experiencing
Peak Interference Drawdown
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

5.4.1.3. Increase in Pumping Energy Costs
Project pumping will result in amounts of drawdown that will not be great enough to adversely impact

yield in nearby wells in most cases; however, the drawdown will require all groundwater users

(agricultural and domestic) to lift water from slightly greater depths, resulting in additional pumping
costs. Additional pumping costs associated with increased lift were estimated for irrigation wells based
on baseline groundwater pumping from the surface water model, interference drawdown from the
groundwater model, estimated mean overall pumping plant efficiency for irrigation wells, and the
estimated agricultural energy cost per kilowatt-hour. For domestic wells, additional pumping costs were
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estimated based on baseline pumping estimated from the combination of spatially distributed U.S.
Census data for 2000 and per-capita non-irrigation groundwater pumping for 2005 from USGS,
interference drawdown from the groundwater model, estimated mean overall pumping plant efficiency
for domestic wells, and the estimated residential energy cost per kilowatt-hour. Increased energy
requirements and associated costs were estimated for individual sections within the Project area on a
monthly time step for water years 1987 to 2003.

Baseline pumping and interference drawdown vary with time and location within the project area. As a
result, associated increases in pumping costs vary. Summary statistics of increased annual energy
requirements per acre to maintain existing levels of groundwater pumping for irrigation are provided for
each pumping scenario in Table 5-11. Summary statistics of increased annual energy requirements per
acre to maintain existing irrigation pumping are provided in Table 5-12. The summary statistics describe
the increased energy requirements for 1589 of 1786 sections within the Project area that pump
groundwater for irrigation based on the results of the surface water model. Summary statistics of total
annual increases to energy costs within the Project area for the 17 years of analysis are provided in
Table 5-13.

Increases in energy requirements and associated costs are greatest for the 300,000 ac-ft pumping
scenarios due to greater interference drawdown resulting from greater Project pumping volumes.

TABLE 5-11
Summary Statistics of Increased Annual Energy Requirements Per Acre to Maintain Existing Groundwater Pumping for Irrigation
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Increased Annual Energy Requirement (kwh/ac)

Pumping Scenario Min Max Mean Median  Std. Dev.
300 TAF Summer Pumping, New Well Field 0.00 55.6 1.60 0.63 2.80
300 TAF Summer Pumping, Existing Well Field 0.00 46.9 1.36 0.48 2.61
150 TAF Summer Pumping, New Well Field 0.00 27.8 0.97 0.41 1.63
150 TAF Summer Pumping, Existing Well Field 0.00 42.5 1.03 0.39 1.85
150 TAF Fall Pumping, New Well Field 0.00 21.0 0.86 0.38 1.39
150 TAF Fall Pumping, Existing Well Field 0.00 28.0 0.97 0.38 1.65
150 TAF Summer & Fall Pumping, New Well Field 0.00 19.4 0.98 0.44 1.53
150 TAF Summer & Fall Pumping, Existing Well Field 0.00 30.2 1.06 0.42 1.76

TABLE 5-12
Summary Statistics of Increased Annual Energy Costs Per Acre to Maintain Existing Groundwater Pumping for Irrigation
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Increased Annual Energy Cost ($/ac)

Pumping Scenario Min Max Mean Median  Std. Dev.
300 TAF Summer Pumping, New Well Field $ - [$ 1223($ 035|$ 014|3$ 0.62
300 TAF Summer Pumping, Existing Well Field $ - [$ 1031($ 030|$ 011|3$ 0.58
150 TAF Summer Pumping, New Well Field $ - [$ 611($ 021|$ 009|3% 0.3
150 TAF Summer Pumping, Existing Well Field $ - $ 935($ 023|$ 009]|% 041
150 TAF Fall Pumping, New Well Field $ - [$ 462($ 019|$ 008|3$ 0.30
150 TAF Fall Pumping, Existing Well Field $ - [$ 616($% 021|$ 008|3$ 0.36
150 TAF Summer & Fall Pumping, New WellField [$ - [$ 428($ 022|$ 010|$ 034
150 TAF Summer & Fall Pumping, Existing Well Field| $ - $ 663[$% 023|$ 009|% 0.39
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TABLE 5-13
Summary Statistics of Total Increased Annual Energy Costs to Maintain Existing Groundwater Pumping for Irrigation
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Increased Annual Energy Cost (Total $)

Pumping Scenario Min Max Mean Median  Std. Dev.
300 TAF Summer Pumping, New Well Field $65,770 | $705,326 | $228,397 | $168,480 | $177,411
300 TAF Summer Pumping, Existing Well Field $60,110 | $497,233 | $194,859 | $154,452 | $140,481
150 TAF Summer Pumping, New Well Field $37,538 | $377,222 | $139,402 | $104,710 | $ 94,209
150 TAF Summer Pumping, Existing Well Field $39,866 | $367,467 | $148,075 | $126,209 | $ 97,078
150 TAF Fall Pumping, New Well Field $10,993 | $344,156 | $122,601 | $124,133 | $ 80,913
150 TAF Fall Pumping, Existing Well Field $10,292 | $401,570 | $138,222 | $134,018 | $ 95827
150 TAF Summer & Fall Pumping, New Well Field $44,736 | $294,296 | $140,169 | $120,727 | $ 81,830
150 TAF Summer & Fall Pumping, Existing Well Field | $47,471 | $345,330 | $151,533 | $132,451 | $ 91,202

Increases in energy requirements are least for the fall pumping scenarios due to the lesser volume of
Project pumping (as compared to the 300 TAF summer pumping scenarios) and due to Project pumping
occurring after the peak irrigation season, when baseline irrigation pumping is less. Costs tend to be
similar whether Project pumping relies on a new or existing well field.

Annual baseline irrigation pumping, Project pumping, and increased energy costs by water year are
shown for the 300 TAF summer pumping scenario with a new well field in Figure 5-28. Annual baseline
irrigation pumping, Project pumping, and increased energy costs by water year are shown for the 300
TAF summer pumping scenario with an existing well field in Figure 5-29.
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FIGURE 5-28

Annual Baseline Irrigation Pumping, Project Pumping, and Increased Energy Cost: 300 TAF Summer
Pumping, New Well Field

Northern Sacramento Valley Conjunctive Water Management Investigation Final Report
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FIGURE 5-29

Annual Baseline Irrigation Pumping, Project Pumping, and Increased Energy Cost: 300 TAF Summer

Pumping, Existing Well Field
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Incremental energy costs are greatest in years when project pumping is greatest but are also directly
proportional to the amount of baseline irrigation pumping, all else equal. Project pumping in 1990
results in interference drawdown that causes increased lift and associated increased energy costs for
the years to follow. The incremental energy costs resulting from Project pumping with the new well field
are substantially greater than the incremental energy costs for the existing well field in 1990, the year of
maximum pumping in GCID and maximum total project pumping.

Summary statistics of increased annual energy requirements per acre to maintain existing levels of
groundwater pumping for non-irrigation (primarily domestic) use are provided for each pumping
scenario in Table 5-14. Summary statistics of increased annual energy requirements per acre to maintain
existing non-irrigation pumping are provided in Table 5-15. The summary statistics describe the
increased energy requirements for 1329 of 1786 sections within the Project area that pump
groundwater for non-irrigation uses based on the analysis of year 2000 Census data. Summary statistics
of total annual increases to energy costs within the Project area for the 17 years of analysis are provided

in Table 5-16.

Similar to the results for irrigation pumping, increases in energy requirements and associated costs are
greatest for the 300,000 ac-ft pumping scenarios due to greater interference drawdown resulting from
greater Project pumping volumes. Increases in energy requirements are least for the fall pumping
scenarios due to the lesser volume of Project pumping (as compared to the 300 TAF summer pumping
scenarios) and due to Project pumping occurring after the peak irrigation season, when baseline
irrigation pumping is less (non-irrigation pumping, which includes landscape watering for purposes of
this analysis, tends to follow a similar distribution as irrigation pumping, with the greatest use during
peak demand periods). Costs are similar whether Project pumping relies on a new or existing well field.

December 2011 65



TABLE 5-14

Development and Assessment

Summary Statistics of Increased Annual Energy Requirements Per Acre to Maintain Existing Groundwater Pumping for Non-

Irrigation Uses

Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Increased Annual Energy Requirement (kwh/section)

Pumping Scenario Min Max Mean Median  Std. Dev.
300 TAF Summer Pumping, New Well Field 0.00 2,313.0 15.60 1.05 80.86
300 TAF Summer Pumping, Existing Well Field 0.00| 19519 13.38 0.72 71.73
150 TAF Summer Pumping, New Well Field 0.00| 1571.6 9.26 0.65 48.63
150 TAF Summer Pumping, Existing Well Field 0.00]| 1,864.0 9.18 0.60 50.43
150 TAF Fall Pumping, New Well Field 0.00 | 1,761.8 10.58 0.69 56.02
150 TAF Fall Pumping, Existing Well Field 0.00| 2,038.2 10.62 0.64 58.38
150 TAF Summer & Fall Pumping, New Well Field 0.00| 1675.6 10.32 0.70 53.93
150 TAF Summer & Fall Pumping, Existing Well Field 0.00| 1951.9 10.27 0.65 55.91

TABLE 5-15

Summary Statistics of Increased Annual Energy Costs Per Acre to Maintain Existing Groundwater Pumping for Non-Irrigation

Uses

Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Increased Annual Energy Cost ($/section)

Pumping Scenario Min Max Mean Median  Std. Dev.
300 TAF Summer Pumping, New Well Field $ - [$55511($ 374|$ 0253 1941
300 TAF Summer Pumping, Existing Well Field $ - $46847|$ 321|% 017]|$ 17.21
150 TAF Summer Pumping, New Well Field $ - [$37718|$ 222|$ 016|3% 1167
150 TAF Summer Pumping, Existing Well Field $ - [$44736($ 220|$ 014]|3% 1210
150 TAF Fall Pumping, New Well Field $ - [$42284($ 254|$ 017]|$ 1344
150 TAF Fall Pumping, Existing Well Field $ - $489.16 [$ 255|% 015|$% 14.01
150 TAF Summer & Fall Pumping, New WellField [$ - [$40215($ 248|$ 017|$ 12.94
150 TAF Summer & Fall Pumping, Existing Well Field[ $ - [ $ 46847 |$ 246|$ 0.16|$ 13.42

TABLE 5-16

Summary Statistics of Total Increased Annual Energy Costs to Maintain Existing Groundwater Pumping for Non-Irrigation Uses
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Increased Annual Energy Cost (Total $)

Pumping Scenario Min Max Mean Median  Std. Dev.
300 TAF Summer Pumping, New Well Field $ 927 |$ 7823 |$ 4976 |$ 4787 |$ 27218
300 TAF Summer Pumping, Existing Well Field $ 485[% 6962 |$ 4267|$ 4511|3$ 2058
150 TAF Summer Pumping, New Well Field $ 839[$ 4263|$ 2883|$% 2680|3% 1,022
150 TAF Summer Pumping, Existing Well Field $ 613|$ 4278|$ 2856|$ 2757 |$ 1084
150 TAF Fall Pumping, New Well Field $ 88|$% 5241 |$ 3374|$ 3351 |% 1441
150 TAF Fall Pumping, Existing Well Field $ 74[$% 5168|$% 3315|$% 3333|3$ 1458
150 TAF Summer & Fall Pumping, New WellField [$ 512 ($ 5014 |$ 3292|$ 3155|$ 1260
150 TAF Summer & Fall Pumping, Existing Well Field| $ 396 | $ 4867 |$ 3207 |$ 3123|$ 1290
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Annual baseline non-irrigation pumping, Project pumping, and increased energy costs by water year are
shown for the 300 TAF summer pumping scenario with a new well field in Figure 5-30. Annual baseline
irrigation pumping, Project pumping, and increased energy costs by water year are shown for the 300
TAF summer pumping scenario with an existing well field in Figure 5-31. As indicated in the figures, non-
irrigation pumping has been assumed to remain constant from year to year for purposes of this analysis.

Incremental energy costs are greatest in years following substantial project pumping. The lag between
peak project pumping and peak incremental costs results from gradual reductions in water levels in the
shallow aquifer as the regional aquifer and/or lower aquifer is refilled. Interference drawdown in the
shallow aquifer in some areas of the Valley may occur more quickly following peak project pumping, but
the incremental energy costs may be low if little or no non-irrigation pumping occurs in these areas. The
incremental energy costs resulting from project pumping with the new well field are somewhat less than
the incremental energy costs for the existing well field but follow a similar trend over time.

In summary, the greatest costs associated with increased lift resulting from interference drawdown will
be incurred by agricultural groundwater users due primarily to the greater volume of water pumped.
Additionally, project pumping and associated interference drawdown tends to be greatest in agricultural
areas away from population centers. Costs are highly variable from location to location and over time
but, in aggregate, are similar among pumping scenarios of the same volume (e.g., 300 TAF or 150 TAF).
Peak incremental energy costs may occur multiple years after project pumping, particularly for non-
irrigation pumping from the shallow aquifer.
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FIGURE 5-30

Annual Baseline Irrigation Pumping, Project Pumping, and Increased Energy Cost: 300 TAF Summer
Pumping, New Well Field
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report
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Annual Baseline Irrigation Pumping, Project Pumping, and Increased Energy Cost: 300 TAF Summer
Pumping, Existing Well Field
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Spreading the payback pumping over two seasons (summer and fall) will moderate the impact. The
volume and timing of the pumping will also be efficiently managed by assessing the condition of the
groundwater basin in the spring while evaluating its capacity for pumping that year.

If some form or degree of the groundwater pumping payback method is eventually adopted, a
mitigation program will be instituted to compensate the owners of the impacted domestic or municipal
wells for the expected increase in their pumping cost due to the increased lift.

As yield impacts are not expected at the permissible level and scheduling of the pumping, it should not
be necessary to improve their wells or build new and more efficient ones in order to deal with yield
impacts.

5.4.1.4. Groundwater Levels

Production of 150 TAF of groundwater from existing wells over the summer/fall period (May through
November) results in a maximum of about 30 feet of drawdown in the pumped aquifer compared to a
maximum of approximately 40 feet of drawdown if the same production occurs in the summer only.

Simulated drawdown in the vicinity of the eastern well fields in the Butte Basin Project are significantly
lower than those observed on the west. This is due to a combination of lower overall production rates
from the east and a greater production well spacing.

5.4.2. Impacts on Streamflow

Peak effects on streamflow due to groundwater production in the Sacramento Valley are summarized in
Table 5-17.
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TABLE 5-17
Peak Effects on Streamflow from Conjunctive Management Operations
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Scenario 1 Scenario 2 Scenario 3 Scenario 4
Existing New Existing New Existing New Existing New
Stream (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
All Streams 54 53 111 105 80 90 64 65
Butte Creek 13 12 72 69 50 48 39 33
Sacramento River —
GCID to Wilkins Slough 42 37 32 28 16 18 16 15
Feather River 3 3 6 6 4 4 4 4
Little Chico Creek 3 3 6 5 4 3 4 3
Salt River 1 5 5 8 2 5 2 5
Stone Coral Creek 6 9 11 15 7 10 6 9
Stony Creek 4 5 7 7 4 6 4 4

Specific conclusions regarding surface water effects are as follows:

The modeled project pumping scenarios result in some streamflow reductions, due either to increased
stream loss to aquifers or decreased aquifer flow into streams. To compensate for these losses, the
modeling incorporated releases from Shasta and Oroville when the system is “in balance.” Although
these releases help maintain streamflow in the Sacramento and Feather Rivers, while insuring the
system as whole doesn't experience significant losses, the release do not directly mitigate the impact of
tributary streamflow losses to ecosystems and species. As a starting point for the assessing impact to
tributary streams, the project analyzed Butte Creek due to its high ecosystem value combined with
some of the largest discharge losses due to pumping. An additional consideration is that historical
streamflow records are available for Butte Creek but generally not for other, smaller tributary streams.
The analysis yielded the following key results:

e Project pumping will not impact the uppermost reach in the project areas, the primary spawning
area for Spring-run Chinook and Central Valley steelhead

e Pumping will have a greater impact on the lower reaches of Butte Creek, than the upper
0 In addition to cumulative effects, the rate of leakage is higher in downstream reaches

e The largest absolute losses in streamflow occur when discharge is also highest (Jan.-Mar)
0 The magnitude of impacts in relation to the baseflow at this time is not substantial
(maximum of 1-3% loss in streamflow)

e The largest percentage loss in stream flow occurs in the lowest reach during summer/ early fall
when Spring-run have already migrated upstream and steelhead are only beginning to enter the
streams

e Project pumping never causes average monthly discharge to fall below the instream flow
standards in the four upstream reaches
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e June average monthly discharge in the lowermost reach, falls below the 40 cfs instream
standard twice in the 17 year record due to pumping of up to 150K, and four times under
pumping of up to 300K

0 Most Spring-run migration has already occurred by June, but some late Spring-run
migrants, may experience minimal impacts

0 These impacts occur during the drought years of 1990, 1991, 1992, 1994, when Butte
County irrigators participated in the drought water bank

The results of the analysis do not reveal any significant negative impact to Spring-run Chinook or Central
Valley Steelhead in Butte Creek due to project pumping. Furthermore, this analysis focused only on
those years with stream impacts (water years 1987 - 2003), during which time groundwater would have
been pumped more frequently than over the entire period assessed by the surface water model (1922-
2003). As such, on average impacts would likely be less significant and rarer than those projected in this
analysis.

5.4.3. Stream Impact Analysis
The modeled project pumping results in some streamflow reductions, due either to increased stream
loss to aquifers or decreased aquifer flow into streams. The greatest impact to surface streams occurs to
the Sacramento River, between GCID and Wilkins Slough, and Butte Creek, with smaller impacts
estimated to occur to surrounding streams. Project modeling and operations account for the effects of
stream leakage when the system is “in balance”, the condition when there is no excess flow in the
system and the reservoirs are releasing to satisfy critical conditions. Depending on location and timing of
stream leakage, upstream reservoirs may be required to make additional releases to compensate for
streamflow reductions due to groundwater pumping. However, if leakage occurs at times when the
system is "in surplus", additional reservoir releases may not be necessary. Although this helps maintain
flow conditions on the Feather and Sacramento Rivers, as well as minimizing losses to the system as a
whole, it does not account for potential stream leakage impacts on fisheries in tributaries, which were
examined.

The Sacramento River and several of its tributaries are designated as critical habitat for Spring-run
Chinook salmon (SRCS) and Central Valley steelhead, both listed as "threatened" species, as well as the
fall and late-fall run Chinook, which are listed as a “species of concern”. The stream analysis in this
report focuses on the National Marine and Fisheries Service (NMFS) designated critical habitat within
the project area. At this time, the assessment is primarily limited to impact to stream discharge,
although other factors, such as water quality parameters, may need to be further assessed if the project
proceeds.

The first time pumping occurs within the 17-year groundwater model simulation period (1987 to 2003)
is in 1987 to refill Shasta and in 1990 to refill Oroville. Impacts from the initial pumping, as well as
additional groundwater pumping in 1988 and 1990 to refill Shasta and in 1992, 1994, and 2002 to refill
Oroville, produce stream impacts through 2003. This stream impact analysis focuses only on those years
with stream impacts, water years 1987 - 2003. It should be noted that pumping occurred more
frequently during this span of the groundwater model than during the longer period assessed by the
surface water model (1922-2003). The surface model predicted the need for pumping at most once
every seven years, yet pumping occurred six times in the 17-year time span of this analysis.

An initial and conservative assessment of potential pumping impacts to the critical habitat streams in
the project area demonstrated that the maximum impact (under up to 300K pumping of existing wells)
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would yield a less than one cubic foot per second decrease in average monthly streamflow in the
majority of critical streams. Table 5-18 lists the streams located in the project area, which are
designated as critical habitat for Spring-run Chinook salmon and steelhead, along with the potential
impact to streamflow due to pumping.?! As mentioned above, additional releases from Shasta and
Oroville mitigate any negative impact on streamflow in the Sacramento or Feather. The rarity in
occurrence of the maximum decrease in discharge, noted in the following table, further nullifies most
concerns about any negative impact to fisheries.

The impact to the three highlighted streams (Butte Creek, Little Chico Creek, and Stony Creek) in relation
to their actual streamflow did warrant further investigation. The noted ecosystem value of Butte Creek,
in conjunction with non-trivial projected project impacts, justified a more in-depth analysis, which is
subsequently described. Based on the analysis of Butte Creek, the impact of pumping on Little Chico and
Stony Creek, which experience a much less significant loss in stream flow, is determined to also be
minimal at this time. If the Project does proceed, more detailed analysis of the impact to Little Chico and
Stony Creek may be warranted. With respect to the streamflow impacts, the Project would be operated
to assure a net improvement in streamflow parameters important to the viability of protected species,
specifically Chinook salmon. Reductions in base flows that may occur in the tributary streams due to
additional pumping of groundwater would be more than offset by improvements to environmental flow
parameters in the mainstem Sacramento and Feather Rivers and in the resulting inflows to the Delta.
Indeed, this Project is designed to contribute substantially to the recovery of these species. That result
will be demonstrated to the listing agencies in the consultation process that the CVP, SWP and
participating districts will engage in as part of their NEPA/CEQA compliance.

5.5.Economic Analysis

The team compared the costs and benefits of the eight different initial scenarios as a means of
evaluating the economic feasibility of the project. This analysis is summarized below.

The economic analysis did not assign a monetary value to the environmental benefits that would be
achieved by project ecologic flows releases. This was not because these benefits would be
negligible. In fact, the potential increase in salmon productivity could be quite substantial. Rather,
methods for valuing environmental benefits are somewhat speculative so, to avoid basing economic
feasibility on uncertain benefits, the economic analysis was conducted in part to determine whether
the revenue from the project’s potential water sales alone would be large enough to pay for the
capital and operational costs. Additionally, the benefits that would result from improved
groundwater conditions within the Sacramento Valley due to the delivery of additional surface water
supplies and consequent relaxation of groundwater pumping were not factored into the economic
analysis. In sum, the question was not whether the project would be economically justified, but
whether it could pay for itself.

5.5.1. Cost Assessment
The costs of the different scenarios are presented in Table 5-19, including costs capital outlays for
project facilities (primarily existing production well rehabilitation or new well construction), project
operation and maintenance, compensation for increased pumping costs (ag and domestic),
replacement of a certain number of domestic wells and project legal and administrative charges. These
costs are described in detail in Appendix E. The present value of these costs based on a real discount

! NOAA. National Marine Fisheries Service - Southwest office. GIS Data. Accessed at:
http://swr.nmfs.noaa.gov/salmon/layers/finalgis.htm.
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TABLE 5-18

Critical Fish Habitat Areas Assessed in Stream Impact Study
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Critical Habitat

Maximum Decrease in Mean Monthly Discharge*

Spring-run
Stream Chinook Steelhead cfs Comments

American River yes yes 0 No impact

Antelope Creek yes yes 0.006 Minimal impact

Bear River yes yes 0.008 Minimal impact

Big Chico Creek yes yes 0.791 Minimal impact

Butte Creek yes yes 26.729 Further study conducted

Butte Creek, Sutter Bypass yes yes Not assessed Further study conducted

Colusa Bypass yes yes 0.962 Minimal impact

Cosumnes River no yes <10” Minimal impact

Deer Creek yes yes 0.056 Minimal impact

Elder Creek yes yes 0.049 Minimal impact

Feather River yes yes 6.142 Oroville releases to compensate
Minimal impact based on Butte Cr.

Little Butte Creek no yes Not assessed analysis
Minimal impact, but further study may be

Little Chico Creek no yes 4.875 warranted if the Project proceeds
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TABLE 5-18

Critical Fish Habitat Areas Assessed in Stream Impact Study (con't.)

Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Critical Habitat

Maximum Decrease in Mean Monthly Discharge*

Stream )
Spring-run
Chinook Steelhead cfs Comments

Minimal impact based on Butte Cr.
analysis, but further study may be

Little Dry Creek no yes Not assessed warranted

Mill Creek yes yes 0.006 Minimal impact

Mokelumne River no yes <10 Minimal impact

Paynes Creek no yes <10 Minimal impact

Putah Creek no yes 0.002 Minimal impact

Sacramento Bypass yes yes Not assessed Shasta releases to compensate

Sac. Deep Water Channel no yes Not assessed Shasta releases to compensate

Sacramento River yes yes 67.795 Shasta releases to compensate
Minimal impact, but further study may be

Stony Creek yes yes 7.183 warranted if the Project proceeds

Thomes Creek yes yes 0.173 Minimal impact

Yuba River yes yes 0.044 Minimal impact
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TABLE 5-19

Total Cost Associated with the Project for Each Pumping Scenario
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Scenario Capital 0&M DOET]éf‘g';‘g' Eéomlestic Well Admin &  Total Cost
Compensation eplacement Legal (PV)
1 300 TAF Summer New Wells $220,604,741 $61,940,720 $3,287,267 $1,776,873 $1,919,003 $289,528,604
2 300 TAF Summer Existing Wells $140,118,788 $63,962,075 $2,804,880 $3,594,878 $1,919,003 $212,399,624
3 150 TAF Summer New Wells $108,940,613 $23,368,466 $733,017 $99,285 $1,704,928 $134,846,308
4 150 TAF Summer Existing Wells $67,481,217 $22,826,909 $777,553 $794,280 $1,704,928  $93,584,886
5 150 TAF Fall New Wells $176,120,657 $31,067,457 $647,334 $105,034 $1,704,928 $209,645,410
6 150 TAF Fall Existing Wells $110,980,583 $29,442,275 $727,303 $792,257 $1,704,928 $143,647,345
7 150 TAF Summer & Fall New Wells $65,364,368 $19,670,551 $721,787 $96,963 $1,704,928  $87,558,597
8 150 TAF Summer & Fall Existing Wells $42,168,421 $20,133,635 $778,535 $567,088 $1,704,928  $65,352,605
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rate of 3 percent ranges from $65M to $298M, with the lower cost scenarios being those relying on
existing wells or having longer repayment pumping period and the higher costs scenarios being those
relying on new wells and having shorter pumping periods. The scenarios that involve development of
new wells are more expensive compared to their sister scenario using existing wells primarily because of the
higher capital investment required to build the new wells. The capital cost is almost 60 percent higher to
develop new wells than use existing wells.

The results show that the 150 TAF summer and fall pumping scenario using the existing wells is the least
expensive scenario. Under the 150 TAF summer and fall pumping scenarios (scenarios 7 and 8) the
number of wells required to accommodate project pumping is relatively low because users can
withdraw water during a longer period (almost 7 months), which results in a need for fewer wells and
the least amount of groundwater level drawdown.

The analysis reveals that the costliest scenarios (in terms of average cost per AF of pumping) are the 150
TAF summer and 150 TAF fall pumping scenarios using new wells (Scenarios 3 and 5) which result in the
highest drawdown (Table 5-20). This is due to the shorter pumping period (three or four months)
compared to the summer and fall pumping scenarios (seven months). Our analysis shows that the
optimal scenario, considering only costs, is the 150 TAF summer and fall pumping scenario using
existing wells.

5.5.2. Valuing Benefits
To value the benefits of the additional water supply, potential market value of various time series of
additional reservoir releases were considered. The releases will become supplemental streamflow and
may be left in the Feather and Sacramento rivers to augment flow, or possibly exported. Benefits are
directly linked to the timing of the releases and how far in advance the buyers can be informed about the
quantity of these surplus releases. Additional water supplies could be delivered in the Sacramento Valley,
or could be left instream to become Delta inflow.

The value of additional water supplies generated through conjunctive operations was estimated in two
ways to bracket the economic analysis. Consistent with the in-Valley focus of the investigation one
valuation was based on the water being integrated into CVP and SWP project deliveries according to
existing water service contracts in the Sacramento Valley. The second valuation, intended to serve as an
upper bound, was based on an assumption that the additional supplies could be exported south of the
Delta and made available to urban users as a dry year supply®>.

Under the assumption that the water is used within the Sacramento Valley when it is made available, the
main feasible uses are groundwater recharge and environmental flows. An examination of water market
data reveals that over the past decade, water sold on the Sacramento Valley market for these purposes
averaged around $50/AF.%

If it were feasible to export the additional water supplies south of the Delta, the additional yield of the
project would be worth more. To approximate the value of exportable supplies, the net willingness

22 Consistent with the in-Valley scope of the investigation, no analysis was conducted concerning the feasibility of
exporting project water supplies. Additional analyses would be needed to determine the frequency with which
project releases might be exported and the economic analysis revised accordingly.

23 Stratecon Inc., “Water Strategist: Analysis of Water Marketing, Finance, Legislation and Litigation,” Monthly
publications January 2000 — December 2009. The actual average was $S57/AF in average to wet hydrologic years.
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TABLE 5-20
Average Cost of Pumping and Releases for Each Pumping Scenario
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Scenario Total Cost (PV) Pumpl?’gF\)/olume Plf\r;]/giggs(;/%F) RAe\I/ga'sAgsnFAalli) Avgﬂ(;c;ztl °

Releases ($/AF)
1 300 TAF Summer New Wells $289,528,604 1,307,759 $221 109,596 $79
2 300 TAF Summer Existing Wells $212,399,624 1,307,759 $162 109,596 $58
3 150 TAF Summer New Wells $134,846,308 523,547 $258 43,609 $93
4 150 TAF Summer Existing Wells $93,584,886 523,547 $179 43,609 $64
5 150 TAF Fall New Wells $209,645,410 608,963 $344 44,298 $142
6 150 TAF Fall Existing Wells $143,647,345 608,963 $236 44,298 $97
7 150 TAF Summer & Fall New Wells $87,558,597 574,129 $153 43,955 $60
8 150 TAF Summer & Fall Existing $65,352,605 574,129 $114 43,955 $45
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of urban agencies in the South Coast to pay for dry year water was calculated, and then expenses for
conveyance and storage were subtracted, while accounting for carriage and storage losses. Currently, the
WD Tier 2 rate for untreated, delivered water is $594/AF.?* The cost of conveyance to transport the
water from Shasta and Oroville to the South Coast is around $220/AF.” We used information from
Semitropic-Rosamond Water Bank Authority (SRWBA) to approximate the cost of groundwater storage
necessary to convert wet year water to dry year water. The volumetric cost of using SRWBA facilities is
approximately $230/AF.?® Water sold south of the Delta will incur storage and carriage losses, which
are set at 30 percent based on SRWBA contract terms and pre-Wanger conveyance losses. Taking
these numbers together, it follows that the value of additional supply under the assumption that it
could be exported through the Delta under pre-Wanger conditions is approximately $100/AF.

It is noted here that under current Delta restrictions, it would not be possible to export additional
supplies south of the Delta. To the extent that this option turns out to be economically beneficial, it
is another demonstration of the economic cost of current Delta pumping restrictions and the type
of benefit that would result from construction of some type of through-or around-Delta
conveyance facility.

5.5.3. Results of Economic Analysis
The net benefit of the project considering the associated costs and expected benefits varies depending
primarily on where the water can be sold and, to some extent, on whether new wells are constructed or
the project is operated using primarily existing wells. As summarized in Table 5-21, if the water
generated through conjunctive operations is sold in the Sacramento Valley, only one of the scenarios
has a positive net benefit, with the others having modest to strong negative net benefits. In contrast, if
the water is valued at export rates, only one of the scenarios has a negative net benefit with the others
being positive. Interestingly, even though the 150 TAF summer and fall pumping using the existing wells
was the least-cost scenario, the analysis demonstrates that the largest net benefit is associated with
the 300 TAF summer pumping scenario using the existing wells (if the water could be exported south
of the Delta).

It can be seen from Table 5-21 below that the existing well scenarios dominate the new well scenarios in
terms of net benefits. The high capital costs associated with constructing new wells make this option
less economically viable.

Overall, Sacramento Valley conjunctive operations appear to be more attractive in the event the
additional supplies could be exported south of the Delta.

2 MWD rates came from MWD’s website: http://www.mwdh2o.com/mwdh2o/pages/finance/ finance_03.html,
accessed March 22, 2010

®> The total conveyance cost is comprised of $1 97/AF for use of the SWP aqueduct and $23 for distribution.
Division of Planning and Local Assistance, California Department of Water Resources, “Least Cost Planning and
Simulation Model User Manual,” 2009.

%8 This storage cost assumes 100,000 shares are purchased in the Antelope Valley Water Bank. The capital
payments are $1,662 per share which amortized by multiplying by a 3 percent real interest rate. The annual
payments are $12.80 per share for the management fee and $11.70 per share for the maintenance fee. The
usage fee is $77.68 per AF for recharge and $77.68 per AF for recovery. In the Antelope Valley Water Bank, one
share is equivalent to one acre-foot of water. Semitropic-Rosamond Water Bank Authority, “Rate Structure for
Customers,” January 20, 2010, accessed at: http://www.semitropic.com/pdfs/SRWBA-

Rate%20Structure Bd%20Adoptedl 20 2010.pdf, March 22, 2010
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TABLE 5-21
Net Benefit under Various Pumping Scenarios
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Annual
Annual
benefits, Penefits, Net Net
local usé exports Total Cost benefits, benefits,
($M)  (PV,$m) localuse export
Scenario (M) ($M) ($M)
1 300 TAF Summer New Wells 183 365 290 -107 76
2 300 TAF Summer Existing Wells 183 365 212 -30 153
3 150 TAF Summer New Wells 73 145 135 -62 11
4 150 TAF Summer Existing Wells 73 145 94 -21 52
5 150 TAF Fall New Wells 74 148 210 -136 -62
6 150 TAF Fall Existing Wells 74 148 144 -70 4
7 150 TAF Summer & Fall New Wells 73 147 88 -14 59
8 150 TAF Summer & Fall Existing Wells 73 147 65 8 81

5.6.Provisional Conclusions Guiding Refinement of Scenarios

The main conclusion derived from the formulation and evaluation of preliminary project scenarios is
that conjunctive management based on re-operating reservoirs to release additional water supplies for
environmental flow enhancements or water supply, backstopped by groundwater pumping when
necessary, is hydrologically feasible. Modeling indicates that reservoir re-operation can produce
appreciable additional water supplies while meeting all existing CVP and SWP obligations and regulatory
requirements governing project operations, provided that groundwater pumping can be exercised when
needed. The additional storage space evacuated by making additional reservoir releases is refilled
primarily by retaining in storage high flows that otherwise would be released for flood control purposes.
Groundwater pumping is called on in only about 1 year in 10, on average, and contributes roughly 10
percent to 20 percent of the reservoir payback with 80 percent to 90 percent of refill coming from
surplus surface water that would otherwise have been lost.

Because groundwater is called on infrequently for reservoir payback, impacts to existing groundwater
users and to flows in surface streams are modest. Effects on the operability and productivity of existing
agricultural wells of additional groundwater pumping to backstop reservoir re-operation are negligible
because the estimated changes in groundwater levels are small relative to the screened intervals of
agricultural wells. Agricultural pumpers will incur some additional cost for pumping due to the
moderately higher lifts caused by drawdown; however, these costs are very small relative to baseline
pumping costs and could be mitigated. Because they are much shallower and have shorter screened
intervals compared to agricultural wells, it is likely that some existing domestic wells would need to be
deepened or replaced. It was estimated that between 6 and 284 domestic wells would need to be
replaced depending on assumptions and the scenario considered. This is between 3 and 41 percent of
the estimated number of wells in the estimated impact areas (areas with incremental drawdown greater
than 2 feet), and between just 0.1 percent and 3 percent of the 9,000+ domestic wells in the region.

The most significant conclusion is that the net benefits of Sacramento Valley conjunctive operations are
strongly dependent on where the water could be marketed and the price received. If the water is sold in
the Sacramento Valley at current market rates, the project appears not to be economically justified. On
the other hand, if the water could be conveyed south of the Delta for storage in a groundwater bank and
sold at dry year market rates, the project appears to be economically viable. Of course, such an export
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operation would require resolution of current Delta conveyance and export constraints and further
analysis beyond that performed in this phase of investigation.

Alternatively, if an in-Valley scenario is desired, there is a need to reduce project costs or increase
benefits or some combination of the two. One means of reducing costs would be to avoid the large,
infrequently utilized capital investments in groundwater production wells by relying to the maximum
practical extent on existing groundwater wells. It should be noted, however, that using existing wells
rather than constructing new ones does not completely eliminate capital investment because growers
would need to be compensated for their sunk costs at a level that would attract them to willingly sell
their wells or enter into use agreements. Additionally, some wells would need to be rehabilitated or re-
equipped with electrical motors to avoid air emission regulations.

Another potential means of reducing costs would be to employ temporary crop idling as a payback
mechanism because crop idling payments would be required only in the years when reservoir payback is
triggered.

For purposes of expanding or enhancing project benefits, the decision was made to engage the CVP and
SWP operators to see whether they could assist the project team in identifying additional objectives that
might achieved through conjunctive operations. Consultation with the CVP and SWP operators is
discussed in the next section along with the various refinements made to the surface water model to
simulate project operations more realistically and to achieve additional project benefits.
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6. Collaboration with CVP and SWP Operators for Refinement of
Project Scenarios

6.1.Collaborative Workshops with CVP and SWP Operators

Beginning in April 2010, a series of three %-day workshops were held with a select group of CVP and
SWP operators for the purpose of refining project scenarios. The main purposes were: (1) to identify
additional project purposes and benefits that could potentially be realized through conjunctive
operations as a means of enhancing project economic performance and (2) to ensure that the
simulations were as realistic as possible. The workshops were complemented with one-on-one
consultations between operators and project team members as needed to clarify comments and
develop specific recommendations for incorporation into scenario development and the supporting
modeling methodology. The dates, purposes and outcomes of the workshops are summarized below.
Outcomes are discussed in additional detail in the following sections.

e Workshop #1: April 8, 2010. The project team presented the particular conjunctive operations
concept being develop (reservoir re-operation with groundwater pumping payback) and an
overview of development and performance of the initial project scenarios with particular focus
on the surface water model. The main outcomes of the workshop were the following operator
recommendations:

0 Update the surface water model to operate from a baseline condition (represented in
CALSIM Il model outputs) that includes current environmental objectives and
constraints (primarily the smelt and salmon BOs)

0 Modify the model to include a forecast-based method for estimating end of year
(September) Shasta and Oroville reservoir storage levels (which are used quantifying
project assets and project reservoir releases) rather than the method used for initial
scenario analysis based on perfect foresight

e Workshop #2: July 9, 2010. The project team presented the refined surface model reflecting the
updated CALSIM Il baseline with smelt BO and salmon BO operating requirements, and a
forecast-based reservoir storage estimating routine. The effects of these changes on project
performance were presented and discussed. Further dialogue focused on project operation for
additional benefits, including the ability to generate additional environmental flows, support in
complying with smelt BO and salmon BO operational requirements, water supply reliability,
operational flexibility and cold water pool management in Shasta and Oroville. The main
outcome from the meeting was a decision that the project team would work with the CVP and
SWP operators to explore two primary interests:

0 Project operations for the purpose of holding water in storage to recover reservoir
storage levels

0 Balancing reservoir releases with risk to reservoir carryover storage and related cold
water pool management

e Workshop #3: September 9, 2010. A meeting/gaming session was held with operators and the
project team at which the surface water model was used to demonstrate effects of additional
constraints suggested by the operators in Workshop #2. Generally these constraints reduced
project benefits relative to the initial project scenarios and identified areas of risk due to project
operations, particularly cold water pool management. Several options for additional analysis
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were discussed at this meeting, including: revising operator constraints to be less conservative,
temperature modeling to refine operating rules, and further modeling to identify system-wide
effects.

6.2.Surface Water Model Refinements

The collaborative engagement with CVP and SWP operators resulted in a number of suggestions for
refinement to the initial surface water model. Each of these is described below.

6.2.1. Updated CALSIM II Baseline Conditions
As previously explained, the surface water model simulates conjunctive operations by tracking
incremental changes from a baseline condition of flows and reservoir storage levels generated by a
CALSIM 1l model run. The CALSIM Il baseline used for the initial modeling pre-dated the 2008 Biological
Opinion on delta smelt (smelt BO) and the 2009 Biological Opinion on Chinook salmon (salmon BO). The
baseline was updated with a CALSIM Il model run with the smelt BO and salmon BO included. This
baseline was used for further development and evaluation of project scenarios.

6.2.2. Ability to Reduce Shasta Reservoir Releases to Recover Storage
CVP operators expressed concerns about the ability to reduce Shasta releases under conditions when
releases are driven by temperature compliance in the Sacramento River below the reservoir rather than
water supply demands further downstream. Constraints on the ability to reduce Shasta releases were
specified in the form of monthly minimum Keswick releases for temperature compliance, presented
below in TABLE 6-1.

TABLE 6-1
Minimum Keswick Release for Temperature Compliance (cfs)
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

6,000 | 5,000 | 4,000 | 4,000 | 4,000 | 6,000 | 7,000 | 9,000 | 11,000 | 13,000 | 12,000 | 11,000

The values presented in Table 6-1 are the minimum flows that operators thought were possible while
achieving Sacramento River temperature compliance. The significance of these minimum flows is that
only the portion of baseline Keswick releases in excess of the minimum flows in TABLE 6- can be held in
storage and offset by a similar quantity of groundwater pumping or water made available through crop
idling. These minimum Keswick release constraints significantly reduced the ability of the project to
recover reservoir storage through reservoir payback mechanisms.

Constraints on the ability to reduce Oroville releases for temperature compliance were specified by SWP
operators in a different manner, expressed as a function of Oroville release according to the following

Table 6-2.

This constraint allows project operations to recover reservoir storage lowered due to project releases, or
to increase carryover storage levels above those in the baseline simulation.
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TABLE 6-2

Ability to Reduce Oroville Release (cfs)
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Collaboration

Oroville Release (cfs) Oct Nov Dec-Jun Jul Aug Sep
< 3,000 0 0 0 0 0 0
3,000 - 6,000 500 500 0 500 500 500
> 6,000 1,000 1,000 0 1,000 1,000 1,000

6.2.3. Forecast-Based Operations
The initial surface water model made project asset decisions (volume of additional reservoir release)
based on a perfect forecast of September reservoir storage. The implication of this assumption was to
minimize the risk of achieving targeted levels of carryover storage due to conjunctive operations. In
actual operation, decisions would have to be made based on assumed reservoir inflows and releases to
forecast fall reservoir storage. To the extent that actual conditions differ from those assumed for the
forecast, actual fall reservoir storage could fall short of certain targets or could impact temperature
compliance operations, in some years. The initial model did not simulate these risks.

The surface water model was refined to include a forecast of fall storage conditions based on current
reservoir storage, runoff forecasts, and an estimate of reservoir releases from the current month
through September. Runoff forecasts at different exceedance levels are used during the spring with
more conservative forecasts (user-defined 90 or 99 percent exceedance) used in February and March,
respectively. A method to estimate reservoir release volumes was developed for Shasta and Oroville by
correlating simulated CalSim Il releases with a system-wide CVP water supply index and SWP allocations,
respectively. The CVP water supply index is the sum of current storage in Trinity, Shasta, Folsom, and
CVP San Luis plus runoff forecasts on the Sacramento and American Rivers, plus Kings River flow to
Mendota Pool. The CVP water supply index and runoff forecasts for the Sacramento, Feather, and

American Rivers are the same as used in CalSim Il for simulation of CVP/SWP operations. Initial

correlations were developed and adjusted to balance how forecasted storage compared with CalSim Il
simulated storage across various year types.

6.2.4. Oroville Carryover Targets
SWP operators expanded a previous project objective related to carryover storage in Lake Oroville.
Oroville storage targets were defined to increase carryover storage when at or below 1.5 million acre-
feet (MAF) under base conditions by up to a maximum of 200 thousand acre-feet (TAF). These targets
were developed to assist in mitigating effects of damage to the low-elevation outlet that occurred
during gate testing several years ago. Damage to the low-elevation outlet has effectively increased dead
storage in Lake Oroville leading to a desire to increase carryover storage.

6.2.5. Crop Idling for Reservoir Payback

The surface water model was modified to simulate crop idling as a payback mechanism to recover
reservoir storage. Assumptions used in the model to simulate crop idling include annual
evapotranspiration of applied water (ETAW) for rice (the dominant crop in both project areas), the
monthly pattern of ETAW, total number of acres available for crop idling within the project areas, and
the decision month for implementing crop idling. An estimate of the maximum total number of acres
available for crop idling within each project area was made based on requirements for crop idling
contained in an April 2009 Memorandum from the United States Fish and Wildlife Service (USFWS) on
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Endangered Species Consultation on the Proposed 2009 Drought Water Bank (2009 USFWS Memo) and
the February 2010 Final Environmental Assessment for the 2010-2011 Water Transfer Program (2010
EA) by the United States Bureau of Reclamation (Reclamation). Limitations on acres available for crop
idling are established to protect endangered species habitat for the Giant Garter Snake. An additional
assumption that no more than 20 percent of the total rice acreage with the project area would be idled
in any year was made based maximum potential participation by growers and local acceptability.

Total rice acreage, maximum acres available for crop idling, and maximum annual quantities of surface
water made available by crop idling are summarized in TABLE 6-3. Rice ETAW was assumed to be 3.3
acre-feet per acre for the may through September period, distributed monthly as follows: May, 15
percent; June, 22 percent; July and August, 24 percent each; and September, 15 percent.

TABLE 6-3
Summary of Rice Acreage and Maximum Acres for Crop Idling with each Project Area

Northern Sacramento Valley Conjunctive Water Management Investigation Final Report
Max. Annual Quantity of
Total Rice Max. Percent of Max. Acres Surface Water Made
Project Acreage Acres Idled in Any Idled Available by Crop Idling
Area (acres) Year (acres) (acre-feet)
GCID 105,000 20% 21,000 69,300
Butte Basin 78,000 20% 15,600 51,480

It was assumed that decisions on acres idled would be made in March, the same decision month for
project assets and releases. Compared to decisions involving groundwater pumping for reservoir
payback, crop idling decisions must be made earlier in the year, prior to planting before growers make
financial outlays for rice production (field preparation, seed, fertilizer, pesticides, and other costs). The
earlier decisions necessary for implementing crop idling can result in more frequent crop idling
compared to groundwater pumping. Additionally, the fixed pattern of when water is made available
with crop idling can result in water made available when it is impossible for it to be held in upstream
reservoirs or put to beneficial use downstream. For example, 37 percent of water made available from
crop idling occurs in May and June, but it is not possible to reduce Oroville releases in these months (see
TABLE 6-2).

6.3.Refined Model Simulation Results

The surface water model was refined to include the first three operator recommendations discussed
above; namely, to use an updated CALSIM Il baseline; to include restrictions on the extent to which
reservoir releases could be reduced due to temperature considerations; and to include a forecast-based
estimate of September reservoir levels to use as a basis for calculating project assets and determining
additional environmental releases and agricultural deliveries. All of these features make the project
simulations more realistic. Once the model was refined, it was used to reevaluate the initial project
scenarios and to evaluate the feasibility of operating the project to sustain Oroville carryover storage
and using temporary crop idling as a reservoir payback mechanism.

The refined model resulted in differences between how the project operates with the CVP/Shasta

Reservoir versus the SWP/ Oroville Reservoir. Therefore results and conclusions are presented below for
the CVP and SWP, respectively.
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6.3.1. CVP and Shasta Reservoir Results

6.3.1.1. Operations for Core Project Purposes

A comparison of initial and refined simulation results are presented in Table 6-4 for the 100 TAF and 200
TAF GCID project scales (pumping capacity). For the 100 TAF scale, project benefits are reduced by more
than 50 percent, from 27 TAF to 12 TAF, with environmental releases reduced by almost two-thirds and
agricultural deliveries reduced by half. Corresponding to the reduction in project benefits, reservoir
payback is accomplished almost entirely by refill with surplus surface water. Project pumping is reduced
from 4 years over the 82-year simulation to just 1 year and the maximum year pumping is reduced from
98 TAF to just 6 TAF. Average annual project pumping was 3 TAF.

TABLE 6-4
Comparison of Initial to Refined Simulation or Project Scenarios (Shasta/CVP)
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Project Benefits (TAF) Reservoir Payback (TAF) Project Pumping
Total |Surplus Project Peak Year| Peak
Project Scale Enviro. Ag. Project | Surface | Groundwater Number| Pumping | Pumping

Scenario #| (Pumping Capacity)| Model |Release|Deliveries|Benefit| Water | Pumping |Total|of Years| (TAF) Year
1,3and 4 100 TAF Initial 13 14 27 24 3 27 4 98 1990
Revised 5 7 12 12 0 12 1 6 1976

Difference -8 -7 -15 -12 -3 -15 -3 -92 N/A

2 200 TAF Initial 45 22 67 58 9 67 6 195 1990
Revised 15 8 23 23 0 23 1 6 1976

Difference -30 -14 -44 -35 -9 -44 -5 -189 N/A

Results for the 200 TAF project scale are even more dramatic, with project benefits reduced by roughly
two-thirds for both environmental releases and agricultural deliveries. Even at this scale, reservoir refill
is accomplished almost entirely with surplus surface water and negligible groundwater pumping.

The dramatically reduced benefits under the refined operations are due primarily to the effects of
forecast-based operations added to the model. The forecast of September storage is deliberately
conservative to avoid excess risk to reservoir storage; it is based on a 90 percent exceedance forecast for
March runoff and 50 percent exceedance in later months. This frequently results in an under estimation
of available project assets and therefore much smaller reservoir releases for environmental flows and
agricultural water supplies compared to the initial modeling based on perfect storage forecasts.

The minimum Shasta (Keswick) release constraints prescribed by the operators, together with the
forecast-based simulation, also resulted in some additional risk to reservoir carryover storage relative to
baseline conditions. The risk was greatest when Shasta storage is below 2.0 MAF when project releases
in one year are not refilled from surplus surface water in subsequent years and the project is not able to
recover the storage deficit due to an inability to reduce reservoir releases and retain payback water into
Shasta. The project is not able to recover the storage deficit due to the minimum Keswick release
requirement prescribed by operators for purposes of complying with Sacramento River temperature
requirements for protection of endangered species. Simulated project operations resulted in slightly
diminished ability to meet Shasta carryover targets specified in the salmon BO relative to the CALSIM II
baseline.

Because the minimum Keswick releases had such a strong effect on project performance, the model was

used to test the sensitivity of Shasta carryover storage to relaxed minimum release targets relative to
those specified by the operators. Relaxing the minimum releases by 2,000 cfs in all months (relative to
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those listed in Table 6-1) revealed only limited potential to improve carryover storage conditions when
below approximately 2.0 MAF. Because of the significant constraints posed to project operation by the
Keswick releases, it was concluded that temperature modeling should be performed to better evaluate
relaxed minimum reservoir releases and the resulting implications to temperature compliance
operations.

6.3.1.2. Effectiveness of Temporary Crop Idling as a Payback Mechanism
The operator-prescribed constraints on the ability to retain payback water in Lake Shasta discussed
above also apply to crop idling. However, there are additional factors associated with crop idling related
to the timing of decision making and the inflexibility in when the water is produced that affect its
performance as a payback mechanism.

As previously explained, crop idling decisions need to be made earlier in the season and involve making
an irreversible commitment to participating growers for purchasing the water generated through crop
idling regardless of whether or not the water can be held in upstream storage or put to beneficial use
downstream.

A scenario was evaluated where idling provided 70 TAF of payback capacity (requiring idling of 21,000
acres of rice land) and groundwater pumping 130 TAF to achieve a total of 200 TAF of payback in GCID
(corresponding to Scenario 2). Payback priority was placed on crop idling in order to minimize
groundwater pumping. Under these assumed conditions, crop idling was called on about 1/3 of the time
during the 82-year simulation, in most cases utilizing the maximum 70 TAF of payback capacity and
associated land idling (21,000 acres). It was found that only 17 percent of the water generated by idling
was actually retained in Shasta to recover reservoir storage due to much of the water being produced
when minimum Shasta releases for temperature control were controlling. It was shown that the
effectiveness of crop idling is sensitive to the magnitude of the specified minimum releases. When
releases were relaxed by 2,000 cfs in all months as described above, the portion of idling payback water
retained in storage increased to 58 percent and the frequency with which idling was called on was
reduced.

As expected, placing priority on idling for reservoir payback was found to appreciably reduce the
magnitude of groundwater pumping needed for Shasta payback.

While the effectiveness of crop idling probably could be improved through refinement in when and how
it is called on, and despite the fact that it can be used to offset groundwater pumping for payback, it is
doubtful that crop idling offers a cost-effective means of reservoir payback due to the risks associated
with the early timing of the decision, the irreversible commitment to follow through once a decision has
been made, and the inflexible pattern on which water is made available.

6.3.1.3. Operation for Cold Water Pool Management
During collaborative discussions with operators, interest was expressed in evaluating how project
operations could be used to improve carryover storage and management of cold water resources in Lake
Shasta. An additional analysis was conducted with the refined surface water model to estimate the
upper limit of potential project contributions to carryover storage (based on 200 TAF of pumping
capacity in GCID). The minimum Keswick release constraints discussed above were maintained for this
analysis; however, it was assumed that project pumping capacity would be used whenever it was
possible to back water into storage, regardless of storage conditions.
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This analysis revealed that project pumping frequency and magnitude were significantly increased
relative to the levels observed for operations for generating additional reservoir releases, probably to
levels that would be problematic from the standpoint of groundwater impacts. Additionally, the analysis
showed that most of the water placed in storage was subsequently lost as reservoir spillage due to the
high probability of reservoir refill from runoff. This scenario was simulated with only groundwater
pumping as a payback mechanism to simplify the analysis. Although crop idling is not precluded as a
payback mechanism and could be explored, it is likely that it would perform even less efficiently due to
the issues discussed above.

Operating the project in this manner to maintain Shasta storage is fundamentally in conflict with
operations for increasing reservoir releases to generate project benefits; nevertheless, project reservoir
releases were included in the simulation because they are fundamental to the project goals. As
expected, benefits increase slightly due to project water stored in Shasta in previous years being
available in subsequent years for release.

This scenario could be refined to limit pumping based on Shasta storage, thereby reducing both
pumping and project spills and creating a more efficient operation; however, the high probability of
reservoir refill from runoff puts project generated storage at high risk of spilling. Additionally, the
relatively high frequency and large magnitudes of pumping involved would likely create unacceptable
impacts. The scenario was useful for understanding the upper limit of conjunctive operations to increase
carryover storage but it does not appear to be a feasible mode of project operation.

6.3.1.4. Yolo Bypass Inundation
The CVP and SWP operators also expressed interest in evaluating methods to increase the frequency,
duration, and magnitude of flooding in the Yolo Bypass. Results from the initial analyses indicated the
Yolo Bypass could be inundated more frequently if it was possible to notch the Fremont Weir, which
currently blocks flow into the bypass below certain river stages, to allow inundation at lower river stages
and flows. Weir modifications were the cause of increased Yolo Bypass inundation in 19 out of 20 years
when the project (as opposed to base operations) inundated the bypass in the phase 1 analysis.
Increased project releases inundated the bypass in the other year.

An additional analysis was conducted with the refined surface water model to estimate the upper limit
of the ability of the project to increase inundation in the Yolo Bypass. This analysis included turning off
all other environmental objectives to ensure inundation was the first priority objective every year and
would not be affected by releases for lower priority objectives in previous years. It was revealed that the
project would enable Yolo Bypass inundation in an additional 20 years relative to baseline operations;
however, as with the initial analysis, all 20 years were due to weir modification, not additional project
release. Therefore, in all years the water cost associated with inundating the Yolo Bypass exceeded
project assets. This is not an unexpected result given the significant reduction in project assets caused
by the addition of forecast-based operations as recommended by the project operators.

6.3.2. SWP and Oroville Reservoir Results
The results discussed below are for simulations made with the addition of forecast-based operations,
restrictions on ability to reduce Oroville releases, and addition of carryover storage targets as described
above. Additionally, it should be noted that updating the base conditions to include the smelt and
salmon BOs had a more significant effect on Oroville operation than on Shasta operations. Operations
under the smelt BO and salmon BO result in lower storage in Oroville. This occurs because winter and
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spring Delta export restrictions reduce the SWP’s ability to capture Delta surplus in those months, which
results in increased reliance on Oroville storage releases into the Delta in the summer and early fall.

6.3.2.1. Operations for Core Project Purposes
A comparison of initial and refined simulation results are presented in Table 6-5 for the 50 TAF and 100
TAF Butte Basin project scales (pumping capacity). For the 50 TAF scale, project benefits are reduced by
about 40 percent, from 17 TAF to 10 TAF, with agricultural deliveries being reduced by 50 percent and
environmental releases by 30 percent. For both the initial and refined simulation about 80 percent of
reservoir refill is accomplished by surplus surface water and 20 percent by project pumping, although
the total refill is reduced in the refined simulation corresponding to the reduction in project benefits.
Average annual project pumping is reduced from 3 TAF to 2 TAF, but the number of years of pumping
and peak annual pumping are not appreciably reduced.

The disproportionate reduction of agricultural benefits noted above is due to the combination of lower
base storage conditions, higher carryover storage targets, and assumptions on additional agricultural
demands that are based on water year types. Lower base storages combined with higher carryover
storage targets reduce the frequency and volume of project assets and typically result in assets being
available in only wetter year types (when agricultural shortages tend not to occur). Additional
agricultural demands are assumed to be higher in drier year types, when project assets are less, thereby
reducing average annual project agricultural deliveries and shifting more of the deliveries into wetter
year types. Overall, project benefits are reduced by 30 percent relative to the initial 100 TAF Butte Basin
scenario.

TABLE 6-5
Comparison of Initial to Refined Simulation of Project Scenarios (Oroville/SWP)
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Project Benefits (TAF) Reservoir Payback (TAF) Project Pumping
Total |Surplus Project Peak Year| Peak
Project Scale Enviro. Ag. Project | Surface | Groundwater Number| Pumping | Pumping
Scenario #| (Pumping Capacity)| Model |Release|Deliveries|Benefit| Water | Pumping |Total|of Years| (TAF) Year
1,3and 4 50 TAF Initial 7 10 17 14 3 17 6 50 1961, 1992
Revised 5 5 10 8 2 10 5 49 1925
Difference -2 -5 -7 -6 -1 -7 -1 -1 N/A
2 100 TAF Initial 23 20 43 36 7 43 8 100 1961, 1992
Revised 18 9 27 24 3 27 6 99 1925
Difference -5 -11 -16 -12 -4 -16 -2 -1 N/A

Modification of carryover storage targets results in more frequent project pumping (or crop idling) and
spill of project water stored in Oroville. Average annual pumping increases from

Additional pumping and storage also provides a slight increase in project agricultural and environmental
benefits because water stored in Oroville is a project asset and available for meeting project objectives
in future years. This results in a less efficient operation (with efficiency defined as refill of project
releases for agricultural and environmental purposes from capture of surplus surface water as opposed
to groundwater pumping), but a similar level of benefits.

6.3.2.2. Effectiveness of Temporary Crop Idling as a Payback Mechanism
As noted above (see Table 6-4), crop idling in the Butte Basin has the potential to provide approximately
50 TAF of water in a year by idling approximately 15,600 acres, or 20 percent of the rice acreage in
Western Canal Water District and Richvale Irrigation District. A scenario was evaluated where idling
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provided the 50 TAF of payback capacity noted above and groundwater pumping 50 TAF to achieve a
total of 100 TAF of payback in GCID (corresponding to Scenario 2). Payback priority was placed on crop
idling in order to minimize groundwater pumping.

Under these assumed conditions, crop idling was called on about 40 percent of the time during the 82-
year simulation, in most cases utilizing the maximum 50 TAF of payback capacity and associated land
idling (15,600 acres). It was found that about 50 percent of the 23 TAF of water generated by crop idling
was retained in Oroville to recover reservoir storage with the remainder spilled.

As expected, placing priority on idling for reservoir payback was found to appreciably reduce the
magnitude of groundwater pumping needed for Oroville payback. Average annual payback pumping was
reduced from 20 TAF to 10 TAF.

6.4.Conclusions Drawn from Refined Model and Scenario Analyses

Several conclusions were drawn from the refined modeling and scenario analyses to guide development
of project scenarios that are most likely to provide cost-effective opportunities for achieving the
environmental and water supply benefits possible through conjunctive operation Sacramento Valley
surface water and groundwater reservoirs. These conclusions are discussed below:

1. The input and recommendations provided by CVP and SWP operators for refining project
scenarios reflect the challenges and risks that they routinely face in balancing project operations
for water supply and complying with environmental regulations governing project operations. In
particular, as described above, project operators were primarily interested in conjunctive
operations for the purpose of maintaining reservoir levels when reservoir storage dropped
below certain thresholds as a means of observing carryover storage and increasing the
probability of complying with temperature standards. While logical from a risk management
perspective, operating conjunctively for this purpose cuts deeply into the ability to generate
additional water supplies for environmental releases and water supply. Additionally, the
efficiency of reservoir payback operations is reduced appreciably because much of the project
water placed in storage eventually spills due to subsequent reservoir refill from surplus flows.

These findings reveal important and complex tradeoffs among environmental objectives that are
embedded in project operations. By definition, producing additional water supplies to dedicate
to environmental flows without infringing on base supplies to CVP and SWP contractors involves
making additional reservoir releases. However, increasing reservoir releases reduces reservoir
storage and unavoidably introduces some additional risk to coldwater pool management.

2. The minimum Keswick releases specified by the CVP operators as surrogates for temperature
targets in the Sacramento River dramatically reduce the effectiveness of reservoir payback
operations because payback is possible only when reservoir releases exceed the minimum
specified values. This reduces the time during which water generated by payback operations can
actually be used to offset reservoir releases. This is another manifestation of the tradeoffs
among environmental objectives, with the objective of maintaining river temperature
constraining the ability to operate conjunctively for other environmental benefits.

3. The general conclusion to be drawn from 1) and 2) above is that the tradeoffs among

environmental objectives call for further investigation and development of operating strategies
and criteria that best balance competing objectives for maximum net environmental benefit.
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Addressing this need is foundational to moving ahead with development of conjunctive
management strategies for the Sacramento Valley. However, until tradeoffs among
environmental objectives are reconciled, planning must account for the operational constraints
as they are currently defined.

Crop idling is an inefficient payback mechanism in comparison to groundwater pumping. The
main reasons are that crop idling must be triggered early in the year before farmers commit to
planting crops, which introduces additional risk in forecasting the need for the payback water,
and that once the commitment is made, it cannot be undone. These factors result in frequent,
unnecessary crop idling with associated lost production, with much of the water made available
being lost as reservoir spillage or surplus Delta outflow. The original attraction to temporary
crop idling was that it does not require up front capital investment and can be exercised as
needed on a year to year basis. However, the inefficiencies revealed through the simulations
suggest that crop idling is likely to be a less viable, and undoubtedly less acceptable, payback
mechanism as compared to groundwater pumping, especially if pumping can be achieved with
existing groundwater production wells to minimize required capital inputs.

All of the various suggestions for refinement of the project scenarios and model have the effect
of either reducing project benefits (relative to the initial analysis) or reducing the efficiency of
payback operations, thereby detracting from project cost-effectiveness.

Based on these conclusions, further planning and modeling proceeded within a framework defined by
the following parameters:

5.

The project baseline will be represented by a CALSIM Il run that includes the effects of the smelt
and salmon BO'’s.

Forecast based operations will be used because they are more realistic.

Restrictions on reservoir releases as specified by CVP and SWP operators will be observed
because they are the best available representation of temperature compliance conditions.

The objective will be to generate benefits through additional environmental releases and water
supplies, not through operations to sustain reservoir levels.

Payback operations will be based on groundwater pumping, not temporary crop idling.

6.5.Analysis of Project Scale

Within the planning and modeling framework defined above, a set of model runs was made for the two
project areas to examine the relationship between project payback capacity, simulated project pumping
and project benefits. In addition to the parameters specified above, a decision was made to use a
summer and fall payback pumping period, rather than summer only, to maximize the opportunity for
payback operations, thereby minimizing the constraint posed by minimum reservoir releases. The
results are presented and discussed separately for the two project areas.

6.5.1. GCID/CVP-Shasta

A set of 11 model runs were made with specified payback pumping ranging from 20 TAF to 300 TAF and
all other model parameters held constant. This wide range was selected to better understand project
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performance from the surface water perspective and does not reflect an assumption or an assertion
that annual pumping volumes of up to 300 TAF would be feasible in GCID. Results are summarized Table
6-6.

TABLE 6-6
GCID/CVP-Shasta Average Annual Project Benefits, Reservoir Payback and Project Pumping in Relation to Project Pumping
Capacity
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report
Avg. Annual Average Annual
Project Benefits (TAF) Reservoir Payback (TAF) Project Pumping
Payback Surplus Peak Percentage Peak
Pumping| Enviro. Ag. Surface |Groundwater Annual of Payback | Pumping
Capacity | Release |Deliveries| Total Water Pumping Total Pumping| Capacity Used | Year
20 0 3 3 3 0 3 3 15% 1930
40 1 4 5 5 0 5 6 15% 1930
60 3 4 7 7 0 7 9 15% 1930
80 4 5 9 9 0 9 11 14% 1930
100 5 7 12 12 0 12 11 11% 1930
120 7 8 15 15 0 15 11 9% 1930
150 11 8 19 19 0 19 11 7% 1930
200 15 8 23 23 0 23 11 6% 1930
240 20 9 29 28 1 29 96 40% 1939
270 24 7 31 30 1 31 98 36% 1939
300 25 7 32 30 2 32 98 33% 1939

It can be seen that, as pumping capacity increases, average annual project benefits are initially weighted
in favor of agricultural deliveries but then switch in favor of environmental releases when capacity
exceeds about 120 TAF. This is due primarily to environmental release targets being large and being
made only when they can be completely satisfied. Smaller pumping capacities and associated project
assets reduce the likelihood of being able to make these large releases. In contrast, agricultural
deliveries are typically smaller than environmental releases and do not need to be fully satisfied; thus,
some agricultural releases are possible even with very small project pumping capacities. Project benefits
in relation to project pumping capacity are plotted in Figure 6-1.

It is important to note that the average annual total project benefit (sum of environmental releases and
agricultural deliveries) is much smaller than the specified pumping capacity over the full capacity range
evaluated. As previously discussed, this stems primarily from the nature of forecast-based operations
and the associated conservative estimates of project assets used to avoid excessive risk to reservoir
storage.

As expected, average annual reservoir payback is weighted strongly in favor of surplus surface water
over the full range of pumping capacity, due to priority being placed on refill from surplus surface flows
and pumping being called on only when needed. Simulated average annual project pumping is negligible
until the specified pumping capacity exceeds 200 TAF, and then is modest on an average annual basis.
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Peak year pumping is negligible below a pumping capacity of 200 TAF, ranging between 3 TAF and 11
TAF (Table 6-6, Figure 6-2). Above pumping capacity 200 TAF, when larger project assets are available
and large environmental releases become possible, peak year pumping increases appreciably, utilizing
more of the available pumping capacity. However, even at these levels, simulated peak year pumping is
less than half of the pumping capacity. This is explained by the same factors discussed above in relation

project benefits being small in relation to pumping capacity. Additionally, simulated pumping is

constrained when minimum Keswick releases govern and it is not possible to hold payback water in

storage.
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6.5.2. Butte Basin/SWP-Oroville
A set of model runs analogous to those made for GCID were also made for the Butte Basin, with
specified payback pumping ranging from 20 TAF to 300 TAF and all other model parameters held
constant. As noted above, this wide range was selected to better understand project performance from
the surface water perspective and does not reflect an assumption or an assertion that annual pumping
volumes of up to 300 TAF would be feasible in Butte Basin. Results, summarized in Table 6-7, are similar
to those for GCID, with certain exceptions.

TABLE 6-7
Butte Basin/SWP-Oroville Average Annual Project Benefits, Reservoir Payback and Project Pumping in Relation to Project
Pumping Capacity
Northern Sacramento Valley Conjunctive Water Management Investigation Final Report
Avg. Annual Average Annual
Project Benefits (TAF) Reservoir Payback (TAF) Project Pumping
Payback Surplus Percentage Peak
Pumping| Enviro. Ag. Surface | Groundwater Peak Annual of Payback | Pumping
Capacity | Release |Deliveries| Total Water Pumping Total Pumping Capacity Used| Year
20 0 3 3 2 1 3 12 60% 1925
40 3 4 7 6 1 7 24 60% 1925
60 8 5 13 11 1 12 36 60% 1925
80 13 7 20 17 2 19 48 60% 1925
100 18 9 27 24 3 27 59 59% 1925
120 19 10 29 26 3 29 71 59% 1925
150 19 11 30 26 4 30 89 59% 1925
200 23 9 32 29 4 33 91 46% 1925
240 36 10 46 41 4 45 125 52% 1955
270 42 11 53 47 5 52 130 48% 1955
300 51 10 61 55 5 60 130 43% 1955

Similar to GCID, as pumping capacity increases, average annual project benefits are initially weighted in
favor of agricultural deliveries but switch more quickly in favor of environmental releases. Above about
40 TAF of pumping capacity, environmental benefits gradually increase while agricultural deliveries
plateau at about 10 TAF above 100 TAF of capacity. The factors explaining this are generally the same as
for GCID. Project benefits in relation to project pumping capacity are plotted in Figure 6-3.

As in GCID, the average annual total project benefit (sum of environmental releases and agricultural
deliveries) is small relative to the specified pumping capacity over the full capacity range evaluated.

As expected, average annual reservoir payback is weighted strongly in favor of surplus surface water
over the full range of pumping capacity, due to priority being placed on refill from surplus surface flows
and pumping being called on only when needed. However, in contrast to GCID, both refill from surplus
surface water and from project pumping increase gradually over the full range of project pumping.
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Butte Basin/SWP-Oroville Average Annual Project Benefits in Relation to Payback Pumping Capacity

Northern Sacramento Valley Conjunctive Water Management Investigation Final Report

Somewhat different than in GCID, peak year pumping increases more or less in proportion and is larger
relative to project pumping capacity (Table 6-7, Figure 6-4). Peak year pumping ranges from 12 TAF to

130 TAF, representing between 43 percent and 60 percent of specified pumping capacity.
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Butte Basin/SWP-Oroville Peak Annual Project Pumping in Relation to Payback Pumping Capacity
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Discussion

The most important revelation from the foregoing analysis of project scale is the significant
underutilization of payback pumping capacity in both project locations. Over the 82-year period of
analysis and the range of payback capacities evaluated (20 TAF to 300 TAF), the maximum annual
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payback pumping in GCID was just 40 percent (at 240 TAF capacity; see Table 6-7) and was just 60
percent of capacity in Butte Basin (between capacity 20 and 80 cfs; see Table 6-7). Average annual
pumping is even more extreme in both locations, with less than 1 percent of capacity used on average in
GCID and less than 2 percent used on average in Butte Basin.

The low utilization of project pumping capacity stems in part from the conservative nature of the
forecast September reservoir storage, which tends to underestimate project assets, and in part from
constraints on payback pumping posed by minimum reservoir releases made for temperature control
purposes. However, regardless of its cause, the low utilization of project pumping capacity combined
with its high capital cost is economically infeasible and indicates that other approaches should be
pursued to enhance project economics. One alternative would be to not attempt to recover reservoir
levels reduced by project operations and instead incur some level of increased risk that CVP and SWP
water deliveries would be reduced. This approach violates one of the original project principles, but may
be a reasonable solution all factors considered. This idea is explored further as a recommendation for
further investigation (see Section 7).
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7. Recommendations for Further Investigation

The seminal conclusion of this investigation is that re-operating Shasta and Oroville Reservoirs in
conjunction with operation of Sacramento Valley groundwater aquifers could produce appreciable
additional water supplies with low risk to CVP and SWP reservoir storage levels and water deliveries,
including requirements to maintain environmentally mandated water temperatures under most
conditions. While an economically feasible in-Valley operation scenario was not identified by the
investigation, prospects of a viable formulation appear promising and further development and
integration of the core concept appears warranted.

The particular topics described in the following sections are in the opinion of the project team the
highest priority issues to be addressed moving ahead. These are primarily technical in nature, involving
reconciling tradeoffs among different types of environmental water uses, more detailed water
temperature modeling, refined reservoir payback operations, integration with south of Delta
groundwater banking and refinement of analytic tools.

Beyond the technical factors lie significant institutional and social challenges that would need to be
addressed if there is sufficient interest in advancing the project toward implementation. These include
the following:

e Developing protocols and procedures for real-time operations decisionmaking that are more
nuanced and realistic than the procedures and criteria that have been used to simulate
conjunctive operations for planning purposes. Ultimately, these procedures would need to be
integrated into the Coordinated Operations Agreement, which governs the combined operation
of the CVP and SWP.

e Developing project governance structures among local political jurisdictions. This phase of
project planning was conducted without regard to ultimate project sponsorship. The
presumption, however, is that a Sacramento Valley conjunctive water management project like
that described in this document would most logically be sponsored and operated by a coalition
of local political jurisdictions, potentially including counties and existing water suppliers (local
districts).

e Developing formulae for allocating project benefits and costs, which would be needed to
develop plan for financing project implementation, if the project moves ahead.

7.1.Reconcile Tradeoffs among Environmental Project Functions

A major revelation of this investigation is that opportunities for enhancement of Sacramento and
Feather River ecologic functions (as well as opportunities to produce additional water supplies for in-
Valley uses) are dramatically constrained by existing environmental requirements placed on CVP and
SWP operations. In particular, the study revealed that CVP operations are frequently governed by
releases for temperature compliance in the Sacramento River below Shasta, which has the effect of
reducing the ability to recover Shasta by project pumping because pumped water cannot be retained in
storage. In effect, the magnitude of the water asset that could be developed through conjunctive
operations is diminished, which reduces the ability to fulfill the geomorphic, flood plain inundation and
spring pulse flow objectives identified by the study.
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Efforts are urgently needed to establish the relative benefits of alternative, competing environmental
water uses so that ecosystem functions can be restored and species can be recovered while overall
water use efficiency is enhanced. This calls for cooperation and compromise among the various fish and
wildlife management agencies as well as ongoing research and adaptive management.

7.2.Refine Reservoir Operation Rules Based on Temperature Modeling

In the simulations conducted for this investigation, water temperature objectives were represented
indirectly by minimum reservoir releases provided by project operators. These flows are based on
operator judgment and provided useful guidance for investigation thus far. However, because the
minimum flows were found to dramatically reduce the efficiency of payback operations, as noted above,
it is recommended that more sensitive operating rules be developed through application of temperature
models.

The recommended approach is to conduct a series of parametric CALSIM Il model runs where operating
objectives and constraints are held constant while minimum reservoir releases are varied over a range
between the relatively conservative flows that were used in this investigation down to flows that would
likely be inadequate to achieve temperature targets. Then one (or possibly more) of the existing
temperature models would operate on the CALSIM Il outputs to estimate the water temperatures that
would occur under each flow regime. This would presumably provide insights into the nature of water
temperature fluctuations as they relate to flows, time of year and other factors, and provide a basis for
developing more sensitive operating rules. The refined rules would then be incorporated into the
surface water model for use in formulating, comparing and evaluating project scenarios.

7.3.Refine Reservoir Payback Pumping Strategies and Costs

The investigation revealed that developing new groundwater production wells for payback pumping is
not cost-effective because the wells are expensive, they are called on only infrequently and their
operation for recovering reservoirs is limited by other operation requirements, particularly, by reservoir
releases made to comply with temperature requirements. Large investment in capital works that are
rarely used simply does not make good economic sense. This is why temporary crop idling was
investigated as an alternative payback mechanism, because costs are incurred only when idling is called
on. Unfortunately, however, crop idling is not compatible with the project’s operational requirements
and would be triggered in many cases when it is not ultimately needed or the water generated cannot
be held in storage.

In the next phase of work, three alternative payback strategies should be explored. Each of these is
described below; however, it should be kept in mind that the strategies could be combined for optimal
project performance.

7.3.1. Revised Temporary Crop Idling
The investigation revealed that temporary crop idling is not an efficient form of reservoir payback,
mainly because much of the water generated by crop idling is either later found to not be needed or is
stored in project reservoirs and subsequently spills. These outcomes result from the decision to exercise
crop idling being made in February when forecasts of September reservoir storage are relatively
uncertain. Once made the commitment to idle land (by paying voluntarily enrolled growers) is
irreversible and the water generated is frequently not used.

Rather than make the decision to idle land in February, the possibly of making the decision later, when
better forecasts of reservoir storage can be made, should be explored. Under this arrangement, growers
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would commit to growing their crops but they would enter voluntarily into agreements that would allow
the project to interrupt water supplies at any time. For example, a grower might commit to growing a
corn crop on the usual schedule with a certain probability that he would be asked to suspend irrigation
with surface sometime during the crop season. He would be required to suspend irrigation in exchange
for payments designed to compensate for lost production. (Alternatively, the grower could access a
groundwater source and continuing irrigation. The farther into the season the idling call was made, the
more incentive the grower would have to find an alternative water supply to finish the crop.) A crop that
is particularly well suited to mid-season irrigation interruption is alfalfa because, when water is
withheld, the crop goes dormant as soil moisture is depleted and resumes growth when irrigation is
resumed.

Analysis would focus on the cost and efficiency of generating payback water in this manner.

7.3.2. Incurring Managed Increased Risk to Reservoir Carryover Storage
The objective of paying reservoirs back is to avoid impacts to water supply due to project operations.
Analyses to date reveal that re-operated reservoirs frequently recover from surplus surface flows and
need to be paid back only infrequently. Given infrequent need for and high cost of reservoir payback,
one alternative is simply to deal with the occasional shortages caused by project operations when they
occur. Essentially this means passing water supply shortages on to existing CVP and SWP water users.
The first step in exploring this option would be to characterize the frequency and magnitude of water
supply shortages and then develop strategies for compensating water users accordingly. For example,
some users might alternative supplies that could be called on or conservation measures that could be
invoked to deal with temporary shortages.

7.3.3. Sharing Private Groundwater Wells
Two options for establishing project groundwater pumping capacity have been explored thus far,
including constructing new groundwater production wells and purchasing existing groundwater wells
from willing sellers. Both of these are expensive options. The objective of further investigation would be
to explore ways to access existing private wells in a manner that avoids the full capital outlay associated
with new well construction (or existing well purchase) yet offers reasonably reliable access to payback
capacity for project operations, when needed. This would be approached through interviews with
landowners to test their willingness and the terms under which they would share production well costs
and groundwater supplies with the project.

7.4.South of Delta Groundwater Banking

As previously noted, this investigation was conducted consistent with its original Sacramento Valley
focus. Accordingly, reservoir releases made for project environmental purposes were tracked into the
Delta but no analyses were performed to estimate whether or to what extent those inflows might be
exported from the Delta. The economic analysis did reveal that project economics are dramatically
improved if project water supplies could be sold at the higher rates associated with south of Delta water
markets compared to Sacramento Valley rates. Beyond higher water sales revenues, banking project
water in south of Delta groundwater banks might reduce reliance on Sacramento Valley reservoir
payback operations. For example, there may be times when CVP and SWP reservoir releases can be
reduced in exchange for water withdrawn from south of Delta groundwater banks. However, this is
unlikely to be the case in very dry conditions when reservoir releases are being made exclusively for
temperature control and not for export. Operations analyses are needed to reveal whether such
opportunities exist.

December 2011 97



Recommendations

A major challenge to the analysis will be the current uncertainty in Delta conveyance capacity and
operating conventions, presently under consideration in development of the Bay-Delta Conservation
Plan.

7.5.Develop System-wide Project Accounting Conventions

The central tenant of the conjunctive operations strategy developed through this project is that existing
project beneficiaries can be kept whole while additional environmental flow and water supply benefits
are generated. Keeping existing beneficiaries whole requires that an accounting be maintained of
project assets, debts and repayment. In the simulations conducted for the project, operational changes
(incremental project releases and refill) were isolated in either Shasta or Oroville and therefore easily
accounted for. In actual operations, such an explicit accounting would not be practical considering that
operations are highly interconnected and effects would likely be distributed among CVP and SWP
reservoirs. This point was emphasized by the CVP and SWP project operators.

The purpose of this task would be to identify and evaluate alternative approaches to accounting for the
effects of conjunctive operations on reservoir operations throughout the CVP and SWP systems. One
approach would be to keep two sets of records, once for actual operations and another set for
hypothetical operations as if the project was not operating. This is not considered to be practical or
advisable due to the uncertain and, at times, arbitrary nature of maintaining the shadow records.
Instead, a more practical approach would be to develop simplified accounting conventions based on
simulated project operations.

7.6.Update and Refine Surface Water and Groundwater Models

The surface water and groundwater models developed for this investigation were adequate for planning
level analyses but should be refined if further investigations are conducted. The main opportunities for
improvements are as follows:

e A preliminary assessment of the accuracy of SACFEM at matching a limited number of historic
hydrographs was performed, and the model appears to generally replicate historically observed
water levels quite well over the 22-year period of simulation (1982 through 2003). It is
recommended that a rigorous transient calibration be conducted of the SACFEM groundwater
model to observed historic water level hydrographs across the valley. This effort would help
improve the level of confidence that the model is accurately simulating transient patterns in
groundwater levels seen historically.

e Another area of potential SACFEM refinement is to further evaluate hydrology of smaller
unregulated tributaries across the valley, specifically to better understand timing and magnitude
of groundwater recharge that occurs from these surface water features. In the current analysis,
it was assumed that unregulated streams were dry from June through October. While this
assumption is reasonable, it is likely that behavior of these streams is more complex. Further,
some of these tributary streams are used as conveyance facilities to deliver water within various
water districts. This would result in streams being active over summer months, and potential
sources of recharge to the groundwater system. An analysis of these stream characteristics
could improve the accuracy of the simulation of recharge sources to the groundwater system,
especially over the summer months.

e Conjunctive management operations as simulated for this investigation may have impacts on

the generation and use of CVP and SWP hydropower. For example, in some years, making large
reservoir releases for certain environmental objectives may be constrained by power plant
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capacities and may occur at times when power is less valuable. A better understanding of these
constraints and simulation of resulting effects is necessary if further investigation is undertaken.

e Analysis presented in this report focused on operation of only part of the CVP/SWP system.
Shasta and Oroville Reservoirs and the Sacramento and Feather Rivers are part of a larger
system that is operated in a coordinated manner. Simulation of only part of the system may
underestimate benefits or impacts to other areas of the system. Preliminary analysis of
systemwide effects based on how conjunctive management operations change, Delta inflows
need to be refined and expanded to other areas of the system
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Northern Sacramento Valley
Conjunctive Water Management Investigation

Public Workshop

Glenn-Colusa Irrigation District Main Pump Station
7854 County Road 203
Hamilton City, California

October 21, 2010

3:00 to 5:00 PM

Workshop Objectives

e Provide a status report on the investigation progress
e Listen/Respond to stakeholder questions

e Describe next steps to investigation, public meetings, and final report

Agenda

1. Welcome, Introductions, Workshop Process

2.  Workshop Objectives

3. Recent Regulatory and Legislative Changes and Impacts
4. Investigation Review and Update — Presentation

5. Q&A

6. Regional Water Issues

7. Next Steps

8. Closing



o N | 158 -<he g W] SVOR ﬁué«@ haocfy 281 J%gé
NS EPPSSITIV 0057 O | YD TS PUZ 77 et %E?@ VST
0" eyl oph3 ek WD V) aels é:sﬁ@a@@
AT 8281 Fr3b B3hsy, 5] _,3 TS P T OAT] 2.@1 2]
ws,b,wé P PO 0 ORI )T
p25) qa%.:..d )SC 309 ol | WIS RREN
/ﬁ?%%au,\“dm.@ £50C-53¢ 926552 .\SJQ SF/TSUG WS BN ooz Aax,§a<&.7.6
I LAA I TN She s, L BLTIE L ST
é,;i«\.,a,&{:c% Th0g-0es 05 = | ChSb SN W TN S O ]
| I T T R K e ey QTN Yo 0d | SV ')
d T b TR 927
" Q0h0~hES | W)\ FRveL Py s3T | R i Way
ez V) ST Ko Z2hs | "y,
) PN UL KEO T EST %2 3])310u0 LSO _s0b( | HH Py TS/
R FYITTH | ¢ mhw,mm )4 fo = \\\ ,\ Sy ) P Y T Q\e\\%\m\ Y/
llew-3 # 2uoydap . di7 % 21g QD SS2.ppy/ ey

LNIHdd dSYI1d

P2Yg ul ubig

elioe) ‘A uoywepy
uogerg dwng QDD
0I0T ‘1T 29010
Bunasyy onany

uoneBpsaau| JuowiaBeuey, 1ajep 2ANOUNfUOY) A3jjEA OJUBWEIDEG WYL




ST ey hhS | KIS W) ) QOYL VINGh PG UTSC
— THIRG AT PRI PY P I | g
*Z.Jivnmdma\u&a TT62 -She | D2SLR) 22U | SN T [~y ey
fwww THVIORFITIAM PCBT — g | 72454 ) U] jTWD[ 95 JEJ* :Jwggz
TP RTINS | R TT-O R FG656 90Ty 7N PO COLY WeswmepUyf Apuog
w%\@\s\@k%\@ TIEERE _S94Sh Nag() N5 45 A0 Lbgz 2790 w07
W TG MY 12 62T 097, 1) T IGay] ~ 24 .@n&%w S92 %u&,i?,&mf«m:
- DA0wTINS TS ( U
.:.\mwm\ww‘ e ﬂmmﬁm MQWMWMMM 9 \AEFP ™A W\g\\ﬂ\w\m Ao MOZJ% wwwe» yMS\, /N\QO
S AP P, )
T TR | TN g
lew. # duoydop | diz » 233G A SS2.ppy dwey

LNIdd ASY31d

JP3yg ul ubig
elulojife) ‘A)D) uojjiwery
uogelg dwng QDD
010T ‘IT 4290120
Bunasy ougng
uoneBnsaAu| JuawaBeuel Jajep| 2agdUNfuo) Aajep ojusawieDEG WIYLIOL]




STLS ) C2) 845:0\ AV KSR
L A IIPRTL / 9K UG LD
oG w7577 PTRy> YO Iy IS
S N~
boA @UEAD [ PPIR STy B sy ez
e # 2uoydap | diz X 15 AN SSa.ppy/ dwiey]

Joayg ul ubig

elwojlje] Ay uojwep|
uonerg dwng QD
010T ‘1T 12qoPQ

Bunasyy onang

LNI-d dSYI1d

uogebpsaau] JuswiaBeuel,| 1o1ep| 2AnoUNIUOY) AdfjEA OJUSWIEIDES LLIDYLOY|




NS

g vy Ths&zL9 056 oNY) =y 45 =M adh éw&@ @V%
TPzneal ninsg [T ys o8l 77 D PV SOLAITY ALET | RIS Y
frew.a # 2uoydap | diz X g ‘AN SSaIppY EINTETY

uoneBpsaau] Juawabeuey, sa1ep 2AnoUNfU0)) A3leA CJUBWIRDEG WIBYIOK

LNIdd dSYVd1d

JP2yg w ubig

eiulojile)) ‘A)D uoywepy
uopejg dwing QD
Ol0T ‘1T 429010

e

Bunasyy oygny




Northern Sacramento Valley
Conjunctive Water
Management Investigation

The Glenn-Colusa Irrigation District and

The Natural Heritage Institute
October 21, 2010

10/21/2010 1

Today’s Workshop Obijectives

m Provide a status report on the investigation
progress

m Listen/Respond to stakeholder questions

m Describe next steps to investigation, public
meetings, and final report

10/21/2010 2

Motivating Factors - Regulatory and
Legislative Changes

m Significant Values ate at Risk: Regional Sustainability
= Environmental
= Water supply
= Economy
m New Challenges
m SWRCB Flow Report: 75% unimpaired flow to the Delta November-June
m DFG Report confirms similar flow needs
m Delta species (smelt) dominate, salmon at risk
® Delta Stewardship Council: All Delta all the time
m Scott Valley/Siskiyou County Groundwater Pumping Lawsuit
The Past is the past, How do we control our destiny?
Historical operations and uses are constantly changing
Local needs and flexibility are now challenged in the Delta context
Increasing costs and fees
Long term stability and reliability?
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Emerging Values

m What does the region want, what values should be protected?
m Water supply reliability (surface/groundwater)?

m Environmental protection/enhancement, both instream and
terrestrial?

m System sustainability, what is it?
m Others...?
m What strategies should be pursued to achieve regional goals?
m Status quo?
m Regional water investigations and planning?
m Others...?
m Just say no...will that do?
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Overview of
Investigation to Date
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Program Objective

m Examine whether and how operation of
groundwater aquifers in the Sacramento Valley
could be integrated with operation of existing
surface water reservoirs to produce additional firm
water supplies

m Potential benefits:
m Improved water supply reliability (local, regional, State)
m Ecosystem restoration (Sacramento and Feather Rivers)
m Improved Delta inflow per BDCP
m Increased operational flexibility (CVP, SWP, local)
m Buffer effects of climate change
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Program Requirements

m New net benefits for Sacramento Valley
environment and water users

m CVP and SWP commitments honored
(to the extent they presently are)

m No unmitigated impacts to existing groundwater
users

m Economic feasibility
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Initial Site Screening
What Makes for an Attractive Water Banking Site?

m Groundwater conditions
m Available aquifer storage space
m Viable recharge mechanism
m Productive groundwater wells
m Suitable GW quality
m Surface water conditions
m Surplus flows at times
m Connection to CVP, SWP or other surface water reservoirs
® Dual SW and GW use option
= Impacts/mitigation
m Isolation from important surface streams
m Isolation from existing groundwater production wells
= Ability to mitigate or compensate impacts that cannot be avoided
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Typical Sacramento Valley GW
Hydrograph (Butte Co.)
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W2l Early Finding: Traditional water banking generally not viable in
the Sacramento Valley due to lack of aquifer storage space.

Re-operate Surface Reservoirs with
Groundwater “Backstop”

m Reservoir re-operation
m Additional releases to meet program objectives
m Hope for reservoir refill from surplus surface flows
m Honor existing CVP and SWP delivery obligations and
operations constraints
= Groundwater operation

m Pump groundwater to “repay” reservoirs if storage conditions
put contract deliveries or temperature control at risk

m Groundwater used in lieu of surface entitlements that then
remain in storage
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Butte Basin
connected to

Three Sites )
SWP/Oroville

Identified

Orland Unit /

connected to
Stony Creek
Reservoirs

Glenn-Colusa ID /

connected to
CVP/Shasta

10/21/2010

Butte Basin
connected to

Two Sites SWP/Oroville

Selected for
Modeling

Glenn-Colusa ID /

connected to
CVP/Shasta
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Re-operation Conceptual Example

m Release water from CVP and/or SWP reservoirs to meet
project objectives:
m Unmet local ag demands
m Regional environmental flow targets
m If reservoirs refill, no subsequent GW pumping is needed
m If reservoirs do not refill, pump GW and forego use of
surface water in following year as needed for reservoir
“payback”
m New SW supplies can be generated with infrequent
additional GW pumping, because reservoirs refill most
years
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Project Scenarios Defined by Groundwater
Pumping Capacity and Season

Groundwater Pumping Capacity (thousand
acre-feet)
Batte Basin Pumping
Scenarior GCID (SWP) Season
(CVP) "Total
1 100 50 150 sammer
2 200 0o 300 sammer
3 100 50 150 fall
4 100 50 150 summer &
fall
All scenarios modeled with an existing (shallow) and new (deep) well
field to reveal range of potential impacts to streams and existing
pumpers.
10/21/2010 14

Surface Water Model Results
(Example for Scenario 1, Shasta/CVP, 100 TAF
Pumping Capacity in GCID)

m Environmental flow releases
m Agricultural deliveries
m Refill from surplus surface water

m Refill from groundwater pumping

10/21/2010 15

Environmental Flow Objectives

m Geomorphic
m Single day large event
m February or March
m Riparian establishment
m Five day large flow with 60 day recession
m April start
= Flood plain inundation
m Single day large event with 45 day recession
m Between February and April
m Spring pulse flow

m Simulate more natural spring runoff period
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1,000 acre-feet

Scenario 1—CVP/Shasta
100 TAF Pumping Capacity in GCID
Environmental Flow Releases

Geo
Geo
Geo
=
Flood
Spring
Geo
Flood
Geo
Geo
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Geo
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1,000 acrefeet

Scenario 1—CVP/Shasta
100 TAF Pumping Capacity in GCID
Sac River Agricultural Deliveries
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1,000 acre-feet

Scenario 1—CVP/Shasta
100 TAF Pumping Capacity in GCID
Refill from Surplus Surface Water

2003 A

1,000 acre-feet

120

100

Scenario 1—CVP/Shasta
100 TAF Pumping Capacity in GCID
Refill from Groundwater Pumping

SW Modeling Summary
(Annual averages 1922-2003, taf)

CVP/Sacramento River SWP/Feather River
Env. Ag. Refill GW Enwv. Ag. Refill GW
Scenario Rel. Del. from | Pump Rel. Del. from Pump
SW SW
1,3 and 4 13 14 24 3 7 10 14 3
2 45 22 58 9 23 20 36 7
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SW Modeling Summary
(Average in years of occurrence 1922-2003, taf)

CVP/Sacramento River SWP/Feather River
Env. Ag. Refill GW Env. Ag. Refill GW
Scenatio Rel. Del. from | Pump Rel. Del. from Pump
SW SW
1,3and 4 94 46 70 70 49 27 32 44
2 187 75 139 123 95 52 72 75
10/21/2010 22

Project Impacts Due to Additional
Groundwater Pumping

m Streamflow
m Butte Creck in affected area
m Other critical streams not in affected areas
m Ephemeral streams not analyzed
m Groundwater levels and existing wells
= Well yield impacts

m Incremental pumping costs (due to additional lift)

10/21/2010 23

10/21/2010

Develop baseline flow
from available gauging
stations

Synthesize “with-project”
flows based on cumulative
reductions in streamflow
from changes in stream
leakance from GW model




Butte Creek Impacts

® No impact in upper reaches (primary spawning and
holding areas)
m Greatest flow reduction in Jan. — Mar.
m During times of highest discharge
m Greatest % reduction in summer/eatly fall
m Spring-run have already migrated

m Steelhead just beginning to enter stream

Rarely drops below in-stream standards

m June during early ‘90s drought

m Tradeoffs between Butte Creek impacts and main stem
benefits
10/21/2010 25

Impacts to Existing Wells
m Used DWR well inventory data

m No appreciable impact on irrigation well
performance
m Increased pumping costs accounted for
m Some impact on non-irrigation wells
m 9,000 non-irrigation wells in analysis area
m Up to ~800 non-irrigation wells in impact zones

m Maximum of 25 (0.2%) to 284 (3%) of wells needing
deepening or replacement

10/21/2010 26

Groundwater Levels and Impacts to Wells

Potential Impact Zones:
Worst Case, New Wells

Potential Impact Zones:
Worst Case, Existing Wells

Incremental Pumping Costs

Summary Statistics of Interference Drawdown by Pumping Scenario

Interference Drawdown (ft)

Pumping Scenario Min  Max Mean Median Std. Dev.
300 kaf Summer Pumping, New Well Field 00| 136| 05 0.3 0.7
300 kaf Summer Pumping, Existing Well Field 00| 83| 04 0.2 0.6
150 kaf Summer Pumping, New Well Field 0.0 6.2 0.3 0.2 0.4
150 kaf Summer Pumping, Existing Well Field 00| 54| 03 0.2 0.4
150 kaf Fall Pumping, New Well Field 0.0 7.0 0.4 0.2 0.4
150 kaf Fall Pumping, New Well Field 0.0 6.1 0.4 0.2 0.5
150 kaf Summer & Fall Pumping, New Well Field 0.0 59 0.4 0.2 0.4
150 kaf Summer & Fall Pumping, New Well Field 00| 50| 04 0.2 0.5
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Incremental Pumping Costs

Summary Statistics of Total Increased Annual Energy Costs to Maintain
Existing Groundwater Pumping for Irrigation.

Increased Annual Energy Cost (Total $)

Pumping Scenario Min Max Mean Median _Std. Dev.
300 TAF Summer Pumping, New Well Field $65,770 | $705,326 | $228,397 | $168480 | $177.411
300 TAF Summer Pumping, Existing Well Field $60,110 | $497,233 | $194,859 | $154452 | $140,481
150 TAF Summer Pumping, New Well Field $37,538 | $377,222 | $139,402 | $104,710 [ $ 94,209
150 TAF Summer Pumping, Existing Well Field $39,866 | $367,467 | $148,075 | $126,209 | $ 97,078
150 TAF Fall Pumping, New Well Field $10,993 | $344,156 | $122,601 | $124,133 | $ 80,913
150 TAF Fall Pumping, Existing Well Field $10,292 | $401,570 | $138,222 | $134,018 | $ 95,827
150 TAF Summer & Fall Pumping, New Well Field $44,736 | $294,296 | $140,169 | $120,727 | $ 81,830
150 TAF Summer & Fall Pumping, Existing Well Field | $47,471 | $345330 | $151533 | $132451 | $ 91,202

(Incremental costs for non-irrigation pumping on the order of $3000 - $5000 per year
depending on pumping scenario)
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Benefit-Cost Summary

All present values in million dollars [2009]

Scenario
Benefit —

No. Description Benefits Costs Cost
1 150 TAF Summer, New Wells 73 135 -62
1 150 TAF Summer, Existing Wells 73 94 -21
2 300TAF Summer, New Wells 183 290 -107
2 300 TAF Summer, Existing Wells 183 212 -29
3 150 TAF Fall, New Wells 74 210 -136
3 150 TAF Fall, Existing Wells 74 144 -70
4 150 TAF Summer & Fall, New Wells 73 88 -15
4 150 TAF Summer & Fall, Existing Wells 73 65 8
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Latest Activities and
Findings
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Exploring Operations for
Additional Environmental Benefits

m Consultation with CVP and SWP operators

m Complying with temperature requirements of
greatest concern

m Operators provided “unofficial” operations criteria
for modeling

m Operating for temperature benefit involves
tradeoffs with project environmental flow
objectives

10/21/2010 32

Temporary Crop Idling to
Reduce Payback Cost

m Investigated crop idling as an alternative to GW
pumping for reservoir payback
m Voluntary, incentive driven

m Less cost-effective than pumping due to:

m High cost: crop idling decisions have to be made
early before hydrologic conditions are known

m Marginal effectiveness: not all of the avoided water
use results in reservoir payback
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Principal Findings to Date

m SWP and CVP operational requirements are complex and
constraining
® Must honor all Project commitments and operations rules
m Cold water pool management has dominant effect
m Cost of payback water is appreciable
m Groundwater pumping
m Temporary crop idling
m Project cost-effectiveness is marginal
m Use of Sac groundwater to “backstop” entails mitigation costs
m Project water produced in wetter years because it cannot be banked

= Modest value of water in Sac Valley

10/21/2010 34

Concluding Phase 1

10/21/2010 35

Final Phase 1 Steps

m Technical
m Frame existing operational constraints and tradeoffs

m Formulate and model best performing scenario
under existing conditions

m Analyze impacts and economics
m Final Report: draft, final
m Public meetings (between draft and final)
m Scope Phase 2 of Investigation

m Continue regional dialogue

10/21/2010 36




Question & Answer

Discussion




Northern Sacramento Valley Conjunctive Water Management Investigation
Conjunctive Water Management Investigation
Public Workshop
Meeting Notes
October 21, 2010

Present: Thad Bettner, General Manager, GCID
Grant Davids, Davids Engineering
John Clerici, Outreach Communications Specialist
Gregory Thomas, President, Natural Heritage Institute
Walter Bourez, MBK Engineers
Lee Bergfield, MBK Engineers
Cynthia F. Davis, Director of Communications, GCID
Laurie Merrill Murray, Executive Assistant, GCID

Thad Bettner, General Manager, Glenn-Colusa Irrigation District,
welcomed the attendee’s and introduced consultant John Clerici, outreach
communications specialist, Grant Davids of Davids Engineering, Gregory
Thomas, President of Natural Heritage Institute, Walter Bourez, MBK Engineers,
and Lee Bergfield, MBK Engineers.

Mr. John Clerici called the public meeting to order at 3 p.m. and explained
ground rules for participation during the meeting. Approximately 50 members of
the public attended (see sign-in sheet).

Mr. Bettner reported that there is currently a significant risk for water in the
north state. The State Water Resources Control Board released a flow report
that calls for the current state of the Delta. The report recommends that 75% of
all runoff goes to the Delta, and farmers in the Sacramento Valley cannot rely on
a 25% supply. The Delta Stewardship Council — all the Delta — all the time. The

Council is looking upstream for fixes to the Delta. Scott Valley — Siskiyou County

groundwater historical operations are changing. New rules will be set up to serve



the Delta. Water supply reliability. Change is upon us, outside factors are upon
us.

Grant Davids presented a PowerPoint presentation, and provided
information on the investigation covering the last four years. Examined how
operation of aquifers in the Sacramento Valley environmental and water users.
CVP and SWP have commitments to honor.

The following are general categories (in bold) of interest with some specific
comments/questions as examples.

Voracity and specificity with the technical tools used to perform the
evaluation.

Some commenters asserted that more detail was required in the areas of the
economic analysis such as the value assigned to the groundwater, impacts to
specific segments of the agricultural community, etc.

One person asked if the time-step used to develop the groundwater model
(monthly) didn’t miss some spatial or temporal peculiarities associated with a
specific location.

Would like to see more sophistication in terms of groundwater, particularly as it
relates to permanent crops/orchards.

Why no critical dry years used in the analysis?

One lady questioned the impacts of groundwater pumping in the valley and its
impacts on foothill aquifers. | assume she is confusing the Tuscan Formation and
the Lower Tuscan aquifer.

Impacts as described in the investigation.

One foot impact to Big Chico Creek is a big deal in the summer.

What is the extent of the impact on domestic (and other wells)? You show 0 to 6
feet, but you also say that near the wells that are pumping payback water it could
be 50 or 60 feet? Even a few feet can have a large impact. This needs to be

clarified.

What are the critical recharge months in the upper reaches? In the area in general?



How the project works.
Frequency and severity of payback vs the benefits.

What are the benefits? This was a particular challenge for the Feather River folks.
Some examples might help.

How will the reservoir releases be measured? When will we know that water
needs to be repaid (what triggers payback)? How does the payback water get
used?

Which aquifer are we talking about (deep or surface)? Does this study (can this
study) be expanded to show the total groundwater picture?

Where does the water for environmental enhancements come from?
Do commitments still exist if Delta mandates are imposed?
Real project drivers.

Why are we here? There were water rights hearings before (she mentioned NHI
but I did not get it all). The elephant in the room is junior water rights holders
south of the Delta that are trying to get at our water. We need to save this area?

Land use and cropping decisions in the San Joaquin Valley were also sighted, as
well as local growth concerns.

Water transfers and GCID’s role in them. How do they benefit the region?
Desire to be part of the discussion.

More meetings to work out the information with the public. Time of day and
location, and more focused in terms of subject matter.

There are a lot of resources available from the local groups and individuals. We
can help but you need to talk to us more proactively.

Many of these questions do not have clear answers, or are not answerable within the
context of the investigation. Some of them like wanting more specific economic analysis
or reducing the time-step on the model may either be impractical, or are better left to the
more extensive environmental analysis required a the project level.

However providing concrete answers when they are available, as well as providing more
detail around how an example project might function, its benefits and impacts, can only
help to improve stakeholder understanding of what we have in mind.



I have some thoughts about how we can structure our response but would like to hear
what the team has to say before discussing them further.

These are the questions and comments from the 10-21 workshop as | wrote them down.
Some appear in the text above as well.

How does this relate to the planning process (city and county general plans)?
Why no critical dry years used in analysis? Doesn’t make sense.

The information is going to be used and not used appropriately. There seems to be a lot of
pumping.

Confused about the water storage issue. Growth and demand is south of delta which is
where he water would seem to go. There is a great deal of risk and uncertainty with what
you are doing.

Where does the water for environmental enhancements come from (surface or
groundwater)?

Which aquifer are we talking about (deep or surface)? Does this study (can this study) be
expanded to show the total groundwater picture?

What’s the local/regional share of the 2.5 million af groundwater pumping figure? Need
to be more specific.

What is the time step on the groundwater model? We notice changes weekly and even
daily based on pumping. May not be reflected in the model.

Explain how there can be no impact in upper reaches of creeks? Does valley pumping
impact aquifers in foothills (they think so)? Does the Tuscan aquifer extend into the
foothills (Tuscan Formation vs Tuscan Aquifer?)

What are the critical recharge months in the upper reaches? In the area in general?

Seems like more detailed investigation needed to determine impacts of valley pumping
on upper reaches.

What is the extent of the impact on domestic (and other wells)? You show 0 to 6 feet, but
you also say that near the wells that are pumping payback water it could be 50 or 60 feet?
Even a few feet can have a large impact. This needs to be clarified.

Payback issue needs to be explained. How does it work? Accounting?

1 foot of drop in local streams (Big Chico) are significant. Team needs perspective on
this.



There are a lot of resources available from the local groups and individuals. We can help
but you need to talk to us more proactively.

What is meant by “marginal impacts” at Butte Creek?

What if you end up pumping more than you expect (as a response to prolonged drought)?
Why are we here? There were water rights hearings before (she mentioned NHI but | did
not get it all). The elephant in the room is Junior water rights holders south of the Delta

that are trying to get at our water. We need to save this area?

Needs more community meetings, but thinks this effort might harm the area. Mentioned
drought water bank.

Did you assign any value to the water in the aquifer?
Impacts of local land use decisions need to be taken in account? Have they been?
Explain the externalities in the economic impacts evaluation.

Public wants assurance that there is adequate thought going into monitoring and
mitigation.

Can you do just reservoir re-operation without doing the pumping for repayment?
Do commitments still exist if Delta mandates are imposed?
What are the existing contractual obligations?

Would like to see more sophistication in terms of groundwater, particularly as it relates to
permanent crops/orchards.

Clarification requested on groundwater and surface water.

Models are tools — assign value to aquifer. Add to next agenda.



December 8, 2010
Public Meeting Materials



Northern Sacramento Valley
Conjunctive Water Management Investigation

Public Workshop

Masonic Lodge
1110 W. East Avenue
Chico, CA 95926

December 8, 2010

6:00 to 8:00 PM

Workshop Objectives

e Respond to questions from October 21, 2010 workshop
Agenda
1.  Welcome, Introductions, Workshop Process
2. Discuss questions from 10-21 Workshop
a. How does the proposed project work?
b. Investigation Tools and Data
c. Project Benefits
d. Project Impacts

3. Next Steps/Closing




Public Workshop

Northern Sacramento Valley
Conjunctive Water Management Investigation

December 8, 2010
6:00 p.m. - 8:00 p.m.

Masonic Lodge
1110 W. East Avenue
Chico, CA 95926

The Glenn-Colusa Irrigation District (GCID) and the Natural Heritage
Institute (NHI) are in the process of evaluating water management
opportunities in the northern Sacramento Valley. This effort, the
Northern Sacramento Valley Conjunctive Water Management
Investigation (Investigation), is nearing completion of several years of
work with a draft final report currently under preparation.

This workshop is being sponsored specifically to provide responses to the
questions and comments received at the Investigation workshop held on
October 21, 2010. Topics to be addressed include potential project benefits
and impacts, conjunctive operations concepts, project economics, and
other issues brought up at the previous session. Time will be allowed for
the public to engage in a discussion of the questions and answers and
relevant issues related to the Investigation.



Northern Sacramento Valley
Conjunctive Water Management Investigation

Public Workshop

December 8, 2010

Background

On October 21, 2010, the Glenn-Colusa Irrigation District (GCID) and Natural Heritage
Institute (NHI) held a public workshop to provide a status report on their Northern
Sacramento Valley Conjunctive Water Management Investigation. Meeting participants
were also provided an opportunity to ask questions of the investigation team.

As a result of the significant number of questions and comments provided by attendees,
GCID and NHI agreed to hold a follow-up workshop. The purpose of the workshop is
two-fold: to either respond to questions that could not be addressed at the last meeting, or
provide clarification to questions that were answered but warranted additional follow-up;
and, to allow for more substantive dialogue between the investigation team and
stakeholders on these issues.

Organizing Questions
Questions and comments from the October workshop varied widely but seemed to be
focused in four critical areas:

Project Operations (How does the proposed project work?)
Investigation Tools and Data

Project Benefits

Project Impacts

el e

These four categories were used to develop the format for today’s workshop. For
discussion purposes, and to facilitate providing responses, comments were put into the
form of a question, and multiple questions of similar nature were consolidated into a
single question. Additionally, the technical team assessed which questions could be
answered within the context of the current investigation, and which questions either
cannot be resolved by this phase of the investigation, or required a venue more suited to a
longer-term regional dialogue. The majority of questions fell into the first group and will
be responded to in this workshop.




Questions by Category
Project Operations (How does the proposed project work?)
* Can you do just reservoir re-operation without doing the pumping for repayment?
*  Where does the water for environmental enhancements and other project benefits
come from?
* How does the payback water get used?
* How do the project benefits compare to the frequency and magnitude of payback?
* How would the reservoir releases be measured?
* How would it be determined that water needs to be repaid...what triggers
reservoir payback?
*  Which aquifer are we talking about, the deep or shallow?
* Does the study address the total groundwater picture?
» What are the existing contractual obligations?
* Public wants assurance that there is adequate thought going into monitoring and
mitigation.

Investigation Tools
*  Why are critical dry years not used in the analysis?
¢ What is the time-step used to develop the groundwater model? Is the time-step
appropriate for capturing localized effects of day to day well operation and
aquifer response?
» Were economic impacts beyond just project costs and benefits considered, such as
impacts to specific segments of the agricultural community?

Project Benefits
*  What are the project benefits?
»  Are there benefits to the groundwater systems and were they considered in the
economic analysis?

Project Impacts

*  What are the impacts of groundwater pumping in the valley on foothill aquifers?

*  What are the critical recharge months in the upper reaches? In the area in general?

* Project pumping may be a small share of Valley wide pumping but what
proportion is it of pumping within the project area?

* Is the interconnection between streams and underlying aquifers sufficiently
defined to predict the effects of even modest changes in groundwater levels (e.g.,
Butte and Big Chico Creeks)?

*  What is the extent of the impact on domestic (and other wells)? You show 0 to 6
feet, but you also say that near the wells that are pumping payback water it could
be 50 or 60 fect? Even a few feet can have a large impact. This needs to be
clarified.
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Northern Sacramento Valley
Conjunctive Water Management
Investigation

Public Workshop

December 8, 2010

The Glenn-Colusa Irrigation District and
The Natural Heritage Institute

12/8/2010

11/22/2011

Workshop Objective & Process

« Objective
— Respond to questions from October 21, 2010
workshop 1

¢ Process
— Organized questions into topics
— Describe each topic
— Provide response
— Engage in discussion

12/8/2010 2

How Does The Proposed
Project Work?

Re-operate Surface Reservoirs with
Groundwater “Backstop”

« Reservoir re-operation
— Additional releases to meet program objectives
(North of Delta water supply and environmental enhancement)
— Expect reservoir refill from surplus surface flows
— Honor existing CVP and SWP delivery obligations and
operations constraints
« Groundwater operation
— Pump groundwater to “repay” reservoirs if storage conditions put
contract deliveries or temperature control at risk

— Groundwater used in lieu of surface entitlements that then
remain in storage

— Minimize or avoid GW impacts

12/8/2010 4

Re-Operation Case 1- Reservoir Refills

Spring Summer Fall-Winter Spring
(no inflow) (no inflow) (inflow) (no inflow)
Reservoir Target Reservoir
Full Carryover = 50 Inflow = 70 Full
Baseline
Reservoir
Operation 100 100 100
Flood
Deliveries = 50 Release = 20
Reservoir Target _ .
Full Carryover = 40 Inflow = 70 Reservoir
Full
Project
Reservoir
Operation 100 100 100
Flood
Deliveries = 60 Release = 10

Re-operation Case 2- Reservoir Does Not Refill

Spring Summer Fall-Winter Spring Summer
(no inflow) (no inflow) (inflow) (no inflow) (no inflow)
Reservoir Target Reservoir Target
Full Carryover = 50 Inflow = 30 Partially Full Carryover = 40
Baseline
Reservoir
Operation 100
Deliveries =50 Flood Release = 0 Deliveries = 40
Reservoir Target Reservoir Target
Full Carryover = 40 Inflow = 30 Partially Full Carryover = 40

Project
Reservoir 100
Operation l l,

Deliveries = 30

Deliveries =60  Flood Release = 0 Groundwater = 10
40
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Project Performance Summary

Project Scenario 2 Evaluated with Revised Model Including Biological
Opinions, Forecast-based Operation and Minimum Reservoir Release Criteria

Total number of years in simulation (1922-2003) 82 82
Number of years no project releases made 62 45
Number of years project releases made 20 37
Average annual (82 years) project release, (TAF) 25 30
(Roughly 2/3 environmental and 1/3 ag benefits)
Cumulative benefit over 82 years (TAF) = 2,050 2,460

Maximum year project release (TAF) 180 102
(Includes environmental and ag)
Number of years “payback” pumping is needed 4 1
Average annual (82 years) project pumping (TAF) 2 9

Cumulative pumping over 82 years (TAF) = 164 738
Maximum year project pumping (TAF) 100 100
(Maximums do not occur in same year)
Average annual (82 years) reservoir refill from surplus flows (TAF) 23 23
Spillage of payback water 0 -2

Questions

How Does The Proposed Project Work?

« Can you do just reservoir re-operation
without doing the pumping for repayment?
* Where does the water for environmental
enhancements and other project benefits
come from?
How does the payback water get used?
How do the project benefits compare to
the frequency and magnitude of payback?

12/8/2010

8

Q uestions, continued

How Does The Proposed Project Work?

» How would the reservoir releases be
measured?

» How would it be determined that water
needs to be repaid...what triggers
reservoir payback?

» Which aquifer are we talking about, the
deep or shallow?

» Does the study address the total
groundwater picture?

12/8/2010 9

Questions, continued

How Does The Proposed Project Work?

« What are the existing contractual
obligations?

« Public wants assurance that there is
adequate thought going into monitoring
and mitigation.

12/8/2010

10

Investigation Tools and Data

Overview of Analysis Tools

Other
User Input

GW Pumping
Reservoir Ops

Environmental Ground Water
Objectives Model
Other Assumptions

Target River Flows }—\ Surface Water ,—| SW-GW Interaction

Model

CalSim Results

System Operation
With
Conjunctive Management

12/8/2010

12




Groundwater Model Area and Grid Density

Orland Unit
Butte Basin

{ b L
GCID _ )
-
12/8/2010 13

11/22/2011

Groundwater Flow Model

» Regional scale with high spatial detail
— 5,950 square miles (3.8 million acres)
— 88,922 surface nodes
— 7 vertical layers
¢ Aquifer properties based on analysis of more
than 1,000 production wells
 Calibration
— Static calibration for year 2000
— Water levels from 257 monitoring wells
* Monthly time step, 1982 through 2003

12/8/2010 14

Surface Water Operations Model

« Spreadsheet-based for ease and speed of
operation

* Re-operates Shasta and Oroville Reservoirs
relative to a baseline condition depicted by
CalSim Il outputs (1922 through 2003)

« Driven by additional target deliveries for:
— Environmental restoration in Sac and Feather Rivers
— Unmet Sac Valley agricultural demands

 Various operational constraints

» Uses generalized SW-GW interaction functions
derived from GW model

12/8/2010 15

Questions

Investigation Tools and Data

« Why are critical dry years not used in the
analysis?

« What is the time-step used to develop the
groundwater model? Is the time-step
appropriate for capturing localized effects
of day to day well operation and aquifer
response?

« Were economic impacts beyond just
project costs and benefits considered,
such as impacts to specific segments of
the agricultural community?

12/8/2010 16

Project Benefits

Questions

Project Benefits

« What are the project benefits?

« Are there benefits to the groundwater
systems and were they considered in the
economic analysis?

12/8/2010 18




Project Benefits

* Increased Sac Valley surface water supply

— More local benefit (water supply) from CVP
and SWP

— Reduced overall reliance on Sac Valley
groundwater, though increased local pumping
in certain years

 Improved habitat in Sac and Feather

Rivers through

— Recovery of salmon populations

— Ecosystem sustainability

12/8/2010 19

11/22/2011

Project Impacts

Questions

Project Impacts

« What are the impacts of groundwater
pumping in the valley on foothill aquifers?

« What are the critical recharge months in
the upper reaches? In the area in general?

 Project pumping may be a small share of
Valley wide pumping but what proportion
is it of pumping within the project area?

12/8/2010 21

Typical Sacramento Valley GW
Hydrograph (Butte Co.)

Sacramento Valley (Butte Co.)

G5, Elevation = 176

g

Elevation of uater surface (WGVD)
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Calendar Year

Depth to water below land surface, feet

* Dueationable NMessurement
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Sacramento Valley Water Uses and
Sources by County

L Butte | Colusa | Glenn | Tehama | Shasta | Totals
511 TAF 4T 1 TAF 8 TAF 28 TAF 171 TAF
W 5 AT TAF 0 TAF 14 TAF 0 TAF 0 TAF 81 TAF
Morecgal & Industral W TAF 0TAF OTA 1 TAF 0TAF 15 TAF
Fall Ag Flood | Private Wesland Mgmt 231 TAF 0 TAF 3 L-l_F 1 TAF 0TAF 263 TAF
Totals:| 862 TAF ATAE | ueTaF | w0 TaF WIF | LMOTAF
Waser (CVP & USCE}
Agreutural TN T80 TAF LS4 TAF WA 118 TAF 1,485 TAF
¥ g 11 TAF 43 TN T TAF 0 TAF 0 TAF 16 TAF
Municipal & Industnal 0TAF 0TAF OTAF 1TAF JITAF A TAF
Fal -'-; Flood |/ Prvate Wetiand L'-}'l ITAF B0 TAF 5 TAF 1 TAF 0 TAF 150 TAF
Totah:| WTAF | #aTAF | saaTaF | s0TaF MITAF | 1780 TAF
v ] I TAF wsTar | aeTar | oA BTAF 1,168 TAF
Widide Refuges 8TAF 0TAF 1 TAF 0TAF 0 TAF BTN
ipal & Indusy &3 TAF 1TAF 0T 24 TAF 3 TAF 118 TAF
ol Ag Flood | Prvate: — —— LA} H TAF
411 TAF 150 TAF 445 TAF 234 TAF & TAF 1323 TAF. =>
Sub-Total (Prime| Sul 1,308 TAF 1,087 TAF | 1.303 TAF 373 TAF 21 TAF 4,192 TAF

Peak Year Project Pumping (100 TAFY) in Relation
to Estimated Annual Baseline Pumping

Butte County 411 24%
Glenn and Colusa Counties 635 16%
Butte, Glenn and Colusa 1,046 10%
Counties

Northern Sacramento Valley 1,323 8%

(Butte, Glenn, Colusa, Tehama

and Shasta Counties)

Entire Sacramento Valley 2,500 +/- 4%
(Source: GW model water

budgets)

1 Peak year project pumping is 100 TAF in the Butte Basin and in GCID but the
two not occur in the same year based on the 1922 through 2003 modeling
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Questions

Project Impacts

« Is the interconnection between streams
and underlying aquifers sufficiently defined
to predict the effects of even modest
changes in groundwater levels (e.g., Butte
and Big Chico Creeks)?

12/8/2010 25

Qu estions, continued
Project Impacts

* What is the extent of the impact on
domestic (and other wells)? You show 0 to
6 feet, but you also say that near the wells
that are pumping payback water it could
be 50 or 60 feet? Even a few feet can
have a large impact. This needs to be
clarified.

12/8/2010 26

Comparison of Drawdown from Modeling
and Averaged for Impact Analysis

Potential Impact Zones: Regional Aquifer Drawdown in Aug

Worst Case, New Wells 1990, Scenario 1, New Well Field
= I -

Figure 11-15, p.11-16 from Modeling Report, Feb 2010

Next Steps

¢ Draft and Final Investigation Report
« Additional public meetings
e Phase 2

12/8/2010 28
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Preface

This report was prepared by CH2M HILL and MBK Engineers for Glenn Colusa Irrigation
District (GCID) and the Natural Heritage Institute (NHI).The report documents technical
analyses conducted to examine potential future coordinated operation of Sacramento Valley
groundwater aquifers with California’s State Water Project and the federal Central Valley
Project. The work was enabled by state and federal grant funds.

Principal investigators were Peter Lawson of CH2M HILL and Walter Bourez and Lee
Bergfeld of MBK Engineers. Program management and technical oversight were provided
by Grant Davids of Davids Engineering on behalf of GCID and NHIL

Any questions regarding the information presented in this report should be addressed to
GCID, NHI, or Davids Engineering.
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Executive Summary

Project Description

Glenn Colusa Irrigation District (GCID) and the Natural Heritage Institute (NHI) are
conducting an analysis of conjunctive management opportunities in the Sacramento Valley
(Project). The purpose is to examine whether and how groundwater production from the
Lower Tuscan Aquifer and related deep aquifers in the Sacramento Valley can be integrated
with the operations of existing surface water reservoirs to produce additional water to
satisfy unmet agricultural demands in the Valley (preferentially), or south of the
Sacramento-San Joaquin River Delta (Delta). A secondary objective is to evaluate the
potential to increase the operational flexibility of these reservoirs so that they can contribute
to meeting environmental flow targets in the Sacramento and Feather Rivers.

Technical Analysis

The Project includes conducting planning-level technical analyses and modeling of the
following:

e How conjunctive management projects may operate
¢ How additional water supplies may be developed
e How reservoirs can be reoperated to generate environmentally beneficial flow patterns

e What effects the Project could have on both the surface and groundwater systems in the
Sacramento Valley.

This report documents the development of the surface water and groundwater modeling
tools used in the analysis, the assumptions made during the development process, and
presents results of the modeling analyses.

Technical analysis was performed using two models: one for the surface water system and
one for the groundwater system. The surface water model was developed to analyze
operations of conjunctive management projects, reservoir operations, environmental
objectives, and agricultural water demands quickly for a variety of different project,
operations, and objectives. The surface water model was used in gaming sessions and by
members of the project team to understand benefits, risks, and limitations of various
conjunctive management configurations.

A regional groundwater model was also developed to simulate the effects of conjunctive
management operations on the aquifer system with a spatial resolution at project sites
capable of evaluating effects on a well field scale. The groundwater model was used to
investigate differences in aquifer drawdown and changes in stream-aquifer interaction for
different pumping capacities, seasons, and well field configurations.
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EXECUTIVE SUMMARY

The two models were used in an interactive fashion to simulate project operations and
better understand the interactions between the surface water and groundwater systems. The
surface water model was used to determine timing and quantity of conjunctive management
pumping. Pumping time series were then simulated in the groundwater model and changes
in stream-aquifer interactions were input back into the surface water model to understand
how those changes might affect system operations.

Technical analyses were performed at a planning level to help prove concepts and define
potential conjunctive management configurations and operations. Analyses were conducted
for general projects, locations, and operations. More specific and refined analysis will be
required as specific projects are defined. Most of the analyses contained herein were con-
ducted in a comparative (rather than absolute) manner, and results must be interpreted with
this in mind. Comparisons of benefits and impacts between different scenarios or well fields
help inform decisions on what projects work better than others.

Projects, Operations, and Scenarios

The project team developed an initial list of nine prospective project sites and screened these
down to two project sites for more in-depth analysis and modeling. One project site is
located within GCID and is integrated with the Central Valley Project’s (CVP) operation of
Shasta Reservoir. The second project site is located in Western Canal Water District and
Richvale Irrigation District (Butte Basin) and integrated with the State Water Project’s (SWP)
operation of Oroville Reservoir.

The team used its understanding of annual aquifer drawdown and recovery to develop a
conjunctive operation configuration that relies primarily on re-operation of existing
reservoirs to achieve the project objectives, drawing on groundwater as a backstop. The
term “backstop” refers to the potential to use groundwater supplies on a temporary basis to
make up for shortfalls in surface water supplies due to modified operations. Groundwater
provides an additional source of water to protect surface water reservoirs from being
excessively depleted. This type of operation offers different opportunities and challenges
than conventional groundwater banking. Surface water is not banked in the aquifer in wet
years and recovered during dry years. Instead, additional water is released from surface
reservoirs for delivery to meet Project objectives (unmet local irrigation demands and
environmental flow targets). These releases result in lower end-of-year reservoir storage
levels and more reservoir space available to capture winter runoff.

The goal of this operation is to develop additional water supply by refilling reservoir space
vacated by additional Project releases with captured surplus surface water that otherwise
would be released for flood control. In years when refill is not complete, Project pumping
produces groundwater for use in Project areas in lieu of surface water deliveries that would
otherwise be made from reservoirs. This allows an equivalent volume of water to remain in
reservoir storage to recover from prior year project releases.

This mode of conjunctive operation, in which reservoir operation is used as the primary
means to develop new water supply and groundwater is used infrequently as a backstop, is
highly efficient because it reduces the frequency and volume of groundwater pumping in
comparison to conventional groundwater banking operations. Groundwater pumping is
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EXECUTIVE SUMMARY

relied upon only as needed to maintain reservoir storage when refill from surplus winter
flows is insufficient.

In some years, conditions in the Sacramento Valley may be so critically dry that Project
pumping would be suspended altogether. For instance, if groundwater levels were already
at levels of concern (according to county Basin Management Objectives or other standards),
Project wells would be turned off and the Project would generate no new supplies under
these conditions.

Project operations were simulated for the four different conjunctive management scenarios
summarized in Table ES-1.

TABLE ES-1
Summary of Project Scenarios Evaluated
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

GCID Annual Pumping Butte Basin Annual

Scenario Capacity Pumping Capacity Pumping Season
1 100 TAF 50 TAF Summer (May through August)
2 200 TAF 100 TAF Summer (May through August)
3 100 TAF 50 TAF Fall (September through November)
4 100 TAF 50 TAF Summer and Fall (May through November)

TAF = thousand acre-feet

Additionally, pumping for each scenario was evaluated for two different well fields. The
first well field simulated pumping from existing wells screened in the current aquifer
production zones at depths between 100 and 500 feet. The second well field simulated
pumping from new wells screened in the deep aquifers at depths between 900 and

1,100 feet.

Results and Conclusions

Table ES-2 presents a summary of results for each scenario and well field configuration.
Water supply results are average annual new water supplies developed to meet project
objectives. Groundwater results show only the peak impacts to groundwater levels and
streams.

Table ES-2 shows that for the two pumping capacities evaluated, the average annual
additional water supply is approximately one third of pumping capacity. Additionally,
approximately 85 percent of the new water supply developed comes from capture of
surplus surface water with the remaining 15 percent from additional groundwater
pumping. Average annual groundwater pumping volumes are the result of infrequent but
large pumping quantities up to the total project capacity in a given year.

Surface water operations and the resulting groundwater pumping are primarily driven by
reservoir storage levels. Therefore, differences in the season of conjunctive management
pumping evaluated with Scenarios 3 and 4 have little effect on water supply. However, the
duration of the pumping season has a more significant effect on the magnitude of
drawdown produced in the aquifer system, and results in differences in projected stream
impacts.
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TABLE ES-2
Summary of Results for Each Project Scenario and Well Field Configuration
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Pumping Max Local Drawdown?2
Capacity (TAF) Source of New Water Supply (feet) ‘
Pea
New Water GW Streamflow
Butte Pumping Supply? Surplus Surface Pumping® Butte Impact®

Scenario  GCID Basin Season (TAF) WaterP (TAF) (TAF) Well Field GCID Basin (cfs)
1 100 50 Summer 44 38 6 Existing 30-40 <10 54
New ~100 10-20 53

2 200 100 Summer 110 94 16 Existing ~100 20-30 111
New ~200 20-30 105

3 100 50 Fall 44 38 6 Existing 40-50 10-20 80
New ~125 30-40 90

4 100 50 Summer 44 38 6 Existing 20-30 <10 64

and Fall
New 40-50 10-20 65

aMaximum local drawdown is the maximum monthly simulated drawdown within the pumped aquifer for that particular conjunctive management project during the
period of simulation

bAnnual Average

CPeak stream impact is the maximum monthly aggregated reduction in stream flow for all streams explicitly simulated in the groundwater model during the period
of simulation

Note:

cfs = cubic feet per second
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Table ES-2 shows that for a given project production capacity, the greatest drawdown occurs
during fall pumping simulations because pumping occurs over 3 months, resulting in higher
instantaneous rates. An intermediate magnitude of drawdown is observed for pumping over a
4-month summer period, and the least drawdown is predicted for the 7-month summer/fall
pumping period.

Production of groundwater from new wells screened in the deeper aquifer results in greater
drawdown than pumping the same quantities at the same rates from existing wells. This is
because the pumping from new wells is assumed to occur from the 200-foot thickness that
comprises model layer 6 (approximately 900 to 1,100 feet below ground surface ([bgs]), whereas
the pumping from existing wells occurs from the approximate 400-foot thickness of the regional
aquifer (200 to 600 feet bgs). This greater aquifer thickness provides a significantly greater
aquifer transmissivity to provide water to the pumping wells, and therefore less drawdown is
simulated for a given pumping rate. Additionally, the new well field for the GCID Project is
assumed to be located closer to the low permeability bedrock that borders the western edge of
the alluvial aquifer; therefore, less water is available to satisfy pumping demands. These
assumptions, combined with the larger pumping volumes, help explain why the differences in
drawdown between a new and existing well field are larger in the GCID Project than the Butte
Basin Project.

Simulated drawdown near the Butte Basin Project is lower than simulated drawdown near the
GCID Project. This is due to a combination of lower overall production rates and a greater
production well spacing.

Comparisons of peak streamflow impacts between scenarios show that higher production rates
generally result in greater peak impacts with the exception of a comparison between Scenario 1
and 4. Differences in peak stream impacts between Scenarios 1 and 4 can be explained by the
timing of when ephemeral streams are simulated to flow in the model. The peak drawdown
effects for Scenario 4 were evaluated in November (the end of the production season), when
west side ephemeral streams are assumed to be active. These streams provide an additional
source of recharge to the aquifer system, resulting in a lesser magnitude of predicted draw-
down. This can also be seen in the cumulative peak stream impact, which is greater for Scenario
4 than for Scenario 1.

Lower project pumping rates of Scenarios 1 and 4 predict similar peak stream impacts for new
and existing well fields. Moderate production rates in Scenario 3 show greater peak impacts of
new wells than those produced by existing wells. At the highest production capacity in
Scenario 2 the existing well field produces greater peak impacts to streams than the new well
field.
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SECTION 1

Introduction and Background

Glenn Colusa Irrigation District (GCID) and the Natural Heritage Institute (NHI) are
conducting an analysis of conjunctive management opportunities in the Sacramento Valley
(Project). The purpose is to examine whether and how groundwater production from the
Lower Tuscan Aquifer and related deep aquifers in the Sacramento Valley can be integrated
with the operations of existing surface water reservoirs to produce additional water to
satisfy unmet agricultural demands in the Valley (preferentially), or south of the Delta. A
secondary objective is to evaluate potential to increase the operational flexibility of these
reservoirs so that they can contribute to meeting environmental flow targets in the
Sacramento and Feather Rivers.

The Project planning area encompasses the entire Sacramento River basin, although primary
attention focuses on areas of the northern Sacramento Valley. This includes portions of
Butte, Colusa, Glenn, and Tehama counties. Operational strategies developed do not
necessarily depend on the Lower Tuscan and related deep aquifers, or any particular
portion of the groundwater system for that matter. The strategies are generally applicable
wherever productive aquifers exist regardless of their depth or extent.

The scope of the planning effort includes technical analyses with emphasis on surface water
and groundwater modeling to define conjunctive management operations and their benefits
and impacts. This report provides specific documentation on modeling tools developed for
this analysis, projects and scenarios simulated, and model results. Additionally, the report
supports preliminary engineering analyses and development of project cost and benefit
estimates to allow for economic evaluation of prospective projects.

Any new groundwater pumping in the Sacramento Valley would have at least temporary
effects on groundwater conditions and could affect existing groundwater users and flow in
rivers and streams. Therefore a major component of the Project is to address risks to existing
water users and streams. Risk management strategies that will be investigated include risk
avoidance and minimization, such as locating and designing production wells in ways to
isolate impacts, and risk mitigation to compensate for effects that cannot be avoided. An
overarching principle of the Project is that existing water users, at a minimum, would not be
adversely impacted and preferably will benefit from conjunctive operations.
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SECTION 2

Conclusions

2.1 Surface Water System

Conjunctive management in which groundwater pumping capacity is used as a backstop to
allow more aggressive operation of surface water reservoirs in the Sacramento Valley may
be an efficient method to increase water supply. More aggressive operation of reservoirs
produces additional water supply primarily through capture of surplus surface water and to
a lesser extent through additional groundwater pumping. Table 2-1 summarizes average
annual water supply developed for agricultural and environmental objectives and the
source of additional supply, either surplus surface water or groundwater, for the two
different project capacities evaluated.

TABLE 2-1
Summary of Average Annual Water Supply Benefits and Source of Additional Supply
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Capture of
Additional Water Supply (TAF) Surplus Additional
Surface Groundwater
Project Capacity Agricultural Environmental Total Water Pumping
150 TAF 24 20 44 38 6
300 TAF 42 68 110 94 16

Table 2-1 shows that for the two capacities evaluated, additional water supply is approxi-
mately one-third of project groundwater pumping capacity. Additionally, approximately
85 percent of the water supply developed comes from capture of additional surface water
with the remaining 15 percent from additional groundwater pumping. Average annual
groundwater pumping volumes are the result of infrequent but large pumping quantities
up to the total project capacity in a year.

Surface water operations and the resulting groundwater pumping are primarily driven by
reservoir storage levels. Therefore the season of conjunctive management pumping whether
summer, fall, or summer and fall has only minor operational affects. However, pumping
season may have more significant effects on aquifers and current groundwater users.

Additional important conclusions can be drawn from the sensitivity /tradeoff analysis.
Projects with larger pumping capacities tend to contribute more toward meeting
environmental objectives, while smaller capacity projects contribute more to agricultural
objectives for the following two reasons:

e Water costs associated with meeting environmental objectives are typically high and
require larger project capacities to meet.

¢ Environmental objectives were assumed to be all-or-nothing thresholds while any
additional water supply could be used to meet agricultural objectives.
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SECTION 2 CONCLUSIONS

These two factors also result in the two objectives being less competitive for additional
water supply than may be expected. A different prioritization between the two objectives
did not result in a one-for-one tradeoff of benefits.

Tradeoff analysis also provided insight into risks associated with more and less aggressive
conjunctive management operations. For the surface water system, these risks are focused
on reservoir storage levels and ability to meet contract requirements and temperature
control criteria in future years if reservoirs are drawn down too far.

Sensitivity analysis conducted when environmental flow targets were varied demonstrated
that for most objectives changes of 10 percent did not erase, or greatly increase, project
benefits. Therefore, conjunctive management projects, as defined in this study, could likely
be used to meet environmental objectives, even with the uncertainty inherent in flow targets
and real-time operations.

Conjunctive management operations within the Sacramento Valley may make additional
water supply available south of Delta if reservoir releases to meet environmental objectives
can be exported. There exists some ability to export these releases when not considering
export restrictions for the protection of Delta smelt. However, export restrictions as
proposed in the recently release Operations Criteria and Plan (OCAP) Biological Opinion
likely reduce or eliminate this potential benefit.

2.2 Groundwater System

The eight simulations described in this study were designed to test four different project
scenarios while holding remaining variables constant. Parameters evaluated in the four
scenarios included quantity of groundwater pumped, duration of production (which
influences production rate), seasonality of production, and spacing and location of
production well fields, including proximity to surface streams. Conclusions are divided into
those regarding groundwater level effects followed by those regarding effects on surface
water flows. Drawdown estimates provided are regional drawdown estimates. The
magnitude of local drawdown adjacent to individual production wells will be significantly
greater.

2.2.1 Groundwater Levels

Production of 150 TAF of groundwater from existing wells over the summer (May through
August) results in a maximum drawdown of approximately 40 feet in the pumped aquifer,
whereas production of 300 TAF of groundwater results in a maximum of approximately
75 feet of drawdown.

Production of 150 TAF of groundwater from new deeper wells over the same months results
in a maximum of approximately 75 feet of drawdown in the pumped aquifer, whereas the
production of 300 TAF of groundwater results in approximately 150 feet of drawdown.

Production of 150 TAF of groundwater from existing wells over the fall period (September
through November) results in a maximum drawdown of about 50 feet in the pumped
aquifer compared to a maximum of approximately 40 feet of drawdown if the same
production occurs in the summer.
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SECTION 2 CONCLUSIONS

Production of 150 TAF of groundwater from new deeper wells over the fall period results in
a maximum of approximately 125 feet of drawdown in the pumped aquifer compared to a
maximum of approximately 75 feet of drawdown if the same production occurs in the
summer.

Production of 150 TAF of groundwater from existing wells over the summer/fall period
(May through November) results in a maximum of about 30 feet of drawdown in the
pumped aquifer compared to a maximum of approximately 40 feet of drawdown if the same
production occurs in the summer only.

Production of 150 TAF of groundwater from new deeper wells over the summer/fall period
results in a maximum of approximately 50 feet of drawdown in the pumped aquifer
compared to a maximum of approximately 75 feet of drawdown if the same production
occurs in the summer only.

For a given project production capacity, the greatest drawdown is observed in fall pumping
simulations because the pumping occurs over 3 months, resulting in the highest
instantaneous rate. An intermediate magnitude of drawdown is observed for the 4-month
summer period, and the least drawdown is predicted for the 7-month summer/fall
pumping cycle.

The production of groundwater from the deeper aquifer from new production wells results
in the greatest predicted magnitude of drawdown. This is because the pumping is simulated
to occur in a 200-foot thickness of model Layer 6 (approximately 900 to 1,100 feet bgs)
whereas the pumping from existing wells is assumed to occur from wells screened
throughout the approximately 400-foot thickness of the regional aquifer (200 to 600 feet bgs).
Further, the new well field identified on the western side of the valley is located further
west, relative to the location of the existing wells, transferring the groundwater pumping
stresses closer to the low permeability bedrock which borders the western edge of the
alluvial aquifer.

Simulated drawdown in the vicinity of the eastern well fields in the Butte Basin Project are
significantly lower than those observed on the west. This is due to a combination of lower
overall production rates from the east and a greater production well spacing.

2.2.2 Effects on Surface Water Flows

Peak effects on stream flow due to groundwater production in the Sacramento Valley are
summarized in Table 2-2.

TABLE 2-2
Peak Effects on Streamflow from Conjunctive Management Operations
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Existing New Existing New Existing New Existing New
Stream (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

All Streams 54 53 111 105 80 90 64 65
Butte Creek 13 12 72 69 50 48 39 33
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SECTION 2 CONCLUSIONS

TABLE 2-2
Peak Effects on Streamflow from Conjunctive Management Operations
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Existing New Existing New Existing New Existing New

Stream (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

Sacramento River —

GCID to Wilkins Slough 42 37 32 28 16 18 16 15
Feather River 3 3 6 6 4 4 4 4
Little Chico Creek 3 3 6 5 4 3 4 3
Salt River 1 5 5 8 2 5 2 5
Stone Coral Creek 6 9 11 15 7 10 6 9
Stony Creek 4 5 7 7 4 6 4 4

Specific conclusions regarding surface water effects are as follows:

e The higher pumping rates associated with the 300-TAF projects clearly result in signifi-
cantly larger peak stream impacts.

e For a conjunctive management project of a given size, new well fields pumping from
deeper aquifers tend to produce greater peak stream impacts on western streams than
pumping from existing wells tapping the regional aquifer. This is likely due to the
greater magnitude of drawdown predicted on the western side of the valley from new
wells as discussed above. Effects on eastern and central streams (Sacramento River) are
similar.

e When looking at the cumulative peak impacts to all streams, the lower project pumping
rates (150 TAF over 4 or 7 months) predict similar peak impacts for both new and
existing well fields. At moderate production rates (150 TAF over 3 months), peak
impacts of new wells is greater than those produced by existing wells. At the highest
production capacity (300 TAF over 4 months), the existing well field produces greater
peak impact to streams than the new well field.

e For all projects evaluated, peak stream impacts occur in 1990, as do peak impacts on the
Sacramento River. This is also generally true of the west side streams of Stone Corral
and Stony Creek.

e For all projects evaluated, peak stream impacts on the east side streams (Little Chico
Creek and Butte Creek) occur in early 1995. One exception is that for the 300 TAF
projects, peak impact on Butte Creek occurs in early 1993.

e Peak impacts on the Feather River occur in late 1994 or early 1995.
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SECTION 3

Technical Analysis and Modeling

Technical analysis and modeling of conjunctive management operations require considera-
tion of both surface water and groundwater systems and their interaction. This project
developed and used models that simulate each system using similar water demands and
system operations. Information is passed between the models to depict conjunctive
management operations and effects between the surface and groundwater systems. These
tools were developed to simulate and compare a baseline condition and a project condition
to determine benefits and effects of conjunctive management.

Technical analyses were performed at a planning level to help prove concepts and define
potential conjunctive management configurations and operations. Analyses were conducted
for general projects, locations, and operations. More specific and refined analysis will be
required as specific projects are defined. Most of the analyses contained herein were
conducted in a comparative, rather than absolute, manner, and results must be interpreted
as such. Comparisons of benefits and impacts between different scenarios or well fields help
inform decisions on what projects work better than others. Interpretation of the results
should not be interpreted in a highly predictive manner, such as pumping “X” amount of
groundwater results in a deficit of “Y” stream flow, or release of “A” volume of water from
a reservoir accomplishes “B” amount of environmental restoration.

3.1 Objectives of Groundwater Analysis

Conjunctive water management, or groundwater substitution projects, can result in
depressing local groundwater levels, which could affect yields and performance of nearby
water supply wells and cause a reduction of groundwater discharge to surface streams or
direct leakage from streams to underlying aquifers. Timing these impacts is critical,
especially for surface water. Acceptable impacts to surface water flows during certain times
of year might be unacceptable during other parts of the year. As part of the technical
analysis, a numerical groundwater modeling tool was developed to evaluate impacts of
proposed conjunctive water management projects on groundwater levels and streamflows
near proposed project sites. The groundwater model is regional in scale, covering the
Sacramento Valley Groundwater Basin. This model uses transient surface water budgets
developed from spatially referenced land use data, water district operations, surface water
availability, and required supplementary groundwater pumping to meet agricultural
demands. Specific objectives of the groundwater modeling effort included the following:

e Calculating transient valley-wide and project-specific drawdown in groundwater levels
resulting from implementing conjunctive management projects at two general locations
with the northern Sacramento Valley.

¢ Quantifying transient impacts to streams resulting from implementing conjunctive
management projects.
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SECTION 3 TECHNICAL ANALYSIS AND MODELING

Considering the effects of operating conjunctive water management projects in both wet
and dry hydrologic periods and operating projects only in certain selected years within a
longer hydrologic period.

3.2 Objectives of Surface Water Analysis

A surface water model was developed to simulate coordinated operation of select Central
Valley Project (CVP) and State Water Project (SWP) reservoirs with conjunctive manage-
ment projects. The surface water model was designed for use in gaming sessions and to help
improve understanding of tradeoffs associated with different project objectives and
operations. Specific objectives of the surface water modeling included the following:

1.

Quantifying additional water supply that might be developed with conjunctive
management projects and how that water supply can be used to meet agricultural and
environmental objectives.

Understanding how conjunctive management projects might change the operation of
CVP and SWP reservoirs, including effects on storage, spills, and risks to existing
contracts and cold water pool management.

Understanding tradeoffs and risks associated with different conjunctive management
operations, project sizes, and project objectives.

Improving understanding of how changes in stream-aquifer interactions might result in
changes to the surface water system.

Understanding the effects on other parts of the system, including other reservoirs,
hydropower operations, the Sacramento-San Joaquin River Delta (Delta), and south-of-
Delta water supplies.
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SECTION 4

Current Basin Groundwater Conditions

The initial intent of the Project was to identify areas within the Sacramento Valley ground-
water basin in which groundwater levels were significantly lowered due to agricultural
pumping for extended periods of time and persisted through the winter recharge period.
Conditions of this type would indicate the presence of a large unsaturated aquifer volume
that could be used to implement a put-then-take groundwater banking program. Under a
program of this type, surface water is delivered to existing groundwater users in the target
area during years of above average precipitation, resulting in a replenishing aquifer storage
characterized by increased groundwater levels. When dry conditions return to the area,
groundwater held in storage within the aquifer is pumped to yield additional supply to
meet project objectives.

The first step in the evaluation process was to identify areas within the Sacramento Valley
groundwater basin that would be suitable for a put-then-take type conjunctive management
project. This was done by collecting and evaluating numerous historical groundwater level
hydrographs from wells throughout the basin. Results of this analysis indicated that while
numerous areas within the basin show drawdown during the irrigation season, ground-
water levels in most areas essentially recover during subsequent winter months, with the
exception of the occurrence of multiple years of critically dry conditions. Figures 4-1
through 4-15, which depict historic groundwater fluctuations in wells distributed
throughout the valley. The conclusion from this analysis was that a put-then-take water
bank was not feasible in the Sacramento Valley north of the American River Basin.
Providing surface water for irrigation demands in lieu of groundwater does not result in
increased groundwater in storage because groundwater levels recover due to natural
recharge over the winter months.
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SECTION 4 CURRENT BASIN GROUNDWATER CONDITIONS

FIGURE 4-1
GROUNDWATER CONDITION STUDY AREAS
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SECTION 4 CURRENT BASIN GROUNDWATER CONDITIONS
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SECTION 4 CURRENT BASIN GROUNDWATER CONDITIONS

Sacramento Valley (Butte Co.D)
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SECTION 4 CURRENT BASIN GROUNDWATER CONDITIONS
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SECTION 5

General Operational Scenario

The team used its understanding of annual aquifer drawdown and recovery to develop a
conjunctive operation configuration that relies primarily on re-operation of existing
reservoirs to achieve the project objectives, drawing on groundwater as a backstop. The
term “backstop” refers to the potential to use groundwater supplies on a temporary basis to
make up for shortfalls in surface water supplies due to modified project operations.
Groundwater provides an additional source of water to protect surface water reservoirs
from being excessively depleted. This type of operation offers different opportunities and
challenges than the conventional put-then-take groundwater banking discussed above.
Surface water is not banked in the aquifer in wet years and recovered during dry years.
Instead, additional water is released from surface reservoirs for delivery to meet Project
objectives (unmet local irrigation demands and environmental flow targets). These releases
result in lower end-of-year reservoir storage levels and more reservoir space available to
capture winter runoff.

The goal of this operation is to develop additional water supply by refilling reservoir space
vacated by additional Project releases with surplus surface water that otherwise is released
for flood control. In years when refill is not complete, Project pumping produces
groundwater for use in Project areas in lieu of surface water deliveries that would otherwise
be made from reservoirs. This allows an equivalent volume of water to remain in reservoir
storage to recover from prior year project releases.

This mode of conjunctive operation, in which reservoir operation is used as the primary
means to develop new water supply and groundwater is used infrequently as a backstop, is
highly efficient because it reduces the frequency and volume of pumping as compared to
traditional banking operations. Groundwater pumping is relied upon only as needed to
maintain reservoir storage when refill from surplus winter flows is insufficient.

In some years, conditions in the Sacramento Valley may be so critically dry that Project
pumping would be suspended altogether. For instance, if groundwater levels were already
at levels of concern (according to county Basin Management Objectives or other standards),
Project wells would be turned off and the Project would generate no new supplies under
these conditions.
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Initial Project Site Identification

The project team completed a systematic, qualitative assessment of conditions within the
Sacramento Valley to identify particular areas in which conjunctive operations appear
promising. This process did not conclusively identify the very best or most feasible sites, but
did identify particularly promising sites for conjunctive operations.

The team examined fall groundwater elevation maps, water district maps, and water source
maps. Initially it was assumed that conjunctive management operations would follow
groundwater banking type operations wherein water is stored in aquifers during years of
above normal precipitation and extracted during years of below normal precipitation. These
operations are typical in the San Joaquin Valley and other areas in which aquifers have been
depleted and appreciable storage space exists. Following this initial assumption, the
following two types of sites were identified:

e Areas in which existing groundwater levels may be lower than surrounding areas and
overlying lands are supplied almost exclusively from groundwater. This type of site
may provide the potential for storage of surplus surface water in underlying aquifers.

e Areas in which minimal groundwater pumping exists because overlying areas are
supplied almost exclusively from surface water. This type of site may provide a
potential area for groundwater extraction.

6.1 Initial Project Sites

An initial list of project sites was developed from a review of groundwater maps and
knowledge of the Sacramento Valley. Sites were identified by the overlying water district,
though projects did not strictly conform to water district boundaries. Information
considered in this analysis included the location, water source, existing surface water
contracts, infrastructure available and additional infrastructure necessary for delivery of
surface water and extraction of groundwater, conceptual operations, and information on
existing groundwater conditions. Table 6-3 summarizes this information for the nine initial
sites.

6.2 Selection Criteria

The main goal was to identify at least one site that is served by the CVP (Shasta), one by the
SWP (Oroville), and one by the Orland Project. The CVP and SWP are the principal surface
water systems in the Sacramento River basin and their operations are linked to the
Sacramento and Feather Rivers, respectively, both of which are targeted for environmental
restoration. The Orland Project, although not among the largest surface water systems in the
Valley, is an area where conjunctive operations have been viewed as a possibility for many
years.
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SECTION 6 INITIAL PROJECT SITE IDENTIFICATION

TABLE 6-1
Initial Project Sites and Parameters
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Project to
Water Annual Surface Integrate Currently
Location Source Site Type Water Contract With Integrated?
Butte Basin Surface Extraction ~ 300 TAF/yr SWP Yes
Orland-Artois WD Mixed Both 53 TAF/yr CVP Yes
Rancho Capay WD Ground Storage None CVP No
Corning Canal Area Mixed Both 33 TAF/yr CVP Yes
Yolo-Zamora WD Ground Storage None CVP No
Glenn-Colusa ID Surface Extraction 825 TAF/yr CVP Yes
Stony Creek Fan area Surface Extraction ~ 100 TAF/yr Orland No
Colusa County WD Mixed Both 68 TAF/yr CVP Yes
Olive Percy Davis Ranch Surface Extraction 32 TAF/yr CVP Yes

These nine sites were evaluated based on whether they could meet project objectives of
providing additional water supply to meet agricultural and environmental objectives, an
estimate of the volume of water that may be developed, and relative (compared to the other
sites) ease and cost of integrating the project with existing surface water systems.

The following additional criteria were used to identify prospective sites:

e Availability of reliable surface water supplies that could be substituted with ground-
water to enable conjunctive operations

e The presence of highly productive, underlying groundwater aquifers that could be
economically developed

e The ability to locate and design production wells in a manner that would minimize
effects on existing groundwater users and surface streams

6.3 Selected Project Sites and Operational Scenarios

Using the selection criteria described in Section 5.2, the Project identified two sites on which
to conduct more refined analyses with surface and groundwater modeling tools. The GCID
and Butte Basin Projects, supplied by the CVP and SWP, respectively, provided the poten-
tial to develop the largest quantity of water compared to other sites, and are already well
integrated with the surface water system.

Additionally, the Stony Creek Fan and Orland Project was identified as a third potential
project. However, upon further investigation into potential groundwater pumping
capacities and the ability to integrate the project with the Sacramento River system, it was
determined that this project would not be modeled during this phase of the project. This
project is retained for additional analysis in future phases of investigation.
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SECTION 6 INITIAL PROJECT SITE IDENTIFICATION

6.3.1 Glenn-Colusa Irrigation District Project

GCID is the largest, single Sacramento River diverter, serving about 141,000 acres of
irrigated land and 20,000 acres of managed waterfowl habitat within its gross service area of
170,000 acres. GCID is served by the CVP (pursuant to underlying senior water rights) and
is underlain by productive aquifers. There are about 200 existing private wells in GCID, but
groundwater production in most years is small. Conjunctive management operations would
utilize wells within GCID as a backstop for a more aggressive operation of Shasta Reservoir.

6.3.2 Butte Basin Project

The initial project site of Western Canal Water District was expanded to include neighboring
Richvale Water District. These districts are all served by the SWP (pursuant to underlying
senior water rights) and are adjacent to each other comprising a total irrigated area of
roughly 110,000 acres. They are generally underlain by productive groundwater systems
and there is limited existing use of groundwater. Conjunctive management operations
would utilize wells within the two districts as a backstop for a more aggressive operation of
Oroville Reservoir.
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SECTION 7

Modeling Overview

Evaluating conjunctive management projects requires simulation of both surface water and
groundwater systems. Simulating the surface water system is necessary to determine when
water is available to refill reservoirs and estimate unmet agricultural demands, environ-
mental objectives, and flow conditions. A groundwater model is necessary to estimate the
effects of additional pumping on aquifer systems, including the spatial extent and
magnitude of drawdown and potential change in stream-aquifer interaction. Changes in
stream-aquifer interactions may affect the surface water system, depending on stream
conditions when the changes occur. For example, if additional pumping results in more
stream loss to the aquifer or less aquifer contribution to stream flow during the winter
season of relatively wet years when the surface water system has surplus flow, there may be
little or no impact. However, if pumping reduces stream flow during months and years
when the surface water system is being operated to meet specific flow or water quality
requirements, any reduction in stream flow will require a corresponding increase in
reservoir release to ensure the flow requirement continues to be met. This decreases the
water supply benefit of conjunctive management projects. Evaluating this aspect of
conjunctive management projects requires interaction between surface water and
groundwater models.

The main tool used to evaluate alternative conjunctive management operations strategies
and test alternative environmental flow thresholds and priorities is a spreadsheet-based
surface water model. It is set up to simulate changes in operation of Lake Shasta and Lake
Oroville relative to conditions depicted in a baseline CalSim II simulation of CVP and SWP
operations. The CalSim II baseline provides time series of reservoir storage levels, stream
flows, and water deliveries which are used by the surface water model. Conjunctive
management operations are simulated and layered onto baseline operations based on user
inputs, while maintaining compliance with existing CVP and SWP rules, regulation, and
operations.

The surface water model treats the groundwater system as a source of water and does not
simulate groundwater flows or conditions. It does, however, include features to account for
estimated effects of groundwater pumping on stream flow accretion and depletion through
use of functions derived from complementary simulations of pumping in the groundwater
model. These functions provided a coarse but adequate representation of stream-aquifer
interaction so that the surface water model could be used for gaming sessions without
having to operate the groundwater model. Final scenarios were evaluated using actual
changes in stream-aquifer interaction based on complimentary groundwater model
simulations.

Figure 7-1 illustrates inputs to the surface water model and resulting simulation of
conjunctive management projects integrated into CVP and SWP operations.
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FIGURE 7-1

SURFACE WATER MODEL INPUTS AND OPERATIONS

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL
INVESTIGATION MODELING REPORT

Numerous improvements were made to previously existing modeling tools, and new tools
were developed for this analysis of conjunctive management projects. For the groundwater
analysis, an existing simplified groundwater modeling tool was completely re-designed and
improved, to yield an extremely powerful analytical package now referred to as the
Sacramento Valley Groundwater Model (SACFEM). The basis for the SACFEM model was a
simplified superposition-based groundwater model previously developed to support the
Sacramento Valley Water Management Program. That model represented a very simplified
depiction of the Sacramento Valley aquifer system as no recharge components to the aquifer
system (deep percolation of precipitation and applied water) or discharge components
(regional agricultural pumping) were included, and therefore the model could only
compute the incremental change in groundwater levels and streams flows during the
irrigation season. It was assumed that the aquifer system fully re-filled every winter, and
each year of pumping was independent of previous aquifer stresses.

The SACFEM model is a full water budget based transient groundwater flow model that
incorporates all of the groundwater and surface water budget components on a monthly
time step over the period of simulation. This model provides very high resolution estimates
of groundwater level and streamflow effects due to conjunctive water management
pumping across the valley.
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The surface water model is a new tool designed specifically to analyze conjunctive
management projects for agricultural and environmental benefits. Its flexibility for use in
gaming sessions and for sensitivity and tradeoff analysis helped provide understanding of
conjunctive management concepts, operations, and limitations.

The integration of surface water and groundwater modeling tools and the simulation of
effects of additional groundwater pumping on the surface water system is a significant
advancement over previous modeling tools. Simulation of changes in stream-aquifer
interaction, the spatial and temporal variations in those changes, and conditions in the
surface water system when changes occur are key components for evaluating conjunctive
management projects and understanding their benefits and risks.
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SECTION 8

Groundwater Model

MicroFEMO (Hemker, 1997), an integrated groundwater modeling package developed in
The Netherlands, was chosen to simulate the groundwater flow systems in the Sacramento
Valley Groundwater Basin. The current version of the program (3.60) has the ability to
simulate up to 25 layers and 250,000 surface nodes. MicroFEMO is capable of modeling
saturated, single-density groundwater flow in layered systems. Horizontal flow is assumed
in each layer, as is vertical flow between adjacent layers.

MicroFEMO was the chosen modeling platform for both basins for the following reasons:

e The finite-element scheme allowed the construction of a model grids covering large
geographic areas (over 5,955 square miles in the Sacramento Valley Groundwater Basin)
with coarse node spacings outside of the simulated project areas and finer node spacings
in areas of interest (e.g., near potential project areas). The finer node spacing near simu-
lated production wells provides greater resolution of simulated groundwater levels and
stream impacts.

e The graphical interface allows rapid assignment of aquifer parameters and allows
proofing of these values by graphical means.

e The flexible post-processing tools allow for rapid evaluation of transient water budgets
for model simulations and identification of changes to stream discharges and other
water fluxes across the model domain.

8.1 Geologic Setting

The Sacramento Valley Groundwater Basin is a north-northwestern trending asymmetrical
trough filled with as much as 10 miles of both marine and continental rocks and sediment
(Page, 1986). On the eastern side, the basin overlies basement bedrock that rises relatively
gently to form the Sierra Nevada, and on the western side, the underlying basement
bedrock rises more steeply to form the Coast Ranges. Marine sandstone, shale, and
conglomerate rocks that generally contain brackish or saline water overlie the basement
bedrock. The more recent continental deposits, overlying the marine sediments, contain
fresh water. These continental deposits are generally 2,000 to 3,000 feet thick (Page, 1986).
The depth (below ground surface [bgs]) to the base of fresh water typically ranges from
1,000 to 3,000 feet (Bertoldi et al., 1991).

In the Sacramento Valley Groundwater Basin, groundwater users pump primarily from
deeper continental deposits. Groundwater is recharged by deep percolation of applied
surface water and rainfall, infiltration from streambeds, and lateral inflow along the basin
boundaries. The quantity and timing of snowpack melt and precipitation events are the
predominant factors affecting the surface water and groundwater hydrology, and peak
runoff in the basin typically lags peak precipitation by 1 to 2 months (Bertoldi et al., 1991).
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SECTION 8 GROUNDWATER MODEL

8.2 Hydrology

The Sacramento River is the main surface water feature in the Sacramento Valley
Groundwater Basin. It has several major tributaries draining the Sierra Nevada, including
the Feather, Yuba, and American Rivers. Stony, Cache, and Putah Creeks drain the Coast
Range and are the main westside tributaries of the Sacramento River.

8.3 Model Construction

8.3.1  Spatial Grid

The SACFEM model grid consists of 88,922 nodes and 177,095 elements. Nodal spacing
varies from as large as 5,800 feet (1,750 meters) near the model boundary and in areas with
no water management projects to as small as 500 feet (150 meters) in areas where
groundwater production is being investigated. Three zones of refined nodal spacing are
located throughout the model domain in proximity to the areas that were previously
identified as showing the greatest potential for successful conjunctive water management
operations (NHI, 2007). These three areas are located in the west-central portion of GCID,
the areas southwest of Chico encompassing the Western Canal and Richvale Water Districts,
and the area east of Black Butte Lake on the Stony Creek Fan (see Figure 8-1).

The finer spacing in these areas of interest allows for a more refined estimate of the
groundwater levels and groundwater-surface-water interaction in the potential project
areas. The model boundary represents the extent of the freshwater aquifer in the
Sacramento Valley.

8.3.2  Vertical Layering

The total model thickness represents the thickness of the freshwater aquifer (less than

3,000 micromhos per centimeter) as defined by Berkstresser (1973) and subsequently refined
in the northern portion of the valley by the California Department of Water Resources
(DWR) (2002). For the southern portion of the model area, defined by Berkstresser data,
elevation contour lines of the base of fresh water, along with information from boring
locations (point measurements of the elevation of the base of fresh water) were digitized
and used to generate an X, y, z file containing the elevation of the base of fresh groundwater
at regularly spaced intervals. For the northern portion of the model area, the locations of the
geologic cross-sections were plotted, along with the estimated base of freshwater elevations
obtained from the cross-section information, and a base of freshwater elevation contour map
was constructed. These data sets were then merged to yield a single interpretation of the
structural contour map of the base of freshwater across the Sacramento Valley. This map is
presented on Figure 8-2.

Total Aquifer Thickness

To develop a total aquifer thickness distribution and, therefore, a total model thickness
distribution, it was necessary to develop a groundwater elevation contour map and subtract
the depth to the base of freshwater from the groundwater elevation contour map. The water
level calibration targets for this groundwater modeling tool are the steady-state groundwater
heads measured in calendar year 2000. Therefore, to develop a target groundwater elevation
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contour map, all available groundwater elevation measurements in the DWR Water Data
Library were obtained from DWR central and northern district staff. These measurements
were primarily collected biannually during spring and fall periods, and these values were
averaged at each well location to compute an average water level at each well point. These
values were then contoured, in conjunction with the streambed elevations for the 37 major
streams included in the model, to develop a target groundwater elevation contour map for
the year 2000. The distribution of the elevation of the base of freshwater was subtracted from
this groundwater elevation contour map to yield an estimate of the distribution of the total
aquifer thickness across the model domain.

FIGURE 8-1

SACFEM FINITE ELEMENT GRID, LOWER TUSCAN CONJUNCTIVE WATER MANAGEMENT INVESTIGATION
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
REPORT
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FIGURE 8-2
DEPTH TO FRESHWATER LOWER TUSCAN CONJUNCTIVE WATER MANAGEMENT
INVESTIGATION

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT
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Model Layer Thickness

Because one of the primary objectives of this analysis was to investigate the potential to
implement conjunctive water management projects within the lower Tuscan aquifer, the
strategy used to layer the model was to assign two layers to explicitly represent this aquifer
system: layers 6 and 7. Where the lower Tuscan is present, the elevation of the top of layer 6
was defined by the structural contour surface of the top of the lower Tuscan. Two layers
were assigned to represent this unit because in many areas of the model, the depth to the
base of freshwater (the base of the model) is as much as 900 feet below the upper surface of
the lower Tuscan. Groundwater production wells drilled into the lower Tuscan would
almost certainly be screened over a much smaller depth interval. To represent this condition
in the model, layer 6 was assigned a thickness of between 200 and 250 feet, with the
remaining lower Tuscan thickness assigned to layer 7. The exception to this convention is in
the northeastern portion of the model near the City of Chico. The lower Tuscan outcrops in
the foothills above Chico; therefore, in these areas, all layers of the model represent the
lower Tuscan aquifer. Moving west from Chico, a transition zone exists where a decreasing
number of layers represent the lower Tuscan until it is limited to layers 6 and 7. In areas
where the lower Tuscan is not present, the thicknesses of layers 6 and 7 represent 18 and 27
percent of the total aquifer thickness, respectively.

Layers 1 through 5 represent shallower producing zones within the valley. The thicknesses
of these layers were assigned based on a specified percentage of the available aquifer
thickness at a given location, to provide multiple depth zones within which to assign
regional pumping. The assumed layer thicknesses for layers 1 through 5 were also selected
to reflect typical screened intervals of production wells in the Sacramento Valley. Layer 1
represents approximately 6 percent of the total aquifer thickness, except along certain
portions of model perimeter where the total aquifer thickness became very small. In these
areas, layer 1 thickness was increased to up to 24 percent of the total aquifer thickness to
improve numerical stability of flow calculations. The thicknesses of layers two through four
each represent approximately 10 percent of the total aquifer thickness, and the thickness of
layer 5 represents approximately 15 percent of the total aquifer thickness.

8.3.3 Boundary Conditions.

A combination of no-flow, specified flux, and head-dependent boundary conditions were
used to simulate the groundwater flow system within the Sacramento Valley.

Head-Dependent Boundaries.

Rivers. A head-dependent boundary condition was chosen to simulate the streams within
the Sacramento Valley. The MicroFEM®© wadi system was used to implement streams
within the model domain. MicroFEM®©’s wadi package calculates the magnitude and
direction of nodal fluxes based on the relative values of the user specified stream stage
(wh1) and the calculated head in the upper aquifer (h1), but is limited by a critical depth
(wl1). When calculated groundwater elevations fall below this critical depth, it is assumed
that the water table de-couples from the river system, and the leakage rate from the river to
the aquifer becomes constant. The equations that govern operation of the wadi package are
as follows:
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Groundwater discharge to a stream is simulated if h1 >wh1:
Qinflow =a* (h1-whl) / | wel | 1)

In coupled streams (groundwater elevation is above the stream bottom elevation), ground-
water recharge from a stream is simulated if h1 <wh1:
Qinflow =a* (whl-hl)/ | wcl | ()

In de-coupled streams (groundwater elevation is below the stream bottom elevation),
groundwater recharge from a stream is simulated:

Qinflow =a* (whl-wll) / | wcl | 3)
Where:
Q = volumetric flux
a = nodal area
hl = simulated groundwater elevation in layer 1
whl = simulated stream stage
wll = stream bottom elevation
wcl = resistance across the streambed

Nodal area is a grid-dependent parameter that can be automatically calculated within
MicroFEMO. In general, the nodal area around a node that represents a discrete reach in a
stream is greater than the surface area of that stream along the reach in the field. The
effective resistance term (wcl) incorporates an areal correction factor to account for this
discrepancy. Additionally, streambed resistance terms account for the relationship between
the streambed sediments and aquifer properties in the upper half of model layer 1 when
calculating stream seepage. River resistances are calculated as follows:

wcl = ((Dr/Kr) +((0.5 * mt1)/Kv1) )* (a/LW) 4)
Where:
Dr = thickness of streambed sediments
Kr = vwvertical hydraulic conductivity of streambed sediments
mtl = thickness of model layer 1
Kvl = vwvertical hydraulic conductivity of model layer 1
L = stream length represented by the model node
W = field-width of the wetted river channel within the stream reach represented by L

Most major streams in the Sacramento Valley were included in the groundwater flow
model. A total of 37 streams are represented. Stream locations and elevations were digitized
from existing base maps and USGS topographic quad sheets and imported into the model
domain. Stream length within a given node is a grid-dependent variable calculated by
MicroFEMO at each river node. The stream-length term is generally overestimated by
MicroFEMO at stream confluences. Manual corrections of this term were made where
necessary. Streambed thickness was assumed to be 3.28 ft (1 meter) for all river nodes.
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Assumptions of streambed Kv were based on the type of streambed deposits expected
based on stream size. Wetted stream width was calculated from aerial photographs at two
locations along each stream.

Drains. Drain boundary conditions were specified across the top surface of the model
excluding nodes where wadi boundaries exist. Drain boundary conditions are head-
dependent boundaries that allow the transfer of water out of the model domain only. The
elevation of the drain boundaries were set at the land surface. The drain boundaries were
included in the model to represent a combination of surficial processes that occur in areas of
shallow groundwater including evapotranspiration and groundwater discharge to the
surface.

Groundwater discharge to a drain is simulated if h1 >dh1:

Qoutflow =a*(hl-dhl)/ | dcl | (wWhere a =nodal area) ®)

Groundwater discharge to a drain if h1 <dh1:
Qoutflow =0 (6)

The parameter dcl represents the drain conductance and is a measure of the resistance to
flow across the drain boundary. The dcl parameter is computed as:

dcl = ((Td/Kd) (7)
Where:

Td is the drain interface thickness and Kd is the hydraulic conductivity of the drain
materials.

Specified Flux Boundaries. There are three sets of specified flux boundary conditions used in
the SACFEM model. They represent the following three primary components of the
agricultural water budget:

e Deep percolation of applied water and precipitation along with agricultural pumping
¢ Mountain front recharge
e Urban pumping

Deep Percolation of Applied Water and Precipitation and Agricultural Pumping. The first set
reflects the deep percolation of precipitation and applied water across the valley, as well as
the regional agricultural pumping. The deep percolation flux values were applied to every
surface node in the model. The pumping stresses due to agricultural and urban pumping
were applied at selected locations in model layers 2 through 4. These layers were selected as
they represent the common depths of production wells within the valley. The spatial
distribution and magnitudes of these fluxes were derived from the surface water budget
calculations described in greater detail in the subsection titled Surface Water Budget.

Mountain Front Recharge. The second set of specified flux boundary conditions represent the
subsurface inflow of precipitation falling within the Sacramento River Watershed but
outside the extent of the model domain. To estimate these flux values, the USGS 10-meter
Digital Elevation Model (DEM) along with existing hydrography geographic information
system (GIS) coverages for the Sacramento Valley were used to delineate the drainage areas

RDD/092190003 (APPENDIX B MODELING REPORT) 8-7
ES012910073920RDD



SECTION 8 GROUNDWATER MODEL

that are tributary to the model domain but fall outside of the rivers watersheds explicitly
represented in the model. It is these areas that can contribute water to the model domain but
are not accounted for in the wadi boundary conditions defined in the model. Once the areas
of these watersheds were defined, they were intersected with (PRISM) rainfall data using
GIS PRISM tools, and the volume of precipitation falling on the watershed computed. Based
on the computed total volume of precipitation, the deep percolation to the groundwater
system was calculated using the empirical relationship developed by Turner (1991).

DP = (PPT-2.32)*(PPT)0.66 8)
Where:
DP = Average annual deep percolation of precipitation (in/yr)
PPT = Annual precipitation (in/yr)

Following is a summary of the process that was used to estimate the quantity of subsurface
inflow, otherwise known as mountain front recharge:

1. The area of each drainage basin tributary to the model domain that is not represented by
streams explicitly simulated in SACFEM was computed using a GIS-based analysis of
the land surface topography. The extent of these smaller watersheds is shown on
Figure 8-3.

2. Each drainage area polygon was then intersected with a GIS coverage of annual average
rainfall estimated using the PRISM model (reference). This distribution of annual
average rainfall was then used to calculate the total volume of rainfall falling on the
watershed, and an overall average rainfall rate computed (inches per year).

3. The average rainfall rate was then used to compute a deep percolation quantity using
the relationship between annual rainfall and deep percolation rate developed by Turner
(1991).

4. The annual volume of deep percolation computed in step 3 was then converted into
monthly values based on the monthly distribution of stream flow measured in
unregulated sections of Deer Creek. These monthly deep percolation quantities were
then introduced at the model domain boundary of each small watershed polygon using
injection wells into layer 1. The quantity applied to each model boundary node was
proportional to boundary length of each element versus to the total boundary length of
the drainage polygon.

Urban Pumping. The final set of specified flux boundary conditions reflect urban pumping
within the model domain. The distribution of agricultural pumping developed using the
surface water budgeting methodologies described in the Surface Water Budget subsection
do not include urban pumping. To estimate the quantity of urban pumping to apply to the
model the year 2000 census data were used. Each municipal area with a population greater
than 5,000, that uses groundwater as a source of municipal supply, was assigned a pumping
volume based on an annual average per capita value of 250 gallons per capita per day. The
urban pumping assigned to the Chico area as well as several northern Sacramento County
municipal areas required a higher per capita rate to match the observed groundwater
elevations in those areas. The monthly variability in urban pumping quantity was
distributed based on typical seasonal trends for municipal water use.
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FIGURE 8-3

EXTENT OF POLYGONS USED TO ESTIMATE MOUNTAIN FRONT RECHARGE
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

No-Flow Boundaries. A no-flow boundary was specified across the bottom boundary of the
model, representing the freshwater/brackish water interface.
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8.3.4  Surface Water Budget

One of the most critical components to the successful operation of the SACFEM model is
computation of transient surface water budget components. These water budget
components were estimated based on a variety of spatial information including land use,
cropping patterns, source of irrigation water, surface water availability in different year
types and locations, and the spatial distribution of precipitation. Surface water budget
components included in the model are deep percolation of applied water, deep percolation
of precipitation, and agricultural pumping.

Surface water budgets were developed by intersecting existing GIS data developed by DWR
with the groundwater model grid to develop land use for each groundwater model node.
Additionally, GIS data on water districts and surrounding areas were used to identify
district and non-district areas. The resulting intersection provided land use, water district,
and water source information for each of the approximately 89,000 groundwater model
nodes.

A semiphysically based soil moisture accounting model and historical precipitation data
were used to simulate the root zone and calculate applied water demand and deep percola-
tion past the root zone for each node. Calculated deep percolation was split between applied
water and precipitation based on the season and the availability of water from each source.

Calculated values for deep percolation were compared to estimated values prepared by
DWR'’s Northern District for the year 2000. Northern District staff calculated detail water
budgets in 2000 that included some of the best available estimates of regional deep
percolation. In some areas soil parameters in the root zone model were adjusted to provide
similar volumes of deep percolation. However, considerable uncertainty still exists in any
estimate of regional deep percolation because soil conditions vary widely and it is not
possible to measure deep percolation on a regional basis.

The total demand for applied water was used in conjunction with the water source and
water district attributes from the GIS intersection to estimate agricultural groundwater
pumping. Some areas are supplied solely from groundwater and calculated total applied
water demand represents groundwater pumping. Other areas are supplied by a mix of
groundwater and surface water. For these areas, estimates of the availability of surface
water each year were made to determine the fraction of applied water demand met from
surface and groundwater. In these areas, additional information on the overlying water
district was combined with district water rights and contracts to estimate available surface
water. For example, districts within the Tehama Colusa Canal Authority have water
contracts with the Bureau of Reclamation (Reclamation) that receive different allocations
each year. An estimate of those allocations from an existing level of development simulation
of CVP operations was used to calculate the availability of surface water for groundwater
model elements within those districts. Any remaining applied water demand, after
consideration of available surface water, is assumed to be met from groundwater pumping.

Annual values of calculated agricultural pumping for the Sacramento Valley were reviewed
and compared well to the generally accepted estimate of approximately 2.5 million acre-feet
(DWR, 2005).
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8.3.5  Aquifer Properties

The distribution of aquifer properties across the Sacramento Valley is poorly understood. In
certain areas with significant levels of groundwater production, the collection of aquifer test
data, and the measurement of historic groundwater level trends in response to known
groundwater production rates have provided valuable information on aquifer properties.
However in the majority of the valley, these data are not available.

To estimate the spatial distribution of aquifer properties across the model domain for this
numerical modeling effort, a database of well productivity information was used. In
consultation with DWR staff, a database was obtained that included all of the specific
capacity yield data that were available from well log records. These data were compiled
along with well construction information for each production well to yield a representative
data set of well productivity across the valley. Wells that did not have available construction
data were omitted from further consideration. To protect owner privacy, the exact location
of each well was modified by DWR staff to reflect the center of the section in which each
well was located. This modification in well location did not adversely affect the use of the
data to estimate the spatial distribution of aquifer properties, given the extremely large area
encompassed by the model domain. The total number of wells in the database within the
model domain used in this analysis was approximately 1,000 wells.

The intent of the modeling analysis described herein is to simulate the operation of high-
productivity irrigation wells screened within the major producing zones in the valley to
support conjunctive water management projects. Therefore, the aquifer properties that are
of primary interest are those of the major aquifer zones tapped by large-diameter irrigation
wells. The well database described above was filtered to remove data obtained from tests on
low yield and/or shallow domestic type wells. All test data from wells that reported a well
yield below 100 gallons per minute (gpm) were eliminated from consideration as was the
test data from wells with a total depth of less than 100 feet. The only exception to this
second consideration was for wells that were located along the basin margins, where
aquifers are thin, that reported what appeared to be valid test results. Data from these wells
was considered as they were often the only data available in the basin margin areas.

Once the data set for consideration was finalized, the reported specific capacity data for
each well was used to estimate an aquifer transmissivity for that location. The relationship
used to estimate aquifer transmissivity was the following form of a simplified version of the
Jacob non-equilibrium equation:

Sc =T/2000 )
Where:
Sc = specific capacity of an operating production well (gpm per foot of drawdown)
T = aquifer transmissivity (gallon per day [gpd] per foot)

After a transmissivity estimate was computed for each location, the transmissivity value
was divided by the screen length of the production well to yield an estimate of the aquifer
hydraulic conductivity. The final step in the process was to smooth the hydraulic
conductivity field to provide regional scale information. Individual well tests produce
aquifer productivity estimates that are local in nature, and may reflect small scale aquifer
heterogeneity that is not necessarily representative of the basin as a whole. To average these
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smaller scale variations present in the data set, a FORTRAN program was developed that
evaluated each independent hydraulic conductivity estimate in terms of the available
surrounding estimates. When this program is executed, each K value was considered in
conjunction will all other K values present within a user-specified radius, and the geometric
mean of the available K values calculated. This geometric mean value is then assigned as the
representative regional K value for that location. The radius used in this analysis was
10,000 meters, or approximately 6 miles. The point values obtained by this process were
then kriged to develop a hydraulic conductivity distribution across the model domain. The
aquifer transmissivity at each model node within each model layer was then computed at
the geometric mean K values at that node times the thickness of the model layer. Insufficient
data were available to attempt to subdivide the data set into depth varying K distributions
and it was therefore assumed that the computed mean K values were representative of the
major aquifer units in all model layers. Effectively this approach averages the aquifer K
values at a given location. In reality, there is certainly vertical heterogeneity present in the
Sacramento Valley aquifer system. However any inaccuracies in the assumed vertical
distribution of K values will result primarily in local scale errors in computed vertical
gradients. In the extremely heterogeneous aquifer system of the Sacramento Valley, it is the
distribution of total aquifer transmissivity, along with the imposed water budget boundary
conditions, that determine the regional distribution of hydraulic head. The efficacy of this
approach at replicating the observed transient water level fluctuations across the valley will
be demonstrated in the calibration section discussion below. The final distribution of
hydraulic conductivity used in the SACFEM model is shown on Figure 8-4.

Model Calibration

Calibration Approach. The calibration approach used to develop the modeling tool described
herein was significantly influenced by the resources available to fund the project. While a
fully transient calibration approach, wherein the model is used to replicate groundwater
levels and flow conditions throughout some period of record would be the more desirable
approach, the resources were not available to fund such an effort. Instead, a more limited
steady-state calibration approach was implemented. In a steady-state calibration process,
the monthly water budget components for a selected period are averaged, and the model is
calibrated to both average groundwater levels and stream discharges that occur during the
calibration period. The calibration period selected for this effort was calendar year 2000.
Calendar year 2000 was selected because it is the most recent year where water budget
information is available that was characterized by average hydrologic conditions. A
calendar year instead of a water year was used to facilitate the development of average
groundwater elevation calibration targets. The available water-level data were obtained
from DWR, and much of that data are collected in the spring and the fall. If a water year was
used, the cut-off between water years is the end of September, which coincides with the
mid-point of the fall sampling event. The result would be that when average groundwater
elevation values were calculated, some of the measurements would be from October of the
previous year and some would be from September of the subsequent year, which would
introduce error in the data set, especially if the year types were different. The use of a
calendar year eliminates this potential for error.

While a rigorous transient calibration was not possible as part of this effort, because the
model was being used to simulated transient operation of conjunctive water management
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projects, simulated transient groundwater elevations were compared to observed ground-
water elevation hydrographs from a collection of monitoring wells located throughout the
model domain. The period of record over which the transient analysis was performed was
water years 1982 through 2003. Therefore, simulated and observed transient groundwater
elevations were compared over this period as well.
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s HYDRAULIC CONDUCTIVITY DATA POINT

———— MODELBOUNDARY

HYDRAULIC CONDUCTIVITY (feet/day) .

Bl <01

0170 10

[ 10TO50

_150TO 100

] 100TO 200

[ 200 TO 300

I 300 TO 400

I 400 TO 450

FIGURE 8-4

SACFEM HYDRAULIC CONDUCTIVITY DISTRIBUTION
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Steady-State Calibration Targets. Several quantitative and qualitative calibration targets were
used in the calibration process. These calibration targets are as follows:

e Average year 2000 groundwater elevations (257 wells used as calibration targets)
e Areas of gaining and losing streams (approximate)

e Approximate water budget quantities (order of magnitude comparison as no accurate
estimates are available)

e Approximate calibration to transient groundwater levels measured between water years
1982 and 2003

Water Budget Modification. During the calibration process, it was anticipated that some
adjustment to the water budget components computed using the previously described
methodology would be necessary to obtain an acceptable degree of calibration. A water
budget analysis performed on the raw input data provided by the root zone model,
combined with simulated groundwater heads from model runs using that deep percolation
data, suggested that the prescribed deep percolation rates in the northern (Red Bluff) and
southern (Davis/Woodland) areas were too high. Deep percolation rates were reduced in
these areas, resulting in a significant improvement in calibration residuals. To run the model
is a transient mode, it was also necessary to make similar adjustments to the prescribed
transient monthly deep percolation rates obtained from the root zone model. This was
accomplished by computing the percent reduction in deep percolation that was required at
each model node to obtain an acceptable steady-state calibration. It was then assumed that
these same nodal reduction percentages were applicable to the monthly deep percolation
estimates throughout the transient simulation period. While no rigorous transient calibra-
tion was performed, simulated groundwater levels over the 1982 though 2003 transient
simulation period were compared to hydrographs of observed data at several locations
across the model domain.

Steady-State Calibration to Year 2000 Groundwater Elevations. A graphical measure of the
state of calibration is to develop a scattergram that plots the simulated versus the measured
groundwater elevation at each target calibration well. A plot of this type is shown on
Figure 8-5. A perfect fit between simulated and observed groundwater elevations would
plot as a 45 degree line (slope = +1.0, Y-intercept=0). As can be seen on Figure 8-5, the
simulated heads generated by the SACFEM model show good agreement between
simulated and observed groundwater levels. This implies that the model is providing
accurate estimates of the steady state groundwater elevations and flow directions that exist
in the vicinity of the potential project sites evaluated under this conjunctive water
management evaluation program.

Another quantitative measure of calibration that is commonly used is to calculate the root
mean square error (RMS) divided by the range of observations. As a rule of thumb, a well
calibrated regional model will have an RMS/range of less than 10 percent, and a well
calibrated local scale mode will have an RMS/range of less than 5 percent. The RMS/range
of the steady state calibration presented here is 4.6 percent, well below the 10 percent
criterion.
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INVESTIGATION MODELING REPORT

Calibrations to Gaining and Losing Stream Segments. In the Sacramento Valley, a further
qualitative calibration target is the identification of stream segments that are gaining flow
through groundwater discharge versus losing flow to groundwater recharge. While the
exact distribution of stream reaches that gain or lose flow due to surface water/
groundwater interaction are not fully delineated, and this relationship changes over time
with fluctuating groundwater levels and stream stages, a general pattern can be observed.
The major trunk streams such as the Sacramento, Feather, and American Rivers tend to gain
flow, especially in their lower reaches, while the smaller upper tributaries near the basin
margin tend to lose flow to the groundwater system. The stream reaches predicted by the
model to gain or lose flow to the groundwater aquifer are shown on Figure 8-6. The pattern
predicted by the calibrated groundwater flow model is reasonably consistent with the
generally accepted pattern described above. The distribution shown on Figure 8-6 should be
considered an average condition with greater stream lengths gaining groundwater during
wet periods with higher groundwater levels and greater stream lengths losing water to the
aquifer system during dry periods with lower groundwater levels.
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Calibration to Steady-State Water Budget. The magnitude of the water budget components
derived from the steady-state calibration run are summarized in Table 8-1. While exact
comparative estimates are not available for most of these components, rough estimates are
available. For example, the 2000 calibration simulation estimates a combined 2.5 million
acre-feet (ac-ft) of groundwater pumping within the model domain, which agrees
reasonably well with the generally accepted value of between 2.5 million and 3 million ac-ft
of groundwater withdrawal in an average year. Similarly, while no independent estimates
of the quantity of groundwater that discharges to the Sacramento River are available, the
average simulated value of 975 cubic feet per second (cfs), which represents approximately 2
to 4 percent of mean annual flow measured at the Freeport gauge, seems reasonable.

TABLE 8-1
Average Annual or Year 2000 SACFEM Water Budget Summary
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

ac-ft cfs

Recharge

Deep Percolation of Precipitation 1,398,461 1,932

Deep Percolation of Applied Water 865,131 1,195

Mountain Front Recharge 495,507 684

Seepage from Streams to 816,848 1,128

Groundwater

Total Recharge 3,575,947 4,939
Discharge

Agricultural Pumping 2,417,506 3,339

Urban Pumping 451,507 624

Groundwater Discharge to 705,999 975

Streams

Total Discharge 3,575,012 4,938

Preliminary Transient Calibration. While the SACFEM model has not undergone a rigorous
transient calibration, a comparison of simulated and observed groundwater elevations from
Water Year 1982 through 2003 was performed to assess the performance of the model at
simulating historic groundwater elevation trends. This step was necessary because the
SACFEM model is being used to forecast the performance of various conjunctive water
management projects during the 1982 through 2003 period, and it was necessary to
determine the accuracy of the model at replicating the transient groundwater elevations that
occurred over that period. The ability of the model to match observed transient heads is also
an indication of the accuracy of the assumed transient water budget components being used
in the model. The period 1982 though 2003 was used because it includes wet periods, such
as the winter of 1983, and dry periods, such as the 1988 through 1992 drought. Using a
climatic period of this type allows assessment of the effects of highly variable climatic
conditions on conjunctive water management project operations and subsequent effects on
groundwater levels and stream flows.
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The accuracy of the model running in transient mode was assessed using two different
methods. The first was to evaluate the ability of the SACFEM model to replicate the results
of the final steady-state calibration run within a longer transient simulation. This was done
by running the transient model using a monthly time step from water year 1982 though
2003, retrieving the simulated monthly head values for calendar year 2000, and averaging
them to obtain a data set that should theoretically match the steady-state calibration data.
The comparison of the simulated calendar year 2000 steady-state heads with the head values
obtained by averaging the simulated monthly head values obtained from the transient
simulation over the same period is shown on Figure 8-7. It is clear from this figure that the
average calendar year 2000 heads computed from the results of the transient simulation
almost exactly match the simulated steady-state heads obtained from the final calibration
run. This suggests that after running the SACFEM model for 19 years (1982 though 2000)
using estimates of the historic transient monthly water budget stresses, the model is still
capable of providing a very accurate calibration to the year 2000 conditions.
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The second method used to assess the accuracy of the SACFEM model of simulating
transient groundwater elevations was to compare simulated monthly groundwater
elevations with measured groundwater elevations in monitoring wells over this same 1982
though 2003 period. These comparisons are shown on Figures 8-8 through 8-15. These
results suggest that in most cases, the model provides a fairly accurate depiction of transient
groundwater elevations throughout the time period evaluated. Several of the hydrographs
show differences between the simulated and measured heads, but in each case the trends of
both data sets are similar but displaced by several feet. It is likely that small adjustments in
water budget fluxes or aquifer properties in those areas will improve agreement.
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SECTION 9

Surface Water Model

Effective analysis of conjunctive management projects and operations requires simulation of
both the surface and groundwater systems. As described above, conjunctive management
operations for this project are closely related to surface reservoir operations and conditions
throughout the CVP and SWP. Therefore a surface water model that includes CVP and SWP
reservoir operations and conditions was developed to evaluate conjunctive management
projects.

9.1 Modeling Approach

The best tool currently available for planning level analyses of the CVP/SWP system is the
CalSim II model, developed jointly by DWR and Reclamation. CalSim Il is a planning model
designed to simulate operations of CVP and SWP reservoirs and water delivery system,
flood control operating criteria, water delivery policies, instream flow and Delta outflow
requirements, and hydroelectric power generation operations. CalSim II is the main
systemwide hydrologic model being used by DWR and Reclamation to conduct planning
and impact analyses of potential projects.

CalSim II is a simulation by optimization model. The model simulates operations by solving
a mixed-integer linear program to maximize an objective function for each month of the
simulation. CalSim II was developed to simulate the operation of the CVP and SWP for
defined physical conditions and a set of regulatory requirements. The model presently
simulates these conditions using 82 years of historical hydrology from water year 1922
through 2003. CalSim II simulates regulatory conditions specified in State Water Resources
Control Board (SWRCB) Decision 1641 (D-1641); the Central Valley Project Improvement
Act b(2), including non-discretionary and discretionary actions; and limited water transfer
operations.

CalSim II is a complex optimization model that can give surprising, unintended results
when used to simulate complex operations. Additionally, runtimes for CalSim II models are
typically several hours, making it inappropriate for use in gaming sessions and for rapid
evaluation of many different scenarios.

The approach used for this project is to rely on CalSim II to depict CVP/SWP operations
and system conditions and then model incremental changes in CVP/SWP operations that
reflect possible conjunctive management projects. The result of this approach is a surface
water model of the CVP/SWP system that layers conjunctive management operations for
use in gaming sessions to quickly investigate numerous scenarios and operations, and can
be used to test sensitivities and tradeoffs associated with certain key assumptions. The
surface water model was designed to be easily adapted for use with various CalSim II
simulations.
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9.2 System Baseline Assumptions

A CalSim II simulation of the existing level of development (approximately 2004), regula-
tory conditions, and resulting operation of the CVP and SWP is the basis for surface water
modeling. This simulation was developed by the Common Assumptions Project to provide
a generally accepted model baseline for use in CALFED surface storage investigations. Key
assumptions for the baseline CalSim II simulation are provided in Appendix A.

The existing level of development was used, as opposed to a future level of development,
because of the need for consistency in land use data used in the surface water groundwater
models. Existing level of development GIS land use data were used in the development of
the surface water budgets for the groundwater model. Existing level of development
information is also less speculative as to how land use may change in the coming decades.
Simulation of a future level of development would require assumptions on future land use
and the spatial distribution of that land use throughout the Sacramento Valley.

9.2.1 Surface Water Model Operations

The surface water model simulates operations of conjunctive management projects and their
interaction with CVP and SWP reservoirs to meet project objectives (satisfying presently
unmet agricultural water demands and targeted environmental flows and durations) based
on results of a CalSim II simulation of existing system operations. The following sections
define and describe individual aspects of model operation. This section concludes with a
description of how the individual pieces interact to simulate system operations with
conjunctive management.

9.2.2 Environmental Objectives

The surface water model simulates conjunctive management operations to increase water
supply within the Sacramento Valley. The additional water supply can be used to meet a
combination of agricultural water demands and environmental flow objectives.
Environmental flow objectives were developed by National Heritage Institute staff and
documented in Developing Ecologically Based Flow Targets for the Sacramento and Feather Rivers
(Cain and Monohan, 2008). Different flow objectives were developed for the Sacramento
and Feather Rivers.

All flow objectives are simulated as all-or-nothing thresholds, meaning the model will
release water to meet the flow objective only if the full target flow can be sustained for the
specified duration. As discussed in the NHI report, environmental objectives are based on
the magnitude and duration of flows required to replicate certain ecological and
geomorphic processes.

Environmental objectives are specified and prioritized by water year type. The Sacramento
River Water Year Type Index (Sacramento River Index), sometime referred to as the 40-30-30
Index, is used to classify each year as either wet, above normal, below normal, dry, or
critical.
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Geomorphic

Geomorphic releases are short-duration, high-flow events for the purpose of sediment
transport, channel migration, and flood plain processes, such as inundation and fine
sediment transport. Geomorphic releases are targeted from March through April and are
only required to last several hours. The surface water model simulates geomorphic events
lasting one day due to the ramping requirements when making these large releases from
reservoirs. Table 9-1 presents geomorphic flow objectives for Sacramento and Feather
Rivers.

TABLE 9-1
Geomorphic Flow Objectives for Sacramento and Feather Rivers
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Sacramento River Index Sacramento River (cfs) Feather River (cfs)
Wet 105,000 50,000
Above Normal 85,000 35,000
Below Normal 65,000 20,000
Dry 35,000 10,000

No objective specified in critical year types.

Riparian Establishment

The purpose of riparian establishment flows is to recruit and grow cottonwoods in the
riparian areas along the rivers. Riparian establishment flows are designed to assist in several
phases of early cottonwood growth including seedbed preparation, seed germination, and
seedling growth. These flows also create periodic large-scale disturbances of the riparian
zone. Riparian establishment objectives (see Figure 9-1) are specified for the period of mid-
April through mid-June to coincide with the cottonwood reproductive cycle. Riparian
recruitment flows are large-magnitude flows for extended periods of time and are typically
only possible during years of above average runoff. Therefore these objectives are only
specified in years classified as wet or above normal by the Sacramento River Index.

Figure 9-1 illustrates the shape of the of riparian establishment objectives. The objective
begins with a high-flow event held for a period of 5 days followed by a 60-day recession
limb when the target each day is 5 percent less than the previous day’s target. Table 9-2
summarizes the objectives for both the Sacramento and Feather Rivers.

RDD/092190003 (APPENDIX B MODELING REPORT) 9-3
ES012910073920RDD



SECTION 9 SURFACE WATER MODEL

40,000
35,000 \\
30,000 Wet —e— Above Normal
0
S 25,000
5
T 20,000
g
5 15,000 -
l_
10,000 -
5,000
0 T T T T T T T T T
5 5 5 > > > > = c c
< < < = = = — > > 3
9 8 & ¢ 3 g 5§ ° 8 5
FIGURE 9-1
SACRAMENTO RIVER RIPARIAN ESTABLISHMENT OBJECTIVE
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT
TABLE 9-2
Riparian Establishment Objectives
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report
Sacramento River Feather River
Sacramento River Recession
Index 5-day Flow (cfs) Rate 5-day Flow (cfs) Recession Rate
Wet 37,000 5% 12,000 5%
Above Normal 23,000 5% 10,000 5%

Note:

No objective specified in below normal, dry, or critical year types

Spring Pulse

Spring pulse flows are designed to simulate a portion of the historic unimpaired runoff of
the river to help create suitable flow conditions and temperatures for Chinook salmon
migration. These flows also are designed to help maintain and recruit spawning habitat and
avoid scour when eggs are in redds. Spring pulse flow targets are specified in all but critical
year types, though the magnitude and duration of the target is reduced in years with less
runoff. Tables 9-3 and 9-4 summarize the spring pulse objectives.
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TABLE 9-3
Sacramento River Spring Pulse Objective
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Flows (cfs) by Date

Sacramento

River Index 3/15-3/31 4/1-4/14 4/15-4/30 5/1-5/14 5/15-5/31 6/1-6/14
Wet 14,000 14,000 14,000 14,000 14,000 8,500
Above Norm 12,500 14,000 14,000 14,000 8,500
Below Norm 12,500 12,500 12,500 8,500
Dry 10,000 12,000 12,000 8,500

Note: No objective specified in critical year types

TABLE 9-4
Feather River Spring Pulse Objective
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Flows (cfs) by Date

Sacramento

River Index 3/1-3/14 3/15-3/31 4/1-4/14 4/15-4/30 5/1-5/14 5/15-5/31
Wet 8,000 12,500 12,500 11,000 6,000 4,000
Above Norm 6,500 6,500 10,000 10,000 5,000 3,000
Below Norm 3,200 3,200 8,000 8,000 3,200
Dry 2,700 2,700 5,500 5,500 2,700

Note: No objective specified in critical year types

Flood Plain Inundation

Inundation of the Sutter and Yolo Flood Bypass channels is another environmental objec-
tive. It is assumed for this study that the weirs that currently block flow into the bypasses
below certain river stages can be modified to allow inundation at lower river stages and
flows. Inundation of the flood bypasses provides rearing habitat for juvenile salmonids.
These inundation flows are targeted to correspond with outmigration of salmonids in the
spring months and designed to last for 45 days. Flood plain inundation flows can be set for
one of three different time-periods in the surface water model: February 15 to March 30,
March 1 to April 15, or March 15 to April 30. Table 9-5 presents flood inundation objectives
for Sacramento and Feather Rivers.

TABLE 9-5
Flood Plain Inundation Objective for Sacramento and Feather Rivers
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Sacramento River Index Sacramento River at Fremont Weir (cfs)
Wet 45,000
Above Normal 35,000
Below Normal 35,000
Dry 35,000

Note: No objective specified in critical year types
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Cold Water Pool Management

The surface water model includes an environmental objective of increasing the flexibility of
cold water pool management. This objective increases cold water pool volume in sub-
sequent years by reducing summer reservoir releases (thereby increasing storage) in the
current year by the volume of groundwater being pumped. This volume of water is then
held in the reservoir through the winter and can increase cold water pool in following years.
This operation occurs in years when fall reservoir storage is forecasted to be low. Low fall
storage levels reduce the chance that any water stored will spill during the subsequent
winter. However, operators may not be able to reduce summer releases in these years and
still meet temperature control criteria in the current year. For example, summer releases
from Lake Shasta in 2008 were typically controlled by temperature control criteria, not
downstream irrigation demands. Therefore, it would not have been possible to offset
reservoir releases with groundwater pumping. The surface water model is able to show the
times and volumes of water potentially available to meet the cold water pool management
objective, but a more thorough analysis with temperature models is needed to further
evaluate the feasibility of this operation.

9.2.3 Agricultural Water Supply Objectives

The surface water model simulates the unmet agricultural demand within the Sacramento
Valley based on hydrology, the underlying CalSim II simulation of CVP and SWP opera-
tions, and user input. Unmet agricultural demands are estimated to provide an under-
standing of the ability of conjunctive management to increase Sacramento Valley water
supplies. Unmet agricultural demands are simulated differently for the Sacramento and the
Feather River systems.

Sacramento River

Unmet demands of CVP contractors within the Tehama-Colusa Canal Authority (TCCA) are
used to represent additional demands on the Sacramento River. Members of the TCCA,
including contractors supplied from the Corning Canal, hold agricultural service contracts
for approximately 320 TAF of contract supply from the CVP. Annual allocations to CVP
contractors are simulated in CalSim II based on forecasted reservoir inflows, reservoir
storage conditions, and the ability to deliver water. Simulated allocations range from 0 to
100 percent of full contract supply. When simulated allocations are less than 100 percent, it
is assumed that the difference between simulated allocations and full contract supply is an
unmet agricultural demand within the TCCA.

Figure 9-2 illustrates the annual unmet agricultural demand as a function of simulated
allocations to the TCCA for each year of the study.
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UNMET AGRICULTURAL DEMAND WITHIN TCCA
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

The annual unmet demand illustrated above is assumed to occur on a typical agricultural
demand pattern during the irrigation season. The gaming model simulates conjunctive
management operations and attempts to meet all or a portion of this demand when it occurs
from reservoir release of project assets.

Feather River

The majority of SWP contractors on the Feather River system have reliable water supplies
with the exception of a few small contractors. There are no existing SWP contractors with
large, frequently unmet agricultural demands in the Butte Basin. Therefore a more general
unmet agricultural demand is defined for the Feather River based on user input. Table 9-6
summarizes the assumed unmet agricultural demand that can be met from Feather River
supplies in the surface water model.
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TABLE 9-6
Assumed Unmet Agricultural Demand within the Feather River System
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Sacramento Valley Index Unmet Agricultural Demand (TAF)
Wet 0
Above Normal 40
Below Normal 75
Dry 90
Critical 100

Figure 9-3 illustrates the annual volume of demand based on the assumptions in Table 9-6.
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FIGURE 9-3
ASSUMED UNMET AGRICULTURAL DEMAND WITHIN FEATHER RIVER SYSTEM
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
REPORT
4 Project Site Assumptions

Two project sites were selected for modeling. Project sites within GCID and the Butte Basin
were simulated in the surface water model to determine the volume and timing of ground-
water pumping and to better understand tradeoffs between groundwater pumping capacity
and project benefits in the surface water system.
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Each conjunctive management project site is defined in the model by several variables
including maximum annual groundwater pumping capacity, monthly volumes of project
pumping, and estimates of how pumping will affect stream-aquifer interactions. The
estimated effects on stream-aquifer interaction were derived from iterative simulations
between the surface and groundwater models.

The surface water model was developed to quickly evaluate a wide range of project
pumping capacities and operations. Results of these sensitivity analyses (presented in later
sections) led to evaluation of the following two different project pumping capacities or sizes:
1) 100 TAF in GCID and 50 TAF in Butte Basin, and 2) 200 TAF in GCID and 100 TAF in
Butte Basin. Additionally, it was assumed that there would be no additional project
pumping in years when surface water allocations are reduced in GCID or the Butte Basin.
GCID’s surface water allocations are reduced in years classified as “Shasta Critical” based
on Sacramento River inflow into Shasta Reservoir. Feather River Settlement Contracts in the
Butte Basin received reduced allocations under similar conditions on the Feather River.

Project Assets

Project assets are the volume of water that could potentially be made available through
conjunctive management and the volume of additional water that could be released from
CVP and SWP reservoirs to meet environmental flow targets or for additional agricultural
water supply. Additional reservoir releases are possible because of the availability of
groundwater pumping in the conjunctive management project, which serves as a
“backstop” against drawing down reservoirs too far. Project assets are calculated each year
considering reservoir storage conditions and available groundwater pumping capacity. A
reservoir storage target table is used to determine how far operators may be willing to draw
down reservoirs for different levels of available groundwater pumping capacity. Table 9-7 is
an example for Shasta Reservoir that was a conjunctive management project in GCID with a
maximum of 100 TAF of annual pumping capacity.

TABLE 9-7
Example Shasta Reservoir Storage and Project Assets
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

End of September Storage (TAF) Project Asset (TAF)
Less than or equal to 2,400 0
Greater than 2,500 100

Table 9-7 shows that if end-of-September storage in Shasta Reservoir is forecasted to be less
than 2,400 TAF, there are no project assets; therefore, no additional reservoir releases will be
made. When forecasted end of September Shasta storage exceeds 2,500 TAF, additional
reservoir releases up to the full 100 TAF of pumping capacity may be made to meet project
objectives. The maximum project asset is the maximum annual pumping capacity because
this represents the maximum backstop available to recover the reservoir in future years, if
needed. The model interpolates if storage is between 2,400 and 2,500 TAF so that project
operations do not draw Shasta Reservoir storage below 2,400 TAF. A conservative minimum
end of September storage of 2,400 TAF was selected as a minimum to avoid any potential
impacts.
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Project assets also take into account any existing storage deficit, relative to baseline storage,
in upstream reservoirs that may be carried over from project operations in previous years.
Thus, the cumulative storage deficit over any series of years cannot exceed the annual
groundwater pumping capacity of the conjunctive management project.

Water Cost

The surface water model compares environmental flow objectives with base flows that occur
under existing system operations to determine additional reservoir releases necessary to
meet each environmental objective. This additional release, calculated for the duration of the
objective, is referred to as the water cost associated with meeting each environmental object.
Water cost is expressed as a volume of water. Water cost for each objective is compared to
available project assets to determine which objectives can be met. Figure 9-4 provides an
example of water cost calculation for meeting a spring pulse objective.
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EXAMPLE WATER COST FOR MEETING SPRING PULSE OBJECTIVE
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

The water cost for meeting agricultural objectives is equal to the unmet agricultural
demands for any year.

Prioritization

Environmental objectives are prioritized through a combination of user input and the
frequency with which the various objectives are satisfied. Considering the frequency of
when objectives have been satisfied places higher priority on objectives that have not been
met in recent years relative to those that have. For example, if the spring pulse objective is
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typically the highest priority in an above normal year but was met in the previous year
(either in the base condition or with a project release) it may be desirable to shift the highest
priority to the flood plain inundation objective instead.

To implement this dynamic prioritization scheme that shifts the priority from one year to
the next depending on year type and occurrence interval a user-specified relative priority
value is combined with the number of years since an objective was last satisfied to
determine the final priority of objectives each year.

Table 9-8 contains the relative priority matrix developed by the project team for use in the
surface water model. Lower numbers are higher priorities.

TABLE 9-8
Relative Priority Matrix for Environmental Objectives
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Both
Sacramento River Rivers Feather River
Flood
Sacramento Riparian Spring Plain Riparian Spring
River Index Geomorphic  Recruitment Pulse Inundation  Geomorphic  Recruitment Pulse
Wet 10 2 10 10 10 2 10
Above Normal 15 6 2 4 15 5 2
Below Normal 2 99 1 3 2 929 1
Dry 5 99 2 90 5 99 2
Critical 80 99 1 90 80 99 1

Final priority is determined by subtracting the relative priority from the number of years
since the objective was met and comparing the results for all objectives.

Table 9-9 provides an example prioritization calculation for a hypothetical wet year on the
Feather River system.

TABLE 9-9
Example Prioritization of Environmental Objectives, Feather River, Wet Year
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Flood Geo Rip. Spring
Years Since Met 6 1 4 25
Relative Priority 10 10 2 10
Final Priority -4 -9 2 15

The objectives are prioritized by descending final priority scores, as follows: Spring Pulse,
Riparian Recruitment, Flood Plain Inundation, and Geomorphic. In this example, because it
had been 25 years since the spring objective had been met, Spring Pulse became the first
priority objective, though its relative priority was lower than the Riparian Objective.
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Decision Month

A decision must be made each spring to determine which objectives the model will attempt
to meet that year. Several of the environmental objectives have variable start times and
durations. To avoid always meeting the objective that starts earliest in the year or miss
meeting an objective in hopes of satisfying a future objective, a user-specified decision
month is used in the model. Project assets, water costs, and prioritization of environmental
objectives are all determined during the decision month and results are used for operations
that year. The decision month is used to determine what objectives the model will attempt
to meet each year.

Agricultural Water Supply Objective

After determining which, if any, environmental objectives will be met from project assets
the model calculates the remaining project assets available to meet any unmet agricultural
demands. This operation wherein environmental objectives were met first and agricultural
objectives second was used because environmental objectives are all-or-nothing thresholds,
often with large water costs. In many years, all or a portion of project assets are available
after making releases for environmental objectives. Simulations where agricultural water
supply was prioritized first did not show significant increases in agricultural water supply
deliveries, but significantly reduced the ability to meet environmental objectives. This
analysis is presented in the section on sensitivity analysis.

Reservoir Release Logic

Figure 9-5 provides a flow chart of model decisions and operations for determining which
objectives will be met from additional reservoir releases.

Flow target for
—{ each environmental
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Water cost for each
Water supply environmental objective
forecast River flow
for (baseline) Remaining Additional
decision month asset agricultural
demand
| Reoccurrence interval - .
Environmental
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Additional
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pumping
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FIGURE 9-5

SURFACE WATER MODEL LOGIC FLOWCHART

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT
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The bottom of Figure 9-5 illustrates the steps associated with calculating project assets while
the top illustrates the calculation of water costs and additional reservoir release. Assets and
water costs are compared, according to the prioritized environmental objectives to
determine any additional reservoir release for environmental objectives. Remaining assets
and unmet agricultural demand are used to determine additional agricultural delivery from
the reservoirs.

Groundwater Pumping Logic

Additional reservoir releases result in lower reservoir storage conditions relative to the
baseline condition (without the conjunctive management project). Reservoir storage is
refilled in the model from one of the following two sources: water that would have
otherwise been released for flood control purposes or an increase in groundwater pumping
to meet demands that otherwise would be met from the reservoir.

The surface water model simulates these operations by drawing down reservoir storages to
make additional releases for project objectives and tracking the storage deficit relative to the
baseline. In many instances storage deficits are refilled by water that would otherwise be
released for flood control purposes (surplus surface water). Additional groundwater
pumping is required when reservoirs are depleted prior to a series of dry years in which
they do not fill. The surface water model uses fall reservoir trigger levels to determine when
pumping is needed. These triggers are 2,400 TAF for Shasta Reservoir and 1,500 TAF for
Lake Oroville. Therefore, if project operations result in reservoir storages below these levels
pumping will occur to refill the minimum of any deficit caused by project operations or up
to these levels.

Project pumping can be specified to occur over the summer season (May through August)
the fall season (September through November) or a combination of both (May through
November). Regardless of the selected season the total quantity of water to be pumped is
spread evenly across the entire season to avoid turning pumps on and off and to reduce the
number of groundwater production wells needed. Different seasons and pumping
durations were selected to test the effects of pumping at different times and rates.

9.3 Surface and Groundwater Model Interaction

Evaluation of conjunctive management projects requires simulation of both surface water
and aquifer systems. However, regional groundwater models with the needed level of
refinement to adequately simulate pumping projects require run times that prohibit their
use in gaming situations and for quickly evaluating multiple scenarios. Therefore, the
surface water and groundwater model were used in an iterative fashion to simulate
conjunctive management operations in both systems (see Figure 9-6).

An initial surface water model was developed to simulate project operations and develop
the time series of groundwater pumping at each project site. Pumping time series were
simulated in the groundwater model and results were reviewed, including changes in
stream-aquifer interactions. These initial changes were used to develop response functions
for use in the gaming model to quickly approximate changes in stream-aquifer interaction
when simulating various conjunctive management operations. Response functions were
used during the gaming sessions and when conducting tradeoff analyses to determine the

RDD/092190003 (APPENDIX B MODELING REPORT) 9-13
ES012910073920RDD



SECTION 9 SURFACE WATER MODEL

final project scenarios. Pumping time series from the final project scenarios were then
provided to the groundwater model for final simulation and resulting changes in stream-

aquifer interactions associated with the pumping schedules were input back into the final
surface water simulations.

Surface Water Surface Water
Model Model for Gaming
4
Final Ground
Water Pumping
Initial Ground Stream-aquifer interaction used
Water Pumping to develop response functions.
Ground Water

Model

Final stream-
aquifer interaction

R Final Surface
Water Simulations

FIGURE 9-6
SURFACE WATER AND GROUNDWATER MODEL INTERACTION

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT
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Level of Analysis

Technical analyses were performed at a planning level to help prove concepts and define
conjunctive management projects and operations. Analyses were conducted for general
projects, locations, and operations. More specific and refined analyses may be required as
specific projects are defined. Most analysis was conducted in a comparative, rather than
absolute, manner and results must be interpreted as such.

Additionally, mathematical modeling tools typically report results at a level of precision
that exceeds their level of accuracy. For example, planning-level surface water models may
provide estimates of water supply accurate to within a range of several thousand acre-feet,
but results with a precision down to an acre-foot. Surface water model results presented in
subsequent sections are generally rounded to the nearest 1,000 acre-feet. Groundwater draw
down is reported in approximately 10-foot increments, and changes in stream-aquifer
interaction are reported to the nearest cfs. Results are reported to these levels of precision
for comparison with results from other scenarios. Planning-level modeling tools used in this
analysis are not necessarily accurate to this level.
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Project Scenario Results

The following section presents results from four different project scenarios. All scenarios are
based on two conjunctive management projects, one in GCID and the other in the Butte
Basin. Surface water modeling results are presented first and include the ability to meet
environmental and agricultural objectives, the resulting effects on reservoirs, and how
reservoirs are refilled with the capture of surplus surface water and conjunctive
management pumping.

Groundwater model results are presented after surface water model results. Groundwater
model results include plots of peak aquifer drawdown and changes in stream-aquifer
interaction. For each scenario, the groundwater model was used to evaluate two different
well fields. The first well field option uses existing wells screened in the current aquifer
producing zones. The second well field simulates all new wells pumping from the deep
aquifer. Figures 11-1 through 11-4 illustrate these well fields for the two different project
pumping capacities simulated in the four scenarios.

Plots of additional reservoir releases to meet flow requirements after accounting for changes
in stream-aquifer interaction are presented after groundwater model results.

11.1 Scenario 1 -100 TAF GCID, 50 TAF Butte Basin, Summer
Pumping

Scenario 1 is defined by two conjunctive management projects with maximum seasonal
groundwater pumping capacities of 100 TAF in GCID and 50 TAF in the Butte Basin.
Environmental objectives and unmet agricultural demands are as presented in preceding
sections. The pumping season spans 4 months of the irrigation season from May through
August. The model first determines ability to meet environmental objectives and then uses
remaining project assets to meet agricultural demands. Sensitivity to prioritization of
environmental objectives and agricultural demands was evaluated and is explained in
subsequent sections of this report.

The following series of plots summarize the annual operations with conjunctive manage-
ment. The first series of plots summarize Sacramento River and Shasta Reservoir operations
and the second series summarize Feather River and Oroville Reservoir operations. Plots are
arranged in order of how operations occur each year. In winter and spring months, addi-
tional water is released from reservoirs to satisfy environmental objectives. During summer
months additional water is released to meet agricultural demands. The result is that fall
reservoir storage levels are lower than they would be under operations without conjunctive
management projects, as shown on Figure 11-5. Reservoir storage space is typically refilled
with surplus surface water during subsequent winter and spring periods. If reservoirs do
not refill with surplus surface water and fall reservoir storage levels are forecasted to be
low, reservoirs are refilled by pumping groundwater in conjunctive management projects
and holding a similar volume of surface water in the reservoir.
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MODELING REPORT

11.1.1 Shasta Reservoir and Sacramento River

Figure 11-6 illustrates annual volumes of water released to satisfy various environmental
objectives on the Sacramento River. Color-coded bars and the legend refer to relative
priority of objectives in each year. For example, in 1928 the red bar indicates that water was
released to meet objective 4, the lowest priority objective. The type of objective, either
geomorphic (Geo), riparian recruitment (Rip), spring pulse (Spring), or flood plain
inundation (Flood) is labeled above the corresponding bar. Geomorphic objectives are met
most frequently due to lower water costs associated with the short duration objective.
Average annual release for environmental objectives is 13 TAF.

Figure 11-6 shows only years when environmental objectives are met through project
release. Environmental objectives are also met at times under existing system operation.
This information is summarized in Table 11-1. For the flood plain inundation objective, the
project includes modifications to the Freemont Weir to allow inundation with less
Sacramento River flow. The existing Fremont Weir crest limits inundation of the Yolo
Bypass for flows less than approximately 62,000 cfs. The project assumes it is possible to
modify the weir to allow inundation with flows of approximately 35,000 cfs. Therefore this
objective can be met by the project; either under base condition flows between 35,000 and
62,000 cfs (base condition flows in excess of 62,000 cfs meet the objective in the base
condition) or through additional reservoir release to create flows of approximately

35,000 cfs. Results presented in Table 11-1 show the flood plain objective is met in 20 years
with the project, though there are only 2 years with releases for this objective illustrated on
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Figure 11-6. This indicates that the objective was met with base condition flows between
35,000 and 62,000 cfs (without additional reservoir release) in 18 years.
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SACRAMENTO RIVER ENVIRONMENTAL OBJECTIVES MET WITH CONJUNCTIVE MANAGEMENT, SCENARIO 1
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

TABLE 11-1
Number of Years Sacramento River Environmental Objectives are Met, Scenario 1
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Met with Base

Objective Conditions Flows Met with Project Flows Total
Spring Pulse 5 2 7
Riparian Recruitment 0 0 0
Geomorphic 25 18 43
Flood Plain Inundation 21 20 41

In some years, an objective may be met with base condition flows either before or after it is
met with project releases during that same year. Results presented in Table 11-1 account for
these occurrences and assume the objective is met in the base condition to prevent double
counting in any year. For example, Figure 11-6 shows that releases were sufficient to meet
the geomorphic objective in 19 of the 82 years analyzed. However, in 1 year (1956) the
objective was met both under base conditions and then simulated to be met through project
release. Results presented in Table 11-1 only show this objective being met during base
condition flows to prevent potential double counting.

Figure 11-7 illustrates annual releases from Shasta Reservoir to meet additional agricultural
demand in the TCCA service area. Dashed lines show unmet contract supply from CalSim II
results and green bars illustrate the portion of unmet contract supply satisfied with
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conjunctive management operations. Additional agricultural releases are made in 24 of the
82 years simulated, or approximately 29 percent of the years. The average release in those
years is 46 TAF, while the average annual agricultural delivery over the 82-year simulation
period is 14 TAF.
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FIGURE 11-7

SACRAMENTO RIVER ADDITIONAL AG. DEMAND MET WITH CONJUNCTIVE MANAGEMENT, SCENARIO 1
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
REPORT

Figure 11-7 illustrates that in many years when unmet contract supply for the TCCA is
highest, there are no deliveries with conjunctive use. This is because in these years, project
assets are typically low, either because fall reservoir storage is forecast to be low and no
additional releases would be made or it is a Shasta Critical year and additional groundwater
pumping for conjunctive management is assumed to be zero.

Additional reservoir releases for either environmental objectives or for additional agricul-
tural delivery result in lower fall carryover storage in Lake Shasta. Figure 11-5 illustrates
this with a probability of exceedance plot for end of September storage conditions. The solid
blue line indicates fall storage conditions under base (without project) conditions. The red
dashed line indicates conditions with conjunctive management. A solid red line at

2,400 TAF indicates the level when conjunctive management operations would not occur to
limit the risk to cold water pool management in future years. Storage conditions below the
solid green line at 1,900 TAF are when conjunctive management operations attempt to
increase storage by pumping groundwater and holding water in Shasta above base levels.

Figure 11-5 illustrates that fall storage levels are lower in approximately 45 percent of the
years and only when end of September storage is above 2,400 TAF. In wet years, when fall
storage is at the flood control level of 3,400 TAF, releases in spring may refill in later months
within the same year resulting in no change in fall storage conditions.
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Figure 11-8 illustrates how storage deficits presented on Figure 11-5 are frequently refilled
by the capture of surplus surface water. Surplus is water that would otherwise be released
from the reservoir to maintain flood control storage and is not diverted downstream. This
water is now stored in reservoir space created by making additional releases to meet
agricultural and environmental objectives. Refill from surplus surface water occurs in 29
years with an average annual refill of 70 TAF in those years. Average annual refill with
surplus surface water for the 82-year simulation is approximately 24 TAF.
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REFILL OF SHASTA RESERVOIR FROM SURPLUS SURFACE WATER, SCENARIO 1
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

In some years, following additional reservoir releases for agricultural and environmental
objectives, there is no surplus surface water, and reservoir storage levels continue to decline
putting future water supplies and cold water pool management at risk. In these years
groundwater pumping in the conjunctive management projects is used to recover reservoir
storage levels. Figure 11-9 illustrates this annual pumping. Conjunctive management
pumping occurs in 4 of the 82 years simulated, or 5 percent of years. The average annual
pumping in those years is 70 TAF. The average annual pumping for the entire 82-year
simulation is approximately 3 TAF with a maximum annual pumping of nearly the full

100 TAF of capacity. Pumping typically occurs in drier year types when reservoirs do not
refill with surplus surface water.
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REFILL OF SHASTA RESERVOIR FROM CONJUNCTIVE MANAGEMENT PUMPING, SCENARIO 1
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
REPORT

Over the 82-year simulation period, additional reservoir releases are made in 37 years, or 45
percent of the years. Reservoir refill is accomplished with surplus surface flows in 29 years
and with project pumping in 4 years. The number of years with additional releases exceeds
the number of years with refill because reservoir storage deficits do not have to be
completely refilled before making additional releases, as long as the total reservoir storage
deficit does not exceed the capacity of the project to refill the reservoir in a single year. Of
the total average annual additional releases of 27 TAF (14 TAF for agriculture and 13 TAF
for environmental objectives), 24 TAF is refilled from surplus surface water and 3 TAF from
conjunctive management pumping.

11.1.2 Oroville Reservoir and Feather River

Figure 11-10 illustrates annual volumes of water released to meet environmental objectives
on the Feather River. Hydrology and operations on the Feather River result in meeting
different objectives in different years compared to the Sacramento River. Similar to the
Sacramento River operations, the geomorphic objective is satisfied most frequently due to
lower water cost associated with meeting the shorter duration objective. Average annual
release for environmental objectives on the Feather River is 7 TAF.
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FEATHER RIVER ENVIRONMENTAL OBJECTIVES MET WITH CONJUNCTIVE MANAGEMENT, SCENARIO 1
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
REPORT

Table 11-2 provides a summary of the number of times each objective is met by reservoir
release and under base operations on the Feather River. Values reported in the table for the
geomorphic objective only include years when the objective is not met under base
operations. Therefore this value is less than the number of releases shown on Figure 11-7.
The flood plain inundation objective can be met with the project under base condition flows
with the modified weir, or with a combination of project releases and the modified weir.

TABLE 11-2
Number of Years Feather River Environmental Objectives are Met, Scenario 1
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Objective Met in Base Met with Project Total
Spring Pulse 3 0 3
Riparian Recruitment 1 2 3
Geomorphic 31 17 48
Flood Plain Inundation 21 20 41

Figure 11-11 illustrates additional agricultural deliveries possible with conjunctive manage-
ment on the Feather River. Dashed lines relate to assumed unmet demands within the
Feather River basin and correspond to the Sacramento Valley Index. Similar to operations
on the Sacramento River, project assets do not allow additional releases for either environ-
mental or agricultural objectives during drier year types when agricultural demands are
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higher. Additional agricultural releases are made in 30 of the 82 years simulated, or
approximately 37 percent of the years. The average release in those years is 27 TAF, while
the average annual agricultural delivery over the 82-year simulation period is 10 TAF.
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FIGURE 11-11

FEATHER RIVER ADDITIONAL AG. DEMAND MET WITH CONJUNCTIVE MANAGEMENT, SCENARIO 1
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

Figure 11-12 illustrates how conjunctive management operations result in slightly lower
Oroville Reservoir fall storage conditions in approximately 60 percent of the years. Fall
storage is not affected below the minimum level of 1,500 TAF. The solid green line at
1,200 TAF denotes target storage for cold water pool management when conjunctive
management may be used to increase storage.

Figure 11-13 shows how storage space created in Oroville Reservoir through additional
releases for agricultural and environmental objectives is frequently refilled with surplus
surface water. Refill from surplus surface water occurs in 37 years with an average annual
refill of 32 TAF in those years. The average annual refill with surplus for the 82-year
simulation period is 14 TAF.
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SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
REPORT

RDD/092190003 (APPENDIX B MODELING REPORT) 11-13
ES012910073920RDD



SECTION 11 PROJECT SCENARIO RESULTS

Figure 11-14 presents annual conjunctive management pumping in the Butte Basin project.
Conjunctive management pumping occurs in 6 of the 82 years simulated or 7 percent of the
years. The average annual pumping in those years is 44 TAF. The average annual pumping
for the entire 82-year simulation is approximately 3 TAF with a maximum annual pumping
of the full 50 TAF of pumping capacity.
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FIGURE 11-14

REFILL OF OROVILLE RESERVOIR FROM CONJUNCTIVE MANAGEMENT PUMPING, SCENARIO 1
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

Over the 82-year simulation period, additional reservoir releases are made in 37 years, or
45 percent of the years. Reservoir refill is accomplished with surplus surface flows in 37
years and with project pumping in 6 years. The number of years with refill exceeds the
number of years with additional release because reservoir storage deficits may not
completely refill in a single year, but instead refill over the course of several years. In
summary, of total average annual additional releases of 17 TAF (10 TAF for agriculture
and 7 TAF for environmental objectives), 14 TAF is refilled from surplus surface water and
3 TAF from conjunctive management pumping.

11.1.3 Groundwater Results

Existing Well Field

Monthly pumping for Scenario 1, illustrated on Figures 11-9 and Figure 11-14 for the GCID
and Butte Basin projects, respectively, was simulated in the groundwater model for the
existing well field shown on Figure 11-1. All discussions provided in this section referring to
the existing well field reflect simulated drawdown in the regional aquifer. All discussions
referring to the new well field reflect simulated drawdown in the deeper aquifer. Produc-
tion would occur through existing wells screened in the regional aquifer at depths of 100 to
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500 feet. Results of this simulation are summarized on Figures 11-15 through 11-17. Peak
drawdown in groundwater levels associated with implementation of this scenario is
presented on Figure 11-15. This figure depicts simulated drawdown in the pumped aquifer
during August 1990. Maximum pumping rates under this alternative occur during 1990 and
the drawdown distribution at the end of August represent the approximate maximum
drawdown that will occur under this scenario. Figure 11-15 shows that the area of greatest
drawdown occurs in the northern GCID area at a magnitude of 30 to 40 feet. Drawdown in
the Butte Basin is negligible and is confined to the close vicinity of the production wells.

Simulated impacts to surface streams under Scenario 1 for an existing well field are
summarized on Figures 11-16 and 11-17. These figures show that the greatest impact to
surface streams will occur to the Sacramento River, between GCID and Wilkins Slough, and
Butte Creek, with smaller impacts estimated to occur to surrounding streams. Figure 11-16
suggests that the peak cumulative impact to all surface water flows will be approximately
54 cfs in the summer of 1990, with a flow reduction of just more than 40 cfs forecasted to
occur on the Sacramento River, and a flow reduction of approximately 13 cfs on Butte Creek.
The peak impact to the Sacramento River will also occur in the late summer of 1990 while
the peak impact on Butte Creek is forecasted to occur in early 1993. Peak impacts to stream
flows on smaller tributary streams are less than about 6 cfs as shown on Figure 11-17.

The time of year in which impacts to rivers and streams are simulated to occur is a critical
factor in assessing their significance. Typical flows in the Sacramento River at Wilkins
Slough are on the order of 6,000 to 7,000 cfs in late summer and fall months with minimum
flows for the historical period of 1980 through 2006 of 3,000 to 4,000 cfs. Therefore, the
impacts reflected on Figure 10-16 represent a small percentage of total flow. Average
summer and fall flows in the Feather River directly below Thermalito Afterbay are on the
order of 2,000 to 3,000 cfs with minimum flows for the same historical period of
approximately 1,000 cfs. Flows in Butte Creek near Chico average approximately 110 to 150
cfs with minimum flows of 50 cfs in some fall months. Therefore, simulated impacts to Butte
Creek represent a larger percent of minimum or typical flows than impacts to the
Sacramento or Feather Rivers.

Figure 11-16 illustrates stream flow reductions for the groundwater model simulation
period. Reductions in the Sacramento River between GCID (Hamilton City) and Wilkins
Slough show larger spikes during years with pumping in the GCID project and smaller
increases during years with pumping in the Butte Basin project. Butte Creek reductions
follow the opposite pattern with larger increases during years with pumping in the Butte
Basin project and smaller increases in years with pumping in the GCID project. Reductions
in all modeled streams show increases in years with pumping in either project. The annual
cycle of increasing and decreasing reductions in all streams is due to the ephemeral nature
of smaller streams. More reductions occur in winter months when smaller streams are
simulated to be flowing and less reductions in summer when smaller streams are assumed

to be dry.
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FIGURE 11-15
SIMULATED EXTENT OF DRAWDOWN IN THE REGIONAL AQUIFER IN AUG 1990, SCENARIO 1 -

EXISTING WELL FIELD
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
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SIMULATED REDUCTION IN STREAMFLOW TO MAJOR STREAMS, SCENARIO 1 - EXISTING WELL FIELD
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
REPORT
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FIGURE 11-17

SIMULATED REDUCTION IN STREAMFLOW TO MINOR STREAMS, SCENARIO 1 - EXISTING WELL FIELD
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
REPORT

Reservoir Release for Recharge

Stream reductions, due either to increased stream loss to aquifers or decreased aquifer flow
into streams, may result in changes in upstream reservoir operations. The timing of when
stream reductions occur and conditions in the surface water system determine if and how
the surface water system may respond. For example, if stream reductions tend to occur in
winter months of years with above average precipitation there may be little or no response
required by upstream reservoirs to a decrease in stream flow. Alternatively, if stream
reductions occur during fall months of years with below average precipitation, upstream
reservoirs may be required to make additional releases to ensure compliance with flow or
water quality requirements in the surface water system.

The surface water system is sometimes referred to as being in a “balanced” or “surplus”
condition. Balanced conditions occur when upstream reservoirs are releasing water to meet
specific downstream requirements for flow, diversions, water quality, or to support Delta
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exports. Surplus conditions typically occur when upstream reservoirs are releasing water
for flood control purposes or tributary inflow below reservoirs results in surplus conditions.
It is possible for parts of the system to be in balanced conditions while others are in surplus
conditions. For example, if Shasta Reservoir is releasing water to maintain minimum
required flow at the navigation control point (a location near Wilkins Slough) the system is
in balance between Shasta and Wilkins Slough and reduction in Sacramento River flow or
its tributaries upstream of Wilkins Slough may require additional release from Shasta.
Simultaneously there may be surplus flow in the Sacramento River below Wilkins Slough or
the Delta, and reduction in stream flow downstream of Wilkins Slough may require
additional release from Shasta.

Time series of simulated streamflow reductions from the groundwater model were input
back into the surface water model to determine system conditions at times when reductions
occur. Depending on location and timing of reductions, upstream reservoirs may be
required to make additional releases to compensate for streamflow reductions due to
groundwater pumping. System conditions, either balanced or surplus, were determined
from the CalSim II simulation of CVP/SWP operations. Additional releases from Shasta and
Oroville were simulated and tracked in the surface water model. Figures 11-18 and 11-19
present annual additional releases from Shasta and Oroville, respectively, for Scenario 1
pumping from an existing well field.
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FIGURE 11-18

ANNUAL ADDITIONAL RELEASE FROM SHASTA RESERVOIR TO COMPENSATE FOR CHANGE IN
STREAM-AQUIFER INTERACTION, SCENARIO 1 - EXISTING WELL FIELD

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT
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FIGURE 11-19

ANNUAL ADDITIONAL RELEASE FROM OROVILLE RESERVOIR TO COMPENSATE FOR CHANGE IN
STREAM-AQUIFER INTERACTION, SCENARIO 1 - EXISTING WELL FIELD

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

Figures 11-18 and 11-19 also illustrate that in multiple years with higher levels of pumping,
such as the simulation from 1987 through 1994, upstream reservoirs may have to release a
small volume of additional water to compensate for increases in streamflow reductions.
These results reflect the precision of both the groundwater and surface water models but not
necessarily the accuracy of these models. Annual releases from Oroville Reservoir of 3 TAF
in any year are far beyond the accuracy of planning level models. Results are presented to
demonstrate potential effects and to illustrate concepts.

New Well Field

The same monthly pumping time series for Scenario 1 was also simulated in the well field
shown on Figure 11-2. Production would occur through new wells screened in the deeper
aquifer units at a depth of 900 to 1100 feet. Results of this simulation are summarized on
Figures 11-20 through 11-22. Peak drawdown in groundwater levels associated with
implementation of this alternative is presented on Figure 11-20. This figure depicts
simulated drawdown in the pumped aquifer, during August 1990. The figure shows that the
area of greatest drawdown occurs in the western GCID area at a magnitude of up to 100
feet. Drawdown in Butte Basin is the range of 10 to 20 feet.
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SIMULATED DRAWDOWN IN THE DEEP AQUIFER IN AUG 1990, SCENARIO 1 - NEW WELL FIELD
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
REPORT

Simulated impacts to surface streams under Scenario 1 for a new well field are summarized
on Figures 11-21 and 11-22. These figures show that the greatest impact to surface streams
will occur to the Sacramento River, between GCID and Wilkins Slough, and Butte Creek,
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with smaller impacts estimated to occur to surrounding streams. Figure 11-21 suggests that
the peak cumulative impact to all surface water flows will be a reduction of about 52 cfs in
the late fall of 1990, while a flow reduction of just over 36 cfs is forecast to occur on the
Sacramento River while a flow reduction of approximately 12 cfs is predicted on Butte
Creek. The peak impact to the Sacramento River will also occur in the late fall of 1990, while
two similar peak impacts occur on Butte Creek in early 1993 and the fall of 1994. Peak
impacts to stream flows on smaller tributary streams peak at less than about 9 cfs as shown
on Figure 11-22.
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SIMULATED REDUCTION IN STREAMFLOW TO MAJOR STREAMS, SCENARIO 1 - NEW WELL FIELD
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
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SIMULATED REDUCTION IN STREAMFLOW TO MINOR STREAMS, SCENARIO 1 - NEW WELL FIELD
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
REPORT

Reservoir Release for Recharge

Streamflow reductions, due either to increased stream loss to aquifers or decreased aquifer
flow into streams, may result in changes in upstream reservoir operations. Time series of
simulated streamflow reductions from the groundwater model were input back into the
surface water model to determine system conditions at times when reductions occur.
Depending on location and timing of reductions, upstream reservoirs may be required to
make additional releases to compensate for streamflow reductions due to groundwater
pumping. System conditions, either balanced or surplus, were determined from the
CalSim II simulation of CVP/SWP operations. Additional releases from Shasta and Oroville
were simulated and tracked in the surface water model. Figures 11-23 and 11-24 present
annual additional releases from Shasta and Oroville, respectively, for Scenario 1 pumping
from a new well field.
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ANNUAL ADDITIONAL RELEASE FROM OROVILLE RESERVOIR TO COMPENSATE FOR CHANGE IN

STREAM-AQUIFER INTERACTION, SCENARIO 1 - NEW WELL FIELD
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION

MODELING REPORT
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Figures 11-23 and 11-24 illustrate peak annual reservoir releases to compensate for stream
reductions may be slightly less for a new well field than for the existing well field, but
annual releases are similar for either well field.

11.2 Scenario 2 - 200 TAF GCID, 100 TAF Butte Basin, Summer
Pumping

Scenario 2 is defined by two conjunctive management projects with maximum seasonal
pumping capacities of 200 TAF in GCID and 100 TAF in the Butte Basin. This scenario is the
same as Scenario 1 but with twice the pumping capacity at each project.

11.2.1 Shasta Reservoir and Sacramento River

Figure 11-25 illustrates annual volumes of water released to satisfy various environmental
objectives on the Sacramento River. The geomorphic objective is met most frequently due to
lower water cost associated with the short duration, but the larger pumping capacity
increases project assets and allows other objectives to be met more frequently than in
Scenario 1. Additionally, in some years more than one objective may be met as indicated by
stacked bars. Average annual release for environmental objectives under Scenario 2 is

45 TAF.
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FIGURE 11-25
SACRAMENTO RIVER ENVIRONMENTAL OBJECTIVES MET WITH CONJUNCTIVE MANAGEMENT,
SCENARIO 2

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

Figure 11-25 shows only years when environmental objectives are met through project
release. Environmental objectives may also be met under the base operations of the system.
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Table 11-3 provides a summary of the number of times each objective is met by reservoir
release and under base operations on the Feather River. Values reported in the table for the
geomorphic objective only include those years when the objective is not met under base
operations. Therefore this value is less than the number of releases shown on Figure 11-25.
The flood plain inundation objective can be met with the project under base condition flows
with the modified weir, or with a combination of project releases and the modified weir.

TABLE 11-3
Number of Years Sacramento River Environmental Objectives are Met, Scenario 2
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Objective Met in Base Met with Project Total
Spring Pulse 5 5 10
Riparian Recruitment 0 2 2
Geomorphic 25 30 55
Flood Plain Inundation 21 20 41

Figure 11-26 illustrates annual release from Shasta to meet additional agricultural demand
in the TCCA service area. Additional agricultural releases are made in 24 of the 82 years
simulated, or approximately 29 percent of the years. The average release in those years is

75 TAF, while the average annual agricultural delivery over the 82-year simulation period is
22 TAF. Additional agricultural deliveries are made in many of the same years as in
Scenario 1, but at higher volumes.
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FIGURE 11-26

SACRAMENTO RIVER ADDITIONAL AG. DEMAND MET WITH CONJUNCTIVE MANAGEMENT,

SCENARIO 2

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT
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Additional reservoir releases for either environmental objectives or for additional agricul-
tural delivery result in lower fall carryover storage in Lake Shasta. Figure 11-27 illustrates
that fall storage levels are lower in approximately 45 percent of the years and only when
end of September storage is more than 2,400 TAF. During these years fall storages are lower
compared to Scenario 1 because larger pumping capacity allows for more aggressive
operation of the reservoir. Additionally, a small increase in fall storage below the 1,900 TAF
target may also be possible.
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FIGURE 11-27

SHASTA RESERVOIR SEPTEMBER STORAGE EXCEEDANCE PROBABILITY WITH CONJUNCTIVE
MANAGEMENT, SCENARIO 2

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

Figure 11-28 illustrates how storage deficits presented on Figure 11-27 are frequently refilled
by capture of surplus surface water. Refill with surplus surface water occurs in 35 years
with an average annual refill of 139 TAF in those years. Average annual refill with surplus
surface water for the 82-year simulation is approximately 58 TAF.
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Figure 11-29 illustrates annual conjunctive management groundwater pumping for
Scenario 2. Conjunctive management pumping occurs in 6 of the 82 years simulated, or

7 percent of years. The average annual pumping in those years is 123 TAF. The average
annual pumping for the entire 82-year simulation is approximately 9 TAF with a maximum
annual pumping of nearly the full 200 TAF of capacity. Pumping typically occurs in drier
year types when reservoirs do not refill with surplus surface water.

Over the 82-year simulation period, additional reservoir releases are made in 48 years, or
59 percent of the years. Reservoir refill is accomplished with surplus surface flows in

35 years and with project pumping in 6 years. The number of years with releases exceeds
the number of years with refill because reservoir storage deficits do not have to be
completely refilled before making additional releases, as long as the total reservoir storage
deficit does not exceed the capacity of the project to refill the reservoir in a single year. In
summary, of total average annual additional releases of 67 TAF (22 TAF for agriculture and
45 TAF for environmental objectives), 58 TAF is refilled from surplus surface water and 9
TAF from conjunctive management pumping.

11.2.2 Oroville Reservoir and Feather River

Figure 11-30 illustrates annual volumes of water released to meet environmental objectives
on the Feather River. Similar to the Sacramento River operations, the geomorphic objective
is satisfied most frequently, but increased groundwater pumping capacity allows for more
aggressive reservoir operations allowing other objectives to also be satisfied. Average
annual release for environmental objectives on the Feather River is 23 TAF.
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REFILL OF SHASTA RESERVOIR FROM CONJUNCTIVE MANAGEMENT PUMPING, SCENARIO 2
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
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Table 11-4 provides a summary of the number of times each objective is met by reservoir
release and under base operations on the Feather River. Values reported in the table for the
geomorphic objective only include those years when the objective is not met under base
operations. Therefore this value is less than the number of releases shown on Figure 11-30.
The flood plain inundation objective can be met with the project under base condition flows
with the modified weir, or with a combination of project releases and the modified weir.

TABLE 11-4
Number of Years Feather River Environmental Objectives are Met, Scenario 2
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Objective Met in Base Met with Project Total
Spring Pulse 3 1 4
Riparian Recruitment 1 8 9
Geomorphic 31 25 56
Flood Plain Inundation 21 20 41

Figure 11-31 illustrates additional agricultural deliveries under Scenario 2. Additional
agricultural releases are made in 30 of the 82 years simulated, or approximately 37 percent
of the years. The average annual release in those years is 52 TAF, while the average annual
agricultural delivery over the 82-year simulation period is 20 TAF.
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FEATHER RIVER ADDITIONAL AG. DEMAND MET WITH CONJUNCTIVE MANAGEMENT, SCENARIO 2
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Figure 11-32 illustrates how conjunctive management operations result in lower Oroville fall
storage conditions in approximately 60 percent of the years. Fall storage may be increased in
a few years when it is below the minimum target level of 1,200 TAF.
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OROVILLE RESERVOIR SEPTEMBER STORAGE EXCEEDANCE PROBABILITY WITH CONJUNCTIVE
MANAGEMENT, SCENARIO 2

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

Figure 11-33 shows how storage space created in Oroville Reservoir through additional
releases for agricultural and environmental objectives is frequently refilled with surplus
surface water. This occurs in 43 years with an average annual refill of 72 TAF in those years.
Average annual refill with surplus for the 82-year simulation period is approximately

36 TAF.
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REFILL OF OROVILLE RESERVOIR FROM SURPLUS SURFACE WATER, SCENARIO 2
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

Figure 11-34 presents the annual conjunctive management pumping in the Butte Basin
project for Scenario 2. Conjunctive management pumping occurs in 8 of the 82 years
simulated or 10 percent of the years. The average annual pumping in those years is 75 TAF.
The average annual pumping for the entire 82-year simulation is approximately 7 TAF with
a maximum annual pumping of the full 100 TAF of pumping capacity.
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REFILL OF OROVILLE RESERVOIR FROM CONJUNCTIVE MANAGEMENT PUMPING, SCENARIO 2
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

Over the 82-year simulation period, additional reservoir releases are made in 51 years, or
62 percent of the years. Reservoir refill is accomplished with surplus surface flows in 43
years and with project pumping in 8 years. For Scenario 2 on the Feather River system, out
of total additional releases of 43 TAF (23 TAF for agriculture and 20 TAF for environmental
objectives), 36 TAF is refilled from surplus surface water and 7 TAF from conjunctive
management pumping.

11.2.3 Groundwater Results
Existing Well Field

Results of pumping for Scenario 2 using the existing well field shown on Figure 11-3 are
summarized on Figures 11-35 through 11-37. Peak drawdown in groundwater levels
associated with implementation of this scenario is presented on Figure 11-35. This figure
depicts simulated drawdown in the pumped aquifer, during August 1990. Maximum
pumping rates under this alternative occur during 1990. Figure 11-35 shows that the area of
greatest drawdown occurs in the northern GCID area at a magnitude of up to 100 feet.
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SIMULATED DRAWDOWN IN THE REGIONAL AQUIFER IN AUG 1990, SCENARIO 2 -EXISTING
WELL FIELD

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

RDD/092190003 (APPENDIX B MODELING REPORT) 11-34
ES012910073920RDD



SECTION 11 PROJECT SCENARIO RESULTS

Simulated impacts to surface streams under Scenario 2 using an existing well field are
summarized on Figures 11-36 and 11-37. These figures show that the greatest impact to
surface streams will occur to the Sacramento River between GCID and Wilkins Slough and
Butte Creek, with smaller impacts estimated to occur to surrounding streams. Figure 11-36
suggests that the peak cumulative impact to all surface water flows will be about 110 cfs in
summer of 1990, while a peak impact of just over 70 cfs is predicted to occur on the
Sacramento River and a peak impact of about 32 cfs is estimated to occur on Butte Creek.
Peak impact to the Sacramento River will occur in late summer of 1990 while peak impact
on Butte Creek is forecast to occur in early 1993. Peak impacts to stream flows on smaller
tributary streams peak at less than about 11 cfs as shown on Figure 11-37.
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11.2.4 Reservoir Release for Recharge

Streamflow reductions, due either to increased stream loss to aquifers or decreased aquifer
flow into streams, may result in changes in upstream reservoir operations. Time series of
simulated streamflow reductions from the groundwater model were input back into the
surface water model to determine system conditions at times when reductions occur.
Depending on location and timing of reductions, upstream reservoirs may be required to
make additional releases to compensate for streamflow reductions due to groundwater
pumping. System conditions, either balanced or surplus, were determined from the
CalSim II simulation of CVP/SWP operations. Additional releases from Shasta and Oroville
were simulated and tracked in the surface water model. Figures 11-38 and 11-39 present
annual additional releases from Shasta and Oroville, respectively, for Scenario 2 pumping
from an existing well field.
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Figures 11-38 and 11-39 illustrate that annual release from Shasta and Oroville to compen-
sate for stream losses from conjunctive management pumping increase under Scenario 2
due to increased pumping frequency and quantity and the resulting increase in streamflow
reductions.

New Well Field

Groundwater results for Scenario 2 using a new well field pumping from the deep aquifers
are summarized on Figures 11-40 through 11-42. Peak drawdown in groundwater levels
associated with implementation of this alternative is presented on Figure 11-40. This figure
depicts simulated drawdown in the pumped aquifer during August 1990; the area of
greatest drawdown occurs in the western GCID area at a magnitude of up to 200 feet.
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FIGURE 11-40
SIMULATED DRAWDOWN IN THE DEEP AQUIFER IN AUG 1990, SCENARIO 2 - NEW WELL FIELD
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Simulated impacts to surface streams under Scenario 2 with a new well field are
summarized on Figures 11-41 and 11-42. These figures show that the greatest impact to
surface streams will occur to the Sacramento River, between GCID and Wilkins Slough, and
Butte Creek, with smaller impacts estimated to occur to surrounding streams. Figure 11-41
suggests that the peak cumulative impact to all surface water flows will be about 105 cfs in
the late fall of 1990, and that a peak flow reduction of just less than 70 cfs will occur on the
Sacramento River while a peak flow reduction of about 27 cfs will occur on Butte Creek.
Peak impact to the Sacramento River will also occur in late fall of 1990 while two similar
peak impacts occur on Butte Creek in early 1993 and the fall of 1994. Impacts to stream
flows on smaller tributary streams peak at less than about 15 cfs, as shown on Figure 11-41.

120

All Streams
Butte Creek
Sac River - GCID to Wilkins Slough

110

100

0
(=]

80

70

60

50

40

Reduction in Streamflow (cfs)

30

10 : ~ ‘ AN, \\.‘_'____/\.

1985 1990 1995 2000 2005

FIGURE 11-41

SIMULATED REDUCTION IN STREAMFLOW TO MAJOR STREAMS, SCENARIO 2 -NEW WELL FIELD
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

RDD/092190003 (APPENDIX B MODELING REPORT) 11-39
ES012910073920RDD



SECTION 11 PROJECT SCENARIO RESULTS

" (TITTTTIT
Feather River
14 ' || == Little Chico Creek
| Salt River
Stone Corral Creek
w 12 Stony Creek
A
3]
S —
3
2 10
—
E H
= _
£
b7 8
£ - '
= |
= 6 .
o
35 |
=]
D
X 4 i
!
- |
2 ‘
° |
1985 1890 2005
FIGURE11-42

SIMULATED REDUCTION IN STREAMFLOW TO MINOR STREAMS, SCENARIO 2 - NEW WELL FIELD
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

Reservoir Release for Recharge

Streamflow reductions, due to either increased stream loss to aquifers or decreased aquifer
flow into streams, may result in changes to upstream reservoir operations. Time series of
simulated streamflow reductions from the groundwater model were input back into the
surface water model to determine system conditions at times when reductions occur.
Depending on location and timing of reductions upstream, reservoirs may be required to
make additional releases to compensate for streamflow reductions due to groundwater
pumping. System conditions, either balanced or surplus, were determined from the
CalSim II simulation of CVP/SWP operations. Additional releases from Shasta and Oroville
were simulated and tracked in the surface water model. Figures 11-43 and 11-44 present
annual additional releases from Shasta and Oroville, respectively, for Scenario 2 pumping
from a new well field.
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Figures 11-43 and 11-44 show smaller peak reservoir releases to compensate for conjunctive
management pumping for a new well field screen in the deep aquifer than for pumping
existing wells. This reflects smaller streamflow reductions for a new well field at the higher
pumping volumes simulated in Scenario 2.

11.3 Scenario 3 - 100 TAF GCID, 50 TAF Butte Basin, Fall
Pumping

Scenario 3 has the same general reservoir release strategies and groundwater pumping
capacities as Scenario 1. The difference is the season for conjunctive management pumping.
Under Scenario 3 conjunctive management pumping for the purpose of recovering reservoir
storage levels is conducted from September through November. Instead of offsetting
irrigation season demands, this pumping is assumed to offset demands for rice straw
decomposition and waterfowl habitat.

Shifting the conjunctive management pumping season may have several benefits. First, peak
drawdown in the aquifers and resulting effects on nearby wells would occur outside of the
primary pumping season for most existing wells. Second, a greater portion of aquifer
recharge may occur during the winter rainy season when the surface water system is more
likely to be in a surplus condition. Third, it may be easier to reduce fall reservoir releases to
recover reservoir levels in the fall of dry years and still meet existing temperature control
criteria on the Sacramento River.

A majority of results for Scenario 3 are the same as for Scenario 1 because spring and
summer surface water operations do not change. The same environmental objectives are
met, and the average annual releases for both environmental and agricultural objectives are
the same. Reservoir refill for both Shasta and Oroville occurs with the same mix and timing
of surplus surface water and groundwater pumping. There are minor differences in end of
September storage in each reservoir under Scenario 3. These differences are in years when
conjunctive management pumping occurs, but is not yet complete, by the end-of-September.
Figures 11-45 and 11-46 illustrate this effect for both Shasta and Oroville.
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Figure 11-45 shows some minor differences between base conditions and Scenario 3 when

end-of-September Shasta storage levels are below 2,400 TAF. In these years, conjunctive
management pumping is occurring September through November so that the reservoir is
recovered by the end of November and there is no risk to future water supplies or cold
water pool.
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OROVILLE RESERVOIR SEPTEMBER STORAGE EXCEEDANCE PROBABILITY WITH CONJUNCTIVE
MANAGEMENT, SCENARIO 3
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Figure 11-46 illustrates a similar effect on Oroville Reservoir, but it is less clear due to the
smaller difference between base and with project storages.

11.3.1 Groundwater Results
Existing Well Field

Results of pumping for Scenario 3 with an existing well field are summarized on

Figures 11-47 through 11-49. Peak drawdown in groundwater levels associated with
implementation of this alternative is presented on Figure 11-47. This figure depicts
simulated drawdown in the pumped aquifer during November 1990. Maximum pumping
rates under this alternative occur during 1990. Figure 11-47 shows that the area of greatest
drawdown occurs in the northern GCID area at a magnitude of up to 50 feet.
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Simulated impacts to surface streams under Scenario 3 with an existing well field are
summarized on Figures 11-48 and 11-49. These figures show that the greatest impact to
surface streams will occur to the Sacramento River (between GCID and Wilkins Slough) and
Butte Creek, with smaller impacts estimated to occur to surrounding streams. Figure 11-48
suggests that peak cumulative impact to all surface water flows will be approximately 80 cfs
in the summer of 1990, with a flow reduction of approximately 50 cfs forecast to occur on
the Sacramento River and a flow reduction of approximately 18 cfs on Butte Creek. Peak
impact to the Sacramento River will also occur in late summer of 1990 while peak impact on
Butte Creek is forecasted to occur in late 1994. Peak impacts to stream flows on smaller
tributary streams peak at less than approximately 7 cfs, as shown on Figure 11-48.
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SIMULATED REDUCTION IN STREAMFLOW TO MINOR STREAMS, SCENARIO 3 - EXISTING WELL FIELD
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

Reservoir Release for Recharge

Streamflow reductions, due to either increased stream loss to aquifers or decreased aquifer
flow into streams, may result in changes to upstream reservoir operations. Time series of
simulated streamflow reductions from the groundwater model were input back into the
surface water model to determine system conditions at times when reductions occur.
Depending on location and timing of reductions, upstream reservoirs may be required to
make additional releases to compensate for streamflow reductions due to groundwater
pumping. System conditions, either balanced or surplus, were determined from the
CalSim II simulation of CVP/SWP operations. Additional releases from Shasta and Oroville
were simulated and tracked in the surface water model. Figures 11-50 and 11-51 present
annual additional releases from Shasta and Oroville, respectively, for Scenario 3 pumping
from an existing well field.
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Figures 11-50 and 11-51 show that peak annual releases are larger under Scenario 3 for the
more condensed fall pumping season than under Scenario 1. General timing and volumes
are similar between the two scenarios.

New Well Field

Results of Scenario 3 with a new well field are summarized on Figures 11-52 through 11-54.
The peak drawdown in groundwater levels associated with the implementation of this
alternative is presented on Figure 11-52. This figure depicts the simulated drawdown in the
pumped aquifer, during November 1990. The maximum pumping rates under this alterna-
tive occur during 1990. It can be seen from the figure that the area of greatest drawdown
occurs in the western GCID area at a magnitude of up to 125 feet.

—lo

Simulated Drawdown
in Feet

I —
0 Meters 5.000 Meters 10,000 Meters

FIGURE 11-52

ANNUAL ADDITIONAL RELEASE FROM OROVILLE RESERVOIR TO COMPENSATE FOR CHANGE IN
STREAM-AQUIFER INTERACTION, SCENARIO 3 - EXISTING WELL FIELD
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Simulated impacts to surface streams under Scenario 3 with a new well field are sum-
marized on Figures 11-53 and 11-54. These figures show that the greatest impact to surface
streams will occur to the Sacramento River, between GCID and Wilkins Slough, and Butte
Creek, with smaller impacts estimated to occur to surrounding streams. Figure 11-44
suggests that the peak cumulative impact to all surface water flows will be a reduction of
about 90 cfs in December 1990, while a flow reductions of just more than 48 and 18 cfs is
forecasted to occur on the Sacramento River and Butte Creek, respectively. Peak impact to
the Sacramento River will also occur in December 1990 while peak impact predicted on
Butte Creek will occur in December 1994. Peak impacts to stream flows on smaller tributary
streams peak at less than about 10 cfs as shown on Figure 11-54.
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SIMULATED REDUCTION IN STREAMFLOW TO MINOR STREAMS, SCENARIO 3 - NEW WELL FIELD
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

Reservoir Release for Recharge

Streamflow reductions, due either to increased stream loss to aquifers or decreased aquifer
flow into streams, may result in changes in upstream reservoir operations. Time series of
simulated streamflow reductions from the groundwater model were input back into the
surface water model to determine system conditions at times when reductions occur.
Depending on location and timing of reductions upstream reservoirs may be required to
make additional releases to compensate for streamflow reductions due to groundwater
pumping. System conditions, either balanced or surplus, were determined from the
CalSim II simulation of CVP/SWP operations. Additional releases from Shasta and Oroville
were simulated and tracked in the surface water model. Figures 11-55 and 11-56 present
annual additional releases from Shasta and Oroville, respectively, for Scenario 3 pumping
from a new well field.
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Figures 11-54 and 11-55 illustrate that maximum annual release from Shasta for a new well
field is less than for the existing well field, while results are essentially the same on the
Feather River.

11.4 Scenario 4 - 100 TAF GCID, 50 TAF Butte Basin, Summer
and Fall Pumping

Scenario 4 has the same general reservoir release strategies and groundwater pumping
capacities as Scenarios 1 and 3. The difference is again the season for conjunctive
management pumping. Under Scenario 4 conjunctive management pumping is conducted
in both the summer and fall from May through November. This pumping is used to offset
both irrigation season demands and demand for rice straw decomposition water. Pumping
over an extended period may provide benefits by reducing the quantity of water that must
be pumped in any given month, thereby reducing the size and/or number of wells needed.
Additionally, spreading pumping over a longer period may reduce drawdown and stream
impacts.

Surface water results for Scenario 4 are similar to those presented for Scenario 1. The same
environmental objectives are met, and the average annual releases for both environmental
and agricultural objectives are the same. Reservoir refill for both Shasta and Oroville occurs
with the same mix and timing of surplus surface water and groundwater pumping.
Changes in end-of September storage in the reservoirs presented above for Scenario 3 are
smaller in magnitude because under Scenario 4 the majority of conjunctive management
pumping has occurred prior to the end of September. The minor differences seen under
Scenario 4 are difficult to discern and are therefore not presented.

11.4.1 Existing Well Field

Results for Scenario 4 with an existing well field are summarized on Figures 11-57 through
11-58. Peak drawdown in groundwater levels associated with implementing this alternative
is presented on Figure 11-57. This figure depicts simulated drawdown in the pumped
aquifer, during November 1990. Maximum pumping rates under this alternative occur
during 1990, and the drawdown distribution at the end of November represents approxi-
mately the maximum drawdown that will occur under this scenario. Figure 11-57 that the
area of greatest drawdown occurs in northern GCID at a magnitude of less than 30 feet.
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SIMULATED DRAWDOWN IN THE REGIONAL AQUIFER IN NOV 1990, SCENARIO 4 - EXISTING WELL FIELD
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Simulated impacts to surface streams under Scenario 4 with an existing well field are
summarized on Figures 11-58 and 11-59. These figures show that the greatest impact to

surface streams will occur to the Sacramento River, between GCID and Wilkins Slough, and
Butte Creek, with smaller impacts estimated to occur to surrounding streams. Figure 11-58

shows that the peak cumulative impact to all surface water flows will be approximately

64 cfs in December 1990, with a flow reduction of just less than 40 cfs forecasted to occur on

the Sacramento River and a flow reduction of about 15 cfs on Butte Creek. Peak impact to
the Sacramento River will also occur in December of 1990 while the peak impact on Butte
Creek is forecast to occur in late 1995. Peak impacts to stream flows on smaller tributary

streams peak at less than approximately 6 cfs, as shown on Figure 11-59.
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SIMULATED REDUCTION IN STREAMFLOW TO MINOR STREAMS, SCENARIO 4 - EXISTING WELL FIELD
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
REPORT

11.4.2 Reservoir Release for Recharge

Streamflow reductions, due to either increased stream loss to aquifers or decreased aquifer
flow into streams, may result in changes in upstream reservoir operations. Time series of
simulated streamflow reductions from the groundwater model were input back into the
surface water model to determine system conditions at times when reductions occur.
Depending on location and timing of reductions upstream, reservoirs may be required to
make additional releases to compensate for streamflow reductions due to groundwater
pumping. System conditions, either balanced or surplus, were determined from the CalSim
II simulation of CVP/SWP operations. Additional releases from Shasta and Oroville were
simulated and tracked in the surface water model. Figures 11-60 and 11-61 present annual
additional releases from Shasta and Oroville, respectively, for Scenario 4 pumping from an
existing well field.
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Figures 11-60 and 11-61 indicate that the pattern and volume of additional reservoir release
for Scenario 4 is similar to that for Scenarios 1 and 3 with the maximum annual release
approximately between those two scenarios.

11.4.3 New Well Field

Results of simulation of pumping from a new well field under Scenario 4 are summarized
on Figures 11-62 through 11-64. Peak drawdown in groundwater levels associated with
implementation of this alternative is presented on Figure 11-62. This figure depicts
simulated drawdown in the pumped aquifer during November 1990. Maximum pumping
rates under this alternative occur during 1990, and the drawdown distribution at the end of
November represents approximately the maximum drawdown that will occur under this
alternative. It can be seen from the figure that the greatest drawdown occurs in the western
GCID area at a magnitude of up to 50 feet.

Simulated Drawdown
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FIGURE 11-62

SIMULATED DRAWDOWN IN THE DEEP AQUIFER IN NOV 1990, SCENARIO 4 - NEW WELL FIELD
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
REPORT
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Simulated impacts to surface streams for Scenario 4 with a new well field are summarized
on Figures 11-63 and 11-64. These figures show that the greatest impact to surface streams
will occur to the Sacramento River, between GCID and Wilkins Slough, and Butte Creek,
with smaller impacts estimated to occur to surrounding streams. Figure 11-63 shows that
peak cumulative impact to all surface water flows will be a reduction of approximately

65 cfs in December 1990, while a flow reduction of just more than 33 cfs is forecasted to
occur on the Sacramento River and a flow reduction of about 15 cfs is predicted on Butte
Creek. Peak impact to the Sacramento River will also occur in December 1990 while peak
impacts on Butte Creek occur in December 1995. Peak impacts to stream flows on smaller
tributary streams peak at less than about 9 cfs, as shown on Figure 11-64.
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SIMULATED REDUCTION IN STREAMFLOW TO MINOR STREAMS, SCENARIO 4 - NEW WELL FIELD
SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
REPORT

11.4.4 Reservoir Release for Recharge

Streamflow reductions, due to either increased stream loss to aquifers or decreased aquifer
flow into streams, may result in changes in upstream reservoir operations. Time series of
simulated streamflow reductions from the groundwater model were input back into the
surface water model to determine system conditions at times when reductions occur.
Depending on location and timing of reductions, upstream reservoirs may be required to
make additional releases to compensate for streamflow reductions due to groundwater
pumping. System conditions, either balanced or surplus, were determined from the
CalSim II simulation of CVP/SWP operations. Additional releases from Shasta and Oroville
were simulated and tracked in the surface water model. Figures 11-65 and 11-66 present
annual additional releases from Shasta and Oroville, respectively, for Scenario 4 pumping
from a new well field.
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SECTION 12

Sensitivity Analysis and Tradeoffs

Simulation results presented in the previous section represent specific project sites and
operations developed during the course of the analysis. Additional understanding of
tradeoffs between certain key parameters and objectives can be gained from using the
model in a sensitivity analysis mode in which or a limited number of parameters are varied
while holding all other assumptions constant. This section presents results and conclusions
for a limited set of model runs focused on better understanding key project inputs and
assumptions.

Sensitivity analysis was conducted for several purposes. Sensitivity to parameters, such as
project pumping capacity, was evaluated to assist in sizing potential projects. A range of
environmental objectives were evaluated because considerable uncertainty exists in the
development of objectives, and evaluating a range of possible objectives can help determine
how much more or less conjunctive management could contribute to higher or lower flow
targets. Evaluating various pumping periods and well field configurations was used to
understand how aquifers respond to different pumping magnitudes and durations and the
effects on stream-aquifer interactions.

12.1 Pumping Capacity

The surface water model was used to simulate a wide range of project pumping capacities
and determine project benefits. Results of these simulations were one factor considered in
determining final project capacities. The surface water model was used to simulate a range
of pumping capacities to determine if certain capacities provided higher levels of project
benefits. Project benefits were summarized as average annual reservoir release for both
agricultural and environmental objectives.

Figure 12-1 illustrates that project benefits increase at different rates for different ranges of
pumping capacities. For example, the incremental benefit of an additional 75 TAF of
pumping capacity is greater when increasing pumping capacity from 150 to 225 TAF of total
capacity than it is when increasing from 75 to 150 TAF, as illustrated by the steeper slope in
the line. Benefits of incremental increases are smaller from 300 to 600 TAF (less steep line)
and then increase again above 600 TAF. However, Figure 12-1, is shaded at the higher
pumping capacities because projects of this size are not feasible and are not proposed for
this project.
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TOTAL PROJECT BENEFITS FOR A RANGE OF PUMPING CAPACITIES

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

Figure 12-1 illustrates that projects between 75 and 150 TAF of pumping capacity have
approximately the same marginal benefits when adding additional capacity. Figure 12-1
also illustrates that projects with 300 TAF may provide a good tradeoff at the upper end of
the curve between pumping capacity and project benefits and that marginal benefits of
increasing pumping capacity above 300 TAF are smaller than those realized by increasing
from 150 to 300 TAF.

Project benefits presented on Figure 12-1 were compiled from reservoir releases to meet
agricultural and environmental objectives. The model was set to first meet environmental
objectives because of the all-or-nothing nature of those objectives. Figures 12-2 and 12-3
show the tradeoff between meeting agricultural and environmental objectives that occurs
across a range of project pumping capacities.
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SACRAMENTO RIVER AGRICULTURAL AND ENVIRONMENTAL PROJECT BENEFITS FOR A
RANGE OF PUMPING CAPACITIES

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

Figure 12-2 provides additional detail on the split between project benefits for agricultural
demand and environmental objectives on the Sacramento River. Projects with smaller
pumping capacities do not provide as much water supply for environmental objectives. This
occurs because water costs for meeting environmental objectives typically exceeds project
assets for lower pumping capacity projects. The result is smaller pumping capacity projects
supply a greater portion of total benefits to agricultural demands because agricultural
objectives are not constrained by a minimum threshold. As pumping capacity, and therefore
available project assets increase, a greater portion of total benefits are directed toward
meeting environmental objectives. However, this does not necessarily come at the sake of
meeting additional agricultural demand. A project with 300 TAF of pumping capacity is
providing an average annual agricultural supply increase of approximately 20 TAF, and
pumping capacity would need to be significantly increased to provide additional
agricultural water supply, up to a maximum of approximately 30 TAF per year. Maximum
agricultural benefit is also constrained by the restriction on project operations during Shasta
critical years. In these years, there is significant unmet agricultural demand that conjunctive
management projects cannot satisfy under assumptions made for this analysis.

Figure 12-3 shows same relationships between pumping capacity and agricultural, and
environmental benefits presented for the Sacramento River on Figure 12-2 also exist on the
Feather River.
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PUMPING CAPACITIES

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION
MODELING REPORT

12.2 Prioritization of Objectives

The ability to direct additional water supply from conjunctive management toward meeting
agricultural objectives first and environmental objectives second was also simulated. When
environmental objectives are first priority, agricultural objectives are met more frequently
for smaller capacity projects while environmental objectives are met more frequently for
larger capacity projects. Figure 12-4 presents the same results as seen on Figure 12-1, with
additional results that reflect when agricultural objectives are given first priority.
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Figure 12-4 illustrates model results are insensitive to prioritization of objectives for lower
pumping capacity projects. However, as pumping capacity increases and conjunctive
management projects are able to meet additional environmental objectives, total project
benefits decrease when meeting agricultural objectives first. Table 12-1 compares average
annual benefits for each objective on each river system with different priorities and the
number of environmental objectives met by conjunctive management projects.

TABLE 12-1
Comparison of Average Annual Benefits for 300 TAF Pumping Capacity Project with Different Prioritization of Objectives
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Sacramento River Feather River
Env. First Ag First Change Env. First Ag First Change
Ag Benefit (TAF) 22 26 +4 20 23 +3
Env Benefit (TAF) 45 36 -9 23 18 -5
Env Obj. Met (#) 57 50 -7 54 40 -14
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SECTION 12 SENSITIVITY ANALYSIS AND TRADEOFFS

Table 12-1 shows when prioritizing agricultural objectives first average annual agricultural
benefits increase, but not by the same volume environmental benefits decrease. Therefore
there is a reduction in the total project benefits when prioritizing agricultural benefits first,
as illustrated on Figure 12-4.

12.3 Reservoir Drawdown Targets

A reservoir storage matrix is used in combination with project groundwater pumping
capacity to determine project assets available to meet objectives each year. Results
previously presented for Scenarios 1 through 4 assume a minimum end-of-September
storage of 2,400 TAF for Shasta Reservoir and 1,500 TAF for Oroville Reservoir. Model
sensitivity to these assumptions was evaluated to better understand risk to water supplies
and cold water pool management in subsequent years.

Figure 12-5 illustrates effects of changes in minimum fall storage levels on end of September
storage. A line at 1,900 TAF is shown because this is the minimum level specified in the
biological opinion for winter run Chinook salmon and changes in storage below this level
can have significant impacts on Reclamation’s ability to manage cold water pool and meet
existing temperature control criteria. Setting minimum fall storage levels less than 2,400 TAF
can impact storage in subsequent years when storage goes below 1,900 TAF. Setting
minimum storage levels above 2,400 TAF reduces project benefits.
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SECTION 12 SENSITIVITY ANALYSIS AND TRADEOFFS

Figure 12-6 illustrates similar results for Oroville Reservoir. There is no specified target for
fall storage in Oroville, but it is understood that hydropower operations are affected when
storage goes below 1,000 TAF. Results are less clear because of the smaller differences
between base and project conditions; however, more aggressive operation of Oroville with a
lower fall storage level may put operations in future years at risk. Therefore, 1,500 TAF was
selected as a balance between achieving conjunctive management project benefits and
operational risks.
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12.4 Environmental Objectives

Considerable uncertainty surrounds developing of environmental objectives; therefore,
limited sensitivity analysis was performed to determine if changes in environmental
objectives resulted in significant changes in project benefits. For example, if a 10 percent
increase in flow targets specified for each objective resulted in no objectives being satisfied
for a given scenario, the results from this scenario would be interpreted to contain
significant uncertainty. Likewise, if project benefits are consistent across a range of
environmental objectives, conjunctive management projects are likely to provide a level of
environmental benefit, even if flow targets are slightly different than those simulated.
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Figures 12-7 through 12-10 present simulation results of varying environmental targets
(presented in Tables 9-1 through 9-5, by more or less than 10 percent. Figures 12-7 through
12-10 show the years that objectives are met, either in the base condition or through project
release, and total number of years met. Results are aggregated for both river systems.
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SENSITIVITY RESULTS FOR SPRING PULSE OBJECTIVE
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REPORT

Figure 12-7 shows that the larger water costs associated with meeting a larger spring pulse
flow may decrease the ability of conjunctive management projects to satisfy the objective.
Decreasing the flow target will increase the frequency of meeting the objective. The ability of
conjunctive management projects to meet the spring pulse objective is sensitive to changes
of more or less than 10 percent in the objective. Additionally, changes in the flow objective
also change the frequency of meeting the objective with base operations.
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Figure 12-8 shows that riparian recruitment is less sensitive to changes in targets than the

spring pulse objective. Changes in flow targets do not result in significant changes in the
frequency of satisfying the objective.
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FIGURE 12-9

SENSITIVITY RESULTS FOR GEOMORPHIC OBJECTIVE

SACRAMENTO VALLEY CONJUNCTIVE WATER MANAGEMENT TECHNICAL INVESTIGATION MODELING
REPORT

Figure 12-9 illustrates that the geomorphic objective is less sensitive to changes in targets
than the spring pulse objective. Lower water cost of meeting a short duration objective
results in being able to meet the objective, even when it is increased by 10 percent.

Additionally, the objective is satisfied so frequently that reducing the flow target does not
result in the objective being satisfied much more often.
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Figure 12-10 illustrates that the flood plain inundation objective is also less sensitive to
changes in the target than the spring pulse objective. Therefore, the conjunctive
management project, including some form of weir modification, to allow inundation at
lower river stages will allow the objective to be satisfied approximately 40 times if the flow
target is within 10 percent of the target simulated in Scenarios 1 through 4.

RDD/092190003 (APPENDIX B MODELING REPORT) 12-11
ES012910073920RDD



SECTION 13

Systemwide Effects

This project focused operation of conjunctive management projects within the Sacramento
Valley on developing water supply for uses within the Sacramento Valley. Developed water
supply was split between environmental and agricultural objectives. However, water
released to meet environmental objectives within the Sacramento Valley continues into the
Sacramento-San Joaquin River Delta, where it may have additional environmental benefits
or potentially be exported for delivery to CVP and SWP contractors south of the Delta.

13.1 Delta Salinity

Changes in Delta inflow, either increases from environmental releases or decreases when
reservoirs or groundwater refill with surplus surface water, have the potential to change
salinity conditions in the Delta. Formal simulation and analysis of expected changes is
beyond the scope of modeling conducted to date. Generally, environmental releases will
increase Delta inflow and improve salinity conditions, depending on how export operations
respond to increased inflow. To the extent that environmental objectives can be met during
drier periods those releases have potential to improve Delta salinity. Operations during
wetter periods that either increased or decreased inflow may not result in large changes in
Delta salinity. Overall, conjunctive management projects as described for this project will
decrease average annual Delta inflow by the consumptive use of additional agricultural
deliveries made possible by the project. Figures 13-1 and 13-2 present annual changes in
inflow for Scenarios 1 and 2, respectively. Changes from Scenarios 3 and 4 are expected to
be similar to those shown for Scenario 1.
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SECTION 13 SYSTEMWIDE EFFECTS

13.2 South of Delta Water Supply

A preliminary analysis of the ability to export simulated environmental releases was made
using the underlying CalSim II operations. This analysis considers the constraints imposed
by D-1641 Delta flow and salinity standards, CVPIA b(2) restrictions, the Vernalis Adaptive
Management Plan (2000), and export pumping capacity constraints. Analysis did not
include pumping restrictions for protecting Delta smelt as proposed in the recent OCAP
Biological Opinion (U.S. Fish and Wildlife Service, 2008). Export restrictions for protection
of Delta smelt may significantly reduce ability to export environmental releases because
smelt restrictions limit export operations during winter and spring months when
environmental releases are made. Additionally, it was assumed that there is demand for any
additional water that could be exported.

Figures 13-3 and 13-4 illustrate annual time series of total potential export of environmental
releases made from Shasta and Oroville for Scenarios 1 and 2. Results for Scenarios 3 and 4

are essentially the same as for Scenario 1, because the timing and volume of environmental

release does not change.
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Figure 13-3 illustrates the volume and timing of additional export that may occur with
conjunctive management projects. Average annual exports increase by approximately 11 of
the 22 TAF from environmental releases on the Sacramento and Feather Rivers. The majority
of additional exports occur when CVP and/or SWP San Luis Reservoir storage is full and
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would therefore provide additional Section 215 water for CVP contractors and Article 21
water for SWP contractors.
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Figure 13-4 presents the same results for Scenario 2 with an average annual export of 28 of
the 68 TAF of environmental releases. Exports with Scenario 2 may increase by up to 250
TAF in a given year. In these years with large increases, exports and may be limited by the
ability to use or store the water south of the Delta.

13.3 Other Changes

Analysis conducted to date focused on operations on the main stem of the Sacramento and
Feather Rivers, and CVP and SWP reservoirs on those rivers. In reality, the water system in
California is operated as a whole and changes in one area, particularly large components of
the system, such as Shasta and Oroville Reservoirs, will ripple into other areas. While not
addressed in this report, it is understood that these changes would require additional
analyses at a feasibility level.
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SECTION 14

Model Limitations and Areas for Refinement

14.1 Groundwater Model

While SACFEM is a powerful tool designed specifically to evaluate effects of conjunctive
water management pumping on surface water and groundwater resources, several areas for
refinement remain. Due to constraints on available resources for this project, it was not
possible to perform a rigorous transient calibration of the model to observed historic water
level hydrographs across the valley. This effort would help improve the level of confidence
that the model is accurately simulating transient patterns in groundwater levels seen
historically. However, a preliminary assessment of the accuracy of SACFEM at matching a
limited number of historic hydrographs was performed, and the model appears to generally
replicate historically observed water levels quite well over the 22-year period of simulation
(1982 through 2003).

Another area of potential refinement is to further evaluate behavior of smaller unregulated
tributaries across the valley, specifically to better understand timing and magnitude of
groundwater recharge that occurs from these surface water features. In the current analysis,
it was assumed that unregulated streams were dry from June through October. While this
assumption is reasonable, it is likely that behavior of these streams is more complex.
Further, some of these tributary streams are used as conveyance facilities to deliver water
within various water districts. This would result in streams being active over summer
months, and potential sources of recharge to the groundwater system. An analysis of these
stream characteristics could improve the accuracy of the simulation of recharge sources to
the groundwater system, especially over the summer months.

Forecasts provided by modeling tools contain some degree of uncertainty, due to limitations
of replicating a complex physical system with a more idealized mathematical representation
of that system. Analyses described herein should be considered a planning level analysis
that tests the general viability of conjunctive water management strategies presented, and
provides a general estimate of benefits that may be realized by implementation of these
projects. However, these evaluations will need to be significantly refined, both in specificity
of infrastructure and operational protocols and response of the natural system to these
operations, before a project of this type could be carried to the design phase.

14.2 Surface Water Model

Surface water modeling and analysis was conducted at a pre-feasibility, planning level and
required numerous simplifying assumptions.

14.2.1 Forecast-based Operations

The surface water model uses perfect foresight in operating reservoirs and determining
ability to meet environmental objectives. This results in an ideal operation of system
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SECTION 14 MODEL LIMITATIONS AND AREAS FOR REFINEMENT

reservoirs and decisions to meet project objectives. In reality, project operators must rely on
imperfect forecasts of water supply and demands when making daily decisions. In actual
operations, there would be instances in which environmental objectives would be met or
missed due to changing conditions that cannot be forecasted.

One method to address this uncertainty in future analyses would be to implement forecast-
based decision logic that may help to illuminate some of the challenges in implementing
environmental objectives in real-world operations. For example, because environmental
objectives are specified for spring months, a forecast of the water year type (e.g., wet or
above normal) is needed to estimate the flow target. In actual operations these forecasts will
be uncertain and operations will need to respond to actual hydrology.

14.2.2 Temperature and Power Analyses

Conjunctive management operations as described and simulated for this report may have
impacts on the ability to meet temperature control criteria, and the generation and use of
CVP and SWP hydropower. For example, in some years, making releases for environmental
objectives in spring may create challenges in meeting temperature control criteria in the fall,
depending on how water is released from reservoirs. Additionally, large releases for certain
objectives may be constrained by power plant capacities and may occur at times when
power is less valuable. A better understanding of these constraints and simulation of
resulting effects is necessary in future phases of the project.

14.2.3 System Response

Analysis presented in this report focused on operation of only part of the CVP/SWP system.
Shasta and Oroville Reservoirs and the Sacramento and Feather Rivers are part of a larger
system that is operated in a coordinated manner. Simulation of only part of the system may
underestimate benefits or impacts to other areas of the system. Preliminary analysis of
systemwide effects based on how conjunctive management operations change, Delta inflows
need to be refined and expanded to other areas of the system.
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APPENDIX A

CalSim Il Common Assumptions

Table A-1 summarizes assumptions used in CalSim II simulation of CVP and SWP
reservoirs used in the surface water model at the existing level of development (Existing
Conditions Assumption).
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TABLE A-1

CALSIM Il Inputs

Common Assumptions: Common Model Package (Version 8D)

Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Future No Action Condition
Assumption

Supplemental Future Condition

Existing Condition Assumption (#1) Assumption

Planning Horizon 2004% 2030°% Same
Demarcation Date June 1, 20042 Same Same
Period of Simulation 82 years (1922 through 2003) Same Same
HYDROLOGY
Level of Development 2005 level” 2030 level® Same
Sacramento Valley (excluding American River)
CVP Land-use based, limited by contract Same Same
amounts®
SWP (FRSA) Land-use based, limited by contract Same Same
amounts®
Non-Project Land-use based Same Same
Federal Refuges Recent historical Level 2 deliveries' Firm Level 2 water needs' Same
American River
Water Rights 2004° Sacramento Area Water Forum®”" Same
CVvP 2004° Sacramento Area Water Forum (PCWA  Same
modified)®"
PCWA No CVP contract water supply 35 TAF CVP contract supply diverted at Same
the new American River PCWA Pump
Station
San Joaquin River'
Friant Unit Limited by contract amounts, based on Same Same
current allocation policy
Lower Basin Land-use based, based on district level Same Same
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TABLE A-1
CALSIM Il Inputs

Common Assumptions: Common Model Package (Version 8D)
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Existing Condition Assumption

Future No Action Condition
Assumption

Supplemental Future Condition
(#1) Assumption

operations and constraints

Stanislaus River Land-use based, based on New Melones Same Same
Interim Operations Plar/
South of Delta (CVP/SWP Project Facilities)
CVP Demand based on contracts amounts® Same Same
CCWD 124 TAF CVP contract supply and water 195 TAF CVP contract supply and water Same
. k . k
rights rights
SWP Demand varies based pattern used for Demand based on full Table A amounts® Same
2004 OCAP Today studies; Table A
transfers that occurred in 2005 and 2006
are not included
Article 56 Based on 2002-2006 contractor requests Same Same
Article 21 MWD demand up to 100 TAF/month MWD demand unlimited but subject to Same
from December to March, total of other  capacity to convey and deliver; KCWA
demands up to 84 TAF per monthin all  demand of up to 2,555 CFS; others same
months® as existing
Federal Refuges Recent historical Level 2 deliveries’ Firm Level 2 water needs' Same
FACILITIES
Systemwide Existing facilities® Same Same
Sacramento Valley
Shasta Lake Existing, 4,552-TAF capacity Same Same
Colusa Basin Existing conveyance and storage Same Same
facilities
Upper American River PCWA American River pump station not PCWA American River pump station Same
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TABLE A-1

CALSIM Il Inputs

Common Assumptions: Common Model Package (Version 8D)

Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Future No Action Condition Supplemental Future Condition
Existing Condition Assumption Assumption (#1) Assumption

included included
Lower Sacramento River Freeport Regional Water Project not Freeport Regional Water Project included Same

included
Delta Region
SWP Banks Pumping Plant 6,680 cfs capacity” Same 8,500 cfs capacity®
CVP C.W. Bill Jones Pumping Plant More than 4,200 cfs diversions upstream 4,600 cfs capacity in all months (allowed Same
(Tracy PP) of DMC constriction for by the Delta-Mendota Canal—

California Aqueduct Intertie)

Los Vaqueros Reservoir Existing storage capacity, 100 TAF, (AIP Existing storage capacity, 100 TAF; AIP  Same

not included) included™
San Joaquin River
Millerton Lake (Friant Dam) Existing, 520 TAF capacity Same Same

South of Delta (CVP/SWP Project Facilities)

South Bay Aqueduct Enlargement None 430 cfs capacity from junction with Same
California Aqueduct to Alameda County
FC&WSD Zone 7 diversion point

California Agueduct East Branch None None Same
Enlargement

WATER MANAGEMENT ACTIONS (CALFED)

Water Transfer Supplies (available long term program)

Phase 8 None Supplies up to 185 TAF per year from Same
new groundwater substitution, with 60%
going to SWP and 40% to CVP"

Lower Yuba River Accord Not included Not included Same
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TABLE A-1
CALSIM Il Inputs

Common Assumptions: Common Model Package (Version 8D)
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Existing Condition Assumption

Future No Action Condition

Assumption

Supplemental Future Condition

(#1) Assumption

REGULATORY STANDARDS

Trinity River

Minimum Flow Below Lewiston Dam

Trinity Reservoir End-of-September
Minimum Storage

Clear Creek

Minimum Flow Below Whiskeytown Dam

Upper Sacramento River

Shasta Lake End-of-September Minimum
Storage

Minimum Flow Below Keswick Dam

Feather River

Minimum Flow Below Thermalito
Diversion Dam

Minimum Flow Below Thermalito Afterbay
outlet

Yuba River

Minimum Flow Below Daguerre Point
Dam
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Trinity EIS Preferred Alternative
(369-815 TAF per year)

Trinity EIS Preferred Alternative
(600 TAF as able)

Downstream water rights, 1963
Reclamation Proposal to USFWS and
NPS, and USFWS discretionary use of
CVPIA 3406(b)(2)

SWRCB WR 1993 Winter-run Biological
Opinion (1900 TAF)

Flows for SWRCB WR 90-5 and USFWS
discretionary use of CVPIA 3406(b)(2)

1983 DWR, DFG Agreement (600 cfs)

1983 DWR, DFG Agreement (750-
1,700 cfs)

Interim D-1644 Operations®

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same
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TABLE A-1

CALSIM Il Inputs

Common Assumptions: Common Model Package (Version 8D)

Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Future No Action Condition Supplemental Future Condition
Existing Condition Assumption Assumption (#1) Assumption
American River
Minimum Flow Below Nimbus Dam SWRCB D-893F (see accompanying Same Same
Operations Criteria), and USFWS
discretionary use of CVPIA 3406(b)(2)
Minimum Flow at H Street Bridge SWRCB D-893 Same Same
Lower Sacramento River
Minimum Flow Near Rio Vista SWRCB D-1641 Same Same
Mokelumne River
Minimum Flow Below Camanche Dam FERC 2916-029, 1996 (Joint Settlement Same Same
Agreement) (100-325 cfs)
Minimum Flow Below Woodbridge Div. FERC 2916-029, 1996 (Joint Settlement Same Same
Dam Agreement) (25-300 cfs)
Stanislaus River
Minimum Flow Below Goodwin Dam 1987 USBR, CDFG agreement, and Same Same
USFWS discretionary use of CVPIA
3406(b)(2)
Minimum Dissolved Oxygen SWRCB D-1422 Same Same
Merced River
Minimum Flow Below Crocker-Huffman Davis-Grunsky (180-220 cfs, Nov-Mar), Same Same
Diversion Dam Cowell Agreement, and FERC 2179
(25-100 cfs)
Tuolumne River
Minimum Flow at Lagrange Bridge FERC 2299-024, 1995 (Settlement Same Same

Agreement) (94-301 TAF per year)
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TABLE A-1

CALSIM Il Inputs

Common Assumptions: Common Model Package (Version 8D)

Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Future No Action Condition Supplemental Future Condition
Existing Condition Assumption Assumption (#1) Assumption
San Joaquin River
San Joaquin River Below Friant None None None
Dam/Mendota Pool
Maximum Salinity Near Vernalis SWRCB D-1641 Same Same
Minimum Flow Near Vernalis SWRCB D-1641, and Vernalis Adaptive ~ Same® Same®
Management Plan per San Joaquin
River Agreement
Sacramento River—San Joaquin River Delta
Delta Outflow Index (Flow and Salinity) SWRCB D-1641 Same Same
Delta Cross Channel Gate Operation SWRCB D-1641 Same Same
Delta Exports SWRCB D-1641, USFWS discretionary ~ Same Same
use of CVPIA 3406(b)(2)
OPERATIONS CRITERIA: RIVER-SPECIFIC
Upper Sacramento River
Flow Objective For Navigation (Wilkins 3,500-5,000 cfs based on CVP water Same Same
Slough) supply condition
American River
Folsom Dam Flood Control Variable 400/670 flood control diagram  Same Same
(without outlet modifications)
Flow Below Nimbus Dam Discretionary operations criteria Same Same
corresponding to SWRCB D-893
required minimum flow
Sacramento Area Water Forum Mitigation None Up to 47 TAF in dry years Same

Water
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TABLE A-1
CALSIM Il Inputs

Common Assumptions: Common Model Package (Version 8D)

Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Existing Condition Assumption

Future No Action Condition
Assumption

Supplemental Future Condition
(#1) Assumption

Feather River

Flow at Mouth of Feather River (Above Maintain DFG/DWR flow target of 2,800 Same Same
Verona) cfs for Apr-Sep dependent on Oroville
inflow and FRSA allocation
Stanislaus River
Flow Below Goodwin Dam 1997 New Melones Interim Operations Same Same
Plan
San Joaquin River
Salinity at Vernalis D1641 San Joaquin River Salinity Management Same
Plan’
OPERATIONS CRITERIA: SYSTEMWIDE
CVP Water Allocation
CVP Settlement and Exchange 100% (75% in Shasta critical years) Same Same
CVP Refuges 100% (75% in Shasta critical years) Same Same
CVP Agriculture 100%-0% based on supply Same Same
(South-of-Delta allocations are reduced
due to D-1641 and 3406(b)(2) allocation-
related export restrictions)
CVP Municipal and Industrial 100%-50% based on supply Same Same
(South-of-Delta allocations are reduced
due to D-1641 and 3406(b)(2) allocation-
related export restrictions)
SWP Water Allocation
North of Delta (FRSA) Contract specific Same Same
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TABLE A-1
CALSIM Il Inputs

Common Assumptions: Common Model Package (Version 8D)
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Existing Condition Assumption

Future No Action Condition

Assumption

Supplemental Future Condition
(#1) Assumption

South of Delta (including North Bay

Aqueduct)

CVP-SWP Coordinated Operations

Sharing of Responsibility for In-basin-Use

Sharing of Surplus Flows

Sharing of Restricted Export Capacity for

Project-specific Priority Pumping

Dedicated CVP Conveyance at Banks

North-of-Delta Accounting Adjustments

Sharing of Export Capacity for Lesser
Priority and Wheeling-related Pumping
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Based on supply; equal prioritization
between Ag and M&I based on Monterey
Agreement

1986 Coordinated Operations
Agreement (2/3 of the North Bay
Aqueduct diversions are considered as
Delta Export, 1/3 of the North Bay
Aqueduct diversion is considered as in-
basin-use)

1986 Coordinated Operations
Agreement

Equal sharing of export capacity under
SWRCB D-1641; use of CVPIA
3406(b)(2) restricts only CVP exports

None

None

Cross Valley Canal wheeling (max of
128 TAF/yr), CALFED ROD defined
JPOD

Same

1986 Coordinated Operations Agreement
(FRWP EBMUD and 2/3 of the North Bay
Aqueduct diversions are considered as
Delta Export, 1/3 of the North Bay
Aqueduct diversion is considered as in-

basin-use)

Same

Same

SWP to convey 50 TAF per year of Level

2 refuge water supplies at Banks
Pumping Plant (July and August)

CVP to provide the SWP a maximum of
37.5 TAF per year of water to meet in-
basin requirements through adjustments

in 1986 Coordinated Operations

Agreement accounting (released from

Shasta Reservoir)

Same

Same

Same

Same

Same

SWP to convey 100 TAF/yr of
Level 2 refuge water supplies at
Banks Pumping Plant (July and
August)

CVP to provide the SWP a
maximum of 75 TAF per year of
water to meet in-basin require-
ments through adjustments in
1986 Coordinated Operations
Agreement accounting (released
from Shasta Reservoir)

Same
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TABLE A-1
CALSIM Il Inputs

Common Assumptions: Common Model Package (Version 8D)
Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Existing Condition Assumption

Future No Action Condition
Assumption

Supplemental Future Condition
(#1) Assumption

San Luis Low Point

CVPIA 3406(b)(2)
Policy Decision

Allocation

CVPIA 3406(b)(2) (continued)

Actions

Accounting adjustments

San Luis Reservoir is allowed to operate
to a minimum storage of 100 TAF

Per May 2003 Dept. of Interior Decision:

800 TAF, 700 TAF in 40-30-30 dry years,

and 600 TAF in 40-30-30 critical years

1995 WQCP, Upstream fish flow
objectives (Oct-Jan), VAMP (Apr 15-May
15) CVP export restriction, 3,000 cfs
CVP export limit in May and June
(D-1485 striped bass cont.), Post-VAMP
(May 16-31) CVP export restriction,
Ramping of CVP export (June),
Upstream Releases (Feb-Sep)

Per May 2003 Interior Decision, no limit
on responsibility for non-discretionary
D-1641 requirements with 500 TAF
target, no reset with the storage metric
and no offset with the release and export
metrics, 200 TAF target on costs from
Oct-Jan

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

aA detailed description of the assumptions selection criteria and policy basis used is included in the Policy section of this Common Assumptions: Common Model

Package (CACMP) report.

bThe Sacramento Valley hydrology used in the Existing Conditions CALSIM Il model reflects nominal 2005 land-use assumptions. The nominal 2005 land-use was
determined by interpolation between the 1995 and projected 2020 land-use assumptions associated with Bulletin 160-98. The San Joaquin Valley hydrology reflects
2005 land-use assumptions developed by Reclamation to support Reclamation studies.

®The Sacramento Valley hydrology used in the Future No-action CALSIM Il model reflects 2020 land-use assumptions associated with Bulletin 160-98. The San
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TABLE A-1

CALSIM Il Inputs

Common Assumptions: Common Model Package (Version 8D)

Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Future No Action Condition Supplemental Future Condition
Existing Condition Assumption Assumption (#1) Assumption

Joaquin Valley hydrology reflects draft 2030 land-use assumptions developed by Reclamation to support Reclamation studies.

dCVP contract amounts have been reviewed and updated according to existing and amended contracts as appropriate. Assumptions regarding CVP agricultural and
municipal and industrial service contracts and Settlement Contract amounts are documented in Table 4 (North of Delta) and 6 (South of Delta) of Appendix B:
CACMP Delivery Specifications.

€SWP contract amounts have been reviewed and updated as appropriate. Assumptions regarding SWP agricultural and M&I contract amounts are documented in
Table 2 (North of Delta) and Table 3 (South of Delta) of Appendix B: CACMP Delivery Specifications.

fwater needs for federal refuges have been reviewed and updated as appropriate. Assumptions regarding firm Level 2 refuge water needs are documented in Table
4 (North of Delta) and 6 (South of Delta) of Appendix B: CACMP Delivery Specifications. As part of the Water Transfers technical memorandum (Appendix A:
Characterization and Quantification), incremental Level 4 refuge water needs have been documented as part of the assumptions of future water transfers.

9Assumptions regarding American River water rights and CVP contracts are documented in Table 5 of Appendix B: CACMP Delivery Specifications.

hSacramento Area Water Forum 2025 assumptions are defined in Sacramento Water Forum’s EIR. PCWA CVP contract supply is modified to be diverted at the
PCWA pump station. Assumptions regarding American River water rights and CVP contracts are documented in Table 4 of Appendix B: PFCMP Delivery
Specifications.

IThe new CALSIM Il representation of the San Joaquin River has been included in this model package (CALSIM Il San Joaquin River Model, Reclamation, 2005).
Updates to the San Joaquin River representation have been included since the preliminary model release in August 2005. In addition, a dynamic groundwater
simulation is currently being developed for San Joaquin River Valley, but is not yet implemented. Groundwater extraction/ recharge and stream-groundwater
interaction are static assumptions and may not accurately reflect a response to simulated actions. These limitations should be considered in the analysis of results.

IThe CACMP CALSIM Il model representation for the Stanislaus River does not necessarily represent Reclamation’s current or future operational policies.

kThe Existing CVP contract is 140 TAF. The actual amount diverted is reduced due to supplies from the Los Vaqueros Project. The existing Los Vaqueros storage
capacity is 100 TAF. Associated water rights for Delta excess flows are included.

ITable A and Article 21 deliveries into the San Francisco Bay Area Region—South and South Coast Region in the CACMP are a result of interaction between
CALSIM Il and LCPSIM. More information regarding LCPSIM is included in the following subsection of this document and the CALSIM-LCPSIM Integration technical
memorandum (see Appendix C: Analytical Framework).

MThe CCWD AIP is a new intake at Victoria Canal to operate as an alternate intake for Los Vaqueros Reservoir. This assumption is consistent with the future no-
project condition defined by the Los Vaqueros Enlargement study team.

"This Phase 8 requirement is assumed to be met through Sacramento Valley Water Management Agreement Implementation.
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TABLE A-1

CALSIM Il Inputs

Common Assumptions: Common Model Package (Version 8D)

Sacramento Valley Conjunctive Water Management Technical Investigation Modeling Report

Future No Action Condition Supplemental Future Condition
Existing Condition Assumption Assumption (#1) Assumption

OInterim D-1644 is assumed to be implemented.

PSacramento Area Water Forum Lower American River Flow Management Standard is not included in the CACMP. Reclamation has agreed in principle to the Flow
Management Standard, but flow specifications are not yet available for modeling purposes.

A1t is assumed that either VAMP, a functional equivalent, or D-1641 requirements would be in place in 2030.

"The CACMP CALSIM Il model representation for the San Joaquin River does not explicitly implement the CALFED Salinity Management Plan.

Notes:

PCWA = Placer County Water Agency SWRCB = State Water Resources Control Board
DMC = Delta-Mendota Canal DWR = Department of Water Resources

AIP = Alternate Intake Project FERC = Federal Energy Regulatory Commission
TAF = thousand acre-feet CDFG = California Department of Fish and Game
cfs = cubic feet per second FRWB =

EIS = environmental impact statement EBMUD = East Bay Municipal Utility District
Reclamation = Bureau of Reclamation ROD = Record of Decision

USFWS = U.S. Fish and Wildlife Service CALFED = Calfed Bay-Delta Program

NPS = JPOD = Joint Point of Diversion

CVPIA = Central Valley Project Improvement Act WQCB = Water Quality Control Plan

SWP = State Water Project VAMP =

CVP = Central Valley Project CACMP =

Sources:

Vernalis Adaptive Management Plan as described and implemented in State Water Resources Control Board Revised Decision 1641, State Water Resources
Control Board, March 15, 2000.

U.S. Fish and Wildlife Service. 2008. Formal Endangered Species Act Consultation on the Proposed Coordinated Operations of the Central Valley Project (CVP) at
State Water Project (SWP). Memorandum from Regional Director, Fish and Wildlife Service, Region 8, Sacramento, California, to Operation Manager, Bureau of
Reclamation, Central Valley Operations Office Sacramento, California. December 15. 310 pages plus 3 attachments.
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DRAFT TECHNICAL MEMORANDUM

DATE: October 18, 2007

TO: Sacramento Valley Conjunctive Management Project Team
FROM: NHI Technical Team

SUBJECT: DRAFT Candidate Site Screening Methodology

This memorandum is a draft summary of the methodology used to select sites for the
Conjunctive Use IRWMP technical scenario development. The California Department
of Water Resources and the U.S. Bureau of Reclamation (project donors) have
awarded funds to Glenn Colusa Irrigation District and the Natural Heritage Institute to
develop an Integrated Conjunctive Water Management Plan (ICWMP) for Northern
California surface water and groundwater resources. A description of the criteria used
to select sites for the Conjunctive Use IRWMP technical scenario development is
summarized below. The evolution of knowledge for candidate sites considered is
summarized for all technical meetings held between February 2007 and August 2007.
Technical meeting notes and a draft technical memo developed by MBK are included
as appendixes.

Objectives and Benefits
The three fundamental objectives driving the plan’s development are:

e To improve local water supply reliability by enlarging the firm yield of the basin
and enhancing water management flexibility.

e To enhance the ecosystems in the region’s rivers. Healthy rivers are not just
environmentally attractive, they also are central to ensuring reliable,
sustainable water supplies. Water supply systems that work in concert with the
environment are less likely to be encumbered by court orders, water rights
hearings, and other restrictions that can have drastic effects on water supplies
for farming and other economic uses.

e To allow for meeting water demands outside of the Sacramento River basin.
The Sacramento River basin is already a source of much of the State’s water
supply. A plan that allows for well-managed and regulated water transfers is
preferable to shortsighted decisions made when drought emergencies arise
and water transfer revenues could help stabilize a challenged agricultural
economy and provide regional economic benefits.



Methods

Conjunctive water management essentially involves the coordination of storage and
withdrawal of water from surface reservoirs and groundwater aquifers to produce firm
water supplies through wet and dry cycles. This general concept can be adapted in a
variety of ways to increase operational flexibility both to enlarge the firm water supply
and improve the environmental performance of the state and federal water projects.
During the study, various reservoir reoperation scenarios will be developed and
evaluated for Lakes Oroville and Shasta, the centerpieces of the State Water Project
and Central Valley Projects, respectively. Additionally, the Stony Creek system will
also be evaluated as another option for potential reservoir reoperation.

The region to be addressed in the integrated plan is comprised of all of the lands
overlying the Lower Tuscan and interconnected groundwater formations within Butte,
Glenn, Colusa and Tehama counties whose access to this groundwater could be
hydrologically affected by development of the aquifer system at any location. The
Sacramento Valley Conjunctive Management Technical Team (The team) began by
looking for sites that fell into one of two conjunctive management operational
modalities; Put-then-Take or Take-then-Put. A Put-then-Take modality involves
storing surface water in a groundwater aquifer and extracting that water at a later date.
This modality increases water storage space in reservoirs and increases the flexibility
of water delivery quantity and timing. A Take-then-Put modality involves creating
water storage space in the groundwater aquifer by extracting water that can later be
refilled with surface water. Under this modality the groundwater banking operation
would be given rights to surface water in storage that it can call at any time, whatever
the hydrologic conditions, and require groundwater replenishment on a cycle that
guarantees no interference with wells outside that water district. The goal of the site
selection process was to identify at least one site for each operational modality that
could be implemented through the State water project and one that could be
implemented through the Central Valley project and which are sufficiently promising to
warrant further analysis to develop specific operational conditions for conjunct
management. The team developed screening criteria for each conjunctive
management modality:

Put-then-Take Screening Criteria

1.

Persistent or permanent cone(s) of depression with no seasonal recovery, (i.e.
groundwater areas with available storage space) within

Dual use water districts that use both groundwater and surface water deliveries
from the state or federal projects or within

3. Unincorporated groundwater usage areas adjacent to state or federal water districts

so that the extension of the State Water Project (SWP) or Central Valley Project (CVP)
into these areas is practical.



Take-then-Put Screeninqg Criteria

1. Groundwater production areas within or adjacent to state of federal water districts
areas, where groundwater extraction can be increased during drier than average
years, and which are

2. A significant distance from surface water features of concern; rivers, wetlands, etc
to avoid flow depletion effects, and where the dewatered aquifers

3. Can be actively recharged during wetter than average years from the state or
federal reservoirs, without losing banked water, or which recover from annual
infiltration.

Summary of technical meetings held on Feb 15™, 2007

At a project team meeting on February 15, 2007, nine preliminary sites were selected
based on review of a Spring to Fall change groundwater contour map for 2006 made by
DWR and the collective knowledge in the room regarding current operations. Five sites
were selected as potential Put-then-Take sites, and four sites were selected as potential
Take-then-Put sites.
a. Put-then-Take
(1) Western Canal Water District
(2) M & T Chico Ranch
(3) Capay cone of depression
(4) Cone of depression that is north of Richfield and west of Tehama
(5) Yolo Zamora groundwater area
b. Take-then-Put
(1) GCID—Stony Creek Fan partnership
(2) Willow Creek Mutual Water District
(3) Colusa County Water District
(4) Olive Percy Davis Ranch

Summary of technical meeting held on June 19", 2007 (See Appendix
A)

For the June 19™, 2007 technical meeting MBK developed a brief description of each
candidate site and how it might operate. This description was submitted to the project
team in the form of a draft technical memorandum (Appendix B). For each site, current
operations, current groundwater conditions, and the attributes of each water district were
summarized in a table. These attributes included; general site information, operational
concepts, aquifer characteristics, integration with surface water systems, infrastructure
requirements, possible impacts and site screening criteria. There were several blanks in
each attribute table, particularly for aquifer characteristics and potential impacts. These
attributes required further research and development to be done during the full course of
this study and would be used in future screening decisions. Based on each site’s ability to
meet the screening criteria they were either recommended to be retained for further



analysis or to be dropped from the study. A brief summary of the nine sites considered is
summarized below.

Put-Then-Take

WESTERN CANAL WATER DISTRICT - DURHAM CONE

Western Canal Water District (WD) extends surface water (SW) delivery system into the
area overlying Durham cone of depression and operates a groundwater (GW) bank with
Oroville providing the source water. One operation scenario would be to expand
conjunctive management operations within Western Canal to increase surface water
deliveries in wet years and reduce SW deliveries in dry years. Some of the augmented
supply might be delivered to the refuges just west of Western Canal (Sac River Wildlife
Refuge, Upper Butte Creek state reserve).

Groundwater levels fluctuate seasonally in response to agricultural and municipal
pumping. The maximum measured fluctuation in the Chico-Durham area in 2006 was
approximately 30 ft with an average value of approximately 20 ft. Hydrographs from
individual wells indicate that groundwater levels fully recover over the winter months.
Additionally, hydrographs indicate no long-term declining trends in groundwater levels
exist in this area. It is likely that the aquifer in this area receives recharge from Big Chico
Creek and other local streams. This site has the ability to contribute to Feather River flows
and integrate with Oroville operations. It was proposed that we retain this site for further
analysis.

ORLAND-ARTOIS WATER DISTRICT

Orland-Artois WD, a CVP Ag Service contractor, receives additional surface water from
the Tehama-Colusa (TC) or Glen Colusa (GC) Canals, or directly from Stony Creek.
Additional surface water reduces groundwater demand in current cone of depression.
Water is returned to the system with additional groundwater pumping in dry years instead
of Orland-Artois WD taking all or a portion of their CVP contract. (Note, the original
discussion focused on this project with M&T Chico Ranch, but M&T is on east side of river
while current cone of depression is on west side of the river, so a more likely project
partner would be Orland-Artois WD.)

Groundwater levels fluctuate seasonally in response to agricultural pumping. The
maximum measured fluctuation in the southern portion of Orland-Artois WD area in 2006
was approximately 25 ft, but appears to vary spatially due to localized pumping.
Hydrographs from individual wells indicate that groundwater levels fully recover over the
winter months. Additionally, hydrographs indicate no long-term declining trends in
groundwater levels exist in this area. It is likely that the aquifer in this area receives
recharge from streams tributary to Willow Creek. This site has the ability to contribute to
Sacramento River flows and integrate with CVP operations. It was recommended that we
retain this site for further analysis.

CAPAY RANCHO WATER DISTRICT
Capay Rancho WD would operate a groundwater bank by receiving surface water in wet



years. Capay Rancho, a groundwater only district, is located over an existing cone of
depression that may be utilized to store water. Methods for returning additional GW to
the system in dry years are more complex, but may involve supplying water to areas in the
TC Canal service area or GCID.

Groundwater levels fluctuate seasonally in response to agricultural pumping. The
maximum measured fluctuation in the Capay WD area in 2006 was approximately 50 ft
with an average value of approximately 25 ft. Hydrographs from individual wells indicate
that groundwater levels fully recover over the winter months. Additionally, hydrographs
indicate no long-term declining trends in groundwater levels exist in this area. It is likely
that the aquifer in this area receives recharge from Stony Creek and other local streams.
Note that this is right next to the Sac river, therefore may be problems with gw/sw
interactions. Because there was no perceived ability to contribute to Sacramento River
flows and integrate with CVP operations it was recommended that we drop this site from
the study.

CORNING CANAL SERVICE AREA

A portion of the Corning Canal Service Area overlies an existing cone of depression north
of Richfield and west of Tehama. The overlying districts that could operate the
groundwater bank include Elder Creek, EI Camino ID, Tehama Ranch, and Thomes
Creek. The Corning Canal runs though these districts and typically has unutilized
capacity. CVP contractors along the Corning Canal include Proberta (3.5 TAF/yr),
Thomes Creek (6.4 TAF/yr), and Corning (23 TAF/yr) WDs. These WDs have recently
been pumping additional GW instead of taking CVP contract water due to the relative
costs of CVP water to groundwater.

Groundwater levels fluctuate seasonally in response to agricultural pumping. The
maximum measured fluctuation in the Corning Canal Service Area in 2006 was in excess
of 50 ft; but appears to vary spatially due to localized pumping. Hydrographs from
individual wells indicate that groundwater levels fully recover over the winter months.
Additionally, hydrographs indicate no long-term declining trends in groundwater levels
exist in this area. It is likely that the aquifer in this area receives recharge from Thomes
Creek, Elder Creek, and other local streams draining the western foothills. This site has
the ability to contribute to Sacramento River flows and integrate with Shasta operations
and it was recommended that we retain this site for further analysis.

YOLO-ZAMORA WATER DISTRICT

The Yolo-Zamora WD overlies an existing cone of depression and relies on groundwater
forirrigation. Surface water could be supplied by extending the Tehama Colusa Canal or
constructing a canal from the Sacramento River. This has been studied in the past but
rejected as prohibitively expensive as a substitute for groundwater for irrigation.
Returning water to the system may be challenging.

Unable to evaluate due to lack of data from the Central District at this time. Awaiting
receipt of groundwater level data from DWR. The option of extending the Colusa Canal
would be economically impractical to distribute surface water in normal and non-normal



water years in addition it would be impractical to extract groundwater. There is currently
no ability to contribute to Sacramento River flows and integrate with CVP operations it
was recommended that this site be dropped from study.

Take-Then-Put

GLENN-COLUSA IRRIGATION DISTRICT - STONY CREEK FAN

Glenn-Colusa Irrigation District (GCID) could operate a groundwater bank in the Stony
Creek Fan, banking CVP water in wet years and reducing CVP surface water deliveries in
dry years. This operation may be similar to recent groundwater substitution transfers.

The northern portion of GCID represents an area known to have high aquifer
transmissivity. The area is currently served by surface water. The area is underlain by the
lower Tuscan Aquifer as well as shallower producing zones in the Tehama Formation.
Groundwater levels in this area are shallow, generally less than 10 to 15 ft in the spring.
Hydrographs suggest very little seasonal fluctuation in groundwater levels.

The southwestern portion of GCID is still relatively high, but less than that of the northern
portion due to the proximity to the margin of the groundwater basin. Well yields in this
area are more than sufficient to meet the demands of a take then put project. The area is
currently served by surface water. Groundwater levels in this area are shallow, generally
less than 5 to 15 ft in the spring. Hydrographs suggest extremely little seasonal fluctuation
in groundwater levels. This sites ability to contribute to Sacramento River flows and
integrate with CVP operations led to the recommendation that it be retained for further
analysis.

WILLOW CREEK MUTUAL WATER DISTRICT

Willow Creek Mutual Water District (MWD) is a mixed groundwater and surface water
district located between the GC Canal and the Sacramento River southeast of Willows.
Willow Creek MWD is located in close proximity to the Sacramento National Wildlife
Refuge. The District is small and does not have substantial agricultural areas.
Groundwater characteristics were not evaluated due to proximity to the Sacramento
National Wildlife Refuge. There is limited ability to contribute to Sacramento River flows
and no clear way to integrate with CVP operations; therefore, it was recommended that it
be dropped from the study.

COLUSA COUNTY WATER DISTRICT

Colusa County WD is a CVP Ag Service contractor that takes delivery from the southern
reaches of the Tehama Colusa Canal. Some areas within the district are noted to
receive both surface and GW. (Note, the original discussion included extracting the
water from RD 108, but RD 108 is primarily supplied from surface water and borders the
Sac River. |don’t know that this is reasonable or necessary, though water banked under
Colusa County WD may flow to RD 108.)

Wells to the east of I-5 indicate relatively shallow depth to water (<5 to 40 ft below ground
surface [bgs]) in the spring of 2006. Depth to water increases to the west, in excess of 100



feet below ground surface along the western boundary of the water district. Wells in the
eastern portion of the water district generally have higher seasonal fluctuations (up to 20
ft). Wells in the western portion of the district show little to no seasonal fluctuation in
groundwater levels. Hydrographs further suggest that there is no long-term trend in
groundwater levels since 2000. Aquifer transmissivity in this area decreases due to
proximity to the margin of the groundwater basin. This site’s ability to contribute to
Sacramento River flows and integrate with Shasta operations led to the recommendation
that it be retained for further study.

OLIVE PERCY DAVIS RANCH

The Olive Percy Davis Ranch (Ranch) has a Sacramento River Settlement Contract for
water from the Sacramento River and CVP. The Ranch is located along the west bank of
the river, east of Williams. The ranch has mixed water sources to include surface and
groundwater.

Hydrographs in this area indicate that groundwater in this area is extremely shallow (up to
5 ft bgs) with very little seasonal fluctuation. Proximity to the Sacramento River could
affect the implementability of a take then put project due to concerns regarding impacts
on surface water resources. The aquifer in this area will likely yield large quantities of
water to wells. This site has the ability to contribute to Sacramento River flows and
integrate with Shasta operations. It is close in proximity to the Sacramento River and
raises concerns over SW-GW interaction. Overall, it was recommended that this site be
retained for further analysis.

Summary of technical meeting held on July 30, 2007 (See Appendix C)

In an attempt to identify viable put then take project sites in the northern valley, CH2MHill
evaluated groundwater elevation data from the period 1970 though present. The
objective of this analysis was to determine whether areas exists in the valley where cones
of depression in the water table persist year-round such that they represent favorable
sites where water could potentially be stored in the aquifer for later use during dry periods.
The first step in the analysis was to evaluate spring-fall difference maps to look for
seasonal cones of depression. Several areas with seasonal cones of depression exist,
specifically the Chico-Durham area, the Capay area, and the area around the Corning
Canal among others. Once areas with seasonal depressions were identified, longer term
historic water level hydrographs covering the period 1970 to present were constructed for
key wells defining the seasonal depressions. The results of this analysis indicated that the
cones of depression were really only seasonal features, with almost complete recovery
over the winter recharge period. The only exception was in some locations during the
1976-1977 and 1988-1992 drought periods. Some persistent cones of depression were
suggested during these droughts but groundwater levels recovered as soon as normal
rainfall returned to the valley. Overall, this groundwater level analysis suggests that no
obvious locations for successful Put-then-Take scenarios exist in the northern
Sacramento Valley.



Appendix A: Meeting Notes

Lower Tuscan Integrated Conjunctive Water Management Plan

Technical Team Meeting
June 19, 2007

Summary Notes

Following are brief notes from a meeting of the Lower Tuscan Technical Team at MBK
Engineers on June 19", 2007. The purpose of the meeting was to review progress on
selection and screening of prospective conjunctive use sites, development of analytical
tools and development of environmental flow targets.

Attendees:

Thad Bettner/GCID

Greg Thomas/NHI

Carrie Monohan/NHI

John Cain/NHI

Peter Lawson/CH2M HILL
Walter Bourez/MBK

Lee Bergfeld/ MBK

Grant Davids/Davids Engineering

Site Selection and Screening

Peter presented well hydrographs from the nine candidate conjunctive management sites
previously selected. He explained that while there are areas in the Sacramento Valley
that experience seasonal depression of groundwater levels, these areas generally
recover each year due to recharge from surrounding aquifers, precipitation, applied
irrigation water, stream leakage and other sources. Contrary to initial assumption, there
appear to be no areas in the valley where groundwater levels do not recover fully, except
possibly in the very driest years or multi-year series. Thus finding conjunctive
management sites where year-to-year groundwater banking is accomplished through
initial cycles of “put” followed by “take” does not look promising. Instead, we are left with
formulations where the take cycle occurs first, and recharge occurs primarily from natural
sources, potentially including increased leakage from surface streams, or reduction of
groundwater accretion to streams, induced by the lowering of groundwater levels.

With this sharpened perspective, it appears that promising conjunctive management sites
would be irrigated areas where:

1) Surface water supplies are reliable (meaning appreciable entitliement in dry years)
and form a substantial portion or all of the total irrigation water supply.



2) Underlying groundwater aquifers are productive and economically developed

3) Interaction between groundwater and surface streams, especially the Sacramento
River and Feather River does not exist or is highly damped.

Given these attributes, the basic operational scenario would be to pump groundwater and
forego use of an equivalent amount of surface water. The surface water could be
withdrawn from storage on a schedule designed to meet environmental needs, or other
needs. Another option would be to reoperate surface reservoirs to draw them down
further and, if they did not refill, rely on groundwater to fill the resulting shortage.
Additional yield would be produced by groundwater refilling from natural recharge or
surface reservoirs refilling from water that otherwise would be released for flood control
purposes.

A significant concern is the extent to which groundwater pumping affects streamflow, and
when the effects occur. Effects occurring during balanced conditions would need to be
addressed.

We discussed the need to revisit selection of the candidate conjunctive management
sites given the additional considerations defined above, and to better document the
selection criteria and process. However, no decisions were made.

Model Development

MBK demonstrated the current version of the conjunctive operations spreadsheet model,
clarifying that it is still a work in progress. The basic simulation approach is to use
outputs from selected CALSIM runs and impose the conjunctive operation on the
CALSIM simulated conditions. The basic functionality of the model is complete, and
remaining work will focus on adding data integrity and hydrogeologic characterization of
the candidate sites.

The model is set up so that each of the nine sites is represented. They can be evaluated
independently or in combination, although rules will be needed to establish priorities
among sites for combined runs. Independent runs will be made first, and then combined
runs explored.

Environmental Flows

NHI has made substantial progress toward establishing environmental flow objectives for
the Sacramento River, drawing substantially on ongoing efforts by others, notably The
Nature Conservancy and Stillwater Sciences. The objectives address flows for
Freemont Cottonwoods, sustaining geomorphic processes, and floodplain inundation.
Recognizing that the environmental flow needs may far exceed the additional supplies
and timing modifications possible through conjunctive management, next steps will focus
on prioritization among the Sacramento River flow objectives, and developing similar
objectives for the Feather.




It was acknowledged that the existing Delta export pumping schedules pose significant
constraints to reduction of Sacramento River summer flows; however, analysis of
modified export schedules (such as might be possible with an isolated facility and
additional south of Delta storage) are far beyond the scope of the current investigation.

Action Items

1) Peter to check with DWR and validate that there are no areas within the Sacramento
Valley with persistent cones of depression where put-then-take operation might work.

2) Peter will review the nine sites identified initially, and advise the group as to whether
and how site selection should be revisited, considering today’s discussion and what is
learned from DWR (see #1 above).

3) Grant will provide water balance information to Lee for GCID, Orland-Artois, and the
Orland Unit.

Next Meeting

1) Next meeting is scheduled for Monday, July 30, 9:00 am at MBK.

2) Peter and Grant will meet at CH2M HILL in Redding on July 19 to discuss site
selection.
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DRAFT TECHNICAL MEMORANDUM

DATE: June 16, 2007
TO: Sacramento Valley Conjunctive Management Project Team
FROM: MBK and CH2M Hill Technical Team

SUBJECT: DRAFT Candidate Site Screening

This memorandum is a summary of nine potential project sites developed during a project
team meeting at MBK Engineers on February 15, 2007. A brief description of how each
site would operate and the current groundwater conditions is followed by a table listing
site attributes relevant for conjunctive management and integration with the surface water
system. The last section of each table summarizes the screening criteria used to rate
the site to include ability to meet project objectives, volume of water that may be
developed, and relative cost of developing the site. Information in the table was
developed using existing data, tools, planning factors, and professional judgment to
objectively evaluate all sites by consistent standards. The objective of this analysis is to
screen the full list of sites and identify a maximum of six sites to carry forward in the study.

The tables are blank for several attributes, particularly for aquifer characteristics and
potential impacts. These attributes will be researched and developed during the course
of the study and used in future screening decisions. For example, aquifer characteristics
will be determined during the next phase when water budgets are calculated for each
project site. Aquifer characteristics and preliminary surface water modeling results will
be used to further screen sites, and these sites may then be evaluated for possible
impacts.

Western Canal Water District - Durham Cone

Project Operations
Western Canal Water District (WD) extends surface water (SW) delivery system into area



overlying Durham cone of depression and operates a groundwater (GW) bank with
Oroville providing the source water. An alternative operation would be to expand
conjunctive management operations within Western Canal to increase surface water
deliveries in wet years and reduce SW deliveries in dry years.

Current Groundwater Conditions

Groundwater levels fluctuate seasonally in response to agricultural and municipal
pumping. The maximum measured fluctuation in the Chico-Durham area in 2006 was
approximately 30 ft with an average value of approximately 20 ft. Hydrographs from
individual wells indicate that groundwater levels fully recover over the winter months.
Additionally, hydrographs indicate no long-term declining trends in groundwater levels
exist in this area. It is likely that the aquifer in this area receives recharge from Big Chico
Creek and other local streams.

Table 1: Western Canal-Durham Cone Site Attributes

General Site Information

Western Canal WD and northeast of Western Canal WD near
Durham

Project Location:

Current Water Source: | GW

Approximate Area: | ? acres over Durham cone; Western Canal = 58,800 ag acres

Existing Project Contracts: | Western Canal — 145 TAF/yr Settlement, 150 TAF/yr Project

Operational Concepts

Type of Operation:

Put-then-take

Supply (wet years):

Supply SW thru Western Canal to GW users

Return (dry years):

Pump additional GW in Western Canal to reduce SWP diversions
from Feather River and Oroville

Aquifer Characteristics

GW Recharge Concept:

In-lieu

Existing GW Levels:

Seasonally depressed

Storage Capacity:

Loss Rates:
Stream-GW Interaction: | Butte Creek
GW Quality: | Localized high Ca, NO3, and TDS in the Chico Area
Integration with SW System
Existing: | Western Canal with SWP; Durham area is not integrated
With Project: | SWP
Reservoir: | Oroville
Infrastructure Requirements
Supply Water: | Extend Western Canal canals to include lifts, distribution system in

current GW only area

Return Water:

Additional wells in Western Canal

Possible Impacts

Surface Water:




Surrounding GW Levels:

Subsidence:

Sensitive Habitats:

Site Screening Criteria

Meets Project Objectives: | Ability to contribute to Feather River flows and integrate with
Oroville operations

Est. Water Developed: | Existing ag demands and contracts > 250 TAF/yr

Relative Cost: | Low in Western Canal only; high to include Durham area

Site Status: | Retain for further analysis

Orland-Artois Water District

Project Operations

Orland-Artois WD, a CVP Ag Service contractor, receives additional surface water from
the Tehama-Colusa (TC) or Glen Colusa (GC) Canals, or directly from Stony Creek.
Additional surface water reduces groundwater demand in current cone of depression.
Water is returned to the system with additional groundwater pumping in dry years instead
of Orland-Artois WD taking all or a portion of their CVP contract. (Note, the original
discussion focused on this project with M&T Chico Ranch, but M&T is on east side of river
while current cone of depression is on west side of the river, so a more likely project
partner would be Orland-Artois WD.)

Current Groundwater Conditions

Groundwater levels fluctuate seasonally in response to agricultural pumping. The
maximum measured fluctuation in the southern portion of Orland-Artois WD area in 2006
was approximately 25 ft, but appears to vary spatially due to localized