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Executive Summary

Nineteen wildlife refuges in the Sacramento and San Joaquin Valleys of California were
evaluated for the potential to use groundwater to reduce the current dependence on annual
(spot-market) acquisitions and meet a portion of Incremental Level 4 water supplies.
Insufficient data were available at each refuge to recommend new or increased development
of groundwater, but available data enabled refuges to be prioritized for further
investigation. Six refuges were identified as having the highest potential for successful
on-refuge direct use and/or conjunctive use of groundwater. It is recommended that current
data be collected at these first-priority refuges to determine if conditions are favorable for
groundwater development. If results are favorable, additional data may be acquired at other
refuges, including four second-priority refuges to assess potential groundwater
development. In addition to potential refuge development, four off-refuge conjunctive use
projects were identified for potential partnership opportunities. Finally, to provide a
regional groundwater benefit, two multiple-refuge projects were recommended for future
consideration.

The refuges included in this evaluation are those identified specifically in the 1992 Central
Valley Project Improvement Act (CVPIA) and include National Wildlife Refuges (NWR),
State of California Wildlife Management Areas (WA), and the Grassland Resource
Conservation District (Grassland RCD). The refuges are:

e Sacramento NWR
e Delevan NWR

e Colusa NWR

e Sutter NWR

e Gray Lodge WA

e San Luis NWR Complex (including the San Luis, West Bear Creek, East Bear Creek,
Kesterson, and Freitas Units)

e Merced NWR

e LosBanos WA

e Volta WA

e North Grasslands WA (including the China Island and Salt Slough Units)
e Mendota WA

e Grassland RCD

e Pixley NWR

e Kern NWR
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Approach

Using existing available information, conditions at each refuge were evaluated, resulting in
recommendations for acquisition of critical additional data, opportunities for increased
direct onsite groundwater use and onsite conjunctive use, and potential partnerships with
offsite refuge conjunctive use projects. Specific physical criteria (such as aquifer
characteristics, water quality conditions, and success of groundwater use at the refuge) and
non-physical criteria (existing groundwater management, availability of spot-market water,
and use of the Delta for refuge water conveyance) were used to assess which refuges had
potential for developing implementable groundwater projects. Three overall types of
groundwater projects were considered during this evaluation. These were:

e Direct Use—on-refuge use of new or existing wells to pump groundwater without
intentional (or active) recharge

e  On-Refuge Conjunctive Use— on-refuge use of new or existing wells to pump
groundwater in addition to direct or in-lieu groundwater recharge

o Off-Refuge Conjunctive Use—regional groundwater banking projects where partnerships
with organizations developing groundwater banking projects are created to support
supply of reliable Level 4 refuge water

Preliminary analysis of these types of projects was conducted for the 19 refuges using the
following approach:

o Refuge Water Use and Local and Regional Groundwater Conditions Assessment —summarized
and assessed the historic and current water use, water quality data, and local and
regional groundwater conditions for each groundwater basin, subbasin, and refuge

o Initial Screening — developed and applied evaluation criteria to the refuge assessment to
develop a score, identified and evaluated potential direct use and on-refuge conjunctive
use projects, and provided an overview of off-refuge regional conjunctive use
groundwater projects for which partnerships could be established

o Data Gaps Identification —identified data gaps and additional work efforts needed in
subsequent evaluation of potential direct use and on-refuge conjunctive use projects

e Potential Projects Summary—used the initial screening and data gaps identification to
evaluate which refuges have a higher potential for development of direct use and/or
on-refuge conjunctive use projects that could be implemented either in 1 to 5 years or in
a longer-term time period of more than 5 years.

Findings

Available groundwater data from each refuge were insufficient or not recent enough to
enable recommendations for implementation of groundwater development. Data were
sufficient to prioritize additional data collection activities. Additionally, participation in
off-refuge projects at Stony Creek Fan, Myers Farm, Semitropic WSD Water Bank, and other
recharge projects in the Merced area were identified as potential partnerships to consider to
supply Level 4 refuge water.
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Specific recommended actions are:

Conduct additional data acquisition tasks at the refuges identified as having the highest
priority for both direct use and on-refuge conjunctive use opportunities with the focus
on determining if conditions are favorable for groundwater development to provide
Incremental Level 4 water supply. These refuges are: Pixley NWR, West Bear Creek
Unit of the San Luis Complex, Salt Slough Unit of the North Grasslands WA, and
Grassland RCD.

Conduct additional data acquisition tasks at Gray Lodge WA and Merced NWR to
support the use of groundwater to supply Incremental Level 4 water at these refuges
using existing groundwater pumping capabilities.

As resources become available, conduct additional data acquisition tasks at the other
higher-ranked refuges (either direct use or on-refuge conjunctive use opportunities) to
identify additional groundwater supply projects. These refuges are: Sacramento NWR,
Colusa NWR, China Island Unit, and Los Banos WA.

Commence discussions with sponsors of the high-potential off-refuge conjunctive use
projects, including Stony Creek Fan, the proposed recharge project in the Merced area,
the Meyers Farm project, and Semitropic WSD Water Bank, to determine if partnership
opportunities exist.

Install well meters at all unmetered refuge wells that are used or could be used to
supply Incremental Level 4 refuge water, monitor water levels quarterly, and collect
routine water quality samples from active and inactive wells to develop a database of
groundwater use and conditions at refuges where groundwater is used. Maintain
collected data in a format supportable and usable by the refuge and refuge managing
agencies. This applies to all refuges except Colusa NWR and Volta WA.

Consider two multiple-refuge projects —Sacramento Complex refuges, excluding Sutter
NWR, and Grassland RCD. Refuges in both project areas were ranked lower
individually than Pixley and West Bear Creek, but both areas showed strong potential
for comprehensive project development and benefit. In the case of Grassland RCD, its
close proximity to nine of the refuges, good interconnected conveyance systems, and
local need support conducting a more focused feasibility study on regional groundwater
or conjunctive use projects.
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SECTION 1

Introduction

1.1 Purpose of Report

This report summarizes initial evaluation of the potential for groundwater to meet a portion
of the refuge Incremental Level 4 water contract quantities at National Wildlife Refuges
(NWR), State of California Wildlife Management Areas (WA), and the Grassland Resource
Conservation District (Grassland RCD), hereafter referred to as refuges.! The primary
objective of this evaluation is to identify opportunities where groundwater can be used to
reduce the current dependence on annual (spot-market) acquisitions of Incremental Level 4
water. Issues that prompted the U.S. Bureau of Reclamation (Reclamation) to evaluate in
detail the potential for utilizing groundwater to assist in meeting refuge water supply needs
include increasingly competitive demands for reliable water supplies and variable cost and
availability of water acquired on the spot market. Development of groundwater may
provide the refuges with Incremental Level 4 water supplies that are more reliable and that
have costs that do not fluctuate based on market conditions.

The refuges included in this evaluation are located in the Sacramento and San Joaquin
Valleys and are those identified specifically in the 1992 Central Valley Project Improvement
Act (CVPIA) (Table 1-1, Figure 1-1). Although several refuges are managed as “complexes”
(see Table 1-1), each refuge unit is discussed separately because of individual groundwater
conditions and water supply issues. Using existing available information, an evaluation of
each refuge was conducted, resulting in recommendations for acquisition of critical
additional data, opportunities for increased direct onsite groundwater use and onsite
conjunctive use, and potential partnerships with offsite refuge conjunctive use projects.

Reclamation and the U.S. Fish and Wildlife Service (Service) were the lead agencies
conducting this effort. Other participating agencies and organizations that have provided
information and resources include the California Department of Fish and Game (DFG) and
Grassland RCD. Other agencies and organizations directly or indirectly involved in the
project development provided feedback and input throughout the course of the project and
are identified in Appendix A.

1.1.1 Background

Groundwater has been used historically at many of the refuges to supply all or part of their
water needs. In most cases, groundwater was either the key or only source of water 2 to the
land prior to its inclusion in the state or federal refuge system. When the lands were
transferred to the refuge system, the wells were usually retained by the refuges and either
used intermittently for refuge water supply or allowed to go inactive or abandoned if the
refuge decided not to use groundwater.

1 Grassland RCD is not considered to be a refuge; it is a district. However, Grassland RCD is grouped into the “refuge”
designation to distinguish it from other types of water districts referred to in this report.

2 Agricultural return water was also available to many refuges, although records of quantities and accessibility were not
maintained.
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Evaluation of the groundwater resources at each refuge initially was conducted in the late
1980s. These findings are included in two documents — Report on Refuge Water Supply
Investigations (Reclamation 1989) and the San Joaquin Basin Action Plan/Kesterson Mitigation
Plan (Reclamation et al. 1989), which summarize known groundwater use at each of the
refuges at the time of land transfer.

The passage of the CVPIA in 1992 modified the priorities for managing water resources of
the California Central Valley Project (CVP), a major link in California’s water supply
network. CVPIA amended previous authorizations of the CVP to include fish and wildlife
protection, restoration, and enhancement as project purposes having equal priority with
agriculture, municipal and industrial, and power purposes. The CVPIA required the

U.S. Department of the Interior (DOI), through Reclamation and the Service, to provide firm
water supplies of suitable quality to maintain and improve wetland habitat areas on the
Central Valley refuges covered in the two aforementioned 1989 reports. To meet water
acquisition needs under CVPIA, DOI has developed a Water Acquisition Program (WAP), a
joint effort by Reclamation and the Service.

Establishment of a reliable water supply is required for the refuges’” long-term ability to
achieve full habitat development. At the time of CVPIA passage, surface water was
considered to be the optimal water supply for most of the refuges. However, many of the
refuges were not connected at the time to the CVP or the State Water Project (SWP) via
conveyance systems. Reclamation and the Service prepared the Decision Document Report of
Recommended Alternatives Refuge Water Supply and San Joaquin Basin Action Plan Lands
(Decision Document) in April 1995 to develop an approach to address the refuge
conveyance constraints. The Decision Document described feasible conveyance system
alternatives for each refuge to receive CVPIA water supplies by specifically addressing
institutional and engineering requirements necessary to deliver peak flow water supplies.
The use of existing and/or new on- and off-refuge groundwater extraction (and storage in
some areas) facilities was considered during alternative formulation for each of the refuges.
Because concerns related to water quality, local aquifer effects, reliability, and well
operation and maintenance costs for many of the refuges were raised by refuge staff and
adjacent water districts, groundwater as the sole supply source was not considered to be
feasible for the refuges.

No additional comprehensive evaluation of groundwater data collected by agencies and
refuges since completion of the 1989 reports had been conducted until the one presented in
this report. Subsequent environmental documentation (Reclamation and DFG 1997a, 1997b,
1997c, Tetra Tech 2001, URS 2000) was prepared to implement construction of the surface
water conveyance systems identified in the Decision Document.

1.1.2 Level 2 and Level 4 Water Supply Contract Quantities

Reclamation executed five service contracts in 2001 governing the provision of CVPIA
refuge water based on the Level 2 and Level 4 water supply needs identified in the CVPIA.
Two contracts were executed with DFG (one for Gray Lodge WA and one for state wildlife
areas located south of the Delta), one with Grassland Water District (WD), and two with the
Service (one for refuges located north of the Delta and one for those located south of the
Delta). The contracts provide for supply of approximately 422,000 acre-feet of Level 2 water
and approximately 133,000 acre-feet of Incremental Level 4 water, based on the refuge needs
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in accordance with CVPIA, as well as for the pooling, transfer, and exchange of that water
among the refuges. Table 1-1 summarizes annual Level 2 and Level 4 water contract
quantities for each refuge.

Because CVPIA specifies that Level 2 water cannot be reduced by more than 25 percent, it is
considered a firm supply adequate for meeting “current” management needs, as identified
in the 1989 reports. Generally, Level 2 water has been provided from the yield of the CVP
with some exceptions3.

Incremental Level 4 water is the additional water, above Level 2 water, needed for full
habitat development and management of the refuges, as identified in the 1989 reports.
Incremental Level 4 water is to be acquired from voluntary sellers within the CVP and
outside of the CVP through measures including but are not limited to water conservation,
conjunctive use, purchase, lease, or donation. CVPIA requires that 25 percent of the
acquisition cost of Incremental Level 4 water be borne by the State of California.

Section 3406(d)(2) of the CVPIA requires that acquisition and delivery of Incremental
Level 4 water be increased 10 percent per year beginning in 1993 with full Level 4 delivery
in 2002. With the exception of one long-term water acquisition, the WAP has annually
purchased Incremental Level 4 water supplies from willing sellers. The spot-market
approach, which is subject to the variability inherent in water marketing, presents
challenges for WAP to acquire the total 133,000 acre-feet of Incremental Level 4 water
supplies needed to fulfill CVPIA obligations and meet refuge contract quantities.

1.2 Groundwater Use and Management

Groundwater currently is being used to meet a portion of demands at nine refuges. Four
other refuges have operational wells but are not currently using groundwater. Two refuges
(Delevan NWR and Volta WA) have no record of historic on-refuge groundwater use for
irrigation. Table 1-2 summarizes the current status of groundwater use at the refuges.
Concerns related to the adequacy and cost of operating wells, water quality, and the
availability of surface supplies have previously limited the degree of groundwater use at
many of the refuges.

Various water districts, counties, or other water supply entities throughout the Central
Valley have prepared groundwater management plans or have enacted ordinances to
control the transfer of groundwater within or out of their basins. Because these plans or
ordinances may impact potential refuge groundwater projects, existing plans have been
evaluated, where available, to assess whether local conditions may support or discourage
proposed projects. Specific plans or ordinances are listed or described in the subbasin
sections and in the individual refuge sections, as appropriate. Central Valley counties that
have adopted groundwater management ordinances include Butte, Glenn, Kern,
Sacramento, San Joaquin, Shasta, Tehama, and Yolo. A general discussion of groundwater
management as it relates to refuge water supply is included in Appendix B.

3 Exceptions include refuges having their own water rights (Sacramento NWR and Gray Lodge WA), are receiving water from
other sources (Merced NWR), or are wholly groundwater dependent (Pixley NWR).
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1.3 Report Data, Approach, and Organization
1.3.1 Report Data

This report uses existing information and reports only. No new data were collected during
this effort. Interviews with refuge staff, site visits, and reviews of existing files were
completed to assimilate available information on present and past groundwater use and
conditions. In most cases, numerous conversations and data exchanges occurred with refuge
staff during October 2002 through January 2003. These communications are referred to as
“communications with refuge staff.” The support, cooperation, and dedication of these
refuge staff members cannot be overstated.

In most cases, historic groundwater records were incomplete. Records from past
groundwater activities may have been lost over time. Where possible, refuge staff provided
direct knowledge or anecdotal information of past wells and related problems.

Information sources used to assess regional and local groundwater conditions include
previously compiled summaries such the CVPIA Programmatic Environmental Impact
Statement (PEIS) (Reclamation 1999) and the Report on Refuge Water Supply Investigations
(Reclamation 1989), Department of Water Resources (DWR) Bulletin 118 (DWR 2003a), as
well as United States Geological Survey (USGS) and other DWR reports and information.
Relevant maps and other information obtained from these sources are provided in this
report for background. Available data were compiled into electronic files and incorporated
into a GIS-based system to provide a basis for maintaining any data or information collected
in the future or for records of past activities that are found. These maps, electronic data, and
direct information from the refuges were used to assess hydrogeologic conditions at the
refuges and make recommendations for additional work.

1.3.2 Report Approach

The project data compilation and evaluation used the following approach:

e Refuge Water Use and Local and Regional Groundwater Conditions Assessment —
summarized and assessed historic and current water use, water quality data, and local
and regional groundwater conditions for each groundwater basin, subbasin, and refuge.

¢ Initial Screening —developed and applied evaluation criteria to the refuge assessment
to identify and evaluate potential direct use and on-refuge conjunctive use projects and
to provide an overview of off-refuge regional conjunctive use groundwater projects for
which partnerships could be established.

e Data Gaps Identification —identified data gaps and additional work efforts that would
be needed in subsequent evaluation to implement potential direct use and on-refuge
conjunctive use projects.

e DPotential Projects Summary —identified through the refuge evaluation which refuges
have a higher potential for development of direct use and/or on-refuge conjunctive use
projects able to be implemented in a shorter-term time period (1 to 5 years) and longer-
term time period (longer than 5 years).

Each of these report approach components are discussed below.
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1.3.2.1 Refuge Water Use and Local and Regional Groundwater Conditions

The 19 refuges discussed in this report overlie the Central Valley regional aquifer system,
which generally coincides with the Central Valley itself. Groundwater within the Central
Valley is divided into basins and subbasins depending on surface water hydrology,
hydrogeology, and political boundaries. State basin and subbasin designations used in this
report are consistent with those identified in the DWR Bulletin 118 (DWR 2003a).

The three groundwater basins within the Central Valley regional aquifer system are the
Redding Area, Sacramento Valley, and San Joaquin Valley Basins. Each basin is divided into
numerous subbasins. The San Joaquin Valley Basin includes two separate hydrologic
regions (the state’s major surface water drainage areas). For this reason, discussion of the
San Joaquin Valley Basin is frequently divided into the San Joaquin River and Tulare Lake
Regions, corresponding to the hydrologic regions (Figure 1-2).

This report discusses the project refuges based on the hydrologic region in which they
occur: the Sacramento River (includes both the Redding and Sacramento Valley Basins),

San Joaquin River, and Tulare Lake Regions. This is consistent with the approach previous
Reclamation reports have used to group refuges and with that used by the CVPIA PEIS
(Reclamation 1999), a major source for regional and water quality summaries in this report.
The groundwater basins which these refuges overlie are included in Table 1-1 and shown on
Figure 1-2.

Regional groundwater conditions vary between and within basins. Both high groundwater
and overdraft conditions occur, as well as variable water quality conditions. The variability
of these conditions is discussed on a regional basis, as well as by subbasin. For each refuge,
available information for present and past groundwater use, as well as existing
groundwater wells, was compiled and evaluated, as feasible.

1.3.2.2 Initial Screening

Groundwater could be used to supply Incremental Level 4 water through direct use of
groundwater, development of on-refuge conjunctive use application, or participation in an
off-refuge conjunctive use project, if local water quality, facilities, and aquifer characteristics
support it. Each approach has been considered for the evaluated refuges.

Direct Use. Direct use of groundwater would entail pumping groundwater from either new
or existing wells and using the water directly for wetland flooding. The ability of a refuge to
pump groundwater directly would depend on the ability of the aquifer to sustain the
installation of high-yield wells, the local aquifer safe yield, and groundwater quality that
supports refuge habitat goals.

On-Refuge Conjunctive Use Opportunities. On-refuge conjunctive use approaches could be
implemented in one of several ways, including;:

e Recharge with groundwater basins

e Recharge by direct injection

e Groundwater substitution

e Inlieu recharge

Local recharge could be increased by either developing recharge basins in more permeable
areas of a refuge or by injecting treated surface water when the water is available.
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Development of recharge basins could have the dual benefit of developing wetland habitat
and augmenting local groundwater resources. Groundwater pumping could then be
implemented or increased when surface water availability is lower. Evaluation of rates and
periods of pumping versus recharge would have to be developed for individual refuges
based on local hydrogeologic conditions. Groundwater substitution could be implemented,
if local groundwater management allows, by pumping groundwater substituted for surface
water that would normally have been delivered to the refuge. This surface water could be
conveyed to another refuge lacking a reliable supply of Incremental Level 4 water. Finally,
in lieu recharge could be implemented by providing available surface water to a local
pumper in exchange for forgoing pumping.

Off-Refuge Conjunctive Use Opportunities. Numerous groundwater banking projects in each
study region have been proposed and/or funded by state programs.* Although none of
these projects directly includes any of the project refuges, Incremental Level 4 water contract
quantities could be met in part or wholly through an agreement with the water project
entity. Conveyance facilities would also be needed to move water from its banked location
to the refuge.

Off-refuge conjunctive use projects were assessed based on the general information
available regarding the scope and location of the project. Potential projects were considered
and discussed for each refuge, but no additional screening of these projects was conducted
at this time.

Refuge Summary and Scoring Matrix. Each refuge was screened for direct use and on-refuge
conjunctive use opportunities using the following seven general categories:

Surface Features

Water Supplies and Infrastructure
Local Water Use

Soils and Hydrogeology

Water Quality

Operational Issues and Constraints
Data Needs

For each of these categories, several criteria were established in a matrix format, and each
criterion was rated according to a -1/0/+1 scale. This positive, neutral, or negative score is
relative to the effect of the criterion on the refuge’s potential for groundwater development.
Categories with more criteria, such as Water Quality, are more heavily weighted than other
categories with fewer criteria. Each refuge was evaluated using this approach, even if the
refuge does not have identified Incremental Level 4 water needs because a potential project
could be developed on a joint operational or multi-refuge basis.®> A separate score for the
potential direct use of groundwater or on-refuge conjunctive use opportunities for each refuge
was developed by summing the results of the individual criteria applicable to each type of
opportunity. These scores are referred to in this report as the Direct Use and On-Refuge Scores.

4 Available funding sources for conjunctive use studies or projects include DWR Proposition 13 Groundwater Recharge
Construction Loans (FY 2001-02, 2002-03), Proposition 13 Groundwater Storage and Construction Grants (FY 2001-02,
2002-03), and Proposition 50 (AB 303) Local Groundwater Assistance Fund Grants (FY 2001-02, 2002-03). Other projects or
potential projects funded by other sources are also listed.

5 Refuges with no identified Incremental Level 4 water needs are Colusa NWR, Kesterson NWR, San Luis Unit, and Freitas Unit.
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1.3.2.3 Data Gaps Identification

Insufficient data are available at each refuge to recommend implementation of specific
groundwater projects. The data gaps range from lack of water quality data and aquifer
parameter estimates (such as at Gray Lodge WA) to all types of hydrogeologic data because none
is available (Volta WA). In many cases, available water quality data are at least 10 years old.

Data gaps and general approaches to recommended data collection are provided for some of
the higher rated refuges. Detailed approaches and cost estimates are provided for two
highly rated refuges (Gray Lodge WA and Pixley NWR). In general, both water quality and
hydrogeologic data are recommended for collection at each refuge.

1.3.2.4 Potential Projects Summary

Based on the findings of the refuge assessments, potential refuge projects were then identified
as either short term or long term. Short-term projects are those that should be able to be
implemented within 1 to 5 years. Long-term would probably require more than 5 years

to implement or would have among the largest amount of data to collect prior to
implementation. The available groundwater data set was insulfficient to rule out groundwater
development at any refuge although relative assessment and prioritization was possible.

1.3.3 Report Organization

The report is organized into 6 sections and 5 appendices as follow:

e Section 1: Introduction

e Section 2: Sacramento River Region Refuges

e Section 3: San Joaquin River Region Refuges

Section 4: Tulare Lake Region Refuges

Section 5: Refuge Ranking and Proposed Projects
Section 6: References

Appendix A: Participating Agencies and Organizations
Appendix B: Definitions and Explanations of Terms
Appendix C: Possible Off-Refuge Conjunctive Use Projects
Appendix D: Example Conceptual Project Approaches

e Appendix E: Refuge Groundwater Development Issues

Figures and tables are included at the end of each basin/subbasin summary and after each
refuge assessment.

The refuge summaries are grouped in Sections 2 through 4 by study area (Sacramento River,
San Joaquin River, and Tulare Lake Regions). Within each of the study areas, the refuges are
grouped by subbasin based on common hydrogeologic conditions. The first three report
approach components (Refuge Conditions, Initial Screening, and Data Gaps) are included in
these sections. Potential on-refuge projects are screened for feasibility and known off-refuge
conjunctive use projects are identified and qualitatively rated in the summary of each
refuge. Section 5 summarizes the direct use and on-refuge project screening, discusses
potential off-refuge conjunctive use projects, and presents recommended additional refuge
data acquisition and next steps.
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TABLE 1-1
Level 2 and Level 4 Water Contract Quantities by Refugea
Evaluation of Groundwater Potential for Incremental Level 4 Refuge Water Supply

Region and Refuge Level 2 100% Incremental Level 4° Total Level 4
Sgcramen.to Sacramento Complex® Colusa NWR 25,000 0 25,000
River Region
Delevan NWR 20,950 9,050 30,000
Sacramento NWR 46,400 3,600 50,000
Sutter NWR 23,500 6,500 30,000
Gray Lodge Wildlife Area 35,400 8,600 44,000
Subtotal 151,250 27,750 179,000
S{:m Joaqgin San Luis Complex® East Bear Creek Unit 8,863 4,432 13,295
River Region
Freitas Unit’ 5,290° 0 5,290
Kesterson Unit’ 10,000° 0 10,000
Merced NWR® 13,500 2,500 16,000
San Luis Unit’ 19,000° 0 19,000
West Bear Creek Unit 7,207 3,603 10,810
North Grasslands WA" China Island Wildlife Area 6,967 3,483 10,450
Salt Slough Wildlife Area 6,680 3,340 10,020
Grassland Water District® 125,000 55,000 180,000
Los Banos Wildlife Area 16,670 8,330 25,000
Mendota Wildlife Area® 27,594° 2,056 29,650
Volta Wildlife Area’ 13,000° 3,000 16,000
Subtotal 259,771 85,744 345,515
Tulare Lake  Kern NWR 9,950 15,050 25,000
Region
Pixley NWR 1,280 4,720 6,000
Subtotal 11,230 19,770 31,000
Total 422,251 133,264 555,515
Notes:

a

As identified in Exhibit B of the Long Term Contracts.

® Without conveyance losses.

¢ Refuges are now referred to as a “complex” but will be referred to as separate refuges in this report for consistency with CVPIA
designations.

Includes Replacement water. Without replacement water: San Luis (13,350), Kesterson (3,500), Freitas (3,527), Mendota (18,500),
Volta (10,000). Provided prior to CVPIA. To be replaced to the Project when available and acquired from willing sellers.

Receives 15,000 ac-ft of mitigation water from Merced Irrigation District in accordance with Article 45 of their 1964 FERC
license which expires Feb 28, 2014. The additional 1,000 ac-ft is met through groundwater pumping.

China Island and Salt Slough are now referred to as “units” of North Grasslands WA.
9 Water provided to Grassland WD for use by Grassland RCD.
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TABLE 1-2

Summary of Refuge Groundwater Use
Evaluation of Groundwater Potential for Incremental Level 4 Refuge Water Supply

Refuge

No Current
Use®

Occasional

Routine Use Use Past Use

No Historic
Use

China Island Unit
Colusa NWR
Delevan NWR

East Bear Creek Unit
Freitas Unit
Grassland RCD"
Gray Lodge WA
Kern NWR
Kesterson Unit

Los Banos WA
Mendota WA

Merced NWR

Pixley NWR
Sacramento NWR
Salt Slough Unit

San Luis Unit

Sutter NWR

Volta WA

West Bear Creek Unit

X

Notes:

& These refuges have operational wells.

® Groundwater is used in the RCD by private owners but it is not routinely used for maintaining refuge wetland areas.

JULY 2004

19 EVALUATION OF GROUNDWATER POTENTIAL
FOR INCREMENTAL LEVEL 4 REFUGE WATER SUPPLY



SECTION 1. INTRODUCTION

THIS PAGE LEFT BLANK INTENTIONALLY

EVALUATION OF GROUNDWATER POTENTIAL 110 JULY 2004
FOR INCREMENTAL LEVEL 4 REFUGE WATER SUPPLY



SECTION 1: INTRODUCTION

SALT SLOUGH UNIij .

NORTH ) — WEST BEAR CREEK UNIT
GRASSLANDS WA _~EAST BEAR CREEK UNIT
CHINA ISLAND UNIT- ~ SAN LUIS UNIT

SAN LUIS NWR
—KESTERSON UNIT
— FREITAS UNIT

® Redding
SACRAMENTO NWR

DELEVAN NWR—_

,f':\!\\/IERCED NWR

i, = LOS BANOS WA

COLUSANWR —¢— |
P
/ / .
S Sacramento
GRAY LODGE WA/
SUTTER NWR— 5
San Francisco :Stockton

P o fresno
MENDOTA WA—" .
.
- o
PIXLEY NWR—
KERN NWR—
T
AN

LEGEND

N
I:l Refuge Boundary
Grassland RCD Boundary
0 50 S

100 Miles
I}

Bakersfield
°

Los Angeles
°

Re
N

FIGURE 1-1

REFUGE LOCATIONS

EVALUATION OF GROUNDWATER POTENTIAL
FOR INCREMENTAL LEVEL 4 REFUGE WATER SUPPLY

WYosemite\PropUS BUREAU OF RECLAMATION\175357\gis\rddgis\water_refuge_gw.apr fig1-1_statewide.pdf 05/25/2004

JULY 2004 1-1

EVALUATION OF GROUNDWATER POTENTIAL
FOR INCREMENTAL LEVEL 4 REFUGE WATER SUPPLY



SECTION 1. INTRODUCTION

THIS PAGE LEFT BLANK INTENTIONALLY

EVALUATION OF GROUNDWATER POTENTIAL 112 JULY 2004
FOR INCREMENTAL LEVEL 4 REFUGE WATER SUPPLY



SECTION 1: INTRODUCTION

Tulare Lake Hydrologic Region

Tulare Lake Region Refuges
(Section 4)

LEGEND

|:| Refuge Boundary

|:| Hydrologic Region

|:| Groundwater Basin
|:| Groundwater Subbasin

0

50

100

e e \Vles

Sacramento River Hydrologic Region

Sacramento River Region Refuges
(Section 2)

Sacramento Valley Basin

San Joaquin River Hydrologic Region

San Joaquin River Region Refuges
(Section 3)

\ San Joaquin Valley Basin

FIGURE 1-2
REPORT REGIONS

EVALUATION OF GROUNDWATER POTENTIAL
FOR INCREMENTAL LEVEL 4 REFUGE WATER SUPPLY

W022003002SAC fig1-1_report_regions.pdf 05/26/04 cts

JULY 2004

113 EVALUATION OF GROUNDWATER POTENTIAL
FOR INCREMENTAL LEVEL 4 REFUGE WATER SUPPLY



SECTION 1. INTRODUCTION

THIS PAGE LEFT BLANK INTENTIONALLY

EVALUATION OF GROUNDWATER POTENTIAL 1-14 JULY 2004
FOR INCREMENTAL LEVEL 4 REFUGE WATER SUPPLY



SECTION 2

Sacramento River Region Refuges

2.1 Regional Characteristics

2.1.1 Physical Setting

The Sacramento River Region study area is bounded physically on the north by the Redding
Area Basin, west by the Coast Range, south by the Delta and the American River Basin, and
east by the Sierra Nevada. Five refuges are located within the Sacramento River Region
study area (Figure 2-1) and are listed here in their geographic order from north to south:

Sacramento NWR
Delevan NWR
Colusa NWR
Gray Lodge WA
Sutter NWR

The Sacramento River Region refuges are the northernmost of this study. Pursuant to the
CVPIA, long-term refuge water supply agreements were executed for the Sacramento,
Delevan, Colusa, and Sutter NWRs and the Gray Lodge WA in 2001. The Service collectively
manages the Sacramento, Delevan, Colusa, and Sutter NWRs as the Sacramento NWR
Complex. DFG manages Gray Lodge WA. These refuges were created to provide habitat for
migratory waterfowl of the Pacific Flyway, and they now serve a variety of wildlife and
conservation objectives. The Sacramento Valley supports approximately 44 percent of
wintering waterfowl of the Pacific Flyway (Reclamation et al. 2001a).

The major physical features within the Sacramento River Region study area are the
Sacramento River, which hydraulically divides the eastern and the western halves of the
Sacramento Valley, and the Sutter Buttes, a remnant volcano that rises approximately
2,000 feet above the floor of the Central Valley. Geographically, the region is characterized
by smaller, agriculturally based communities and numerous water districts.

2.1.2 Existing Water Supplies

Long-term Incremental Level 4 water acquisitions for the Sacramento Valley refuges total
6,300 ac-ft per year. In 1997, the Corning Canal water districts assigned back to Reclamation
a portion of their CVP contract supply. Corning Canal WD released 2,300 ac-ft of surface
water, the Proberta WD released 2,000 ac-ft, and the Thomes Creek WD released 2,000 ac-ft.
The supporting environmental documentation limits the use of this water to Sacramento
Valley refuges as Incremental Level 4 water supply. This water is referred to as the Corning
Canal assignment water.
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2.1.3 Groundwater Management

Several well-developed groundwater management programs have been created, primarily
on a county basis, within the Sacramento Valley. Several of these programs could affect
groundwater projects at the project refuges, and based on available information, are
discussed here in detail. Groundwater management planning has the potential to impact
how groundwater can be used and transferred both within a managed basin and to other
basins. Groundwater management generally results in protection and awareness of local
groundwater resources.

2.1.3.1 Butte County

Butte County has enacted several groundwater management tools. It has prepared an
inventory of its groundwater resources (CDM 2001), developed and promulgated a county
ordinance (discussed below), and cooperated with DWR to further understand the County’s
groundwater resources. The county ordinance (General Ordinance Chapter 33) addresses:

e Transfers/substitutions — groundwater transfers out of the county (section 5) or
groundwater substitution (where groundwater is substituted for surface water and the
surface water is used at another location outside the county) are allowed with a permit.
The transferor is requested to provide supporting information that the request is
consistent with historical practice.

e Well spacing — describes well requirements for spacing, construction methods, and
destruction of abandoned wells.

e Water level monitoring —establishes water level monitoring network and reporting
requirements.

The County is also in the process of amending Chapter 33 to establish Basin Management
Objectives (BMO) for the groundwater-level, groundwater quality, and land-subsidence
monitoring programs. This program is being modeled after the Glenn County program
(discussed below).

Other surface and groundwater management activities in Butte County include:

e AB 3030 Groundwater Management Plans adopted by Biggs-West Gridley WD,
Butte WD, Richvale ID, and Western Canal WD

e Urban Water Management Plans prepared by Chico, Oroville, Del Oro WC, Paradise ID,
Thermalito ID, and Oroville-Wyandotte ID

e Agricultural Water Management Plan for the County

2.1.3.2 Glenn County

Glenn County’s Water Technical Advisory Committee has developed BMOs for sub-areas
within Glenn County as part of the implementation of its Groundwater Management
Ordinance No. 1115 (Glenn County Water Advisory Committee 2001). These BMOs define
“acceptable groundwater levels, groundwater quality, and land subsidence conditions
required to meet management objectives.” The ordinance establishes an acceptable range, as
determined by the committee, for conditions specific to the sub-area of the County, within
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which groundwater levels are permitted to fluctuate. If groundwater levels fall outside this
range, the sub-area will take enforcement actions it deems appropriate. These actions may
include coordinating voluntary rescheduling or redistributing groundwater extractions,
mandatory conservation measures, implementing active recharge programs, or prohibiting
groundwater exports outside the basin. If the sub-area is unable to resolve the issue,
recommendations will be made to the Board of Supervisors of the Water Advisory
Committee (DWR Northern District 2000).

For example, the Glenn-Colusa Irrigation District (Glenn-Colusa ID) Sub-area (Sub-area 11), in
which Sacramento NWR is physically located, determined three alert levels for groundwater
declines. Known groundwater level monitoring wells within the area were identified, and
groundwater levels were obtained at those wells using data maintained on the DWR Web site.
The average and standard deviation were calculated for each well’s entire life record using
data from spring and autumn. The average of the data minus 1 standard deviation was
determined to be Stage 1 alert for a particular well. A Stage 2 alert follows 1 year after a Stage
1 alert is issued if spring water levels have not recovered at the well. A Stage 3 alert occurs in
any year when the groundwater levels fall below the lowest historical level since 1975 (Glenn
Colusa Water Advisory Committee 2001; Glenn-Colusa ID 2001).

Glenn-Colusa ID adopted an AB 3030 Plan in May 1995, which applies to lands within the
district. The district’s primary groundwater management objectives are the protection of
natural recharge and use of intentional recharge, the protection and planned maintenance of
groundwater quality, the conjunctive use of groundwater storage with surface water from
local and imported sources, and the monitoring of basin parameters for the primary
purpose of preventing overdraft. The plan supports the investigation of natural recharge
sites, spreading basins, and artificial recharge sites and facilitates conjunctive use operations
when possible. The district therefore may support conjunctive use activities and/or
construction of recharge basins at a refuge it serves, such as Sacramento NWR. The plan is
silent regarding water transfers.

2.1.3.3 Sutter County

Sutter Extension WD adopted an AB 3030 Plan in November 1997. The district’s

AB 3030 Groundwater Management Plan states that in the event of water shortage,

Sutter Extension WD may distribute available groundwater supplies to district landowners,
although landowners are first encouraged to enter private agreements with other
landowners for the use of well water. It also states that when the district has a surface water
surplus and the state is experiencing water shortages, the groundwater storage capacity can
be used conjunctively with surface water supplies to assist other areas outside the district’s
sphere of influence, as such programs do not (1) exceed the safe annual yield of the aquifer,
(2) result in conditions of overdraft, and (3) result in uncompensated adverse impacts on
neighboring landowners affected by the program (Sutter Extension WD 1995).

2.1.3.4 Potential Off-Refuge Conjunctive Use Projects

A number of groundwater management programs and projects for the Sacramento Region
have been proposed and/or approved through state (DWR) grant and loan programs.
Figure 2-2 presents the locations and status of these projects within the Sacramento Region.
Details on these projects are provided in Appendix C, Table C-1. The information contained
within Table C-1 is provided as guidance relative to projects that have been considered by
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water agencies, whether or not they have received funding or proceeded beyond the
conceptual phase. Qualitative evaluation of these projects, conducted during the refuge
summaries, indicates that some projects are more feasible than others for refuge
involvement based on parameters such as proximity to refuge, type of project, conveyance
opportunities, and project status. Projects range from well-developed conceptual plans, such
as the Stony Creek Fan Project, to loosely defined “groundwater storage” projects. Refuge
assessments identify which known projects may have application to that refuge. These
include potential projects with Glenn-Colusa ID (Stony Creek Fan Project - #12 on Table C-1
and Figure 2-2), Maxwell ID (#7), Butte County (#3), and Sutter Extension WD (#19). See
Table C-1 and the refuge assessments for additional discussion of these potential projects.

2.1.4 Regional Geology and Soils

Deposition of up to 10 vertical miles of unconsolidated continental and marine sediment has
occurred over geologic time in the structural trough of the Sacramento Valley Basin.
Alluvial deposits are found throughout the region and are the source of most groundwater
pumped in the Sacramento Valley. The Sacramento Valley aquifer system is generally
unconfined, although locally confined areas are found primarily in the older, deeper units
(DWR 1978). Depth to the base of freshwater ranges from 1,000 feet in the Orland area to
nearly 3,000 feet in the Sacramento area (Reclamation et al. 1999).

The predominant type of alluvial deposits include: alluvial fans originating from the Coast
Range, Sierra Nevada, and Sutter Buttes; stream channel deposits found immediately
adjacent to modern streams and along ancestral river channels; and floodplain deposits in
the interior areas away from these other surficial processes. The alluvial fan and stream
channel deposits are usually more permeable and the floodbasin deposits are generally finer
and less permeable. Because of differences in source material and tectonics between the
major upland areas bounding the Sacramento Valley, the sedimentary units on the east side
and west side of the valley have significant differences. The Sacramento River generally
defines the separation between the two regions (DWR 1978).

West of the Sacramento River, the Tehama Formation is the most extensive sedimentary
unit in the fresh-water portion of the basin. The formation is generally fine-grained, but
sufficient sand and gravel units occur to support the irrigation wells in the area. Some areas
have a higher clay component, particularly between Willows and Williams (DWR 1978).
East of the Sacramento River, the primary fresh-water units (DWR 1978), from oldest to
youngest, are:

¢ Tuscan Formation — productive volcanic sands to low-permeability tuff breccia, found
in the northeast part of the valley, about 900 feet deep

e Mehrten Formation — variable-permeability volcanic sand gravel with tuff breccia that is
found south of Oroville

e Laguna Formation —fine-grained volcanic unit with some sands and gravels

e Victor Formation (or Riverbank Formation) —highly productive alluvial deposits that
are found south of Gridley
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¢ Fanglomerate —informally designated unit consisting of slightly cemented sand and
gravel derived from the older Tuscan Formation, with intervals of clay and silt;
productive north of Chico

Each of these units is an important aquifer in the Sacramento Valley. Use of any of these
aquifers for groundwater banks would require geochemical evaluation of compatibility
between the stored water and the receiving aquifer. Because these units are generally found
at depth, evaluation would be required to determine whether recharge could occur to these
aquifers from surficial recharge basins, or whether injection would be needed to store water.
Treatment requirements for irrigation water would need to be evaluated to determine the
feasibility of this approach.

Figure 2-3, a schematic representation of an unpublished draft cross section developed by
DWR, provides a generalized representation of northern Sacramento Valley geology. The
cross section runs east-west across the valley near the southern boundary of Sacramento NWR.

Saline and alkaline soils are found in the troughs of the Sacramento Valley, particularly

near the Sacramento Valley refuges (Figure 2-4). These soils are characterized by excess

salts (saline), excess sodium (sodic), or both (saline-sodic). In uncultivated areas, saline soils
are used for saltgrass pasture and native range. Some of these soils support seasonal salt
marshes. In areas of intermediate to low rainfall, the soils have excessive salts. In general, the
refuges are located in areas of tight or clay-rich soils, which are conducive to development of
surface ponds. The soils are rarely conducive to recharge, however, because they have low
seepage rates.

2.1.5 Regional Hydrogeology

Aquifer recharge occurs from deep percolation of rainfall, the infiltration of river water
through streambeds, and subsurface inflow along basin boundaries. Most of the recharge
for the Sacramento Valley occurs along the north and east sides of the valley, where
precipitation is highest. With introduction of agriculture to the region, aquifer recharge
has been augmented by deep percolation of applied agricultural water and seepage from
irrigation distribution and drainage canals (Reclamation et al. 1999).

Regionally, groundwater flows from the flanks to the valley axis, then south toward the
Delta. However, development and the associated increased pumping locally have changed
natural groundwater flow patterns. In areas of the region where groundwater pumping has
increased more than other areas, such as areas within Sacramento, Yolo, and Solano
Counties, groundwater movement is now toward areas of groundwater depression
(Reclamation et al. 1999).

2.1.5.1 Groundwater Storage and Production

The DWR has estimated the usable Sacramento Valley groundwater storage capacity
at 40 million ac-ft. “Usable storage capacity,” as defined by DWR, is based on aquifer
properties (i.e., permeability), groundwater quality, and economic considerations such
as well drilling and energy costs (DWR et al. 1994).

Safe yield is a concept commonly used in describing a groundwater basin. The definition of

safe yield is “the amount of groundwater a basin can produce without causing sustained
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declines in regional groundwater levels.” DWR also defines a related term, perennial yield,
as “the amount of groundwater that can be extracted without lowering groundwater levels
over the long term” (DWR 1994). Perennial yield is directly dependent upon the amount of
recharge received by the groundwater basin, which may be different in the future than it has
been in the past. The most recent estimate of perennial yield for the Sacramento Valley
Basin, developed by DWR in the California Water Plan Update (Bulletin 160-93), is

2.4 million ac-ft per year. Definitions of these terms are also included in Appendix B.

Regional groundwater pumping estimates developed by DWR for 1990 conditions
(normalized) indicate that 2.5 million ac-ft of groundwater pumping occurred in the
Sacramento Valley Basin. This is higher than the estimated perennial yield by
approximately 33,000 ac-ft, resulting in a regional overdraft for 1990 recharge conditions,
which was during a 5-year drought (1988-1992). The slight overdraft condition is primarily
associated with conditions in the southeastern portion of the region in the Sacramento
County area (DWR 1994).

2.1.5.2 Groundwater Models

Many groundwater models have been developed for areas within the Sacramento Valley.
These include:

e Central Valley Ground-Surface Water Model (CVGSM) (Reclamation et al. 1990).

e Central Valley Model, a regional model developed by the USGS (Williamson et al. 1989).
e Sacramento Valley Model, a regional model developed by DWR (DWR 1978).

e Sacramento County Groundwater System Model, developed by DWR (DWR 1974).

¢ American River Basin Models, including Sacramento and Sutter Counties, developed by
Montgomery Watson Harza (MWH) (Integrated Groundwater-Surface Water Models
[IGSM)).

e Beale Air Force Base (AFB) Model, developed by CH2M HILL to support groundwater
investigations at the base.

e Stony Creek Fan Model, IGSM model developed by Water Resources and Information
Management Engineering, Inc. (WRIME) for evaluation of the project potential.

e Butte Basin Area Groundwater Model, developed for the Butte Basin Water Users
Association (HCI 1996).

¢ Yolo County Groundwater System Program Model, developed by University of
California, Davis, 1980.

e Reconnaissance-level Groundwater Flow Model (MODFLOW) to simulate conjunctive
use scenarios in Yolo, northern Solano, southeastern Sutter, and eastern Sacramento
Counties (DWR et al. 1994).

e Sacramento Valley Superposition Model, being developed by CH2M HILL/MWH to
evaluate the potential interaction between surface and groundwater systems during the
implementation of conjunctive water management projects. The model will also be used
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to estimate impacts to groundwater level changes associated with groundwater projects
proposed as part of the Sacramento Valley Water Management Program.

This list is not comprehensive and represents only those models that are commonly
discussed and referred to within the groundwater community. Some of these models may
provide general information and summaries about assumed aquifer properties and
groundwater conditions.

2.1.5.3 Groundwater Levels

Sacramento River Region groundwater levels have historically declined moderately during
extended droughts, such as the 1988-1992 drought, with ensuing recovery to pre-drought
levels during subsequent wetter periods. General evaluation of groundwater hydrographs
of selected Sacramento Valley wells indicates that groundwater levels have recovered to
pre-drought (prior to 1998-1992) conditions throughout most of the basin and are generally
stable at this time (DWR 2003b). Periodic fluctuations of groundwater levels can occur,
however, because of variable rainfall (and resulting groundwater recharge), aquifer
conditions, local groundwater use, and other water budget components. Variability and
uncertainty of local groundwater budget components are discussed in refuge summaries.

2.1.5.4 Groundwater Quality

Groundwater in the Sacramento River Region is considered to be of good quality; however,
some localized areas have adverse groundwater quality conditions. The constituents listed
in the following section have been identified in groundwater wells on and/or near the
refuges and could adversely impact biological resources. Although there are no enforceable
water quality standards for federal or California wildlife refuges, United States
Environmental Protection Agency (USEPA) Freshwater Aquatic Life Protection
Recommended Criteria (USEPA Office of Water 2002a), Agricultural Water Quality Goals
(Ayers and Westcot 1985), and federal and state Maximum Contaminant Levels (MCLs)
(USEPA Office of Water 2002a; CDHS 2003) may be used as reference points. These
standards for selected constituents are provided in Table B-1 in Appendix B.

Arsenic. Arsenic, a naturally occurring trace element in the Central Valley, is regulated by
the USEPA at a primary drinking water standard. The federal MCL of 10 micrograms per
liter (ug/L) becomes effective in 2006. At high concentrations, arsenic can be toxic to both
plants and animals. For irrigation use, the guidelines recommend that arsenic
concentrations not exceed 100 pg/L (Ayers and Westcot 1985). The highest regional
concentrations of arsenic identified in the Sacramento Valley north of the City of
Sacramento are in the Yuba City/Sutter Buttes area, where concentrations are between 8
and 10 pg/L (NHI 2001), although arsenic at concentrations up to 90 ng/L has been
observed in the domestic wells at the Gray Lodge WA.

Boron. Boron is a critical element in irrigation water. In small quantities, boron is essential
for plant growth. However, concentrations of boron as low as 0.75 milligrams per liter
(mg/L) may be toxic to boron-sensitive plants, and it is toxic to most crops at concentrations
above 4 mg/L (California Regional Water Quality Control Board 2000; California Regional
Water Quality Control Board 2002). Boron concentrations greater than 0.75 mg/L have been
reported in an area east of Red Bluff and an area extending from Arbuckle to Davis

(Figure 2-5) (Reclamation et al. 1999).
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Chromium. Chromium has not been identified or extensively evaluated by previous
investigators as a water quality parameter of concern. However, it has been identified at
Sacramento NWR at concentrations above the criterion continuous concentration (CCC)
of 11 ng/L as hexavalent chromium but below the MCL of 50 ng/L as total chromium
(Hollinger 1991a). Neither the source nor extent of the elevated chromium has been
determined.

Mercury. Mercury has been identified at the two existing wells at Sutter NWR, but at
concentrations below the Freshwater Aquatic Life Criteria of 0.77 pg/L (Fields 1989; USEPA
Office of Water 2002a). No regional summaries of mercury conditions in groundwater have
been identified to indicate whether these conditions are anomalous or are indicative of
regional conditions.

Nitrates. Nitrates (federal MCL of 10 mg/L as N and California MCL of 45 as NOs) occur in
the groundwater of many rural communities in California and have become increasingly
widespread due to agricultural activities and sewage disposal on or below the land surface
(USEPA Office of Water 2002b; CDHS 2003). Areas of potential nitrate problems in the
northern Sacramento River Region include portions of Tehama, Glenn, and Butte Counties
(Figure 2-5) (Reclamation et al. 1999).

Total Dissolved Solids. In the Sacramento Valley, total dissolved solids (TDS) concentrations
generally do not exceed 500 mg/L. Two areas are found where TDS concentrations can
range from 500 mg/L to 1,500 mg/L, although neither of these areas is near the Sacramento
Valley refuges (Figure 2-6) (Reclamation et al. 1999). For reference, the federal and
California secondary MCL for TDS is 500 mg/L (USEPA Office of Water 2002b; CDHS 2003).

2.1.5.5 Agricultural Subsurface Drainage

High water tables at or near the ground surface may contribute to subsurface drainage
water problems that occur in several areas of the Sacramento River Region. The Colusa
Basin Drain provides drainage and irrigation water for irrigated lands in the northwest part
of the Sacramento River Region. High water tables in portions of Colusa County,
particularly along the Sacramento River, periodically impair subsurface drainage functions
of the Colusa Basin Drain and other local drainage facilities (Reclamation et al. 1999).

2.1.6 Subsidence

Land subsidence in the Sacramento Valley has been documented in the Davis-Zamora area
(Figure 2-7). Up to 1973, subsidence of more than 2 feet has been documented east of
Zamora and west of Arbuckle, and subsidence of more than 1 foot has been documented in
the Davis area. Some additional subsidence occurred in this area during the 1987-1992
drought (Reclamation et al. 1999).

Sacramento Valley subsidence has been attributed to groundwater overdraft (Figure 2-8).
Because of more readily available surface water and better groundwater recharge
capabilities of the aquifer system, Sacramento Valley overdraft is not as extensive as in other
parts of the state (Reclamation et al. 1999). Another probable contributing factor is that the
Sacramento Valley does not have thick, continuous sequences of clay units that are more
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prevalent in the San Joaquin Valley (such as the Corcoran Clay) that are prone to collapse
when dewatered.

2.1.7 Areas of Planned and Potential Groundwater Projects

Groundwater storage and use projects are being planned and evaluated throughout the
Sacramento River Region. Known planned groundwater banking or direct groundwater use
projects currently being considered include:

e Stony Creek Fan, a groundwater storage project currently undergoing pilot testing
(see Appendix C)

e Maxwell ID, a proposed groundwater storage project (see Appendix C)

e Sacramento Valley Water Management Program, a program to meet Bay-Delta water
quality requirements with the contribution of additional water from the Sacramento
River

e Metropolitan WD one-year (2003) groundwater options with individual Glenn-Colusa
ID landowners to meet anticipated short-falls because of the loss of Colorado River
water deliveries

In 1992 and 1993, Butte County was the site of the State Drought Bank.! DWR implemented
a groundwater banking project, which involved the purchase and transfer of water from
willing sellers. Water was not added — or banked — prior to withdrawal. The final year of the
project resulted in some local concern about declining water levels.

The California DWR completed a prefeasibility-level investigation of the potential for
developing a conjunctive use project in eastern Yolo County. The report summarized the
hydrogeology and water supply conditions of the area and presented a preliminary design
of a conjunctive use project. Estimated costs and an economic and legal analysis were also
conducted as part of this project (DWR et al. 1994).

The Natural Heritage Institute (NHI) developed an initial evaluation of the “hydrologic
suitability index” of a series of potential groundwater storage sites (NHI 2001). The index
was based on geology, water quality, and soil characteristics. Eight sites or areas were
evaluated in the Sacramento Valley. The top three sites were considered to have very
favorable conditions, based on the evaluated criteria. The sites were the Stony Creek Fan
and Stone Valley in Glenn County and Clarks Ditch in Colusa County. The Stony Creek Fan
site is the same site mentioned above that is currently being pilot tested.

2.2 Subbasin Characteristics

2.2.1 Colusa Subbasin

The Sacramento, Colusa, and Delevan NWRs are located in the Colusa Subbasin. The
primary source of information used for the Colusa Subbasin summary is DWR’s 2003

1 The state Drought Bank wasn'’t a groundwater storage project, as presented in this report. That is, it didn’t entail groundwater
storage by either in-lieu or active recharge. It is, however, referred to as a “bank” and its potential impacts on proposed
groundwater projects could be significant.
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update of California’s Groundwater, Bulletin 118 (DWR 2003a). Water districts within the
Colusa Subbasin are shown in Figure 2-9.

2.2.1.1 Basin Boundaries and Hydrology

The Colusa Subbasin encompasses 1,434 square miles (918,380 acres). It is bounded on the east
by the Sacramento River, on the west by the Coast Range and foothills, on the south by Cache
Creek, and on the north by Stony Creek. Annual precipitation ranges from 17 to 27 inches, with
the higher end of that range occurring in the western portion of the subbasin.

2.2.1.2 Hydrogeology

The Colusa Subbasin aquifer system is composed of continental deposits of late Tertiary to
Quaternary age. Quaternary deposits include surficial Holocene stream channels, located
adjacent to river channels, and basin deposits, located away from the stream, as well as
Pleistocene Modesto and Riverbank Formations. The older Tertiary deposits consist of the
Pliocene Tehama Formation and the Tuscan Formation.

Several sub-areas of the Colusa Subbasin are based on local variations in hydrogeologic
conditions. The sub-areas include the Stony Creek Fan, located in the northern portion of
the subbasin; the Willows to Williams Plain, which is located between Willows and
Williams; the Arbuckle and Dunnigan Plains, which are found east of Hungry Hollow, at
Dunnigan, and from Williams to Cache Creek; and the Cache Creek Floodplain, which is
located north of the town of Yolo and extends to Knights Landing.

Groundwater Level Trends. Figure 2-10 shows groundwater level trends over time by means
of hydrographs for selected DWR monitoring wells (DWR 2003b). Overall groundwater
conditions (Figure 2-10) indicate that north of the Sutter Buttes, groundwater generally
flows from north to south; south of the Buttes, it flows from west to east. Depth to
groundwater ranges from near ground surface along the Sacramento River to more than 100
feet below ground surface (bgs) in the southern portion of the basin.

Long-term records in groundwater levels indicate a slight decline in groundwater levels
associated with the 1976-77 and 1988-94 droughts, followed by recovery to pre-drought
conditions of the early 1970s and 1980s. Groundwater data generally show an average
seasonal fluctuation of approximately 5 feet for normal and dry years. Overall, increasing
or decreasing trends in groundwater levels are not apparent.

Groundwater Yields. DWR estimated groundwater specific yield for the subbasin to be

7.1 percent, based on its 1997 estimate of Sacramento Valley specific yield. Specific yield is
the amount of water that can be physically drained from a porous rock. It is a function of
porosity and grain size. The estimated storage capacity to a depth of 200 feet is
approximately 13 million ac-ft.

DWR’s draft version of Bulletin 118 (DWR 2003a) indicates that irrigation well yields
within the Colusa Subbasin range from 25 to 5,600 gallons per minute (gpm) and average
1,967 gpm. These rates are dependent on aquifer parameters and local pumping practices.
The average production depth is 368 feet, and it ranges from 20 to 1,340 feet.
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Groundwater Quality. Groundwater is generally of high quality within the subbasin.
General chemistry parameters such as TDS values range from 120 to 1,220 mg/L and
average 391 mg/L (DWR 2003a).

Local areas of groundwater impairment are found in some areas of the subbasin. High
electrical conductivity (EC), TDS, adjusted sodium absorption ration (ASAR), nitrate, and
manganese impairments have been identified near Colusa. High TDS and boron are found
near Knights Landing. High nitrates occur in Arbuckle, Knights Landing, and Willows.
Localized areas have high levels of manganese, fluoride, magnesium, sodium, iron, ASAR,
chloride, TDS, ammonia, and phosphorus (Reclamation et al. 1999). Elevated chromium
concentrations have also been identified at Sacramento NWR.

Groundwater Budget Components. Estimates of groundwater withdrawal for the Colusa
Subbasin are based on surveys conducted by DWR in 1993, 1994, and 1999. Surveys
included land use and sources of water. Estimates of groundwater extraction for agricultural,
municipal and industrial, and environmental wetland uses are 310,000, 14,000, and 22,000
ac-ft, respectively. Deep percolation from applied water is estimated to be 64,000 ac-ft
(DWR 2003a). Estimates of other groundwater budget components were not included in
Bulletin 118 (DWR 2003a).

2.2.2 East Butte Subbasin

The Gray Lodge WA is located in the East Butte Subbasin and is shown in Figure 2-11.

The primary source of information used for the East Butte Subbasin summary is Bulletin 118
(DWR 2003a), available on the DWR Web site. Water districts within the East Butte Subbasin
also are shown in Figure 2-11.

2.2.2.1 Basin Boundaries and Hydrology

The East Butte Subbasin encompasses 415 square miles (253,390 acres) and is bounded on the
west and northwest by Butte Creek, on the northeast by the Cascade Range, on the southeast
by the Feather River, and on the south by the Sutter Buttes. The northeast boundary along
the Cascade Range is primarily a geographic boundary with some groundwater recharge
occurring beyond that boundary. The subbasin is contiguous with the West Butte Subbasin in
the deeper portions of the aquifer. Annual precipitation is approximately 18 inches in the
valley and increases to 27 inches toward the eastern foothills.

2.2.2.2 Hydrogeology

The aquifer system consists of deposits from the late Tertiary to Quaternary age. The
Quaternary deposits include Holocene stream-channel deposits and basin deposits,
Pleistocene deposits of the Modesto and Riverbank Formations, and Sutter Buttes alluvium.
The Tertiary deposits include the Tuscan and Laguna Formations.

Groundwater Level Trends. Groundwater is used more heavily in the northern portion of the
subbasin, resulting in seasonal water-level fluctuations averaging 15 feet during normal
years and 30 to 40 feet during drought years. In the southern portion of the subbasin,
seasonal fluctuations are about 4 feet in normal years and from 5 to 10 feet during drought
years (Figure 2-12) (DWR 2003b).
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Groundwater Yields. The estimated specific yield for the East Butte Subbasin is 5.9 percent.
The estimated storage capacity to a depth of 200 feet is approximately 3.1 million ac-ft,
based on Sacramento Valley specific yield estimates developed by DWR in 1978 (DWR
2003a).

DWR'’s draft version of Bulletin 118 (DWR 2003a) indicates that irrigation well yields within
the East Butte Subbasin range from 0 to 4,500 gpm and average 1,839 gpm. The average
production depth is 285 feet, with a range of 35 to 983 feet bgs.

The aquifer system is recharged by surface precipitation and at exposures of the aquifers
along the foothills. Localized fluctuations in groundwater levels are observed just south of
the Thermalito Afterbay as a result of variation in recharge from this surface water system.

Groundwater Quality. TDS ranges from 122 to 570 mg/L and averages 235 mg/L. Localized
elevated levels of manganese, iron, magnesium, TDS, conductivity, ASAR, and calcium have
been identified within the subbasin (DWR 2003a).

Groundwater Budget Components. Estimates of groundwater extraction are based on
land-use and water-source surveys conducted by the DWR during 1993 and 1997. Estimates
of groundwater extraction for agricultural, municipal and industrial, and environmental
wetland uses are 104,000, 75,500, and 1,300 ac-ft annually, respectively. Deep percolation of
applied water is estimated to be 126,000 ac-ft (DWR 2003a). Other groundwater budget
components estimates were not included in Bulletin 118 (DWR 2003a).

2.2.3 Sutter Subbasin

Sutter NWR is located in the Sutter Subbasin and is shown in Figure 2-13. The primary
source of information used for the Sutter Subbasin summary is Bulletin 118 (DWR 2003a).
Water districts within the Sutter Subbasin also are shown in Figure 2-13.

2.2.3.1 Boundaries and Hydrology

The Sutter Subbasin encompasses 366 square miles (234,400 acres) in the central eastern
portion of the Sacramento Valley Basin. It is bounded on the north by the Sutter Buttes, on
the east by the Feather River, on the south by the confluence of the Feather River and the
Sutter Bypass, and on the west by the Sacramento River. The subbasin lies entirely within
the Sacramento River watershed, with the most notable hydrological features being the
Sutter Bypass and the Feather and Bear Rivers.

Average precipitation ranges from 17 to 21 inches in the subbasin. Annual rainfall increases
across the basin from the southwest to the northeast.
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2.2.3.2 Hydrogeology

The subbasin is characterized by a thick sequence of generally flat-lying sedimentary units
overlain by alluvium. The alluvium of the Central Valley ranges in thickness from a few
inches near the foothills to more than 200 feet near the Sacramento River. The geologic
formations of the Sutter Subbasin include pre-Cretaceous metamorphic and igneous rocks of
the Sierra Nevada block that extend beneath the valley fill, which consists principally of
Tertiary sedimentary units derived from these and other rocks exposed in the Sierra Nevada
to the east. Volcanics are also found in and around the Sutter Buttes.

The sedimentary units are the primary aquifers in the subbasin, and are composed of
continental sediments of Pleistocene and Recent age. The primary aquifers consist of up to
100 feet of Pleistocene sands and gravels overlain by up to 125 feet of recent alluvial fan,
floodplain, and stream-channel deposits.

Groundwater Level Trends. Current DWR records indicated that groundwater levels have
remained relatively constant since the 1950s. The water table is high and tends to be within
about 10 feet of ground surface (Figure 2-14) (DWR 2003b).

Groundwater Quality. DWR maintains data for 11 water quality wells in the Sutter Subbasin.
Data collected from these wells indicate a TDS range of 175 to 671 mg/L with a median of
347 mg/L. Some elements and compounds (not specified by DWR) occur in subbasin wells
at levels above drinking water quality and aesthetic standards (DWR 2003a).

Groundwater Budget Components. DWR estimated the following components of the
groundwater budget for the entire Sutter-Yuba Groundwater Basin, which includes both
the East Butte and West Butte Subbasins. Estimated inflows include natural recharge at
40,000 ac-ft and applied water recharge at 22,100 ac-ft. Estimated outflows include urban
extraction at 3,900 ac-ft and agricultural extraction at 171,400 ac-ft (DWR 2003a). Other
groundwater budget component estimates were not included in Bulletin 118 (DWR 2003a).
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Alluvium (Holocene)-Includes surficial alluvium and stream channel deposits of unweathered
gravel, sand, and silt; maximum thickness 80 feet (adapted from Helley & Harwood, 1985).

Basin Deposits (Holocene)-Fine-grained silt and clay derived from adjacent mountain ranges;
maximum thickness up to 200 feet (adapted from Helley & Harwood, 1985).

Modesto Formation, undifferentiated (Pleistocene)-Alluvial fan and terrace deposits
consisting of unconsolidated weathered and unweathered gravel, sand, silt, and clay;
maximum thickness approximately 200 feet (adapted from Helley & Harwood, 1985).

Riverbank Formation, undifferentiated (Pleistocene)-Alluvial fan and terrace deposits
consisting of unconsolidated to semi-consolidated gravel, sand, and silt; maximum thickness
approximately 200 feet (adapted from Helley & Harwood, 1985).

Tehama Formation (Plio Pleistocene)-Includes Red Bluff Formation on west side. Pale
green, gray, and tan sandstone and siltstone with lenses of pebble and cobble conglomerate;
maximum thickness 2,000 feet (adapted from Helley & Harwood, 1985).

Tuscan Unit C (Plio Pleistocene)-Includes Red Bluff Formation on east side. Volcanic lahars
with some interbedded volcanic conglomerate and sandstone, and reworked sediments;
maximum thickness 600 feet (adapted from Helley & Harwood, 1985; DWR Bulletin 118-7,
2001, draft report).

Tuscan Unit B (Pliocene)-Layered, interbedded lahars, volcanic conglomerate, volcanic
sandstone, and siltstone; maximum thickness 600 feet (adapted from Helley & Harwood,
1985; DWR Bulletin 118-7, 2001, draft report).

Tuscan Unit A (Pliocene)-Interbedded lahars, volcanic conglomerate, volcanic sandstone, and
siltstone containing metamorphic rock fragments; maximum thickness 400 feet (adapted from
Helley & Harwood, 1985; DWR Bulletin 118-7 [in progress], 2001).

Laguna Formation (Pliocene)-Interbedded alluvial gravel, sand, and silt; maximum thickness
450 feet (adapted from Helley & Harwood, 1985; Olmstead and Davis, 1961; DWR Bulletin
118-6, 1978).
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Sutter Formation (Late Miocene to Early Pleistocene)-Volcanic fluvatile sediments with
lacustrine deposits; maximum thickness approximately 1,800 feet (adapted from Garrison, 1962).

Neroly Formation (Miocene)-Marine to non-marine sediments, tuffaceous andesitic sandstone
with interbeds of tuff and tuffaceous shales, and occasional conglomerate lenses; maximum
thickness 500 feet (adapted from Redwine, 1972; Wagner and Saucedo, 1990).

Lovejoy Basalt (Miocene)-Black, dense, hard microcrystalline basalt; maximum thickness 65
feet (adapted from Helley and Harwood, 1985).

Upper Princeton Gorge (Late Oligocene to Early Miocene)-Non-marine sediments composed of
sandstone with interbeds of mudstone and occasional conglomerate and conglomerate sandstone;
maximum thickness 1,400 feet (adapted from Redwine, 1972).

Tone Formation (Eocene)-Marine to non-marine deltaic sediments, light colored, commonly
white congomerate, sandstone, and siltstone, which is soft and easily eroded; maximum thickness
650 feet (adapted from DWR Bulletin 118-6, 1978; Creely, 1965).

Lower Princeton Gorge (Eocene)-Includes Capay Formation. Marine sandstone, congomerate,
and interbedded silty shale, maximum thickness 2,400 feet (adapted from Redwine, 1972).

Great Valley Sequence (Late Jurassic to Upper Cretaceous)-Marine clastic sedimentary rock
consisting of siltstone, shale, sandstone, and conglomerate; maximum thickness 15,000 feet.

Volcanic and Metavolcanic Rocks (Mesozoic)-Undivided volcaninc and metavolcanic rocks,
andesite rhyolite flow rocks, greenstone, and volcanic breccia (adapted from Jennings, 1977).
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2.3 Sacramento NWR Assessment

County: Glenn and Colusa

Basin / Subbasin: Sacramento Valley Groundwater Basin / Colusa Subbasin
Level 2/ Incremental Level 4: 46,400 ac-ft / 3,600 ac-ft

2003 Acreage: 10,783

CVP Water Conveyor: Glenn-Colusa ID

Water District Service Area: Glenn-Colusa ID

Applicable Groundwater Management Regulations: Glenn-Colusa ID AB 3030

Sacramento NWR is located 5 miles south of the City of Willows and extends into both
Glenn and Colusa Counties (Figure 2-15). Created in 1937, it currently encompasses

10,783 acres. Permanent ponds, seasonal wetlands, irrigated moist soil units, and uplands
are located at the refuge. Refuge wetlands support wetland plant and invertebrate
populations that serve as a food source for migratory waterfowl. Refuge upland areas
support large concentrations of geese, upland birds, and other wildlife species (Reclamation
et al. 2001a).

2.3.1 Hydrogeologic Assessment

2.3.1.1 Habitat Goals, Land Management, and Surface Features

As established by the 2002-2003 Habitat Management Plan for Sacramento NWR, the
primary habitat type at the refuge is seasonal flooded marsh (approximately 80 percent of
the wetland area). Eleven other habitat types are present at Sacramento NWR, including
permanent ponds, summer water, unmanaged freshwater wetlands, watergrass production,
annual grassland, perennial grassland, alkali meadows, vernal pools, vernal pool —alkali
meadow complexes, riparian willow scrub, and cottonwood willow (Reclamation 2002).

Surface water features at the Sacramento NWR include North Fork Logan Creek and the
26-2 Lateral, owned by Glenn-Colusa ID. North Fork Logan Creek enters the refuge near the
northwest corner, traverses the refuge from northwest to southeast, and leaves the refuge
near the southeast corner. The 26-2 Lateral is located along the western boundary of the
refuge. The closest water body east of the refuge is the 2047 Drain.

Other features at the refuge include an automobile tour route, with designated stopping
points and a raised observation platform for wildlife viewing, in the central portion of the
refuge. There are also two hiking trails and a visitor center at the refuge headquarters.

A maintenance garage and facilities are located behind the refuge headquarters for storage
of refuge equipment and supplies.

2.3.1.2 Identified Water Supply Contract Quantities

Figure 2-16 shows the Level 2 and Level 4 water supply contract quantities and the actual
water deliveries to the refuge from 1999 through 2002. The annual Level 2 water supply to
Sacramento NWR is 46,400 ac-ft. Based on the recent habitat water requirements, 35,000 to
38,000 ac-ft of water are being delivered and used at Sacramento NWR on an annual basis.
In the past, Sacramento NWR has used between 35,000 and 40,000 ac-ft per year.
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The full optimum habitat management water supply need (Total Level 4) for Sacramento
NWR is 50,000 ac-ft per year. However, based on the current habitat water requirements,
optimum management is being achieved with much less water than that identified as Total
Level 4 water needs in 1989. Therefore, Sacramento NWR usually does not request
Incremental Level 4 water at this time (Refuge staff 2002), although some Level 4 Corning
Canal assessment water has been delivered to the refuge (see Figure 2-16).

Glenn-Colusa ID, with cost-sharing funding from Reclamation, has made improvements to
its conveyance system to enable year-round water delivery to Sacramento NWR. Prior to
these improvements, the Glenn-Colusa ID Main Canal was dewatered from late November
to early April for maintenance, during which time Sacramento NWR could not receive water
from Glenn-Colusa ID and so the refuge exercised its Logan Creek water rights (discussed
below).

2.3.1.3 Surface Water Supplies and Infrastructure

Prior to the CVPIA, Sacramento NWR had a maximum annual water supply of 50,000 ac-ft,
which was supplied by Glenn-Colusa ID. However, the contract that permitted the
Sacramento NWR to obtain this water also allowed for up to a 25 percent reduction in
delivery based on the water needs of higher priority uses (i.e., agriculture). Therefore, when
CVPIA was passed, water delivered by GCID was not considered reliable enough for

Level 2 designation.

The refuge also has four licenses that permit the diversion of up to 60 cubic feet per second
(cfs) from Logan Creek. This water supplies about 3,000 acres of the refuge wetlands, mostly
on the eastside of the refuge along Logan Creek (Refuge staff 2002). This water is not
considered either Level 2 or Level 4 water.

The Glenn-Colusa ID Main Canal conveys CVP surface water to the refuge through the 26-2,
35-1C, and 25-1 Laterals. Water flow within the refuge generally is from north to south.
Water is moved through the 26-2 Lateral by gravity flow to the northwest corner of the
refuge, where it is distributed throughout the western and northern portions of the refuge.
Water conveyed to the 35-1C Lateral is lifted into the west canal for distribution via gravity
flow throughout the refuge. Excess surface water from the ponds and wetlands is directed
to the outflow canals, which empty into Logan Creek. Surface water exits the refuge via
Logan Creek near the southeast corner of the refuge (Reclamation et al. 2001a; Refuge staff
2002).

Quality of the delivered surface water is considered suitable by refuge staff for the wildlife
habitat needs of the refuge.

2.3.1.4 Groundwater Supplies and Infrastructure

Currently, groundwater is being used at the refuge only for domestic purposes, although

it has been used historically to meet a very small portion of refuge water demands

(Refuge staff 2002). Inactive irrigation wells and test wells installed to evaluate groundwater
conditions also occur at the refuge. Sacramento NWR well locations discussed in this
subsection are shown on Figure 2-15. Table 2-1 summarizes available onsite refuge well
information.
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Irrigation and Production Wells. Reclamation drilled two irrigation wells on the refuge in
1977-78. Irrigation Well 1 (shown as SA-IW-01 in Figure 2-15) was 590 feet deep and had a
reported water production of 500 gpm. Irrigation Well 2 (SA-IW-02, Figures 2-15 and 2-17) is
560 feet deep and produced 1,200 gpm when it was installed.2 Well 1 (SA-IW-01) was not
put into production because of low well yield, and it is reportedly capped (Hollinger 1991a).
The well was sampled as recently as 1991 (test results described below). Well 2 (SA-IW-02)
has been used periodically to supplement water to the permanent ponds immediately north
of the refuge headquarters. The well has not been used for the past couple of years because
operation cost was high and reliable surface water is now available year round

(Refuge staff 2002).

Records indicate that three wells are located behind the refuge headquarters. According to
available records (DHS 1995), the newest well (SA-DW-03), drilled in 1975, provides potable
domestic water to the refuge. It may have been drilled to replace the other, older well at the
refuge headquarters (SA-DW-02), which DHS's 1995 report indicates is used for irrigation.
An older dug well (SA-DA-01) is also found behind the refuge headquarters, but it is
reportedly not used and may have existed prior to when the refuge was established

(Refuge staff 2002).

Test Wells. Three test wells (TW-1 through TW-3, or SA-TW-01 through SA-TW-03) were
drilled on the refuge during the summer of 1991 to evaluate the potential for developing
another irrigation well to support the refuge during the drought. Reclamation drilled the

test wells to 600 feet and completed them with 4-inch polyvinyl chloride (PVC) casing with
multiple perforations in permeable zones (Turner 1992b). TW-2 (SA-TW-02) flowed naturally
at a rate of about 30 gpm. A 16-inch production well was installed in 1993 at location TW-3
(SA-TW-03) because it had the best water quality of the three sites (discussed later). Output
from this well was about 629 to 675 gpm with measured drawdowns of 253 to 275 feet, which
was determined to be insufficient for a useful irrigation well. Therefore, no further
development of the well occurred, and the casing is assumed to be sealed (Kramer 1993).

Water Quality Data. Available groundwater quality data from onsite wells are shown in Table
2-2.

Water from the two irrigation wells located on the refuge have been considered unusable
because of reported high levels of boron and arsenic (Reclamation et al. 2001a). However,
the data from which these conclusions were made were not able to be located during the
preparation of this report. Available refuge water quality data for boron and arsenic do
not indicate water quality is unsuitable for use, based on the concentrations of these
constituents.

Groundwater samples collected in 1989 from Irrigation Well 2 (SA-IW-02) contained
elevated levels of total chromium (19 ng/L) and mercury (0.4 ng/L) relative to regional
background levels. The well was resampled in 1990, which confirmed the previous
chromium value (18 pg/L), but not mercury (<0.2 ng/L) (Hollinger 1991b).

2 The depths of wells No. 1 and 2 are based on a Reclamation memorandum (1991). These depths conflict with the depths
reported in the Refuge Water Supply Report, which indicated that the two refuge wells were 195 and 260 feet deep. The deeper
well depths reported in the 1991 memorandum are more consistent with typical irrigation well depth and are also supported by
a 207 feet drawdown reported during a 1982 pump test conducted by Pacific Gas & Electric (PG&E).
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In 1991, Reclamation conducted a larger-scale sampling event at wells on and near the
refuge. Water quality samples were collected from Irrigation Wells 1 (SA-IW-01) and

2 (SA-IW-02), 10 offsite production wells located within 1 mile of the eastern boundary

of the refuge, and at discrete intervals from the test wells drilled at the refuge

(Hollinger 1991a and 1991b). EC was measured, and samples were collected for hexavalent
chromium (Cr(VI) analyses (Figure 2-18). Two of the offsite wells were also sampled for
general metals. The results of this sampling indicated that Cr(VI) concentrations in six wells
to the east of the refuge were at or below the detection level of 10 ug/L. The remaining four
wells ranged from 12 to 14 ng/L. This indicates that CR(VI) concentrations to the east of the
refuge are generally lower than those found at the northwest refuge wells (Hollinger 1991b),
although concentrations may be above the federal Freshwater Aquatic Life Protection
Recommended Criteria of 11 pg/L (continuous concentration) (USEPA Office of Water
2002a). Vertical variations in chromium concentrations are not evident based on available
data, which are missing some well screen intervals (Figure 2-19). Additional investigation
would be needed to determine if there are areas of Sacramento NWR where chromium
concentrations are below the federal Freshwater Aquatic Life Protection Recommended
Criteria of 11 pg/L.

2.3.1.5 Local Groundwater Use

Groundwater is used to meet both domestic and irrigation needs. Groundwater users in the
local area consist of duck clubs, dairies, and the Willow Creek Mutual Water Company
(MWC). Throughout Glenn-Colusa ID, there are more than 160 groundwater wells operated
by Glenn-Colusa ID landowners (Glenn-Colusa ID 1995).

2.3.1.6 Refuge Soil and Aquifer Conditions

The surface soil characteristics for Sacramento NWR were evaluated using the May 1968 Soil
Survey of Glenn County, California. Soils at the refuge generally have low permeability and
are poorly drained. The majority of the surface soils are silty clay and clay. The average
thickness of the soil profile at the refuge is about 60 inches.

The dominant surface soil types at Sacramento NWR are the Riz Series and the Willows
Series, both of which are poorly drained, fine-grained alluvial soils ranging in thickness
from 2 to 5 feet. In addition, the Arbuckle Series and Hillgate Series were identified at
Sacramento NWR; however, their distribution is limited and sporadic.

The Arbuckle Series consists of gravelly loam or gravelly fine sand loam with moderate
permeability, slow runoff, and slight erosion potential. It is located in only the extreme
northeastern portion of the refuge. The Hillgate Series consists mainly of silt loam, silty clay
loam, and clay loam with slow to very slow permeability, very slow runoff, and minimal
erosion potential. It is located in the southwestern portion of the refuge.

Four tracts (Tracts 27, 28, 33, and 42), located in the southern half of the refuge, are
considered by Refuge staff to be the “expensive” areas at Sacramento NWR because they
require the most water to maintain their specific habitat requirements. During the last
drought, refuge staff did not water these tracts because of reduced water supply to the
refuge. When routine watering commenced after the end of the drought, staff reported that
wetland habitat returned very quickly. Because of the natural high permeability of this area,
it may be worthwhile to conduct further evaluations of leakage rates and the potential for
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surface recharge to be “stored.” One of these tracts (Tract 33) is underlain by Hillgate Series
soils. Otherwise, there is no distinct difference between the soils in these tracts and other
soils on the refuge, based on available data.

Historically, subsidence has not been a significant issue in the northern Sacramento Valley,
and it has not been documented in the vicinity of the refuge. Aquifer conditions consist
mainly of unconfined alluvium. Expansive confining layers susceptible to compaction are
not present.

Seasonal water level fluctuations occur in the subbasin. In the vicinity of the refuge,
groundwater levels annually rebound to within 10 feet of the surface (DWR 2003b). Artesian
conditions have also been reported at the refuge. The area around Irrigation Well 1 (SA-IW-
01) was reported to be wet because water seeped out of the well (refuge staff 2002) and
artesian conditions were also reported at test well 2 (SA-TW-02).

Reclamation estimated the annual safe yield of the aquifer beneath the refuge to be
12,900 ac-ft (Reclamation 1989).

2.3.1.7 Operational Issues and Data Needs

The refuge’s dependence on Incremental Level 4 water is relatively minor compared to
other refuges. Approximately seven percent of the water supply contract quantity for
Sacramento NWR is Incremental Level 4 water. Incremental Level 4 water made available to
Sacramento NWR is relatively stable in cost, and subjectivity to spot-market variability is
low (Reclamation staff 2003). The refuge is located north of the Delta, and it is unnecessary
to convey Level 4 water to the refuge through the Delta.

The following data gaps were identified during the completion of this study:

e Assessment of all identified wells on the refuge, including the old irrigation or domestic
well behind the refuge headquarters.

e Confirmation of vertical and horizontal refuge groundwater quality conditions,
particularly for chromium, throughout the refuge and at the refuge domestic well.

e Historical water-level data at refuge wells and those immediately adjacent to the refuge.

e Depth and permeability of soils in the northeast portion of the refuge, where the
Arbuckle loam is located, and the southwest portion of the refuge, where the Hillgate
silt loam is located.

e Aquifer parameters, such as hydraulic conductivity and thickness.

e Groundwater pumping records and schedules, both on and immediately surrounding
the refuge.

Relative to the other refuges in this study, it was estimated that a “moderate” level of data
collection is required at Sacramento NWR prior to recommending increased groundwater
development.
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2.3.2 Criteria Evaluation Summary

Sacramento NWR received total Hydrogeologic Scores of +2 for Direct Use of groundwater
and -1 for On-Refuge Conjunctive Use, based on the criteria matrix evaluation. The criteria
matrix specific to Sacramento NWR is shown as Table 2-3. The matrix includes a score for
each criterion and a corresponding justification or reasoning for the score given.

Groundwater has not been used at the refuge for several years because existing surface
water supplies were adequate for wetland management. Nevertheless, with the exception of
some water quality concerns, the refuge is strong in several key areas supporting further
direct use of groundwater. Support and limitations to further development of groundwater
resources at Sacramento NWR are summarized below.

2.3.2.1 Support for Groundwater Development

¢ No surface water bodies in the refuge vicinity would be affected by increased
groundwater use.

e A developed internal distribution system (IDS) allows water to move extensively
throughout the refuge, supporting integration of groundwater infrastructure with
current water management.

¢ No subsidence has occurred in the past in the refuge vicinity.
e Minimal potential exists for subsidence to occur with increased groundwater use.

e Surface water is delivered to the refuge and is therefore available for blending with
groundwater.

2.3.2.2 Limitations to Groundwater Development
e At-surface soils primarily have low permeability and may not be conducive to
groundwater recharge, with the exception of soils in Tracts 27, 28, 33, and 42.

e Aquifer storage is not available. Current and historical groundwater levels are
approximately equivalent.

e Poor groundwater quality has limited groundwater use in the past. Parameters of
concern have included boron, arsenic, mercury, and hexavalent chromium.

¢ Incremental Level 4 water made available to purchase Sacramento NWR is relatively
stable in cost and availability.

e Itis unnecessary to convey Incremental Level 4 water through the Delta. Higher priority
for groundwater development may be considered for refuges which have the water
conveyance constraint of moving this water through the Delta.

¢ Dependence on Incremental Level 4 water for refuge water supply is relatively minor
compared to other refuges in the study.

2.3.3 Recommended Data Acquisition Activities

Collecting additional data is recommended at Sacramento NWR prior to further
development of groundwater. Recommended data acquisition activities include:
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e Investigate and assess all on-refuge wells. Video-log existing wells to determine
condition and necessary repairs, and to diagnose failure, if appropriate. Assess the old
irrigation or domestic well behind the refuge headquarters to determine if it is usable as
a supply well.

e Conduct water quality testing at all wells capable of use for refuge water supply. Sample
the existing irrigation well, domestic well, and test wells for general chemistry and
metals, including arsenic, boron, chromium, mercury, and nitrates.

e Well-yield information from the state well logs for wells located just east of the refuge
indicate production rates of 1,800 to 2,500 gpm. To determine whether these well yields
are possible in other parts of the refuge, drill, sample, and test three boreholes on the
northeast side of the refuge (Township 18 North, Range 3 West, Sections 12, 13, and 14)
to establish aquifer properties and water quality conditions.

e Collect water-level data from available wells within and adjacent to the refuge. Monitor
water levels quarterly, and collect routine water quality samples from active wells to
develop a database of groundwater use and conditions. Maintain collected data in a
format supportable and usable by the refuge.

e Evaluate existing groundwater pumping surrounding the refuge, particularly to the
east. This may entail the installation of well meters and/or coordination with
Glenn-Colusa ID and Willow Creek Mutual WC.

e Evaluate the recharge potential in the northeast portion of the refuge where the
Arbuckle loam is located. Also, since refuge staff have reported that it is difficult to
convey water to the southwest corner of the refuge, evaluate the recharge potential in
the southwest corner where the Hillgate silt loam is located. Conduct shallow auguring
to evaluate soil depth, permeability, and chromium concentration.

e Evaluate water chemistry compatibility and potential dilution resulting from mixing
groundwater from Well No. 2 (SA-IW-02) and delivered water. Also identify potential
impacts at the refuge resulting from using groundwater with Cr(VI) at concentrations
identified in Well No. 2 (SA-IW-02).

2.3.4 Potential Projects
2.3.4.1 Direct Use

Incremental Level 4 supplies for Sacramento NWR are 3,600 ac-ft per year with a peak
monthly incremental need in March. Assuming a well yield of 1,200 to 1,500 gpm (based on
well production rates at and east of the refuge), five wells would be needed to meet this
demand. The amount of 3,600 ac-ft represents approximately one-quarter of Reclamation’s
estimated safe yield of the aquifer beneath the refuge. If well locations with suitable aquifer
properties and water quality can be identified at the refuge, it may be possible for direct use
of groundwater to be considered to meet Incremental Level 4 contract quantities at
Sacramento NWR. A proposed project is to install three production wells on the east side of
the refuge to meet a portion of Incremental Level 4 contract quantities. This enables
assessment of the groundwater refuge water supply prior to full-scale development. The
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east side of the refuge is considered to have higher potential for favorable aquifer
conditions.

2.3.4.2 On-Refuge Conjunctive Use

Although most refuge soils would not support extensive onsite groundwater recharge, the
four “expensive” tracts discussed earlier (Tracts 27, 28, 33, and 42) located in the southern
half of the Sacramento NWR may be good candidates for groundwater recharge areas.
Tracts 27, 33, and 42 currently are managed as seasonal flooded marsh, and Tract 28 is being
managed as a watergrass production area.

Because well yields and water quality east of the refuge (as evidenced by the 1991 sampling)
appear to be supportive of groundwater development, Sections 12, 13, or 14 warrant
additional groundwater investigation. Wells in this area could be used to support wetlands
in the eastern portion of the refuge, possibly using Logan Creek to convey the water. Water
not used by Sacramento NWR could be conveyed south to Delevan NWR, possibly through
Glenn-Colusa ID’s canals.

2.3.4.3 Off-Refuge Conjunctive Use

Sacramento NWR is within the sphere of influence of the Glenn-Colusa ID Groundwater
Management Plan (AB 3030). Groundwater is extracted in the district for individual
residential use, agricultural use, and municipal and industrial use. The plan supports the
investigation of natural recharge sites, spreading basins, and artificial recharge sites and
facilitates conjunctive use operations when possible. The irrigation district, therefore, may
support conjunctive use activities and/or construction of recharge basins at a refuge it
serves, such as Sacramento NWR. The plan is silent regarding water transfers.

Two feasible groundwater projects are being considered by districts north of the refuge

are the Stony Creek Fan and the Maxwell ID Conjunctive Use Project (see Table C-1 in
Appendix C). Both of these projects are located hydraulically upstream of the refuge. The
Glenn-Colusa ID, the refuge’s surface water conveyor, is a participant in the Stony Creek
Fan Project. The Stony Creek Fan is currently in the testing and development phase. Refuge
participation in this project may be facilitated if water could be delivered to the refuge by its
existing surface water conveyor, Glenn-Colusa ID. The Maxwell ID project includes
proposed construction and operation of up to three new deep water wells adjacent to or
near the district’s existing conveyance canals. Conveyance of water to the refuge is
uncertain at this time.
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TABLE 2-1

Sacramento NWR Well Information2

Evaluation of Groundwater Potential for Incremental Level 4 Refuge Water Supply

2002 Screen Well Water
GIS Well Common Yield Year Depth  Interval  Output  Well Quality
Number® Well Name Well Status®  (ac-ft) Installed (ft) (bgs) (gpm) Log? Data? Comments

SA-TW-01 Test Well 1 Nonfunctional 1991 601 190-570 125 Y Y Specific screened intervals are: 190-210, 290-320,
360-430, 470480, 510-570.

SA-TW-02 Test Well 2 Nonfunctional 1991 606 270-560 125 Y Y Specific screened intervals are: 270-310, 410450,
490-500, 540-560.

SA-TW-03 Test Well 3 Nonfunctional 1991 606 115435 100 Y Y Specific screened intervals are: 115-155, 185-225,
265-305, 375-405, 425-435.

SA-IW-03 Unknown Nonfunctional 1993 550 290-550 629 Y N Well installed at TW-1 location. Testing indicated
well operation was incompatible with irrigation
needs, so it was capped (assumed).

SA-IW-01 Refuge Well 1 Destroyed 1978 670 ?-590 500 N Y Refuge staff indicate that the well was drilled and
capped in 1978 and that there was artesian flow at
the well.

SA-IW-02 Refuge Well 2 Inactive 1978 560 1,372 N Y Well is inactive because it is not needed.

SA-DW-01 Dug Well Unknown N N

SA-DW-02  Old Domestic Well Unknown N N

SA-DW-03 Domestic Well Active 1975 195 117-137 35 Y N

Notes:

@ Based on data compiled from well logs, test records, communication with refuge staff (2002), and other previous documentation. Well locations are shown on Figure 2-15.
On-refuge wells only are included in this table, although the GIS includes known wells within 1 mile of the refuge.

® Well type is indicated by the middle two letters of the GIS well number: IW = irrigation well, DW = domestic well, MW = monitoring well, TW = test well, and UN = unknown.

¢ Designation refers to the physical well only, not water quality issues. Designations are: active (currently operated), inactive (capable of operating, but currently is not),
nonfunctional (cannot operate in current physical state), destroyed (well has been lost, abandoned, or filled), or unknown (no information regarding status is available).

Blank fields indicate that no information is available.
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TABLE 2-2
Sacramento NWR Water Quality Data (1989-1992)
Evaluation of Groundwater Potential for Incremental Level 4 Refuge Water Supply

GIS Well Sampled Interval EC Arsenic Boron Cr(VI) Chromium Mercury
Number (feet)* Date (umhos/cm) (ug/L) (mg/L) (ug/L) (ng/L) (ng/L)
SA-TW-01 Well 06/19/1991 10
Well 11/08/1991 576 12
190-210 05/05/1992 652 6
290-320 05/05/1992 620 9
360-430 05/05/1992 700 <5
510-570 05/05/1992 682 <5
SA-TW-02 Well 09/12/1991 561 37
Well 11/08/1991 546 26
270-310 05/05/1992 602 18
410-450 05/05/1992 579 19
SA-TW-03 Well 11/08/1991 558 25
185-225 05/05/1992 603 18
265-305 05/05/1992 592 19
375-405 05/05/1992 581 18
425-435 05/05/1992 622 22
455-505 05/05/1992 630 18
SA-IW-01 Well 06/19/1991 507 10
SA-IW-02 Well 09/19/1989 512 1 0.2 19 0.4
Well 07/19/1990 550 1 21 18 <0.2
Well 08/16/1990 550 20

Source: Fields 1989; Hollinger 1991a; Hollinger 1991b; Turner 1992b.
Notes:

* “Well” indicates that a nondiscrete sample was collected from the well as a whole.
Blank fields indicate that the constituent was not tested.
ND = not detected
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TABLE 2-3
Sacramento NWR Evaluation
Evaluation of Groundwater Potential for Incremental Level 4 Refuge Water Supply

Criteria Scoring Scale Appl.b Score Refuge Score Justification
Do surface water bodies +1=no D,N +1 Off-refuge surface water bodies would not be
o | exist that could be affected | g = to some degree impacted. The nearest water body is the 2047
& | by increased groundwater _ . Drain to the east of the refuge. The 2047 Drain
— -1 = yes, surface water bodies could be affected . . .
= | use? is more likely to be impacted by off-refuge wells
) in its immediate vicinity than by additional
refuge pumping.
Has groundwater been +1 = yes, used successfully to meet at least 20 D,N 0 Groundwater has supplemented water supply in
Q| used previously at the percent of annual refuge water demands the past. Irrigation Well No.2 (SA-IW-02) has
2 | refuge for ponds or 0 = yes, used to meet less than 20 percent (or been used to flood adjacent ponds. However,
S | irrigation? unknown) of annual refuge water demands. the well has not been used in the past few
= - years. The only well currently in operation at
g 1= no, has not been used the refuge is the domestic well (SA-DW-03).
:E Do wells exist on the +1 = yes, active wells D,N 0 Use of Refuge Well No. 1 (SA-IW-01) was
o | refuge? 0 = yes, inactive or nonfunctional wells discontinued in the early 1980s. Refuge Well
S _ . No. 2 (SA-IW-02) is inactive because the
-1 = yes, destroyed wells, or no wells exist on the X
0 refuge has a firm surface water supply.
Kt} refuge
& Does existing internal +1 = water can move extensively around the D,N +1 Once the water is on the refuge, it moves
03) distribution system (IDS) refuge with existing IDS throughout the refuge via several lateral ditches
. | support groundwater use? | = the IDS enables limited water movement and canals.
% within the refuge
= —1 = an IDS does not exist on the refuge or water
flow relies exclusively on gravity
Is groundwater used for +1 = groundwater is not used; or groundwater is D,N 0 Groundwater is used by duck clubs, dairies,
e agriculture or duck clubs in minimally used, but use is not constrained and the Willows Creek Mutual WC. Throughout
D | the immediate vicinity of 0 = groundwater is used in the area Glenn-Colusa ID, there are more than 160
= | the refuge? _ . . groundwater wells operated by Glenn-Colusa
2 —1 = groundwater is not used due to physical or
= ; ) f : ID landowners.
: environmental constraints or is extensively
° used in the vicinity
o
3 | Does municipal or +1 = no known domestic or municipal wells are D,N 0 Many of the off-refuge wells are located within
3 domestic supply exist near located within 1 mile of the refuge 1 mile of the eastern boundary of the refuge.
= | the refuge? 0 = municipal or domestic wells are likely located Some of these may be domestic wells.
8 within 1 mile of the refuge
4 —1 = municipal or domestic wells are located
within 1 mile of the refuge
Are at-surface soils +1 = soils are sandy or are reported to percolate N -1 The majority of the surface soils are mainly silty
conducive to groundwater well clay and clay. They are typically poorly drained
recharge? 0 = soils are silty or are reported to have some and the permeability is slow.
infiltration
-1 = soils are clayey or are reported to hold water
well
- Could recharge basins be | +1 = confining soil less than 2 feet thick N 0 The average thickness of the soil profile at the
o | developed if surface soils 0 = confining soil 5 to 7 feet thick refuge is about 60 inches.
2 | were removed? . . )
S -1 = confining soil greater than 7 feet thick
g’ Has subsidence occurred +1=no D,N +1 Subsidence has not been documented in the
5 | atorin the immediate 0 = yes, less than 2 feet vicinity of the refuge. It does not appear to be a
> | vicinity of the refuge? _ major concern in northern parts of the
T -1 = yes, more than 2 feet
- Sacramento Valley.
% Does significant potential +1 = minimal potential for subsidence D,N +1 Historically, subsidence has not been an issue
= | for subsidence exist if 0 = some potential for subsidence in the northern parts of the Sacramento Valley.
8 groundwater use is _1 = significant potential for subsidence Aquifer conditions consist mainly of unconfined
increased at the refuge? 9 p alluvium. Expansive confining layers
susceptible to compaction are not present.
Is aquifer storage available | +1 = yes, current water levels are greater than 30 N -1 Seasonal water level fluctuations do exist in the
in the subbasin? feet lower than historical levels subbasin. However, in the vicinity of the refuge,
0 = some, current water levels are between 10 groundwater levels rebound to within 10 feet of
and 30 feet lower than historical levels the surface.
-1=no
Notes: continued on next page

? Surface Features
® Application to Approach: D = Direct Use, N = On-Refuge Conjunctive Use
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TABLE 2-3
Sacramento NWR Evaluation
Evaluation of Groundwater Potential for Incremental Level 4 Refuge Water Supply

Criteria Scoring Scale Appl.” | Score Refuge Score Justification
Have groundwater quality +1 =no D,N -1 Boron, arsenic, and Cr(VI) have been detected
conditions hindert_ed 0 = data are not available at the refuge. Wells have not lbeen used in-part
groundwater use in the because of groundwater quality concerns.
past? -1=yes
Do adverse groundwater +1=no D,N 0 There are localized areas of impaired
quality conditions exist in _ ; groundwater. It is unknown if these
0 = potential
the subbasin? impairments cover the entire subbasin.
-1=yes
Is surface water available +1 =yes D,N +1 The refuge has a reliable year-round supply of
to er_1ab|e blending of lower | - during portions of the year surface water.
quality groundwater to
meet proposed refuge -1=no
> standards?
T | Do groundwater conditions | +1 =no D,N 0 Chromium (VI) and arsenic are above
5
O | exceed USEPA F(;esgwater 0 = yes, two parameters, or no water quality Ztandargs. Boron and mercury have also been
5 | Aquatic Life Standards or testing has been conducted etected.
= Agricultural Water Quality _
S Goals for multiple -1 = yes, three or more parameters
parameters?
Is refuge land use +1 =yes D,N 0 The only water quality data available is from
management compatible 0 = some potential compatibility problems may September_ to November. There is no dgta to
with seasonally or annually exist determine if there are seasonal fluctuations.
variable water quality from
different sources? -1=no
Does groundwater quality +1 = yes it is used, no treatment is necessary D +1 The water is currently being used as a potable
meet drinking-water 0 = yes it is used, but some treatment is supply.
standards (i.e., can it be necessary for potable use; or it is not used
used for refuge domestic for unknown reasons
supply)? L
—1 =no, it is not used because of adverse water
quality conditions
Does a significant +1 = yes, 54% to 79% of total water supply is D,N -1 Approximately seven percent of the water
& | percentage of total refuge Incremental Level 4 supply for Sacramento NWR consists of
c ]
3 Xvater supply conS|st"of 0 = somewhat, 27% to 53% of total water supply Incremental Level 4 water.
= V\I]r;f;:g’lental Level 4 is Incremental Level 4
S ) —1 = minor, 0% to 26% of total water supply is
) Incremental Level 4
)
@ | Is the cost of local water +1 = costs may fluctuate highly or are subject to D,N -1 Incremental Level 4 water made available to
@ | high or low relative to the spot-market variability or price spikes Sacramento NWR is relatively stable in cost
% other refuges in this study? 1 = costs are relatively stable and subjectivity to and subjectivity to spot-market variability is low.
5 spot-market variability is low
% | Isit necessary to convey +1 = yes, Incremental Level 4 water must be D,N -1 No, conveyance of Incremental Level 4 through
@ | Incremental Level 4 water conveyed through the Delta the Delta is unnecessary. The refuge is located
o
o) th;ough the leIta for -1 = no, conveyance of Incremental Level 4 north of the Delta.
reluge supply+ water through the Delta is not necessary
o | Are there significant data +1 = no, data needs regarding refuge D,N 0 Some data are required prior to increasing
k] needs to address prior to groundwater conditions are minor groundwater development, including a thorough
g groundwater development? | o _ somewhat, some data are required prior to Welll_assessmlent, clonfi1mati$n of grolu_ndwater
p increasing groundwater development quality conditions, local aquifer conditions, and
% o depth and permeability of soils in areas where
a -1 =yes, ;lgmflcant data mgst be collected as recharge might be considered.
there is little or no existing data
Total Direct Use Score =| +2
Total On-Refuge Conjunctive Use Score =| -1
Notes:

# Surface Features
® Application to Approach: D = Direct Use, N = On-Refuge Conjunctive Use
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FIGURE 2-17
WELL NO. 2 (INACTIVE) AT
SACRAMENTO NWR
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2.4 Delevan NWR Assessment

County: Colusa

Basin / Subbasin: Sacramento Valley Groundwater Basin / Colusa Subbasin

Level 2 / Incremental Level 4: 20,950 ac-ft / 9,050 ac-ft

2003 Acreage: 5,794

CVP Water Conveyor: Glenn-Colusa ID

Water District Service Area: Glenn-Colusa ID

Applicable Groundwater Management Regulations: Glenn-Colusa ID AB 3030 (adopted May 1995)

Delevan NWR was authorized in 1962 under the Migratory Bird Conservation Commission.
Encompassing 5,794 acres, the refuge is located in Colusa County, midway between
Sacramento NWR and Colusa NWR and approximately 4 miles east of the City of Maxwell
(Figure 2-20). The Delevan NWR consists of permanent ponds, seasonal wetlands,
watergrass fields, and uplands. The wetlands produce waterfowl food such as swamp
timothy, watergrass, and invertebrate populations. The upland areas of the refuge provide
habitat for geese, upland birds, and other wildlife (Reclamation et al. 2001a).

2.4.1 Hydrogeologic Assessment

2.4.1.1 Habitat Goals, Land Management, and Surface Features

The 2002-2003 Habitat Management Plan for Delevan NWR identifies seasonal flooded
marsh as the primary habitat type at the refuge. Eleven other habitat types are present at
Delevan NWR, including annual grassland, watergrass production, alkali meadows,
perennial grassland, unmanaged freshwater wetlands, vernal pools, vernal pool-alkali
meadow complexes, permanent ponds, summer water, riparian willow scrub, and
cottonwood willows (Reclamation 2002).

Surface features at the refuge include the Northeast Drain, the Maxwell ID Main Canal, the
East Drain, Stone Corral Creek, and the 2047 Drain. These features convey surface water to
the refuge and support movement of water within the refuge. The refuge shop is located in
the north-central portion of the refuge.

2.4.1.2 Identified Water Supply Contract Quantities

The Level 2 water allocation is 20,950 ac-ft per year. Generally, Delevan NWR fully uses its
Level 2 allotment. Actual deliveries between 1999 and 2001 ranged from 15,537 to 19,005 ac-ft
per year (Figure 2-21).

The Total Level 4 water supply contract quantity for Delevan NWR is 30,000 ac-ft per year.
The refuge currently receives Incremental Level 4 water ranging from approximately 2,027 to
2,445 ac-ft per year of the Corning Canal assignment water. Delivery of full Level 4 water
could be used to optimize current Delevan habitat (Refuge staff 2002).

2.4.1.3 Surface Water Supplies and Infrastructure

Delevan NWR receives CVP water conveyed by Glenn-Colusa ID (Reclamation et al. 2001a).
Glenn-Colusa ID, with cost-share funding from Reclamation, has made improvements to its
conveyance system to enable year-round water delivery to Delevan NWR. Prior to these
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improvements, the Glenn-Colusa ID Main Canal was dewatered from late November to
early April for maintenance. During the annual shutdown of the Main Canal, Delevan NWR
could receive water from other sources, such as Maxwell ID; however, according to refuge
staff, these sources were never utilized. Prior to 1979, Maxwell ID was the primary water
supplier for Delevan NWR. Glenn-Colusa ID became the primary supplier in 1979 because it
could provide better quality water on a more reliable basis (Reclamation 1989).

Water for the refuge from the Glenn-Colusa ID Main Canal is transferred to Hunters Creek
No. 2 Weir. The weir acts to back up water so it can be diverted to the refuge (Turner 1992b).
The water provided by Glenn-Colusa ID via Hunters Creek only services the northern
portions of the refuge. In the past, the Maxwell ID Main Canal hydraulically separated

Tracts 25, 31, 35, and 41 from the rest of the refuge. These four areas are now connected to the
rest of the refuge by siphons (Refuge staff 2002; Reclamation et al. 2001a).

Recent Incremental Level 4 water acquisitions from three Corning Canal water districts for
the Sacramento Valley refuges total 6,300 ac-ft per year. Delevan NWR can receive partial
Incremental Level 4 supplies through this contractual arrangement. The conveyance and
internal distribution systems are capable of delivering the full Level 4 water supply.

The water provided to Delevan NWR is of suitable quality for use at the refuge
(Turner 1992b).

2.4.1.4 Groundwater Supplies and Infrastructure

One domestic well (DE-DW-01) provides domestic water for the shop at the refuge. The well
location is shown in Figure 2-20. Table 2-4 summarizes relevant refuge well information. No
analytical results are currently available for the domestic well.

2.4.1.5 Local Groundwater Use

There are more than 160 groundwater wells in the area operated by Glenn-Colusa ID
landowners in the district. Several groundwater users are in the immediate vicinity of
Delevan NWR. These wells are used as private irrigation or domestic wells. Four known
domestic wells are located within 1 mile of the refuge. An irrigation well near the southwest
corner of the refuge has a reported initial production rate of approximately 1,875 gpm
(DWR well logs on file).

2.4.1.6 Refuge Soil and Aquifer Conditions

The surface soil characteristics for Delevan NWR were determined by using the online

Soil Survey of Colusa County, California (USDA 1996). The dominant surface soil type

at Delevan NWR is the Willows silty clay, a poorly drained, fine-textured alluvial soil,
characterized by very slow permeability. This silty clay soil profile may be up to 7 feet thick.
This clay is saline within 40 inches of the surface.

The Willows silty clay is primarily a poorly drained, fine-textured alluvial soil. A typical soil
profile will consist of up to 87 inches of silty clay with interbedded layers of clay between

72 and 87 inches below the surface. This clay is saline within 40 inches of the surface. The
water table is typically very shallow or present at the surface. The permeability and runoff of
this soil is very slow, and the water-holding capacity is high (approximately 8.9 inches).
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Review of regional permeability maps indicate that southeast of the refuge, vertical
resistance to flow may be lower (i.e., water may move more easily from near ground surface
to deeper parts of the aquifer). It is possible that conditions in the southeast portion of the
refuge (such as tract 44) could be favorable for recharge basins, which could also serve as
refuge ponds.

Historically, subsidence has not been a significant issue in the northern Sacramento Valley.
It has not been documented in the vicinity of the refuge. Aquifer conditions consist mainly
of unconfined alluvium. Expansive confining layers susceptible to compaction are not
present (Reclamation et al. 1999).

Seasonal water level fluctuations occur in the subbasin. In the vicinity of the refuge,
groundwater levels rebound annually to within 10 feet of the surface (DWR 2003b).

2.4.1.7 Operational Issues and Data Needs

Approximately 30 percent of the refuge’s water supply is Incremental Level 4. Incremental
Level 4 water available to purchase for Delevan NWR is relatively stable in cost, and
subjectivity to spot-market variability is low (Reclamation staff 2003). The refuge is located
north of the Delta, so Incremental Level 4 water delivered to the refuge is not conveyed
through the Delta.

The following data gaps were identified during the completion of this study:
e Thorough assessment of the refuge domestic well.

e Confirmation of refuge groundwater quality conditions at different locations and at
several different depths below ground surface.

e Local aquifer conditions, including quarterly water-level data both on- and off-refuge,
and a safe yield determination.

e Aquifer parameters, such as hydraulic conductivity and thickness.

¢ Groundwater pumping records and schedules, both at the refuge domestic well and in
the area immediately surrounding the refuge.

Relative to the other refuges in this study, it was estimated that a “significant” level of data
collection is required at Delevan NWR prior to recommending increased groundwater
development because so little on-site data are available.

2.4.2 Criteria Evaluation Summary

Delevan NWR received total Hydrogeologic Scores of zero for Direct Use of groundwater
and -3 for On-Refuge Conjunctive Use, based on evaluation with the criteria matrix. The
criteria matrix specific to Delevan NWR is shown as Table 2-5. The matrix includes a score
for each criterion and a corresponding justification or reasoning for the score given.

Although groundwater has not been used on the refuge in the past, available regional
hydrogeologic data indicate that there is potential for successful development of direct use
of groundwater on the refuge. Most limitations are related to insufficient existing data.
Support and limitations to further development of groundwater resources at Delevan NWR
are summarized below.
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2.4.2.1 Support for Groundwater Development

¢ No surface water bodies in the refuge vicinity would be affected by increased
groundwater use.

¢ No subsidence has occurred in the past in the refuge vicinity.

e Minimal potential exists for subsidence to occur with increased groundwater use.

e Surface water is delivered to the refuge throughout the year and is therefore available
for blending with groundwater.

¢ Refuge land use management is compatible with seasonally or annually variable water
quality from different sources.

2.4.2.2 Limitations to Groundwater Development

e Groundwater has not been used previously at the refuge.
e No irrigation wells exist on the refuge.

e Four known domestic wells are located within 1 mile of the refuge, which could be
negatively impacted by increased local groundwater use.

e At-surface soils primarily have low permeability and are not conducive to recharge.

e Aquifer storage is not available. Current and historical groundwater levels are
approximately equivalent and are within 10 feet of ground surface during the winter
months.

e Incremental Level 4 water available to purchase for Delevan NWR is relatively stable in
cost, and subjectivity to spot-market variability is low.

e Itis unnecessary to convey Incremental Level 4 water through the Delta. Higher priority
for groundwater development may be considered for refuges which have the water
conveyance constraint of moving this water through the Delta.

e Data needs regarding refuge groundwater conditions are significant relative to other
refuges in the study.

2.4.3 Recommended Data Acquisition Activities

Collecting additional data is recommended at Delevan NWR if groundwater is to be further
developed. Recommended data acquisition activities to be conducted prior to implementing
any potential project include:

e Based on the location of Delevan NWR and the interest in increasing the water supply
for the refuge, install and test one or more on-refuge test wells. Drill, sample, and test
two borings. Locations to consider are approximately 0.5 mile due south of the shop
well, and in the southeast quarter of Section 28 (Township 17 North, Range 2 West)
because of the potential for favorable surface recharge conditions. Estimate the potential
groundwater extractions at the refuge under wet-, normal-, and dry-year conditions.
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e Conduct water quality testing to confirm refuge groundwater quality conditions. Sample
each test well and the domestic well for general chemistry and metals, including arsenic,
boron, chromium, mercury, and nitrates.

e Evaluate the recharge potential near refuge Tract 44, which may have higher
permeability than other parts of the refuge. Conduct shallow auguring to evaluate the
depth and permeability of the soils.

e Collect water-level data from available wells within and adjacent to the refuge. Monitor
water levels quarterly, and collect routine water quality samples from active wells to
develop a database of groundwater use and conditions. Maintain collected data in a
format supportable and usable by the refuge

e Evaluate existing groundwater pumping conditions. This may entail the installation of
well meters or coordination with Glenn-Colusa ID landowners.

2.4.4 Potential Projects
2.4.4.1 Direct Use

Production wells could be installed to meet a portion of the Incremental Level 4 contract
quantities at the refuge, particularly during times of peak water demand in autumn and
early winter. The production rates of the additional wells could be estimated following
further data acquisition and aquifer testing. One proposed project is to install two
production wells at test well locations to meet a portion of Incremental Level 4 contract
quantities at the refuge.

The refuge shop well, DE-DW-01, is a 6-inch well that had 1 to 2 feet of drawdown when
tested at a rate of 60 gpm (DWR well log on file). This indicates that aquifer conditions
favorable for direct use may be present at the refuge. Future testing to confirm conditions is
warranted.

2.4.4.2 On-Refuge Conjunctive Use

Incremental Level 4 supplies are 9,050 ac-ft per year, with a monthly peak incremental
demand of 1,325 ac-ft (November). Additional data acquisition (identified above) is
necessary to estimate the number of wells needed to meet this demand and the estimated
safe yield of the aquifer beneath the refuge.

DWR (1978) identified an area of “few barriers to the vertical flow of groundwater” within
1 mile of the southeast corner of the refuge. This refers to both surface soils and low-
permeability intervals within the aquifer. It is possible that the southeastern portion of the
refuge (such as Tract 44) could be an area to evaluate for groundwater recharge, although
this area would not be hydraulically upgradient of any on-refuge groundwater
development.

2.4.4.3 Off-Refuge Conjunctive Use

Like Sacramento NWR, Delevan NWR is within the sphere of influence of the Glenn-Colusa
ID Groundwater Management Plan (AB 3030). Groundwater is extracted in the district for
individual residential use, agricultural use, and municipal and industrial use. The plan is
silent regarding water transfers.
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As described for the Sacramento NWR, the possible groundwater banking projects for
partnership within the Colusa Subbasin are the Maxwell ID Conjunctive Use Project and the
Stony Creek Fan Project. The Maxwell ID borders Delevan NWR; the determining criteria
for feasibility is the close proximity of Maxwell ID to the refuge. Delevan NWR is located
within Glenn-Colusa ID’s service area, which could reduce the potential of receiving water
stored by Maxwell ID.
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TABLE 2-4
Delevan NWR Well Informationa

Evaluation of Groundwater Potential for Incremental Level 4 Refuge Water Supply

2002 Screen Water
GIS Well Common Yield Year Interval Well Quality
Number® Well Name Well Status®  (ac-ft) Installed (bgs) Log? Data? Comments
DE-DW-01 Shop Well Active 2000 240-260 Y N No water quality testing done. All faucets are
posted as nonpotable.
Notes:

# Bas