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EXECUTIVE SUMMARY

INTRODUCTION

The wetlands of California’s Central Valley provide critical habitat
for migratory birds and for resident wildlife, including many
threatened and endangered animal and plant species. The  Central
Valley is part of the Pacific Flyway, a migratory waterfowl route
extending over Canada, the United States, and Mexico. Management of
the Flyway 1is governed by international treaties between the United
States, Mexico, and Japan. The Bureau of Reclamation (Reclamation)
is the lead agency in a cooperative effort among Federal, State, and
local agencies in planning for the development of dependable water
supplies for California‘s Central Valley refuges.

This report presents an analysis of water needs and provides an
array of potential water sources and delivery systems for providing
a dependable supply of good quality water to ten National Wildlife
Refuges (NWR), four State Wildlife Management Areas (WMA), and one
privately managed wetland area (RCD) within the Central Valley
hydrologic basin of California. The names and locations of these
managed wetland areas (collectively referred to as refuges) are
presented in Figure S-1. :

The intended purpose of this document is to provide information and
resource data which, when combined with appropriate information from
related lnvestlgatlons discussed in this summary, will be the basis
for selecting recommended plans for water delivery to each of the 15
refuges. Those plans together with appropriate environmental
documentation will be presented in a Refuge Water Supply Planning
Report, which is scheduled to be completed in November, 1989.

SCOPE OF STUDY

The scope of this study is to gather, update, and organize all
existing and available information relative to current and desired
water use, power needs, surface water delivery systems, groundwater
availability, recreation and wildlife resources, and habitat
management objectives for each of the 15 refuges. Based upon that
information, alternative plans are to be formulated for each refuge
to provide dependable water supplies under four water delivery
options, as follows:

Level 1 - Existing firm supply

Level 2 - Current average annnal water supply

Level 3 Supply for full use:of existing development
Level 4 - Supply for optimum habitat management

A recommended plan for water delivery to each refuge, using the
information relative to water allocation and environmental impacts



currently being developed in the Sacramento River and Delta Export
Water Contracting Environmental Impact Statements (EIS’s), will be
selected from the alternatives and presented in the Refuge Water
Supply Planning Report.

STUDY ORGANIZATION

Reclamation is the lead agency for this multi-agency study and is
responsible for the preparatlon of this report and the forthcoming
Refuge Water Supply Planning Report. The Fish and Wildlife Service,
State Departments of Fish and Game and Water Resources, and
California Waterfowl Association comprise the core group of agencies
and organizations which partic1pated on the planning team and
provided technical expertise relative to water and wildlife
resources. The Grassland Resource Conservation District has
provided both information on privately operated wetlands and
monetary contributions for plannlng efforts through the California
Waterfowl Association.

PROBLEMS AND NEEDS

Background

The Pacific Flyway is the westernmost of four migratory waterfowl
routes transecting the North American continent. The Pacific Flyway
is unlike the others, however, in that most of the wintering
waterfowl concentrate in a relatively small area: California’s
Central Valley. Historically, the Central Valley contained over 4
million acres of wetlands. However, through the conversion of those
lands to other uses, the total available acres of wetlands have been
reduced to approximately 300,000 acres. Federal National Wildlife-
Refuges and State Wildlife Management Areas comprise approximately
one third of this acreage, with most of the remainder in private
ownership. , -

Each year about 10 to 12 million waterfowl, along with other
migratory birds, are estimated to winter in or pass through the
Central Valley, more than in all of the other flyway states
combined.

It is a popular misconception that wetland refuges are established
and maintained primarily for the benefit of waterfowl (ducks, geese,
and swans) and waterfowl hunters. While it is true that hunting is
a popular .activity at most refuges, such activity is tightly
regulated. A portion of the revenue received from hunting
activities is used to acquire land for migratory bird refuges and
waterfowl production areas. It is important, however, to recognize
that refuges also provide a multitude of other uses such as:
sanctuaries for the purpose o“:xvesting, feeding, and breeding for
millions of other migratory birds and resident wildlife; flood
control; erosion control; nutrient cycling; groundwater recharge;
and numerous recreation and educational opportunities.



RELATED INVESTIGATIONS

Present and future water development and use in the Central Vvalley
is being redefined. Valley-wide studies underway by both
Reclamation and the State of California are identifying and
examining the agricultural, municipal, industrial, recreational,
fish, wildlife, and water quality needs for the Central Valley’s
river basins. Over the next few years, 1987-1990, the State Water
Resources Control Board will conduct hearings on the San Francisco
Bay~-Sacramento/San Joaquin Delta to receive evidence on present
water use and future demand. The Board will determine beneficial
and reasonable uses for the Central Valley’s water supplies and
develop water quality standards for the Bay and Delta accordingly.

wWater Contracting EIS’s

Reclamation is currently examining existing water use, in-basin
needs, and future demands as part of its Sacramento River, American
River, and Delta Export Water Contracting Environmental Impact
Statements. These EIS’s will assess all competing water demands and
alternatives for contracting and distributing the uncommitted supply
of the Central Valley Project in the Sacramento, American, and San
Joaquin River Basins. Agricultural, municipal, industrial, fishery,
wildlife, recreation, and navigational needs are being considered,
as well as optimization of economic benefits and repayment: of the
project.

At the same time, a framework within which to coordinate the
operations of the Central Valley and State Water Projects has now
been ‘effected. Public Law 99-546, enacted October 17, 1986,
authorized the Secretary of the Interior to sign and implement the
Coordinated Operations Agreement for the integrated, orderly -and
efficient operations of the Central Valley and State Water Projects.

In enacting the Coordinated Operation Agreement 1legislation,
Congress recognized the significance of wildlife refuges in the
overall picture of the Central Valley water use. By terms of the
legislation, Reclamation is required to reserve 25 per cent of the
remaining uncontracted yield of the Central Valley Project until 1
year after a report on refuge supply has been submitted to Congress.

Other studies

Several other Reclamation studies and investigations related to
increasing water supply, water quality, and water delivery are being
conducted. The Offstream Storage Investigation is evaluating
storage sites to increase .water yield in the San Joaquin Valley.
The use of wetlands for offstream storage is a component of this
investigation. The San Joaquin Valley Conveyance Study 1is
investigating methods to transport water to the Mid-Valley area of
the San Joaquin Valley. The conjunctive use of surface and ground
water is being investigated as a means to secure dependable water



supplies and increasing Central Valley yield. The multi-agency San
Joaquin Valley Drainage Program is conducting investigations to
develop long-term solutions to drainage problems in the San Joaquin

Valley.
FINDINGS

This report represents the most comprehensive source of up-to-date
information on the refuges of the Central Valley available. Based
on the information developed during  this study, it is clear that
each refuge requires a dependable supply of good quality water to
facilitate proper wetland habitat management for the migratory birds
of the Pacific Flyway and resident wildlife and flora. The amount
of water that is ultimately recommended for each  refuge will be
based upon the information in this report, the findings of the
Sacramento River and Delta Export Water Contracting EIS’s, and the
findings of the other related investigations described above. Those
recommendations will be presented in the forthcoming Refuge Water
Supply Planning Report.



TABLE OF CONTENTS

CHAPTER I - INTRODUCTION

A,
B.

C.
D.
E.
F.
G.
H.

Study Authority

Purpose, Scope, and Objectives of Refuge Water
Supply Study :
Description of Study Area

Problems and Needs

Study Organization and Management
Public Participation

Cost Sharing

Related Investigations

1. Background to Present Study

2. Other Reclamation Studies

3. Coordinated Operation Agreement

CHAPTER II - NEED FOR ACTION

A.
B.

D.

E.

F.
G.
H.
I.
J.

Introduction

Importance of the Central Valley to the
Pacific Flyway

Central Valley Waterfowl

Relationship of Waterfowl to Winter Habitat
1. Impacts of Agricultural Practices
Significance of Wetlands

1. Historical Loss of Wetlands

2. Other Habitat

Water Needs

Conveyance Needs

Power Needs

Resources Capability

Capacity Available in Existing Facilities

and Timing of Deliveries

CHAPTER III - DEVELOPMENT OF ALTERNATIVE PLANS

A.

B‘

Plan Formulation -

Plan Evaluation and Selection Criteria
1. Cost Estimates

2. Economic Analyses

3. Environmental Analyses

4. Social Analyses

5. Public Involvement

-1

ok
(R

HHHHTHHHH
SN OUTOUTOL D WN

III-1
III-2
ITI-2
ITI-3
ITI-3
ITI-4
IIT-4



CHAPTER IV - REFUGE PLANS

CHAPTER IV A - MODOC NATIONAL WILDLIFE REFUGE

A.

cC.
D.
E.
F.
G.

Water Resources

1. Surface Waters

2. Water Conveyance Facilities

3. Groundwater

Formulation and Evaluation of Alternative Plans
1. Delivery Alternative for Level 1
2. Delivery Alternative for Level 2
3. Delivery Alternative for Level 3
4. Delivery Alternatives for Level 4
5. Summary of Alternatives

Costs and Economic Analysis
Wildlife Resources

Social Analysis

Power Analysis

Permits

CHAPTER IV B - SACRAMENTO NATIONAL WILDLIFE REFUGE

A.

C.
D.
E.
F.
G.

Water Resources

1. Surface Waters

2. Water Conveyance Facilities

3. Groundwater

Formulation and Evaluation of Alternatlve Plans
1. Delivery Alternative for Level 1
2. Delivery Alternatives for Level 2
3. Delivery Alternatives for Level 3
4. Delivery Alternatives for Level 4
5. Summary of Alternatives

~Costs and Economic Analy51s

Wildlife Resources
Social Analysis
Power Analysis
Permits

- IVA-1

IVA-1
IVA-3
IVA-3
IVA-3
IVA-4
IVA-4
IVA-4
IVA-5
IVA-6
IVA-6
IVA-6
IVA-7
Iva-7
IVA-8

IVB-1
IvBe-1
IVB-3
IVB-3
IVB-4
IVB-4
IvB-4
IVB-6
IVB-6
IVB-7
IVB-8
IVB-8
IVB-9
IVB-9
IVB-9



CHAPTER IV C - DELEVAN NATIONAL WILDLIFE REFUGE

A. Water Resources
1. Surface Waters
2. Water Conveyance Facilities
3. Groundwater ,

B. Formulation and Evaluation of Alternative Plans
1. Delivery Alternative for Level 1
2. Delivery Alternatives for Level 2
3. Delivery Alternatives for Level 3
4. Delivery Alternatives for Level 4
5. Summary of Alternatives

C. Cost and Economic Analysis

D. Wildlife Resources ’

E. Social Analysis

F. Power Analysis

G. Permits

CHAPTER IV D ~ COLUSA NATIONAL WILDLIFE REFUGE

A. Water Resources
1. Surface Waters
2. Water Conveyance Facilities
3. Groundwater

B. Formulation and Evaluation of Alternative Plans
1. Delivery Alternative for Level 1
2. Delivery Alternatives for Level 2
3. Delivery Alternatives for Level 3
4. Delivery Alternatives for Level 4
5. Summary of Alternatives

C. Cost and Economic Analysis

D. Wildlife Resources

E. Social Analysis

F. Power Analysis

G. Permits

CHAPTER IV E -~ SUTTER NATIONAL WILDLIFE REFUGE

A. Water Resources
1. Surface Waters
2. Water Conveyance Facilities
3. Groundwater

B. Formulation and Evaluation of Alternative Plans

1. Delivery Alternative for Level 1
2. Delivery Alternatives for Level 2
3. Delivery Alternatives for Level 3
4. Delivery Alternatives for Level 4
5. Summary of Alternatives

C. Cost and Economic Analysis

D. Wildlife Resources

E. Social Analysis

F. Power Analysis

G. Permits

IvCc-1
Ivc-1
Ive=-2
Ivc-3
IVC~3
Ive-3
Ive-3
IVC-4
Ivc-5

IVC-5

IVC-6
IvCc-6
Ive=-7
Ivec-7
Ive-7

IVD~-1
IVD~-1
IVD-2
IVD~-3
IVD-3
IVD-3
IVD-3
IVD-4
IVD=-4:
JIVD-5
IVD-5
IVD-6
IVD=~6
IVD~6
IvVD-7

- IVE-1

IVE-1
IVE=-2
IVE-2
IVE-3
IVE-3
IVE-3
IVE-5
IVE-5
IVE-5

- IVE-6

IVE-6
IVE-7
IVE-7
IVE-7



CHAPTER IV F - GRAY LODGE WILDLIFE MANAGEMENT AREA

A.

c.
D.
E.
F.
G.

CHAPTER IV G = GRASSLAND RESOURCE CONSERVATION DISTRICT

AQ

C.

D.
E.
F.
G.

Water Resources

1. Surface Waters

2. Water Conveyance Fac;lltles

3. Groundwater

Formulation and Evaluation of Alternative Plans
1. Delivery Alternative for Level 1
2.  Delivery Alternatives for Level 2
3. Delivery Alternatives for Level 3
4. Delivery Alternatives for Level 4
5. Summary of Alternatives

Cost and Economic Analysis

Wildlife Resources

Social Analysis

Power Analysis

Permits

Water Resources

1. Surface Waters

2. Water Conveyance Facilities

3. Groundwater ‘

4., Offstream Storage

Formulation and Evaluation of Alternative Plans
1. Delivery Alternative for Level 1
2. Delivery Alternatives for Level 2
3. Delivery Alternatives for Level 3
4. Delivery Alternatives for Level 4
5. Summary of Alternatives

Cost and Ecohomic Analysis

Wildlife Resources

Social Analysis

Power Analysis

Permits

CHAPTER IV H - VOLTA WILDLIFE MANAGEMEMENT ARE2A

A.

Water Resources
1. Surface Waters

. 2. Water Conveyance Fac111t1es

3. Groundwater

Formulation and Evaluation of Alternatlve Plans
1. Delivery Alternative for Level 1
2. Delivery Alternative for Level 2
3. Delivery Alternatives for Level 3
4. Delivery Alternatives for Level 4
5. Summary of Alternatives.

Cost and Economic Analysis

Wildlife Resources

Social Analysis

Power Analysis

Permits

IVF-1
IVF-1
IVF-2
IVF-3
IVF-3
IVF-3
IVF-3
IVF-4
IVF-5
IVF=~5
IVF-6
IVF-6
IVF-6
IVF-7
IVF-7

IVG-2
IVG-2
IVG-3
IVG-5
IVG-5
IVG-6
IVG-7
IVG-7
IVG-8
IVG-9
IVG-9
IVG-11
IVG-10
IVG-11
IVG-11
IVG-11

IVH-1
IVH-1
IVH-1
IVH=-2
IVH=-2
IVH-2
IVH-2
IVH=-2
IVH-3
IVH-3
IVH-3
IVH-4
IVH-4
IVH-4



CHAPTER IV I‘- LOS BANOS WILDLIFE MANAGEMENT AREA

A. Water Resources
1. Surface Waters
2. Water Conveyance Facilities
3. Groundwater

B. Formulation and Evaluation of Alternative Plans
1. Delivery Alternative for Level 1
2. Delivery Alternatives for Level 2
3. Delivery Alternatives for Level 3
4. Delivery Alternatives for Level 4
5. Summary of Alternatives

C. Cost and Economic Analysis

D. Wildlife Resources

E. Social Analysis

F. Power Analysis

G. Permits

CHAPTER IV J - KESTERSON NATIONAL WILDLIFE REFUGE

A. Water Resources
1. Surface Waters
2. Water Conveyance Facilities
3. Groundwater

B. Formulation and Evaluation of Alternative Plans
1. Delivery Alternative for Level 1
2. Delivery Alternative for Level 2
3. Delivery Alternatives for Level 3
4. Delivery Alternatives for Level 4
5. Summary of Alternatives

-C. Cost and Economic Analysis

D. Wildlife Resources

E. Social Analysis

F. Power Analysis

G. Permits

CHAPTER IV K = SAN LUIS NATIONAL WILDLIFE REFUGE

A. Water Resources
1. Surface Waters
2. Water Conveyance Facilities
3. Groundwater :

B. Formulation and Evaluation of Alternative Plans

1. Delivery Alternative for Level 1
2. Delivery Alternatives for Level 2
3. Delivery Alternatives for Level 3
4. Delivery Alternatives for Level 4
5. Summary of Alternatives :

C. Cost and Economic Analysis

D. Wildlife Resources

E. Social Analysis

F. Power Analysis

G. Permits’

IVIi-1
IVI-1
IVI-2
IVI-2
IVI-3
IVI-3
IVI-3
IVI-4
IVI-4
IVi-4
IVI-5
IVI-5
IVI-6
IVI-6
IVI-6

IvVJ-1
IVJ-2
IvJd-2
IvJg-2
IVJ-3

L IVI-3

IvJy-3
IVJ-3
IVJ-4
IvVJ-5
IVJ-5
IVJ-6
IVJ-6
Ivg-7
Ivg-7

IVK-1
IVK-1
JIVK-2
IVK-3
IVK-3
IVK-3
IVK-3
IVK-4
IVK-4
IVK-5

- IVK~5

IVK-5
IVK-6
IVK-6
IVK-6



CHAPTER IV L -»MERCED NATIONAL WILDLIFE REFUGE

A,

c.
D.
E.
F.
G.

Water Resources

1. Surface Waters

2. Water Conveyance Facilities

3. Groundwater

Formulation and Evaluation of Alternative Plans

1. Delivery Alternative for Level 1

2. Delivery Alternatives for Level 2
3. Delivery Alternatives for Level 3
4. Delivery Alternatives for Level 4
5. Summary of Alternatives

Cost and Economic Analysis

Wildlife Resources

Social Analysis

Power Analysis

Permits

CHAPTER IV M - MENDOTA WILDLIFE MANAGEMENT AREA

A.

cC.
D.
E.
F.
G.

Water Resources

1. Surface Waters

2. Water Conveyance Facilities

3. Groundwater

Formulation and Evaluation of Alternative Plans
1. Delivery Alternative for Level 1

2. Delivery Alternative for Level 2

3. Delivery Alternative for Level 3

4. Delivery Alternatives for Level 4

5. Summary of Alternatives _ .
Cost and Econdmic Analysis '
Wildlife Resources

Social Analysis

Power Analysis

Permits

CHAPTER IV N - PIXLEY NATIONAL WILDLIFE REFUGE

A.

cC.
D.
E.
F.

Water Resources

1. Surface Waters

2. Water Conveyance Facilities

3. Groundwater

Formulation and Evaluation of Alternative Plans
1. Delivery Alternative for Level 1 '
2. Delivery Alternative for Level 2

3. Delivery Alternatives for Level 3

4. Delivery Alternatives for Level 4

5. Summary of Alternatives

Cost and Economic Analysis

Wildlife Resources

Social Analysis

Power Analysis

Permits

IVL-1
IVL-1
IVL-2
IVL-2
IVL-2
IVL-2
IVL-3
IVL-3

 IVL-4

IVL-4
IVL-5
IvVL-5
IVL-6
IVL-6
IVL-6

IVM-1
IVM-1
IVM=-2
IvM=-2
IVM-2
IVM-3.
IVM-3
IVM=-3
IVM-3
IvM-4
IVM-4
IVM-5
IVM-5
IvM-5
IVM-6

IVN-1
IVN-1
IVN-1
IVN-2
IVN=-2
IVN=-2
IVN=-2
IVN=-2
IVN-4
IVN-4

IVN-4

IVN-5
IVN-5
IVN-5
IVN-6



CHAPTER IV O = KERN NATIONAL WILDLIFE REFUGE

A. Water Resources IvVo-1
1. Surface Waters IVOo-1
2. Water Conveyance Facilities- IVO-2
3. Groundwater . IVo-2

B. Formulation and Evaluation of Alternative Plans IVO-3
1. Delivery Alternative for Level 1 IVOo-3
2. Delivery Alternatives for Level 2 IVOo-3
3. Delivery Alternatives for Level 3 IVo-4
4. Delivery Alternatives for Level 4 IVO-5
5. Summary of Alternatives IVOo-5

C. Cost and Economic Analysis IVOo-5

D. Wildlife Resources IVOo-6

E. Social Analysis IVO-6

F. Power Analysis IVOo-6

G. Permits IvVo-7

CHAPTER V = CONSULTATION AND COORDINATION

A. Lead and Cooperatiﬁg Agencies v-1

B. Public Involvement V-1

C. Fish and Wildlife Service Consultation V-1

D. Issues to be Resolved : ‘ V-2
1. Central Valley Project Authorization V=2
2. Water Quality v-2
3. Refuge Priorities V-2
4. Cost Sharing V-3
5. Legal and Institutional Concerns V-3

Bibliography

ATTACHMENTS

ATTACHMENT A - GLOSSARY OF TERMS

ATTACHMENT B - ABBREVIATIONS

ATTACHMENT C - PERSONS CONTACTED

ATTACHMENT D - RELATED LEGISLATION AND ACTS

ATTACHMENT E - CENTRAL VALLEY WATERFOWL BIOLOGY

ATTACHMENT F - UNIT COSTS USED IN CQST ESTIMATES IN THIS REPORT



II-
II-

1
2

II-3

III-1
III-2

IIT-3

Iv

iv

Iv
Iv

v

Iv
Iv

Iv
Iv

Iv

Iv

Iv

Iv
Iv

Iv

B-3
B-4

B-5

LIST OF TABLES

Following Page

Refuge Water Supply Needs - : 3
Summary of Proposed Delivery Alternatives 3
Relationship of Refuge Water Supply : ~ I-5
Study to Other Investigations

Major Central Valley Waterfowl Species II-3
Refuge Water Supply Needs II-8
Summary of Wildlife Resource Impacts : II-8
Summary of Proposed Delivery Alternatives ITII-1
Comparison of Recreational Benefits III-3
for Water Supply Levels 1 and 2

Comparison of Recreational Benefits III-3
for Water Supply Levels 1 and 4

Dependable Water Supply Needs, IVA-4
Alternative Supply Levels for the Modoc NWR

Summary of Estimated Costs of Alternatives: IVA-6
Modoc NWR

Fish and Wildlife Resources: Modoc NWR IVA-6
Federally Listed, Proposed, & Candidate IVA-7
Threatened & Endangered Species: Modoc NWR .

Wildlife Recreational Benefits and Resource IVA-7
Impacts: Modoc NWR

Dependable Water Supply Needs, ' IVB-4
Alternative Supply Levels for the Sacramento NWR . :
Summary of Estimated Costs of Alternatives: IVB-7
Sacramento NWR

Fish and Wildlife Resources: Sacramento NWR IVB-8
Federally Listed, Proposed, & Candidate IVB-8
Threatened & Endangered Species: Sacramento NWR
Wildlife Recreational Benefits and Resource IVB-8
Impacts: Sacramento NWR :

Dependable Water Supply Needs, IVC-3
Alternative Supply Levels for the Delevan NWR

Summary of Estimated Costs of Alternatives: ' IvVC-6
Delevan NWR N

Fish and Wildlife Resources: Delevan NWR Ive-7
Federally Listed, Proposed, & Candidate Ive=-7
Threatened & Endangered Species: Delevan NWR

Wildlife Recreational Benefits and Resource : Ive 7

Impacts: Delevan NWR



Iv
Iv

Iv
Iv

Iv

Iv
IV

Iv
v

Iv

Iv
Iv

Iv
v

Iv

IV

Iv

Iv

Iv
Iv

Iv
Iv

v
Iv

v

Dependable Water Supply Needs,

Alternative Supply Levels for the Colusa NWR

Summary of Estimated Costs of Alternatives:
Colusa NWR

Fish and Wildlife Resources: Colusa NWR
Federally Listed, Proposed, & Candidate

Threatened & Endangered Species: Colusa NWR

wWildlife Recreational Benefits and Resource
Impacts: Colusa NWR

Dependable Water Supply Needs,

Alternative Supply Levels for the Sutter NWR

Summary of Estimated Costs of Alternatlves.
Sutter NWR

Fish and Wildlife Resources: Sutter NWR
Federally Listed, Proposed, & Candidate

Threatened & Endangered Species: Sutter NWR

Wildlife Recreational Benefits and Resource
Impacts: Sutter NWR

Dependable Water Supply Needs,

Alternative Supply Levels for Gray Lodge WMA

Summary of Estimated Costs of Alternatives:
Gray Lodge WMA

Fish and Wildlife Resources: Gray Lodge WMA

Federally Listed, Proposed, & Candidate

Threatened & Endangered Species:Gray Lodge WMA

Wildlife Recreational Benefits and Resource
Impacts: Gray Lodge WMA '

Dependable Water Supply Needs,

Alternative Supply Levels for Grassland
Resource Conservation District

Summary of Estimated Costs of Alternatives:
Grassland Resource Conservation District
Fish and Wildlife Resources: Grassland
Resource Conservation District

Federally Listed, Proposed, & Candidate
Threatened & Endangered Species: Grassland

Resource Conservation District

Wildlife Recreational Benefits and Resource

Impacts: Grassland Resource Conservation District

Dependable Water Supply Needs,

Alternative Supply Levels for Volta WMA
Summary of Estimated Costs of Alternatives:
Volta WMA

Fish and Wildlife Resources: Volta WMA
Federally Listed, Proposed, & Candidate
Threatened & Endangered Species: Volta WMA
Wildlife Recreational Benefits and Resource
Impacts: Volta WMA

IVvD-2
IVD-5

IVD-6
IVD-6

IVD-6

IVE-3

IVE-6

IVE-6
IVE-7

IVE-7

IVF-3
IVF-6

IVF-6
IVF-6

IVF-6
IVG-6

IVG-10
IVG-10

IVG-10
IVG-10

IVH-2
IVH-3

IVH-4

- IVH-4

IVH-4



Iv
Iv

Iv
Iv

Iv

Iv
Iv

IV
v

IV

Iv
Iv

Iv
Iv

Iv

Iv
Iv

v
Iv

Iv

Iv
Iv

Iv
Iv

IV

K-3
K-4

K-5

Dependable Water Supply Needs,

Alternative Supply Levels for Los Banos WMA
Summary of Estlmated Costs of Alternatives:
Los Banos WMA

Fish and Wildlife Resources: Los Banos WMA
Federally Listed, Proposed, & Candidate

Threatened & Endangered Species: Los Banos WMA

Wildlife Recreational Benefits and Resource
Impacts: Los Banos WMA

Dependable Water Supply Needs

Alternative Supply Levels for Kesterson NWR
Summary of Estimated Costs of Alternatives:
Kesterson NWR

Wildlife Resources: Kesterson NWR
Federally Listed, Proposed, & Candidate

Threatened & Endangered Species: Kesterson NWR

Wildlife Recreational Benefits and Resource
Impacts: Kesterson NWR

Dependable Water Supply Needs,

Alternative Supply Levels for San Luis NWR
Summary of Estimated Costs of Alternatives
San Luis NWR

Fish and Wildlife Resources: San Luis NWR
Federally Listed, Proposed, & Candidate

Threatened & Endangered Species: - San Luis NWR

Wildlife Recreational Benefits and Resource
Impacts: San Luis NWR

Dependable Water Supply Needs,

Alternative Supply Levels for Merced NWR
Summary of Estimated Costs of Alternatlves.
Merced NWR

Wildlife Resources: Merced NWR

Federally Listed, Proposed, & Candidates
Threatened & Endangered Species: Merced NWR
Wildlife Recreational Benefits and Resource
Impacts: Merced NWR

'Dependable Water Supply Needs,

Alternative Supply Levels for Mendota WMA
Summary of Estimated Costs of Alternat1ves~
Mendota WMA

Fish and Wildlife Resources: Mendota WMA
Federally Listed, Proposed, & Candidate

Threatened & Endangered Species: Mendota WMA

Wildlife Recreational Benefits and Resource
Impacts: Mendota WMA

IVI-3
IVI-5

IvVIi-5
IVI-5

IVI-5

Ivg-1
IVJ-5

IvVJ-6
IvVJ-6

IvVJ-6

IVK-3
IVK-5

IVK-5
IVK-6.

IVK-6

IVL-2

IVL~5

IVL-5
IVL-5

IVL-5

IVM-3

IVM-4

IVM-5
IVM-5

IVM-5



v
Iv

Iv
Iv

Iv

Iv,

Iv

Iv
v

IV

N-1

N=-3
N-4

N-5

Dependable Water Supply Needs,
Alternative Supply Levels for Pixley NWR
Summary of Estimated Costs of Alternatives:

~Pixley NWR
Wildlife Resources:
Federally Listed, Proposed,

Pixley NWR -

& Candidate

Threatened & Endangered Species: Pixley NWR
Wildlife Recreational Benefits and Resource
Pixley NWR

Impacts:

Dependable Water Supply Needs,
Alternative Supply Levels for Kern NWR
Summary of Estimated Costs of Alternatives:

Kern NWR

Fish and wildlife Resources:
Federally Listed, Proposed,

Kern NWR
& Candidate

Threatened & Endangered Species: Kern NWR
Wildlife Recreational Benefits and Resource

Impacts:

Kern NWR

=11~

IVN-=-2
IVN-4

IVN-5
IVN-5

IVN-5

Ivo-3
IVO-6

IVO-6
IVO-6

IVO-6



Figure
S-1

I-1

II-5
II-6

IV-1

Iv a-1
IV A-2
IV B-1
IV B-2
IV C-1
IV C=-2

IV D-1
IV D=2

IV E-1
IV E=2

IV F-1
IV F-2

IV G-1

IV G-2

IV H-1

LIST OF FIGURES

Following Page

Study Area and Refuge Location Map

Refuge Water Supply Investigation
Study Organization

Pacific Flyway

Wintering Waterfowl Populations for States
and Countries of the Pacific Flyway, 28-Year
Average, 1954 to 1981

Approximate Period of Waterfowl Use

in the Central Valley

Flow Diagram Showing How Different Limiting
Factors Affect Pacific Flyway Waterfowl
Population

Historical Losses of Wetlands in California
Current Distribution of Wetlands Compared
with Late 1880s

Estimated Annual Supplemental/Firm Water
Requirements At Optimum Management

Study Area and Refuge Location Map
Modoc NWR: Existing Water Supply Facilities
Modoc NWR: Alternative Water Supply Facilities

Sacramento NWR: Existing Water Supply Facilities
Sacramento NWR: Alternative Water Supply
Facilities

Delevan NWR: Existing Water Supply Facilities
Delevan NWR: Alternative Water Supply Facilities

Colusa NWR: Existing Water Supply Facilities

Colusa NWR: Alternative Water Supply Facilities

Sutter NWR: Existing Water Supply Facilities
Sutter NWR: Alternative Water Supply Facilities

Gray Lodge WMA: Existing Water Supply Facilities
Gray Lodge WMA: Alternative Water Supply
Facilities

Grassland Resource Conservation District: Se
Existing Water Supply Facilities '
Grassland Resource Conservation District:
Alternative Water Supply Facilities

Volta WMA: Existing Water Supply Facilities

-12-

IV-2
IVA-2
IVA-5
IVB-4
IVB-5
IVC-2
IVC-5

IVD-2
IVD-3

IVE-2
IVE-5

IVF-2
IVF-3

IVG=-2

IVG-9

IVH=-2



sl

T ———

L

PRSS—

SN

Fru——

IV H-2

Iv I-1
Iv 1-2

H
<<
ay

IV K-1
IV X-2

IV L-1
IV L-2

IV M-1
IV M=-2

IV N=-1
IV N=-2

IV C~1
IV 0-2

Volta WMA: Alternative Water Supply Facilities

Los Banos WMA: Existing Water Supply Facilities
Los Banos WMA: Alternative Water Supply

Facilities

Kesterson NWR: Existing Water Supply Facilities
Kesterson NWR: Alternative Water Supply
Facilities

San Luis NWR: Existing Water Supply Facilities
San Luis NWR: Alternative Water Supply
Facilities

Merced NWR: Existing Water Supply Facilities
Merced NWR: Alternative Water Supply Facilities

Mendota WMA: Existing Water Supply Facilities

Mendota WMA: Alternative Water Supply Facilities

Pixley NWR: Existing Water Supply Facilities
Pixley NWR: Alternative Water Supply Facilities

Kern NWR: Existing Water Supply Facilities
Kern NWR: Alternative Water Supply Facilities.

-13-

IVH-3
IVI-2
IVI-5

Ivg-2
IvJ-3

IVK-2
IVK-3

IVL-2
IVL-3

IVM-2
IVvM=-3

IVN-2
IVN-3

IVo-2
IVOo-3



ot e




CHAPTER |

Introduction

LR AR

Ay’
ety
A ﬂ' F

W,

7!

3 eﬁ‘“‘

logind

s T T L T
: ’%-f?‘i’ix e i oo
A 0 2e o Ty ot A0S el St A L TGRb L e g2

i

U.S. DEPARTMENT OF THE INTERIOR
: BUREAU OF RECLAMATION

MID-PACIFIC REGION






CHAPTER I

INTRODUCTION

A. STUDY AUTHORITY

The Refuge Water Supply Study is being conducted under the
authority of the Reclamation Act of June 17, 1902 and Public Law
99~546 (Coordinated Operation Agreement). :

B. PURPOSE, SCOPE, AND OBJECTIVES OF REFUGE WATER SUPPLY STUDY

The Bureau of Reclamation (Reclamation), assisted by the Fish and
Wildlife Service (Service) and the California State Departments of
Fish and Game (DFG) and Water Resources (DWR), is conducting the
Refuge Water Supply Study. The purpose of the study 1is to
investigate and identify potential water sources and delivery
systems for providing a dependable water supply to ten national
wildlife refuges (NWR), four State wildlife management areas (WMA),
and private wetlands within the Grassland Resource Conservation
District (GRCD), in California, as previously shown in Figure S-1.
The Refuge Water Supply Study was initiated in October 1985 as an
extension of the Central Valley Fish and Wildlife Management Study’s
special study on "Refuge Water Supply, Central Valley Hydrologic
Basin, California (USBR, 1986a)." The Grassland Water District was
also included in the report and shared in the costs through funding
provided by the California Waterfowl Association.

The Refuge Water Supply Study was organized to meet the following
primary objectives for each refuge:

1. Confirm and update monthly water requirements based on
four water delivery regimes.

2. Determine resource response and recreatlon use for
each water supply reglme

3. Determine groundwater quantity and quality and identify
conjunctive use potential.

4., Determine contractual and physical capabilities of
water and irrigation districts to deliver water on a
monthly basis.

5. Provide preliminary designs and associated costs of
delivery systems for each water regime. o :



6. Evaluate power requirements for delivery systems and
wells under each water regime.

7. Develop alternative plans based on water regimes.
8. Develop environmental account for each plan.

This document is one part of the Refuge Water Supply Study, and is
intended to provide information and resocurce data. This data, when
combined with information form related investigations, will be the
basis for selecting recommended plans for water delivery to each of
the 15 refuges. The plans, together with appropriate environmental
documentation, will be presented in the Refuge Water Supply Planning
Report that is scheduled to be completed in November 1989.

C. DESCRIPTION OF STUDY AREA

The study area is located in California‘’s Central Valley. This
valley forms a cleft in the middle of california and is one of
the world’s largest valleys, over 400 miles 1long and 50 miles
wide. Geologically, it is a trough between the Coast Ranges and
the Sierra Nevada, with the Cascades bordering it on the north and
the Tehachapi Range on the south. The valley drains through two
great river systems which have created two distinct valleys: the
Sacramento and the San Joaquin.

The Central. Valley is the world’s richest agricultural region. Rice
and deciduous fruits are more commonly grown in the Sacramento
Valley, while grapes and cotton  characterize: the more intensely’
developed San Joaquin Valley. Although two centuries ago most of
the valley’s land would have been considered semi-desert, it 'is now
the richest agricultural region on earth, producing more than 200
crops and 25 percent of all table foods consumed in the United
States. Agriculture is not the only industry in the Central Valley,
but it dominates the social characteristics.

The Central Valley 1s one of the fastest growing regions in the
United States. However, despite the fact that thousands of acres
are lost each year to urban development, the valley has retained
much of its rural atmosphere and cultural values.

The one resource conservation district and 14 Federal and State
refuges discussed in this report are located in the Central Valley
within the specific valleys and counties listed on the following
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Refuge County

Sacramento Valley

Modoc NWR . Modoc
Sacramento NWR Glenn
Délevan NWR Colusa
Colusa NWR ' Colusa’
Sutter NWR : Sutter
Gray Lodge WMA Butte

San Joaquin Valley

Grassland RCD Merced

Volta WMA » Merced

Los Banos WMA Merced

Kesterson NWR - Merced

San Luis NWR Merced

Merced NWR , : Merced

Mendota WMA Fresno -
Pixley NWR : - Tulare

Kern NWR _ Kern

D. 7PROBLEMS AND NEEDS

The major issue addressed by the refuge study 1is the need to
provide water to the refuges to maintain or enhance wildlife
habitat within the Pacific Flyway. Wildlife habitat includes
wetlands, riparian vegetation, and uplands. Since 1850, the
amount of wetlands in the Central Valley has decreased from 4
million acres to about 300,000. Private hunting clubs own about
two-thirds of this acreage. The remaining land is located in
National Wildlife Refuges and State Wildlife Managément Areas.
During high flood years, the amount of wetlands may increase to
700,000 acres. However, management of existing wetland habitat
during dry years is essential for consistent waterfowl populations,
especially ducks and swans. Riparian woodlands provide nesting
habitat, cover, and food areas for ducks, especially wood
ducks. As with wetlands; the historical acreages of riparian
woodlands have been reduced to 10 to 15 percent of the original
acreages. To benefit waterfowl, the riparian vegetation cannot
be located far distances away from wetlands.

Upland habitat is important for nesting cover, especially for
resident dabbling ducks, such as mallards, gadwall, cinnamon
teal, northern shoveler, and pintails. Large blocks of undisturbed
upland vegetation adjacent to wetlands are preferred. However,
birds will use vegetation found in fields and along fences, ditches,
and levees, but nesting success is poor due to-heavy predation.

The single most important role of the Central'Valley wetlands and
associated riparian and upland corridors is to provide wintering
habitat. In August, the waterfowl population begins to increase to



a peak of between 5 and 6 million birds in December. The population
then declines to less than one million birds by March. Some of the
most important species from a biological perspectlve (numbers or
impact on the environment) and/or economic factors (consumptive
uses) are tundra swans, lesser snow geese, Ross’ geese, Pacific
white-fronted geese, Canada geese, pintails, mallards, American
wigeons, green-w1nged teal, shovelers, gadwalls, and canvasbacks.
Other species that occur in SLgnlflcant numbers include wood ducks
and ring-necked ducks. Redheads, cinnamon teals, common goldeneyes,
buffleheads, mergansers, and lesser scaups are present in limited
number. Most wintering waterfowl move among the wetlands in the
Central Valley in response to weather changes, water conditions,
food availability, and season.

The wetlands and associated habitat are also important to several
Federal listed, proposed, and candidate threatened and endangered
species, such as American pergrine falcon, bald eagle, Aleutian
Canada goose, San Joaquin kit fox, giant garter snake, and white-
faced ibis. In addition, these areas provide habitat for unique
species such as yellow-billed cuckoo, white pelicans, common and
snowy egrets, grebes, greater and lesser sandhill cranes, American
bitterns, American avocets, black-necked stilts, common snipes,
long-billed curlews, and tricolored blackbirds.

E. STUDY ORGANIZATION AND MANAGEMENT

The Refuge Water Supply Study 1is being conducted as an
interdisciplinary, interagency investigation. Study organization
and areas of responsibility are shown on Figure I-1. A glossary of
terms used in this report is presented in Attachment A.

3

F. PUBLIC PARTICIPATION

The Refuge Water Supply issue has' been long-standing and is of
significant importance to refuge managers and the public, as the
quality and gquantity of water available to each refuge ultimately
determines the desireability of habitat for migratory birds and
resident wildlife. The degree to which these wetland areas are
successfully managed is of biological, hydrological, economical,
recreational, and educational importance to the state of California,
as well as other states and countries along the Pacific Flyway.

Public interest in the development of dependable water supplles for
Central Valley refuges is very high as evidenced by inquiry and
participation in study activities by individuals, environmental,
and wildlife organizations and representatives of the state and
Federal legislature. :

Since the initiation of the Refuge Watrsr Supply Study in October
1985, numerous meetings have been held with cooperating agency
staff and management, environmental and wildlife organizations,
and water and irrigation districts to discuss study objectives,
issues and concerns, and planning procedures. Two Public
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Information Documents have been released to provide information on
the progress of the study and to solicit public input on alternative
water delivery plans and pertinent issues. Response has generally
been favorable and supportive of the study. Public participation is
discussed in greater detail in Chapter V, Consultation and

Coordination.
G. COST SHARING

Preliminary informal discussions with the Service, DFG, and
private organizations such as the California Waterfowl Association,
Ducks Unlimited, and the Audubon Society indicate that there are
substantial opportunities to obtain cost sharing funds to assist in
the development of refuge water delivery facilities and perhaps to
pay for annual water and power costs.

A letter of inquiry has been submitted to all agencies and
organizations which may have an interest in assuring dependable
supplies of water for refuges. The letter requests that potential
funding sources and programs for this purpose be identified and asks
for indication of intent to participate in a cost-sharing program.
The replies to the inquiry will be included in an appendix to the
Refuge Water Supply Planning Report.

H. RELATED INVESTIGATIONS

The Refuge Water Supply Study is one of numerous studies that
have been conducted by various agencies and organizations .addressing
the problems of waterfowl management and 1loss of wetland "
habitat occurrlng in the Central Valley over the past quarter
century. - The relatlonshlp of the Refuge Water Supply Study to
other ongoing Reclamation investigations is shown on Table I-1.
These reports include ongoing studies by the State of California
and private organizations. In addition, a considerable amount of
legislation and programs affecting Central Valley habitat has
been written. -

1. Background to Present Study

A series of Reclamation studies have addressed fish and wildlife
problems related to the Central Valley Project (CVP) or other water
and land activities within the Central Valley. In 1978, as part of
its Total Water Management Study for the Central Valley Basin of
California, Reclamation published Working Document No. 12, "Fish and
Wildlife Problems, Opportunities, and Solutions," a survey of major
fish and wildlife problems and improvement opportunities within the
geographical area encompassed by the CVP (USBR, 1978).

Based on the data developed in Working Document No. 12, Reclamation
in 1979 1initiated the Central Valley Fish and Wwildlife
Management Study, a broad-based, interagency, appraisal-level
study to develop a -comprehensive basellne on the Central Valley’s
fish and w1ld11fe resources .and to propose solutions to water-
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related problems and issues. Two reports addressing waterfowl or
waterfowl habitat were completed: New Waterfowl Habitat Potential
within the Central Valley, California, September 1986 (USBR,19864);
and Refuge Water Supply, Central Valley Hydrologic Basin, California
1986 (USBR, 1986a). The latter study investigated and identified
water needs and sources of dependable water supply for 12 refuges in
the Central Valley and served as a prlmary resource document for
water supply investigations presented in this report.

2. Oother Reclamation Studies

The Refuge Water Supply Study interacts with many other water
resource studies currently underway in the Central Valley. One
of the most significant studies involves the preparation of
Environmental Impact Statements (EISs) for water contracting of
uncommitted CVP water in the Sacramento River Basin, American River
Basin, and basins requiring delta export of water, including the San
Joaquin, Santa Clara, and Pajaro valleys. These Water Contracting
EIS’s will address the options for fulfilling water needs for
agricultural and municipal users as well as refuges. The Off-Stream
Storage Investigation is evaluating plans for storage of surplus CVP
water on the refuges. The San Joaquin Drainage Program is being
conducted by an interagency group which includes Reclamation,
- Service, U.S. Geological Survey, DFG and DWR.

The National Environmental Policy Act (NEPA) requirements for
cumulative impacts associated with water delivery and
allocation to the refuge and wildlife management areas rare being
addressed in the Sacramento River and Delta Export Water Contracting
EISs. : :

3. Coordinated Operation Agreement

On October 27, 1986, the President signed Public Law 99-546, which
authorized the Secretary of the Interior to enter into and implement
the Coordinated Operation Agreement between the Federal CVP and the
State Water Project. The agreement allows coordination of the two
projects to meet State Water Resources Control Board Decision 1485
water quality standards. Section 104 of the agreement stipulates
that 25 percent of the firm yield of the Central Valley Project
currently not committed under long-term contracts is to be reserved
until one year after the Secretary of the Interior transmits a
report on refuge water supply investigations in the Central Valley
Basin to Congress.
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CHAPTER II

NEED FOR ACTION.

A. INTRODUCTION

Waterfowl migration remains one of the marvels of nature. Twice
each year, for millennia, millions of ducks and geese have flown
from one end of the North American continent to the other following
the same routes each year. The Central Valley 1lies at the
southerly end of the Pacific Flyway migratory route, and in
presettlement times, the valley’s vast marshes and dense stands
of tules and riparian vegetation provided ideal wintering habitat
and attracted large numbers of waterfowl.

Today, most of the wetlands are gone due to land conversion to
other uses. The birds, however, continue to fly their ancient
routes and crowd into the remaining habitat to rest, feed, and
nest. Since the turn of the century, the numbers of ducks and
geese wintering in California has plummeted and the loss of wetlands
has been a significant factor in the decline. As waterfowl
habitat has been modified, Federal and State fish and wildlife
agencies, private organizations, and hunting clubs have developed
several managed areas for waterfowl and other wildlife by
establishing National Wildlife Refuges, State Wildlife Management
Areas, conservation areas, and hunting clubs. Despite extensive
research conducted by Federal, State, and private entities, existing
data are insufficient to completely gquantify the relationship
between waterfowl and habitat. The following key information
relative to waterfowl is known: ’ ' '

1. Waterfowl populations in the Central Valley are below
historical levels for most species. _

2. Winter habitat can influence the distribution and
abundance of wintering waterfowl.

3. Existing habitat can be enhanced.

4. The condition of waterfowl returning from wintering
grounds can influence reproductive capability.

At the present time an opportunity exists to preserve and enhance
wildlife in the Central Valley. As part of the preparation of the
Water Contracting EISs currently underway, Reclamation is assessing
the impacts of entering into long-term contracts for the remaining
uncommitted yield of the Central Valley Project (CVP). Reclamation
is evaluating the effects of allocating different amounts of water
to meet the needs of wildlife refuges and wetlands. Following
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completlon of the Refuge Water Supply Study and the Water
Contracting EISs, Congress will have the opportunity to develop
necessary legislation and/or provide opportunities for refuge water

supplies.

This chapter addresses the existing conditions in the Central

Valley--water shortages, diminishing habitat, and related
problems—-that are known to threaten the malntenance of the
Pacific Flyway migratory route, as shown on Figure II-1. These

needs reflect the data gathered as part of this study and represent
a consensus among the biologists contacted within wvarious
agencies and organizations involved in waterfowl management. ~

B. IMPORTANCE OF THE CENTRAL VALLEY TO THE PACIFIC FLYWAY

Waterfowl migration to the Central Valley begins 1in August with
the arrival of the first birds from the north. The number of
wintering waterfowl rapidly increases over the late summer and
fall and by late December as many as 10 to 12 million waterfowl have
migrated to or through the valley for their winter sojourn. These
birds include from 5 to 6 million ducks and geese who winter in the
Central Valley. In addition, the Central Valley provides migration
habitat for 1.3 million more ducks and geese which winter in Mexico.

As shown on Figure II-2, the Central Valley 1is critical to the
Pacific Flyway. Central Valley migrants represent about 15 to
20 percent of the total continental wintering waterfowl population
~and about 60 percent of the Pacific Flyway’s waterfowl.. Altogether,
nearly 10 to 12 million waterfowl, along with millions of other
water-related birds, annually winter in or pass through the Central
Valley (Gilmer et‘'al., 1982). Many waterfowl migrate through the-
valley en route to Mexico. ’

Maintenance of the Pacific Flyway for waterfowl depends largely
on maintaining critical wetland w1nter1ng habitat in the Central
Valley, about one-third of which is comprised of Federal and
State wildlife areas. The Service ranks Central Valley wetland
habitat as one of the top five habitats in the United States.

C. CENTRAL VALLEY WATERFOWL

The Central Valley of California has traditionally served as a
major wintering ground for millions of migratory birds. Fall.
flights of waterfowl, shoreblrds, raptors, and passerines return
annually to the wetland riparian, and grassland habitats of the
valley. '

Each year in early August the first fllght of ducks from the
northern breeding grounds begin arriving in the Central vValley.
Substantial numbers of some species, including over 90 percent of
California‘’s wintering mallard duck population, are bred in
California. Populations increase through fall and by late December
peak between 5 and 6 million waterfowl, as shown in Figure II-3.
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Courtesy of Fish & Wildlife Service

PACIFIC FLYWAY

The migration of waterfowl remains one of the marvels of Nature. Twice each year millions
of ducks and geese fly from one end of the North American continent to the other, following
the same routes each year. These migration routes are known as flyways, which are defined
as definite geographic regions with breeding grounds in the north, wintering grounds in the
south, and a system of migration routes between the two. There are four such flyways on the

North American continent, each with its own population of ducks, geese, and other migratory
birds. '

The Pacific Flyway is the westernmost flyway and encompasses territory in three countries:
northern and western Canada, Alaska and all states west of the Rocky Mountains in the United
States, and western Mexico. Management of the flyway is governed by international treaties
among the United States, Canada, Mexico, and Japan.

FIGURE 1I-1
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| Alaska & British Columbia 2

Washington, 1,000,000

Oregon, 575,000

Idaho, 570,000

ElNevada, 71,000
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_ , ( 5,3000,000
{utah & Arizona, 120,000

Montana, Wyoming, Colorado & New Mexico, 100,000

| Mexico, 1,300,000

Source: Sacramento Waterfowl Habitat Management Committee, undated

a Survey data incomplete ;
b The Sacramento Valley accounts for 56% of this total, or about 2,870,000 birds
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WINTERING WATERFOWL POPULATIO_NS FOR STATES AND COUNTRIES
é—:l OF THE PACIFIC. FLYWAY, 28-YEAR AVERAGE, 1954 TO 1981
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Waterfowl most common in the Central Valley are listed on Table
II-1. Based on midwinter surveys (Pacific Flyway Study Committee,
1972-1981), a large percentage of the Pacific Flyway waterfowl
population winters here. Major species include tundra swan (69
percent), Greater white-fronted geese (90 percent), cackling Canada
geese (84 percent), pintails (76 percent), mallards (25 percent),
northern shovelers (77 percent), greenw1nged teal (47 percent),
American widgeon (62 percent), gadwalls (50 percent), wood ducks (93
percent), and canvasbacks (44 percent). The entire continental
population of tule white-fronted geese, endangered Aleutian Canada
geese, and all but a fraction of Ross’ geese winter in the Central

Valley.

In recent years Pacific Flyway waterfowl numbers have declined.
About 3.6 million ducks were counted in the Pacific Flyway in
1987 (Pacific Flyway Midwinter Waterfowl Survey--1987), which is
the lowest population index since coverage was comparable in
1955. The latest index is 12 percent below 1986 and 9 percent fewer
than the previous record low index of 1985. The 1987 index is 40
percent below the 10-year average (1977 - 1987) and 43 percent below
the 32-year average. In number of ducks, the loss has been greatest
in California.

Some of the waterfowl species that rely upon wetlands in the Valley
include the Aleutian Canada goose, tule white-fronted goose, white- .
fronted goose, and Ross’ goose. The Aleutian Canada goose is listed
as a Federal endangered species because of its restricted breeding
range and low numbers. Currently, nesting occurs only on a limited
number of the Aleutian Islands of Alaska. The Aleutian Canada
goose’s breeding range was more extensive until trappers 1ntroduced
artic foxes to the nesting islands. Extensive recovery efforts are
under way to increase population 1levels by removing foxes from
former nesting islands, protecting known staging and migration

areas, and implementing hunting closures. Parts of the Colusa,
Butte, and San Joaquin basins are closed to hunting of all Canada
geese at varying times to protect the Aleutian Canada goose. If

breeding populations are successfully established on several more of
the Aleutian Islands and a sustaining population is achieved, this
subspecies may be transferred to the threatened category and
eventually taken off the endangered list.

The tule white-fronted goose 1s known with certainty to winter
only in the Central Valley of California. The three small areas
where the goose is known to winter are the Butte Creek Basin near
Marysville, the Sacramento National Wildlife Refuge Complex near
Willows, and the Suisun Marsh near Fairfield.:

White-fronted and Ross’ geese arrive in cCalifornia ir.-Mid-

October. By November, they have moved to the Sacramento Valley
relying on the existing refuges for loafing areas. The bulk of

II-3



TABLE II-1

MAJOR CENTRAL VALLEY WATERFOWL SPECIES

“Coot

American (Fulica americana)

Ducks

Bufflehead (Bucephala albeola) .
Canvasback (Aythya valisineria)
Gadwall (Anas strepera)
Goldeneye, Common (Bucephala clangula)
Mallard (Anas platyrhynchos)
Merganser
Common (Mergus merganser)
Hooded (Lophodytes cucullatus)
Red-breasted (Mergus serrator)
Pintail, Northern (Anas acuta)
Redhead (Aythva americana) .
Ring-necked Duck (Aythya collaris)
Ruddy Duck (Oxyura jamaicensis)
Scaup
Greater (Aythya marila)
~ Lesser (Aythya affinis)
Shoveler, Northern (Anas clypeata)
Teal
Cinnamon (Anas cyanoptera)
Green-winged (Anas crecca)
Wigeon, American (Anas americana)
Wood Duck (Aix sponsa)

Geese

Canada (Branta canadensis)(®

Greater white-fronted (Anser albifrons)
Ross' (Chen rossii)

Snow, Lesser (Chen caerulescens)

Tundra Swan (Cygnus columbianus)

(2  The Aleutian Canada goose is classified as an endangered species. Almost
the entire population of this species is believed to winter in the Central
Valley. The cackling Canada goose is another unique subspecies whose
populations have declined to relatively low levels and are now possibly

threatened.




the Ross’ geese move in December to the San Joagquin Valley,
centering on Merced National Wildlife Refuge. In March, the geese
head back to the Sacramento Valley en route to arctlc breeding

grounds in Canada.

In addition to waterfowl, millions of other water-related birds
annually winter in or pass through the Central Valley. These birds
orlglnate in breeding habitats primarily in Alaska and the
provinces and territories of western Canada.

The wetlands provide direct benefits to many species of raptors such
as the northern harrier and swainsons, sharp-shinned, and red-tailed
hawks. Other species, such as the bald eagle (a Federal endangered

‘species) periodically visits valley refuges to feed and rest. Modoc

National wildlife Refuge often has numerous golden and bald eagles
that spend their winters on the refuge feeding on sick and crippled
waterfowl. The greater sandhill crane relies on refuges in the
valley for feeding and sanctuary. Several refuges (Kern, Pixley,
Modoc, Merced, San Luis national wildlife refuges) manage specific
areas for thls species.

D. RELATIONSHIP OF WATERFOWL TO WINTER HABITAT

The Pacific Flyway is unlike other North American flyways in that
most wintering waterfowl are concentrated in the relatively small
area of the Central Valley. The significance of wintering habitat
has been increasingly recognized by research. Some waterfowl can
occupy their wintering habitat for as long as. eight months of the
year, and many biologists believe that wintering habitat could be

.the single most important limiting factor for Pacific Flyway

waterfowl (USBR, 1986a). To accurately determine the relationship
of waterfowl to winter habitat, however, one must understand the
factors that most 1limit waterfowl‘populations. Unfortunately, the
effects of specific habitat components on waterfowl abundance and
distribution are not yet well understood. While it is certain that
the quantity and quality of wintering habitat can significantly
influence the distribution and abundance of waterfowl, the degree
which it does so is difficult to demonstrate quantitatively.

An ideal habitat fulfills all of a species’ requirements, providing
a balance of the food, shelter, water, and sanctuary which it
needs to survive. The lack of any essential component can
decrease a species’ survival or decrease its reproductive success.
Conversion of wetlands to other uses, inadequate water supplies, and
changing agricultural practices are factors believed to be most
limiting to waterfowl habitat. Water quality, disease, and food
stress are factors believed to affect habitat quality. Many of
these factors are interrelated and changing one:factor w1ll affect
the others.

It is uncertain which winter habitat variable -- food, cover,

sanctuary, or water conditions =-- most 1limits population 1levels
(Figure II-4). Habitat conditions influence the mortality and
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phy51cal state of waterfowl surv1v1ng the winter. The number and
condition of the survivors in turn determlne their breeding success.

1. Impacts of Agricultural Practices

Various factors such as improved water management techniques and
increased knowledge of plant and soil sciences have encouraged
the transformation of land from mixed vegetation to monocultures
in the production of commercial crops. Crop production has become
more efficient thus reducing the amount of crops 1left in the
fields which in the past has provided food for waterfowl.

Laser field leveling is an example of a change in agricultural
practices that has affected the quantity and quality of waterfowl
habitat. Poorly leveled fields of rice or other crops contain many
small levees with vegetation for food and shelter, deep and shallow
water, dry spots, and open water areas. These characteristics allow
other water plants to grow with the rice and provide habitat
diversity. The water plants, waste grain, and weed seeds provide
food for waterfowl. In contrast, laser land leveling allows uniform
application of water and rapid draining of the field without
ponding. The rapid drainage reduces smartweed, millet, sedges,
rumex, and similar water plants that are used as waterfowl food.

Land leveling also reduces the number of levees which support
habitat for food and cover.

E. SIGNIFICANCE OF WETLANDS

Waterfowl wintering in the Central Valley move among the wetlands of
the Sacramento and San Joaquin Valleys, the Delta, and the Suisun
Marsh in response to weather changes, water conditions, -and- food .
availability. Waterfowl distribution and movement patterns are
largely predictable and change only during very wet years when the
amount of habitat increases 51gn1f1cantly because of floodlng and
ponding on agricultural lands and in flood bypasses.

Wetlands are among the most productive of all biological systems
and their value cannot be overestimated. Destruction or lack of
wetland habitat results in direct 1losses of species within the -
wetland itself and ultimately losses of species that normally forage
in wetlands. Wetlands provide necessary habitat for many rare and
endangered animal and plant species. More than half of all areas
identified as critical habitat under provisions of the Federal
Endangered Species Act involve weltand areas. 'In California, 55
percent of animal species designated as State threatened or
endangered depend on wetland habitats for their survival.

Wetlands play an important role in flood control and groundwater

recharge, improving water gquality, and rrcviding a multitude of
recreational opportunities.

II-5



BREEDING
POPULATION

FALL POPULATION
MOVING SOUTH

equals equals
MID-WINTER BREEDING POPULATION &
'POPULATION PRODUCTION

less

LATE WINTER AND SPRING
MIGRATION MORTALITIES

less

ADULT SUMMER MORTALITY
AND YOUNG MORTALITY

HABITAT

MID-WINTER
POPULATION
equals

- FALL POPULATION
MOVING SOUTH TO
CENTRAL VALLEY BASINS

less

MORTALITIES:
HUNTING, DISEASE, ETC.

O1LV HOIW DNOTV 1VLIEVH
o W
QN
/,)\'
4‘°~G _
MIGRATION ROUTE

% 4o
/ ’4
r

.A
%

HABITAT ON WINTERING GROUND®®

FIGURE 114

FLOW DIAGRAM SHOWING HOW DIFFERENT LIMITING FACTORS
AFFECT PACIFIC FLYWAY WATERFOWL POPULATION '




-




1. Historical Loss of Wetlands

Before the intensive settlement of California in the 1800’s, much of
the Central Valley was subject to annual or periodic flooding caused
by winter, spring, and early summer run-off and by floodwaters from
the Sacramento and San Joaquin rivers and their tributaries.
Depending on the time of year, flooding frequently turned parts of
the valley into an inland sea, as the waters moved slowly toward the

Delta.

These seasonal marshes resulted in the growth of dense stands of
tules over large areas of the floodplain. Adjacent 1lands that
were not inundated as frequently or were well drained supported
stands of riparian woodlands. Areas of shallow or poor soils
supported annual and perennial grasses and forbs. It 1is estimated
that seasonal or permanent marshes or wetlands comprised about four
million acres of valley lands and provided a' haven to waterfowl
migrating south for the winter. Wetlands lost since the 1850’s are
shown in Figure II-5, and a comparison of the current distribution
of wetlands to those of the late 1880’s on Figure II-6. The
discovery of gold in 1849 and the subsequent influx of immigrants
into the State brought dramatic changes in the wvalley’s landscape.
No habitat was more altered than the wetlands, which were
significantly reduced as the Central Valley became more densely
populated and flood control and agricultural development became the
principal priority of wvalley residents. Major factors responsible
for the loss of wetlands have been, (1) construction of thousands of
miles of flood control levees and the subsequent conversion of
natural wetlands to agricultural production and urban development;
(2) dredging and filling of estuarine habitat for urban, industrial,
and port development; (3) construction of flood control and water
storage reservoirs; and (4) the channelization of thousands of miles
of natural waterways.

Today, many of the remaining wetlands and associated fish and
wildlife resources are being degraded by pollutants such as
persistent pesticides, heavy metals, and toxic chemicals from urban,
industrial, and agricultural sources and petrochemical spills
from land based facilities, ships, and pleasure craft. Still
other wetlands are degraded because of increasing salinity and
the lack of adequate water supplies at approprlate times of the
year. .

As shown in Figure II-5, the greatest loss of wetlands occurred
between 1906 and 1922, when approximately 2.5 million acres of
wetlands were lost to levees, bypass channels, dams, towns, and
croplands. Reduced habitat and a drought..in the breeding grounds
during the 1late 1920’s and early 1930’s resulted in a large
reduction in the number of waterfowl in the Central Valley.
Extensive crop damage occurred when the birds turned to grain fields
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and pastures for food. To alleviate crop damage and increase
waterfowl numbers, the Department of Fish and Game established the
first Waterfowl Management Area in 1929. The first National
Wildlife Refuge was established in 1937. '

Today only about 300,000 acres of the original acreage remains.
About two-thirds is in private ownership, the remaining third is
owned by the Federal and state governments as National Wildlife
Refuges and Wildlife Management Areas, respectively.

Collectively, the ten Federal National Wildlife Refuges, four
State Wildlife Management Areas, and resource conservation district
investigated in this study total 168,477 acres.

2. Other Habitat

In addition to wetlands, waterfowl habitat includes riparian
vegetation. The single most important role for these areas is to
provide wintering habitat. Riparian woodlands provide nesting
habitat, cover, and food areas for ducks, especially wood ducks.
As with wetlands, the historical acreages of riparian woodlands
have been reduced to 10 to 15 percent of the original acreages, and
only half of the remaining acreages are of good guality. To benefit
waterfowl, the riparian vegetation cannot be located far distances
away the wetlands.

F. WATER NEEDS

At the present time, approximately one percent of the total applied
fresh water in California is used for wildlife areas. The water is
ised to flood ponds, create marshes, irrigate crops used for-
waterfowl, and maintain water in ponds and marshes. The majority of
the water must be delivered in the fall and winter months to provide
initial water and circulation water for wintering habitat. The
balance is applied during the growing season to produce waterfowl
food plants. If adequate water is not available, feed crops cannot
be irrigated and waterfowl are crowded onto smaller areas.
Stressful conditions lead to major outbreaks of waterfowl diseases,
such as avian botulism and fowl cholera.

Dependable supplies of good quality water are necessary to
preserve and increase wetlands and are vital to implementing a
managed wetland concept. At the present time, inadequate water
supply is a major factor limiting the quantity and quality of
Central Valley waterfowl habitat and is a principal problem for
the wildlife areas evaluated in this report. None of the refuges
evaluated receive, on a yearly basis, the quantity of water
required to operate optimally as determined by the Service and
DFG; 8 of the 15 wetland areas studied have no existing. dependable
supply of water. Estimated annual water requirements at full
development for these areas are shown in Figure II-7.
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TABLE II-2

REFUGE WATER SUPPLY NEEDS

Level 1 Level 2 Level 3 Level 4

Refuge (ac-ft) (ac-ft) (ac-ft) (ac-£t)

Modoc NWR 18,550 18,550 19,500 20,550
Sacramento NWR 0 46,400 50,000 50,000
Delevan NWR 0 20,950 - 25,000 30,000
Colusa NWR 0 25,000 25,000 25,000
Sutter NWR 0 23,500 30,000 30,000
Gray Lodge WMA 8,000 35,400 41,000 44,000

- Total Sacramento Valley 26,550 169,800 190,500 199,550
Grassland RCD(@ 50,000 125,000 180,000 180,000
Volta WMA 10,000 10,000 13,000 16,000
Los Banos WMA - : 6,200 16,670 22,500 25,000

* Kesterson NWR 3,500 3,500 10,000 10,000
% San Luis NWR 0 13,350 19,000 . 19,000
. Merced NWR 0 13,500 16,000 16,000
Mendota WMA 25,463(B) 18,500 24,000 29,650
Pixley NWR - , o 1,280 3,000 6,000
Kern NWR 0 9,950 15,050 25,000
Total San Joaquin Valley 95,163 211,750 302,550 326,.650
TOTAL 121,713 381,550 493,050 526,200

Water Supply Level 1: Existing firm water supply
Water Supply Level 2: Current average annual water deliveries
Water Supply Level 3: Full use of existing development

Water Supply Level 4: Optimum management

(a) As of 1985, Grassland Resource Conservation District no longer receives
agricultural drainage flows due to water quality concerns.

(b) Only 18,570 ac-ft can be delivered to the Mendota WMA without
modificacivas of existing facilities.
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As demands for fresh water increase throughout the Central Valley,
the historical supplies of surface water, groundwater, and
agricultural return flows are diminishing. The increasing cost of
irrigation water is causing farmers to use their available supplles
more carefully. This water conservation results in reduced
availability and quality of agricultural return flows. Where poor
gquality agricultural return flows are used for wetland water
supplies, problems have developed, and in some areas agricultural
return flows are no longer considered acceptable as a water supply
source. To supplement surface water supplies, groundwater is
available for irrigation in certain refuges.

Although groundwater is generally. not sufficient to provide the
entire amount of refuge water, it could provide a supplemental

supply as part of a conjunctive use program. A conjunctive use
‘program is the joint management of surface water and groundwater
supplies. These programs are developed by determining the water

needs, then estimating the safe yield of the aguifer and the
amount of surface supplies available. The purpose of a conjunctive
use program is to more effectively utilize the water resources. By
using surface water and groundwater conjunctively, groundwater
overdraft can be minimized and the total available supply will
become more reliable. Implementation of a conjunctive use program
will require construction of dual surface water and groundwater:

supply facilities. In dry years, full needs would be met with
groundwater. In wet years, full needs would be met with surface
water supplies. The primary disadvantage of dual systems compared

to typical firm yield systems is that both the surface water and
groundwater supply facilities must be sized to deliver full needs.
.The Water Contracting EISs will evaluate impacts associated with
implementation of a conjunctive use program for the refuges.
Preliminary calculations developed for the Water Contracting EISs
indicate that the groundwater facilities would be used an average of
five out of every ten years.

Four water delivery levels were identified for each refuge as part
of this study, as shown on Table II-2. These water delivery levels
were used as the basis for evaluation of existing and proposed water
supply and conveyance plans, as discussed in Chapter IV of this
report. The difference between water supplies for optimum
management (Level 4) and the existing average annual water
deliveries (Level 2) are related to habitat diversity, duration of

late winter flooding, brood water, and pond areas. Table II-3
displays the irrigated wildlife habitat, bird-use days, and public-
use days under Levels 2 and 4. Bird-use days are the total of all

birds, including wading and shore birds, waterfowl, upland game
birds, and threatened and endangered species.
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TABLE II-3

SU’MMARY OF WILDLIFE RESOURCE IMPACTS
FOR SELECTED WATER SUPPLY LEVELS

Water Water
Supply Supply
Refuge Level 2 Level 4
Modoc NWR
 Habitat Acreage 6,181 6,181
Bird Use Days 3,356,000 3,567,500(a)
Public Use Days : 14,300 14,300
Sacramento NWR
Habitat Acreage 7,147 1,225
Bird Use days 56,024,300 56,850,300
Public Use Days - 39,200 - 39,500
Delevan NWR
Habitat Acreage _ 3,980 4,740
| Bird Use Days . 35,478,100 42,245,100
o : Public Use Days : ‘ 7,800 8,800
Colusa NWR
Habitat Acreage _ 3,356 ' - 3,396
Bird Use Days : 28,106,100 31,090,100
Public Use Days 7,200 7,200
- Sutter NWR
Habitat Acreage 1,985 2,435
‘Bird Use Days 15,817,100 19,410,100
Public Use Days : 3,100 3,600
Gray Lodge WMA
1 Habitat Acreage , 8,400 | 8,400
: Bird Use Days 58,300,000 72,300,000
Public Use Days e : 165,200 ’ 200,500
1 Grassland RCD
Habitat Acreage 56,000 56,000
Bird Use Days _ 127,210,000 159,250,000

Public Use Days 109,000 136,000



TABLE IO-3

SUMMARY OF WILDLIFE RESOURCE IMPACTS
FOR SELECTED WATER SUPPLY LEVELS

(Continued)
Water Water
Supply Supply
Refuge Level 2 Level 4
Volta WMA
Habitat Acreage 3,000 3,000
Bird Use Days 25,000,000 28,100,000
Public Use Days 7,000 13,000
Los Banos WMA
Habitat Acreage 3,208 3,208
Bird Use Days 23,768,000 26,869,000
Public Use Days 34,400 39,200
Kesterson NWR
Habitat Acreage 497 1,420
Bird Use Days 3,757,900 7,157,400
. Public Use Days 2,100 - 3,500
San Luis NWR
Habitat Acreage 3,030 ~.3,550
Bird Use Days 13,362,100 19,927,200
Public Use Days 22,400 35,100
Merced NWR
Habitat Acreage 700 1,200
Bird Use Days 7,522,400 9,808,100
Public Use Days 2,800 10,200
Mendota WMA
Habitat Acreage 9,440 9,440
Bird Use Days 2,600,000 12,200,000
Public Use Dy 14,800 22,500
Pixley NWR |
Habitat Acreage 0 1,600
Bird Use Days 6,000 4,193,400
Public Use Days 300 10,300



"TABLE II-3

SUMMARY OF WILDLIFE RESOURCE IMPACTS
FOR SELECTED WATER SUPPLY LEVELS

(Continued)

Water Water

Supply Supply

Refuge Level 2 Level 4

Kern NWR

Habitat Acreage 2,800 7,000
Bird Use Days 7,197,500 72,996,000
Public Use Days 6,700 15,500

(a) Water Supply Level 2: Current average annual water deliveries.

Water Supply Level 4: Optimum management.

NOTES: Although the total habitat acreage is not proposed to change for
several refuges, the habitat quality would improve with additional

water supplies.



Longer winter flooding periods at areas with high protein food
sources, such as invertebrates, could improve conditions for
breeding ducks and will increase their survival rate. If water
continues to be available in the spring, the condition of brood
ponds could be improved and the overall resident waterfowl
populations could be increased. Additional water also could
increase the amount of vegetation at the pond edges. A pond that
has a larger perimeter could provide more feeding areas. In
addition, if the. area is properly irrigated, more seeds will be
produced. :

G. CONVEYANCE

In addition to water supply allocations, refuge water deliveries
depend on conveyance facilities and delivery agreements with local
water or irrigation districts. At the present time, contractual
agreements with these districts are the principal means of
conveying water to the refuges. Conveyance systems for some
refuges are inadequate to deliver the water needed for optimum
refuge~operation. Some existing refuge delivery systems need to be
improved to increase winter deliveries of water. Some of the
water districts that could supply water to the refuges ‘discontinue
operations in November to allow for maintenance of the canals.
Improvements to existing conveyance facilities could reduce winter
maintenance requirements. In addition, water supplies are
interrupted during the winter to allow operation of flood control
facilities or to allow fish migration. Coordination with those
activities are also being investigated. The Refuge Water Supply
Investigations evaluated numerous alternatives to increase the
winter deliveries from existing water supplies.

T

H. POWER NEEDS

All Central Valley refuges have electrical pumping power
reqguirements. Private utilities supply the electrical power to each
refuge. The type of pumping facilities at each refuge depends on
whether it pumps groundwater or surface water. Some refuges pump
both groundwater and surface water.

For those refuges that pump large amounts of water, the cost of
power has become a major budget item. The cost has become ‘a
constraint on the full use of available water at many San Joaquin
“Valley refuges and Gray Lodge WMA. Under current rate structures,
pumping additional groundwater is not considered practical by
managing agencies because of the formidable costs.
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In several areas, lowered groundwater levels have raised pumping
costs. In many cases the cost of electrical power has increased
to the point where pumping has been reduced to meet budget
constraints.

The CVP could provide inexpensive power to the refuges, but whether
the authorization exists to provide project power for fish and
wildlife use is being examined. The electric power that the CVP
powerplants generate is dedicated first to meeting the power

requirements of the CVP facilities, or project-use power

requirements. After project-use requirements are met, remaining
power is used to provide commercial power to preferential customers.

Power generation rates at CVP powerplants are directly'related to
demands for CVP water. Recognizing that these water demands would
be seasonal, CVP powerplants were designed to provide peaking power

- during summer months. Because peaking power alone cannot satisfy

the power requirements of the CVP power customers and because
peaking power is more efficiently used when integrated with a
baseload power, the Reclamation entered into Contract 14-06-200-
2498A (Contract 2498A) with the Pacific Gas & Electric Company
(PG&E). The Western Area Power Administration, U.S. Department of
Energy, (Western) administers this contract which provides for
integrated operations of CVP powerplants and the PG&E system as well
as certain transmission services. S

The Reclamation instructions 1limit the allocation ©of project-use
power to facilities that are directly involved in the conveyance or
delivery of water. Contract 2948A defines many of the conditions
for delivery of power for both project-use and preference customers.

The contract specifies that transmission services will be limited to

project-use and preference customers loads within the wheeling
boundary. All of the refuges considered in this report, except
Modoc NWR, are within the wheeling boundaries.

Transmission of power to preference customers is restricted to
entities that have monthly maximum demands of 500 kilowatts or more
for three consecutive months. For project-use customers, wheeling
is restricted to facilities with a maximum demand of 100 kilowatts
or more for three consecutive months. In addition, PG&E is not
required to deliver power at a voltage of less than 2 kilovolts.
PG&E has interpreted these restrictions to mean that the 500
kilowatts and 100 kilowatts loads have to be situated at the same
meter. Therefore, a project-use or preference customer could
qualify for wheeling by purchasing or constructing distribution
lines that interconnect enough portions of their loads to have a
power load requirement that would exceed the preference customer
limit. o ' ' '

Contract 2948A requires project-use pumping plants to be operated to

‘the maximum extent practical outside of the PG&E peak-load period.

When plants are operated on-peak, CVP powerplants must  supply the
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progect-use power directly. Therefore, 1f the refuges were to
receive project-use power, the on-peak power use would be minimized.

A facility must be an authorized function of the CVP to receive
project-use power. The authority to deliver power to the refuges is
currently being examined and will be detalled in the Refuge Water
Supply Planning Report.

If it is determined that the refuges do not qualify for CVP project-
use power, the refuges could apply for a CVP preference power
allocation. There are many more requests for preference power than
supply. The existing CVP power supply has been allocated and
committed to CVP preference power customers through contracts. Some
of the contracts expire in 1994. A marketing plan is being
developed for future contracts that will be signed in 1994. The
potential is not high for refuges to become CVP preference customers
until after 1994. Based on the response to the request made by the
Service in 1981 for a CVP preference power allocation, it is not
certain that the refuges will receive CVP power in 1994. - In 1981,
the Service applied to receive CVP power for the national wildlife
refuges in the Central Valley as well as for the Coleman National
Fish Hatchery. Only the request for the fish hatchery was granted.
DFG also applied to receive CVP power for the Gray Lodge Wildlife
Management Area. This request also was not granted.

Another potential source of power for the refuges is the Pacific
Northwest. This power would be transmitted to California over the
transfer capablllty of the cCalifornia-Oregon Transmission Project
(COTP) which is in the advance planning stage. Under provisions of
Title III of the Energy and Water Development Appropriation Act for
fiscal year 1985 (P.L. 98-360) and the February 7, 1986 memorandum
of the decision of the Secretary of Energy, Western will have access
to 6.25 percent of the COTP transfer capability, approximately 100
megawatts. This transfer capability is reserved for use by Western
for the Department of Energy Laboratories and Federal wildlife
refuges. If construction of the COTP is implemented as currently
planned, northwest power supplies could be available to the refuges
by the early 1990’s. To utilize or receive the benefit of the
impact of such power, the Federal wildlife refuges will need to make
utility agreements with Western and perhaps other utilities, such as
PG&E. -

I. RESOURCES CAPABILITY

Current annual average water dellverles to the 15 w11dllfe areas
under study total 381,550 acre-feet, as summarized Table II-2. For
optimal management, however, these areas can use up to 526,200 acre-
feet annuzlly, as determined by the Service and DFG.

During normal or above average rainfall years, surface water
sources present the most dependable source of water to the
wildlife areas. This supply, along with a developed groundwater
pumping program at those refuges where it is feasible or practical
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will permit the areas to be managed as desired. The extent to which
each area will reach its goal of optimum management of wetland
habitat will depend on the allocation of water to each area from the

CVP Water Contracting EISs.

The primary source of surface water which could be made available
for wildlife area use 1is from the CVP through conveyance systems
such as the Tehama-Colusa Canal, Delta-Mendota Canal, and the
California Aqueduct. To a lesser extent, opportunities to obtain
water from the State Water Project and local water districts also
exist. Direct diversions from the Sacramento, Feather, and San
Joaquin Rivers also may occur.

Groundwater is a potential source of water at most wildlife
areas; however, with the exception of Gray Lodge Wildlife Management
Area and Merced National Wildlife Refuge, none of the areas
rely on groundwater as a principal source because of the current
availability of less expensive surface water.

In the San Joaquin Valley, groundwater overdraft occurs in the
San Joaquin River and Tulare Lake basins. Groundwater quality may
make the water unusable. However, the groundwater situation varies
from site to site, and groundwater cannot be overlooked as a
potential supply. In many cases, groundwater could serve as a
supplemental supply to other water supply alternatives.

One disadvantage to relying solely on groundwater is the rate of
pump delivery. A limited groundwater pumping rate constrains
effective wildlife management because rapid filling of marsh
areas in the fall is often necessary. Therefore, numerous pumps are
needed to provide the peak flow. ' ‘ s

Historically, agricultural return water has been a source of water
supply to several wildlife areas. Because of recent water quality
concerns, particularly in the San Joaquin Valley, future use of this
water remains questionable.

~ J. CAPACITY AVAILABLE IN EXISTING FACILITIES AND TIMING OF

DELIVERIES

In addition to local conveyance capacity problems, the regional
conveyance system to export water from the Delta to the San Joaquin
Valley also has capacity limitations. Existing available capacity
in the Delta-Mendota Canal above existing "deliveries 1is
approximately 250,000 acre-feet. The requests for additional water
supplies to be exported from the Delta were collected by Reclamation
for the Water Contracting EISs, and exceed 3,000,000 acre-~feet. If
water was to be provided to some or all of these requestors, this
water would need to be conveyed through the Delta-Mendota Canal or
parallel conveyance system. Regional conveyance options for export
water from the Delta will be discussed in the Delta Export Water
Contracting EIS and the San Joaquin Conveyance Study. The options
include: 1) limiting Delta exports to 250,000 acre-feet, 2) using
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the California Aqueduct as allowed under the provisions of the
Coordinated Operation Agreement, 3) expansion of the Delta-Mendota
canal and Tracy Pumping Plant, or 4) construction of a parallel
conveyance facility. Similar capacity limitations occur on the
Friant-Kern Canal. ' :

Several public interest groups in California are concerned about
increased transfer of water from the Delta. The Sierra Club,
Planning and Conservation League, Environmental Defense Fund, and
.the Audobon Society have expressed the preference to preserve river
flows in the Delta for environmental protection and enhancement
rather than exporting water out of the area, and may oppose any
project or plan that could reduce Delta flows from current levels
during certain portions of the year.
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CHAPTER III

DEVELOPMENT OF ALTERNATIVE PLANS

A. PLAN FORMULATION

Each refuge has its own unique set of problems and needs. Some
of the refuges need additional water during the fall and winter.
Other refuges need better quality water than is currently
provided. Most of the  refuges currently rely upon
intermittent water supplies, agricultural return flows, or runoff
available only during wet weather periods.

To develop alternatives for dependable water supplies, the
study team members met  with wildlife managers and
representatives of 1local water and irrigation districts. Based
on these discussions and field visits, potential alternatives were
developed for each refuge for different water supply levels.
As discussed in Chapter II, Water Supply Level 1 is the existing
firm water supply that 1is provided through surface water rights
or 1long-term water contracts. Water Supply Level 2 represents the
current average annual water delivery. Water Supply Level 3
represents the amount of water needed for full use of the existing
developed lands on the refuge. Water Supply Level 4 represents
the amount of water that wetland managers estimate to be necessary
for optimum management of all lands w1th1n the existing refuge
boundary. :

Level 1 is considered to be the No Action Alternative and does not
require any additional facilities or water supplies. Generally, new
or enhanced facilities are not required to meet Level . 2.
However, Level 2 alternatives were developed for several of the
refuges because some of the existing water supplies may not be
available during certain portions of the year. For example, several
refuges. in the Sacramento Valley cannot receive water during the
winter with existing facilities.

Following the identification of water supply levels and facility
alternatives, the study team members met with the refuge
wildlife managers and representatives of the water and irrigation
districts to determine 1) the available capacity of the existing
conveyance facilities, 2) the potential for extending the time
. period in which districts would convey water to accommodate fall
and winter deliveries to the refuges; 3) the acceptability of
the proposed improvements to the water and irrigation districts, 4)

- the feasibility of developing conveyance agreements, and 5) the
" local costs for similar types of construction. Through this

process, alternatives were developed and modified for each refuge.
The alternatives for each refuge are described in Chapter IV and
summarized in Table III-1. ‘
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TABLE -1

SUMMARY OF DELIVERY ALTERNATIVES

Refuge Level 1 Level 2 Level 3 Level 4
Modoc NWR None 2A. Rehabilitate Well 3A. Rehabilitate Well 4A. Construct Wells, Rehabilitate
. Dam on Pit River.
4B. Construct Wells in the
Godfrey Tract.
Sacramento NWR None 2A. Construct Pipeline from 3A. Construct Pipeline from 4A. Construct Pipeline from
Tehama-Colusa Canal. Tehama-Colusa Canal. Tehama-Colusa Canal.
2B, Deliver CVP Water through 3B. Deliver CVP Water through 4B. Deliver CVP Water through
Kanawha WD. Kanawha WD, Kanawha WD,
2C. Construct Pipeline to Trans- 3C, Construct Pipeline to 4C. Construct Pipeline to
port CVP Water from Tehama- Transport CVP Water from Transport CVP Water from
Colusa Canal. Tehama-Colusa Canal, Tehama-Colusa Canal.
2D. Delivery CVP Water from 3D. Deliver CVP Water from 4D. Deliver CVP Water from
Tehama-Colusa Canal to GCID Tehama-Colusa Canal to GCID Tehama-Colusa Canal to GCID
Lateral 35-C. Lateral 35-C. Lateral 35-C. :
2E. Implement a Conjunctive Use 3E. Implement a Conjunctive Use 4E. Implement a Conjunctive Use
Plan. Plan. Plan.
Delevan NWR(a) None 2A. Convey Water from 3A. Convey Water from  4A. Construct Pump Station on
Sacramento NWR. Sacramento NWR 2047 Drain
2B. Construct Crossover on GCID 3B. Construct Crossover on GCID 4B. Construct Siphons Under the
Lateral 41-1. Lateral 41-1. MID Canal ’
2C. Improve Hunter's Creek No. 2 3C, Improve Hunter’s Creek No. 2 4C. Implement a Conjunctive Use
Diversion Weir. . Diversion Weir. Plan.
- 2D. Implement a Conjunctive Use 3D. Implement a Conjunctive Use
Plan. Plan.
Colusa NWR(a) - None 2A. Construct Weir on 2047 Drain JA. Construct Weir on 2047 Drain 4A. Construct Facilities to Serve
and replace Davis Weir. and replace Davis Weir.’ Tracts 4,7, 9, and 11,
2B. Convey .Cvp Water through 3B. Convey CVP Water ‘hrough 4B. Implemen! a Conjunctive Use
Zumwalt Farms and Glenn- Zumwalt Farms and Glenn- Plan. ’
Colusa ID. Colusa 1D,
2C. Implement a Conjunctive Use 3C. Implement a Conjunctive Use

Plan. \

Plan.
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TABLE m-1

SUMMARY OF DELIVERY ALTERNATIVES ’

i

Plan.

(Continued)
Refuge Level 1 Level 2 Level 3 . Level 4
Sutter NWR None 2ZA. Deliver Water from Therma- 3A. Deliver Water from Therma- 4A. Deliver Water from Therma-
utter ' lito Afterbay through Butte lito Afterbay through Butte lito Afterbay through Butte
. Creek. Creek, Creek.
2B. Delivery Water from Therma- 3B. Delivery Water from Therma- 4B. Delivery Water from Therma-
lito Afterbay through Wads- lito ‘Afterbay through Wads- lito Afterbay through Wads-
worth Canal, - worth Canal. worth Canal.
2C. Obtain Water from Sutter 3C. Obtain Water from Sutter 4C. Obtain Water from Sutter
Extension Water District. Extension Water District. Extension Water District.
2D. Implement a Conjunctive Use 3D. Implement a Conjunctive Use’ 4D. Implement a Conjunctive Use
Plan. Plan. Plan.
2A. Construct Ditch from 3A. Construct Ditch from 4A. Construct Ditch from
Gray Lodge WMA None Cherokee Canal, Cherckee Canal. Cherokee Canal.
2B. Construct Canal from 3B. Construct Canal from 4B. Construct Canal from
Thermalito Afterbay. ' Thermalito Afterbay. Thermalito Afterbay.
2C. Improve BWGID System, 3C. Improve BWGID System. 4C. Improve BWGID System.
2D. Implement a Conjunctive Use 3D. Implement a Conjunctive Use 4D. Implement a Conjunctive Use
Plan. Plan. Plan.
2A. Conve Water Under the 3A. Construct Turnouts on Delta- 4A. Construct Turnouts on Delta-
Grassland .RGSOl."’Ce None Za.hm-)!;ansoni—Nelson Plan. Mendota Canal at Almond Mendota Canal at Almond
Conservation District Drive and Russell Avenue. Drive and Russell Avenue.
2B. Utilize the Wolfson Bypass.
’ ’ 3B. Implement a Conjunctive Use 4B. Implement a Conjunctive Use
2C. Implement a Conjunctive Use Plan. Plan.
Plan. .
Volta WMA None None 3A. Construct Turnouts at Main 4A. Construct Turnouts at Main
- Canal and Upgrade Outtakes. Canal and Upgrade Outtakes.
3B. Implement a Conjunctive Use 4B. Implement a Conjunctive Use

Plan.




SUMMARY OF

TABLE III-1

DELIVERY ALTERNATIVES
{Continued)

Level 1

Refuge Level 2. " Level3 Level 4
- - 7
Los Banos WMA(b} None 2A. Reconstruct SLCC Facilities. 3A. Reconstruct SLCC Facilities. 4A. Reconstruct SLCC Facilities.
2B. Implement a Conjunctive Use 3B. Implement a Conjunctive Use 4B, Implement a Conjunctive Use
Plan, Plan. Plan.
Kesterson NWR(b) None 2A. Rehabilitate Santa Fe Canal. 3A. Extend Eagle Ditch into 4A. Extend Eagle Ditch into
: Refuge. Refuge.
3B. Extend West Side Ditch to 4B. Extend West Side Ditch to
Eagle Ditch. Eagle Ditch.
3C. Convey Water from Garzas 4C. Convey Water  from Garzas
Creek to Los Banos Creek. Creek to Los Banos Creek.
3D. Utilize Mud Slough. 4D. Utilize Mud Slough.
' 3E. Extend Santa Fe Canal. 4E, Extend Santa Fe Canal.
3F. Implement a Conjunctive Use 4F. Implement a Conjunctive Use
Plan. Plan.
San Luis NWR(b) None 2A. Enlarge and Line SLCC 3A. Enlarge and Line SLCC  4A. Enlarge and Line SLCC
Facilities. Facilities. Facilities.
2B. Construct Lift Pumps to 3B. Construct Lift Pumps to 4B, Construct Lift Pumps to
Utilize San Joaquin River Utilize San Joaquin River Utilize San Joaquin River
Water." © Water. Water.
2C. Implement a Conjunctive Use 3C. Implement a Conjunctive Use 4C. Implement a Conjunctive Use
Plan. - Plan. Plan.
Merced NWR None 2A. Utilize the East Side Bypass 3A. Extend Casebeer Lateral to 4A. Extend Casebeer Lateral to
) - Refuge Boundary. Refuge Boundary.
2B. Implement a Conjunctive Use
Plan 3B. Extend Casebeer Lateral to 4B,

3C.

3iD.

Deadman Creek.

Implement a Conjunctive Use
Plan.
Utilize Treated Wastewater

from the Merced Treatment
Plant.

Extend Casebeer Lateral to
Deadman Creek. -

4C. Implement a Conjunctive Use

Plan.



TABLE mI-1

SUMMARY OF DELIVERY ALTERNATIVES

[

{Continued)
Refuge Level 1 Level 2 Level 3 o Level 4
' 3A. Change Operation of Mendota 4A. Change Operation of Mendota
Mendota WMA None None Pool oo P Pool o P
3B. Extend WWD Laterals 4 and 6 4B, Extend WWD Laterals 4 and 6
to Refuge to Refuge
3C. Implement a Conjunctive Use 4C. Implement a Conjunctive Use
Plan. Plan.
N None 3A. Obtain Friant-Kern Canal 4A. Obtain Friant-Kern  Canal
Pixley NWR one : Water via Deer Creek. Water via Deer Creek.
3B. Utilize Mid-Valley Canal 4B. Utilize Mid-Valley Canal
Water via Deer Creek. ' Water via Deer Creek.
3C. Obtain CVP Water via the 4C. Obtain CVP Water via the
California Aqueduct. California Aqueduct.
‘3D. Implement a Conjunctive Use 4D. Implement a -Conjunctive Use
‘Plan. Plan. ’
3A. Transport CVP Water through 4A. T
2A. Transport CVP Water through P A 24 - Transport CVP Water through
Kern NWR None the BVWSD Facilities. the BVWSD Facilities. the BVWSD Facilities. .
2B. Transport State Water Project  3B. Transport State Water Project 4B. Transport State Water Project
Water through -the LHWSD Water through the LHWSD Water through - the LHWSD
Facilities. Facilities. Facilities. .
2C. Transpc;rt CVP Water through 3C. T'a“SPOfl CVP Water through 4C. Transport CVP Water through
the Friant-Kern Canal and the Friant-Kern Canal and the Friant-Kern Canal and
Poso Creek. Poso Creek. Poso Creek.
2D. Implement a Conjunctive Use 3D. lmpleme:n! a Conjunctive Use 4D, Implement a Conjunctive Use

Plan. -

Plan.

Plan,

(a)

(b)

All of the alternatives for these refuges require implementation of Alternatives 2A, 2B, 2C, 2D, or |

2E for Sacramento NWR.

All of the alternatives for these refuges require implementation of Alternatives 2A or 2B for

Grassland Resource Conservation District.




With Level 1, the No Action Alternative, only 7 of the 15 refuges
have existing dependable water rights or long-term water
contracts, and only Modoc National Wildlife Refuge has dependable
water rights for more than 50 percent of the Level 4 water supply.
Therefore, under the No Action Alternative, eight refuges
would not receive firm water and six refuges would not receive
adequate supplies of dependable water.

Currently,vmany of the refuges receive surplus water through
temporary agreements or from agricultural return flows. Following
the completion of the Water Contracting EISs, the surplus water may
be delivered elsewhere under long-term agreements. In addition,
water conservation methods may be implemented in the future which
will reduce the amount of agricultural return flows available to
the refuges. :

B. PLAN EVALUATION AND SELECTION CRITERIA

As part of this report, alternatives were developed for each
water supply level. The alternatives were evaluated with respect to
many factors, including:

Availability of Water Supply

Ability to Convey Water

Need for New Conveyance Agreements

Type of Water Supply (Fresh Water, Groundwater, or
.Agricultural Return Flows)

Operational Flexibility

Wildlife Habitat

Public Use

Total Annual Costs

Impacts to Fish and Wildlife Resources

Ease of Implementation

0000

000000

The alternative plans also will be evaluated as part of the
Water Contracting EISs. The evaluation will include regional
analyses. The results of the evaluation will be used to determine
the actual water supply level that will be available to each refuge.

Reclamation requested from the Service and DFG a prioritized list of
refuges within the Sacramento Valley and the San Joaquin Valley to
receive water. Both agencies indicated that their priorities for
water supply were Water Supply Level 4 through Water Supply Level 1, -
with Water Supply Level 4 being the highest priority. The replies
did not include priorities for specific refuges.

1. Cost Estimates

Appraisal 1level cost estimates were developed using cost curves,
simple sketches, and general design criteria. Unit costs were
developed in coordination with Reclamation and the Service and
included in Appendix F. The cost estimates presented in this report
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are to be used only as an aid in comparing the alternatives, and are
not to be considered to be representative of more detailed material
guantity and unit price cost estimates. The cost estimates
represent average costs for project facilities that may be designed
and have construction managed by a private engineering consultant,

and are not intended to be used in lieu of detailed quantity and

unit price estimates.
2. Economic Analyses

The benefits derived from recreation opportunities were based
upon consumptive and non-consumptive uses created as a result of
providing the wildlife refuges various water supplies. Public-use
days were estimated by refuge managers. Wildlife refuges are unique
areas that are intensively managed as waterfowl feeding and resting
sites. Portions of the wildlife refuges are also specifically set
aside for hunting and are managed particularly for that purpose.
Hunting is allowed only on designated days, with a regulated number
of hunters. As a result of this type of management and a lack of
available land with public hunting access, these public shooting
areas are highly wvalued and heavily used. In addition to
consumptive recreation activities, non-consumptive recreation
activities such as bird watching may be expected to occur at the
wildlife refuges. Consequently, a high quality, specialized type of
recreation experience can be obtained at these refuge areas.

The recreation benefits were calculated using values developed by
Reclamation, and summarized in Tables III-2 and III-3. As part of
the preparation of the Water Contracting EISs, more detailed
economic evaluations will. be conducted. - » S

Because the values developed in the Water Contracting EISs may be
significantly different than the economic values presented in
Tables III-2 and III-3, the ecconomic analyses was not completed for
each of the alternatives. 1Instead, the change in bird use days and
public use days per additional acre-foot of water was used to
compare alternatives. The incremental costs per 1000 bird use days
were determined for each refuge by dividing the increase in total
annual costs, as compared to the No Action Alternative, by the

increase in bird use days, as compared to the No Action Alternative.

The incremental costs per public use days were determined for each
refuge by dlviding the increase in total annual costs, as compared
to the No Action Alternative, by the increase in publlc use days, as
compared to the No Action Alternative.

3. Environmental Analyses

The alternatives considered in this study primarily involve
construction of weirs, turnouts, pumps, connecting canals, and

wells. Most of these facilities would be constructed in or near
existing canals and ditches which are periodically cleaned by the
local irrigation districts. The connecting canals would

mostly be constructed across currently tilled areas. Therefore, the
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TABLE III-2
COMPARISON OF RECREATIONAL BENEFITS
FOR WATER SUPPLY LEVELS 1 AND 2

.
—_—

Differences
. Between
Water Supply Water Supply Water Supply
Level 1 (a) Level 2 (b) Levels 2 and 1
MODOC NWR

Water Needs (ac-ft) 18,550 18,550 --

Public Use Days
Consumptive 6,430 6,430 --
Non-Consumptive __1,870 ___ 7,870 ==
Total ~ 14,300 14,300 --

Benefit Value (c) ‘ ‘ .
Consumptive $ 41,800 $ 41,800 $ -
Non-Consumptive 43,300 43,300 —_
Total $ 85,100 $ 85,100 $ --
Public Use Days/Acre-Foot )
Consumptive 0.35 0.35 . --
Non-Consumptive 0.42 0.42 : -
Total ‘ 0.77 0.77 | --
Benefit Value/Acre-Foot
Consumptive $ 2.25 $ 2.25 C -
Non-Consumptive 2.33 2.33 —
Total $ 4.58 $ 4.58 --
SACRAMENTO NWR -

Water Needs (ac-ft) 0 50,000 50,000

Public Use Days
Consumptive v -- 6,300 6,300
Non-Consumptive -= 32,900 ' 32,900
Total - v 39,200 39,200

Benefit Value (¢)
Consumptive : $ - $ 40,950 $ 40,950
Non-Consumptive -= 180,950 180,950
Total $ - $221,900 $221,900

‘Public Use Days/Acre-Foot ‘ :

Consumptive , -- 0.13 ' 0.13
Non-Consumptive -~ 0,66 . 0.66

Total . - 0.79 0.79
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TABLE HOI-2

COMPARISON OF RECREATIONAL BENEFITS
FOR WATER SUPPLY LEVELS 1 AND 2

(Continued)
Differences
' Between
Water Supply Water Supply Water Supply
Level 1 (a) Level 2 (b) Levels 2 and 1
Benefit Value/Acre-Foot _ '
Consumptive $ -- $ 0.82 - $ 0.82
Non-Consumptive - 3.62 3.62
Total $ -- $ 4.44 $  4.44
DELEVAN NWR '
Water Needs {ac-ft) 0 - 20,950 20,950
Public Use Days ; ,
Consumptive - 5,600 5,600
Non-Consumptive -- 2,200 2,200
Total : - 7,800 7,800
Benefit Value (c) ’
Consumptive $ -- $ 36,400 $ 36,400
- Non-Consumptive ~ - == - 12,100 ' 12,100
Total $ -- $ 48,500 $ 48,500
Public Use Days/Acre-Foot ‘
Consumptive - 0.27 0.27
Non-Consumptive -= 0.11 0.11
Total - 0.38 0.38
Benefit Value/Acre-Foot
Consumptive $ -- $ 1.74 $ 1.74
Non-Consumptive —— 0.58 0.58
Total , $ - $ 2.32 $  2.32
COLUSA NWR |
Water Needs (ac-ft) 0 25,000 25,000
Public Use Days :
Consumptive - 4,100 4,100
Non-Consumptive _ - 3,100 3,100
Total -- 7,200 7,200
Benefit Value (c)
Consumptive $ -- $ 26,650 ' $ 26,650
Non-Consumptive -— 17,050 17,050

Total 3 -- $ 43,700 $ 43,700




TABLE II-2

COMPARISON OF RECREATIONAL BENEFITS
FOR WATER SUPPLY LEVELS 1 AND 2

(Continued)
Differences
- Between
Water Supply Water Supply Water Supply
Level 1 (a) Level 2 (b) Levels 2 and 1
Public Use Days/Acre-Foof
Consumptive - 0.16 0.16
Non-Consumptive ‘ -= 0.12 0.12
Total - 0.28 0.28
Benefit Value/Acre-Foot
Consumptive $ -- $ 1.07 $ 1.07
‘Non-Consumptive -= 0.68 0.68
Total 3 - : $ 1.75 $ 1.75
SUTTER NWR
Water Needs (ac-ft) ; 0 23,500 : 23,500
Public Use Days ’
Consumptive - 3,100 3,100
Non-Consumptive ' — -- --
Total -- 3,100 3,100
Benefit Value (c) ‘
Consumptive $ - $ 20,150 $ 20,150
Non-Consumptive == —— _—
Total $ -- $ 20,150 $ 20,150
Public Use Days/Acfe—Foot
Consumptive -- - 0.10 0.10
Non~Consumptive - - -
Total -- 0.10 0.10
Benefit Value/Acre-Foot :
Consumptive $ - $ 0.67 $  0.67
Non-Consumptive -= — —
Total s -- $ 0.67 . $ 0.67
GRAY LODGE WMA
Water Needs (ac-ft) 8,000 35,400 27,400
Public Use Days ‘ ‘
Consumptive ' 20,800 29,800 9,000
Non-Consumptive 83,300 135,400 52,100

Total 104,100 165,200 61,100
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TABLE III-2

COMPARISON OF RECREATIONAL BENEFITS
- FOR WATER SUPPLY LEVELS 1 AND 2

(Continued)
Differences
: _ Between
Water Supply Water Supply Water Supply
Level 1 (a) Level 2 (b) Levels 2 and 1

Benefit Value (c)

Consumptive $135,200 $ 193,700 $ 58,500

Non-Consumptive 458,150 744,700 286,550

Total ‘ : $593,350 $ 938,400 $345,050
Public Use Days/Acre-Foot

Consumptive 2.6 0.84 - =1.76

Non-Consumptive 10.41 3.82 -6.59

Total ‘ 13.01 4.66 -8.35
Benefit Value/Acre-Foot

Consumptive $ 16.9 - $ 5.47 +$ -11.43

Non-Consumptive 57.27 ' 21.04 -36.23

Total ° $ 74.17° $ 26.51 : $--47.66

GRASSLAND RCD ’

Water Needs (ac-ft) 50,000 125,000 75,000
Public Use Days ‘

Consumptive : 60,000 70,000 10,000

Non-Consumptive 31,000 39,000 8,000

Total ‘ 91,000 : 109,000 18,000
Benefit Value (c)

Consumptive $390,000 $455,000 $ 65,000

Non-Consumptive 170,500 214,500 44,000

Total $560,500 $669,500 $109,000
Public Use Days/Acre-Foot

Consumptive 1.2 0.56 -0.64

Non-Consumptive 0.62 0.31 ‘ -0.31
- Total 1.82 0.87 -0.95
Benefit Value/Acre-Foot

Consumptive $ 17.80 $ 3.64 $ -4.16

Non-Consumptive 3.41 1.72 -1.69

“Total $ 11.21 $ 5.36 $ -5.85




TABLE III-2

COMPARISON OF RECREATIONAL BENEFITS
FOR WATER SUPPLY LEVELS 1 AND 2

(Continued)
Differences
: Between
Water Supply Water Supply Water Supply
Level 1 (a) Level 2 (b) Levels 2 and 1
VOLTA WMA ‘ .
Water Needs (ac-ft) 10,000 16,000 6,000
Public Use Days ,
Consumptive 3,900 3,900 - -
Non=-Consumptive __ 3,100 _ 3,100 - =
Total 7,000 - 7,000 ="
Benefit Value (c) | '
Consumptive $ 25,350 $ 25,300 $ --
Non-Consumptive ' 17,050 17,050 ~—
Total : $ 42,400 42,400 ' --
Public Use Days/Acre-Foot _ _
Consumptive 0.39 0.24 -0.15
Non-Consumptive 0.31 0.19 -0.12
Total 0.70 0.43 —.O .27
Benefit Value/Acre-Foot |
Consumptive $ 2.25 $ 1.58 $ -0.67
Non-Consumptive 1.71 1.07 -0.64
Total $  3.96 $  2.65 $ -1.31
LOS BANOS WMA
Water Needs (ac-ft) 6,200 16,670 10,470
Public Use Days .
Consumptive 2,200 3,400 1,200
Non-Consumptive 11,600 31,000 19,400
Total ‘ 13,800 34,400 20,600
Benefit Value (c)
Consumptive $ 14,300 $ 22,100 $ 7,800
Non-Consumptive 63,800 170,500 - 106,700
Total $ 78,100 $192,600 $114,500 -
Public Use Days/Acre-Foot v
Consumptive - 0.35 0.20 -0.15
Non-Consumptive - 1.87 1.86 -0.01
Total 2.22 2.06 -0.16

—_—_—_——e— e e




COMPARISON OF RECREATIONAL BENEFITS

TABLE III-2

FOR WATER SUPPLY LEVELS 1 AND 2

(Continued)
Differences
- Between
Water Supply - Water Supply Water Supply
Level 1 (a) Level 2 (b) Levels 2 and 1
Benefit Value/Acre-Foot
‘Consumptive ' $ 2.31 $ 1.33 $ -0.98
Non-Consumptive 10.29 10.23 -0.06
Total $ 12.6 $ 11.56 $ -1,04
KESTERSON NWR
Water Needs (ac-ft) 3,500 3,500 --
Public Use Days . ,

- Consumptive 1,800 1,800 --
Non-Consumptive 300 300 -
Total 2,100 2,100 --

Benefit Value (c)
Consumptive $ 11,700 $ 11,700 $ -
"'Non-Consumptive ~ 1,650 1,650 -=
Total $ 13,350 $ 13,350 -
Public Use Days/Acre-Foot
Consumptive 0.51 0.51 -
Non-Consumptive 0.09 0.09 -=
- Total 0.60 0.60 --
Benefit Value/Acre-Foot
Consumptive $ 3.34 $ 3.34 $ --
Non-Consumptive 0.09 0.09 ==
Total $ 3.43 $ .3.43 $ --
SAN LUIS NWR '
Water Needs (ac-ft) 0 13,350 13,350
Public Use Days '
Consumptive - 3,800 3,800
Non-Consumptive - 18,600 18,600
Total - 22,400 22,400
Benefit Value (c)
Consumptive $ -- $ 24,700 $ 24,700
Non-Consumptive -- 102,300 102,300
Total $127,000 $127,000




TABLE II-2

COMPARISON OF RECREATIONAL BENEFITS
FOR WATER SUPPLY LEVELS 1 AND 2

(Continued)
Differences
‘Between
Water Supply Water Supply Water Supply
Level 1 (a) -~ Level 2 (b) Levels 2 and 1
Public Use Days/Acre-Foot :
Consumptive - 0.28 0,28
Non-Consumptive - 1.39 : 1.39
Total - 1.67 1.67
Benefit Value/Acre-Foot \ -
Consumptive $ - $ 1.85 $ 1.85
Non-Consumptive — 7.67 7.67
Total $ -- $ 9.52 -$  9.52
MERCED NWR
Water Needs (ac-ft) 0 13,500 . 16,000
Public Use Days '

, Consumptive - . - . 900 h 900
Non-Consumptive - 1,900 1,900
Total - 2,800 2,800

Benefit Value (c) '
Consumptive $ -- $ 5,850 $ 5,850
Non-Consumptive — 10,450 10,450
Total $ - $ 16,300 $ 16,300
Public Use Days/Acre-Foot
Consumptive - 0.07 . 0.07
Non-Consumptive — 0.14 0.14
Total -- 0.21 0.21
Benefit Value/Acre-Foot
Consumptive $ -- $ 0.43 $ 0.43
Non-Consumptive — 0.77 0.77
Total $ - $ 1.20 '$  1.20
MENDOTA WMA o ]
Water Needs (ac-ft) 18,500 18,500 --
Public Use Days
Consumptive 12,200 12,200 --
Non-Consumptive 2,600 7 2,600 —
Total - 14,800 14,800 --

*———-—'——-—_———————n—_———_——_—._——————————————._;______
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COMPARISON OF RECREATIONAL BENEFITS
FOR WATER SUPPLY LEVELS 1 AND 2

TABLE TI-2

(Continued)
Differences
Between
Water Supply Water Supply Water Supply
Level 1 (a) Level 2 (b) Levels 2 and 1

Benefit Value (c) ’

Consumptive $ 79,300 $ 79,300 $ -

Non-Consumptive 14,300 14,300 --

Total $ 93,600 $ 93,600 $ --
Public Use Days/Acre-Foot

Consumptive 0.66 0.66 -—-

Non-Consumptive 0.14 0.14 --

Total 0.70 0.70 --
Benefit Value/Acre-Foot .

Consumptive $  4.29 $  4.29 $ --

Non-Consumptive 0.77 0.77 --

Total $ 5.06 $ 5.06 $ --

PIXLEY NWR _ .

Water Needs (ac-ft) 0 1,280 1,280
Public Use Days ’

Consumptive - 3,300 3,300

Non-Consumptive 300 2,000 1,700

Total 300 5,300 1,600
Benefit Value (c)

Consumptive $ - $ 21,450 $ 21,450

Non-Consumptive 1,650 11,000 9,350

Total $ 1,650 $ 32,450 . $ 30,800
Public Use Days/Acre-Foot

Consumptive - 2.58 2.58

Non-Consumptive -= 1.56 1.56

Total -- 4,14 4,14
Benefit Value/Acre-Foot

Consumptive $ -- $ 16.76 $ 16.76

Non-Consumptive -= 8.60 8.60

Total $ - $ 25.36 $ 25.36




TABLE II-2

COMPARISON OF RECREATIONAL BENEFITS
FOR WATER SUPPLY LEVELS 1 AND 2

(Continued) -
Differences
" Between
Water Supply Water Supply Water Supply
Level 1 (a) Level 2 (b) Levels 2 and 1
KERN NWR .
Water Needs (ac-ft) 0 9,950 9,950
Public Use Days . :
Consumptive , -- 1,900 1,900
Non-Consumptive 300 4,800 4,500
Total . 300 6,700 6,400
Benefit Value (c) ' E
Consumptive $ -- $ 12,350 $ 12,350
Non-Consumptive - 1,650 26,400 24,750
Total ' $ 1,650 $ 38,750 $ 37,100
Public Use Days/Acre-Foot : |
Consumptive o - 0.19 . L 0.19
Non-Consumptive -= 0.48 0.48
Total -- 0.67 0.67
Benefit Value/Acre-Foot
Consumptive $ -- $ 1.24 $ 1.24
Non-Consumptive - 2.65 2.65

Total $ -- $ 3.89 $ 3.89

(a) Supply Level 1: Existing firm water supply

(b)  Supply Level 2: Current average annual water deliveries’

() Values from U.S. Forest Service Publication, RPA Update, 1985, adjusted for 1987
costs ' ' '




TABLE II-3

COMPARISON OF RECREATIONAL BENEFITS
FOR WATER SUPPLY LEVELS 1 AND 4

Differences
Between
Water Supply Water Supply Water Supply
Level 1 (a) Level 4 (b) - Levels4 and 1
MODOC NWR
Water Needs (ac-ft) 18,550 20,550 2,000
Public Use Days
Consumptive - 6,430 6,430 --
Non-Consumptive 7,870 7,870 ’ --
Total 14,300 14,300 v --
Benefit Value (c)
Consumptive $ 41,800 $ 41,800 8 --
Non-Consumptive 43,300 43,300 --
Total . $ 85,100 $ 85,100 : $ --
Public Use Days/Acre-Foot
. Consumptive 0.35 ' 0.35 --
Non-Consumptive - . : 0.42 0.42 ' -
Total 0.77 0.77 -
Benefit Value/Acre-Foot '
Consumptive $ 2.25 $ 2.25 - $ --
Non-Consumptive 2.33 2.33 ==
Total $ 4.58 $ 4.58, $ --
SACRAMENTO NWR )
Water Needs (ac-ft) 0 50,000 50,000
Public Use Days
Consumptive - 6,500 6,500
Non-Consumptive -- 33,000 33,000
Total - 39,500 39,500
Benefit Value (c) '
Consumptive : $ - $ 42,250 . $ 42,250
Non-Consumptive -= 181,500 - . 181,500
Total 8 - $223,750 - $223,750
P‘ub;lic Use Days/Acre-Foot ]
Consumptive - 0.13 0.13
Non-Consumptive -- 0.66 0.66

Total ; - 0.79 ' 0.79




TABLE III-3

COMPARISON OF RECREATIONAL BENEFITS
FOR WATER SUPPLY LEVELS 1 AND 4

(Continued)
Differences
Between
Water Supply Water Supply Water Supply -
Level 1 (a) Level 4 (b) Levels 4 and 1

Benefit Value/Acre-Foot
Consumptive , $ -- $ 0.85 $ 0.85
Non-Consumptive -- 3.63 3.63
Total $ -- $ 4.48 ' $ 4.48

DELEVAN NWR

Water Needs (ac~ft) 0 30,000 30,000

Public Use Days ‘ '
Consumptive - 6,200 6,200
Non-Consumptive — | 2,200 2,200
Total -- ‘ 8,400 8,400

Benefit Value (c) ' ;

. Consumptive - $ - . $ 40,300 $ 40,300
Non-Consumptive - 12,100 12,100
Total $ - $ 52,400 - $ 52,400

Public Use Days/Acre-Foot '

Consumptive - 0.21 0.21
Non-Consumptive -= 0.07 : 0.07
Total » S ) 0.28 0.28

Benefit Value/Acre-Foot : ,

Consumptive $ - $ 1.34 $ 1.34

Non-Consumptive : - 0.40 0.40

Total $ -- $ 1.74 $ 1.74
COLUSA NWR

Water Needs (ac-ft) 0 - 25,000 25,000

Public Use Days ' '
Consumptive - ' 4,170 4,100
Non-Consumptive ' -- 3,i%° ' 3,100
Total ' -- 7,200 7,200

Benefit Value (c) :
Consumptive $ -- $ 26,650 ‘ $ 26,650
Non-Consumptive -- 17,050 ' 17,050

Total $ - $ 43,700 $ 43,700




TABLE II-3

COMPARtSON OF RECREATIONAL BENEFITS
FOR WATER SUPPLY LEVELS 1 AND 4

(Continued)
Differences
Between
Water Supply Water Supply Water Supply
Level 1 (a) Level 4 (b) Levels 4 and 1
Public Use Days/Acre-Foot
Consumptive - - 0.16 ©0.16
Non-Consumptive -= 0.12 0.12
Total -- 0.28 0.28
Benefit Value/Acre-Foot o
Consumptive $ -- $  1.07 $ 1.07
Non-Consumptive - ) 0.68 0.68
Total $ -- $ 1.75 _ $ 1.75
SUTTER NWR
Water Needs (ac-ft) 0 30,000 < 30,000
Public Use Days
Consumptive R - S 3,600 ... 34,600
Non-Consumptive == == _—
Total - 3,600 3,600
Benefit Value (c) '
Consumptive $ - $ 23,400 $ 23,400
Non-Consumptive — -~ --
Total $ -= $ 23,400 $ 23,400
Public Use Days/Acre-Foot
Consumptive -- 0.12 ' 0.12
Non-Consumptive — == --
Total - 0.12 0.12
Benefit Value/Acre-Foot |
Consumptive $ -- - $  0.78 $ 0.78
Non-Consumptive -- -- -=
Total : _ $ -- $ 0.78 ¥y 0.78
GRAY LODGE WMA
Water Needs (ac-ft) 8,000 44,000 36,000
Public Use Days ' '
Consumptive 20,800 : 32,500 11,700
Non-Consumptive 83,300 168,000 84,700

Total 104,100 200,500 96,400




TABLE III-3

COMPARISON OF RECREATIONAL BENEFITS
FOR WATER SUPPLY LEVELS 1 AND 4

(Continued)
Differences
Between
Water Supply Water Supply Water Supply
Level 1 (a) Level 4 (b) Levels 4 and 1
Benefit Value (c) '
Consumptive $135,200 $ 211,250 $ 76,050
Non-Consumptive 458,150 924,000 465,850
Total $593,350 $ 435,250 $541,900
Public Use Days/Acre-Foot .
Consumptive 2.6 0.74 -1.86
Non-Consumptive 10.41 3.08 -6.59
Total 13.01 4,56 -8.45
Benefit Value/Acre-Foot .
Consumptive $ 16.90 $ 4.80 ' $ -12.10
Non-Consumptive 57.21 21.00 -36.27
Total ’ Co $ 74.17 $ 25.80 $ -48.37
GRASSLAND RCD :
Water Needs (ac-ft) 50,000 180,000 130,000
Public Use Days
Consumptive 60,000 80,000 20,000
Non-Consumptive 31,000 56,000 25,000
Total 91,000 136,000 45,000
Benefit Value (c)
Consumptive $390,000 $520,000 : $130,000
Non-Consumptive : 201,500 308,000 106,500
Total $591,500 $828,000 $236,500
Public Use Days/Acre-Foot |
Consumptive 1.2 0.44 -0.76
Non-Consumptive v 0.62 0.31 -0.31
Total | 1.82 0.7.. -1.07
Benefit Value/Acre-Foot ' : ‘
Consumptive $ 7.80 $ . 2.89 $ =-4.91
Non-Consumptive 4,03 1.71 -2.32

Total $ - 11.83 $ 4.60 § -7.23




TABLE TII-3

COMPARISON OF RECREATIONAL BENEFITS
FOR WATER SUPPLY LEVELS 1 AND 4

{Continued)
Differences
Between
Water Supply Water Supply Water Supply
Level 1 (a) Level 4 (b) Levels 4 and 1
VOLTA WMA _ v
Water Needs (ac-ft) 10,000 16,000 6,000
Public Use Days
Consumptive 3,900 7,400 3,500
Non-Consumptive 3,100 5,600 2,500
Total 7,000 13,000 6,000
‘Benefit Value (c) |
Consumptive $ 25,350 - $ 48,100 - $ 22,750
Non-Consumptive 17,050 30,800 13,750
Total $ 42,400 $ 78,900 $ 36,500
Public use Days/Acre-Foot
. Consumptive 039 0.46 - - 0.07
Non-Consumptive- 0.31 0.35 0.04
Total ' 0.70 , 0.81 0.11
Benefit Value/Acre-Foot | )
Consumptive $ 2,54 $ 3.01 $ 0.47
Non-Consumptive 1.71 _ 1.92 0.21
Total $ 4.25 $ 4.93 $ 0.68
LOS BANOS WMA ~ -
Water Needs (ac-ft) 6,200 25,000 18,800
Public Use Days _ ‘
Consumptive 2,200 - 4,200 2,000
Non-Consumptive 11,600 35,000 - - 23,400
Total _ v ‘ 13,800 39,200 25,400
Benefit Value (c)
Consumptive $ 14,300 $ 27 300 $ 13,000
Non-Consumptive ' 63,800 192,509 : 128,700
Total $ 78,100 $219,800 $141,700
Public Use Days/Acre-Foot
Consumptive 0.35 0.17 -0.18
Non-Consumptive 1.87 1.40 o =0.47

Total 2.22 1.57 -0.65




TABLE III-3

COMPARISON OF RECREATIONAL BENEFITS
' FOR WATER SUPPLY LEVELS 1 AND 4

(Continued)
Differences
Between
Water Supply Water Supply - Water Supply
Level 1 (a) Level 4 (b) Levels4 and 1
Benefit Value/Acre-Foot
Consumptive $ 2.31 $ 1.09 $ -1.22
. Non-Consumptive __10.29 ___1.70 __-2.59
Total ' $ 12.60 $  8.79 $ -3.81
KESTERSC»IN?H! _
Water Needs (ac-ft) 3,500 10,000 6,500
Public Use Days
Consumptive 1,800 1,900 100
Non-Consumptive 300 1,600 1,300
Total - , 2,100 _ 3,500 1,400
Benefit Value (c)
Consumptive , $ 11,700 $ 12,350 - $ 650
Non-Consumptive o 1,650 8,800 7,150
Total $ 13,350 $ 21,150 $ 7,800
Public Use Days/Acre-Foot
Consumptive 0.51 0.19 -0.32
Non-Consumptive 0.09 0.16 0.07
Total 0.60 0.35 -0.25
Benefit Value/Acre-Foot
Consumptive $  3.34 $ 1.24 $ =2.10
Non-Consumptive 0.47 0.88 0.41
Total $ 3.81 $  2.12 $ -1.69
SAN LUIS NWR
Water Needs (ac-ft) 0 19,000 19,000
Public Use Days
Consumptive - 4,100 4,100
Non-Consumptive -- . 31,000 - 31,000
Total ‘ -- 35,100 ' 35,100
Benefit Value (c)
Consumptive : $ -- $ 26,650 $ 26,650
Non-Consumptive - 170,500 170,500

Total $ - $197,150 ' $197,150




TABLE OI-3

COMPARISON OF RECREATIONAL BENEFITS

FOR WATER SUPPLY LEVELS 1 AND 4

(Continued)
Differences
- Between
Water Supply Water Supply Water Supply
Level 1 (a) Level 4 (b) Levels 4 and 1
" Public Use Days/Acre-Foot
‘Consumptive - 0.22 0.22
Non-Consumptive A -- 1.63 A 1.63
Total -- 1.85 1.85
Benefit Value/Acre-Foot _
Consumptive $ - $ 1.40 $ 1.40
Non-Consumptive ~- 8.96 8.97
Total ' $ - $ 10.37 $ 10.37
MERCED NWR ‘ _
Water Needs (ac-ft) 0 16,000 16,000
Public Use Days : o . :
Consumptive : T 900 900
Non-Consumptive -= 9,300 9,300
Total -- 10,200 10,200
Benefit Value (c) |
Consumptive $ -- $ 5,850 $ 5,850
Non-Consumptive : -= 51,150 51,150
Total $ - $ 57,000 $ 57,000
Public Use Days/Acre-Foot
Consumptive - 0.06 0.06
Non~Consumptive ; — 0.58 0.58
Total ‘ ' : - 0.64 0.64
Benefit Value/Acre-foot
Consumptive $ - $ 0.37 $ 0.37
Non-Consumptive - 3.19 3.19
Total $ . -- $ 3.56 $ 3.56
MENDOTA WMA
Water Needs (ac-ft) 18,500 29,650 11,150
Public Use Days ' .
Consumptive 12,200 15,800 3,600
Non-Consumptive 2,600 6,700 4,100
Total : ' 14,800 22,500 7,700




TABLE III-3

COMPARISON OF RECREATIONAL BENEFITS
FOR WATER SUPPLY LEVELS 1 AND 4

(Continued)
Differences
' Between
Water Supply Water Supply Water Supply
Level 1 (a) Level 4 (b) Levels 4 and 1

Benefit Value (c) B

Consumptive » $ 79,300 $102,700 $ 23,400

Non-Consumptive 14,300 .. 36,850 22,500

Total _ $ 93,600 $139,550 $ 45,950
Public Use Days/Acre-Foot

Consumptive 0.65 0.53 - -0.12

Non-Consumptive 0.14 0.23 ’ 0.09

Total 0.79 0.76 -0.03
Benefit Value/Acre-Foot

Consumptive $ 4.29 $ . 3.46 ‘ $ -0.83

Non-Consumptive o 0.77 _ 1.24 0.47

Total : $* 5.06 $  4.70 $ -0.36

PIXLEY NWR .

Water Needs (ac-ft) v 0 6,000 : 6,000
Public Use Days - '

Consumptive - 6,500 6,500

Non-Consumptive 300 3,800 3,500

Total . 300 10,300 10,000
Benefit Value (c) :

Consumptive $ -- $ 42,250 $ 42,250

Non-Consumptive 1,650 20,900 19,250

Total _ $ 1,650 63,150 $ 61,500
Public Use Days/Acre-Foot

Consumptive - 1.08 1.08

Non-Consumptive ' - 0.63 0.63

Total , - 1.71 ‘ 1.71
Benefit Value/Acre-Foot . :

Consumptive A $ - $ T7.04 $ 7.04

Non-Consumptive -= 3.48 3.48

Total $ -- $ 10.52 - $ 10.52




TABLE II-3

COMPARISON OF RECREATIONAL BENEFITS
FOR WATER SUPPLY LEVELS 1 AND 4

(Continued)
Differences
‘ Between
Water Supply Water Supply Water Supply
Level 1 (a) Level 4 (b) Levels 4 and 1
KERN NWR ,
Water Needs (ac-ft) 0 25,000 25,000
Public Use Days v
Consumptive -— ' 3,100 3,100
Non-Consumptive 300 12,400 12,100
Total 300 - 15,500 15,200
Benefit Value (c) v
Consumptive : $ - $ 20,150 $ 20,150
Non-Consumptive 1,650 68,200 66,550
Total $ 1,650 $ 88,350 $ 86,700
Public Use Days/Acre-Foot
' Consumptive - - -- ' 0.12 0.12.
Non-Consumptive -- 0.50 0.50
Total -- ; 0.62 0.62
Benefit Value/Acre-Foot .
Consumptive $ -- $ 0.81 $ 0.81
Non-Consumptive -- 2.73 . 2.73

Total $ -- $  3.54 $ 3.54

(a) Supply Level 1: Existing firm Water‘supply
(b)  Supply Level 4: Optimum management
(c) .Values from U.S. Forest Service Publication, RPA Update, 1985, adjusted for 1987

costs .




construction impacts would be limited. The regional impacts and the
impacts of providing water to the refuges as compared to other
potential water users will be evaluated in the Water Contracting

EISs.

Wildlife-use days for each of the water. supply levels were estimated
by refuge managers. The estimated wildlife-use days were used to
evaluate the overall impacts of various alternatives. All of the
alternative plans would benefit waterfowl and riparian species at
the refuges to some degree, as discussed in Chapter IV. However,
flooding of upland areas may adversely impact habitat for some
upland wildlife and plants. The alternative plans that would
allow 1longer seasons for water conveyance by the local irrigation
districts may also maintain riparian habitat along the unlined
conveyance canals.

4. Social Analyses

The social analyses are primarily related to regional impacts of
providing water to the refuges as compared to other water | users.
Other social impacts are related to increased public use and
construction of the selected plans. Public use would increase
under most of the alternative plans. The construction activities
would probably be completed within one season by construction
workers who reside in the general area of the refuges.

5. Public Involvement

The Refuge Water Supply Study is being conducted in cooperation
with the Service, the California Waterfowl Association, DWR, DFG,
as well as numerous water and irrigation districts which would be -
affected by refuge water deliveries. Public interest in the
development of dependable refuge water supplies is very high. based
on the number of inquiries and the participation in study activities
by individuals, environmental and wildlife organizations, and
representatives of state and Federal legislatures.

Since the initiation of this study in October 1985, numerous
meetings have been held with cooperating agency staff and
management, environmental and wildlife organizations, and water and
irrigation districts to discuss study objective, issues and
concerns, and planning procedures. Two public information documents

. have been released to provide 1nformat1on on the progress of the

study and to solicit publlc input on alternative water delivery
plans and pertinent issues. Response has generally been
favorable and supportive of the study. :

The role of the public in the study has been primarily to provide
input to the planning team *.rough meetings and responses to
newsletter requests for submittal of comments.

A newsletter, dated January 1986, was prepared by Reclamation and
distributed to agencies, organizations, and interested individuals.
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The letter delineated the necessity for the study and the efforts to
" bring all the interested parties into the planning process. A
figure showing the breakdown of the core group of agencies involved
in planning the study was presented along with a map depicting the
location of all the refuges and their water needs. A comment sheet
was provided to allow the public an opportunity to submit comments
on their concerns and significant issues that needed to be studied.

A second newsletter was released in July 1987 which presented
alternative plans and indicated, among other things, the interest
this study generated by showing a picture of the representatives of
the California Waterfowl Association and the Grassland Water
District presenting a check for $30,000 to Reclamation Regiocnal
Director David Houston as a contribution to the study. The public
‘was also provided a comment sheet in this letter.

A draft plan of study was prepared in January of 1986 to provide
a framework for studies and to delineate the goals of the study.
This plan was then used as a guideline in developing alternatives
to provide adequate water supplies for the refuges. A preliminary
findings memorandum was prepared in March 1987 updating the study
findings to date and recommending the continuance of the study and
~ the preparation of a draft planning report.

In January 1987, Reclamation held a workshop in Los Banos,
California, on the refuge water supply investigations. The purpose
of the workshop was to discuss potential water sources and delivery
and removal systems and the possibility of offstream storage for
those private, State and Federal wetlands within the Grassland
Resource Conservation District. The 22 participants represented.
Federal and State agencies; water, drainage, and irrigation
districts; and wildlife and land management organizations. '
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CHAPTER IV
REFUGE PLANS

This chapter presents discussions of the land and water resources
for each of the 15 managed wetland areas investigated. 1In addition,
alternative plans to provide water supplies are provided.
These plans were developed following extensive investigations of
each area, and using the evaluation criteria provided in the
previous chapter.

Selected plans will be presented in the Refuge Water Supply Planning
Report and will be based on the findings of investigations presented
in this report, as well as those of the Water Contracting EIS’s.

Due to the complexity and amount of information developed under
this study, 15 separate subchapters were prepared for Chapter IV to
facilitate their review. The areas are presented in respect to
their general geographical location, as shown in Figure IV-1.

Modoc National Wildlife Refuge

o Chapter IV A

" o Chapter IV B - Sacramento National Wildlife Refuge

o Chapter IV C - Delevan National Wildlife Refuge

o Chapter IV D - Colusa National Wildlife Refuge

o Chapter IV E - Sutter Nationél Wildlife Refuge

o Chapter IV F - Gray Lodge Wildlife Management Atrea

o Chapter IV G - Grassland Resource Conservation District.
o Chapter IV H - Volta Wildlife Management Afea

© Chapter IV I - Los Banos Wildlife Management Area

o Chapter IV - Kesterson National Wildlife Refuge

o Chapter IV K - San Luis National Wildlife Refuge
o Chapter IV Merced National Wildlife Refuge

o Chapter IV - Mendota Wildlife Management Area

2 2 B =®R 4y
i

o Chapter IV N - Pixley National Wildlife Refuge

o
|

o <Chapter IV Kern National Wildlife Refuge
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Conjunctive use was evaluated for each of the refuges. Under
conjunctive use alternatives, surface water would be used for the
entire refuge water supply during wet years when adequate surface
water supplies were available. During drought years, groundwater
would be used for the entire refuge water supply. During other
years, a combination of surface water and groundwater supplies may
be used. The primary disadvantage of conjunctive use programs is
that both surface water and groundwater systems must be sized to
deliver full water needs, resulting in large, less frequently used
facilities and associated higher costs. Most of the refuges would
require construction of wells to provide groundwater to the refuges,
as well as construction of surface water conveyance system
improvements. '

One possible method to reduce the size and number of groundwater
facilities would be to construct regional well-fields and artificial
recharge facilities in areas where groundwater basin characteristics
are suitable. The regional basins. would be operated like surface
water reservoirs with surplus water stored underground during wet
years for use in dry years. Water pumped from the well field would
be diverted into regional conveyance facilities, along with
available surface water, to provide a firm supply to requestors. It
may be possible to locate well fields strategically with respect to
conveyance facilities to best use existing capacity and reduce the
need for additional capacity. Conveyance capacity in regional
conveyance facilities is normally underutilized during off-peak
water use periods and would be utilized to convey intermittent water
to artificial recharge basins. In addition to recharge basins,
reregulation storage would be required to deliver water at the time
and place needed. . .
Another method to reduce the size and number of groundwater
facilities would be to pump groundwater from on-refuge wells on a
year-round basis. The savings in reservoir releases could be used
. to provide supplemental surface water to the refuges.

However, additional planning studies would be required prior to
implementation of any of these plans. Therefore, for the purposes
of this report, the conjunctive use alternatives evaluated the
number of wells required to provide each refuge with peak month
water demands for each water supply level. If regional well fields
or year-round pumping was implemented, the total number of wells
could be significantly reduced.
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CHAPTER IV A

MODOC NATIONAL WILDLIFE REFUGE

Modoc National Wildlife Refuge (Refuge) was authorized by the
Migratory Bird Conservation Commission in 1959 and is currently
managed by the Service. The original 5,966-acre tract was acquired
in 1961 and subsequently expanded to 6,283-acres. The Refuge is
located in Modoc County, south of Alturas in the Pit River Valley
which is part of the Sacramento River Valley hydrologic basin. The
North and South Forks of the Pit River merge near the northwest
corner of the Refuge, as shown in Figure IV A-1l.

Hlstorlcally, the Refuge has been an important area for waterfowl
migrating between the Malheur National Wildlife Refuge in the
Harney Basin of Oregon and the Central Valley of California.

Water applied on the Refuge is used to irrigate grain crops,
flood ponds and meadows, maintain pond levels, and circulate pond
water. Typically, grain is planted on about 500 acres to provide
forage for waterfowl. Cattle graze on part of the Refuge following
the harvest. Most ponds remain flooded year-round to accommodate
a large flock of Canada geese and other resident waterfowl.
Nesting islands are constructed and maintained within the ponds.
Occasionally, the water levels are withdrawn to allow repairs of
dikes and water-control structures and rehabilitation of the
nesting islands.

A. WATER RESOURCES \ ‘

In general, the Refuge receives adequate water supply in most
years to maintain existing wetlands. The Refuge receives water from
the South Fork Pit River, Dorris Reservoir, and Pine Creek. The
Refuge has the right to divert 18,550 acre-feet of water from the
South Fork Pit River, North Fork Pit River, and Pine Creek. Dorris
Reservoir impounds water from Pine Creek and North Fork Pit River
via Parker Creek. Water quality is good for irrigation and wildlife.
However, an adequate water supply is not available during August
when the ponds need to be flooded, especially in the western portlon
of the Refuge along the South Fork of the Pit River.

1. Surface Waters

The South Fork Pit River flows are regulated by West Valley Creek
Reservoir. The water is diverted to the Refuge at South Fork Dam
and Sharkey Dam to irrigate the southern portion of the Refuge.
Most of the water eventually returns to the river. That portion of
the Refuge adjacent to the South Fork. Pit River was part of the
Dorris Ranch prior to acquisition by the Federal government. The
Dorris Ranch was not part of the South Fork Pit River Decree No.
3273 which defines the water rights; therefore, the water rights are
undefined. This water has been used on riparian land when water is
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available in that portion of the river. All natural flows in the
South Fork Pit River are allocated upstream of the Refuge except
during the spring high flow period.

Dorris Reservoir, which is partially located within the Refuge
boundaries, also provides a significant portion of the Refuge water
supply. The reservoir stores water from runoff and snowmelt from
Parker Creek, Pine Creek, and Stockdill Slough watersheds. The
Refuge has a total storage and diversion right of 11,100 acre-feet
of surplus water from the reservoir. This water right 1nc1udes 6,100
acre-feet from Parker Creek under the North Fork Pit River Decree
and Appllcatlon 1321, 800 acre-feet from Stockdill Slough under the
North Fork Pit River Decree and Application 1042, 3,100 acre-feet
from Pine Creek under the Pine Creek Agreement and Applications 760
and 1042, and 1,100 acre-feet from Pine Creek under Appropriative
License 4822 and Application 12263. The water  1s generally
available during any season if the rights of other users have been

met.

Under the North Fork Pit River Decree (Decree 4074), the Refuge has
the right to divert 12.66 cfs of fourth class priority water at
Diversion Point 142 from September 30 to April 1. An additional
37.98 cfs used to be diverted whenever the flow in the North Fork
exceeds 52.08 cfs. However, this additional diversion has been
withdrawn since Hughes Dam was destroyed in 1939,

Additionally, the Refuge diverts water directly from Pine Creek to
irrigate 340 acres of refuge land known as the Pine 'Creek Field,
which is located at elevations above the diversion from Dorris-
Reservoir. Under the Pine Creek Agreement, the Refuge has the right
to divert 10 cfs of first priority water and 20 cfs of second
priority water from Pine Creek to irrigate 2,700-acres of land
between April 1 and September 30. This agreement also states that
the Dorris Ranch be allowed to divert 3.78 cfs or one-half of the
Pine Creek flow, whichever is less, until the amount available from
the North Fork Pit River decreases below 37.98 cfs. At that time,
the amount of water diverted from Pine Creek can be increased up to
one-half of the flow in Pine Creek.  The agreement also gives the
Refuge the right to divert 0.34 cfs of the first priority water and
0.45 cfs of second prlorlty water from Pine Creek at Diversion Point
1 to irrigate 72 acres in the southern half of the southwestern
quarter.

The Refuge does not have any water rights on the Pit River. All
claims and water rights along the Pit River for the
northwestern portion of the Refuge, also known as the Godfrey
Tract, were sold in 1919. During -wet years, surplus water is
avallable during July and Augu:* for storage on the Refuge under the
State Water Resources Control Izard Decision 990.
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2. Water Conveyance Facilities

Water is diverted at various locations from the South Fork of the
Pit River and is used primarily on the west side of the Refuge.
Land which is located along Pine Creek at elevations above Dorris
Reservoir is irrigated with water diverted directly from Pine
Creek. Most of the water from Pine Creek 1is transported through
a ditch to Dorris Reservoir from November through April. The
eastern and central portions of the Refuge receives water
directly from Dorris Reservoir or from the Dorris Reservoir Canal
located downstream of the reservoir. All surface waters are
delivered by gravity flow.

3. Groundwater

The Refuge is located in the Alturas Groundwater Basin, which
consists of volcanic and sedimentary formations. The principal
water bearing deposits are 1included within the moderately
consolidated Alturas Formation, which consists of moderately
consolidated beds of tuff, ashy sandstone, and diatomite. This
formation 1is separated into an upper and lower member by a Plio-
Pleistocene basalt and the Warm Springs tuff member. Buried lava
flows may yield more groundwater than other formations.  Volcanic
uplands surrounding the Refuge serve as recharge areas for the
moderate to highly permeable aquifers of the Alturas Formation.
Groundwater movement is from the mountains towards the valley floor.
Groundwater movement along the wvalley floor is north towards
Alturas. Groundwater often exists near the 1land surface.
Groundwater levels in the vicinity of the Refuge are about 50 feet
below the ground surface with slightly lower levels north of the
Refuge towards Alturas. Most wells in the vicinity of the Refuge
were drilled to depths of 250 to 350 feet (DWR, 1986a). Previous
investigations have estimated that these wells should produce 300
to 1,000 gallons of water per minute. The groundwater quality has
alkaline tendencies, but appears to be adequate for irrigation and
waterfowl use (Serv1ce, 1978, DWR, 1986a).

The Refuge currently has one well. 1In the ‘past, this well has not
been used due to high power costs, and as a result, the pump has
become inoperable. The pump would need to be rehabilitated to be
used in the future. Reclamation estimates that the safe yleld of
the Refuge is 2,200 ac¢re-feet. Portions of the Refuge in the
Godfrey Tract and along the most easterly boundaries may be
underlain by thinner permeable formations and may have lesser
amounts of water.

B. FORMULATION AND EVALUATION OF ALTERNATIVE PLANS
The Service estimates that 20,550 acre-feet of water would be
required for full developement and optimum management of the entire

Refuge. For the purpose of assessing the impacts of water delivery
alternatives, four levels of water supply have been identified, as
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presented in Table IV A-1. Each of the water supply levels provide
a different volume of water, and are summarized as follows:

Level 1 - Existing firm water supply
Level 2 - Current average annual water deliveries

Level 3 - Water supply needed for full use of existing
development

Level 4 - Water delivery needed for optimum management

1. Delivery‘ Alternative for Level 1 (No Action Alternative) (18,550
acre-feet)

Since this level represents the existing firm water supply, existing
facilities would be used to provide a dependable conveyance system
for the Refuge. Therefore, no alternatives were developed for
Level 1. Water would not be available for the Godfrey Tract due to
lack of facilities. During the month of August in all years and
during drought years water may not be available in the central
portion of the Refuge.

2. Delivery Alternative for Level 2 (18,550 acre-feet)

Under normal conditions, the surface waters are adequate to
supply 18,550 acre-feet of water each year. However, during
years which are drier than normal, adequate water is not available
in the fall. . This alternative would ensure delivery of average
annual flows during dry years. . .

Alternative 2A - Rehabilitate Well. The existing well would be
rehabilitated and used in dry years at the end of the summer and
fall seasons to provide additional water (approximately 490 acre-
feet) to portions of the Refuge when adequate water does not flow in
the South Fork of the Pit River. During years when surplus water is
available on the South Fork of the Pit River, the well would not be
needed. This alternative’ would not require additional water rights
or contracts. The location of the existing well is indicated in
Figure IV A-2. ’ :

3. Delivery Alternative for Level 3 (19,500 acre-feet)

Under this level, existing conveyance facilities would be used to
fully serve the currently developed portions of the Refuge. The
additional water would be used to extend the duration of flooding to
earlier in the spring and later in the fall. However, additional
water supplies would be required through the aquisition of water
rights or the use of‘groundwater. Because aquisition of new water
rights may be difficult, the alternative for Level 3 would be
similar to Alternative 2A. ‘
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TABLE IV A-1

"DEPENDABLE WATER SUPPLY NEEDS

ALTERNATIVE SUPPLY LEVELS FOR THE MODOC NWR

Supply Level 1 Supply Level 2 Supply Level 3 Supply Level 4

Month ac-ft ac-ft ac-ft “ac-ft
January 1,030 1,030 1,080 1,140
February 1,130 1,130 1,190 1,250
March 840 840 830 930
April 1,990 1,990 2,090 2,210
May 2,430 2,430 2,550 2,690
June 2,600 2,600 2,730 2,880
July 2,110 2,110 2,220 2,340
August 2,320 2,320 2,450 2,570
September 1,990 1,990 2,090 2,210
October 920 920 970 1,020
November 590 590 620 650
December 600 600 630 660
Total 18,550 18,550 19,500 20,550
Notes:

Supply Level 1:
Supply Level 2:
Supply Level 3:
Supply Level 4:

Existing firm water supply
Current average annual water deliveries

Full use of existing development

Optimum management

Source: Doug Weinrich, Ecological Services, USFWS, 1987



Alternative 3A - Rehabilitate Well. The existing well would be
rehabilitated and used to extend the duration of flooding and
increase circulation on the reservoir. The well would provide 950

acre-feet of water.
4. Delivery Alternatives for Level 4 (20,550 acre-feet)

New facilities would be constructed to serve the western portion of
the Refuge (Godfrey Tract) which is currently not developed. Two
alternatives have been developed to provide water to the western
portion of the Refuge under Level 4. Both alternatlves would
require implementation of Alternative 3A.

Alternative 4A - Construct Wells and Rehabilitate Dam Structure on
Pit River. This alternative would allow diversion of additional
water from the Pit River to the Godfrey Tract. The additional water
could be obtained from wells or from unappropriated water which is
only available during wet years. The wells would be located in the
central portion of the Refuge, however, the exact location of the
wells is not known at this time. During years when surplus water is
available on the Pit River, the wells may not be needed.

Four 600 gpm wells would be constructed to a depth of 600 feet. The
new wells would be located in the general vicinity of the existing
well to reduce the cost of placing the electrical distribution
facilities underground. The water would be discharged into ditches
which would transfer the flow to the South Fork Pit River for
continued flow into the Pit River. An existing dam on the Pit River
would be rehabilitated to allow transfer of water toe the Godfreyv
Tract, as indicated in Figure IV A-2. B

A potential consideration under this alternative would be the use
of groundwater in the central portion of the Refuge and use of
surface water on the Godfrey Tract. This would require transfer of
the place of diversion from the South Fork Pit River water to the
Pit River. However, the transfer of the place of diversion probably
could not be implemented because the ex1st1ng water rights are for
the use of the water on specific lands in the central portion of the
Refuge.

Alternative 4B -~ Construct Wells in the Godfrey Tract. Water wells

would be constructed in the Godfrey Tract to provide an additiocnal
2,000 acre-feet per year with a maximum of 280 acre-feet in June.
However, the water bearing formations are not extensive in this area
and the maximum well production may be 1limited to 50 gpm
(DWR,1986a). As a result, the wells may not produce adequate water
supplies. In addition, the aquifer may be connected to the surface
waters. Therefore, if large amounts of water are withdrawn from the
Godfrey Tract, the stream flows may decrease.
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5. Summary of Alternatives

The beneficial and adverse effects of each alternative were
compared with respect to criteria outlined in Chapter III.

There are no facilities alternatives necessary for Level 1.

Alternatives 2A and 3A would provide supplemental water for the
central portion of the Refuge when adequate water is not available
from the South Fork Pit River.

Alternatives 4A and 4B would supply water to the Godfrey Tract.
Alternative 4A would require construction and operation of wells and
a dam structure. In addition, implementation of Alternative 4A
would require approvals from the State Water Resources Control Board
and State Department of Water Resources to convey water through the
South Fork Pit River and Pit River to the western portion of the
Refuge. This alternative also would require implementation of
Alternative 3A.

Alternative 4B would only require construction and operation of
wells. However, these wells would be located in areas which may not
have sufficient water bearing formations. Therefore, adequate water
may not be provided under this alternative. This alternative would
require implementation of Alternative 3A.

C. COSTS AND ECONOMIC ANALYSIS

Costs for alternative plans to provide adequate water supplies under
water delivery Levels 2, 3, and 4 are presented in Table IV A-2.
The construction costs include factors to cover engineering,
contingencies, and overhead costs. The operation costs only
represent the incremental cost to provide additional water. The
costs do not include the cost to provide water under Level 1.
During the advanced planning phase, these costs will be refined
further.

Improvements described under the alternatives plans to provide
Levels 2, 3, or 4 would result in additional money being spent in
the economy of Modoc County during construction. The
construction could be completed within one summer season by
construction workers who reside in Modoc County..

D. WILDLIFE RESOURCES

The annual bird use on the Refuge is approximately 3,356,000
use-days based upon the annual average use from 1981 through
1985. Approximately 68 and 32 percent of the bird use are by ducks
and geese, respectively, including many species which nest on the
Refuge. Fish and wildlife resources associated with the Refuge are
presented in Table IV A-3. The listed threatened and endangered
species associated with the Refuge are the bald eagle, Haliaeetus
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TABLE IV A-2
SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES
'~ MODOC NWR

Alternatives
Items 2A 3A 4A 4B

~ Additional Water (ac-ft) 490 950 2,000 2,000
Construction Cost

Wells $ 16,500 $ 16,500 $186,000(a) $963,200(b)

Dams/Diversion Structures -—— ~—- - 20,000 ——

Subtotal $ 16,500 $ 16,500 $206,000( $963,000( )

Other Costs ——- ——- 16,500(c) _26,500(c

Total (d) $ 16,500 $ 16,500 $222,500 $979,000
Annualized Construction Costs :

(8.87%, 30 yrs) $ 1,590 $ 1,590 $ 21,410 $ 94,180
Additional Annual Costs )

Operation &% Maintenance(e) $ 650 $ 65(() $ 2,60? $ 27,50(() |

Power 1,960(f) 3,800(f) 4,200(g) _4,200(g

Subtotal $ 2,610 $ 4,450 $ 6,800 $ 31,700

Other Costs - - 4,450(¢) 4,450(c)

Total (d) $ 2,610 $ 4,450 $ 11,250 $ 36,150
Total Annual Costs $ 4,200 $ 6,040 $ 32,660 $130,330
Cost/Additional Acre-Foot $ ' 8.60 $ 6.40 $ 16.40

$ 65.20

‘Notes:

Alternative 2A: Rehabilitate Well

Alternative 3A: Rehabilitate Well

Alternative 4A: Construct Wells and Rehabilitate Dam Structure on Pit River
Alternative 4B: Construct Wells in the Godfrey Tract.

(a) 4 Wells, 600-feet deep, 40-foot lift.

(b) 43 Wells, 200-feet deep, 40-foot lift.
(c})  Alternatives 4A and 4B would require implementation of Alternative 3A.
(d) The cost for Water Supply Level 1 is not included.
(e) Basis for O&M costs are discussed in Appendix F.

()  Unit Pumping Cost = $4/af.
(g Unit Pumping Cost = $2.10/af.



TABLE IV A-3
FISH AND WILDLIFE RESOURCES

MODOC NWR

Ducks

Common Merganser
Mallard(a)
Gadwall(@) ‘
American Wigebn(a)
Green-winged Teal(a)
Blue-winged Tealla)

Northern Shoveler(a)
Pintail(a)

Wood Duck
Redhead(a)
Canvasback(@)
Lesser Scaup

Geese and Swans

Ring-necked Duck
Common Golden eye
Barrow's Golden eye
Bufflehead.

Ruddy Duck(a)
Cinnamon Tealla

Snow Goose
Ross Goose
White-fronted Goose

Coots'

Cémada Goosela)
Cackling Goose
Tundra Swan

American Coot(a)

Double-crested Cormorant
White Pelican

American Bittern(a)

Least Bittern

Great Blue Heron

Great (Common) Egret(a)
Snowy Egret

Black-Crowned Night Heron(a)
Greater Sandhill Crane(a)

Shore and Wading Birds

Virginia Rail(a)
Sorala)

Wilson's Phalarope(a)
American Avocet(a)
Lesser Sandhill Crane
Pied-billed Grebe(a)
Western Grebe(a)
Eared Grebela)
Black-Necked Stilt(a)

Common Snipe(a)
Long-billed Dowitcher
Least Sandpiper
Greater Yellowlegs
Solitary Sandpiper
Willet(a)

Spotted Sandpiper(@)
Black-bellied Plover
Horned Grebe




TABLE IV A-3
FISH AND WILDLIFE RESOURCES

MODOC NWR
(Continued)

Upland Game

Ring-necked Pheasant(a) -+ California Quail(a)

Raptorial Birds

Turkey Vulture "Swainson's Hawk - Ldng-eared owl(a)
Northern Harrier(a) ) Rough-legged Hawk Short-eared Owl
Cooper's Hawk American Kestrel (Sparrow Hawk)(a) Flammulated Owl
Red-tailed (Harlan) Hawk(a) Barn Owl(a) - Great Horned Owl(a)
Bald Eagle ' : _ Golden Eagle
Fish

Bass . / Catfish Brown Bullhead
Suckers . Brook Trout :
Chubs Rainbow Trout

_Furbearers
Muskrats Mink ' Beaver
Skunk : Coyote ’ Raccoon
Badger Weasel
Notes:

(a) Birds nesting on refuge

Source: USFWS computerized annual printout for NWR Birds, Department of Interior, USFWS (RF11650-2 9-79) (July 1973
to June 1974, NWRS Public Use Report (1)) and refuge records.
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leucocephalus and the peregrine falcon, Falco peregrinus anatum.
Candidate species associated with the Refuge include the white-faced
ibis, Plegadis chichi: tricolored blackbird, Agelaius tricolor: and
prostrate buckwheat, Erigonum prociduum, as listed in Table IV A-4

Alternatives 2A and 3A would improve the viability of the
vegetation during drought years in the central portion of the
Refuge. Alternatives 4A and 4B would improve habitat in the western

portion of the Refuge. The water would be used to flood an
additional 70 acres of seasonal wetlands, provide 120 acres of
seasonal marsh, and improve management of 50 to 80 acres of

emergents. The improved habitat would increase the number of nesting
pairs of waterfowl and upland birds. The number of wildlife and
recreational use days also would increase under Level 3, as
indicated in Table IV A-5.

Implementation of any of the alternative plans probably would not
adversely affect the listed and candidate threatened and endangered
species of birds and would improve habitat that could be used by the
white-faced ibis. However, the candidate plant, prostrate
buckwheat, may be impacted under implementation of Alternatives 4A
or 4B by the flooding of upland areas in the western portion of the
Refuge. Detailed field investigations would be necessary prior to
the design phase of the project. Implementation of the alternative
plans would result in overall beneficial environmental effects.

The No Action Alternative would result in the management of the

Refuge under the current water'supply and conditions. The Godfrey
Tract would not be developed in accordance with the management plan
under the No Actlon Alternatlve.

E. SOCIAL ANALYSIS

The social consequences of any of the alternatives would be similar
because public use would not change.

F. POWER ANALYSIS

Pacific Power and Light Company serves the Refuge. If CVP
project-use power were determined to be available, the Refuge may
not be able to receive the CVP power, as Pacific Gas & Electric
Company (PG&E) has entered into an agreement with Reclamation to
convey CVP power to CVP customers within a specified area, also
known as a "wheeling area".  The Refuge is located outside of this
area. However, a similar agreement has been negotiated with PG&E
to convey power to the Truckee-Donner Public Utility District
which also is located outside of the wheeling area and the PG&E
service area. That agreement provided for PG&E to_ supply CVP
power through the PG&E-Sierra Pacific Power Company: intertie.
Therefore, an agreement would be needed to allow PG&E to convey the
power through an intertie with Pacific Power and Light Company. A
more detailed. discussion of project-use power and wheeling
agreements is provided in the Power Analysis section of Chapter II.
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TABLE IV A4
FEDERAL LISTED, P!'{OPOSED,‘ & CANDIDATE, THREATENED & ENDANGERED SPECIES

MODOC NWR

Listed Species

Birds

Bald eagle, Haliaeetus leucocephalus (E)
Peregrine Falcon, Falco peregrinus anatum (E)

Proposed Species

None

- Candidate Species

Birds
White-faced ibis, Plegadis chihi (2)
Tricolored blackbird, Agelaius tricolor (2)

Pla.nts )
Prostrate buckwheat, Erigonum prociduum (2)

Source: USFWS, June 4, 1987

(E)—Endangered ' (T)—Threatened (CH)=—Critical Habitat

(1)—Category 1: Taxa for which the Fish and Wildlife Service has sufficient
biclogical information to support a proposal to list as endangered or
threatened.

(2)—Category 2: Taxa for which existing information indicated may warrant
listing, but for which substantml biological information to support a
proposed rule is lacking.




TABLE IV A-5
WILDLIFE RECREATIONAL BENEFITS AND RESOURCE IMPACTS

MODOC NWR
No Action Alternatives
Alternative ZA 3A 4A 4B
Habitat Acres .
Wetlands 1,278 1,278 1,478 1,668 ' 1,668
Uplands 3,403 3,403 3,203 2,943 2,943
Croplands & Others . 1,500 1,500 ; 1,500 1,570 1,570
Bird Use Days ‘
Ducks 1,980,000 1,980,000 2,080,000 (a) - (a)
Geese 953,000 953,000 978,000
Others : 423,000 423,000 509,500
Total 3,356,000 3,356,000 3,567,500
Public Use Days _
Consumptive 6,430 6,430 6,430 6,430 6,430
Non-Consumptive ) 7,870 7,870 7,870 A 7,870 7,870
Total 14,300 14,300 14,300 14,300 14,300
Total Annual Cost -- $ 4,200 $ 6,040 $ 32,660 $130,400
Incremental Cost/Additional
1000 Bird Use Days : N/A : N/A $ 28.60 @) (a)
Incremental Cost/Addition ‘
Public Use Day N/A N/A N/A (a) (a)

Note: Alternative 2A: Rehabilitate Well
Alternative 3A: Rehabilitate Well A
Alternative 4A: Construct Wells and Rehabilitate Dam Structure on Pit River
Alternative 4B: Construct Wells in thé Godfrey Tract

(a) Data not available for Level 4,



G. PERMITS

Construction of the wells under Alternative 2A, 3A, 4A, or 4B and
the rehabilitation of the dam under Alternative 4A would require
several permits. Modoc County would issue permits for well

construction.

Rehabilitation of the dam on the Pit River would require approvals
from Modoc County, DWR, State Water Resources Controcl Board, DFG,
and State Lands Commission. Modoc County would issue a permit for
construction along the banks of the Pit River and South Fork Pit
River to ensure that existing drainage facilities would not be
adversely affected. Alternative 4A also would require approvals
from DWR and State Water Resources Control Board for water transfer
through the South Fork Pit River to the Pit River and diversion from
the Pit River. A Stream Alteration Permit from DFG and Corps of
Engineers permits would be required for construction of the dam
rehabilitation measures. A permit also may be needed from the State
Lands Commission for construction within the banks of the Pit River.
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REFUGE WATER SUPPLY NEEDS

TABLE S-1

Level 1 Level 2

Level 4

Level 3
Refuge (ac-ft) (ac-ft) (ac-ft) (ac-£t)
Modoc NWR 18,550 18,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>