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1. EXECUTIVE SUMMARY

A. Introduction

The Platte River Water Conservation/Supply Study (Study) was
conducted in support of the Platte River Cooperative Agreement.
Signed by the Department of the Interior and the states of Wyoming,
Colorado and Nebraska in July 1997, the Cooperative Agreement (CA)
addresses the wide-ranging needs of four threatened or endangered
species in the central Platte River region in Nebraska. The U.S. Fish
and Wildlife Service (FWS) developed recommendations for flows
that it believes are needed at different times of the vear for endangered
species and other wildlife, In a cooperative approach with other
federal, state, and local interests, the FWS agreed to an incremental
approach with a goal of providing 130,000 to 150,000 acre-feet (ac-ft)
per year of water over the next 10 to 13 vears. The goal of this study
was to identify and evaluate ways that 60,000 to 80,000 ac-fi of water
could be provided on average. Three other projects, one in Colorado,
Nebraska, and Wyoming, are to provide the other 70,000 ac-ft.

The Study is a reconnaissance level study. Evaluations were performed
at a reconnaissance level of detail to distinguish major differences
among alternatives and to provide a preliminary indication of the
feasibility of each altenative. The Study is to be used as a tool for
planning and screening purposes to compare alternatives and to help
identify which alternatives are more likely to achieve the goals of the
Program. The reconnaissance nature of this study should be taken into
consideration during the formulation of the Water Action Plan, the
next phase of the Cooperative Agreement process.

The Study was prepared by Boyle Engineering Corporation (Boyle)
under contracts with each of the three states. Work began in July 1998
under the direction of the Water Management Committee (WMC). The
WMC is comprised of the following entities and individuals:
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Member

Association

Jon Altenhofen
Ann Bleed

Kurt Bucholz
Mark Butler
Mike Drain

Beth Goldowitz
Richard Holloway
Frank Kwapnioski
John Lawson

Dan Luecke
Becky Mathisen
Kent Miller

Mike Slifer

hck Stenzel
Duane Woodward

Northern Colorado Water Conservancy Distriet
Mebraska Department of Water Resources

Upper North Platte Valley Water Users Association
LS. Fish & Wildlife Service

Central Nebraska Public Power & Irrigation District
Platte River Trust

Tri-Basin Natural Resources District

Nebraska Public Power District

Bureau of Reclamation

Environmental Defense Fund

Wyoming State Engineer’s Office

Twin Platte Natural Resources District

U.S. Geological Survey, WRD

Colorado Division of Water Resources

Central Platte Natural Resources District

Boyle's work was completed with assistance from the following sub-

consultants:

* Anderson Consulting Engineers performed the analysis of
watershed management alternatives and assisted with the
hydrologic and engineering analysis of several other types of

alternatives.

» BBC Research & Consulting performed the analysis of all
agricultural and municipal conservation measures, incentive
based reductions in agricultural water use, and hydroelectric
power interference options. The firm was also responsible for
identifying and discussing potential third-party impacts of the

alternatives.

e Jerry Kenny, Ph.D., P.E., of the firm Exponent provided an
independent internal review of all Study work products through
submission of the Draft Report on August 9, 1999.




B. Study Approach

The approach for conducting this Study included the following steps:

2

Develop screening criteria for evaluating alternatives.

. Identify potential water conservation and supply measures for

augmenting flows in the critical habitat and develop a long list
of alternatives.

. Review long list of water supply alternatives, then use

screening criteria to develop a short list of altemnatives. ldentify
project-specific and/or representative examples of the
shortlisted alternatives.

4. Evaluate both general and project-specific shortlisted alternatives
for effects on streamflows, costs, and other issues, and score the
alternatives.

Screening Criteria

Criteria to compare and contrast alternatives were developed according
to five major issues affecting the feasibility of potential projects that
were previously identified by the WMC as follows:

5.

o=, B pd e

Physical
Legal/Institutional
Social

Economic

Environmental

In addition, 31 sub-criteria were developed to capture the important
aspects of the general criteria.

An initial screening shortened the long list of alternatives by
identifying those alternatives that fail one or more of the five general
screening criteria. The resulting short list of altenatives was then
analyzed in greater detail.




Long List of Alternatives

The process of identifying the most suitable water conservation and
supply measures included developing a long list of alternatives for the
three regions in the Platte River study area (see Figure 1.1).

Boyle reviewed project notebooks provided by the three states and the
Department of the Interior. Boyle also reviewed other information on
the study area and other locations including, river basin planning
reports, agency manuals, research papers, and conducted Internet
searches to identify water conservation and supply alternatives for the
three regions. Seventy-seven potential alternatives were identified in
relation to all of the basin’s water uses (see Table 1.1) and were
subsequently reorganized and regrouped to reduce the overlap between
the alternatives. Additional alternatives suggested by WMC members
were noted and were included in the new list.

Scoping memoranda for the following seven categories of alternatives
were developed:

1. Reservoirs

]

Water Conservation (Agricultural and Municipal)
Reuse

Incentive Based Reductions in Agricultural Water Use
Groundwater

Systems Integration and Management

T

Watershed Management

Water conservation was later divided into two sub-categories. which
include Agricultural Conservation and Municipal Conservation. The
scoping memoranda used for the initial screening included definitions
of the alternatives, information regarding the volume of water likely to
be produced. cost per unit volume of water, and past
limitations/experiences based on information from existing studies.
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Table 1.1
Long List
Water Conservation and Supply Alternatives

Reservoirs

oo W =

7

8
9
10
11
12

13

14
15
16
17
I8
19
20

21

i

23
24
25

26
27
28
29
30
3]
32
a3
M4
a5
36
37
38
9
40
41
42

Build New Storage Facilities

Construct Equalizing Reservoirs
Enlarpe/Dredge Existing Reservoirs
Evaporation Suppression

Reduce Reservoir Seepage Losses via Lining

Remove storage restnictions imposed by state and/or
Federal agencies with responsibility for dam safety

Water Conservation
Change from Schedule-Based Irrigation to Demand-

Based Irrigation

City Parks Metering

Computerized Irmiganon System Scheduoling
Conservation Cropping Patterns

Conservation Plumbing Ordinance
Conservation Pricing

Conservation Pricing - Increase Block
Rates'Summer Surcharge

Conversion to Sprnkler [rmigation

Deficit Imgation Practices

Financial Incentives for Municipal Conservation
Financing of Water Saving Equipment
Hydrologic instrumentation

Imgation Efficiency Improvements

Irmigation Monitoring for Municipal Greenways
Landscape Adwvisor

Landscape Audits

Landscape Irmgation System Improvements
Landscape Restrictions for New Homes

Local Downstream Control Method for Imigation
Canal Systems

Low Demand Plumbing Fixtures

Low Water Use Landscape Design
Microclimate Modification

Outdoor Watering Restrictions

Pressure Reduction

Prohibitions on New Connections

Public Sector Audits and Management

Reduce Mumcipal Distribution System Leakape
Rehabilitate/Tmprove Convevance Channels
Repair/lmprove Water Control Structures
Restrictions on Specific Uses

Saoil Modification for Water Conservation
System Wide Use Reduction and Water Audit
Tax Incentives/Subsidies

Universal Metering

Use of Drp Impgation

Use of Low Energy Precision Application

43
44

45

46
47

48
49
50
1
52

Use of Subsurface Drip Irrigation (SDI) Systems
Water Conservation KitsPublic
Information/Demonstration Projects

Water Court Enforcement of Water Use Efficiency
Goals

Water Use Consultations and Waste Minimization
Water Use Ranoning

Commercial Industrial Water Recyeling
Pump-Back Amangement for Return Flows
Relocation of Retum Flows

Sewage Effluent for Cooling

Water Reuse

Incentive Based Reductions in Agricultural Water Use

53
54
35
56
37

58

Acquisition and Dry-Up of Irrigated Lands
Drought Water Banking

Dry Year Leasing (Drought insurance)

Land Fallowing Program

Permanent Acquisition of Agricultural Water
Supplies (not lands)

Temporary Leasing of Agricultural Water Supplies

Groundwater

59
60

6l

62
63

i

Conjunctive Usec

Additional Surface Water and/or Groundwater
Reregulation Opporunities

Development of Non-Tributary Groundwater
SourcesDeep Aquifer Pumping

Groundwater Allocation Management
Groundwater Recharge/Return Flow Project (similar
to Tamarack)

Reduetion of Groundwater Expont (e.g. losses from
Platte to Republican basin}

Systems Integration and Management

65
66
67
68
6o
70
T

72
73

Changes in Points of Diversion

Effluent Exchange Agreements

Link Existing Water Supply Systems
Modification of Reservoir Filling Sequences
Modified Flow Release Rules

Transbasin Diversions/ Tmports

Transfer of Storage Decrees

Water Rights Transfers or Exchanges
Paying Power Interference Charges

Watershed Management

74
75
76
77

Forest Management

Phreatophyte Control

Snowpack Management via Vegetative Shading
Weather Modification
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Short List of Alternatives

Alternatives (see Table 1.1) were reviewed in a two-step screening
process. The first step used the general screening criteria to identify
potential fatal flaws. Any alternatives on the long list receiving a score
of zero on one or more of the general criteria were deferred from
further evaluation at this time. The remaining alternatives formed the
short list of alternatives presented in Table 1.2. The short list of
alternatives was presented in November 1998,

Evaluate Shortlisted Alternatives

In the second step of the screening process, specific and/or
representative examples of the shortlisted alternatives were identified
(see Table 1.3) and evaluated with respect to the same pre-defined
criteria. Draft evaluations were submitted to the WMC in May 1999,
Projects were evaluated throughout the 19 reaches defined for the
Platte River study area (see Figure 1.2). The effects on streamflows in
the immediate area of each project as well as the critical habitat area,
net reductions to target flow shortages, and costs were evaluated.
Associated physical, legal/institutional, economic, social, and
environmental issues were also addressed. Scores were assigned
relative to associated physical, legal/institutional, social, economic,
and environmental 1ssues. Based upon these evaluations each project
was assigned a composite score between zero and 25.

C. Summary

This Study identified and analvzed 190 specific and/or representative
water supply projects with 61 additional vanations on those projects.
Of these, there are 15 projects capable of reducing shortages to target
flows by an average of at least 10.000 ac-ft/yr if the resulting flows
can be protected from downstream diversions. A number of these
projects have variations of similar projects within the same reach or in
other reaches. If the resulting flows cannot be protected from
downstream diversions, these projects are capable of reducing
shortages to target flows by an average of () to 38,000 ac-ft/vr. There
are also an additional 20 projects capable of reducing shortages to
target flows by 5.000 to 10,000 ac-ft/yr on average if the resulting
flows can be protected from downstream diversions. If the resulting




Table 1.2
Short List
Water Conservation and Supply Alternatives

Category 1 - Reservoirs
Construction of New Siorage Facilines or Equalizing
Reservoirs
Enlarge Existing Reservoirs
Remove Storage Restrictions

Lining Smaller New or Exisung Reservoirs and Gravel
Pits

Category 2 - Water Conservation
Municipal
Financial'Economic Incentives
Conservation Pricing
Financial Incentives for Municipal Conservation
Tax Incentives or Subsidies
Universal and City Parks Metering
End-user Technology Changes
Landscape Irmigation System Improvements
Regulatory Measures
Outdoor Water Restrictions
Restrictions on Specific Uses
Agricultural
On-farm Changes in Irrigauon Practices
Conservation Cropping Patierns
Deficit Imgation Practices
Changes in Irmigation Techniques
Water District
Structural
Rehabilitate/improve Convevance Channels
Repair/improve Water Control Structures
Mon-structural
Conservation Pricing
Demand Based vs Schedule Based Imgation

Category 3 — Reuse
Relocation of Return Flows

Category 4 — Incentive Based Reduoctions in Agricultural
Water Use
Agriculural
Acguisition and Dry-up of Irrigated Lands
Permanent Acquisition of Agncultural Water Righis
Land Fallowing Programs
Temporary Leasing of Agricultural Water Supplies
Diry Year Leasing
Drought Water Banking

Category 5 - Groundwater

Groundwater Recharge/return Flow Projects

Groundwater Allocation Management and Transfer of
Uses

Reduction of Natural Groundwater Export from the
Basin

Additional Surface Water and/or Groundwater
Reregulanon Opporunities

Category 6 - Systems Integration and Management
Modification to Reservoir Operations
Madification of Reservoir Filling Sequences
Modified Flow Release Rules
Maodification to Existing Water Rights
Change in Points of Diversion
Transfer of Storage Decrees
Water Rights Transfers or Exchanges
Transbasin Diversion\lmports

Category 7 - Watershed Management
Forest Management




Table 1.3

Specific and/or Representative Projects Evaluated

Category 1 - Reservoirs
Construction of New Sworage Facilities or Equalizing
Reservoirs

Deer Creek Reservoir
Horse Creek Re-Regulatung Reservoir
Grey Mountain Reservoir
10.000 ac-ft Reservoir in middle of Reach 8
50.000 ac-ft Reservoir in middle of Reach 8
10,000 ac-fi Reservorr in middle of Reach 9
50,000 ac-fi Reservorr in middle of Reach 9
10,000 ac-ft Reservoir in bottom of Reach 9
50.000 ac-fi Reservoir at bottom of Reach 9
Jettrey Canyon Reservoir
Plum Creek Canyon Reservoir
Riverview Reservoir

Enlarge Exisung Reservoirs
Semuinoe Dam Enlargement
Julesburg Reservoir Enlargement
Sutherland Reservoir Enlargement

Remove Storage Restrictions
Kingsley Dam

Lining Smaller New or Existing Reservoirs and Gravel

Pits

10,000 ac-ft Lined Reservoir in middle of Reach §
10,000 ac-ft Lined Reservoir in muddle of Reach 9
10,000 ac-ft Lined Reservoir at bottom of Reach 9
Sutherland Reservoir

Reactivate Storage Lost to Sedimentation
Guernsey Reservoir

Category 2 - Water Conservation
Municipal — Deferred from further evaluation at this
lime
Financial/Economic Incentives
Conservation Pricing
Financial Incentives for Mumcipal Conservation
Tax Incentives or Subsidies
Universal and City Parks Metering
End-user Technology Changes
Landscape Irmgation System Improvements
Regulatory Measures
Outdoor Water Restrictions
Restrictions on Specific Uses

Agricultural
On-farm Changes in imgation
Conservation Cropping Patterns
Representative Projects in all 19 Reaches
Deficit Imigation Practices
Representative Projects in all 19 Reaches

Changes in Imigation Techniques
Presentative Projects in Reaches 17 through 19
Water District
Structural — Represemative Projects inall 19
Reaches
Rehabilitate/improve Convevance Channels
Repair/improve Water Control Structures
Mon-structural
Conservation Pricing - Deferred from further
evaluation at this ime
Demand Based vs Schedule Based Irrigation -
Deferred from further evaluation at this time

Category 3 — Reuse
Relocation of Return Flows
Lost Creek-North Dry Creek Cutoff

Category 4 — Incentive Based Reductions in Agricultural
Water Use
Agricultural

Acquisition and Dry-up of Irmigated Lands
Representative Projects in all 19 Reaches

Permanent Acguisition of Agriculral Water Rights
Representative Projects in all 19 Reaches

Land Fallowing Programs
Representative Projects in all 19 Reaches

Temporary Leasing of Agnicultural Water Supplies
Representative Projects in all 19 Reaches

Dry Year Leasing
Representative Projects in all 19 Reaches

Drought Water Banking
Kepresentative Projects m all 19 Reaches
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Table 1.3 [continued)

Specific and/or Representative Projects Evaluated

Category 5 - Groundwater
Groundwater Recharpe/return Flow Projects
Pratt-Ferris Groundwater Recharge Project
Beebe Draw Recharge Project
Badger-Beaver Recharge Project
Groundwater Pumping Recharge Projects
Middle of Reach 7 (SDF=60, 120 & 270 days)
Middle of Reach 8 (SDF=60, 120 & 270 days)
Middle of Reach 9 (SDF=60, 120 & 270 davs)
Bottom of Reach 9 (SDF=60, 120 & 270 davs)
Middle of Reach 10 (SDF=60. 120 & 270 days)
Middle of Reach 13 (SDF=60, 120 & 270 days)
Surface Water Diversion Recharge Projects
Middle of Reach 7 (SDF=300 days)
Middle of Reach 8 (SDF=300 days)
Middle of Reach 9 (SDF=300 days)
Middle of Reach 13 (SDF=300 days)
Gothenburg Canal-GW Recharge Project
Dawson Canal-GW Recharge Project
Reduction of Natural Groundwater Export from the
Basin
Pump up to 14,500 ac-fi from GW Mound to Platte
Reach 10
Reach 17
Reach 18
Reach 19
Pump up to 36,500 ac-ft from GW Mound to Plate
Reach 10
Reach 17
Reach 18
Reach 19
Pump up to 51.000 ac-ft from GW Mound 1o Plane
Reach 10
Reach 17
Reach 18
Reach 19
Addinonal Surface Water and/or Groundwater
Reregulation Opportunities
Pump up to 14,500 ac-fi from GW 1o Lands
Previously Irmgated with Surface Water
Reach 17
Reach 18
Reach 19

Pump up to 51,000 ac-ft from GW 10 Lands
Previously Irrigated with Surface Water
Reach 17
Reach 18
Reach 19

Category 6 — Systems Integration and Management
Maodification to Reservoir Operations
Glendo Reservoir
Chatfield Reservoir
B-1 Reservoir
Modification 1o Existing Water Rights
La Prele Reservoir
Toliec Dam and Reservoir
Dodge Dam and Reservoir
Grayrocks Reservoir
Transbasin Diversion\Imports
Middle Fork Powder River Transbasin Diversion
Cooper Creek Diversion
Wind River Transhasin Diversion
Power Interface Charges

Category 7- Watershed Management
Forest Management
Regional Benchmark Yield, Water Yield. and USFS
Selected Altermnatives Scenanos

Upper South Platte River
Upper Cache La Poudre River
Upper North Platte River
Upper Laramie River
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flows cannot be protected from downstream diversions, these projects
are capable of reducing shortages to target flows by an average of 0 to
8,100 ac-ft/yr.

There are 15 specific and/or representative projects (or variations) for
which the estimated unit costs are less than $1,000 per ac-ft of average
shortage reduction. A number of these projects have variations of
similar projects within the same reach or in other reaches. These same
projects would be implemented at costs considerably more than $1,000
per ac-fi if Program water is not protected from downstream diversion.

Potential alternative scores ranged from zero to 25 based on five
general criteria and 31 subcriteria. The scores for projects that were
not deferred fell in the 14 to 19 range. Several of the groundwater
projects earned scores at the upper end of this range and several of the
incentive based reductions to agricultural water use, systems
integration and management projects, and new reservoirs were at the
lower end of the range.

Third party impacts associated with alternatives that were not deferred
were identified and discussed. Third party impacts are primarily a
result of hydrologic and economic impacts of an alternative. Third
party hydrologic impacts are related pnimarily to changes affecting the
timing and quantity of Platte River flows, which may affect existing
downstream users or future water users. Third party economic impacts
are related primarily to agricultural alternatives and focus on changes
in the scale or nature of operations, changes in expenditure patterns,
and changes in related industries.

Following the completion of this Study, an Action Plan will be
prepared under the auspices of the Governance Committee of the
Platte River Cooperative Agreement and through an Action Plan
Committee. There are alternatives that, when combined, could vield
60.000 to 80,000 ac-fi of average annual reductions to target flow
shortages. However, there are physical, legal/institutional, economic,
social, and environmental issues that could constrain implementation
and must be considered when preparing the Action Plan.

1-12






2.

INTRODUCTION

A. Background and Perspective

The states of Nebraska, Wyoming and Colorado and the U.S.
Department of the Interior entered into a partnership to address
endangered species issues affecting water use in the Platte River
Basin. This partnership is guided by the Cooperative Agreement for
Platte River Research (June 1997). The driving force behind the
Cooperative Agreement is that many water projects in the Platte River
Basin are subject to reviews of federal government permits. Under the
Endangered Species Act (ESA), federal agencies must ensure that the
water projects they authorize, fund, or carry out do not jeopardize the
continued existence of endangered and threatened species or result in
the destruction or modification of habitat which has been determined
to be critical. The Cooperative Agreement is a comprehensive
approach to address ESA requirements that will eliminate the need for
each individual water project to undergo a separate review of its
impacts on endangered species.

The two main objectives of the Cooperative Agreement are as follows:

¢ Develop and implement a “recovery implementation program™
(Recovery Program) to improve and conserve habitat for four
threatened and endangered species that use the Platte River in
Nebraska. which include the whooping crane, piping plover, least
tern, and the pallid sturgeon.

= Enable existing and new water uses in the Platte River Basin to
proceed without additional actions required (beyond the Recovery
Program) for the four species under the Endangered Species Act.

The Recovery Program builds upon the Cooperative Agreement and
lays out several activities and contributions from the three states and
federal government that are to be conducted in specified increments.
The objectives of the first phase of the proposed Recovery Program

(10-13 years) are as follows:

s Reduce shortages to the U.S. Fish and Wildlife Service's
(USFWS) target flows by 130,000 to 150,000 acre-feet per year
(ac-ft/yr).

e Protect or restore 10,000 acres of habitat in the Central Platte River
area within the critical habitat, which extends from near Lexington
to Chapman, Nebraska.
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The USFWS developed recommendations for flows in the critical
habitat (at Grand lsland, Nebraska) that it believes are needed for
endangered species and other wildlife. The weighted average monthly
species instream flow recommendations or target flows are
summarized in Table 2.1. The recommendations vary season by season
and year by year depending on whether wet, dry, or average conditions
exist. The term, target flow shortages, refers to the degree that historic
flows have been less than the target flows. The term. “reductions to
target flow shortages™ refers to the amount that the target flow
shortages would be lessened in the future under the various types of
alternatives considered in this report.

The USFWS also recommended pulse, or flushing flows for species in
the critical habitat. Pulse flows are higher, natural flow events now
occurring that the FWS would like to preserve. The FWS believes that
pulse flows are needed between February | and March 31, and
between May 1 and June 30 in some years to maintain wet meadows,
the niver channel, least tern and piping plover nesting habitat, and
pallid sturgeon habitat. They include very high flow events (above
12,000 cubic feet per second (cfs) and in some cases above 16,000 cfs)
that last a few days and more moderate flows of 3,000 to 3.600 cfs
lasting for a week to a month. The recommended pulse flows from the
USFWS are summarized in Table 2.1. Pulse flows are not addressed in
the Cooperative Agreement or the scope of work for the Water
Conservation/Supply Reconnaissance Study.

Under the first objective of the Recovery Program three water
management projects are intended to reduce target flow shortages by
approximately 70,000 ac-ft/yr. These three projects consist of the
Tamarack Project in Colorado, the Pathfinder Modification Project in
Wyoming, and an Environmental Account in Lake McConaughy in
Nebraska. The study team was contracted to complete a Water
Conservation/Supply Reconnaissance Study to identify and evaluate
water supply and conservation alternatives to provide an additional
60,000 ac-ft/yr to 80,000 ac-ft/yr of average reductions to target flows
shortages in the critical habitat.

An evaluation of the impacts of the Recovery Program is being
conducted as required by the National Environmental Policy Act
(NEPA) over the three-year Cooperative Agreement period. The
Interior Department’s Bureau of Reclamation and USFWS are
preparing an Environmental Impact Statement (EIS), which addresses
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TABLE 2.1

FWS (July 1997) Weighted Avernge Monthly Species Instream Flow Recommendations

{ac-ft)

Year Type| Ot Moy e Jan Feh Mar _ Apr May Jun Jul At Sep Tuotal
WET 147600 101200 61500 61500 143000 167500 142800 170800 158700 TIH00  TIMK 65500 | 1367700
AVG 110700 E3300 61500 61500 143000 167500 142800 150000 138700 TIROO O TAROO &S50 | 129200
DBRY TOM  S6S00 IGO0 IES00 GSKEO0 114000 (01200 AT 47600 49204 49200 417006 | TS0

FWS Recommended Pulse Flows for the Central Platte River

Dales Pulse Flow Duration
Feb. | =March 31 3,000 - 3,600 ¢fs one week 10 a month
Moy | <June 300 3,000 - 3,600 cls nne week 1o a month

Mote: The FWS would also like (0 preserve very high Now events
during these periods that are above 12,000 cfs and i some
cases above 16,000 cfs that last g few davs.

Pulse flow data based on The U5, Fish and Wildhfe Service’s
Instream Flow Recommendanons for the Central Plane
River, Brochure Nao. 4, published by the Governance Committes




the effects of the proposed Recovery Program and other alternatives
identified by the study team. The goal of the EIS is to evaluate the
Recovery Program and other altemnatives and provide a
recommendation of the “preferred alternative™ to the Secretary of the
Interior. This EIS effort is separate and independent from the Water
Conservation’ Supply Study. The two separate teams met periodically
and shared basic data. Each team was free to utilize the shared data.
gather additional data, perform independent analyses with differing
methodologies, and develop their own results and conclusions.

B. Study Authorization and Schedule

The study team was authorized to conduct a Water
Conservation/Supply Reconnaissance Study through three contracts
executed between Boyle Engineering Corporation and the States of
Colorado, Nebraska, and Wyoming. Work began in the summer of
1998, The study team’s efforts were performed with guidance from the
Water Management Committee (WMC) of the Governance Commuttee
for Platte River Research.

A drafi of the Final Report was submitted on the contractual due date
of August 9. 1999, The initial due date of the Final Report (September
13. 1999) was delayed at the direction of the WMC to allow its
members additional time to review the 800+ page document and to
perform an independent peer review. This Final Report was submitted
to the WMC on December 13, 1999 and reflects the team’s best effort
to address all comments received on the August 9, 1999 draft report.

C. Study Participants and Roles
The participants in this reconnaissance study include the:

s Studv Team - compnised of engineering consultants with
experience in river basin planning in all three states.
Responsibilities of the team members are presented in the
Acknowledgements section of this report.

e  Water Management Committee — comprised of representatives of
all three states, water users. federal agencies. and environmental
groups. Individual members are listed in the Executive Summary.
The WMC directed the basin-wide reconnaissance study of
potential water conservation and supply projects conducted by the
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Study Team. The WMC is also coordinating each state’s means to
track new water depletions or accretions to ensure mitigation of
impacts on existing water users and proper crediting for water
conservation projects. The WMC will also establish monitoring
programs and protocols for verifying that water
conservation/supply projects have the intended effects on instream
flows.

Governance Committee - comprised of the following 10 members:
One member from the FWS: one member from the Bureau of
Reclamation: one member from each of the three states (Colorado,
Wyoming, and Nebraska); one water user member from Colorado,
one user upstream of Lake McConaughy; one user downstream of
Lake McConaughy: and two environmental organization members,
The representative upstream of Lake McConaughy is selected by
Wyoming water users and Nebraska water users upstream of Lake
McConaughy with federal contracts for water in Wyoming
reservoirs. The representative downstream of Lake McConaughy is
selected by water users downstream of Lake McConaughy, water
users upstream of Lake McConaughy who do not have federal
contracts for water in Wyoming reservoirs, and water users
downstream of the Western Canal diversion on the South Platte
River. The Governance Committee oversees the implementation of
the Cooperative Agreement and guides the development and
implementation of the Recovery Program. The Governance
Committee has three subcommittees, which include the Technical
Committee, the Land Committee, and the Water Management
Committee (presented above). The Technical Committee is
developing the framework for habitat and species monitoring and
research as well as a peer review process for scientific studies. The
Land Committee is developing guidelines for land habitat
management, leasing, and acquisition to determine ways to
accomplish the habitat goals.

D.

Study Approach

The Water Conservation/Supply Reconnaissance Study identifies and
evaluates potential water conservation and supply projects that might,
in various combinations, provide an additional 60,000 to 80,000 ac-
ft/yr in average reductions to target flows shortages. The
reconnaissance study was performed in the following manner:
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e [dentify a long list of water conservation and supply altematives
for the three regions in the Platte River study area.

e Conduct an initial screening of the long list of alternatives to
identify any potential fatal flaws associated with an alternative and
defer those alternatives from further evaluation at this time.
Screening criteria include physical, legal and institutional,
economic, social, and environmental 1ssues.

¢ Develop a short list of alternatives based on the initial screening.
which consists only of altematives that were not deferred as part of
the initial screening process.

e Identify specific and/or representative projects of the short-listed
alternatives.

+« Determine the local net hydrologic effects associated with a
specified project.

¢ Develop a water budget spreadsheet to assist in determining effects
on streamflows downstream of a specified project and the
associated reductions to target flow shortages at the critical habitat.

e Evaluate the specific and/or representative projects with respect to
the screening criteria. Evaluations include estimates of project
costs and potential reductions to target flow shortages.

e Score each project based on the screening criteria and prepare lists
of potential projects for future use in developing an Action Plan
under the direction of the Governance Committee.

Many of the alternatives evaluated in this report are also being
reviewed by the three states as sources of water to replace future
depletions, to meet Cooperative Agreement commitments, and to meet
Compact or Decree requirements. Partnership between the Recovery
Program and the three states may occur on some altermatives, which
could affect the costs, yields and net reductions to target flow
shortages presented in this report.

E. Public Information Program

Public involvement in the Water Conservation/Supply Reconnaissance
Study has been directed by the three states to facilitate public input.
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The Governance Committee has also provided information to the
public through direct mailings and the Internet through the Platte River
website (www.platteriver.org). All Governance Committee meetings
and subcommittee meetings have been open to the public. The general
public has also been encouraged to provide input or obtain information
by simply contacting the members of the committees.
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3. GENERAL DESCRIPTION OF THE PLATTE
RIVER STUDY AREA

Flows through the critical habitat area (extending from Lexington to
Chapman, Nebraska) affect several threatened and endangered species,
including the whooping crane, piping plover, and the least tern. The
Platte River provides migratory bird habitat within the central flyway
of North America. In addition to being federally designated critical
migratory habitat for the whooping crane, the critical habitat in central
MNebraska provides essential nesting habitat for the least tern, piping
plover, and other migratory species. Habitat conditions within the
channels have changed over the last 150 years. Consequently, much of
the original open, braided river sections are now dominated by riparian
woodlands and surrounded by croplands (U.S. Fish and Wildlife
Service [USFWS], July 1997a).

The two main tributaries of the Platte River originate in the Rocky
Mountains of Colorado. The North Platte’s headwaters are located in
Jackson County, Colorado; it then flows north into Wyoming. The
South Platte originates southwest of Denver, Colorado in Park County
and flows northeast through the Denver metropolitan area. The main
stem of the Platte River is formed by the confluence of the North
Platte and South Platte Rivers near North Platte, Nebraska, The Platte
River then flows across Nebraska to its confluence with the Missouri
River. The downstream end of the study area, however, coincides with
the USGS gage at Grand Island, Nebraska near the downstream end of
the critical habitat. The Platte 1s a meandering and braided river
through central Nebraska in the critical habitat area.

The total basin area above Grand Island, Nebraska is about 58,000
square miles. Average annual precipitation across the basin ranges
from about 14-18 inches along Colorado’s Front Range to
approximately 24 inches at Grand Island, Nebraska. Snowmelt
provides the majonity of the flow in the North Platte and South Platte
Rivers at the headwater areas. Flow in the South Platte basin is
increased by transbasin diversions from west of the Continental
Divide.

A.

Study Regions

The Platte River Basin has been divided into three regions in the
context of the Platte River Research Cooperative Agreement. Each
region is subsequently divided into reaches, which are defined at the
upstream and downstream ends by USGS streamflow gages. There are
19 Platte River study reaches, as shown in Figure 3.1, Region |
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extends from the headwaters of the North Platte River downstream to
Lewellen, Nebraska, above Lake McConaughy. The majority of
Region | is located in Wyoming. Region 1 is subdivided into eight
reaches, including Reaches | through 6, 12, and 13.

Region 2 extends from the headwaters of the South Platte River
downstream to Julesburg, Colorado. The majority of Region 2 is
located in Colorado. Region 2 is subdivided into 4 reaches, including
Reaches 7, 8, 9, and 11.

Region 3 consists of the South Platte River from Julesburg, Colorado
and the North Platte River from Lewellen, Nebraska downstream to
their confluence near North Platte, Nebraska. Region 3 continues from
the confluence of the North and South Platte Rivers downstream to
Grand Island, Nebraska. Region 3 does not include the Loup River

basin. Region 3 is subdivided into seven Reaches, including Reaches
10 and 14 through 19.

Provided below are brief overviews of the existing water supply
systems and uses within each region.

Region 1

North Platte River Basin Upstream of Lake McConaughy

Region | includes the North Platte River Basin above Lake
McConaughy with a drainage area of about 28,600 square miles.
Elevations in Region 1 range from 3,300 feet at Lake McConaughy to
about 11,000 feet in the headwaters area in Colorado, Annual
precipitation in the region varies from 20 to 40 inches at the
headwaters to 9-16 inches in the lower reaches of the North Platte
River above Lake McConaughy.

Within this region, water collected and conveyed by the North Platte
River provides a source of supply to meet the needs of a variety of
uses including agricultural, municipal, industrial, domestic,
commercial, recreational, and environmental uses.

From a water budget perspective, the North Platie River Basin in
Region 1 has both surface water and groundwater components. In
addition to the main stem of the North Platte River, surface water
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flows from several major tributary streams including, but not limited
to:

Horse Creek, Deer Creek,

Laramie River, Casper Creek,
Cottonwood Creek, Poison Spider Creek,
Horseshoe Creek, Sweetwater River,

La Bonte Creek, Medicine Bow River, and
La Prele Creek, Douglas Creek.

Several large storage reservoirs presently exist along the North Platte
River in Wyoming. These reservoirs include Seminoe, Pathfinder.
Alcova, Glendo, and Guemnsey Reservoirs. In addition to these main
stem facilities, surface water is diverted at several municipal intake
structures and irmgation headgates. The major irrigation headgates are
those associated with the Casper Canal, Interstate Canal, and Fort
Laramie Canal.

Following are the principal reservoirs in Region | and their
approximate storage capacity (League of Women Voters [LWV],
1997):

Rasdvioh Nisse Approx. Storage Capacity
{ac-ft)
| Main Stem Reservoirs .
Guernsey Reservoir 46,000
Alcova Reservoir 184.000)
Glendo Reservoir 789,000
Pathfinder Reservoir 1,016,000
Seminoe Reservoir 1.017,000
Tributary Reservoirs
La Prele Reservoir 20,000
Toltec Reservoir 2,945
Wheatland No. 2 Reservoir 99_000
Grayrocks Reservoir 104,000
Mote: Ei;?;h:nﬂ::\'uir's capacity of 789000 ac-1t includes an exclusive fivod contro] space of

Following are the principal canals in Region 1 and their approximate
capacity (U.S. Department of the Interior [USDOI], 1981):




Canal Name Approximate Capacity (cfs)
Casper Canal 1,200
Fort Laramie Canal 1,500
Interstate Canal 2,200

Mote: A venotched weir was installed in the Casper Canal, which limits the Mow imio the canal 1o
approximately 600 cubic fieet per scoond.

Groundwater is pumped at several locations adjacent to the North
Platte River and its major tributaries. The majority of the groundwater
wells serve as a source of water supply for individual irrigators,
domestic users, and small municipalities. Large well fields, such as
those associated with an irrigation district, do not exist within
Wyoming. However, wells are clustered along the North Platte River
downstream of the confluence with the Laramie River and adjacent to
the Laramie River ncar Wheatland Flats.

Administration of the river is presently governed by the terms of the
North Platte River Decree (October 8, 1945; Stipulation and Decree,
October 1952). The Decree apportions natural flows of the mainstem
from Whalen Dam downstream to the Wyoming-Nebraska state line as
75 percent to Nebraska and 25 percent to Wyoming from May |
through September 30. In addition, the Decree specifically restricts the
State of Wyoming from:

¢ Diverting or permitting the diversion of water from the North
Platte River above Guemnsey Reservoir and from the tributaries
entering the North Platte River above Pathfinder Dam for the
irrigation of more than a total of 168,000 acres of land in
Wyoming during any one irrigation season; and

e Storing or permitting the storage of more than a total of 18,000
acre-feet of water for irrigation purposes from the North Platte
River and its tnibutaries above Pathfinder Reservoir between
October | of any year and September 30 of the following vear.

The Decree also limits the State of Colorado from:

e Diverting from the North Platte River and its tributaries for the
irrigation of more than a total of 135.000 acres of land in Jackson
County, Colorado during any one irrigation season;

e Storing more than a total amount of 17,000 ac-fi of water for
irrigation purposes from the North Platte River and its tributaries in
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Jackson County, Colorado between October 1 of any given year
and September 30 of the following year; and

e Exporting out of the basin of the North Platte River and its
tributaries in Jackson County, Colorado to any other stream basin
or basins more than 60,000 ac-ft of water in any period of ten
consecutive years based on continuing progressive series
beginning with October 1, 1945.

The conditions and restrictions of the Decree outlined above could
impact potential water conservation and supply projects (i.e. new
storage, or agricultural related alternatives) in Region 1. All water
conservation and supply projects that are evaluated in Region 1 must
comply with the provisions of the Decree outlined above.

Region 2

South Platte River Basin Upstream of the Western Canal
Diversion

Region 2 includes the South Platte River above the Western Canal,
which is just over the Nebraska-Colorado state line. The South Platte
River originates in the mountains of central Colorado with a drainage
area of about 19,020 square miles in the state of Colorado (Smith, et
al., 1996). Elevations in Region 2 range from 3,450 feet at Julesburg,
Colorado near the state line to 14,000 feet in the headwaters area. At
the western margin of the basin, precipitation averages 40 inches
annually, which includes snowfall in excess of 300 inches. In contrast,
the annual precipitation on the plains in eastern Colorado ranges from
12 to 16 inches (Dennehy, et al.,1993).

Surface water and groundwater are used extensively throughout the
region for irrigation, municipal, domestic, livestock, and industnal
water supplies. In Region 2, downstream users depend on return flows
to satisfy their needs to a large degree. Native water yield is estimated
to be about 1.4 million acre-feet and transbasin imports are about
400,000 acre-feet, which is significantly less than the total diversions
in Region 2. Colorado water law allows for multiple uses of water,
which maximizes water use, but not to the detriment of downstream
users.




Region 2 is a headwater system with surface water inflows influenced
by interbasin transfers from west of the Continental Divide, Surface

water flows from several major tributary streams including, but not
limited to:

St. Vrain, Clear Creek,
Upper South Platte, Big Thompson River, and
Boulder Creek, Cache La Poudre River.

Large reservoirs in the upper basin and the foothills of the Rocky
Mountains provide flood control and storage water for municipalities
along the Front Range of Colorado. There are approximately 370
reservoirs in the basin where capacity exceeds 500 acre-feet, and a
collective storage capacity of approximately 2.2 million acre-feet
(Smith, et al., 1996). The major irrigation headgates in the eastern
plains are those associated with the following canals:

Approx. Approx.

Canal Name Capacity Canal Name Capacity
(cfs) (cfs)
Sterling #1 Canal 200 Upper Platte & 400

Beaver Canal
Harmony #1 Canal 350 Bijou Canal 600
Lower Platte & 375 North Sterling Canal 745
Beaver Canal

Fort Morgan Canal 400 Riverside Canal 1000

These canals represent the largest diverters downstream of Kersey,
Colorado. In addition to these canals, there are smaller canals
including Farmers Ditch, Tremont Canal, and Springdale Ditch that
hold senior nghts. These ditches may call out the river during perniods
of low flow, therefore, they can control the river because of their
seniority in the prior appropriation system.,

Following are the principal storage reservoirs in Region 2 and in the
headwaters area above Reach 7 and their approximate storage capacity
(Dennchy, et al., 1993; Denver Water Department, 1997; Morrison-
Knudsen Engineers, Inc., 1987):
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Reservoir Name Approx. Storage Capacity (ac-ft)
Main Stem Reservoirs

Strontia Springs Reservoir 8,000
Chatfield Reservoir 11,000
Antero Reservoir 20.000
Spinney Mountain 49,000
Reservoir

Cheesman Reservoir 79,000
Eleven Mile Reservoir 98,000
Tributary Reservoirs

Julesburg Reservoir 27,000
Empire Reservoir 30,000
Barr Lake 32.000
Prewitt Reservoir 33.000
Jackson Lake 36,000
Standley Lake 42.000
Gross Reservoir 43.000
Wildcat Reservoir 64,000
Riverside Reservoir 65,000
North Sterling Reservoir 81,000
Cherry Creek Reservoir 92,800
Carter Lake 112,000
Horsetooth Reservoir 152.000

Groundwater is an important water resource in the South Platte River
Basin. The Denver Basin aquifers and South Platte alluvial aquifer are
the primary aquifers in the basin. Approximately 680,000 acre-feet of
groundwater was withdrawn from the alluvial aquifer for imigation in
1993 (Smith, et al.,1996).

Administration of the niver is presently governed by the terms of the
South Platte River Compact (Apnl 27, 1923). The South Platte River
Compact specifically restricts the State of Colorado from allowing
diversions junior to June 14, 1897 in Water District 64, extending from
Balzac, Colorado to the Colorado-Nebraska state line, when the gaged
flow at Julesburg is less than 120 cfs, between April 1 and October 15
of each year.
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Region 3

North Platte, South Platte, and Platte Rivers Downstream to
Grand Isl Nebraska

Region 3 includes the Platte River drainage within the state of
Nebraska, from the Western Canal diversion on the South Platte River
and below Lake McConaughy on the North Platte River. For purposes
of this study, the downstream end of Region 3 coincides with the
USGS streamflow gage at Grand Island, Nebraska near the
downstream end of the critical habitat. The total basin area of Region 3
is about 10,000 square miles. Elevations in the region range from
1,870 feet at Grand Island to 3,450 feet at Julesburg at the Colorado-
Nebraska state line. Annual precipitation in Region 3 varies from
about 18 inches at Lake McConaughy to 24 inches at Grand Island
(USDOI, 1983).

Surface water uses within Region 3 include irrigation, power
generation, and thermoelectric cooling. More than 200,000 acres of
cropland are irrigated with Platte River water from Lake McConaughy
(LWYV, 1997). There are several coal and hydro-powered electric
generating facilities within Region 3 that rely on Platte River water to
power turbines or for cooling. Principal groundwater uses within
Region 3 include imgation and municipal supply. The majority of
water use in this region occurs upstream of Keamey, in the middle of
the Big Bend reach in central Nebraska.

The primary original source of water for the main stem Platte consists
of the snowmelt that is delivered from the mountains in the headwater
areas of the North Platte and South Platte River Basins. Water is
reused numerous times enroute to the eritical habitat through diversion
of irrigation and hydropower return flows. Both the North Platte and
South Platte Rivers have few large tnibutaries in Nebraska. Between
North Platte and Kearney, groundwater seepage from irrigation
practices and leaky canals on both sides of the river provide the main
source of water for the river (LWV, 1997),

Principal hydrologic features within this region include Sutherland
Reservoir, the Sutherland Supply Canal, the Korty Canal, the Tri-
County Canal, and the Kearney Canal. Sutherland Reservoir and its
supply canals are owned and operated by Nebraska Public Power
District (Harza Engineering Company, 1993), Lake McConaughy,
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located above Reach 14, and the Tri-County Canal are owned and
operated by the Central Nebraska Public Power and Irrigation District
(CNPPID).

Following are the principal reservoirs and canals in Region 3 and their
approximate storage and maximum canal diversion capacities (Harza
Engineering Company, 1993; USDOL, 1981,1983; CNPPID, 19994;
Nebraska Department of Water Resources [DWR]. 1999):

Reservoir Name Approx. Storage Capacity (ac-ft)
Lake Maloney 18,000
Sutherland Reservoir 25,000
Johnson Reservoir 54,000
Lake McConaughy * 1.743.000
Note: * 1,743 000 ac-fi is the FERC License maximum storge level.
Canal Name Approximate Capacity (cfs)
Keith-Lincoln Canal 100
North Platte Canal 350
Paxton-Hershey Canal 135
Suburban Canal 105
Cody-Dillon Canal 60
Thirty Mile Canal 325
Six Mile Canal 25
Cozad Canal 290
Orchard-Alfalfa Canal 85
Western Canal 250)
Gothenburg Canal 340
Keamey Canal 400
Dawson County Canal 525
Korty Canal * 1,200
Sutherland Supply Canal * 2,000
Tr-County Canal * 2,250

Note: * The majority of diversions at the Korty and Sutherland Supply Canals, and Tri-
County Canal are returned to the South Platte River at North Platte, and the Platie River,
respectively.

Groundwater occurs in alluvial deposits, which form the valley bottom
through much of the region, and in the underlying Ogallala aquifer.
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Where these aquifers are in direct contact, they are ofien considered as
a single aquifer, Groundwater storage, estimated at over 300 million
ac-ft in the Platte River Basin in Nebraska, is a significant component
of the hydrologic system.
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4. MAJOR WATER USES

A. Introduction

Water conservation and supply altematives to enhance instream flow
use in the critical habitat area focus on the primary water uses within
each region of the Platte River study area. The categories of water use
in the basin that are being considered include domestic. commercial,
industrial, mining, irrigation, livestock, thermoelectric cooling, and
power generation. Major water uses in each region were evaluated to
determine which categories within a region hold the most potential for
water conservation and supply aliematives and focus the investigation
on these categories.

The 1995 USGS Water Use Database was chosen to identify major
water uses in each region because of the consistent methodology used
across the three regions. The USGS water use database was considered
to be a reasonable reference point from which to focus the
investigation of alternatives,

The majority of water in each region is withdrawn for irrigation and
power generation. There is also a considerable amount of water used
for thermoelectric cooling in Regions 1 and 3, however, a very low
percentage is consumed. Over 10 percent of the water used in Region
2 is for domestic purposes, which suggests a potential for municipal
conservation alternatives in that region. In general, the USGS data
suggests that the best opportunities for water conservation and supply
alternatives include agricultural, municipal, and hydropower
alternatives.

A more detailed discussion of the water uses in each region is provided
in the following three sections.

Region 1

iver in r cCaonaugh

1995 USGS Water Use Data was relied on to determine the
distribution of various water uses in Region 1. Power generation is the
primary water diversion in Region 1, however, all power generation
use is instream and only a small percentage is consumed. Irrigation is
the next major water diversion in Region 1. The remaining water uses
including commercial, domestic, thermoelectric cooling, industrial,
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mining, and livestock use constitute a small percentage of the overall
water diversion and consumption in Region 1.

There are over 1 million irrigated acres in Region 1. The bulk of the
irrigated acreage is located in the Kendrick Project, Wheatland
Irrigation District, and the North Platte River valley from Whalen Dam
downstream to Lake McConaughy. The primary irrigation districts
consist of Goshen, Gering-Ft. Laramie, Pathfinder, Farmers,
MNorthport, Casper-Alcova Irmgation District, and Wheatland Irrigation
Districts.

The majority of irrigation water is provided by surface water
withdrawals. Groundwater withdrawals for irrigation are used
primarily to supplement surface water supplies. Almost half of the
annual irmgation withdrawals return to the system as groundwater or
surface water returns. Irmgation return flow patterns are primarily
dependent upon irrigation application rates, the proximity of irrigated
land to stream courses, and the underlying geology.

Surface water withdrawals for irrigation consist of natural flow and
storage flow. Natural flow in the Guemsey Dam to the Tri-State canal
reach of the North Platte River is split 75 percent to Nebraska and 25
percent to Wyoming from May | through September 30. Reclamation
provides storage water to several irrigation districts in Nebraska and
Wyoming under two major federal water resource development
projects, which include the North Platte Project and the Glendo Unit of
the Pick-Sloan Missouri Basin Program. The main features of the
North Platte Project include several imigation districts below Guemsey
in Nebraska and Wyoming, the Interstate and Ft. Laramie Canals, the
Northport Canal and two large mainstem reservoirs in Wyoming,
which include Pathfinder and Guemnsey. The primary purpose of the
North Platte Project is to provide irrigation water to four large
irrigation districts, which include Pathfinder, Goshen, Gering-Ft.
Laramie, and Northport Irrigation Districts.

In addition to the North Platte Project, the Glendo Unit and the
Kendrick Project also utilize waters of the North Platte River for
irrigation and electric power generation. Major features of the
Kendrick Project are Seminoe Dam and Powerplant, Alcova Dam and
Powerplant, the Casper Canal and laterals, and the drainage and power
distribution systems. The original project service area included 66,000
acres, however, due to drainage related problems the total reported




irrigated lands in production during recent years are approximately
24,000 acres. The Glendo Unit consists of Glendo Dam, Reservoir,
and Powerplant, Fremont Canyon Powerplant, and Gray Reef Dam
and its reregulating reservoir. The unit supplies a maximum of 40,000
ac-ft of water annually from Glendo Reservoir for irrigation in
Wyoming and Nebraska. The Glendo Unit and Kendrick Project work
in conjunction with the North Platte Project and other units of the
Pick-Sloan Missouri Basin Program.

Diversions for commercial, domestic, thermoelectrie cooling,
industrial, mining, and livestock use constitute a small percentage of
the overall water diversion in Region 1. Livestock and mining water
use is spread throughout the region with a significant portion supplied
by groundwater withdrawals. The majority of livestock diversions are
most likely held in local stock ponds and lost to evaporation. Major
municipal uses include the cities of Laramie, Casper, and Douglas in
Wyoming., Domestic use within the region relies primarily on
groundwater withdrawals. Industrial water use is focused primarily
along the North Platte River from Casper, Wyoming downstream to
Scottsbluff, Nebraska. The majority of the industrial and commercial
water supply is provided by surface water diversions. Thermoelectric
power water use in the region is concentrated along the central North
Platte River region near Casper and along the Lower Laramie River.

Power generation uses storage and natural flow water and occurs in
Region 1 primarily at Seminoe, Fremont Canyon Powerplant located
between Pathfinder and Alcova, Alcova, Grayrocks, Glendo, and
Guernsey reservoirs. Consumptive use of power generation water use
is generally very small,

C.

Region 2

Surface water and groundwater are used extensively throughout the
region for irmgation, municipal, domestic, livestock, and industrial
water supplies. lrrigation is the primary water diversion in Region 2
with domestic use and power generation the next largest categories of
water use. In Region 2, downstream users depend on return flows to
satisfy their needs to a large degree. Native water yield plus transbasin
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imports are significantly less than the total diversions in Region 2.
Colorado water law allows for multiple uses of water, which
maximizes water use, but not to the detriment of downstream users.

According to USGS Water Use Data, approximately 950,000 acres of
cropland were under irrigation in 1995 in Region 2. Irrigated acreage
is spread throughout the region, on headwater tributaries and along the
lower South Platte River. lrrigation water use relies predominantly on
surface water withdrawals, releases from storage, and imported water
from the Colorado-Big Thompson project. Irrigation retumn flow
patterns are primarily dependent upon irrigation application rates, the
proximity of irrigated land to stream courses, and the underlying
geology. Livestock water use is spread throughout the region, relying
on withdrawals from both groundwater and surface water sources.

The majority of domestic water use within the region is located in the
upper South Platte River basin and the headwater tributaries including
the St. Vrain River and Clear Creek. The major domestic user is
Denver Water, serving the greater Denver metropolitan area. Over the
last ten years, Denver Water had an average demand of approximately
253,000 ac-ft/yr. Other major domestic users in Colorado include the
cities of Fort Collins, Greeley, Longmont, Boulder, Aurora, Thornton,
Westminster. Northglenn. and Golden. Major domestic users
downstream of Greeley include Fort Morgan and Sterling in Colorado,
and Cheyenne, Wyoming. Domestic users in the lower basin rely
predominantly on groundwater for their water supply. Consumptive
use by municipalities is generally low in the winter with increased
consumption in the spring and summer as a result of landscape
irrigation.

Commercial and industrial water use is predominantly in the upper
basin. Major commercial water users include two large beer producers,
several computer manufacturers, and large food processing plants.
Major industrial water users include a rubber company. a photographic
products manufacturer, and several oil refineries. Return flows from
commercial and industrial water use generally follow similar patterns
with return flows to the stream typically within the same month that
withdrawals are made.

Water use by mining operations include both hard rock mining along a
southwest to northeast mineralized belt and sand and gravel operations
in the foothills and the alluvial valley downstream of Denver,
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Colorado. Mining water supplies rely heavily on groundwater
withdrawals.

Power generation facilities on the Big Thompson River are the major
water users in this category, which are generally non-consumptive.

D.

Region 3

North h Platte, and Platte Ri stream to
Grand | Nebraska

The majority of water use in this region occurs upstream of Keamey,
in the middle of the Big Bend reach in central Nebraska, Power
generation is the primary water diversion in Region 3. The next major
water uses in Region 3 are irrigation and thermoelectrie cooling.

Domestic water use within the region relies primarily on groundwater
withdrawals. Major domestic uses include the cities of North Platte,
Lexington, and Keamey. Commercial and industrial water use is
spread throughout the region but constitutes a minor percentage of
water use within the region. Return flows from municipal, commercial,
and industrial water use generally follow similar patterns with retum
flows to the stream typically within the same month that withdrawals
arc made.

Mining water use within the region is concentrated on the Platte River
downstream of North Platte, Nebraska. Production water for mining is
used primarily for dust control (Nebraska Natural Resources
Commission [NNRCY], 1995). Thermoelectric cooling and power
generation facilities use the majority of surface water and storage
water in the region, but are generally non-consumptive,

Approximately 1.1 million acres of cropland were under imgation in
1995. Imigation water use relies predominantly on groundwater
withdrawals, although more than 200,000 acres of cropland are
irngated with Platte River water from Lake McConaughy (LWV,
1997). Livestock water use is spread throughout the region, relying on
withdrawals from both groundwater and surface water sources.

Irrigated acreage is spread throughout the region with irrigation use
along the Western Canal on the South Platte, along the North Platte
downstream of Lake McConaughy above the confluence with the

45



South Platte, in Dawson County on both sides of the Platte River
downstream of Brady, and on the south side of the Platte River in
Phelps County downstream of Lexington, Nebraska. Irrigation return
flow patterns are primarily dependent upon irrigation application rates,
the proximity of irmigated land to stream courses, and the underlving
geology.
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5. ASSUMPTIONS AND METHODOLOGY

The study team developed a multiple step process to identify and
analyze water conservation and supply alternatives that can provide an
additional 60,000 to 80,000 ac-ft/yr in average reductions to target
flows shortages at the critical habitat. The process that was developed
is comprehensive and thorough while maintaining an appropnate
reconnaissance level of detail. This process is described below and
illustrated schematically in Figure 5.1.

Water conservation and supply alternatives throughout the three
regions were initially identified and a long list of alternatives
developed based on documents provided by the three states and by
DO, reviews of other existing studies and reports, and discussions
with WMC members. A screening process was initially applied to the
long list of alternatives to focus the subsequent analysis on the most
promising alternatives. A short list of alternatives was developed
consisting of alternatives that were not deferred from further analysis
during the initial screening process. Projects representative of the
shortlisted alternatives were identified without bias to altemative type
or geographic arca. Net hydrologic effects and costs associated with
the representative projects were estimated. These projects were
evaluated with respect to the sub-criteria developed for the five
categories of general screening criteria, which include physical,
legal/institutional, economic, social, and environmental. Tabular
scoring corresponding to the sub-criteria was provided for each project
to compare and contrast the different alternatives. This report includes
a comparison and summary of alternatives based on this analysis.

The general assumptions and methods described below provide the
framework upon which the identification and analysis of alternatives
was carried out. Detailed assumptions and methods are documented
throughout Chapter 8 because proper explanation is possible only in
the context of the technical definitions and engineering analysis of
each alternative.

A. Identify Water Conservation and Supply Alternatives

A consistent approach was apphed to identify water conservation/
supply alternatives in the three regions. The study team collected and
reviewed existing information for each region to identify and assess
potential water conservation/supply alternatives that could satisfy the
goals of the Recovery Program. A long list of alternatives

51



FIGURE 5.1
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was compiled by reviewing information notebooks provided by
Wyoming, Colorado, Nebraska, and the Department of the Interior,
previous studies and reports, agency manuals, research papers, and
other publications, Internet searches of state and federal agencies as
well as university libraries were utilized to aid in identifying
alternatives.

The comprehensiveness of the long list was evaluated in relation to the
types of consumptive uses within each region. The long list was
reviewed with the WMC and other entities. WMC involvement and
approval to proceed was obtained throughout the evaluation process.
Based on input from the WMC, the long list was reorganized based on
the following seven categories of alternatives:

e Reservoirs

e Agricultural and Municipal Water Conservation

e Reuse

e Incentive Based Reductions in Agricultural Water Use
e  Groundwater

s Systems Integration and Management

e  Watershed Management.

Agnicultural and Municipal Water Conservation were later evaluated
separately to highlight the unique characteristics associated with the
alternatives in this category.

To better define the alternatives within each category the study team
assembled definitions of each alternative and developed a scoping
memorandum outlining how each alternative would be evaluated.

B. Conduct an Initial Screening

An initial screening of the long list was completed to defer altematives
that were considered less likely to be included in the Recovery
Program. The purpose of this step was to focus the evaluation and
rapidly set aside alternatives are were not well-suited for the Recovery
Program. In general, efforts were focused at every step of the
evaluation process to concentrate on the more promising alternatives.
The study team developed screening criteria to evaluate, compare, and
contrast the alternatives. The general screening criteria categories
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consist of physical, legal/institutional, economic, social, and
environmental. Sub-criteria were developed to capture important
aspects of the general criteria.

Each alternative was reviewed in the context of failure to pass the
general screening criteria. Fatal flaws were identified with respect to
the general criteria based on low yield, high cost, and inconsistency
with federal laws, decrees or interstate compacts. Alternatives that
received a score of zero in the general screening criteria were deferred
from further evaluation during this study. Alternatives that failed the
initial screening process were not eliminated from the study, rather
they were set aside and further analysis was not performed.
Alternatives that did not fail the initial screening review comprise the
short list of alternatives.

C. Identify Specific and/or Representative Projects

Specific and/or representative water conservation projects were
identified for the short list of alternatives. To identify these projects
the study team reviewed successful water conservation/supply
measures that have been implemented in the Platte River Basin and
other areas and the applicability of those measures to the individual
regions identified in the Platte River study area. In addition, meetings
were held with WMC representatives from each state and the USBR to
help identify potential projects within each region.

D. Evaluate Net Hydrologic Effects and Cost

Data from existing studies, reports, and programs were used 1o the
maximum extent possible to estimate project costs. Where studies
were not available engineering judgement was applied to determine
costs. The study team used standard, reconnaissance-level analysis
techniques to conservatively estimate the net hydrologic effects
associated with each project within the immediate area of the project.
This analysis provides information on the location and timing of water
before and after the project is instituted and how the change in timing
relates to periods of excess and shortage in the immediate area of the
project.

The methodologies used to identify net hydrologic effects varied
according to site-specific conditions. In general, the net hydrologic
effects within a reach were determined by applying a water budget
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approach for the area in the immediate vicinity of the alternative, The
Blaney-Criddle method and SDF method were consistently used for all
projects that required analyses of consumptive use and groundwater
related impacts to the Platte River.

The study team reviewed a number of alternative methods for
estimating evapotranspiration and evaluated the methods for use in this
study. Based on the study team’s recommendation the WMC
concurred that the SCS Blaney-Criddie method is the most appropriate
method with respect to this reconnaissance level study for evaluating
evapotranspiration and consumptive irrigation requirement, A more
detailed description of the SCS Blaney-Criddle method is provided in
Appendix C.

The SDF method was used to evaluate groundwater related impacts to
the Platte River. The study team reviewed policies and procedures
used in cach state and prepared a recommendation for the WMC. The
SDF methodology was adopted by the WMC for the analysis of
groundwater related impacts to the Platte River. The SDF method is
intended primarily for use in analyzing “*point™ stresses, such as those
produced by a well. The stream depletion factor (SDF) has units of
days and is defined as the time from the beginning of steady pumping
or recharge within which the volume of stream depletion or recharge is
28 percent of the volume pumped or recharged. A more detailed
description of the SDF method is provided in Appendix B. The
advantages of the SDF method are that it is commensurate with the
level of analysis required for this reconnaissance level study and
mapping of SDF values 1s available for most of the study area. The
disadvantage of the SDF method is that is a simplified model, which
relies on simplifications of a stream-aquifer system in order to achieve
an analytical solution. These simplification include:

1) The aquifer is homogeneous, isotropic, and semi-infinite in areal
extent and overlies a horizontal, impervious base;

2) The stream is infinitely long and penetrates the full depth of the
aquifer as a straight-line boundary:

3) The transmissivity of the aquifer is constant in space and time, in
which case drawdown of the water table due to pumping or
mounding due 1o recharge is negligible compared to the saturated
thickness of the aquifer;
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4) Water is released instantaneously from aquifer storage;
5) Recharge occurs at a point-scale in the horizontal plane;

6) Both pumping wells and recharge basins fully penetrate the aquifer
to its base and discharge at a constant rate;

7) The stream bed is in perfect hydraulic connection with the aquifer,
in which case the streambed and aquifer hydraulic conductivities
are the same, implying no additional flow resistance associated
with deposition of fine sediments on the streambed:

8) The water surface elevation in the stream remains constant in space
and time:

9) There 1s not diffuse recharge to the aguifer, so that the water table
is initially horizontal: and

10) The temperature of the stream is constant and equal to the
temperature of the water in the aquifer.

These assumptions are violated in the Platte River system to varying
degrees depending on the groundwater alternative evaluated. The
degree to which they are violated contributes to the level of
uncertainty regarding the prediction of return flows using the SDF
approach and the associated yields at the critical habitat. Although the
SDF method is appropriate for this reconnaissance level study, there is
a considerable level of uncertainty associated with alternatives that
rely on the SDF method for prediction of return flows to the river.

In determining the local net hydrologic effects associated with a
specific project it was assumed that diversions to recharge or storage
are only made during periods of target flow excesses at the critical
habitat. Likewise, releases for the benefit of the critical habitat are
only made during periods of target flow shortages. The FWS
recommendations for flows in the critical habitat, or target flows, vary
season by season and year by vear depending on whether wet. dry, or
average conditions exist. The target flows used to determine shortages
and excesses at the critical habitat do not include pulse flows. The
FWS (July 1997) weighted average monthly species instream flow
recommendations or target flows and shortages and excesses at Grand

56



Island with respect to the target flows are shown in Tables 5.1, 5.2,
and 5.3. The FWS average monthly instream flow recommendations
and target flow shortages and excesses at Grand Island are also
provided in the WMC's Summary of Flow Conditions for the Platte
River for the Historical 1975-1994 Water Year Period. As required by
Milestone W14-1 of the Cooperative Agreement, the WMC was
required to summarize the flow conditions in the associated habitats in
central Nebraska and at the state lines for the historical water vear
period of 1975 through 1994, The WMC’s Summary of Flow
Conditions for the Platte River for the Historical 1975-1994 Water
Year Period is provided in Appendix A.

E. Develop a Water Budget Spreadsheet

The study team developed a water budget spreadsheet based on stream
reach definitions and loss factors provided by the WMC to assist in
determining effects on streamflows downstream of each project and
the associated reductions to target flow shortages at the critical habitat.
A description of the monthly loss factors is provided in Appendix E.
The water budget was utilized to evaluate and compare how new
accretions and depletions to the system associated with each project
affect streamflows down to and through the critical habitat. As the
same spreadsheet was used for each alternative, no bias was
introduced.

The WMC selected a historical hydrologic period of record (1975-
1994) for use in the spreadsheet modeling. The justification for the
time period selected is provided in Appendix D.

The net hydrologic effects associated with each project were routed
downstream to the critical habitat to determine potential reductions to
target flow shortages. Two routing scenarios were evaluated for each
project. The first scenario assumes that additional flows can be
protected from downstream diversions, in which case, additional flows
are not reduced by diversions. The second scenario assumes additional
flows cannot be protected from downstream diversions, in which case
additional flows are reduced by diversions. If there are no changes or
improvements in reservoir operations, inflows just “skim™ across the
top and experience no evaporation losses or lag time. The water budget
was used to evaluate the flow accretions and depletions at Grand
Island as well as reductions to target flow shortages associated with
each project.
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TABLE 5.1

FWS (July 1997) Weighted Average Monthly Species Instream Flow Recommendations or Target Flows
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F.  Evaluate the Shortlisted Specific and/or Representative Projects with
Respect to the Screening Criteria

Each of the alternatives was evaluated according to the previously
defined screening criteria (see Section B.). Tabular scoring of the sub-
criteria was prepared to compare and contrast the alternatives and
evaluate their relative effectiveness. Each project received a composite
or total score which could range between zero and twenty-five,
Associated physical, legal/institutional, economic, social, and
environmental issues were also addressed.

Scoring of each alternative was performed at a reconnaissance level of
detail, defined as that level needed to distinguish major differences
among alternatives and to provide a preliminary indication of the
feasibility of each alternative. For each sub-criterion, the “more or
less™ approach was used to determine a numerical ranking between 0
and 5. A score of 3 is average; 5 is better than average; 1 is less than
average; and a score of () represents a potential fatal flaw. Altematives
that received a score of zero for net reduction to target flow shortages,
initial implementation and capital cost. average annual total cost per
ac-ft of net reduction, or consistency with interstate compacts, federal
laws and decrees were deferred from further evaluation in this study.
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6. DEVELOPMENT OF WATER
CONSERVATION/SUPPLY ALTERNATIVES

A. Introduction

To identify and develop the most suitable water conservation and
supply measures to support the Platte River Recovery Program, the
study team identified a long list of alternatives for the three regions in
the Platte River study area. The long list of alternatives was
reorganized and regrouped into seven categories. Scoping memoranda
were developed for each category that included detailed definitions of
the alternatives and outlined how each alternative was 1o be evaluated.
These alternatives, shown in Table 1.1, were reviewed in a two-step
screening process.

The first step, or initial screening process, used general screening
criteria previously defined to identify potential fatal flaws. The general
screening criteria that were used in the initial screening phase consist
of physical, legal and institutional, social, economic, and
environmental criteria. The initial screening was intended to identify
alternatives that are not well suited for inclusion in the Recovery
Program and do not warrant further investigation. Any alternatives on
the long list receiving a score of zero on one or more of those critena
were deferred from further evaluation at this time.

The remaining alternatives formed the short list of altemnatives, as
shown in Table 1.2. Sub-criteria were developed which address the
key aspects of the general criteria. Specific and/or representative
examples of the shortlisted alternatives were identified and evaluated
with respect to all sub-criteria. Each phase of the development of water
conservation/supply alternatives is further described in the following
sections.

B. Development of Leng List of Alternatives

The study team reviewed notebooks provided by the three states and
the Department of the Interior, river basin planning reports, agency
manuals, and research papers, and conducted Internet searches to
identify water conservation and supply alternatives for the three
regions. Seventy-seven potential altematives were identified in relation
to all of the basin's water uses (see Table 6.1). The long list was
comprehensive in that the alternatives identified are applicable to the
types of consumptive uses in each region. The study team presented
the long list of alternatives at an August 12, 1998, workshop.
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To reduce the overlap between the alternatives the long list was
reorganized and regrouped. In the process of regrouping the
alternatives a memo was submitted to the WMC on September 21,
1998, which provides general information compiled from existing
studies regarding the volume of water likely to be produced, cost per
unit volume of water, and past limitations/experiences based on
information from existing studies for each alternative. The
reorganization of alternatives resulted in the development of seven
categories of alternatives. The seven categories of alternatives are as
follows:

Reservoirs

Water Conservation (Municipal and Agricultural)
Reuse

Incentive Based Reductions in Agricultural Water Use
Ground Water

System Integration and Management

Watershed Management

T

Scoping memoranda were developed and submitted to the WMC on
November 4, 1998 for each of the seven categories of alternatives.
These memos include detailed definitions of the alternatives and scope
how each alternative will be evaluated. These memos include
conceptual and operational definitions, which outline the simplifying
assumptions that were used to define and analyze the alternatives. In
addition, these memos provide information on data collection and the
approach that was used to evaluate each of the screening criteria:
physical, legal and institutional, economic, social and environmental.
The scoping memoranda were used for the initial screening of
alternatives to identify potential fatal flaws.

1. Development of Screening Criteria

The study team presented the following general screening criteria at a
September 16, 1998 workshop:

Physical
Legal/Institutional
Social

Economic
Environmental

s el 0
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Sub-criteria were developed to capture the important aspects of the
general criteria as they relate to the specific goals of the project. The
sub-criteria are described in the next section. For each sub-criteria. the
“more or less™ approach was used to determine a numerical ranking
between () and 5 as follows:

0 A zero represents a fatal flaw, The alternative fails the sub-
criteria.

1 The alternative performs less favorable than average for the
sub-criteria.

2 The alternative performs slightly less favorable than average
for this sub-criteria.

The alternative performs about average for the sub-criteria.

4 The alternative performs slightly more favorable than average
for the sub-criteria.

5 The alternative performs more favorable than average for the
sub-criteria.

The average is defined for each sub-critenia under Section C. Sub-
Criteria Scoring. For each sub-criteria. ranges or conditions were
established for scores from | to 5.

During the Screening Workshop conducted September 16, 1998, these
general criteria were discussed and the methods for screening outlined.
If an alternative receives a zero ranking in any single sub-critena, that
zero ranking will be used to represent the entire general criteria. If
there are no zero rankings, all sub-criteria rankings are considered of
equal importance and are averaged to determine the general criteria
score. The general criteria are considered to be of equal importance.
Any alternatives on the long list that receive a score of zero on one or
more of the general criteria were screened from further evaluation at
this time,

The initial screening was carried out based on the preliminary
information presented in scoping memoranda for all seven categories
of alternatives on the long list. The initial screening shortened the long
list of alternatives by identifying those alternatives that fail one or
more of the general criteria. The result of the screening process is not
to rank-order the alternatives, but to group them together with other
alternatives that perform about the same overall. Alternatives that were




removed from the long list were not removed from the study. only
deferred from further analysis at this time. This allows more detailed
examination of the altematives most likely to satisfy the project goal
for inclusion in the Recovery Program.

2. Development of Sub-Criteria

Sub-criteria capture the important aspects of the general criteria as
they relate to the specific goals of the project. The sub-criteria are
unique to avoid “double counting™ within a general criteria.

Sub-criteria were developed that are both qualitative and quantitative.
For instance, vield and cost sub-criteria are quantifiable; however,
impacts to the environment require a more qualitative analysis. The
scope of work limits the amount of detail that was generated for some
sub-criteria. For example. although the Economic Criterion
“Secondary Economic Impacts” can be quantified, the screening only
occurred on a qualitative basis, The following sub-criteria were
developed to analyze the general criteria.

Physical

e Net Reduction in Shortage to Target Flows

What is the net reduction in shortage to target flows at the critical
habitat?

s Sustainability
Is the vield from the alternative sustainable over time?
e Scalability

Can the alternative be increased or decreased to complement other
alternatives?

e Technically Implementable

Does the alternative require technology that has not been proven or
has not been implemented at the proposed scale?

o Time to Yield Realization
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Can the alternative deliver water to the cnitical habitat immediately
following implementation or does it require a longer period of time
for yield realization?

¢ Ability to Monitor and Measure

Is the vield associated with the altemnative easily quantified and
distinguished from other sources of flow?

e Third Party Hydrologic Impacts
What are the indirect and induced hydrologic impacts resulting
from the direct hydrologic impacts of the alternative?
Legal/institutional
e Ease of Permitting

What is the potential for the alternative to gain support of
regulatory agencies?

e Consistent with Interstate Compacts, Federal Laws and Decrees

Is the alternative consistent with Interstate Compacts and Federal
Laws and Decrees?

o Consistent with State Laws
Does the alternative require a change in state water laws?
s Potential for Institutional Consensus

Is the altemnative likely to generate publicly stated opposition by an
entity that has the ability to prevent implementation?

e Can be Mitigated

Can undesirable impacts of an alternative be “made nght™?
e Administrative Ease

Is the altenative easy to administer and enforce?

« Consistent with Existing Contracts and Facility and Land
Ownership
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Does the alternative impact existing contracts or facility and land
ownership?

Social

L]

Effects on Customs and Culture

What are the effects of the alternative on traditional industries and
community identity (may be partly measured in terms of any
dislocative effects)?

Equity of Impacts

Does the alternative produce disparate gainers and losers? Will
some identifiable groups be disproportionately affected —e.gz.
ethnic communities, low income residents, older or younger
residents, or members of particular occupations? Are some
geographic areas being disproportionately affected?

Impacts on Community Organizations and Support Structures

What are the effects on local groups, religious institutions and
other organizations? What are the effects on housing and other
community support structures.

Effects on Community Sustainability

Will the alternative change the capacity of the community to adapt
to changing circumstances. or to maintain a critical mass needed to
support services, businesses and infrastructure?

Public Acceptability

What is the potential for the public to accept the alternatives -
separate from concerns regarding equity and other criteria?
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Economic

Initial Implementation and Capital Cost

What are the up front costs to establish the alternative (measured in
1999 dollars)?

Average Annual Total Cost per Acre-foot Delivered

What is the average cost per acre-foot of water delivered to the
critical habitat for the altemative over a 20-year period? Includes
amortized capital and implementation costs, and ongoing OM&R
COSLS.

Direct Economic Impacts (includes direct third party economic
impacts)

What are the direct impacts of the altemative on business sales,
employment and employee wages and wealth — ¢.g. property
values (measured in dollars and jobs)?

Secondary Economic Impacts (includes indirect third party
economic impacts)

What are the indirect and induced economic impacts from changes
in sales and employee earnings resulting from the direct impacts
and other third party economic impacts of the alternative
(measured in dollars and jobs)?

Fiscal Impacts

What are the effects on revenues and expenditures of governmental
entities resulting from the alternative (measured in dollars)?

Effects on Economic Development Potential

What effects does the alternative have on future growth potential,
extending beyond the 20-year study horizon (qualitative
assessment)?
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Environmental
e Impacts to Wetlands

What are the effects of the alternative on existing wetlands? s
there a potential to create new wetlands?

e Impacts to Habitat

What are the effects of the alternative on existing habitat, other
than wetlands-associated habitat (does not include the critical
habitat)? Is there a potential to generate new habitat?

e [mpacts to Water Quality

What are the effects of the alternative on water quality (could be
positive or negative)?

e Impacts to Prime and Unique Farmlands
Does the alternative impact Prime and Unique Farmlands?
e Visual Impacts

Does the alternative have associated visual impacts (could be
positive or negative)?

e [mpacts to Amenities

What is the potential for an alternative to enhance or diminish
recreational opportunities?

C. Sub-Criteria Scoring

For each sub-criterion, the “more or less™ approach was used to
determine a numerical ranking between 0 and 5. A score of 3 is
average; 5 is better than average; | is less than average; and a score of
() represents a fatal flaw. Some of the ranking criteria are guantitative
while others are based on comparisons between alternatives.

For each sub-criteria, ranges or conditions were established for scores
from 1 to 5. Alternatives were scored first by individuals based on the
ranges or conditions established for the sub-criteria. Information
obtained from knowledgeable parties in the Platte River Basin,
including members of the WMC, was considered in scoring the
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alternatives. To ensure that alternatives were scored consistently
across evaluators, the team then re-evaluated the scoring of all
alternatives with respect to each sub-criteria, This was necessary for
sub-criteria with more subjective scoring conditions. Adjustments
were made if certain alternatives performed similarly with respect to a
given sub-criteria vet received different scores.

The following ranges or conditions were established to score the sub-
criteria under each general critenia.

Physical

All sub-criteria were scored based on the ‘Yield at the Site” except the
sub-criteria, Net Reduction in Shortages to Target Flows,

to T
< 500 ac-ft/yr
500 to 2,500 ac-ft/yr
>2.500 to 5.000 ac-fi/yr
>5,000 to 7,500 ac-ft/vr
=7.500 to 10,000 ac-ft/yr
> 10,000 ac-ft/yr

h oda W bJ = D

I Not sustainable, life span less than the term of the first increment

of the Proposed Program (10 to 13 vears)

Temporary arrangement, life span is difficult to extend beyond 10

to 13 vears

3 Temporary arrangement, life span variable but has the potential to
be extended beyond 10 to 13 yvears

4 Life span can casily be extended beyond 10 to 13 years, however
infrastructure needs to be replaced or contract renewed

5 A permanent fixture, life span well beyond 10 to 13 years

td




Scalability
0 ac-fi/yr to 5,000 ac-fi/yr

I
2 0 ac-ft/yr to 10,000 ac-ft/yr
3 0ac-fi/yr to 30,000 ac-fi/yr
4 0 ac-ft/yr to 60,000 ac-ft/yr
5 260,000 ac-ft/yr
echnic ementable — based on the scale evaluated
| Cannot be implemented or not proven technology
2 Technology needed to implement is in experimental stages
3 Technically implementable, but not at scale proposed
4 Technically implementable at close to the scale proposed
5 Technically implementable at scale proposed

Time to Yield Realization
=10 yrs

up to 10 yrs

up to 8 yrs

up to 6 yrs

up to 4 yrs

0to2 yrs

h s fd b — O

Questionable and/or difficult

Engineering estimate with significant uncertainty
Engineering estimate with some uncertainty
Limited uncertainty

Uncontestable

o el —

E

Very bad impact

Slightly less favorable than average impact
Neutral

Slightly more favorable than average impact
Good impact

h da b bd o—
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itution

Ease of Permitting

Known to be difficult or has previously failed the permitting
process

Known to have some opposition; permitting process not in place
General/routine permitting process

Portion of permit in place

No permitting required

Clearly problematic

Problematic, however may be possible to overcome
Questionable

Some questions, however no major obstacles
Consistent

Consistent with State Laws

o L b e

Clearly problematic

Problematic, however may be possible to overcome
Questionable: compliance with export statute an issue
Some questions, however no major obstacles
Consistent; export statutes are not an issue

E

W b b —

Strong objections publicly voiced

Specific objectors known

There will be objectors, do not know who specifically
Generally viewed favorably

Total consensus
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Can be Mitigated

Lh

Bad impact that cannot be mitigated

Slightly less favorable than average impact; unknown whether
impact can be mitigated

Neutral; unidentified impact or unknown impact which can be
mitigated with a traditional solution

Known impacts that can be mitigated with a traditional solution
Mo undesirable impact

Administrative Ease

1-2

3

4-5

Administration not in place yet: new entity required. Closer to a
2 if existing entity could assume administration responsibility
Existing entities; new procedures required or existing procedures
are cumbersome

Easy to operate/maintain — existing entities with existing
procedures. Closer to a 4 if has to be administered on a monthly
or annual basis. Closer to a 5 if no administration is required.

Consistent with Existing Contract. Facility & Land Ownership

Contract, facility or land ownership issues that are difficult to deal
with

2 Contract, facility, or land ownership issues that may be difficult to
deal with

3 Contract. facility, or land ownership issues that can be dealt with

4 Minimal contract, facility, or land ownership issues that are easily
dealt with

5 Completely consistent

Social

Major negative impacts

Modest but mostly negative impacts
Neutral or offsetting impacts
Modest but mostly positive impacts
Major positive impacts
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Economic

Initia lementati ‘apital Cos
0 =850 million
1 >S540 million to $50 million
2 >830 million to $40 million
3 >$20 million to $30 million
4  >%10 million to $20 million
5 0to 510 million
ual cre-Fi
0 > $3.000
1 =>82,500 to $3.000
2 >82.000to $2.500
3 > 81,500 to $2.000
4 >51,000to $1,500
5 S0t S$1,000
Impacts
I Major negative impacts
2 Modest but mostly negative impacts
3 Neutral or offsetting impacts
4 Modest but mostly positive impacts

5

o fed P e

Major positive impacts

mi ent
Irreversible negative effects
Negative effects that are difficult to mitigate
Reversible negative effects
Mostly positive effects and some reversible negative effects
Positive effects
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Environmental

Impacts to Wetlands: Impacts to Habitat: Impacts to Water Quality:
Visual Impacts: and Impacts to Amenities

Negative impacts

Slightly less favorable than average impacts

MNeutral

Slightly more favorable than average impacts

Positive impacts

L e el b e

Impacts to Prime and Unique Farmlands
Major negative impacts

Less favorable than average impacts
Some impacts or potential impacts
Minimal impacts

No impact

Lh b L b o—

An average of the sub-critena scores under each major critena
(physical. legal and institutional. economic, social, and environmental)
was determined. Each major criteria was weighted equally, therefore,
the total score associated with each altemative is the sum of the
average scores of the five main screening criteria. The total possible
maximum score for an alternative is 25. The total scores are used 1o
rank altemmatives (see Chapter 8).

D. Initial Screening of Alternatives

An initial screening of the long list of alternatives was completed to
defer evaluation of the alternatives that were deemed to be less likely
candidates for inclusion in the Recovery Program. In each scoping
memoranda the screening criteria were described in enough detail so
1) an alternative’s performance can be analyzed, and 2) there is backup
documentation to support the results of the criteria analysis. Based on
an initial screening with the general criteria, a short list of alternatives
was developed. Developing a short list allowed the remaining
alternatives to be reviewed and analyzed in greater detail. Alternatives
removed from the long list have not been dropped from consideration
permanently, only deferred from further evaluation at this time.
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Fatal flaws were identified with respect to the general criteria as
follows:

e Physical. The altemative does not provide increased flow at the
critical habitat in times of shortage and therefore does not provide
at least 500 ac-ft of net reductions to target flow shortages. The
alternative is not considered techmically feasible at the scale
required to produce increased flow at the critical habitat.

e Legal/Institutional. The altemative cannot be implemented under
existing federal compacts and federal laws. Entities that have the
ability to prohibit implementation have already expressed strong
opposition. Alternatives that require adjudication and/or
administrative permitting do not fail this criterion.

» Economic. The cost to implement the alternative is considered to
be cost prohibitive. Alternatives will not be considered for further
evaluation if the unit cost at the critical habitat exceeds $3,000/ac-
ft or the implementation cost for an alternative exceeds $50
million.

Each altemnative was reviewed in the context of failure to pass the
general criteria. Failure to pass any one of the general criteria was
considered justification for deferring the altemative from further
analysis. Alternatives could also deferred if they violate the
requirement of the Cooperative Agreement that projects be incentive
based and reflect willing participation. This review was performed for
each alternative in each of the three regions. This was necessary due to
varying state water laws, state compact requirements, and physical
limitations associated with routing water to the critical habitat.
Alternatives that did not fail the above criteria based on the initial
screening review comprise the short list of alternatives.

1. Initial Screening Resuits

Table 6.1 provides a summary of the initial screening. Altematives that
failed to pass the general criteria, as described above, for all three
regions are highlighted, and a zero placed in the appropriate general
criteria column. As shown, the alternatives were evaluated for
potential implementation in each region.

B6-15



BT G0 e SOl ey |
WD 300 DD Fadie e

RS

_.ﬂ_ﬂ

L
[~
o o

fugnpans ous s paesaisdive )
e AL TR T
R B a3 S e Py

oo o o

TR T1C1% 1 DOURRLLY (] S0] A
woqiiellzin) diagy

nareakddy BapEsy) Ay g
(PSTTH TRRTIR=TR S TFH CETH T RS ST
issdinba e B g0 Sl

— =
[ P-B-N-B=R- §- =R 8-

- -

o o

o B v | SAnneadl dasuns sog fussapmoun najaiig
e I PR e T |
TR D i |
e adeve
afeya) BHE
L e e R e e e e
L o L FN APLe. WAL Ty |DHIE 35 4, W un._tﬁt.
i TR T e e T

=
===

-1

u!x..! L)

SR AL VT |

LA e i SR o |
Husaned pou iy

T AIFLII] J06G TS TR

L] 1] [1]

Y UOTNEH | [ OiETH | | ooy | 5 wojhay | [ ooiiaW | | Geloy | g vodiey | ¢ eniay | | wovey

S T R ]

STALLVNHALTY 40 1SITONOT A0 ONINTTHOS TVLLINI
"9 371E8VL




b Rt

“TEITIULIOE U eI I e[ 0 PEound o B pauapiinos 5] SRadosd Uomeiag it i) e sy smassy Sy, S0

0 a [
il [ ]
1] ] 1] [ ] ]
[
[ [
] [ [ ] [ 1]
1] 1] ] 1] [ [
[ [ [
el awn ranjrosaie jo Anmsa) wmiodiE |
wumatiad Fawaipe) poey
B e (R 0 oo oum )
s pedig Jo do- Lp paw saismnloy
[FIm Ty
L]
[ [
[] 1 [
] [] [ 0 i []
[ 1] [1] [ [ o
1 ooy | poodoy | ceerey | Teeru | reemen | © Uy | ey | puokey | ) wodoy | g eonay | {ooay | | ooy
TPos ] uGTIaE] P (]

SAALLVNHALTY 40 LSTT ONOT 40 ONINATHIS TVLLINI
Ciuod) e AT1EV.L

R § 3 pubianmim. SpEn w2 EEnae [ e R0 § PR 8 ssafonl sy s U] MgRg TR UTHELY Y EmY 0w




The following sections describes the alternatives that failed to pass one
or more of the general criteria in any region and were excluded from
the short list of alternatives.

Catepory | — Reservoirs

Dredge Existing Reservoirs. This alternative has been eliminated
from the short list for all three regions due to failure to pass the
screening tests for the economic category,

In the Cache la Poudre Basin Study, the cost of recovering lost
storage capacity by dredging was found to exceed the cost of new
reservoir storage by a factor of five or more (Harza Engineering
Company, et al., 1990). In the St. Vrain Basin Study, R.W. Beck
and Associates and Dames & Moore (1986) the estimated costs for
dredging in 1985 ranged from $2.500-83,500/ac-ft or higher, not
including the costs of material disposal. These costs are likely to be
double in present day dollars when matenal disposal is included.

In addition to the prohibitive costs associated with dredging, the
disposal of the dredged material presents environmental obstacles.

Reduce Losses via Evaporation Suppression or Lining Large
Existing Reservoirs. This altenative has been eliminated from the
short list for all three regions due to failure to pass the screening
test for the physical category.

Evaporation suppression methods, including windbreaks, floating
reservoir covers, and application of monomolecular films, are not
considered technically feasible for large reservoirs (HDR
Engineering, Inc., et al., May 1989a). Suppression of evaporation
from existing reservoirs in the Cache la Poudre River Basin was
not considered a viable means of enhancing water supply in the
Basin (Harza Engineering Company, et al., 1990). Lining large
existing reservoirs (greater than 10,000 ac-fi) is considered cost
prohibitive (HDR Engineering, Inc. et al., May 1989a), However,
lining new reservoirs, and smaller existing reservoirs or gravel pits
in a reach was not screened out.
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Category 2 — Water Conservation

Municipal Education/Information. This alternative group has been
eliminated from the short list for all three regions due to failure to
pass the screening test for the physical category.

Colorado’s major municipalities have already enacted conservation
programs, which include extensive education and information
programs (Office of Water Conservation, 1997; ECI, 1994). The
yield from public education and information programs has already
been gained in most instances; therefore, additional effort in this
area would not have a measurable effect on flow quantity or timing
at the critical habitat. In addition, this alternative group requires a
significantly longer time for vield realization (Rozaklis, 1997),

Relatively little benefit toward the study’s goals can be expected
from municipal conservation measures in the Wyoming and
Nebraska portions of the study areas because the total municipal
use in these regions is small in comparison to the average annual
project goal of 60,000 ac-ft at the critical habitat. Based on 1995
water consumption data from USGS, even if a combination of
municipal conservation programs could achieve 20 percent
reductions in consumptive use in all municipal systems within the
study area in Wyoming and Nebraska, the reductions would be less
than 3,600 ac-ft in Wyoming and 2,800 ac-ft in Nebraska (USGS,
1995),

Municipal End-User Technology Changes. Two alternatives within
this subcategory, which include pressure reduction and low
demand plumbing fixtures, have not been included in the short list
for all three regions due to failure to pass the screening test for the
physical category. Pressure reduction will not reduce consumptive
use of municipal customers. If the application rate for outdoor
landscape irmigation is reduced, home and business owners are just
as likely to respond by extending watering cycles. Pressure
reduction could also lead to problems for many customers’
sprinkler systems and coverage generating stiff public opposition
to this measure. Low demand plumbing fixtures will not reduce
consumptive use appreciably. Low demand plumbing fixtures can
reduce municipal diversions but will also reduce return flows,
producing no advantages from a basin-wide supply perspective.
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Municipal Regulatory Measures. Five of the seven alternatives in
this alternatives group have not been included in the short list for
all three regions due to the failure to pass the screening test for the
physical yield and economic (cost per ac-ft of reductions to target
flow shortages) categories. The five alternatives are water use
rationing, prohibitions on new connections, water court
enforcement of efficiency goals, landscape restrictions on new
homes, and conservation plumbing ordinances.

Possibilities for legal contention by special interests are likely and
litigation will be costly. The two former alternatives may restrict
economic growth with the latter requiring significant time for yield
realization. The first three alternatives are also socially unpopular
and are likely to only be feasible under drought conditions
(AWWA, 1984). Public acceptance is unlikely (AWWA, 1984),

Landscape restrictions on new homes are focused on reducing
future water use for future water users. Future water users are
outside the scope of the current study. Conservation plumbing
ordinances also focus on future water users, which are outside the
scope of the current study.

Agricultural: Change Irrigation Techniques and Improved
Management/Information. These altenative groups, which include
financing of water saving equipment, conversion to sprinkler
irrigation, low energy precision application, drip irrigation,
subsurface drip irrigation systems, hydrologic instrumentation,
computerized system scheduling, and local downstream control
methods are all aimed primarily at increasing on-farm irmgation
efficiency. These alternative groups have not been included in the
short list for regions 1 and 2 due to failure to pass the screening
criteria for the physical category. Changes in irrigation techniques
were considered in Region 3 because, unlike the rest of the study
area, a large portion of the return flows do not retumn to the river
above the critical habitat.

There is no simple, or universal, answer to improving on-farm
efficiency. System conversion may be a valid alternative for
improving water use and management where the existing irrigation
system is poorly suited to the site conditions and the desired degree
of efficiency cannot be obtained by improving the system design.
No one irrigation method is adaptable to all conditions, and
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conversion from one method to another should not be based on
such a premise (Nebraska Natural Resources Commission
(NNRC), 1985).

Apart from the difficulty in identifying the applicability or
potential savings from efficiency enhancing measures without a
farm by farm analysis, the basic argument for de-prionitizing on-
farm measures targeted at increasing irrigation efficiency is that,
generally, these measures increase efficiency mainly by reducing
return flows, not by reducing consumptive use (Allen, et al., 1995).
While these types of efficiency gains are often of considerable
benefit to farmers or irrigation districts, for example by allowing
greater consumptive use from a specified diversion right, they
generally do not reduce water use from a system-wide or basin
perspective, In fact, the opposite may be the more likely result
(Huffaker and Whittlesay, 1995). For example, the study by the
Columdu Agrmulluml Water Cnnmnhun Task Fum: of lmigation

dmcustiad pntcntlal concerns that mnsewauun measures bﬂmg
adopted by farmers could have an adverse impact on streamflows
(CWRRI, 1996).

Given that much of the study area is considered by farmers to be
short of water supplies for agnculture, we believe the following
would be the logical implications of efforts designed to increase
on-farm irrigation efficiency. In the absence of additional
measures, alternatives focused on providing incentives for
improvements in on-farm irrigation efficiency are most likely to
lead to increased consumptive use by participating farms as
efficiency gains are used to overcome existing deficit imgation
circumstances, improve crop yields or bring more acreage under
irrigation. To avoid this result, which is directly counterproductive
to study objectives, the on-farm efficiency measures would have to
be accompanied by onerous administrative structures and
measuring efforts to reduce participating farmers® diversions by a
corresponding percentage. These measures are likely to be difficult
to monitor and enforce and might encounter stiff negative reaction
from the agricultural communities in the three states.

Even if administrative restrictions on diversions could be
successfully implemented in conjunction with incentives for
improved on-farm efficiency, the net result would still be a zero
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net reduction in annual consumptive use. At best, there might be
some benefit in terms of the timing of flows in the river. However,
the cost of this benefit would be extraordinary in terms of a) direct
costs for irrigation efficiency improvements, b) administrative cost
and complexity, and c) potential third party hydrologic impacts.

Structural improvements or changes to water district systems, such
as canal lining, offer comparable potential benefits by changing the
timing that might result from increased on-farm efficiency with
more favorable cost and administrative characteristics, therefore,
these alternatives were not screened out. Other on-farm measures.
which can actually reduce consumptive use through reductions in
evaporation or transpiration (such as conservation cropping and
deficit irrigation), were not screened out. Other agricultural on-
farm modifications, which includes soil modification and
microclimate modification, were not included in the short list for
all three regions due to failure to pass the screening criteria for the
physical category. This alternative group serves mainly to enhance
soil moisture retention through land shaping or the use of
windbreaks. Although there are secondary benefits (lower energy
costs, increased yields), these alternatives would not significantly
reduce consumptive use and may reduce return flows through
additional moisture capture (NNRC, 1985; U.S. Congressional
Office of Technology Assessment, 1983; Steppuhn and
Waddington, 1996).

Category 3 — Reuse

L]

Water Reuse and Commercial/Industrial Recycling. This
alternative has not been included in the short list for all three
regions due to failure to pass the screening criteria primarily for
the physical and economic categories. Municipal and industrial
water use varies little over the year, when compared to agricultural
water use. Therefore, there is essentially no lag time between
diversion or pumping and return to the river. If less water is
diverted or pumped during a time step, there is a corresponding
decrease in river returns during the same time step. Therefore,
there would be essentially no change in flow quantity or timing at
the critical habitat.

Municipalities place a high value on reuse or recycled water
because this water represents a future water supply source, which
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can postpone water supply acquisition and development costs.
Therefore, the value of the reuse alternative might best be
estimated in terms of the cost of replacing potential reuse with an
alternate supply in the city’s portfolio. Reuse alternatives are
considered cost prohibitive in the context of replacing potential
reuse.

Direct costs related to wastewater cooling reuse alternatives can be
very high. Direct up-front costs may include potential treatment
facilities costs, distribution system costs, and pump station and
storage reservoir costs, in addition to annual operational and
maintenance costs. For example, Tucson, Arizona has initiated a
metropolitan wastewater reuse program mandating that reclaimed
wastewater be used for city landscape irrigation. The completed
system will provide approximately 35,000 ac-ft/yr of reclaimed
wastewater at a total capital development cost of about $63 million
(Miller, 1991). In an effort to conserve Denver's water resources
the Denver Water Nonpotable Reuse Project includes a water
reclamation system that uses secondary effluent as a source of
reclaimed water. The probable capital cost of the 30 million-
gallon-per-day (MGD) project from the Schematic Design Report
was greater than $5,000/ac-ft (Richard P. Arber Associates, 1999;
Boyle Engineering Corporation, 1999). As shown by the above
capital cost figures, reuse alternatives are considered cost
prohibitive in the context of this study.

Wastewater Effluent for Cooling. This alternative has not been
included in the short list for all three regions due to failure to pass
the screening criteria for both the physical and economic
categories. The need for industrial cooling water is relatively
constant throughout the year, as is the availability of sewage
effluent. Therefore, if less water were diverted for industrial
cooling during a time step, there would be a corresponding
decrease in river returns from municipal sewage. Therefore, there
would be essentially no change in flow quantity or timing at the
critical habitat.

Direct costs related to wastewater reuse alternatives can be very
high. The city of Tampa, FL has remodeled an incinerator facility
to use approximately | MGD of reclaimed wastewater for cooling-
water make-up, The remodeling cost was $60 million and the
project saved the Tampa water department over 1,000 ac-ft/yr of
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potable water (Miller, 1991). Due to the high capital costs typically
associated with wastewater reuse systems, alternatives that involve
wastewater effluent for cooling are considered cost prohibitive in
the context of this study. In addition, the cooling effluent would
require tertiary treatment before being released to the river.
Cooling tower make-up water can also require treatment such as
cold lime sofiening to protect from scale or the addition of biocides
and biodispersents; therefore, there may be additional treatment
costs involved.

e Pump-Back Arrangement for Return Flows. This alterative has
been eliminated from the short list for all three regions due to
failure to pass the screening criteria for the physical category. This
alternative is similar to changes in irrigation techniques, some of
which were also eliminated due to failure to pass the screening
criteria for the physical category. Pump-back arrangements for
return flows do not reduce consumptive use, they simply retime
return flows. In the absence of additional measures. alternatives
focused on providing incentives for improvements in on-farm
irrigation efficiency are most likely to lead to increased
consumptive use by participating farms as efficiency gains are
used to overcome existing deficit irrigation circumstances, improve
crop yields, or bring more acreage under irrigation. As a result, it is
unlikely that pump-back arrangements would result in significant
reductions to target flow shortages at the critical habitat.

e Relocation of Return Flows. This alternative has not been included
in the short list for Regions | and 2 due to failure to pass the
screening criteria for the physical category. Irrigation districts and
municipal, industrial, and commercial entities in Regions | and 2
do not have return flows that enter the Platte River system below
the critical habitat that could be physically relocated above the
critical habitat, This option could potentially increase the flow to
the critical habitat if return flows normally entering the river just
downstream of the critical habitat were pumped and discharged
above the critical habitat. Therefore, this alternative has been
included in the short list for Region 3.

& i : i ' icultural Water

s Nop altematives were excluded.
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Cate — Groundw

Development of Non-Tributary Groundwater Sources. This
alternative has not been included in the short list for all three
regions due to failure to pass the screening criteria for the physical
category. Development of non-tributary groundwater sources is
considered to be cost prohibitive. Reconnaissance level evaluations
of groundwater development potential and development costs for
non-tributary supplies in the Denver Basin performed in 1989
indicated costs of development in the range of $2,000 (lowest) to
about $12,000 (average) per ac-fi of developed supply (Boyle
Engineering Corporation, 1989). These costs did not include land
acquisition costs, and generally involved development of wells and
associated facilities in close proximity to the point of use. In the
case of the present investigation, it may be necessary to convey
water over long distances for alternatives relying on non-tributary
supplies that are developed from outside of the Platte Basin.
Independent analysis of the costs of developing non-tributary
groundwater from adjacent basins results in minimum costs of
about $2,000 per ac-ft of developed capacity. After including land
acquisition costs and conveyance costs and accounted for losses
enroute to the critical habitat, the average cost per ac-fit of
reduction to target flow shortages will likely exceed $3,000.
Another shortcoming of this altemmative is its lack of long-term
sustainability. In all three regions, non-tributary groundwater
would be developed from basins that receive little or no recharge.

Intermittent use of non-tributary groundwater sources, such as in
response to infrequent drought events (say once in ten years) has
also been rejected on economic grounds, In this instance, while the
total capital costs of project development are substantially the
same for this alternative, the average yield is reduced in proportion
to the frequency of use.

Groundwater Allocation Management. Groundwater allocation
management refers to the use of agricultural water taxes or duties
in order to reduce demand for groundwater. This alternative has
been not been included in the short list because it violates the
Cooperative Agreement, which requires programs to be incentive-
based and reflect willing participation. This alternative is not an
incentive based program and does not reflect willing participation
which 15 required under the Recovery Program.
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Category 6 — Systems Integration and Management

Effluent Exchange Agreements. This alternative has not been
included in the short list for all three regions due to failure to pass
the screening criteria for the physical and economic categories.
Municipalities place a high value on reusable effluent because this
water represents a future water supply source, which can postpone
water supply acquisition and development costs. Therefore, the
value of the exchange potential might best be estimated in terms of
the cost of replacing potential effluent exchange with an alternate
supply in the city’s portfolio. As shown for alternatives involving
reuse opportunities under Category 3, alternatives involving
effluent exchange agreements are considered cost prohibitive in the
context of replacing potential reuse.

Reuse of Windy Gap Project water is cited as a source of supply
for the St. Vrain River basin in the St. Vrain Basin Reconnaissance
Study (R.W. Beck and Associates and Dames & Moore, 1986).
Under several plans analyzed in the study, effluent would be
distributed directly or by exchange to irrigators from a small
regulating reservoir at the wastewater treatment plant. The study
estimated the capital cost of the effluent reservoir and pumping
infrastructure at $17,900.000. Based on a firm vield of 6,600 ac-
ft/yr of reusable water, the cost is $2,712/ac-fi. This does not
include annual operational expenses such as energy costs related to
pumping. Implementation of effluent exchange agreements that
require structural elements such as reservoirs is considered cost
prohibitive in the context of this study.

In addition, similar to the water reuse alternatives, the availability
of effluent is essentially the same year round, therefore, although
an exchange agreement may have a positive effect on diverters
upstream of the effluent return location, there would be essentially
no change in the flow quantity at the critical habitat.

Link Existing Municipal Water Supply Systems. This alternative
has not been included in the short list for all three regions due to
failure to pass the screening criteria for the physical and economic
categories. This alternative would benefit municipalities by
providing greater flexibility and redundancy in their supply
systems, particularly in times of drought. Additional flexibility,
redundancy, or possibly additional diversion points will not
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significantly change the flow quantity or timing at the critical
habitat. This alternative may provide the opportunity to expand use
within a water supply system as opposed to generating additional
flows for the critical habitat.

Alternatives that expand delivery possibilities through system
linking as described above generally require significant capital
expenditures for conveyance facilities such as pipelines and
reservoirs, Although linked water supply systems provide
increased flexibility and potentially create reuse opportunities: they
will not necessarily change the quantity of flow at the critical
habitat. Municipalities place a high value on conserved water
supplies because this water represents a future water supply source,
which can postpone water supply acquisition and development
costs. Therefore, the value of a linked water supply system
alternative that generates reuse potential can be estimated in terms
of the cost of replacing potential reuse with an alternate supply in
the city’s portfolio. As shown for alternatives involving effluent
exchange agreements and reuse, the long-term capital cost of new
supplies in the context of replacing potential reuse is considered
cost prohibitive in the context of this study.

Transbasin Diversions/Imports. This alternative has not been
included in the short list for Regions 2 and 3 due to failure to pass
the screening criteria for the legal/institutional category. The only
feasible source of imported water within Region 2 in the time
frames implied in the Cooperative Agreement is the Upper
Colorado River Basin because of existing diversion facilities. The
Colorado River Basin is also faced with endangered species
listings, causing Colorado to embark on a conservation/supply
study on the western slope similar to the Platte study. Therefore, it
is unrealistic to look to that basin for additional imports to the
Platte. This alternative 1s opposed by entities that have the ability
to prohibit implementation. Both Wyoming and Colorado are
prohibited from importing water from the Colorado River basin for
delivery to the critical habitat due to Colorado River compact
requirements. Transbasin diversions/imports from the Colorado
River basin can only be used within the respective state; therefore,
diversions to the critical habitat would be contrary to current
compact conditions.




Nebraska statute restricts transbasin imports. It is generally
considered better to use water within the basin of origin and
current policy requires that the out-of-basin uses outweigh in-basin
uses. In addition, there are interstate compact issues associated
with the Republican and Blue Rivers. Nebraska is required to fulfil
their compact obligations, which limit opportunities for transbasin
diversions to the Platte River. Nebraska and Kansas are currently
involved in litigation regarding the Republican River, which would
essentially preclude transbasin diversions from the Republican
River to the Platte River within the timeframe of the Cooperative
Agreement.

Category 7 — Watershed Management

Forest Management. Forest management involves timber harvest
with the intent of increasing runoff for instream flow purposes
consistent with the objectives of the cooperative agreement. This
alternative has not been included in the short list for Region 3 due
to failure to pass the screening criteria for the physical category.
Region 3 does not have significant forested areas in the Platte
basin available for clearing. This alternative could be reconsidered
by the WMC or the Water Action Plan Committee during Action
Plan preparation if it is felt that the Program should be credited
with any reductions to target flow shortages from the vegetative
management activities being conducted in the Critical Habitat.
This type of application of the forest management concept would
overlap with the Phreatophyte Control alternative discussed below
because of the variety of vegetation currently being managed.

Phreatophyte Control. This alternative refers to the retirement of
the non-beneficial consumptive use from phreatophytes along river
courses and ditches with the intent of transferring use for instream
flow purposes. This alternative has not been included in the short
list for all three regions due to failure to pass the screening criteria
for the physical eriteria.

Consumptive use by phreatophyte species (cottonwoods, willows,
salt cedars, etc.) has been estimated as approximately 1.65 ac-
ft/acre (HDR Engineering Inc., et al., 1989a). Therefore, to retire
20,000 ac-fi of phreatophyte consumptive use in a region. over
12.000 acres would need to be cleared. Phreatophyte growth would
need to be monitored and subsequent removal of secondary growth

6-28



would likely be necessary to maintain the yield, as such, there
would likely be annual maintenance costs associated with
phreatophyte control.

Under current water law water rights cannot be established for
water generated from phreatophyte control. At the scale required to
generate 5,000 ac-fi at the critical habitat, this alternative would
likely come under serious attack from conservation groups, making
implementation unlikely. The aesthetic value, wildlife habitat,
stream bank stabilization and water temperature reduction that
phreatophytes provide would be lost through large-scale
eradication efforts. Removal of phreatophytes from river courses
and from along canals would have “limited effectiveness™ (Harza
Engineering Co., et al., 1987). Removal of phreatophytes may
increase sedimentation due to reduction in stream bank
stabilization. Institutional issues involving phreatophyte control are
problematic as “water law principles would preclude claiming a
water right as the result of watershed vegetation management™
(USACOE, 1986).

Snowpack Management via Vegetative Shading. This alternative
has not been included in the short list for all three regions due to
failure to pass the screening criteria for the physical category.
Although this altemmative has been shown to delay snow melt and
the associated runoff on a scale of several acres, it would not be
possible 10 implement on a large enough scale to effect the flow
quantity or timing at the critical habitat.

Weather Modification. This altemative has not been included in
the short list for all three regions due to failure to pass the
screening criteria for the physical category.

Firm yields resulting from weather modification programs are
uncertain and difficult 10 assess. Statements of an overall average
increase in runoff are speculative and assume that modeling
reflects cloud responses to cloud seeding (USACOE, 1986).
Studies show that weather modification can have both positive and
negative effects, and there 1s the potential it may have no effect
(USACOE, 1986). Increase in snowpack and the associated runoff
from cloud seeding programs reported in the available literature
are based on small application areas and for time periods of
generally less than ten years. Weather modification due to cloud
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seeding would be difficult to implement to definitively effect flow
quantity at the critical habitat.

Other issues of concerns with respect to cloud seeding include
potential water quality impacts on aquatic ecosystems and the
timing of increased water yields.

E. Development of Short List of Alternatives

After conducting an initial screening based on the general screening
criteria the long list was reduced to a short list, which consists of 35
alternatives, Water conservation and supply alternatives that did not
fail the initial screening were included in the short list and are
presented in Table 1.2, Three of the 35 alternatives, which include
relocation of return flows, transbasin diversions, and forest
management. do not apply to all three regions.

The resulting short list of alternatives was analyzed in greater detail to
determine which of the alternatives was most promising in the context
of this study. Specific and/or representative examples of the shortlisted
alternatives were identified and evaluated with respect to the same
previously identified criteria. Evaluation of the alternatives on the
short list is described in Chapter 8.
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7. WATER BUDGET ROUTING MODEL
TO EVALUATE FLOW CHANGES AT
CRITICAL HABITAT

Potential reductions to target flow shortages in the critical habitat are a
primary measure used to evaluate water conservation/supply
alternatives for the Platte River Recovery Program. From the short list
of alternatives, described in Chapter 6, the study team identified
specific and/or representative projects throughout the Platte River
study area. The effects on streamflows in the immediate area of each
project, as well as the resulting effects in the critical habitat area were
evaluated.

The net hvdrologic effects at the altemative site were determined from
existing studies and monthly models developed for the reconnaissance
study. A water budget spreadsheet model was used to route the local
net hydrologic effects to the critical habitat to determine the potential
reductions to target flow shortages associated with an alternative. As
the same water budget spreadsheet model was used to evaluate each
alternative, no bias is introduced. The average reduction to target flow
shortages during the study period was a sub-criterion used to evaluate,
screen, and compare water conservation/supply alternatives.

The water budget is a predictive tool used to assess the relative
magnitude and timing of additional water routed to the critical habitat
for each altemative. The net hydrologic effects of each altemative are
routed to the critical habitat with a water budget spreadsheet consisting
of existing flow conditions and loss factors for the nineteen study
reaches. The river loss factors attributed to seepage, diversion, and
evaporation were developed by the WMC from historical records. A
more detailed description of the development of the loss factors is
provided in Appendix E.

The Platte River study area is represented as nineteen river reaches
(see Figure 3.1) in the water budget. The upstream and downstream
ends of each reach are defined by USGS streamflow gages (see Table
7.1).

The nineteen river reaches are represented by individual worksheets in
the water budget spreadsheet (available on the World Wide Web at
ftp://164.119.100.4/ pub/data’'mad/w14-1). Continuity is maintained in
the water budget, as the inflow to a downstream reach is equal to the
outflow from the upstream reach. Baseline conditions within each
reach were developed that represent current facilities and operations
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Table 7.1

Platte River Reaches Defined for the Platte River Study Area

Reach Reach Description Reach Length Not
Number Inundated by Reservoirs
{miles)
Region 1 - North Platte River Upstream of Lake McConaughy
1 Northgate, CO Gage to Sinclair. WY Gage 100}
2 Sinclair, WY Gage to Alcova, WY Gage 40
3 Alcova, WY Gage to Orin. WY Gage 132
4 Orin, WY Gage to Passing Whalen Diversion Dam Gage 40
6 Laramie River: Below Grayrocks Reservoir Gage to Fort Laramie, 17
WY Gage
5 Passing Whalen Diversion Dam Gage to WY-NE Stateline Gage 47
12 WY-NE Stateline Gage to Bridgeport, NE Gage 575
13 Bridgepornt. NE Gage to Lewellen, NE Gage ()
Region 2 - South Platte River Upstream of Western Canal Diversion
fi Henderson, CO Gage 1o Kersey, CO Gage 54.9
] Kersey, CO Gage to Balzac, CO Gage 649.7
9 Balzac, CO Gage to Julesburg, CO Gage 97.6
11 Poudre River: Canvon Mouth Gage 1o Greeley, CO Gape 51.8
Region 3 - Platte River below Lake McConaughy and Western Canal
10 Julesburg, CO Gage to South Platte at North Platte. NE Gage 85.6
14 Kevstone Diversion Gage to North Platte at North Platte, NE Gage 51.5
15 North Platte at North Platte, NE Gage to Brady, NE Gage 238
16 Brady, NE Gage to Cozad, NE Gage 25.5
17 Cozad. NE Gage to Overton, NE Gage 28.1
18 Overton. NE Gage to Odessa, NE Gage 15T
19 Odessa, NE Gage to Grand Island. NE Gage 56.2
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for the defined hydrologic period. The twenty-year study peniod, 1975-
1994, was chosen to judge the average net reduction in shortages to the
target flows that would have occurred historically if an alternative had
been implemented. The study period represents river flow conditions
that are reflective of current development and includes representative
wet years (1983-1984) and dry years (1988-1991). A more detailed
description of the period chosen for this study is provided in Appendix
D.

Baseline conditions reflect inflows and outflows from each reach.
other inflows from tributanies and canals, diversions, and river surface
evaporation (see Figure 7.1).

Diversion losses include the major diversion structures in each reach
for which there are records. Specific structures included in the water
budget spreadsheet are listed in Appendix E. Diversion losses are
gross values rather than net values because they do not account for
return flows to the river. However, the surface water returns from three
hydropower diversion structures in Nebraska are represented in the
water budget (see Reaches 10, 15 and 18 in Figure 7.2).

Evaporation losses are calculated from estimated river surface
evaporation. River surface evaporation was calculated as a function of
river channel width and length, and monthly pan evaporation values
from weather stations along the Platte River. A water balance analysis
between upstream and downstream gages was then camed out to
determine the monthly gains and losses within a reach.

Seepage losses are calculated from the estimated gain/loss in the water
balance analysis. Baseline return flows from diversions are accounted
for in the gain/loss term. Seepage losses are zero during months when
the river reach is gaining.

Based on this analysis, monthly loss factors were developed for
evaporation, diversion, and seepage. Loss factors are expressed as a
percent loss per mile within a given reach. Evaporation and seepage
losses occur throughout the vear. For some reaches diversion losses
occur throughout the year, however, they are typically greatest during
the irrigation season. Diversion losses are generally significantly
greater than evaporation and seepage losses. The percentage loss due
to evaporation, seepage. and diversions varies by month, therefore, the
monthly distribution of water added to the system significantly
impacts the reductions to target flow shortages.

73



Figure 7.1  Study Reach Representation in Water Budget Spreadsheet

Other Inflows
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(Outflow + Evap + Diversions) - (Inflow + Other Inflows)

Total Inflows = Inflow + Other Inflows + Gain
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: Figure 7.2
®. ! Diversions and Return Flows Represented in Water Budget Spreadsheet
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Percent loss factors can be applied to water contributions introduced at
any point within a reach. The appropriate number of miles is
multiplied by the percent loss factor per mile to reduce the water
contribution as it moves downstream to the bottom of the reach, Total
losses suffered enroute to the critical habitat generally increase the
further upstream water is added to the system. As a result. additional
water added to reaches in Regions 1 and 2 typically generates less
reductions to target flow shortages than if the same amount of
additional water is added to reaches in Region 3. Development of the
monthly loss factors is covered in detail in Appendix E.

Assumptions

The water budget spreadsheet is based on the following assumptions.
These assumptions are generally conservative with respect to the
study, in that less water would be estimated 1o get to the critical habitat
than might in reality.

¢ Monthly loss factors are prorated equally among all inflows. In
other words. a contribution of water from a water
conservation/supply alternative will experience the same loss or
shrink as historic inflows to the reach.

e Additional water flowing through the system as a result of an
alternative is subject to evaporation, seepage, and diversion losses
for every mile of the respective river reaches through which the
water is routed.

e Diversion losses can be turned off for each reach individually to
simulate the protection of water from existing diversions.

s Diversion losses to additional water routed down to the critical
habitat are assumed to be 100% consumptive.

e Surface return flow information from select diversions in Nebraska
are modeled in the water budget spreadsheet (Korty diversion to
NPPD return, Central Supply Canal to J-2 and Jeffrey returns,
Kearney diversion to Kearney return).

¢ Flows added to any of the reaches are routed down to the critical
habitat in the same month,
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e Existing flow conditions and monthly loss factors are not affected
by the introduction of additional water.

e Reservoir operations are not modeled, as such, water added to the
system is assumed to ‘skim’ over reservoirs, suffering no losses.

* Loss factors have not been developed for all the tnbutaries and
certain sections of the mainstem. The net hydrologic effects from
alternatives on tributaries were conveyed to the upstream end of
the nearest Platte River reach subject to no losses. The net
hydrologic effects from alternatives located above Northgate,
Colorado in Region |, and Henderson, Colorado or Poudre River:
Canyon Mouth in Region 2 were conveyed to the top of the most
upstream reach subject to no losses.

C.

Methodology

The net hydrologic effects define the changes 1o the flow regime
associated with an altemative over the 1975-1994 study period in the
vicinity of the alternative. Net hydrologic effects associated with the
operations of alternatives were modeled on a monthly time step based
on existing studies and conversations with representatives from the
states of Wyoming, Colorado, and Nebraska. The specific
methodologies and analytical techniques used to determine the local
net hydrologic effects associated with each alternative are described in
Chapter 8.

The 20-year time series of net hydrologic effects are input to the water
budget at the alternative's location within the reach. The water budget
conveys the additional water downstream to the bottom of the reach
subject to evaporation, diversion. and seepage losses over the
remaining miles in the reach. The net hydrologic effects at the bottom
of the reach are then routed down to the critical habitat subject 1o
appropriate loss factors in the intervening reaches. Diversion losses are
not applied to additional water in reaches for which diversion losses
have been turned off in the water budget spreadsheet.

Some alternatives can result in reductions to flows, as opposed to
additional flows, in the vicinity of the altemative. Flow reductions can
be caused by diversions from the river (a diversion to a reservoir or
recharge), changes to return flow patterns, or changes to reservoir
operations. Flow reductions are represented by negative numbers in
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tables of net hydrologic effects and reductions to target flow shortages.
Flow reductions from an alternative are subject to evaporation,
seepage. and diversion losses through downstream reaches even if
additional flows from water conservation/supply alternatives are
protected from existing diversions as they are routed downstream.

After the additional water is routed downstream to Grand Island,
Nebraska (Reach 19). the additions and reductions to the streamflow at
Grand Island are compared to historical target flow shortages and
excesses to determine the average net reductions to target flow
shortages associated with the alternative.
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8. EVALUATION OF ALTERNATIVES

A. Introduction

Project alternatives were formulated to meet the objective of providing
additional water at Grand Island, Nebraska for endangered species.
This additional supply of water is intended to reduce the target flow
shortages identified in Chapter 2. Project alternatives that were not set
aside in the initial screening, described in Chapter 6. are evaluated in
this chapter.

The locations of projects evaluated throughout the Platte River Study
area are depicted in Figure 8.A.1. The shortlisted alternatives were
cvaluated systematically to determine their comparative effectiveness
in reducing target flow shortages in the critical habitat. Evaluations
were performed at a reconnaissance level of detail, which is defined as
that level needed to distinguish major differences among alternatives
and to provide a preliminary indication of the feasibility of each
alternative. The evaluations of the shortlisted alternatives consider the
estimated amount of reduction to target flow shortages and cost, as
well as environmental, social, and legal and institutional factors
associated with each altemative. These factors, and the comparative
scoring of the alternatives, are presented in sections 8.B through 8.1 for
the following categories of shortlisted alternatives:

e Reservoirs

 Agncultural Conservation

¢ Municipal and Industrial Conservation

e Reuse

¢ Incentive-Based Reductions in Agricultural Water Use
e Groundwater

* Systems Integration and Management

¢  Watershed Management

1. Yield Analysis

For this study, the yield of an altemative was defined as the average
annual reduction in target flow shortage over the period 1975-1994.
The analysis involved in determining the yield of each shortlisted
alternative was carried out using the following standard approach:
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Figure 8.A.1
Locations of Specific and/or Representative Projects
Evaluated from the Short List of Alternatives

Reservoirs

Water Conservation
Reuse

Incentive Based Reductions in Ag. Water Use
Ground Water

Systems Integration and Management
Watershed Management

]
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Reach B is the lower 17 miles of the Laramia River
in WY between the below Grayrocks gage and
the Laramie River at Fort Laramie, WY gage
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Define the impacts. Define the area of immediate impact and the
components of the local hydrological balance that will be impacted by
the alternative.

Define the approach. Define the analytic approach and specific
method of analysis necessary to evaluate the net hydrologic effect. For

example, the analysis of a new reservoir would require a monthly
operational spreadsheet; a ground water recharge alternative would
require SDF analysis,

Perform the hvdrologic analysis. Evaluate the yield of the alterative
based on existing studies and conversations with representatives from
the states of Wyoming, Colorado, and Nebraska. The specific
methodologies and analytical techniques used to determine the local
net hydrologic effects associated with each altermative are described in
sections 8.B through 8.1. Some alternatives can result in reductions to
flows, as opposed to additional flows, in the vicinity of the alternative.
Flow reductions can be caused by diversions from the river, changes to
return flow patterns, or changes to reservoir operations, Flow
reductions are represented by negative numbers in tables of net
hydrologic effects.

Analyses from existing studies were used where available. The SDF
method, as discussed in Chapter 5 and Appendix B, was used to
analyze groundwater related impacts to the Platte River, The SCS
Blaney-Criddle method, as discussed in Appendix C, was used to
analyze consumptive irrigation requirements associated with
agricultural altemnatives.

Route the hydrologic effects. Translate the local net hydrologic effects

to the upstream end of the next downstream reach via the water budget
spreadsheet. Route these effects to the critical habitat using the water
budget spreadsheet to determine potential reductions to target flow

shortages (see Chapter 7).

Two routing scenarios were evaluated for each alterative. The No
Diversions scenario assumes additional flows can be protected from
downstream diverters, in which case, additional flows are not reduced
by diversions. The With Diversions scenario assumes additional flows
cannot be protected from downstream diverters, in which case,
additional flows are reduced by diversions. For the latter scenario,
diversions represented in the water budget spreadsheet are assumed to

8-A-3



be 100% consumptive, with the exception of surface water return
flows from the Korty, Tri-County, and Keamey Canals in Nebraska
(see Chapter 7).

When routing water downstream, improvements or modifications to
existing diversion structures that are necessary to bypass water
downstream were considered in all three regions. Based on
conversations with the Colorado Division 1 Water Resources Office,
approximately 50 percent of the structures in Reaches 7. 8, and 9 in
Colorado would need to be modified to bypass Program water
downstream. These structures consist primarily of large sand dams that
can divert the entire river. These structures do not have the ability to
bypass specific amounts of water nor the ability to fine tune diversions
through the use of spillways. Based on conversations with the State
Engineer’s Office in Wyoming, there are no diversion structures that
would require improvements or modifications in Wyoming to bypass
Program water downstream. Most of the gravity diversion structures
have been replaced with pumps that can be regulated. Based on
conversations with the Nebraska Department of Water Resources,
there are no diversion structures in Nebraska that would require
improvements or modifications to bypass water downstream. Although
there are several sand dams along the North and Platte Rivers both
above and below Lake McConaughy, these structures typically force
water into side channels that run parallel to the river. The main
headgate and measuring device for most canals are located on these
side channels. Spillways are typically located at these measuring
devices, therefore, the amount of water that is diverted to the canal and
released back to the river can be fine tuned. In some cases the spill
structure is also gate controlled. Although the sand dams across the
mainstem do not have the ability to make low-flow releases. the
diversions structures will not necessarily have to be improved due to
the ability to fine tune diversions and releases back to the river as
described above.

Independent Evaluation of Alternatives

Each alternative was analyzed independently of all other alternatives,
that is, as though it was the only alternative implemented. Because
some alternatives rely on the same source of water. the yield of two
alternatives implemented simultaneously would generally be less than
the sum of the vields of the individual alternatives. Furthermore, the
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analyses may overstate yields if participating districts or municipalities
require a portion of the yield in return for their participation. Chapter
11 discusses the general compatibility of shortlisted alternatives.
Refinements to this analysis, to determine the degree to which specific
projects are compatible, must be addressed during the preparation of
the Action Plan.

Operating Conditions That May Impact Yields

The yields of projects may be reduced if there are adverse impacts on
downstream water rights that need to be offset or compensated. Water
that another downstream water permit is entitled to divert may not be
considered new program water in Nebraska with the exception of Lake
McConaughy Environmental Account (EA) releases. An in depth
evaluation of flows which are in excess of current downstream uses
has not been completed for this reconnaissance level study. However,
diversions to storage or diversions to groundwater recharge have been
constrained to months of target flow excesses at the critical habitat.
Yields associated with projects in regions 1 and 2 that could have
impacts on downstream uses were estimated under both the No
Diversions and With Diversions scenarios. However, because reservoir
operations are not modeled, water added or subtracted from the system
is assumed to “skim™ over reservoirs suffering no losses. In which
case, water that is retimed or removed from the system that was
historically stored in Lake McConaughy 1s always passed through the
reservoir under both the No Diversions and With Diversions scenarios,
Therefore, with respect to Lake McConaughy, water generated as a
result of an alternative has been considered by the Study Team as new
water in Nebraska because the water budget spreadsheet does not
account for diversions to the reservoir.

The Study Team and the WMC considered the possibility of
developing a Lake McConaughy operations model. This was deferred
in order to focus efforts on the creation of the water budget
spreadsheet and with the understanding that more detailed analysis of
reservoir operations might be accomplished for specific projects as
part of the development of the Action Plan. Due to the absence of a
Lake McConaughy operations model, impacts to Lake McConaughy
are not specifically accounted for in this reconnaissance level study.

There are opportunities to reregulate all altermatives through the Lake
McConaughy EA, which may increase reductions to target flow
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shortages. The difference between the annual delivery at Grand Island
and the average annual reduction to target flow shortages represents
the potential additional benefit of re-timing water generated by an
alternative through the EA in Lake McConaughy. The annual delivery
at Grand Island is equivalent to the net hydrologic effect at the habitat,
which is provided in the vield and cost summary tables at the end of
Chapter 8.B through 8.1.

As indicated in Section D of Attachment 11 of the Cooperative
Agreement, “It is an operational goal to coordinate upstream
conservation activities so as to increase storage in the Environmental
Account.” For example, for projects upstream of Lake McConaughy
the EA could be used to reregulate additional water generated or
retimed by the project. The EA could also be used to reregulate
additional program water downstream of Lake McConaughy through
an exchange. In that case users downstream of Lake McConaughy
such as CNPPID and/or NPPD could use the additional water
generated by an altemnative in exchange for reduced releases. which
would result in corresponding increases in the EA account. Projects
located on the North Platte above Lake McConaughy can be easily
reregulated through Lake McConaughy. South Platte and Platte River
exchanges for projects downstream of Lake McConaughy are less
certain because of minimum flow requirements and the requirement
that water be of use to CNPPID and NPPD. The benefits associated
with reregulation through Lake McConaughy were not considered in
any yield analyses.

2. Cost Analysis

The cost analysis was carried out under the following standard
approach:

Cost estimates for this reconnaissance-level report were derived
primarily from information contained in a wide variety of planning,
design. and construction reports. Information was also obtained from
published cost indices and general references. Cost estimates for
many alternatives were supported by discussions with parties having
prior knowledge of the project in question, or other similar projects.
Many references were not explicit regarding the methods used to
estimate costs and whether those costs included provisions for unlisted
cost components, engineering and administrative fees, and
contingencies. In other cases it was not clear whether the estimated
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costs were related solely to direct construction expenditures or whether
they also included financing expenses such as interest during
construction, debt service, or bond 1ssuance costs. An attempt was
made to characterize the source and nature of the supporting cost
information for each alternative so that the reader can make a
determination of the reliability and level of detail contained in each
estimate.

Some alternatives have relatively high initial construction costs but
relatively low annual operation or administration costs. For other
alternatives this situation is reversed. Therefore, a method was needed
to compare disparate alternatives. Many reconnaissance level studies
assume the following: 1) a consistent financing mechanism (such as
the issuance of general obligation or revenue bonds) for the initial
capital costs and 2) annual operation and administration costs funded
from separate operating accounts, user fees or revenue sources.
Because of the large river basin, multiple project participants, and
widely varying project altematives, this study used the following
methodology as proposed by the Water Management Committee:

1. Previous cost estimates were reviewed and revised in an attempt to
include all costs associated with incentive-based implementation of
an altermative.

2. Cost estimates from previous studies were updated to 1998 cost
levels using indices published in the Engineering News Record.

3. Annual operation, maintenance, and replacement costs for 20 vears
of use were estimated and an equivalent present value cost was
computed using a six- percent discount rate.

4. The present value capital costs were added to the present value of
the annual costs to obtain a Total Capitalized Cost. This value was
used to compare alternatives on a consistent basis. For unit costs,
that is, the cost per ac-fi of shortage reduction at the Critical
Habitat, this Total Capitalized Cost was divided by the yield
estimate as determined using the methods discussed in the above
section.

The 20-year period used in the analysis was selected as a uniform and
easily understood time period for the initial comparison of alternatives
in this reconnaissance study. Some alternatives will have useful lives
extending beyond 20 years. In these cases, no salvage value was
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included. This was deemed appropriate for this study because
including salvage value would require the determination of whether
that value would accrue to the Program or to others, including entities
participating because of incentive-based programs. It was further felt
that the 20-year period extended sufficiently beyond the first
increment of the Cooperative Agreement (especially for alternatives
that would not be implemented until late in the first increment) and the
salvage value may not have a major impact on needed Program
funding. If however, it was determined that an alternative requires
significant replacement costs prior to 20 years of operation, provisions
were included in the estimates to cover these costs.

It 1s also important o note that this Reconnaissance Study does not
include economic analyses to determine the overall attractiveness of’
alternatives in the context of whether all benefits including primary,
secondary, and third party benefits exceed costs. Nor does the Study
include financial analyses to determine methods of funding the various
alternatives. It is expected that alternatives receiving further
evaluation in the Action Plan process or the programmatic EIS will
include one or both of these types of evaluations, This Study attempts
to only provide comparative reconnaissance level costs to implement
alternatives.

At this point some of the alternatives were screened from further
analysis based on the economic screening criteria identified in Chapter
V1 - project cost greater than $50 million; cost per acre-foot of average
annual reduction to target flow shortages greater than $3.000.

3. Alternative Scoring

Alternatives included within each category were scored according to
their respective physical, legal and institutional, economic, social, and
environmental characteristics. The numerical scoring between 0 and 5
was defined as follows:

0 A zero represents a fatal flaw. The alternative fails the
subcriterion.

I The alternative performs less favorably than average for the
subcriterion.

-

The alternative performs slightly less favorably than
average for this subcriterion.




The alternative performs about average for the sub-criteria,

4 The alternative performs slightly more favorably than
average for the subcriterion.

5 The altemative performs more favorably than average for
the subcriterion.

A summary of the ranges or conditions established for scores from 0 to
5 for each sub-criterion is provided in Chapter 6. Alternatives that
were scored zero in any of these subcriteria were set aside from further
evaluation at this time and were not scored in any of the other
subcriteria.

The final tables in sections 8.B through 8.1 include the scores for the
screening subcriteria, identified in Chapter 6. for both the No
Diversions scenario and the With Diversions scenario. Scores for each
sub-criterion are weighted equally; scores for the five general criteria
are equal to the average of their respective subcriteria. The total score
for the alternative is equal to the sum of the scores for the five general
criteria. The scores provide the means to compare each of the
alternatives.

4. Organization of Evaluation Sections

The following sections, 8.B through 8.1, are broken down into the
following components:

Introduction. Provide background information for the development of
the representative shortlisted projects analyzed in this category.

Conceptual Definition. Define the types of alternatives evaluated in
this category.

Operational Definition. Define the evaluation methods and

assumptions for the aliernatives evaluated in this category.
| : .

Description. Provide background information for the
individual alterative.
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Yield. Describe the methodology use to determine the local
net hydrologic effects for the individual alternative. Present
narrative and tabular results of the local net hydrologic effects
and the reductions to target flow shortages at the critical habitat
under the two routing scenarios.

Cost. Describe the development of capitalized costs for the
individual altemative. Present the capitalized cost and cost per
acre-foot of reductions to target flow shortages under the two
routing scenarios.

Summary Yield. Summarize the local net hydrologic effects and
reductions to target flow shortages of all alternatives evaluated within
the category of shortlisted alternatives. Present a summary table of
vields and costs for all alternatives.

Summary Cost. Summarize the total capitalized costs and costs per
acre-foot of target flow shortage reductions for all alternatives
evaluated within the category of shortlisted alternatives.

Associated Issues. Describe the physical, legal and institutional,
economic, social. and environmental 1ssues associated with each
alternative as they relate to the scoring of the alternatives.
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8.B. Reservoirs






Reservoirs

1. Introduction

This section examines the yields, costs and associated issues of various
reservoir alternatives to reduce shortages to target flows at the critical
habitat. A number of reservoir altematives identified in the long list of
alternatives were previously deferred from further analysis, as
documented in Chapter 6. The remaining alternatives fall into four
categories:

Constructing New Storage Facilities or Equalizing Reservoirs
Enlarge Existing Reservoirs

Remove Storage Restrictions Imposed by State and/or Federal
Agencies with Responsibility for Dam Safety

Lining Smaller New or Existing Reservoirs and Gravel Pits

A brief description of each of the representative projects and how they
might be implemented is provided below, followed by estimates of
yields and cost for each project. Finally the evaluation of each project
in terms of physical, legal and institutional, economic, social, and
environmental effects is offered to conclude the reservoir alternatives
evaluation,

2. Conceptual Definitions
- ine New S Faciliti Equalizing | e

Constructing new storage facilities or equalizing reservoirs refers to
the construction of new storage space. New storage facilities provide
the opportunity to store excess flows for release during penods of
target flow shortages at the critical habitat. Equalizing reservoirs
provide the ability to regulate water deliveries to reduce overall system
spills, capture water released for hydropower during the non-irrigation
season, or reduce peak releases from an existing larger capacity
reservoir. Equalizing reservoirs provide farmers with increased
flexibility in terms of both the timing and amount of water delivered.
The size of an equalizing reservoir is a function of the current variation
in flow releases, which is dependent on the distance and travel times
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required for reservoir releases to reach irrigation districts. Equalizing
reservoirs enable irrigators to utilize their storage releases more
efficiently.

Enlarge Existing Reservoirs. Enlarging existing reservoirs involves
structural modifications that increase storage capacity, such as
increasing embankment height. The available water supply and the
physical configuration of the reservoir to be enlarged limit the
magnitude of the conserved water supply. Topographic and geological
conditions, as well as permitting requirements can limit the ability to
enlarge existing reservoirs,

Remove Storage Restrictions Imposed by State and/or Federal
Agencies with Responsibility for Dam Safety. Removing storage
restrictions refers to administrative restrictions that can be removed or
altered to increase the amount of available storage. Storage restriction
may be imposed, which limit the allowable storage in existing
reservoirs to minimize the risk of dam failure for facilities with
documented deficiencies. Structural corrections required to remove or
reduce restrictions can and have been implemented throughout the
Platte River system.

Lining Smaller New or Existing Reservoirs s

reduction of seepage losses can be attained through reservoir lining.
Methods and materials used for reservoir lining include earth
compaction, earth blankets, bentonite, cement, chemical additives, and
flexible membranes.

3. Operational Definitions

For this reconnaissance level study. it is not possible 1o investigate
every potential reservoir alternative within each region. As such. some
limitations and basic assumptions have been applied to reservoir
related alternatives. The following operational definitions describe the
assumptions and methods that have been used to define the reservoir
altematives in the context of this study.

Constructing new storage facilities. The following simplifying
assumptions were used to define and analyze the construction of new
storage facilities:
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e New storage facilities that have been evaluated are generally
small and offstream to minimize environmental impacts.

* Only reaches where reservoir sites have been investigated in
previous studies were assumed to have the potential for a new
site. Where studies on specific reservoir sites are not available
new storage was investigated on a general basis as opposed to
identifying specific facilities.

e Historical monthly excess flows that are available for storage
were determined using historical streamflows provided by the
Water Management Committee.

o It was assumed that the monthly excess flow in each reach is
available to store under a current priority.

¢ The minimum capacity of new storage reservoirs investigated
in a reach was 10,000 ac-fi, unless site specific information
indicated the potential for a smaller reservoir. The maximum
capacity of new storage reservoirs investigated in a reach was
50,000 ac-ft, unless site specific information indicated the
potential for a larger reservoir,

* The two capacity extremes were assumed to bracket all
potential new reservoir alternatives within a reach.

e A simple area/capacity relationship was assumed for reservoir
evaporation estimates unless site specific data were available.

e The recharge to the stream of seepage water from reservoirs
was lagged with the aid of SDF analysis. A detailed description
of the SDF method is provided in Chapter 5 and in Appendix
B.

Constructing Equalizing Reservoirs. The following simplifying
assumptions were used to define and analyze alternatives associated
with the construction of equalizing reservoirs:

o Existing reservoirs that experience large spills or releases for
hydropower during the non-irrigation season were identified
through discussions with reservoir owners in the basin.
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s Topographic mapping was reviewed to determine if there is an
acceptable site for an equalizing reservoir downstream of these
identified reservoirs.

e The equalizing reservoir was assumed to have a capacity large
enough to store historical spills or non-irrigation season
releases for hydropower.

* A simple area/capacity relationship was assumed for reservoir
evaporation estimates unless site specific data were available.

Enlarging Existing Reservoirs. The following simplifying assumptions
were used to define and analyze the enlargement of existing reservoir
alternatives:

¢ Only reservoirs that have been identified for enlargement in
previous studies were assumed to have enlargement potential.

e Enlarged capacity was based on previous studies.

s Historical monthly excess flows that are available for storage
were determined using historical streamflows provided by the
Water Management Committee.

s [t was assumed that the monthly excess flows in each reach are
available to store under a current priority.

e A simple area/capacity relationship was assumed for reservoir
evaporation estimates unless site specific data were available.

* The recharge to the stream of seepage water from reservoirs
was lagged with the aid of SDF analysis.

Remove Storage Restrictions Im /or Fede
Agencies with Responsibility for Dam Safety. Reinforcement and

protection of the upstream face of Kingsley Dam is the sole alternative
identified at this time for removal of storage restrictions. The
following simplifying assumption was used to define and analyze the
removal of storage restrictions alternative:

e Additional reinforcement and protection of the upstream face
of the dam could provide additional storage while having




relatively little impact on current evaporation and seepage
losses from the reservoir.

Lining smaller new or existing reservoirs and gravel pits, The
following simplifying assumptions were used to define and analyze the
lining of smaller new or existing reservoirs and gravel pits:

* Lining was investigated on a general basis where studies on
reducing seepage at specific reservoir sites were not available.
New storage facilities that have been evaluated are generally
small and offstream to minimize environmental impacts.

« Historical monthly excess flows that are available for storage
were determined using historical streamflows provided by the
Water Management Commitiee.

* |t was assumed that the monthly excess flow in each reach is
available to store under a current priority.

e A simple area/capacity relationship was assumed for reservoir
evaporation estimates unless site specific data were available,

* The recharge to the stream of seepage water from reservoirs
was lagged with the aid of SDF analysis.

4. Alternatives
Region 1

Deer Creek Reservoir (Constructing New Storage Facilities)

The State of Wyoming, through the Water Development Commission,
initially evaluated the Deer Creek project to provide a reliable
municipal water supply for the City of Casper and other communities,
and provide for future growth and needed insurance against future
potential water rights regulation. In addition, the State of Wyoming
and the municipalities wanted to ensure that the lack of water did not
inhibit the opportunity for future growth. The U.S. Army Corps of
Engineers (Corps) completed a Final Environmental Impact Statement
(FEIS) in September 1987 for regulatory permits to evaluate the
expected impacts of the proposed project. The FEIS was relied on for
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the evaluation of Deer Creek Reservoir as a potential alternative to
reduce target flow shortages at the critical habitat.

The proposed Deer Creek Reservoir would be located on Deer Creek, a
right bank tributary of the North Platte River near the town of
Glenrock, Wyoming. Based on the FEIS the Deer Creek project would
consist of Deer Creek Dam and Reservoir, spillway, outlet works,
recreational facilities, access roads, utilities, stream gaging stations,
and telemetry equipment. The proposed dam would be a roller
compacted concrete dam approximately 900 feet long and 280 feet
high. This reservoir would capture surplus water from Deer Creek
during high runoff and would have an active storage of approximately
66,000 ac-ft. For the purpose of the FEIS study, water available for
storage was defined as excess-to-ownership. Deer Creek Reservoir
would provide a firm yield of 6,400 ac-ft for municipal and industrial
uses. The FEIS showed a capital cost for the Deer Creek project of $52
million. Annual operation, maintenance, and replacement costs were
estimated at $35,000.

There is no need for Deer Creek Reservoir for the City of Casper if the
Pathfinder Modification Project is implemented. The capacity of
Pathfinder Reservoir will be increased 54,000 ac-ft under the
Pathfinder Modification Project, of which, 20,000 ac-fi will be
retained by the State of Wyoming to provide the same basic municipal
water supply benefits as the Deer Creek Dam and Reservoir. The
parties to the Nebraska v. Wyoming lawsuit agreed to a stipulation
titled, “Amendment of the 1953 Order to Provide for the Modification
of Pathfinder Reservoir”™, which specifies that upon completion of the
Pathfinder Modification Project, Wyoming will release the 404 permit
and water rights for the Deer Creek Project.

With respect to this study, Deer Creek Reservoir is not feasible based
on a project cost of $52 million in 1987, Alternatives will not be
evaluated further if the implementation cost for an alternative or
combination of alternatives exceeds $50 million. However. the size of
the reservoir could be scaled back to reduce the cost in order 10 meet
the economic screening criteria for a feasible project within this study.
The project cost in 1987 was updated to a 1998 cost of approximately
$70 million. Costs are not linearly related to reservoir size, It was
assumed that reducing the reservoir size just over 50 percent to 30,000
ac-fi would reduce the cost approximately 30 percent to $50 million,
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Due to the uncertainty related to the costs associated with a reduced
reservoilr, a reservoir size of 10,000 ac-ft was also evaluated to bracket
the potential reductions to target flows associated with different Deer
Creek Reservoir sizes.

Yield

For the FEIS Deer Creek Reservoir was analyzed in the context of
meeting municipal demands, in which case, the estimated vield of
6,400 ac-fi is the firm yicld as opposed to the average yield. The
average vield of Deer Creek Reservoir has, therefore, been analyzed
with respect to providing flows to reduce target flow shortages at the
critical habitat.

The hydrology studies presented in Deer Creek Project Feasibility
Study Calculation Book 3 of 4 Feasibility Report Reservoir Yield
Studies (R.W. Beck & Associates, 1984) were used to reevaluate Deer
Creek Reservoir storage capacities of 10,000 ac-ft and 30,000 ac-fi
with respect to this study. The study team developed a simplified
reservoir operations model to evaluate the yield of the reservoir. The
following operating rules and assumptions were used in the analysis.

e The reservoir was assumed to be empty at the beginning of the
study period.

o Storable flows were considered to be the amount available at
the dam site after downstream Deer Creek rights were satisfied
and after water was bypassed to fulfill pnior rights downstream
on the North Platte River in Wyoming (USACOE, 1987).
Storable flows were obtained from the Deer Creek Project
Feasibility Report Reservoir Yield Studies (R.W, Beck &
Associates, 1984).

e Storable flow data is available for 1941 through 1980. The
study period for this project is 1975 through 1994, Therefore,
for the period from 1981 through 1994 average monthly
storable flows from the 1941-80 study period were used.

® The reservoir was operated under the one-fill criteria with
maximum fill capacities of 10,000 ac-ft and 30,000 ac-fi.
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e Diversions to storage were only made during months of excess
flows at the critical habitat. Between October and April water
from Deer Creek typically accrues to one of the storage
ownerships below Alcova under the senior storage rights of the
Glendo Ownership, Guernsey Ownership, and the Inland Lakes
Ownership. During that period water from Deer Creek that is
not stored in Glendo, Guernsey or the Inland Lakes 1s typically
stored in Lake McConaughy. Diversions to storage would
reduce the accruals to the storage ownerships below Alcova
and possibly Nebraska’s contributions to the Environmental
Account in Lake McConaughy.

e Releases from the reservoir were made during months of target
flow shortages at the critical habitat.

¢ Monthly evaporation was based on estimates of monthly
evaporation for different capacities determined in the FEIS
study.

Tables 8.B.1 and 8.B.2 show the local net hydrologic effects of the
10,000 ac-ft and 30,000 ac-ft reservoir alternatives, respectively,
through the 20-year study period. Negative values indicate months
when water goes into storage: positive values indicate months when
waler is released.

Deer Creek Reservoir is located approximately in the middle of Reach
3. Monthly diversions to storage (flow reductions) and releases (flow
additions) from Deer Creek Reservoir were routed downstream using
the water budget spreadsheet. Two routing scenarios were evaluated.
The first scenario assumes additional flows can be protected from
downstream diversions, in which case, additional flows are not
reduced by diversions. The second scenario assumes additional flows
cannol be protected from downstream diverters, in which case,
additional flows are reduced by diversions. Table §.B.37 in Section 5
summarizes the average annual values for net hydrologic effects at the
alternative site; at the top of Reach 4, with and without diversions; and
at the critical habitat. with and without diversions. Tables 8.B.3
through 8.B.6 show the reductions to target flow shortages at the
critical habitat for a 10,000 ac-ft reservoir and a 30,000 ac-fi reservoir.
The average annual reductions to target flow shortages with
downstream diversion losses and without downstream diversion losses
for a 10,000 ac-ft reservoir are 405 ac-ft and 1.406 ac-fi, respectively.
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Table 8.B.3
10,0000 ac-ft Deer Creek Reservoir
Reductions to Target Flow Shortages with Diversions

{ne-fi)
Year Ot Moy Dec Jan Feb Mar Apr May Jdun Jul Aup Sep Total
1975 0 (] ] 1] 34 A6 1] 1 2 1] (1] | ai
1976 4 24 i 1] 17 35 5 | ] ] i {i 107
1977 7 32 27 26 Rl 33 T I 0 o 0 1 157
1978 23 25 28 32 42 ] 3 2 L] ] ] ] 157
1979 B 21 3l an 25 37 3 I 1] (] 1] 156
1980 3 21 (] 1] ] 4] (] i ] 1] | 3 b ]
1981 22 1% ] i 175 178 [ 1 i 2 0 2 5004
14982 26 176 1] i 214 194 f 2 2 I I 4 626
1983 £ 155 1] 0 1] ] 0 ] ] 0 1] L] fad
19584 0 217 1] 1] 1] i) 0 ] 1] (1] 5 L] 222
1985 (1] 1] 1] 1] ] i T3 L] ] I | L] 3
1986 42 182 0 L] 0 i 1] 1] 1] 0 0 il e ]
1987 0 ] i i fi i { i i i 3 ] 3
1988 164 L] 1] ] ] 248 54 32 3 2 I H 513
1959 30 176 ] ] 234 132 9 I 2 i} 1 0 nRd
1994 e (E00] |83 1] m . ] 23 19 i (1] 2 3 Qo
1991 19 224 1] 1] 36K 324 ] 1] (1] ] (] 4 Qi
1992 3 285 0 o 389 ] t L] 3 4 | 3 127
1993 278 312 ] [1] 259 ] 7 ] 12 ] T 1] K80
1994 (] 0 1] { 34K 416 20 7 3 (] | B K04
Avernge 42 107 13 4 119 % 12 4 2 | I i 405
Table 8.B.4
10,000 ac-ft Deer Creek Reservoir
Reductions to Target Flow Shortages without Diversions
(mc-ft)
Year Oct Moy D Jan Feh Mar Apr My Jun Jul Aug Sep Total
1975 ] ii i i 44 46 46 4 44 43 3] 40 338
1976 3z 36 i i 45 45 42 e 34 7 f 0 E el |
1977 40 37 37 a9 4 4k 40 4 42 26 31 41 465
1978 4] 40 kL) 14 46 i 44 41 41 15 23 20 1K
1979 30 37 42 40 17 4% 45 EE i3 (] 35 26 416
1980 32 40 0 ] L] 1] ] (1] L] 191 194 149 iy
1981 195 193 ] L] 219 240 227 245 1m 145 L] 148 17E8
1982 215 261 ] L] 265 243 233 244 213 227 2349 186 2345
1983 2601 22] 0 ] il 0 0 i 1] i { { 481
1984 0 I 1] il 11 1] 0 0 0 0 204 0 S8
1985 L] L] L] 0l 0 1] 2095 292 282 284 288 L] i)
1986 300 278 0 0 0 0 ] 1] ] 1] 1] 0 8T
1987 0 il 0 i i ] 0 ] ] ] 29 1] 219
198K 240 0l 0 0 ] 2498 264 267 253 242 237 240 20632
1989 257 1R ] 0 kLT 253 275 255 7% i ek | ] 2193
15 291 283 255 1] 05 08 287 287 214 144 261 175 2812
1991 201 250 o L] 466 4355 0 V] 4] 156 193 2 1942
1892 285 454 [1] L] 4TR ] 435 144 424 368 b1 317 3306
1993 30o 431 0 ] 307 1] 4355 443 434 ] 427 4] 2B
1944 0 i L f 396 474 444 428 4049 {1 _429 326 2906
Average 141 | 54 14 fy 148 I;-i 157 {52 145 93 167 Oy 14036
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Table 8.B.5

30,000 ac-fi Deer Creck Reservaoir
Reductions to Target Flow Shortages with Diversions
(ac-fi)

Year Oct Mo Dec Jan Feh Mar Apr May Jun dul Aug Sep Total

1975 L] U o L] 34 in ] 1 2 i [1] | G

1976 4 el | 0 L] 3 35 5 1 ] n n 0 1067

1977 7 23 27 26 k1| 1n 7 i 0 0 i | 157

1978 2 25 28 £ ] 42 0 3 2 L] 1] i ] 157

1979 K 21 3l 30 25 7 3 1 I i f L] 156

| BRI 1 21 0 il 1] ] (1] 1] L] 1] | k] 25

1981 22 19 i} ] 175 I8 o I 1] 2 1] 2 S04

1982 26 176 o L] 214 194 ] 2 2 | | 4 626

1983 kL 155 i L] ] 0 [ (1] [1] 1] 1] 0 194

1984 L] 68 i [i] 0 0 1] /] ] ] 14 o 582

19835 0 1] ] [i] (1] ] 190 4 n 3 4 1] 4

1986 s 477 1] 1] L] 1] [1] 1] 0 (1] n 0 56

1987 [1] ] ] [{] ] ] L[] 0 0 1] ] (1] L]

1988 430 1] ] 1] [1] il 142 ] L] k] 4 0 1341

1989 f ] 41 L] ] 611 Bl 2 3 [ 1] 2 ] 1789

1990 376 472 478 L] K2 581 (1] 49 2 1] 4 T 2613

199) qu 587 ] ] 628 551 7 L L] 1] 1] 5 1825

1992 i 143 i} ] 467 0 ¥ 7 3 5 2 4 873

1993 333 374 ] o i L[] R 7 14 1] L] o 1056

19594 1] L] 0 0 417 499 24 9 4 1] | g G5
A\'lun 7 192 28 4 1T (il _E_S q 3 | ] 3 bis

Table B.B.6
30,000 ac-Nt Deer Creek Reservoir
Reductions to Target Flow Shortages without Diversions
(ac-t)

i ¥ear et My Dt Jan Feh Mar Apr Aay Jun Jul Aug Sep Total
1975 [ L] L] 1] 44 & 46 o S 43 k1] 40 338
1976 2 i L] 1] 4% 45 42 44 32 17 [ 20 32|
1977 40 7 37 m FT] 48 40 44 52 6 u 41 468
1978 41 40 kL u 4 0 44 43 41 15 ¥ 4 20 ke
197 o » 42 A 37 45 43 44 1 o 15 20 46
1980 2 40 1] ] L] 1] u L] Li] 191 [L 149 Bl
1981 195 193 ] n 219 240 i) 245 17z 14K [1] 148 | 7RE
1982 215 26l /] 1] 265 43 233 244 213 2n 23 186 2345
1983 2600 a2l /] [1] L] L] /] i} i 1] L] ] 481
1484 1] 7495 i 1] L] 1] 1] ] i} o £33 ] |328
1985 0 U] 0 [1] L1 m Tod 137 T42 754 ] 3768
| Rt oK 727 ] 0 ] ] i (] 0 ] i fi 1535
1987 1] ] ] o i 1} 1] i 0 o 574 il 574
1958 627 o 1] [1] [1] TR0 705 hoq bis| 633 hd5 643 5392
1989 673 El3 1] L[] THS 78 719 B6E 729 0 fll ] 5187
[R50 Tal ™ (-1 [1] T ik 750 751 560 381 683 459 T355
19491 526 &a5) 1] 1] 92 ™m 671 ] L] 188 231 L] 4050
1992 42 5 1] 1] 573 0 522 419 SO8 442 144 350 4076
1993 4T 517 1] 1] Ise [1] S4b 531 5 1] 27 L] 3300
1isig o 0 0 [ 4% S 513 513 19| 0 51% 39| 3387

| Average| 241 25 £ & 2% EIT 293 253 240 153 204 13K 2108
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The average annual reductions to target flow shortages with
downstream diversion losses and without downstream diversion losses
for a 30,000 ac-fi reservoir are 695 ac-fi and 2,395 ac-fi, respectively.
Different release schedules were analyzed to determine whether the
reductions to target flow shortages could be increased. Consolidating
releases to fewer months each vear increased reductions, however, not
significantly.

Cost

Using the FEIS cost for a 66,000 ac-ft reservoir, updated to 1998
dollars, as a reference point, a 10,000 ac-ft Deer Creek Reservoir
might be expected to cost between $10 and $15 million. Similarly, a
30.000 ac-ft reservoir might cost between $40 and $50 million. Costs
associated with the dam foundation, and permitting and legal fees were
not assumed to decrease linearly with reductions in the reservoir size.

The cost per ac-ft of target flow reductions at the critical habitat for a
10.000 ac-ft reservoir would be approximately $30,860 assuming
releases cannot be protected from downstream diversions and $9,000
assuming diversions can be protected from downstream diversions.
The cost per ac-ft of target flow reductions at the critical habitat for a
30,000 ac-ft reservoir would be approximately $64.750 assuming
releases cannot be protected from downstream diversions and 518,790
assuming diversions can be protected from downstream diversions.
The cost per ac-ft of target flow reductions exceeds the economic
screening criteria upper limits; therefore, this alterative has been
deferred from further evaluation at this time. As such, the associated
issues for Deer Creek Reservoir have not been addressed.

Horse Creek Re-Regulating Reservoir (Constructing New
Equalizing Reservoirs)

The Horse Creek Re-Regulating Reservoir is proposed for construction
on Horse Creek near the Wyoming-Nebraska state line in Goshen
County. Wyoming. The purpose of the reservoir is to store and re-
regulate excess flows (operational waste) and storm flows originating
from the Fort Laramie Canal.

The canal began operating in 1925 after it was completed by the
LUSBR. It onginates at Whalen Dam and continues in a southeasterly
direction through Goshen County before leaving Wyoming at a point
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approximately 7 miles south of Lyman, Nebraska. Goshen Imgation
District (GID) spills water into Horse Creek to be subsequently
diverted into the South Horse Creek Lateral and the Lawrence Canal.
Water in excess of these demands (waste) is conveyed 1o the North
Platte River via Horse Creek. The re-regulating reservoir would store
this waste during the imgation season for later release when shortages
occur at the critical habitat.

In 1986, HDR Infrastructure, Inc. studied the feasibility of a reservoir
to re-regulate the operational waste of the GID (Horse Creek Reservoir
Level Il Study, Final Report, November 1986). Lidstone & Anderson,
Inc. (LA) conducted a more detailed investigation in 1993 that resulted
in the recommendation of several smaller reservoir alternatives
(Goshen Irmgation District Horse Creek Re-Regulating Reservoir
Level 1l Study, December 1993). While the altermatives recommended
in the LA report were large enough to re-regulate waste on a short-term
basis, none provided the storage necessary to mitigate flow shortages
at the critical habitat. Of those alternatives recommended in the HDR
report, the Upper Burcau Dam site provided the greatest amount of
storage for the lowest cost; consequently, the 11,000 ac-ft Upper
Bureau Dam Site was selected for evaluation in this study.

Yield

To evaluate the potential yield of the re-regulating reservoir, the study
team developed a simplified reservoir operations model. The
assumptions, methods, and data sources for the model are presented
below.

e The reservoir was assumed to be empty at the beginning of the
study period.

e Monthly waste quantities for the evaluation period were
obtained from the HDR and LA reports. These data represent
water that would have been conveyed to the North Platte River
after downstream diversions have been satisfied.

e During months of excess flows at the critical habitat, the waste
was stored in the reservoir.

¢ Stored water was released only during months of shortage. The
volume released was equal to the lesser of the total stored
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volume or the shortage at the critical habitat. In most cases, the
shortage at the critical habitat greatly exceeded the total stored
volume. Therefore. the reservoir typically empties in the first
month that a shortage occurs at the critical habitat.

e Evaporative losses were computed using mean monthly
evaporation data presented in the HDR report and the water
surface area extracted from the HDR stage-area curve.

Table 8.B.7 shows the local net hydrologic effects of the Horse Creek
Re-Regulating Reservoir alternative through the 20-year study period.
Negative values indicate months when water goes into storage:;
positive values indicate months when water is released.

Annual impacts approximately 5 miles east of the Wyoming-Nebraska
State line, where Horse Creek joins the North Platte River, range from
a reduction in flows of 5,238 ac-ft to a gain in flow of 11,000 ac-ft.
The annual effects of the re-regulating reservoir are highly sensitive to
the time that waste water is stored in relation to when it is released.

Monthly diversions to storage (flow reductions) and releases (flow
additions) from Horse Creek Re-Regulating Reservoir were routed
downstream using the water budget spreadsheet. Two routing scenarios
were evaluated. The first scenario assumes additional flows can be
protected from downstream diversions, in which case, additional flows
are not reduced by diversions.

The second scenario assumes additional flows cannot be protected
from downstream diverters, in which case, additional flows are
reduced by diversions.

Table 8.B.37 in Section 5 summarizes the average annual values for
net hydrologic effects at the alternative site; at the top of Reach 1Z,
with and without diversions: and at the critical habitat, with and
without diversions. Tables 8.B.8 and 8.B.9 show the reductions to
target flow shortages at the critical habitat for Horse Creek Re-
Regulating Reservoir. The average annual reductions to target flow
shortages with downstream diversion losses were estimated to be
1,112 ac-ft. The average annual reductions to target flow shortages
without downstream diversion losses were estimated to be 1,699 ac-fi.
Reductions in critical habitat target flows shortages are limited
primarily to the month of October given the assumed operations
criteria.
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Net Hydrologic Effects
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Table 8.B.8
Horse Creek Re-Reguiating Reservoir
Reductions to Target Flow Shortages with DNiversions

{ac-ft)
Year Det Moy Dec Jan Feb Mar Apr Mav Jun Jul Aug Sep Total
1975 (1 1] i} i 0 (1] [i} i i i [ i [T
1976 1] 0 [}] L] 0 0o ] ] 1] 1] 4] 1] 1
1977 i] i 0 1] i ] fh i} ] ] i 0
1978 0 i i i 1] i ] 1] i i} 0 i 0
1979 0 i 0 i i i 0 0 i i} 0 i {
1980 486 ] il i i il 1] i i 1l 0 i A
198 1813 i ] il 0 { i i {1 {i 0 il 1R33
1982 1003 0 0 i 1] H o i i 0 ] il 1003
1983 0 ] 0 ] 1] i) ] 1] ] ] ] il ]
19K4 i} R LT 1] 0 [0} 0 i {1 i} i 0 i ARA
1985 ] ] 0 1] 1} ] 23040 0 0 1] 1} i 2190
1986 4282 ) 1] i 0 o ] i fi o i ] 4282
1987 0 ] 0 0 i {1 i il ] { [ 0 i
198% 650 ] [1] 1] ] 1] 1] (1] L[] (] L] 1] Sasi
1984 i i 1] il i i i ] i ] 0 0 i
1990 236 i (1] ] il i i 1] 1] ] i i ot T
(L ] i o 0 0 0 i 1] ] ] ] i 1
1992 107 1} i} 0 0 ] i} i i 0 0 0 107
1993 1] ] i 0] {1 1] i} i} ] ] ] 0 0
1954 i i ] 1] 2472 i il i 1] il il 1] T2
Avernge | 68i) 193 i i 124 [ 115 1] 1] i i i} 1512
Tahle 8.B.9
Horse Creek Re-Regulating Reservoir
Reductions to Target Flow Shortages without Diversions
(nc-fi)
Year Ot Nov Dec Jan Feh Mar Apr Mav Jun Jul Aug 5 Total
1975 1] 1] i 0 0 ] 1] ] ] ] [l i 0
1976 ] i i i 1] i 0o ] ] i i} 1] i
1o 1] 0 i i ] il ] il ] 1] i 1] {i
1978 0 i ] 1] i 1] 0 i 1] ] ] il
1979 i 0 i f 1] {1 i 0 i} 0 0 ] i
1980 170 ] [0} ] i i} i} 0 ] il [0 { 1170
1981 3745 1 1] ] ] 0 1] L L] (] (1] 0 3745
1982 1657 il i i i 0 i i 0 i {1 i 1657
1983 0 ] 0 It o ] ] ] 0 ] 0 i i
CLE] i 5422 i} i (] i 1] i [i] ] 0 0 5412
1985 4] o L] i] (] L] 4507 ] ] 0 0 i) 4507
149Eb 5615 o L] ] ] i 0 1] ] 0 1] 0 5615
1987 ] 0 il i i [} 0 1] 1] ] 1] i 0
1988 B241 0 ] i i ] ] ] ] ] 0 i 5241
|9E9 ] i ] 0 ] 0 0 1] ] ] 1] 0 0
1990 477 ] i} i o 0 i} 0 ] ] 1] i 477
1941 i ] i i 1] fl ] 0 0 0 0 {1 i
1992 3133 1] 0 ] 0 0 i 1] ] 1] o i 133
1943 1] ] 0 i i 0 fi i o 1 i {1 il
1994 ] 1] il i 2817 1] il 1] fi 0] 1] il 2817
Average 1062 2N L] i 141 il 225 1] (] i 1] 1] | ey
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The study team also evaluated an alternative reservoir operations
scenario in which waste was stored in every month of the imgation
season, even in months when shortages occur at the critical habitat.
This scenario increases reductions to target {low shortages in the
winter months at the expense of the reductions to target flow shortages
in the summer months. The average annual reductions to target flow
shortages for this scenario were estimated to be 1,997 ac-ft with
downstream diversion losses and 3.814 ac-ft without downstream
diversion losses. Tables showing net hydrologic effects and reductions
to target flow shortages for this scenario are provided in Appendix F.

Cost

The 1986 HDR report estimated the cost to construct this reservoir to
be $12.7 million. Adjusting this value for inflation, the estimated cost
becomes $17.5 million in 1998 dollars. The cost per ac-ft at the eritical
habitat with downstream diversions is approximately $15,740 for the
first operations scenario and 58,760 for the second operations scenario.
The cost per ac-ft at the critical habitat without downstream diversions
is approximately $10,300 for the first operations scenario and $4,590
for the second operations scenario. The cost per ac-ft of target flow
reductions exceeds the economic screening criteria upper limits:
therefore, this alternative has been deferred from further evaluation at
this time. As such, the associated issues for Horse Creek Re-
Regulating Reservoir have not been addressed.

Seminoe Reservoir (Enlarge Existing Reservoirs)

Seminoe Reservoir (Seminoe) is a reservoir of the USBR's Kendrick
Project, which stores North Platte River water for irrigation and power
generation. Seminoe has a total storage capacity of 1,017,300 ac-ft and
1s located on the North Platte River about 72 miles southwest of
Casper. The average annual inflow is approximately 1,070,000 ac-fi
and the average annual pool is 500,000 ac-ft with about 13,000 surface
acres (U.S. Army Corps of Engineers, September 1987).

Numerous studies have been prepared on Seminoe Dam modifications.
In October 1991, USBR completed an appraisal level study that
analyzed the additional vield associated with raising the dam height.
The study evaluated two increases in dam height: 18 feet and 35 feet.
The study concluded that raising the dam 18 feet from elevation 6357
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to 6375 feet would increase the reservoir storage capacity by 415,000
ac-fl at an estimated cost of $38.15 million. USBR analyzed the new
elevation with and without Deer Creek Dam and Reservoir being in
place to determine the firm annual yield for municipal and industrial
use. The firm annual yield without Deer Creek Dam and Reservoir was
estimated to be 7,300 ac-ft. Raising the dam 35 feet would result in
additional reservoir storage capacity of 909,000 ac-ft at an estimated
cost of $62.5 million. The cost of raising the dam 35 feet exceeds the
economic screening criteria of $50 million, therefore, that alternative
has been deferred from further evaluation at this time. However,
enlarging Seminoe Reservoir by 18 feet is within the Project budget
and may provide an opportunity to establish an environmental account.
An environmental account in Seminoe Reservoir could provide an
opportunity to re-regulate flows in the North Platte River.

An additional opportunity to enlarge the storage capacity of Seminoe
Reservoir may be the reactivation of storage space lost to
sedimentation. However, USBR has not recently studied reactivation
of storage space lost to sedimentation at Seminoe Reservoir nor are
any such studies anticipated at this time. A report titled A History of
the Seminoe Reservoir Resurvey, Kendrick Project, Wyoming, dated
November 1975, concluded, “the sediment accumulation in Seminoe
Reservoir was not determined because of the irreconcilability of the
1972 survey data with previous surveys.” This alternative has been
deferred from further evaluation at this time due to lack of data
regarding current sediment build-up in Seminoe Reservoir and the
significant costs that would be associated with dredging the reservoir.
The only alternative that has been evaluated for Seminoe Reservoir is
raising the dam height 18 feet.

Yield

USBR evaluated enlarging Seminoe Reservoir in the context of
meeting municipal and industrial demands, in which case, the
estimated annual yield of 7.300 ac-ft is the firm yield as opposed to the
average yield. To estimate average vield of a Seminoe Reservoir
enlargement the study team completed a simple reservoir operation
study based on historical conditions for 1975-1983.

To analyze the enlargement of Seminoe Reservoir, the USBR obtained
a copy of the State of Wyoming's North Platte River Simulation

B-B-18



Model (NPRSM) and modified the model to simulate operation of the
enlarged Seminoe Reservoir. The difference in the end-of-month
contents at the current storage capacity and the enlarged capacity and
the monthly municipal and industrial demands are provided in USBR's
study. The study team estimated monthly evaporation and diversions
from storage from average monthly municipal releases and end-of-
month storage contents. The period of record for USBR's Seminoe
Reservoir enlargement evaluation extended from 1951 through 1983,
This time span included the critical period. June 1952 through June
1971, during which no water was stored in the enlarged storage
account. The study period used for USBR's analysis had to be
extended to 1994 to cover the study period for this project. Due to
several below average Seminoe Reservoir inflow years in this period, it
was assumed no accruals to the enlarged space occurred from 1984
through 1994, There may have been an ability to divert water to
storage in 1984 because that was a wet year; however the late 1980°s
and early 1990°s were fairly dry vears, in which case, storage in a
Seminoe Reservoir enlargement would have been highly unlikely.

Other assumptions used to evaluate the reservoir are described below.

e The reservoir was assumed to be empty at the beginning of the
study period.

* Water was diverted to storage only during months of excess
flows at the cntical habitat.

* Releases were made only during months of target flow
shortages at the eritical habitat.

« Monthly evaporation was based on estimates of monthly
evaporation for different capacities determined in the USBR
study.

Table 8.B.10 shows the local net hydrologic effects of the Seminoe
enlargement alternative through the 20-year study period. Negative
values indicate months when water goes into storage: positive values
indicate months when water is released.

Seminoe Reservoir is located approximately in the middle of Reach 2.
Monthly diversions to storage (flow reductions) and releases (flow

additions) from Seminoe Reservoir were routed downstream using the
water budget spreadsheet. Two routing scenarios were evaluated. The
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Table 8.B.10

Seminoe Reservoir Enlargement
Net Hydrologic Effects
{ac-Mt)
Year (et Mov Dee Jan Feh Mar Apr May Jdun Jul Aug Sep Tatal
1975 0 i L] 0 ] 0 L] 0 ] ] { i 1]
1976 H 0 L] b i il it ) 0 1] 1] 0 1}
1977 a L1 L] 1] 0 L] L] 1] 0 L] L] (1] 1]
1978 0 o n 0 0 L] ] 0 i 1] ] 1] 1]
1979 0 i i} fl L] 0 ] 0 o 0 0 1 1]
1980 { 1] L] 0 i i i L o L] ] 0} 1]
1981 0 [ 0 L] 0 1] 1] L L] ] -TT83 1301 K3
1982 1300 13041 6117 -5830 1300 1300 1300 1300 13060 1300 1300 130k1 likts
1943 1300 1301 -7 -1139 (1] -1450 -1218%9 i ] i i 0 1 2804
1984 1] 1300 i ] ] 1] i ] -86306  -16040 1300 ] K530
19KS5 0 1] { L] { ] 1300 1304 1 300 1304 1300 0 500
1986 13010 1304 U] i} 1] ] L] i (] 1] 0 ] 26040
1987 L1 0 0 {1 ] ] L] 0 0 0 1300 L] 13040
IDES 1304 1] 0 0 ] 13003 1300 1300 1300 13060 1300 1300 IR
1989 1304 13001 ] L] 13K} 1300 13040 130M1 1300 1] 1341 i [{LEIEN
(L] 1300 1300 13060 1] 1304} 1300 13041 13040 1300 1300 13041 1300 [EXIEY
1991 1300 1300 4] 0 13060 1300 13041 i 0 13400 13043 130K LT
1992 1300 1 300 i { 1300 {1 13040 1300 1300 1 300 1] 0 Qo0
1993 0 i} n i\ (] n o 1] L] 1] o ] Ll
16494 i i 1] { 4] {l 1] U 0 0 0 1] ]
Aﬁ'ma:.' _ED 520 =277 -344 325 _2_&! 154 1 -3925 3 131 3245 -1932
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first scenario assumes additional flows can be protected from
downstream diversions, in which case, additional flows are not
reduced by downstream diversions. The second scenario assumes
additional flows cannot be protected from downstream diverters, in
which case, additional flows are reduced by downstream diversions.

Table 8.B.37 in Section 5 summarizes the average annual values for
net hydrologic effects at the alternative site; at the top of Reach 3, with
and without diversions; and at the critical habitat, with and without
diversions, Tables 8§.B.11 and 8.B.12 show the reductions to target
flow shortages at the critical habitat. The average annual reductions to
target flow shortages with and without downstream diversion losses
are 968 ac-ft and 3,314 ac-fi, respectively.

Cost

The estimated cost for raising the dam an additional 18 feet was
$38.15 million in 1991, This cost was updated to a 1998 cost of
approximately $46.7 million. The cost per ac-fi of average annual
target flow reductions at the critical habitat with downstream diversion
losses and without downstream diversion losses is approximately
$48.240 and $14,090, respectively. The cost per ac-fi of target flow
reductions exceed the economic screening criteria upper limits,
therefore, this alternative has been deferred from further evaluation at
this time. As such, the associated issues for enlarging Seminoe
Reservoir have not been addressed.

The USBR completed Guernsey Reservoir in 1927, Before the
reservoir was built, sediment from the basin below Pathfinder
Reservoir was conveyed downstream as well as into the canals of the
North Platte Project. Between the time the dam was completed (1927)
and 1957, an estimated 29,000 ac-fi of sediment had accumulated
within its pool. thereby reducing the reservoir storage from 73,810 ac-
ft to 44,800 ac-fi.

The reservoir pool level is lowered annually to facilitate the silt run.
The silt run was imitiated in 1959 to mitigate impacts to the Fort
Laramie and Interstate Canals. Sediment-free discharge reportedly
caused bank erosion and increased seepage losses as previously
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Table 8.8.11

Seminoe Reservoir Enlargement
Reductions to Target Flow Shortages with Diversions
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deposited sediment was removed from the banks and canal (U.S.
Bureau of Reclamation (USBR), 1983). Flushing of sediments has
been shown to have reduced seepage losses by approximately 30 ac-fi
per mile per year (USBR, 1963). This translates to approximately
10,000 ac-ft of water conserved within the Fort Laramie and Interstate
Canals (Lidstone & Anderson. Inc., 1993a).

Operation of the silt run increased reservoir storage 812 ac-ft during
the period from 1957 when the silt run started, through 1982 (Lidstone
& Anderson, Inc., 1993a). This represents an average of approximately
32.5 ac-fi of storage capacity reactivated per year. Extrapolating to
1999, an additional 550 ac-ft of sediment may have been removed,
leaving over 27,000 ac-fi of storage that could be reactivated for use in
an environmental account to mitigate target flow shortages at the
critical habitat.

Reactivation of this storage volume, or a portion of it, would require
either dredging, raising Guernsey Dam, or excavating using
conventional truck and shovel. The first two methods were deferred
during the scoping process of this investigation. Dam modification
alternatives were evaluated only if feasibility studies had been
completed, and none has been executed for Guernsey Reservoir.

Guernsey Reservoir operations offer a relatively unique opportunity to
reactivate storage using dryland truck and shovel excavation methods.
Because the reservoir pool is annually lowered to facilitate the
sediment flushing, conventional dryland excavation techniques could
conceivably be used to remove accumulated sediments, thereby
reactivating lost storage capacity.

The cost of implementing this alternative would include the costs of
excavating sediment accumulated in the reservoir, transporting and
disposing of materials, both engineering and environmental analysis,
and compensating third parties for project impacts. Based on
earthwork costs of approximately $5/cubic vard, and assuming
reactivation of 5,000 ac-fi of storage (8.06 million cubic yards), the
cost to excavate and transport the sediment is likely to exceed 540
million. Sediment disposal and environmental costs would represent
additional costs. Consequently, a conservatively low cost to reactivate
5,000 ac-fi of storage becomes $8.000 per ac-ft even in a best case
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scenario where the 5,000 ac-ft of capacity yields 5,000 ac-ft of water in
storage.

This alternative has been deferred from further evaluation at this time
because it fails to meet the economic screening criteria. As such, the
associated issues for reactivating storage lost to sedimentation in
Guernsey Reservoir have not been addressed.

Region 2

Constructing New Storage Facilities on the South Platte River
(including Lining Gravel Pits)

Various water storage projects on the South Platte have been identified
to maximize use of water resource systems and return flows in the
lower South Platte River basin. The study team relied on existing
studies and conversations with the Northern Colorado Water
Conservancy District, the Colorado Water Conservation Board, and the
Colorado State Engineer’s Office to evaluate storage alternatives to
meet target flow shortages at the critical habitat, The study reaches on
the South Platte downstream of the Cache la Poudre confluence are
assumed to have the potential for a new off-channel site. The potential
of new storage units on the mainstem of the South Platte to reduce
target flow shortages at the critical habitat were investigated in a
general manner and analvzed as described below.

e Three storage alternatives were analvzed.

o Capacities of 10,000 ac-ft and 50,000 ac-ft were investigated in
Reaches 8 and 9. A storage site at the bottom of Reach 9 was
also analyzed as the most downstream location in the State of
Colorado. These two capacities are assumed to bracket all
potential new reservoir alternatives within these reaches.

e Gravel pits in Region 2 are concentrated in the upper reaches of
the region. To represent lining of gravel pits/new storage, a
design capacity of a new 10,000 ac-ft reservoir with zero
seepage was analyzed in Reaches 8 and 9,
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Yield

It is assumed that monthly excess flows in each reach above
compact requirements plus recharge are available to store under
4 current priority,

Reservoir storage was operated to fill to maximum capacity
with available supply. Excess capacity in existing canals is
assumed to be available for Program use. Capacity problems
that may exist could be overcome by enlarging existing canals.
Coordination of canal operations with existing owners may
require financial compensation or shares of reservoir vield from
Program operations.

To evaluate the vield of new storage alternatives in Reaches 8 (Kersey
to Balzac) and 9 (Balzac to Julesburg), the study team developed a
simplified reservoir operations model. The following operating rules
and assumptions were used in the analysis.

Storable flow was determined as flow in excess of 180 cfs at
the Nebraska-Colorado state line in months when flow at the
critical habitat exceeded the target flow. According to the
Division 1 Water Resources Office, Compact obligations as
well as in-state water rights are typically satisfied when State
line flows are 180 cfs or greater. State line flows were adjusted
to account for the depletions/additions to historic Julesburg
gage flows from Colorado’s proposed Tamarack Plan.

The reservoir was assumed to be empty at the beginning of the
study period.

The reservoir was operated to fill to maximum capacity with
available supply during months of excess flows at the critical
habitat. Based on historical diversions for storage on the South
Platte, reservoir storage was possible throughout the winter.

Monthly evaporation amounts for new storage facilities were
based on the previous month’s capacity and appropriate
monthly evaporation rates. A simple area-capacity relationship
based on an average reservoir depth of 40 feet was used.
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e Releases from the reservoir were made during months of target
flow shortages at the critical habitat.

» A seepage rate of 8 percent of monthly storage volume was
developed in the Riverside Water Study (W.W.Wheeler and
Associates, 1979) for an off-channel reservoir. This rate of
seepage was used for all reservoir alternatives except the lining
of gravel pits, Seepage water was retumned to the river based on
a generic Stream Depletion Factor (SDF) of 100 days, based on
SDF factors listed for reservoirs in existing studies. Return
flows were routed back to the river using the SDF model SDF
View.

For the storage alternatives analyzed in Reaches 8 and 9, the reduction
to target flow shortages improves as the reservoirs are sited closer to
the Colorado-Nebraska state line. Due to the large number of scenarios
that were evaluated, the local net hydrologic effects through the
20-year study period are presented in Tables 8.B.13 and 8.B.14 fora
10,000 ac-ft reservoir and 50,000 ac-ft reservoir, respectively, located
at the bottom of Reach 9. Negative values indicate months when water
goes into storage; positive values indicate months when water is
released. Tables showing monthly net hydrologic effects for the other
reservoir projects are provided in Appendix F.

Monthly diversions to storage (flow reductions) and releases and
seepage returns (flow additions) from reservoir alternatives were
routed downstream using the water budget spreadsheet. Two routing
scenarios were evaluated. The first scenario assumes additional flows
can be protected from downstream diversions. in which case.
additional flows are not reduced by diversions. The second scenario
assumes additional flows cannot be protected from downstream
diverters, in which case, additional flows are reduced by diversions.

Table 8.B.37 in Section 5 summarizes the average annual values for
net hydrologic effects at each alternative site: at the top of the
downstream reach, with and without diversions; and at the critical
habitat, with and without diversions for the storage units analyzed.
Again, due to the large number of scenarios that were evaluated, the
reductions to target flow shortages at the critical habitat, with and
without diversions, are presented in Tables 8.B.15 through 8.B.18 for a
10,000 ac-ft reservoir and a 50,000 ac-ft reservoir located at the
bottom of Reach 9. Tables showing monthly net reductions to target
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Tahle E.B.13
10,008 ac=ft Reservoir at Bottom of Reach 9

Net Hydrologic Effects
(ac-M)
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50,000 ge-Nt Reservoir at Bottom of Reach 9
Net Hydrologic Effects
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Table 8.B.15
10,000 ne-Tt Reservoir at Bottom of Reach 9
Reductions 1o Target Flow Shortages with Diversions

{ac-ft)
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Reductions to Target Flow Shortages without Diversions
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Reductions to Target Flow Shortages with Diversions

Table B.B.17T
50,000 ac-ft Reservoir at Bortom of Reach 9
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flow shortages for the other reservoir projects are provided in
Appendix F.

The average annual reductions to target flow shortages with and
without downstream diversion losses for a 10,000 ac-ft reservoir at the
hottom of Reach 9 are 5,189 ac-ft and 9,745 ac-fi. respectively. The
average annual reductions to target flow shortages with and without
downstream diversion for a 50,000 ac-ft reservoir at the bottom of
Reach 9 are 15,323 ac-ft and 29,714 ac-fi, respectively.

Cost

The primary direct costs of new storage facilities in Region 2 are
associated with land acquisition, excavation and site development,
dam construction, delivery fees for use of existing canals, and annual
operations and maintenance costs. Project costs will vary based on
site-specific conditions. The cost estimates provided herein can be
refined based on site-specific feasibility studies and communication
with canal owners.

Building project costs of $800/ac-ft were adopted based on existing
studies (Tuttle Applegate, Inc., 1998; Sear-Brown Group, 1997). The
cost estimate for PVC lining of smaller storage units is based on a
$0.25/sq. fi. estimate from the 1993 Water Utilization Study for the
Sutherland Project (Harza Engineering Co.), updated to a 1998 cost of
$0.28/sq. fi. The additional costs associated with installing and
operating pumps to deliver water from lined gravel pits is not included
in the lining of new storage reservoirs analyzed. The present value of
annual operations and maintenance costs, are sel equal to 5% of total
capital costs.

Delivery fees in the Lower South Platte River region vary but can run
as high as 55 per ac-fi. For this analysis it was assumed the project
would pay a delivery fee of 55 per ac-ft delivered. Annual operations
and maintenance costs and delivery fees have been amortized over 20
vears at a discount rate of 6 percent.

There are several large sand dams located in the Lower South Platte
River region in Colorado that would need to be replaced in order for
additional water generated from reservoir alternatives to be protected
downstream to the critical habitat. Based on input from the Division 1
Water Resources Office, approximately half of these would need to be
modified to be able to pass water downstream. The Division 1 Water
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Resources Office also indicated that the average cost for replacing an
existing sand dam is $300,000. If additional water is to be protected
from diversions to the Colorado-Nebraska state line, an additional
$6.000,000 and $3,600,000 would need to be added to the cost of all
reservoir projects in the middle of Reaches 8 and 9, respectively.

If sand dams are modified to bypass flows, then more than one
alternative could be located above the sand dams without incurring the
additional cost of sand dam replacement. The sand dams would only
be modified once, therefore, the total cost to replace these dams would
be incurred by all projects implemented in Colorado under the
Program, as opposed to each individual project. Therefore, the cost per
ac-ft for scenarios without diversion losses could be lower in the
Action Plan if more than one alternative is selected in Region 2 that
requires sand dam modifications.

Total project costs and costs per ac-fi of target flow reduction are
tabulated in Table 8.B.37 for all the structural and routing scenarios
included in this alternative. Representative project costs for a 10,000
ac-ft reservoir in Region 2 would be approximately $8.4 million.
Delivery fees are approximately $68.500 per year. Total costs for a
10,000 ac-ft reservoir, with annual costs amortized over the 20-year
study period at a discount rate of 6 percent, would be approximately
£9.2 million. Assuming additional water is not protected from
downstream diversions, the cost per ac-fi of target flow reductions at
the critical habitat for 10,000 ac-ft reservoirs in the middle of Reaches
8 and 9 would be $3,320 and $2,000, respectively. Assuming
additional water is protected from downstream diversions, the cost per
ac-ft of target flow reductions of $1.610 and $1,340 for these two
storage units. For a 10,000 ac-fi reservoir at the bottom of Reach 9, the
cost per ac-fi of target flow reductions, with and without diversions,
would be $1,770 and $940, respectively.

Representative project costs for a lined 10,000 ac-fi reservoir in
Region 2 would be approximately $11.6 million. Delivery fees are
approximately $59,220 per year. Total costs for a lined 10,000 ac-ft
reservoir, with annual costs amortized over the 20-year study period at
a discount rate of 6 percent, would be approximately $12.3 million.
Assuming additional water is not protected from downstream
diversions, the cost per ac-fi of target flow reductions at the critical
habitat for 10,000 ac-fi lined reservoirs in the middle of Reaches 8 and
9 would be $4.240 and $2.580, respectively. Assuming additional
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water is protected from downstream diversions, the cost per ac-ft of
target flow reductions of $1,910 and $1,640 for these two storage
units. For a 10,000 ac-ft lined reservoir at the bottom of Reach 9, the
cost per ac-ft of target flow reductions, with and without diversions,
would be $2,300 and $1,250. respectively.

Representative project costs for a 50,000 ac-ft reservoir in Region 2
would be approximately $42 million. Delivery fees are approximately
$222.000 to $230,000 per year. Total costs for a 50,000 ac-ft reservoir,
with annual costs amortized over the 20-year study period at a discount
rate of 6 percent, would be approximately $44.6 million. Assuming
additional water is not protected from downstream diversions, the cost
per ac-fi of target flow reductions at the critical habitat for 50,000 ac-fi
reservoirs in the middle of Reaches & and 9 would be $5.680 and
$3,430), respectively. Assuming additional water is protected from
downstream diversions, the cost per ac-fi of target flow reductions of
$2,590 and $1,700 for these two storage units. For a 50,000 ac-ft
reservoir at the bottom of Reach 9, the cost per ac-fit of target flow
reductions, with and without diversions, would be $2.910 and $1,500,
respectively.

Grey Mountain Reservoir (Constructing New Storage Facilities)

The Cache la Poudre River is the largest tributary to the South Platte
River Basin in Colorado, In 1987, Harza Engineering, through the
Colorado Water Resources and Power Authority, evaluated seven
alternative storage plans for water supply and hydroelectric power in
the Cache la Poudre River basin (Harza Engineering Company, et al.,
1987, 1990). Grey Mountain Reservoir, the most favorable alternative
identified in the original Basin Study, was further evaluated based on
technical and economic performance, as well as probable
environmental effects and mitigation/enhancement opportunities
(Harza Engineering, Cache la Poudre Study Extension, 1990).

The proposed Grey Mountain Reservoir would be located on the Cache
la Poudre River, approximately two miles below the confluence with
the North Fork Cache la Poudre River. Based on the Cache la Poudre
Study Extension, the Grey Mountain project would consist of Grey
Mountain Dam and Reservoir, spillway, outlet works, conventional
hydropower facilities, access roads, and conveyance facilities to
irrigation users. The proposed dam would be a concrete arch dam
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approximately 1580 feet long and 415 feet high. This reservoir would
capture surplus water from the Cache la Poudre River during high
runoff and transbasin imports and would have an active storage of
approximately 185,000 ac-ft.

With respect to this study, the study team assumed that only South
Platte storable flows were available for storage in Grey Mountain
Reservoir, Operational analyses carried out by Hydrosphere Resource
Consultants (1999) showed that a 195,000 ac-ft Grey Mountain
Reservoir could yield 16,000 ac-ft/yr if only native water is utilized for
storage.

The Cache la Poudre Study Extension estimated a 1988 capital cost for
the Grey Mountain project, less the cost of hydropower facilities, of
$187 million. The cost per ac-ft of yield from storing only native flows
is approximately $15,300 based on a 1998 project cost of
approximately $245 million. The total project cost and cost per ac-ft of
target flow reductions exceed the economic screening criteria upper
limits, therefore, this alternative has been deferred from further
evaluation at this time. As such, the associated issues for Grey
Mountain Reservoir have not been addressed.

Julesburg Reservoir (Enlarge Existing Reservoirs)

The Julesburg Irrigation District (the District) owns and operates
Julesburg Reservoir, an off-channel reservoir filled by Harmony Ditch,
which diverts water from the South Platte River near the town of
Proctor, Colorado. Located in Reach 9, approximately 2.5 miles north
of the South Platte River and southwest of Cottonwood Creek,
Julesburg Reservoir has an operating capacity of approximately 22,700
ac-fi.

Five earthen embankment dams are constructed to create the reservoir.
Seepage is a recognized charactenistic of Julesburg Reservoir. From
the time construction was completed, the dam leaked considerably,
resulting in failure of one of the dams in 1910. Storage restrictions
have been placed on Julesburg Reservoir by Dam Safety because of
seepage concemns. Investigating alternatives to enhance current supply
and overcome storage restrictions on the reservoir, the Julesburg
Irrigation District developed a feasibility study for rehabilitating the
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existing embankment dams to store additional water (W.W. Wheeler,
1998).

The study team relied on this feasibility study to evaluate the potential
of reservoir enlargement alternatives to mitigate target {low shortages
at the critical habitat. Four enlargement alternatives presented in the
feasibility study produced a range of 5,300 ac-ft to 21,900 ac-ft of
additional storage in Julesburg Reservoir. All four incorporated
rehabilitation of existing dams and construction of one or more new
dams to increase storage capacity.

Yield

To evaluate the yield of an enlarged Julesburg Reservoir, the study
team developed a simplified reservoir operations model. The following
operating rules were used to analyze two enlargement alternatives
(5,300 ac-ft and 21,900 ac-fi).

e Storable flow was determined as flow in excess of 180 cfs at
the Nebraska-Colorado state line, in months when flow at the
critical habitat exceeded target flow. According to the Division
| Water Resources Office, Compact obligations as well as in-
state water rights are typically satisfied when State line flows
are 180 ¢fs or greater. State line flows were adjusted to account
for the depletions/additions to historic Julesburg gage flows
from Colorado’s proposed Tamarack Plan.

¢ The enlarged storage volume was assumed to be empty at the
beginning of the study period.

e The increased reservoir storage was operated under the one-fill
criteria to fill the enlarged capacity once per vear with available
supply during months of excess flows at the critical habitat.

e Available ditch capacity was based on a total capacity of 350
cfs less historical diversions. Based on the historical record of
diversions through the Harmony Canal, reservoir storage was
possible throughout the winter.

e Monthly evaporation amounts for new storage facilities were
based on the previous month's capacity and appropriate

8-B-34



monthly evaporation rates. A simple area-capacity relationship
based on a surface area of approximately 1,400 acres was used.

e Releases from the reservoir were made during months of target
flow shortages at the critical habitat.

e Seepage from the reservoir was estimated as 8 percent of
storage volume per month. Seepage water was returned to the
river based on a Stream Depletion Factor (SDF) of 750 days,
extrapolated from available SDF mapping from the Missouri
Basin States Association Report. Return flows were routed
back 1o the river using the SDF model SDF View.

Tables 8.B.19 and 8.B.20 show the local net hydrologic effects of
enlargements of 5,300 ac-ft and 21,900 ac-fi, respectively, through the
20-year study period. The average annual effect is -516 ac-ft and
~3,140 ac-ft for enlargements of 5,300 ac-fi and 21,900 ac-ft,
respectively. Negative values indicate months when water goes into
storage; positive values indicate months when water is released.

Releases from Julesburg Reservoir are discharged into the Highline
Canal. The flow additions and reductions from this altemative were
assumed to occur 20 miles above the Julesburg stream gage in Reach
9.

Monthly diversions to storage (flow reductions) and releases and
seepage retumns (flow additions) from the reservoir enlargement
alternatives were routed downstream using the water budget
spreadsheet, Two routing scenarios were evaluated, The first scenario
assumes additional flows can be protected from downstream
diversions, in which case, additional flows are not reduced by
diversions. The second scenario assumes additional flows cannot be
protected from downstream diverters, in which case, additional flows
are reduced by diversions.

The summary table in Section 5 summarizes the average annual values
for net hydrologic effects at the alternative site; at the top of Reach 10,
with and without diversions; and at the critical habitat, with and
without diversions. Tables 8.B.21 through 8.B.24 show the reductions
to target flow shortages at the critical habitat for a 5,300 ac-fi
enlargement and a 21,900 ac-fi enlargement. The average annual
reductions to target flow shortages with downstream diversion losses
and without downstream diversion losses for a 5,300 ac-fl enlargement
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Table 8.B.19
5300 ac-ft Juleshurg Reservoir Enlargement

Net Hydrologic Effects
{nec-fit)
Year Oct Mov Dec Jan Feb Mar Apr My Jun Jul Avg Sep Total
1975 ] a a 5300 4866 . n 15 I 16 15 14 -148
1976 12 11 -5290 4] 4467 i 0 3 6 34 32 29 =574
1977 a7 a5 23 21 20 15 17 It 15 14 13 12 220
1978 12 11 11 10 1] =5291 4800 1N 15 23 24 23 =342
1979 22 20 19 17 It 15 14 13 13 -5288 4781 13 -35
1980 20 24 -5275 24 24 32 44 5 L 2751 L2 .1 2054
1551 BT 83 -5223 rl 4527 Tl T 81 T8 T4 64 fnd 54
1982 L] 1] -524K 44 4518 54 v 67 fils 63 54 56 =136
1983 52 49 -5254 44 43 5 6l 73 X 93 a9 104 4502
|98 -3018 47177 -2067 114 114 13 111 110 i 107 1096 103 1672
[985 52001 iy 92 96 104 113 3224 128 132 129 123 115 -H47
1956 1O 101 -5205 89 8o Lo 95 104 18 125 130 133 016
1987 =305 -6} -292 -258 -255 238 =161 168 175 180 3249 18 -132
1988 186 5120 170 a6l Lk T 170 173 170 162 153 143 RN
1984 135 127 ~S180 114 4582 113 121 . 19 114 108 103 576
(BT 98 93 L1 5213 4940 B0 BS 87 b1 83 749 Tt SBS
1991 73 T =523 63 4522 T 81 85 L] £ 78 74 St
14992 71 67 -5236 62 4516 68 T8 82 81 8 75 7l 12
1993 6f ) <5239 59 4540 B 75 % T8 Tt T2 L f
145494 -2835 -2338 ) %) ISER B4 4 o7 b 90 85 biiL] 437
Avernge =051 -0 -2714 485 2259 _vEﬂ 455 1] 12 -5 521 78 516
Tahle 8.B.20
21,900 ae-fi Julesburg Reservoir Enlargement
Net Hydrologic Effects
(ac-fi)
Year Oct Mov Idec Jan Feh Mar Apr May Jun Jul Aung Sep Total
1975 o 0 i 12920 11862 2 10 15 1] It 15 14 812
1976 12 L -2 1466 =105 18526 ]| B5 92 92 7 81 75 <2621
1977 L ] 85 124 147 149 142 133 122 113 1004 6 13449
1978 L4 83 Ti Hil 12 -101845 14159 131 123 114 108 104 240
1979 17 mn2 96 9 1n2 136 156 157 151 LIS 10 6t 123 352
1980 15 107 21418 277 105 17 154 174 175 11235 169 172 ~BI75
IS81 176 1749 21340 =201 18630 173 215 267 2E9 284 7 263 -TU5
| g2 257 247 <9421 ~7703 LR 1910 182 154 231 248 245 236 446
L L% 232 230 -21297 168 20H1 188 177 171 185 213 240 23K 19343
ELE] =12656 BTTE -B788 227 227 225 23 220 227 278 8927 3al -1751
1985 -20323 35 =878 320 Rl 290 5165 7519 251 245 27 315 A1T1
| 9Eh 33 338 -21 185 =50 324 315 £ 215 268 232 247 2Rl -16250
L -12632 =} -1423 -1 308 -1329 «1374 -1024 i in 303 12967 298 -5359
988 343 -14871 -6204 431 426 144106 2152 B D) 3o k1| in 36 B eI
1989 363 414 -13575 =Ta40 19504 421 411 400 iR2 362 342 2 1911
| i Jas 297 38 211%2 20076 3 306 303 295 283 270 257 1827
1991 245 37 6457 -11270 10577 5730 291 L) =304 3508 253 241 270
1992 230 220 Y B 11 6816 27 10539 262 260 260 254 244 «2115
1883 233 122 11737 9747 19470 255 4 2T 2ivd 261 2nl) 254 R0
1954 =2637 ~7820 =172 210 17725 217 256 215 273 265 262 26} -14600
Average -2258 -563 e -3973 7992 363 | Si(h4 553 47 35S 1791 2246 =3 141




Reductions to Target Flow Shorteges with Diversions

Table 8.8.21
5300 ac-ft Julesburg Reservoir Enlargement

(ac-t)
Vear | O Nov  Dec  Jan___ Feb Mar_ Apr My Jun___ Jul___ Aug__ Sep | Toul
1975 1] ] ] i 25N I ] 4 5 I 1 4 2591
1976 5 f (1] ] 2961 12 15 q 3 ] (1] b kI K]
1917 10 1 § 1 1 0 7 4 2 ] | 4 9
1978 4 ] 5 ] [ 1] 2422 | 1 ] ] 2 2453
1979 5 7 1] b 5 ] 1] 3 5 (] 137 2 194
19K 4 § i f L] fi 0 L] ] 32 k| 14 1.1
1| 2 24 (1] ] 2797 42 19 1 2 [ i {1 2930
1982 19 15 1] 1] 140 34 IR [ 3 | 3 i 3558
1983 n 25 n 1] 1] 0 L] 1] (1] 1] ] L] 57
149E4 0 2850 i o ] [} 1] 1] ] 0 & 1] %11
1985 L[] 1] 1] 0 L] L] 1779 50 as 7 L] 1] 1879
19%e &7 44 ] ] 1] 1] 1] [1] 1] U] ] L] 120
1987 1] o 1] n 1] (1] 0 0 0 ] 246 1] M6
198% ™ [i] 0 0 L] 2641 Bl 1 13 14 " s M50
1989 37 47 L] 1] 2930 fe n 11 13 1] 5 L] 1143
19490 2 k! 37 (1] 2658 42 a4 ot | [ i 5 i pi 1
1991 2 " 4 1] 1] 2298 36 15 0 (1] I | B 211
1992 12 26 1] 1] 2740 L] 15 ] 1] B 5 1] 2850
1993 2 33 1] 1] 2012 0 3 13 12 0 2 0 21458
| g Al L] L] L] 24K5 59 34 21 a 0 4 a3 634
| Average 19 |54 31 | [RE 148 227 12 [ 4 23 i 1956
Table 8.B.22
5300 ue-ft Julesburg Reservoir Enlargement
Reductions to Target Flow Shortages without Diversions
{me-ft)
¥ear et ol Dec Jan Feb Mar Apr May Jun Jul Aug g Total
1975 L] 1] ] 1] 4343 2 4 4 15 4 o 1 441k
1976 : ] ] ] 0 EUET 17 n 3 26 12 4 12 4238
1977 b I8 17 16 [} ] I8 14 5 i4 L] ] 1] 178
1978 1] L] |3 7 9 ] 4531 9 15 T 1 L] 4626
1979 13 15 6 14 11 15 13 13 L] (1] b6 T ¥l
1980 13 20 L] ] L] ] ] 0 0 1985 il 44 2127
1951 63 59 L] ] J60n b5 11 Th 57 41 ] 15 4145
1942 4R 54 L L] 4440 49 58 62 6l 55 53 k1] 4024
1983 50 4 0 ] ] 1] [ o ] 1] i i i
1984 ] 4544 ] 1] 1] 1] /] i ] 1] 617 i 5161
1985 1] 0 ] 0 0 (1] 4] 121 1 17 14 0 1514
1986 108 87 L[] L] o 1] 0 (] ] 1] 1] L] 193
1987 L] ] 1] L] L] 0 L] 1] L[] 1] 2mn (1] i)
1988 140 0 1] L] 0 66T 150 149 148 131 123 12 4621
1959 1o 124 1] L] 4310 101 1o 103 109 1] ES [{] 5053
19490 2 53 frd 1] 4757 Fj 3 Kl £3 TH 42 (] 44 M2
1941 47 55 L] ] 4311 67 (43 ] 1] a7 " § u 46l
19492 42 62 1] ] 4407 1] 3 (] 74 [L1] 45 47 4870
1943 6 57 1] 0 K45 0 n 4 ” ] 67 0 1243
| Gy 1] L] L] 1] iy K2 59 4 B3 0 15 53 3693
| Average | 41 262 6 2 2023 20% 421 a5 S 123 137 1 3587
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Tahle 8.B.23
21,900 ac-ft Julesburg Reservoir Enlargement
Reductions to Target Flow Shortages with Diversions

{ac-ft)
Year Det MNov Dec Jan Feh Mar Apr Muay Jdun Jul Aug Sep Toml
1975 0 [ 0 [0 6269 [ 5 4 5 [ [ 4 6IRK
1976 5 9 il ] | i) 53 43 2 7 I 0 B 124246
1977 27 27 42 58 i1 m &l 34 14 d 4 1 452
1978 31 a7 38 44 T3 ] 5076 19 5 2 i I 5338
1979 23 6 50 4% 33 64 63 3t 55 ] 2490 17 Ti4
1980 21 23 i] 4] 1] 1] ] 0 1] 129 7 28 208
1981 44 52 1] 0 I1510 10y 52 2R 9 22 0 41 11858
19532 £l 112 4] L] 12211 120 52 17 9 5 7 45 12659
1983 143 17 (i i i 0 i} 0 0 il 0 i 260
1984 i 5234 [} 0 i 1] [t} 0 o i 491 0 5129
1985 1] ] (1] i 1] ] 2849 291% ai 14 20 1] SRAT
14986 2 I79 0 1] 0 0 0 ] 1} 1] ] i 3N
1947 (i 0 il i} [} f i 0 i 0 982 i 952
| 9RE 137 0 i (] ] 9718 1015 186 35 3z 27 92 11234
| SED L] 152 1] 0 12474 257 107 35 42 ] 1] 1] 13183
(L] {111] 1200 133 1] 10750 163 I77 ] 14 3 It 18 1ia2]
1951 75 1 1] L] 5374 2540 53 ] ] 15 3 20 LI [
1902 39 BS 1] 1] 4135 1] 4693 26 il 28 16 22 76
jon3 1 114 fi L] 631 0 112 H 19 ] 42 1] G
1994 1] 0 L] L] 11042 152 o3 54 26 L] 11 75 11458
Average 57 321 13 8 4745 HR2 722 175 18§ 14 97 21 ART2
Tahle 8.B.24
21,900 ac-ft Julesburg Reservoir Enlargement
Reductions to Target! Flow Shortages without Diversions
{ne-Tt)
Year (i) Moy Dt Jun Feb Mar Apr May Jun Jul Aug Sep | Total
1975 ] 0 L] L1 10588 2 ] i4 15 14 i 1 [ [LITERS
197 i 14 (i il 1654686 76 Th RS By 1 a 30 1 7360
1877 56 a4 bl 97 133 145 120 125 113 b2 (i1 B2 (AR
1978 5 iH] 1] 56 ik 4] 9494 121 {18 a5 50 A 10216
1979 65 kil e 74 i 134 147 147 105 0 7413 67 K380
1980 Th &7 1] ] 1] 0 i 1] ] A1 n 05 B4Eh
1981 127 128 ] ] 15211 157 195 252 210 15% L] 145 16587
1982 205 239 i 1] 15782 174 167 179 X2 20 218 163 17556
1953 pick | 187 0 0 ] 0 i} i i i o i #10
1954 1] 350 ] 0 o L] (] 1] 1] 1] 5027 il 13377
1985 1] 0 0 0 0 1] 4872 TG 231 22 251 1] 12692
146 325 a0 i il i i (i i il [ o 0 bt
1987 i] 1] 1] ] 0 ] [ 1] 1] I Q148 0 Q148
|9E% 250 1] L] ] L] 13497 159431 144 141 Rl Aol 281 17233
1989 206 404 0 LU 18351 377 378 337 352 1] 269 1] 20766
| au 286 2nd 257 L] 19306 305 291 89 263 142 225 144 217N
18491 156 .10 i 1] 10084 5304 245 f 1] 1184 104 112 17404
16492 136 n2 ] ] 6564 L] 993% 208 238 206 154 163 17794
1993 192 196 il i} 12203 0 262 253 242 i 243 i 13592
| 504 i 1] [ 1] 14114 213 242 250 242 ii 233 174 15670
Average 124 537 2 11 AR lﬂ?__-t 1417 486 137 534 1192 Th 11545
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are 1,956 ac-ft and 3,557 ac-fi, respectively. The average annual
reductions to target flow shortages with downstream diversion losses
and without downstream diversion losses for a 21,900 ac-fi
enlargement are 6,872 ac-fi and 12,545 ac-fi, respectively.

Cost

The direct cost associated with this alternative 1s the cost associated
with excavation and site development, rehabilitation/repair of
embankment dams, outlet works and structures, and construction of
county roads and bridges. Delivery fees for use of existing canals may

be necessary to divert water for Program purposes.

The feasibility study estimates costs for the 5,300 ac-ft enlargement at
approximately $12.5 million in 1998 dollars, corresponding to
$2.375/ac-ft of additional storage. The cost estimate for the 21,900 ac-
ft enlargement is approximately $23 million in 1998 dollars,
corresponding to $1,048/ac-fit of additional storage.

Delivery fees in the Lower South Platte River region vary but can run
as high as $5 per ac-fi. For this analysis it was assumed the project
would pay a delivery fee of $5 per ac-ft delivered. Annual operations
and maintenance costs and delivery fees have been amortized over 20
years al a discount rate of 6 percent.

Delivery costs for the 5,300 ac-ft enlargement would amount to
approximately $25,000/yr. Delivery costs for the 21,900 ac-fi
enlargement would amount to approximately $95.000/yr, Total project
costs, including annual costs amortized over 20 years at a 6% discount
rate, would be 512.8 million for the 5,300 ac-fi enlargement altemative
and $24.1 million for the 21,900 ac-ft enlargement alternative.

The cost per ac-ft of target flow reductions at the critical habitat for the
5,300 ac-ft enlargement would be approximately $6.540 assuming
releases cannot be protected from downstream diversions and $3,600
assuming diversions can be protected from downstream diversions.
The cost per ac-ft of target flow reductions for the 5,300 ac-ft
enlargement exceeds the economic screening criteria upper limits and
has been deferred from further evaluation at this time,

The cost per ac-ft of target flow reductions at the critical habitat for the
21,900 ac-ft enlargement would be approximately $3,510 assuming
releases cannot be protected from downstream diversions and $1,920
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assuming diversions can be protected from downstream diversions.
The cost per ac-fit of target flow reductions for the 21,900 ac-fi
enlargement with diversions exceeds the economic screening criteria
upper limits and has been deferred from further evaluation at this time.
As such, the associated issues for only the 21,900 ac-ft enlargement
without diversions have been addressed.

Region 3

Riverview #2 Reservoir (Constructing New Storage Facilities)

The State of Nebraska initially evaluated storage altematives in the
South Platte valley near the Colorado-Nebraska state line in the late
180075 for irmigation supply. Construction of the Perkins County Canal,
sometimes known as the South Divide Canal, was started near Ovid,
Colorado in anticipation of water resources development along the
divide between the South Platte River and Republican River basins
and was not completed. There is no evidence of the canal east of
Julesburg. Use of the Perkins County Canal for diversions from the
South Platte River was revisited by the Twin Platte Natural Resources
District in the early 1980°s for use in a groundwater recharge project.
Application for a permit for the storage and release of water was
turned down by the Nebraska Department of Water Resources. as the
plan did not follow the original alignment in Nebraska of the Perkins
County Canal. In October 1982 the USBR completed a subappraisal-
level cost estimate for dams and main supply canals to divert and store
South Platte River water,

The study team relied on the reservoir information from the South
Platte Divide Project report (USBR, 1982) and conversations with
Twin Platte Natural Resources District personnel (1999) to evaluate
the Riverview #2 (Riverview) Reservoir as a potential alternative to
reduce target flow shortages at the critical habitat.

The dam analyzed for this alternative would be a 70 feet high
embankment with a top length of approximately 4400 feet. The dam
would be located 4 miles south of the city of Brule in Keith County,
Nebraska. Riverview Reservoir would be situated on the south side of
the Western Canal and would be used to capture Platte River flows
beyond that required for mainstem instream flows. Diversions would
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be conveyed through the Western Canal and lifted approximately 70
feet to fill Riverview Reservoir.

The Riverview Reservoir alternative analyzed for this study would
have an active storage capacity of 9,562 ac-ft.

Yield

To evaluate the vield of Riverview Reservoir, the study team
developed a simplified reservoir operations model. The following
operating rules and assumptions were used in the analysis.

Storable flows were considered to be the amount available at
Julesburg, Colorado less Western Canal and Korty Canal
diversions, which are the only diversions in Reach 10 upstream
of the confluence of the North Platte and South Platte rivers.

The reservoir was assumed to be empty at the beginning of the
study period.

The reservoir was operated to fill to maximum capacity with
available supply during winter months of excess flows at the
critical habitat. Available supply was considered to be limited
by the available canal capacity beyond historical Western Canal
diversions.

Water was released from the reservoir during months of target
flow shortages at the critical habitat.

Monthly evaporation amounts for Riverview Reservoir were
based on the previous month’s capacity and appropriate
monthly evaporation rates. A simple area-capacity relationship
based on a surface area of approximately 391 acres was used.

Seepage from the reservoir was estimated as 8 percent of the storage
volume per month. Seepage water was returned to the river in the same
month for this on-canal reservoir.

Table 8.B.25 shows the local net hydrologic effects of the Riverview
Reservoir alternative, through the 20-vear study period. The average
annual effect of Riverview Reservoir is —4,221 ac-fi. Negative values
indicate months when water goes into storage; positive values indicate
months when water is released.
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Table 8.B.25

Riverview Reservoir
Net Hydrologice Effects

(ac-ft)
Year et Nav Dec Jdan Feh Mar Apr May Jun Jul Aug Sep Taotal
1975 i 0 i 5069 4653 o i [0 0 I 1 2 Al
1976 2 3 =276 6792 560 4 4 4 5 & 7 L ]
1977 10 10 I 12 & 12 12 12 12 12 12 144
1978 12 12 I I 11 I 1 I I 10 10 9 127
1979 4 4 9 4 d R f 8 Ed L 1 7 9%
ISR 7 7 426 2122 427 9123 427 8123 42 19867 B It 165
1981 o4 3 4368 4579 292 61 64 n 77 L1 a3 Ha -373
| BE2 Bh B <2245 -245% 4386 L] Ha B3 B2 81 &0 T4 428
|53 s I B4 15 G488 2 3491 ] -GiaE 11H1 Aol 4THF | =ied63
(LLE] <674 By 0453 122 4424 155 388 192 -0350 232 3354 =1932 -1326
1985 -T061 -15K% T & <1844 607 -1 809 5204 15861 430 438 447 2917 <1036
1956 3540 467 092 471 9092 467 -SG9 459 Q108 450 Bl -A5700 | 39028
1987 1M ~B 566 -92 -4354 =77 -B536 55 -H511 =27 536 29798 8977 | -13161
[SHRE 12573 -1445 il -3662 4574 14600 6495 02 T05 Th6 05 03 17107
1989 it ikt -HBRTH 676 £730 656 fd 5 LED 24 a3 hii4 =3300 2304
19540 4131 578 S 0T 9320 535 525 5le s07 499 491 483 9141
1951 47Tt 408 0247 24003 713 437 430 423 2145 Mo E L 401 2983
1992 196 39 =477 -1317 H042 2135 10408 Ind 36l 157 355 353 1942
1993 350 3B 9217 343 B409 227 90T 328 325 i 321 -9243 ~TEQ]
1994 E1h] -B154 221 3158 23613 308 07 A0g 31 34 3K 321 026
Averape 544 Al 428 3127 2530 -1023 4 121 ~1683 1683 3130 -1859 4221
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Riverview Reservoir is located south of the Western Canal in Reach
10. The flow additions and reductions from this alternative were
assumed to occur 20 miles below the Julesburg gage. Monthly
diversions to storage (flow reductions) and releases and seepage
retuns (flow additions) were routed downstream using the water
budget spreadsheet. Two routing scenarios were evaluated. The first
scenario assumes additional flows can be protected from downstream
diversions, in which case, additional flows are not reduced by
diversions. The second scenario assumes additional flows cannot be
protected from downstream diverters, in which case, additional flows
are reduced by diversions.

Table 8.B.37 in Section 5 summarizes the average annual values for
net hydrologic effects at the alternative site; at the top of Reach 15,
with and without diversions: and at the critical habitat, with and
without diversions. Tables 8.B.26 and 8.B.27 show the reductions to
target flow shortages at the critical habitat. The average annual
reduction to target flow shortages with downstream diversion losses is
5,800 ac-ft. The average annual reduction to target flow shortages
without downstream diversion losses is 11.821 ac-ft.

Cost

The primary direct costs of this altemative are associated with land
acquisition, excavation and site development, construction of the
Riverview Dam, lift station and pipeline, rehabilitation of the Western
Canal headgate, delivery fees for use of the Western Canal, and annual
pumping and operations and maintenance costs, The initial estimate
for this alternative was developed from the USBR South Canal Divide
Project report.

A construction cost estimate of $15.5 million from the 1982 USBR
report of the dam was updated to a 1998 cost of $24 million. A pump
station capable of delivering 160 cfs would cost approximately $3.5
million. Rehabilitation of the headgate 10 enable year-round diversions
would cost approximately $300,000.

Delivery fees in the Lower South Platte River region vary but can run
as high as $5 per ac-ft. For this analysis it was assumed the project
would pay a delivery fee of $5 per ac-ft delivered. Annual operations
and maintenance costs and delivery fees have been amortized over 20
years at a discount rate of 6 percent.
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Table 8.B.26

Riverview Reservoir
Reductions to Target Flow Shortages with Diversions

{ac-ft)
Year Oet Mov Dee Jan Feh Mar Apr May dun dul Aug Sep Total
1475 i 0 i i 2638 il i i 0 0 [i] 1 2639
1976 I | ] (1] 54006 2 r 1 0 (1] 1] | 5916
1977 4 4 ] 3] 7 1] fr 4 2 ] 1 5 51
1978 5 5 ] i d B ] ] 2 | L] ] 1 41
1979 3 4 5 5 3 5 4 2 k o (¥ | 4
1980 2 4 1] 1] 0 1] ] L] ] 253 1 3 300
1981 7 11 0 o 5206 40 20 1] 3 3 f] 17 5411
1952 35 48 ] 1] 3401 59 k] g 4 2 i 20 3l
1983 v 4 41 1] (] 1] ] 1] i 1] f] 1] 1] a3
1954 ] 5368 L] (] (1] ] 4] ] 1] 0 2320 1] ToEE
14985 L] 1] i} (] U] 1] 3432 6942 132 3z 43 [}] 10581
1986 2352 253 (1] 1] ] 1] 1] 1] L] ] 0 L] 2605
1587 o L] i /] ] 4] 0 0 ] i R L] 3016
| ORE 5893 0 i 0 0 1410 360 353 74 £2 £l 236 17477
| ake 242 34 0 [} 5913 432 03 73 a1 ] kL 0 7307
1 990} 1692 288 281 0 5474 309 126 179 45 7 42 47 EB1%
1949] 176 261 [1] L] s039 250 B 1] ] 124 B 43 5997
992 T9 1590 1] ] 4527 1] 5185 45 53 48 25 37 10195
18993 193 (L] ] L] 3970 L] 4268 67 o 1] 68 ] B2
1954 1] 1] 1] 1] 14043 237 137 86 39 1] 17 118 15574
Average 537 49 15 | 2854 588 Ti4 I8 26 Ell] 281 27 AEIHI
Table 8.B.27
Riverview Reservoir
Reductions to Target Flow Shortages without Diversions
(ac-fi)
Year et Mav D Jan Feh Mar Apr May Jun Jul Aug Sep Total
1975 i [0} il 0 4158 L] i) ] 0 | 1 2 4161
1976 & 2 0 i TR0 3 3 4 4 2 1 3 THRA
1977 B B B q ] ] 12 11] 12 I T 5 i 14
1975 1] 1] g B 4] L 1n 110 9 3 4 4 13
1979 ] T 7 7 [ H 1 7 5 ] 5 4 T
1980 5 f 1] ] ] Li] ] 1] 4] 14493 ] 4 14521
1981 1] 7 ] 0 L] 58 4 9 56 45 L] 47 TI56
1982 69 54 (] 0 4321 T8 77 77 76 T T2 55 45R{1
1983 Th a3 0 1] L] 0 1] (] 1] 1] L] (] 139
1G4 1] g4z 0 0 0 i ] ] 0 i 19806 i 2B
1985 0 1] 0 ] ] [i] 4889 15162 404 42 417 1] 21274
1986 3457 406 ] ] ] 1] 0 ] 0 i} 0 i 1863
1987 ] 1] L] 1] 1] { 1] 1] i L1 21245 N 21245
1988 05659 (] Li] il i 13709 hlk 6l 621 578 576 552 26832
1989 574 677 L] 0 B216 58k 2 538 519 L] 479 1] 12243
IR 3903 513 456 (/] 8973 525 503 404 456 254 414 283 16775
199] 30 J6K L] 1] #8321 413 Ired (1] ] 3080 169 187 13211
19092 235 3n] 0 L] 6504 (1] QRAR 291 332 277 216 237 18380
jeai 29 RLIES L L] 5274 ] RT0E 308 a0 L] an3 1] | 5493
1944 i 1] L] L] 18281 302 2493 283 279 1] 286 217 | G130
Average ngn 554 24 I 3939 TRS 13041 93 157 961 2201 K1 11821 |
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The initial estimate for this altemative, including engineering and
contingency costs, is approximately $34.1 million. The cost per ac-ft of
target flow reductions at the critical habitat would be approximately
$2.880 assuming releases can be protected from downstream
diversions. The cost per ac-fi of target flow reductions at the critical
habitat would be approximately $5.880 assuming releases cannot be
protected from downstream diversions. Accordingly, the associated
issues for only the scenario where releases can be protected from
downstream diversions have been addressed.

Plum Creek Basin Reservoirs (Constructing New Storage
Facilities)

The State of Nebraska initially evaluated a reservoir site on the
mainstem of Plum Creek in the 1930s before Keystone Dam (now
known as Kingsley Dam) was constructed on the North Platte River;
the reservoir was to provide a reliable irmigation and hydropower water
supply. In May 1989 USBR completed a Planning Report/Draft
Environmental Statement for a storage unit on Plum Creek with
associated recharge facilities in the Prairie Bend area to maintain
species habitat, recharge ground water, and augment wildlife habitat.

The proposed Plum Creck Reservoir would be located on Plum Creek,
a right bank tributary of the Platte River near the town of Smithfield,
Nebraska. The Plum Creek project would consist of Plum Creek Dam
and Reservoir, spillway, outlet works, access roads, and inlet and
outlet canal structures. The proposed Plum Creek reservoir would have
an active storage of approximately 252,000 ac-fi. Based on preliminary
analysis this reservoir, as conceived, was defined a high-risk,
significant hazard dam, primarily due to its inability to pass a probable
maximum flood of approximately 180,000 ac-fi.

With respect to this study, a 252,000 ac-ft reservoir would not be
feasible based on a project cost of approximately $173 million in 1985.
However, the location and the size of the reservoir, or the size of the
reservoir and spillway, could be modified to reduce the risk and costs
associated with the structure. The study team relied on the USBR
Planning Report and conversations with CNPPID personnel to evaluate
storage alternatives in the Plum Creek Basin. The potential for new
storage units in the Plum Creek basin to reduce target flow shortages at
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the critical habitat were investigated in a general manner and analyzed
as described below.

e Two storage alternatives were analyzed.

e Off-channel storage of 4,800 ac-ft and mainstem storage of
30,000 ac-ft was investigated.

e Streamflow data on Plum Creek was not available for the
period of record analyzed in the reconnaissance study (1975-
1994). Reservoirs in the Plum Creek basin would capture Platte
River water beyond that required for irrigation deliveries and
mainstem instream flows. Diversions from the J-2 forebay,
below Philips Lake, would be conveyed via a pipeline to fill
reservoirs in the Plum Creek basin.

e Hydropower return flows diverted for storage in Plum Creeck
basin reservoirs would reduce the flows available to the J-2
Hydropower plant

4] c-ft Pl se

Due to concerns with seepage from Elwood and Johnson Reservoirs in
the immediate area, structural measures to reduce seepage would be
necessary for new storage facilities in the basin. Seepage drans and
associated cutoff structures downstream of the reservoir would be used
to mitigate potential flooding of neighboring lands.

The dam analyzed for this alternative would be a 53 foot high
embankment dam with a top length of approximately 3000 feet. The
dam would be located on Plum Creek, southeast of the J-2 power
plant, near the town of Smithfield, Nebraska. Plum Creek Reservoir
would capture Platte River water beyond that required for irrigation
deliveries and mainstem instream flows. Diversions from the J-2
forebay, below Phillips Lake. would be conveved to fill Plum Creek
Reservoir via a pipeline approximately 2 miles long. For a smaller
reservoir to handle the probable maximum flood. the spillway on Plum
Creck Dam could consist of a two-stage spillway with a lower spillway
capable of passing a 100-year flood and an auxiliary fuse plug dike
designed to breach and wash out when overtopped by the probable
maximum flood.
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Yield

To evaluate the yield of the Plum Creek Reservoir alternative, the
study team developed a simplified reservoir operations model. The
following operating rules and assumptions were used in the analysis.

Philips Lake is filled via returns from the J-1 Hydropower
plant. J-1 Hydropower returns feed the J-2 Hydropower plant,
Monthly hydropower returns, over the 1975-1994 study period,
from J-2 are roughly 95%-100% of the hydropower returns
from J-1.

Storable flows were considered to be the amount available
below J-1 less Phelps County Canal deliveries during months
when Platte River flows at Grand Island, Nebraska exceeded
LISFWS target flows. Storable flows were determined from
monthly time series of J-1 returns and Phelps County Canal
diversions provided by CNPPID.

The reservoir was assumed to be empty at the beginning of the
study period.

The reservoir was operated to fill to maximum capacity with
available supply during months of excess flows at the critical
habitat.

Water was released from the reservoir during months of target
flow shortages at the cntical habitat.

Monthly evaporation amounts for Plum Creek Reservoir were
based on the previous month's capacity and appropriate
monthly evaporation rates. A simple area-capacity relationship,
from the USBR report, based on a surface area of
approximately 1,689 acres was used.

A seepage rate was developed in the 1989 Draft Report
(USBR) for a mainstem reservoir based on site geology and
seepage estimates from existing reservoirs (Sherman and
Elwood). This rate of seepage (0.516 ac-ft/ac surface area) was
used for monthly seepage with the Plum Creek Reservoir
alternative analyzed in this study. Scepage water was returned
to the river in the same month for this on-stream reservoir.
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Table 8.B.28 shows the local net hydrologic effects of the Plum Creek
Reservoir alternative through the 20-vear study period. The average
annual effect of the Plum Creek Reservoir alternative is —1,326 ac-fi.
Negative values indicate months when water goes into storage:
positive values indicate months when water is released.

Plum Creek Reservoir is located in the lower end of Reach 17. The
flow additions and reductions from this alternative were assumed to
occur 6 miles above the Overton gage in Reach 17. Monthly diversions
to storage (flow reductions) and releases and seepage returns (flow
additions) from the Plum Creek Reservoir alternative was routed
downstream using the water budget spreadsheet. Two routing scenarios
were evaluated. The first scenario assumes additional flows can be
protected from downstream diversions, in which case, additional flows
are not reduced by diversions. The second scenario assumes additional
flows cannot be protected from downstream diverters, in which case,
additional flows are reduced by diversions.

Table 8.B.37 in Section 5 summarizes the average annual values for
net hydrologic effects at the alternative sites; at the top of Reach 18,
with and without diversions; and at the critical habitat, with and
without diversions. Table 8.B.29 and 8.B.30 show the reductions to
target flow shortages at the critical habitat for the Plum Creek
Reservoir alternative. The average annual reduction to target flow
shortages with and without downstream diversion losses is 24,837 ac-
ft and 25,571 ac-fi, respectively.

Cost

The primary direct costs of this alternative are associated with land
acquisition, excavation and site development, construction of the Plum
Creek Dam and spillway. excavation, bedding. pipeline and seepage
drains, and annual operations and maintenance costs.

The project cost for a 252,000 ac-ft reservoir from the USBR Planning
Report was updated to a 1998 cost of approximately $248 million.
Project costs for the 30,000 ac-ft Plum Creek reservoir were developed
based on a unit storage cost from the USBR Planning Report of
approximately $982/ac-ft. This cost is assumed to cover land
acquisition, environmental, and permitting costs as the cost estimate
includes the following cost items: 10% unlisted items, 20%
contingency, 30% indirect costs, 5% mobilization, 1% archaeological.
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30,000 ac-ft Plum Creek Reservoir
Net Hydrologic Effects
(me-ft)
Year | Ot Nov Dec Jan Feh Mar  Apr_ May  Jun Jul Aug__ Sep | Toul
1975 0 1] 1] 12920 12847 il [0 0 [ [ [ i -53
1976 ] i -23801 -5508 29127 il i 0 1] ] ] ] =181
1977 [t 1 i i} 1] il 1 i 0 0 il 1] i}
1978 0 0 [ o ] 23801 23458 i 1] 0 0 1] <342
1979 1] ] (1] (1] 0 0 1] ] 1] -23801 23375 0 =426
1080 i i S23801  -550K a8 -127 |05 437 A0 27820 0 [T} 2672
1981 1} i 23801 -5508 19127 0 [ ¥} i 0 13271 13073 -
1982 0 0 -20655 -T321 27808 0 0 1] 0 i 1} 1] -I68
1983 [0} [0 23801 5508 98 127 -195 =304 516 25 1187 429 | -32147
1984 809 we -00is 23 53 121 -19 -3 -514 02 17995 23500 1413
1985 580K -53 -134 A4S -7 122 5730 2we [ o o 201 | -T2
1984 9071 12901 23785 -39%0 49 -126 19 447 -543 676 -H84 507 4832
1987 340 443 -3 KT -3 122 194 513 Si% 5111 T 23801 To6
198K 21561 15269 14287 kL N7 14842 13769 0 0 L} 1] Ll 2289
1989 0 0 -14019  -15574 29418 (] (1] o [ T LY 23K0) | 23966
1990 | 23497 [} (1] -2g01 13702 [} [} o L] 0 1] 0 233949
1941 i} ] AT07T  -11361 10797 T ] 12579 17056  2RS42 ] i 1182
1992 o i 2202 -6 T415 ST602 26584 2141 [l 0 [ 0 =L
1993 i} o 11948  -14576 26384 23801 21524 0o L ~23801 s ST | 30195
1994 | 147 351 <126 86 28962 0 0 0 0 K200 R027 0 2K079
Lm 24%1 09 S109%  -5922 (1278 -1699 A4 490 ETE A 3674 4518 | -1326
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Table 8.B.29

30,000 ac-ft Plum Creek Reservoir
Reductions to Target Flow Shortages with Diversions
(me-1)
Year Ot By Dec Jan Feh Mar Apr Moy dun Jdul Aug Sep Tounl
1975 Li] 1] L] L] 1607 ] L] L] 1] 1] 1] ] 11607
1976 [ o i ] 26072 @ i 0 1] 0 o 0 26072
1977 1] 1] 0 n L] 1] 1] 1] [1] [1] (] ] 1]
1978 1] 1] 0 1] i 1] 22578 (] 1] 1] 0 0 22578
1979 0 [1] 0 ] ] ] L] L] L[] {] 1654 [ | 6598
1980 (1] (1] ] 1] L] L] (] ] 1] 19345 L] L1] 19365
1981 0 L{] 1] 1] 24065 L] [1] 1] 1] 1] ] T541 3607
1982 1 il ] ] 2T6k4 ] o (i 0 i) ] ] 17684
1983 ] ] ] 1] 1] 1] 1] L 1] ] 1] L[] ]
1984 L] BS52 ] ] ] L] [1] ] [1] L] 17114 [1] 25871
1985 0 1] 1] 1] ] 0 455G RO 1] [1] 1] [1] 2587E
1986 BRI lid4in 1] (1] (] 1] (1] 1] L[] fi 1] L] 19T
1987 L] o 0 L] ] L] L[] Li] 4] L] 19699 0 196049
1988 IR420 ] 0 ] il 13958 11780 0 i ] 1] 0 A4 158
1989 0 0 1] 1] 917 0 [1] 0 0 0 281 1] JR21E
| 990 22446 0 o L] i b 0 L] i 0 1] 0 (1] 4544k
1991 1] 1] L] o 10273 L E T 1] n 0 9224 1] 0 26043
1992 0 /] ] ] G564 1] 25660 1717 1] [1] ] 1] EEL
1993 ] 0 1] 1] 17158 ] 2323 ] L1 1] 427 1] AR
19404 1] L] 0 L] 23621 1] i 0 1] L] 6524 i il 4&
A 2462 998 [1] [} bl 1400 6 1135 i 1424 a2 35 JaKY7
Tabie 8.B30
30,000 ac-ft Plum Creek Reservoir
Reductions to Target Flow Shortages without Diversions
(ne-ft)
Year et Moy Der Jan Fet Mar Apr Mas Jiun Jul Aug Total
1974 1] i 0 ] 11607 0 il il 1] 1] ] 0 1in017
1976 [1] ] L] L] 26972 0 L] i ] ] 1] ] 20072
1977 o o o o (i} 0 ] 0 [} i 1] [} o
1978 L] L] 1] (1] 1] ] 3112 [i] [ 0 L] 1 mR
1979 1] i 1] 1] ] 0 1] 1] o 1 17682 0 17682
1980 [{] L] ] 1] ] L] i (] ] 25468 L] 1] 25468
191 1] 1] 1] il 24064 L] 1] ] L] (1] ] This Ji6kD
1952 Li] 1] ] 1] 27684 ] ] [1] ] ] 1] 1] 27684
1983 L] (1] 1] 1] ] ] 1] 1] 0 L] [1] 1] L]
194 o E552 0 il 1] (1] ] L] 1] il 18620 1] g d e
1985 1] 0o 1] [ ] L] AKEY 21928 L] L[] ] L 26817
1986 B3RO 305 ] 0 ] 1] 1] 1] ] (1] 0 0 19685
1987 0 0 ] ] (1] o i) (1] 0 L] 206465 o 20 s
1988 18476 ] 4] 1] o 13994 12603 1] L] L[] 1] 0 4507H
19E9 1] ] 0 L] 27937 L] ] 1] L] ] 97 i 28235
19490 12974 ] ] ] 23042 1] [{] ] L] 1] ] 0 Aisli |8
1991 1] L] 0 ] 1mmn L T L] 0 ] [[oni /] [1] 27407
1992 [1] 1] 1] ] [T L] 25735 1811 1] [(] 1] L] M
1993 ] L] [} L] 17158 L] 23211 [1] L] i 427 0 LT
1004 b i f il 21621 i i 0 0 i 7544 o 11316
m 2452 o003 1] 1] Ui IIH_: TR 1IR7 ii 1 TE8 _&H 181 25571




and 0.5% pre-investigation. Costs for spillway development would be
approximately $5 million, based on similar projects in the state of
Colorado. Installing a pipeline from one of the southeast fingers of
Philips Lake to Plum Creek Reservoir would require excavation and
installation of bedding material and pipeline. Total installation costs
for 11,100 feet of 36-inch pipeline would be approximately $6.1
million. Estimated costs for seepage drains and associated cutoffs
would be approximately $2 million. Annual operating and
maintenance costs have been amortized over 20 years assuming a 6
percent discount rate. The initial estimate for the Plum Creek
Reservoir alternative, including engineening and contingency costs, is
approximately $44.1 million.

Assuming a project cost of $44.1 million, the cost per ac-fi of target
flow reductions at the critical habitat would be approximately 51,720
assuming releases can be protected from downstream diversions. The
cost per ac-ft of target flow reductions at the critical habitat would be
approximately $1,780 assuming releases cannot be protected from
downstream diversions.

4 -ft J-2 Re- i r (Constructing New
Storage Facilities)

A smaller off-channel reservoir in the Plum Creek basin would not be
required to pass the probable maximum flood on Plum Creck and
would cause less seepage problems than mainstem storage units. The
J-2 Re-Regulating Reservoir alternative analyzed for this study would
have an active storage capacity of 4,800 ac-ft. The study team relied on
the USBR Planning Report and conversations with CNPPID personnel
to evaluate J-2 Re-Regulating Reservoir as a potential alternative to
meet target flow shortages at the critical habitat.

The dam analyzed for this altemative would be a 45 foot high
embankment dam with a top length of approximately 1000 feet. The
dam would be located on a left bank tributary of Plum Creek, southeast
of the CNPPID J-2 power plant, near the town of Lexington, Nebraska.
J-2 Re-Regulating Reservoir would capture Platte River water bevond
that required for irrigation deliveries and mainstem instream flows.
Diversions from the J-2 forebay, below Phillips Lake, would be
conveyed to fill J-2 Re-Regulating Reservoir via a pipeline
approximately 1 mile long.
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Yield

To evaluate the yield of J-2 Re-Regulating Reservoir, the study team
developed a simplified reservoir operations model. The following
operating rules and assumptions were used in the analysis.

e Philips Lake is filled via returns from the J-1 Hydropower
plant. J-1 Hydropower retumns feed the J-2 Hydropower plant.
Monthly hvdropower returns, over the 1975-1994 study period,
from J-2 are roughly 95%-100% of the hydropower returns
from J-1.

Storable flows were considered to be the amount available
below J-1 less Phelps County Canal deliveries during months
when Platte River flows at Grand Island, Nebraska exceeded
USFWS target flows. Storable flows were determined from
monthly time series of J-1 returns and Phelps County Canal
diversions provided by CNPPID.

e The reservoir was operated to fill to maximum capacity with
available supply during months of excess flows at the critical
habitat.

e  Water was released from the reservoir during months of target
flow shortages at the critical habitat.

e Monthly evaporation amounts for J-2 Re-Regulating Reservoir
were based on the previous month’s capacity and appropriate
monthly evaporation rates. A simple area-capacity relationship
based on a surface area of approximately 200 acres was used.

e A seepage rate was developed in the 1989 Draft Report
(USBR) for a mainstem reservoir based on site geology and
seepage estimates from existing reservoirs (Sherman and
Elwood). This rate of seepage (0.516 ac-fi/ac surface arca) was
used for monthly seepage for the J-2 Re-Regulating Reservoir
alternative analyzed in this study. Seepage water was retumned
to the river based on an SDF of 3,000 days, based on SDF
mapping from the Missouri Basin States Association Report.
Return flows were routed back to the river using the SDF
model SDF View.
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e Table 8.B.31 shows the local net hydrologic effects of the J-2
Re-Regulating Reservoir alternative, through the 20-year study
period. The average annual effect of J-2 Re-Regulating
Reservoir is -429 ac-fi. Negative values indicate months when
water goes into storage; positive values indicate months when
water is released. J-2 Re-Regulating Reservoir is located in the
lower end of Reach 17. The flow additions and reductions from
this alternative were assumed to occur 6 miles above the
Overton gage in Reach 17. Monthly diversions to storage (flow
reductions) and releases and seepage retums (flow additions)
from J-2 Re-Regulating Reservoir were routed downstream
using the water budget spreadsheet. Two routing scenarios
were evaluated. The first scenario assumes additional flows can
be protected from downstream diversions, in which case,
additional flows are not reduced by diversions. The second
scenario assumes additional flows cannot be protected from
downstream diverters, in which case, additional flows are
reduced by diversions.

Table 8.B.37 in Section 5 summarizes the average annual values for
net hydrologic effects at the alternative site; at the top of Reach 18,
with and without diversions; and at the critical habitat, with and
without diversions. Tables 8.B.32 and 8.B.33 show the reductions to
target flow shortages at the critical habitat for J-2 Re-Regulating
Reservoir. The average annual reduction to target flow shortages
without downstream diversion losses is 5,306 ac-fi. The average
annual reduction to target flow shortages with downstream diversion
losses is 5,156 ac-fi.

Cost

The primary direct costs of this alternative are associated with land
acquisition, excavation and site development, construction of the J-2
Re-Regulating Dam, excavation, bedding, pipeline and seepage drains,
and annual operations and maintenance costs. The initial estimate for
this alternative was developed from different sources as no J-2 Re-
Regulating project studies were available.

Based on an average cost of $403 per acre for grazing land (University
of Nebraska, Lincoln, 1999) acquisition of about 200 acres would cost
approximately $81,000, Construction of the dam, spillway, and outlet
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Table 8.B31
4,800 ac-ft J-2 Re-Regulating Reservoir
Net Hydrologic Effects

(me-M)

Y ear [ Moy Ihec Jdan Feb Mar Apr May Jun Jdul Aug Sep Total
1975 L] L] [1] AR 4681 [1] 1] 1] 0 0 1] ] =1IK
1976 ] 1 4799 | 457 | ] | | 2 2 2 =206
19T 2 - | ] | 3 i 3 3 3 i 3 3 i
1978 3 3 L] 3 2 4798 A 2 2 2 2 2 -127
1979 F 4 3 k 3 3 3 3 3 k] 4707 4634 3 -137
158 3 3 4 TR 3 =111 =113 122 150 Il 44139 4 5 LhpR
1981 5 L] AT 7 4578 L] L] L] L] o 4790 46352 K9
1982 10 10 A TH) I A5K1 I Il i 11 1 1] 11 =101
1983 1 11 4789 I -102 L] <114 <127 -152 143 =174 =168 -5H41
14k =150 4568 -4 TR7 I4 ] =11 108 <128 -145 155 4470 =T8I -1197
1ans 20 5 iy ) -B8 -1 4538 M 25 25 b 4714 -547
| 56 4693 7 4773 27 K6 M4 -Gk =128 =139 <155 =153 -134 L
1987 =115 126 -R9 -Kd =52 = ¥ L) -132 =132 =155 4456 4767 =14007
19R% 4n3 2 Tt 14 -Rii =Th 4504 15 6 36 3 In 35 A 04
198 16 36 ATk In Ailbtr 35 14 M M =338 iR ATGT 4677
1540 4682 k¥ ] X2 A TH5 4712 o 1] ki .l bl s | . | 4804
19491 e | 28 4773 a7 4597 n 26 4774 25 450 25 25 248
1952 25 25 4778 25 4595 4775 disbuty 25 25 23 a5 % -
11 25 24 AT a5 4595 4778 A6TH 24 R 4776 451 -5T2 -5051
|94 =1 & =119 3 -8R 4597 24 25 25 P 4774 Aty 7 4180

653 -17 vEEHH B I_I‘J'-I =510 il =261 =24 =113 TS ~T57 {24




Table 8.8.32
4,800 ac-ft J-2 Re-Regulating Reservoir
Reductions to Target Flow Shortages with Diversions

{ac-ft)
Year | Oct  Nev  Dec  das Feh  Mar _ Apr _ May _ Jum Jul_ Awz  Sep | Towl
1978 ] [T o 0 4223 i [} 0 [ i 0 [T} 4271
1976 n 1 0 L] 4233 | ] | 1 I L] | 4219
1977 2 2 2 2 F | 3 b | k] 2 | 2 3 |
1978 | i 2 | 2 [0 4472 2 2 I | 1 4489
1979 1 2 2 2 2 3 | 3 2 LI} 3249 2 Janl
198D 2 2 0 0 1] n 0 1] 0 3050 3 3 30
I9E) 4 4 1] ] 3783 E ] K 7 [ (1] JhK4 6311
1952 E 1o 1] 4] A560 1] 10 1] [1] L] L] K dndd
1983 i 9 o (7] o ] o 0 o 1] [} [ 2l
1954 L] 4390 L] 1] (1] [1] U] ] 0 (1] ITe0 ] Ti5%
1985 ] 0 ] 1] ] 1] 4294 3 3 21 23 U 418
1986 4604 24 0 ] L] u ] ] i ] ] L] 4624
1987 ] il 0 1] ] o 1] 1] i ] Jbe 1] 6o
198K Ineh 1] 0 0 0 4320 o E ) in 8 30 29 K170
1984 30 6 0 ] 4371 32 12 2 k1] i 2 0 4fnd
1980 4473 m 26 ] 4580 30 29 23 24 15 23 L1 1275
15 0 F 7 1] 1] 4437 25 2 1] [i] 1436 10 12 fong
1992 I5 n [1] o 4537 (1] 4504 0 2] 9 15 17 Ll b |
1993 21 a 1] 1] 29ER 1] 4618 3 n 0 427 1] 522
19494 1] 1] 0 ] 3750 24 M 4 23 0 377 19 Thdll
Average | 643 220 2 ] 2073 223 LE] 1 1] 23! 692 140 5156
Table 8.B33
4 800 ac-ft J-2 Re-Regulating Reservoir
Reductions to Target Flow Shortages without Diversions
{mc-fit)
¥ car et Moy Dec Jan Feb Mar Apr Mav Jun Jul Aug Sep Toinl
1975 L] 1] /] 1] 4223 1] [{] i} L] ] ] 1] 4223
1976 0 I 0 U] 4213 I | I | | (] | 4240
1977 2 2 2 . 2 3 . | 3 3 r | 2 2 ra
1978 2 2 2 , 2 i} 457 2 2 ] I | 454
1979 2 2 z 2 2 3 3 3 2 1] 3505 | 3528
19RO b - a 1] [1] 1] 1] L] 1] 1] 406 3 b 4074
19%1 4 4 1] [1] 3783 ] ] 9 7 ] 0 270 H53K
1982 g I 1 ] 4560 10 1] 11} 10 1o 1 L3 444
1983 11 L] L] ] L] 0 1] L] 1] 0 1] ] 21
1954 1] 4395 L] 1] 1] [i] 1] L] ] 1] L' i 0 I
1985 i il ] i 0 0 4473 24 4 M4 25 ] 4571
1986 4562 bl (1] ] L] (] 1] [1] L] 1] ] 1) 46E5
1987 [1] L} ] [ (1] 1] [ L[] [1] ] 32 L] 32
1988 36ED 1] 1] L] 1] 4363 32 n 3z 3 3 30 232
1989 3 1] (] ] 4171 R i 3o n ] 3m L] 4NEE
1690 4578 9 26 i1 4580 30 1] 29 % 17 25 1 939(
1991 21 i ] L] 0 4437 25 a3 1] 0 1601 11 12 6153
1992 15 23 0 i 4537 i 4570 21 23 20 1o 17 G243
1993 2] 2 i {1 2ORK [ 4618 23 21 i 427 i} B123
[ 0 1 0 i 1750 24 24 24 24 [ 4194 |9 261
| Average | 652 29 2___ 0 w3 0 %20 1l 1 289 754 141 3306




works would cost approximately $3 million dollars, based on similar
projects done in the State of Colorado. Installing a pipeline from one
of the southeast fingers of Philips Lake to Plum Creek Reservoir
would require excavation and installation of bedding material and
pipeline. Total installation costs for 5,000 feet of 36-inch pipeline
would be approximately $4 million. Annual operating and
maintenance costs were amortized over 20 years assuming a 6 percent
discount rate. The initial estimate for the unlined storage alterative,
including engineering and contingency costs, is approximately $9
million.

Assuming a project cost of $9 million, the cost per ac-fi of target flow
reductions at the critical habitat would be approximately $1.700
assuming releases can be protected from downstream diversions. The
cost per ac-ft of target flow reductions at the critical habitat would be
approximately $1.750 assuming releases cannot be protected from
downstream diversions.

Jeffrey Canyon Reservoir (Constructing New Storage Facilities)

The Central Nebraska Public Power and Imigation District (CNPPID)
is considering a Jeffrey Canyon storage project to provide secondary
storage for Platte River water. The study team relied on information
from a meeting with Nebraska representatives of the Water
Management Committee in Holdrege, Nebraska on February 2, 1999
and conversations with CNPPID personnel to evaluate Jeffrey Canyon
Reservoir as a potential alternative to meet target flow shortages at the
critical habitat.

The dam analyzed for this alternative would be a 30 foot high
embankment with a top length of approximately 1200 feet. The dam
would be located in Jeffrey Canyon, a right bank tributary of the Platte
River near the town of Brady, Nebraska. Jeffrey Canyon Reservoir
would be situated to the southeast of Jeffrey Reservoir and would be
used to capture Platte River water beyond that required for mamnstem
instream flows, Diversions from the Jeffrey Reservoir, would be
conveyed to fill Jeffrey Reservoir via a pipeline approximately 1 %
mile long. Releases from Jeffrey Canyon Reservoir would enter the
Platte River downstream of Brady, Nebraska.
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The Jeffrey Canyon Reservoir alternative analyzed for this study would
have an active storage capacity of 6,000 ac-ft. Diverting storage water
from the Jeffrey power plant forebay would reduce the flows available
for hydropower generation.

Yield

To evaluate the yield of Jeffrey Canyon Reservoir, the study team
developed a simplified reservoir operations model. The following
operating rules and assumptions were used in the analysis.

The bulk of returns from the Jeffrey Hydropower plant flow
down the central supply canal and through the J-1 and J-2
Hydropower plants. Storable flows were considered to be the
amount available at the J-2 return during months when Platte
River flows at Grand Island, Nebraska exceeded USFWS target
flows.

The reservoir was assumed to be empty at the beginning of the
study period.

The reservoir was operated to fill to a maximum capacity of
6,000 ac-ft with available supply during months of excess
flows at the critical habitat.

Water was released from the reservoir during months of target
flow shortages at the critical habitat.

Monthly evaporation amounts for Jeffrey Canyon Reservoir
were based on the reservoir surface area corresponding to the
previous month’s capacity and appropriate monthly
evaporation rates. A simple area-capacity relationship was used
based on a surface area of approximately 290 acres.

Site-specific seepage estimates were not available for this site.
A general seepage rate of 8 percent, based on a South Platte
storage site, was used for the Jeffrey Canyon Reservoir site.
Seepage water was returned to the river with an SDF factor of
6,000 days, based on SDF mapping from the Missouri Basin
States Association Report. Return flows were routed back to
the river using the SDF model SDF View.
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Table 8.B.34 shows the local net hydrologic effects of the Jeffrey
Canyon Reservoir altenative, through the 20-year study period. The
average annual effect of Jeffrey Canyon Reservoir is -1,603 ac-fi.
Negative values indicate months when water goes into storage:
positive values indicate months when water is released.

Jeffrey Canyon Reservoir is located in the upper part of Reach 16. The
flow additions from this alternative were assumed to occur 5 miles
below the Brady stream gage in Reach 16. Water diverted for storage
in leffrey Canyon Reservoir would otherwise enter the river at the J-2
return. Flow reductions from this alternative were assumed to occur at
the J-2 return, 6 miles above the Overton stream gage in Reach 17.
Maonthly diversions to storage (flow reductions) and releases and
seepage returns (flow additions) from Jeffrey Canyon Reservoir were
routed from Reaches 16 and 17, respectively, downstream using the
water budget spreadsheet. Two routing scenarios were evaluated. The
first scenario assumes additional flows can be protected from
downstream diversions, in which case, additional flows are not
reduced by diversions. The second scenario assumes additional flows
cannot be protected from downstream diverters, in which case.
additional flows are reduced by diversions.

Table 8.B.37 in Section 5 summarizes the average annual values for
net hydrologic effects at the alternative site: at the top of Reach 17,
with and without diversions; and at the critical habitat, with and
without diversions. Tables 8.B.35 and 8.B.36 show the reductions to
target flow shortages at the critical habitat for Jeffrey Canyon
Reservoir. The average annual reduction to target flow shortages
without downstream diversion losses is 6.112 ac-fi. The average

annual reduction to target flow shortages with downstream diversion
losses is 4,994 ac-fi.

Cost

The primary direct costs of this alternative are associated with land
acquisition, excavation and site development, construction of the
Jeffrey Canyon Dam, feeder canal, pipeline, and annual operations and
maintenance costs. Based on an average cost of $200 per acre for
grazing land (University of Nebraska, Lincoln, 1999) acquisition of
about 290 acres would cost approximately $57,800. Construction of
the dam, spillway, and outlet works would cost approximately $3
million dollars, based on similar work done in the State of Colorado.
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Table 8.B.34

Jeffrey Canvon Reservoir
Net Hydrologic Effects
{me-f1)
Year | Oxt Nov Dec . dam Feb Mar  Apr_ May  Jun Jul Aug  Sep | Tetal
1978 ] i 0 H0D0 S49% 0 0 i [T i 1] 0 -50]
1976 0 0 6000 1 SO4% 1 | | | 2 2 2 041
1977 e 3 i 3 4 4 4 5 5 5 5 [ 4
1978 ] f fi f i -59494 5451 b fr i [ fi <7
1979 7 1 7 7 7 7 7 7 ¥ S99 5436 B ARE
1980 B L} 5992 3 AR5 452 46T =50 A6 4912 B i 3468
19%1 9 It 500 11 5059 13 14 15 16 17 5982 sS40 M7
1942 20 2l 4979 n 070 24 b1 25 i 2% 26 27 470
1983 pa ] bl ] 5972 bl 463 430 444 4481 491 440 553 S0 )
1984 459 5054 S96T 13 456 425 419 404 455 447 4974 595 | -SOR2
1985 43 480 413 410 A 412 441 157 55 57 59 4040 | <2749
19E6 55310 6 -5035 tly 425 =191 45 =441 455 475 -7 A5 37T
1987 420 437 -384 -380 377 -184 204 441 <440 471 4977 S04 <A067
1988 5555 <5912 M A4 1] 5156 95 G 8 Gt 1041 101 4714
1959 12 103 SR 105 5153 107 17 167 108 Sl 440 -1302 ATi6
1990 5562 108 107 SKUT SKD6 107 10 106 106 s 108 {04 6279
1991 104 103 5897 102 5149 101 ]} -$900 o 49500 98 9% £92
1992 97 97 =504 Yty 5142 - 5905 537 G L EY s g3 5 ¥
1993 93 93 ST 9 5140 -5907 5553 L] a2 -Sa0% 519 7 656
1994 378 40K -371 367 5172 91 4| 9 9] 008 5503 LA 1700
[LAverage| 795 7% 23320 - 24454 KED [T -371 .79 FTY] 767 ATk L1675




Tahle 8.B.35

Jeffrey Canven Reservoir
Reductions to Target Flow Shortages with Diversions
{ac-fi)
Year Ot Mov Dee Jan Feh Mar Apr May Jun Jul Aung Sep Toinl
1975 f) 0 0 0 4933 0 7] 0 ] 1] ] i 4933
1976 il 0 ] ] 4653 | | I 0 0 ] L] 4656
1977 2 2 2 i 3 4 4 4 2 1 1 3 29
1978 5 5 5 4 4] ] 51a7 4 | 1 | | 5200
1979 4 5 f b 7 f 3 4 1] bty 2 903
1980 5 [ 1] i 0 1] [} 0 i 791 2 2 K0T
1981 7 7 ] 0 4154 12 6 o i 4 1] 2070 6260
1982 16 20 ] 0 sog 22 21 11 ] 5 5 9 5135
1us3 27 ik i fi ] ] i] ] ] 1] (] ] 30
1984 ] 4KT3 0 1] ] ] f] 1] 1] o 1138 i 6Ol
19ES i ] 0 0 i i 4095 104 21 13 14 ] 424K
198 5093 56 ] ] i 1] (] 0 1] 1] b ] 514k
1987 i 1] ] 1] ] ] ] f 0 i 1n29 ] 1029
1988 4081 ] il L] L[] 4821 T2 74 26 34 2] 3 L]
19849 41 101 L] L] 4868 b 75 25 7 L[] 1 L] 5343
1990 5176 97 87 1] 5420 105 4 70 26 13 26 an 11135
1991 T 52 L] 1] 4 iy T2 /] ] 40} 9 21 5603
1942 57 ] 0 0 5051 1] 44492 29 26 20 23 2 QR0
1993 7 83 ] ] 3253 L] 4856 S0 3l ] 154 ] BS54
1994 1] 1 1 1 41698 BR L 43 L | i 1255 42 5719
Average 733 272 5 I 2325 263 952 2] |0 4 236 111 4004
Tabic 8.B.36
Jeffrey Canvon Reservoir
Reductions to Target Flow Shortages without Diversions
{ac-t)
Year Oct Moy e Jan Feh Mar Apr May Jun Jul Aug Sep Total
1975 (] 1] 1] (] 4933 4] 1] ] 1] L] ] 1] 4933
1976 ] L[] L] 1] 4653 | | I I I 1] | 4n54
1mn 2 | 2 3 3 4 4 5 5 3 4 5 41
1978 5 3 5 4 1] 1] 5204 f f 2 3 3 5318
1979 4 5 [ 5 - T 7 7 5 4] 4059 4 4114
1980 5 [ {0 ] 0 ] il 1] ] 351) f 5 1854
1681 7 7 1] 0 4154 12 13 14 12 10 i 3135 Ti64
1982 ][] 20 0 L] 5019 2 ] 24 24 23 24 14 5214
1983 27 23 1] i ] ] ] i 1] 1] 0 4] 50
19k4 1] 4578 4] ] L] ] L] (1] i) 1] 3268 1] El46
1985 1] f] 1] i L] 1] 4300 152 53 54 56 L] 5115
1986 5457 55 1] L] ] ] ] (1] 1] 4] L] 1] 5312
1987 (] i (] L] 0 0 0 L] 1] 1] 662 {] In62
[958 4306 1] ] ] 1] 4869 R BS £x K a4 £l QK3
1984 5 102 1] 1] AR6K Wi 101 93 102 1] 358 1] SB0S
1941 5353 o7 17 i 420 105 103 103 a8 56 9 63 11577
19491 Tt §2 1] ] 4952 L] &7 i (] 1746 42 47 TIIR
1992 59 L) ] ] S051 il 534 T8 kR 74 5k £ 108%a
19493 79 33 L] ] 3253 ] 516 B 87 ] 427 (] 0413
15944 1] 1] 1] L] 4194 L] K& ES Hd { 5126 i B736
Average T74 273 5 1 2325 265 168 37 33 ;W B |75 6112
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Installing a pipeline from the southeast finger of Jeffrey Reservoir to
Jeffrey Canyon Reservoir would require excavation and installation of
bedding material and pipeline. Total installation costs for 6,400 feet of
36-inch pipeline would be approximately $5.2 million. Annual
operating and maintenance costs were amortized over 20 years
assuming a 6 percent discount rate. The initial estimate for the Jeffrey
Canyon project, including engineering and contingency costs, is
approximately $13.9 million.

Assuming a project cost of $13.9 million, the cost per ac-fi of target
flow reductions at the critical habitat would be approximately $2,270
assuming releases can be protected from downstream diversions. The
cost per ac-fit of target flow reductions at the critical habitat would be
approximately $2,780 assuming releases cannot be protected from
downstream diversions.

Lake McConaughy Reservoir (Remove Storage Restrictions)

Kingsley Dam, completed in 1941, impounds Lake McConaughy for
CNPPID Tri-County Supply Canal and Nebraska Public Power
District’s Sutherland Project. Kingsley Dam was constructed to
impound 1,984,000 ac-fi at elevation 3270 feet. Maximum storage
levels in Lake McConaughy Reservoir are currently limited to
elevation 3265 feet (1,743,000 ac-ft) due to concerns regarding wave
erosion on the upstream face of Kingsley Dam. The upstream face of
Kingsley Dam is subject to wave surges from westerly winds sweeping
across Lake McConaughy during extended storms.

CNPPID refined a cost estimate on Kingsley Dam slope protection
replacement cost that reflects the current understanding of size and
amounts of riprap placement necessary for the project (CNPPID,
1999a).

Project costs were estimated between $130 million and $170 million.
The total project cost exceeds the economic screening criteria upper
limits, therefore, this alternative has been deferred from further
evaluation at this time. As such, the associated issues for Lake
McConaughy Reservoir were not addressed.
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Sutherland Reservoir (Construction of New Storage Facilities,
Enlarge Existing Reservoirs)

Sutherland Reservoir, located south of the South Platte River near
Sutherland, Nebraska, was originally constructed in the mid-1930"s.
From the time construction was completed, the dam leaked
considerably, resulting in reductions in storage from a design capacity
of 180,000 ac-1t to the current capacity of approximately 65,000 ac-fi.
In 1993, Harza Engineering evaluated alternatives to reduce seepage
from Sutherland Project facilities and to provide additional storage for
the project (Harza Engineering Company, 1993).

Two options for reducing seepage from Sutherland Reservoir are to
control seepage through the reservoir bottom by lining or to control
horizontal flow away from the reservoir by constructing a vertical cut-
off at the reservoir’s perimeter. With respect to this study, seepage
reduction at Sutherland Reservoir would not be feasible based on a
project cost of between $100 million and $500 million dollars in 1993,

Increasing storage capacity for the Sutherland Project was investigated
by Harza Engineering Company via enlargement of Sutherland
Reservoir, and construction of a separate storage facility, Three
different alternatives were analyzed to increase the storage capacity of
Sutherland Reservoir between 18,000 and 78,750 ac-ft. Corresponding
project costs, in 1998 dollars, ranged from $115 million to $166
million. The total project costs exceed the economic screening criteria
upper limits, therefore, this alternative has been deferred from further
evaluation at this time.

A potential site for an additional storage reservoir is located about two
and one-half miles east of Sutherland Reservoir. Construction of a
Sutherland East Reservoir would require lining or an impermeable cut-
off to avoid the high seepage rates seen in the nearby storage units.
Construction of new partially lined reservoirs of 7,500 ac-ft and 12,500
ac-fi were analyzed in the Harza study, at estimated project costs of
$20 million and $25 million dollars, respectively.

Operations modeling was performed in the Harza study to determine
the yield of Sutherland Project facilities under current operating
criteria and with the seepage reduction alternatives described above.
The alternative including the construction of Sutherland East Reservoir
was determined to have a minor impact on safe yield to Sutherland
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Project operations. Operating data and flow time senies from the 1993
study were not available. Due to the uncertainty related to the
reductions to target flow shortages with Sutherland East Reservoir. this
alternative has been deferred from further evaluation at this time. As
such, the associated issues for Sutherland Reservoir have not been
discussed.

5. Yield Summary

Table 8.B.37 summarizes the average annual values for net hydrologic
effects at the alternative site; at the top of the downstream reach, with
and without diversions; and at the cnitical habitat, with and without
diversions.

Each of the alternatives for reservoirs is scalable to a degree. If any of
these alternatives are chosen for inclusion in the eventual action plan,
the magnitude of certain alternatives may differ from the projects
descnibed 1n this section. The location of the representative storage
projects in Region 2 may also differ from the projects described in this
section. In addition, projects have been analyzed independently of each
other. Several projects rely on the same source of water, in which case,
the yields of these projects combined may be less than simply adding
the yields of the individual projects. Consequently, the effects
described in this section for each alternative are specific to the
assumptions the study team has made in defining representative
reservoir projects.

The average annual net hydrologic effects associated with reservoir
alternatives cover a wide range of values. Excluding the reservoir
alternatives that have been deferred from further evaluation for failing
to meet economic screening cnteria (see Chapter 6), the average
annual net hydrologic effects range from —4.221 ac-ft per vear for the
Riverview Reservoir alternative in Reach 10 to -171 ac-ft per year
under the 10,000 ac-fi lined reservoir altemnative at the bottom of
Reach 9.

The reservoir analyses presented herein are preliminary and can be
refined based on on-site feasibility studies and communication with
existing owners and other affected parties. Under the assumptions of
the representative reservoir projects described in this section,
reductions in shortages to target flows at the critical habitat range from
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2,769 ac-ft per year under the 10,000 ac-ft ft reservoir alternative at the
bottom of Reach 9 to 24,837 ac-fi per year under the 30,000 ac-ft Plum
Creek Reservoir alternative, with downstream diversion losses.
Without diversion losses downstream, reductions to target flow
shortages range from 5,306 ac-ft per year for the J-2 Re-Regulating
Reservoir to 25,571 ac-ft for the 30,000 ac-ft Plum Creek Reservoir
alternative.

6. Cost Summary

Table 8.B.37 also summarizes the costs associated with the reservoir
alternatives. Based on the analysis descrnibed in this section, the
following shortlisted alternatives are deferred because total project
costs or unit costs exceed the economic screening criteria:

e Seminoe Reservoir Enlargement

e Deer Creek Reservoir

e Guemnsey Reservoir: Reactivate Storage Lost to Sedimentation
» Horse Creek Re-Regulating Reservoir

¢ (Grey Mountain Reservoir

e Sutherland Reservoir Enlargement

From the reservoir alternatives that have not been deferred based on
economic criteria, the J-2 Re-Regulating Reservoir would have the
lowest capitalized cost of the reservoir alternatives evaluated at about
$9.0 million. The average cost per ac-ft of reductions to target flow
shortages ranges from $940 to $2,880 without diversion losses and
$1,750 to 52,910 with diversion losses.

7. Associated Issues

Each of the remaining reservoir alternatives were evaluated according
to the associated issues evaluation criteria previously reviewed by the
Water Management Commuttee. The five categornies of associated
issues are physical, legal/institutional. social, economic and
environmental. Each of these five charactenistics is examined for each
of the alternatives in this category below. Tabular scoring according to
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each critenia are presented in Table 8.B.38 for the With Diversions
scenario and Table 8.B.39 for the No Diversions scenario.

Constructing New Storage Facilities on the South Platte River

Physical

The reservoir altermatives presented in this study represent a wide
range of storage projects on the South Platte. Each of the alternatives is
scalable. There are limitations on the amount of flow available for
diversion, canal capacities, and available storage sites. The m..gnitude
and geographic location of alternatives may differ from the
representative projects described in this section. The reductions to
target flow shortages for this alternative are sustainable over time. The
life span of reservoir projects would be expected to last beyond 10 to
13 years. Design and construction of these reservoirs is technically
implementable under the assumption that new off-channel sites exist
between Kersey and Julesburg (Reaches 8 and 9). Protecting Program
water developed from reservoir alternatives to the critical habitat
increases estimated yields. Protecting water from diversions in
Colorado, however, is currently not possible due to the inability to
bypass existing sand dam diversion structures. Significant cost would
be incurred if these structures were to be modified and/or replaced to
allow additional water to be protected downstream. The time to vield
realization 1s dependent on the length of time required for on-site
feasibility studies, approval of the necessary storage nights, and
reservoir construction, The time to yield realization would be on the
order of 3 to 6 years. Releases from reservoir alternatives are easily
quantified. Observation wells would need to be installed and
hydrogeologic investigations conducted to measure seepage water
returning to the river. The estimated vield may be reduced if storage
water is required to compensate owners for the use of existing canals.

Third-party hydrologic impacts are relatively neutral (f Program water
1s not protected. The protection of Program water from downstream
diversions would not allow existing users the use of previously
bvpassed water, In both scenarios. there may be impacts on
downstream hydropower diversions.
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Legal and Institutional

These projects are consistent with interstate compacts, federal laws,
and decrees and are easy to administer and enforce. However, the
primary legal/institutional obstacle with reservoir projects on the
Lower South Platte River is associated with the inability to export
water out of state under existing Colorado state water law. As such,
reservoir projects are currently not consistent with state laws without
and associated in-state beneficial use. An in-state beneficial use must
be decreed or approved by the legislature for water to be used for the
critical habitat. This issue has been addressed with the proposed
Tamarack Plan by decreeing in-state wildlife enhancement benefits
associated with the recharge sites. The in-state benefit associated with
these projects is the wildlife and environment enhancement associated
with recharge ponds. Because new reservoir projects must have a
decreed in-state beneficial use, permitting could be a more difficult
and lengthy process, however the process itself should be fairly routine
as demonstrated by existing reservoir projects in Colorado. Permitting
could be more difficult if Program water is protected from downstream
users. Institutional consensus may be difficult to attain as certain
groups will oppose the development of surface water storage projects
in the basin. Consensus with existing owners will be less difficult to
attain if compensation is provided for the use of canals to divert
storage water. These projects are consistent with existing contracts,
however, land may need to be purchased for reservoir sites.

Social

The social effects of these alternatives are likely to be minimal. There
are potentially some minor positive and negative effects. There will be
no impact on customs and culture, community organizations and
support structures or community sustainability. These projects would
have relatively equitable impacts and would not adversely impact any
one group. Any adverse effects on cultural resources could most likely
be mitigated. Public acceptability associated with these projects is in
part related to the increase in flat water recreation opportunities.

Economic

Most of the costs of these alternatives are capital costs up front.
However, reservoir projects that are associated with a ditch company




may require a delivery fee for water diverted to storage sites. The
potential direct economic impact associated with these alternatives 1s
from the generation of tourism associated with new recreation areas.
These projects may have some impact on business sales, employment
and employee wages and wealth. There could be potential negative
secondary economic impacts to downstream hydropower generation
for alternatives that divert water from the river that are in excess 1o
target flows but which has historically been diverted for hydropower.
As such, there could be additional costs associated with paying power
interference charges. There are potentially negative effects on
economic development, since this water will be unavailable for other
future uses, The effects on economic development potential would be a
limitation on future development and would not impact existing
economic conditions. There are no definite positive or negative fiscal
impacts. There would be no measurable effect on revenues and
expenditures of governmental entities resulting from these types of
projects.

Environmental

These alternatives would generally result in mixed environmental
impacts. There could be potential negative impacts to wetlands from
reservoir impoundment. Potential positive impacts could oceur from
the creation of additional wildlife habitat. Reservoir projects could also
have both negative and positive impacts on water quality and on
aquatic habitat. Water quality could improve during the summer
months when additional flows resulting from these projects return to
the river. However, water quality could be degraded and fish and
aquatic habitat negatively impacted during the winter months when
flows are reduced due to diversions to storage. The visual quality of
areas inundated would not be significantly impacted. No impact to
prime and unique farmlands are envisioned with the reservoir
alternatives. The reservoir projects could generate some recreational
opportunities associated with camping. fishing, and boating.
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Julesburg Reservoir Enlargement

Physical

The 21,900 ac-ft enlargement represents the upper limit of enlargement
alternatives analyzed for Julesburg Reservoir. The reductions to target
flow shortages for this altemative are sustainable over ime. The life
span of the reservoir enlargement would be expected to last beyond 10
to 13 vears, Design and construction of the enlarged storage space is
technically implementable, The time to yield realization is dependent
on the length of time required for on-site feasibility studies, approval
of the necessary storage rights, and reservoir enlargement. The time to
yield realization would be on the order of 3 to 6 years. Releases from
the enlarged storage space are easily quantified. Observation wells
would need to be installed and hydrogeologic investigations conducted
to measure seepage water returning to the river. The estimated vield
may be reduced if storage water is required to compensate owners for
use of existing canals.

Third-party hydrologic impacts are relatively neutral if Program water
is not protected. The protection of Program water from downstream
diversions would not allow existing users the use of previously
bypassed water. In both scenarios, there may be impacts on
downstream hydropower diversions.

Legal and Institutional

This project is consistent with interstate compacts, federal laws, and
decrees and is easy to administer and enforce. However, the primary
legal/institutional obstacle with reservoir projects on the Lower South
Platte River is associated with the inability to export water out of state
under existing Colorado state water law. As such, reservoir
enlargement projects are currently not consistent with state laws
without and associated in-state beneficial use. An in-state beneficial
use must be decreed or approved by the legislature for water to be used
for the critical habitat. Because this project must have a decreed in-
state beneficial use, permitting could be a more difficult and lengthy
process, however the process to enlarge a reservoir should be fairly
routine. Institutional consensus may be difficult to attain as certain
groups will oppose the enlargement of surface water reservoirs in the
basin, Consensus with existing owners would be less difficult to attain
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if compensation is provided for the use of canals to divert storage
water. This project may require amendments to existing contracts,
however, this could be facilitated through compensation to existing
OWners.

Social

The social effects of this alternative are likely to be minimal. There are
potentially some minor positive and negative effects. There will be no
impact on customs and culture, community organizations and support
structures or community sustainability. This project would have
relatively equitable impacts and not adversely impact any one group.
Any adverse effects on cultural resources could most likely be
mitigated. Public acceptability associated with this project is in part
related to the necessary coordination with existing owners.

Economic

Most of the costs of this alternative are capital costs up front.
However, enlargement projects associated with a ditch company may
require a delivery fee for water delivered to storage sites. There are no
definite positive or negative direct or secondary economic impacts or
fiscal impacts associated with this alternative. This project would have
minimal impact on business sales, employment and employee wages
and wealth. There could be potential negative secondary economic
impacts to downstream hydropower generation for alternatives that
divert water from the river that are in excess to target flows but which
has historically been diveried for hydropower. As such, there could be
additional costs associated with payving power interference charges.
There are potentially negative effects on economic development, since
this water will be unavailable for other future uses. The effects on
economic development potential would be a limitation on future
development and would not impact existing economic conditions.
There would be no measurable effect on revenues and expenditures of
governmental entities resulting from this type of project.

Environmental

This altenative would generally result in neutral environmental
impacts. There could be potential negative impacts to wetlands from
the reduction of seepage water associated with dam rehabilitation.
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Potential positive impacts could occur from the enlargement of
existing wildlife habitat. Reservoir enlargement could have both
negative and positive impacts on water quality and on aquatic habitat.
Water quality could improve during the summer months when
additional flows resulting from this project retumns to the river.
However, water quality could be degraded and fish and aquatic habitat
negatively impacted during the winter months when flows are reduced
due to diversions to storage. The visual quality of the surrounding area
would not be significantly impacted by enlarging the reservoir. There
would be no impact to prime and unique farmlands. Reservoir
enlargement projects could generate some additional recreational
opportunities but in general, there are minimal impacts to amenities.

Rivervi Servoi

Physical

The Riverview Reservoir alternative is scalable. The South Platte
Divide Project report (USBR, 1982) identified a number of reservoir
sites south of the Western Canal with variable storage capacities. The
magnitude and geographic location of the alternative may differ from
the representative project described in this report. There are limitations
on the amount of flow available for diversion, canal capacity, and
available storage sites. The reductions to target flow shortages for this
alternative are sustainable over time, The life span of this project
would be expected to last beyond 10 to 13 years. Design and
construction of the reservoir is technically implementable. The time to
vield realization is dependent on the length of time required for on-site
feasibility studies, approval of the necessary storage rights, and
reservoir construction, The time to yield realization would be on the
order of 3 to 6 vears. The vield from this altemative is easily
quantified. The estimated yield may be reduced if storage water is
required to compensate Westemn Irrigation Company for the use of the
Western Canal.

Third-party hydrologic impacts are relatively neutral if Program water
is not protected. The protection of Program water from downstream
diversions would not allow existing users the use of previously
bypassed water. In both scenarios, there may be impacts to
downstream hydropower diversions.
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Legal and Institutional

This project is consistent with interstate compacts, federal laws, and
decrees and 1s easy to administer and enforce. Reservoir projects in
Nebraska are consistent with state laws. Institutional consensus may be
difficult to attain as certain groups will oppose the development of
surface water storage projects in the basin. Consensus with Western
Irrigation Company will be less difficult to attain if compensation is
provided for the use of Western Canal to divert storage water. This
project may require amendments to existing contracts, however, this
could be facilitated through compensation to existing owners for use of
their facilities.

Social

The social effects of this alternative are likely to be minimal. There are
potentially some minor positive and negative effects. There will be no
impact on customs and culture, community organizations and support
structures or community sustainability. This project would have
relatively equitable impacts and does not adversely impact any one
group. Some storage sites identified south of the Western Canal would
require the relocation of a small number of farmsteads. Any adverse
effects on cultural resources could most likely be mitigated. Public
acceptability associated with these projects is in part related to the
increase in flat water recreation opportunities.

Economic

Most of the costs of the alternative are capital costs up front. However,
reservoir projects that are associated with a ditch company may require
a delivery fee for water delivered to storage sites. The potential direct
economic impact associated with the alternative is from the generation
of tourism associated with new recreation areas. The project may have
some impact on business sales, employment and employee wages and
wealth. There could be potential negative secondary economic impacts
to downstream hydropower generation for alternatives that divert water
from the river that are in excess to target flows but which has
historically been diverted for hydropower. As such, there could be
additional costs associated with paving power interference charges.
There are potentially negative effects on economic development, since
this water will be unavailable for other future uses. The effects on
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economic development potential would be a limitation on future
development and would not impact existing economic conditions.
There are no definite positive or negative fiscal impacts, There would
be no measurable effect on revenues and expenditures of governmental
entities resulting from this type of project.

Environmental

The alternative would generally result in neutral environmental
impacts. There could be potential negative impacts to wetlands from
reservoir impoundment. Potential positive impacts could occur from
the creation of additional wildlife habitat. Reservoir projects could also
have both negative and positive impacts on water quality and on
aquatic habitat. Water quality could improve during the summer
months when additional flows resulting from these projects return to
the river. However, water quality could be degraded and fish and
aguatic habitat negatively impacted during the winter months when
flows are reduced due to diversions to storage. The visual quality of
areas inundated would not be significantly impacted. No impact to
prime and unique farmlands are envisioned with this alternative. The
reservoir projects could generate some recreational opportunities
associated with camping, fishing. and boating.

| 0 ac-ft J-
Regulating Reservoir

Physical

The Plum Creek Reservoir alternative is scalable. The J-2 Re-
Regulating Reservoir is scalable to a degree but is confined by the
surrounding topography. For this study, the study team carried out a
monthly analyses of the shortlisted projects. Yield estimates of a Plum
Creck Basin project could be enhanced through a daily analysis that
would allow the reservoirs to store water during rainstorm events.
Historical Plum Creek flow data was not available for this study. An
on-site feasibility study including Plum Creek flows would lead to
increased yield estimates and corresponding reductions in diversions to
storage.

The reductions to target flow shortages for these alternatives are
sustainable over ime. The life span of these reservoir projects would
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be expected to last beyond 10 to 13 years. Design and construction of
these reservoirs is technically implementable. The time to yield
realization is dependent on the length of time required for on-site
feasibility studies, approval of the necessary storage rights, and
reservoir construction. The time to vield realization would be on the
order of 3 to 6 years. Releases from reservoirs are easily quantified.
Potential negative third-party hydrologic impacts exist with high
groundwater problems in the vicinity as a result of seepage from the
reservoir,

Legal and Institutional

These projects are consistent with interstate compacts, federal laws,
and decrees and are easy to administer and enforce. Reservoir projects
in Nebraska are consistent with state laws. Permitting could be more
difficult if Program water is protected from downstream users.
Institutional consensus may be difficult to attain as certain groups will
oppose the development of surface water storage projects in the basin.
This project may require amendments to existing contracts, however,
this could be facilitated through compensation to existing owners.

Social

The social effects of these alternatives are likely to be offsetting. These
projects would have relatively equitable impacts, however, there is the
potential to adversely impact surrounding landowners if seepage from
the reservoir are not adequately controlled. A Plum Creek Basin
project would be expected to encounter strong resistance from
neighboring property owners. Any adverse effects on cultural resources
could most likely be mitigated. There will be no impact on customs
and culture, community organizations and support structures or
community sustainability. A Plum Creek Basin project would provide
water-based recreation opportunities. However, due to the other
reservoirs in the region, the net effect on the recreation economy and
the increased recreation opportunities would not be significant.

Economic

Most of the costs of these alternatives are capital costs up front.
Diverting water that would otherwise be used for hydropower
generation represents a major direct economic impact associated with
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these alternatives. Further investigation may indicate that CNPPID
operations could be more efficiently coordinated with Plum Creek
Basin reservoir alternatives, which may minimize the economic
impacts to CNPPID associated with this alternative. The projects may
have some impact on business sales, employment and employee wages
and wealth. There are potentially negative effects on economic
development, since this water will be unavailable for other future uses.
The effects on economic development potential would be a limitation
on future development. There are negative fiscal impacts associated
with these altematives. State taxes levied on power generation would
be lost if water is diverted from the J-2 forebay to storage.

Environmental

These alternatives could have potential negative impacts to wetlands
from reservoir impoundment. Concerns with the habital of aquatic
species in the Plum Creek basin were indicated in previous studies.
Potential positive impacts could occur from the creation of additional
wildlife habitat. Reservoir projects could also have both negative and
positive impacts on water quality and on aquatic habitat. Water quality
could improve during the summer months when additional flows
resulting from these projects return to the river. However, water
quality could be degraded and fish and aquatic habitat negatively
impacted during the winter months when flows are reduced due to
diversions to storage. The visual quality of areas inundated would not
be significantly impacted. There would be no impact to prime and
unigue farmlands. The reservoir projects could generate some
recreational opportunities but in general, there are minimal impacts to
amenities.

Jeffrey Canyon Reservoir

Physical

Jeffrey Canyon Reservoir is scalable to a degree but is confined by the
surrounding topography. For this study, the study team carried out a
monthly analyses of the shortlisted projects. Yield estimates of a
Jeffrey Reservoir project could be enhanced through a daily analysis
that would allow the reservoir to store water during rainstorm events,
The reductions to target flow shortages for this alternative are
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sustainable over time. The life span of reservoir projects would be
expected to last beyond 10 to 13 vears. Design and construction of the
reservoir is technically implementable. The time to yield realization is
dependent on the length of time required for on-site feasibility studies,
approval of the necessary storage rights, and reservoir construction.
The time to vield realization would be on the order of 3 to 6 years.
Releases from Jeffrey Canyon Reservoir are easily quantified. Potential
negative third-party hydrologic impacts exist with high groundwater
problems in the vicinity as a result of seepage from the reservoir.

Legal and Institutional

The Jeffrey Reservoir project is consistent with interstate compacts,
federal laws, and decrees and is easy to administer and enforce.
Reservoir projects in Nebraska are consistent with state laws.
Permitting could be more difficult if Program water is protected from
downstream users. Institutional consensus may be difficult to attain as
certain groups will oppose the development of surface water storage
projects in the basin. This project may require amendments to existing
contracts, however, this could be facilitated through compensation to
existing owners.

Social

The social effects of this alternative are likely to be offsetting. This
project would have relatively equitable impacts. Any adverse effects
on cultural resources could most likely be mitigated. There will be no
impact on customs and culture, community organizations and support
structures or community sustainability. A Jeffrey Reservoir project
would not be expected to encounter strong resistance from neighboring
property owners. A Jeffrey Reservoir project would provide water-
based recreation opportunities. However, due to the other reservoirs in
the region, the net effect on the recreation economy and the increased
recreation opportunities would not be significant.

Economic

Most of the costs of this alternative are capital costs up front. Diverting
water that would otherwise be used for hydropower generation
represents a major direct economic impact associated with this
alternative. The economic impact to CNPPID could be reduced by
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releases of water from Jeffrey Canyon Reservoir to the Tri-County
Supply Canal when CNPPID is not diverting a full canal. This would
allow for subsequent hydropower generation at the J-1 and J-2 power
plants. The project may have some impact on business sales,
employment and employee wages and wealth. There are potentially
negative effects on economic development, since this water will be
unavailable for other future uses. The effects on economic
development potential would be a limitation on future development,
There are negative fiscal impacts associated with this alternative. State
taxes levied on power generation would be lost when water is diverted
from Jeffrey Lake to storage.

Environmental

This alternative could have potential negative impacts to wetlands
from reservoir impoundment. Potential positive impacts could occur
from the creation of additional wildlife habitat. A Jeffrey Reservoir
project could also have both negative and positive impacts on water
quality and on aquatic habitat. Water quality could improve during the
summer months when additional flows resulting from this project
returns to the niver. However, water quality could be degraded and fish
and aquatic habitat negatively impacted during the winter months
when flows are reduced due to diversions to storage. The visual quality
of areas inundated would not be significantly impacted. There would
be no impact to prime and unique farmlands. The Jeffrey Reservoir
project could generate some recreational opportunities but in general,
there are minimal impacts to amenities.
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8.C. Agricultural Water Conservation






Agricultural Water Conservation

1. Introduction

This section examines the yields, costs and associated issues of various
agricultural conservation alternatives to reduce shortages to target
flows at the critical habitat. A number of agricultural conservation
alternatives in the long list of alternatives were previously deferred
from further analysis, as documented in Chapter 6. The remaining
alternatives fall into four categories:

On-farm Changes in Irrigation Practices
On-farm Changes in Irrigation Techniques
Water District Structural Alternatives
Water District Non-Structural Alternatives

A brief description of each of these alternatives and how they might be
implemented is provided below, followed by region-specific estimates
of yields and cost of each alternative. Finally the evaluation of each
alternative in terms of physical, legal or institutional, economic. social,
and environmental effects is offered to conclude the agricultural water
conservation evaluation.

2. Conceptual Definitions

The following conceptual definitions reference specific alternatives
within each sub-category that were previously defined in the
Alternatives Definitions Memorandum provided to the Water
Management Committee in August 1998.

On-farm Changes in Irrigation Practices. This subcategory of water

conservation measures includes alternatives that would reduce water
use by fundamentally changing farmers® irrigation patterns to use less
water, which may entail the use of less water intensive crops. The
following alternatives from the long list developed previously are
included in this subcategory:

e Conservation cropping patterns

¢ Deficit irrigation practices
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On-farm Changes in Irrigation Technigues. This sub-category of water
conservation measures includes alternatives that incorporate changes
in on-farm irmigation equipment, techniques and management
practices. Conversion from furrow irrigation to center-pivot irrigation,
or installation of low flow nozzles on existing center pivot equipment
are examples of this conservation approach. Resulting improvements
in irrigation efficiency can reduce watering beyond crop needs and
excessive evaporative and soil water losses.

Water District Structural Alternatives. This subcategory of water
conservation measures includes structural improvements or changes
that would reduce water use by physically improving the efficiency of
stream to farm water convevance systems. This subcategory does not
address surface water substitution with groundwater, since that option
is addressed in the groundwater discussion (see Section 8.G).
Examples include:

e Rehabilitate/improve conveyance channels

» Repair/improve water control structures

Water District Non-Structural Alternatives. This subcategory of water
conservation measures includes non-structural modifications that
would reduce water use by changing the operations of water district
systems. Examples include:

e (Conservation pricing
e Demand based scheduling versus schedule based scheduling

In general, the benefits of agricultural water conservation reducing
critical habitat shortages will be far easier to accomplish if the
conserved waters are tied to reservoir storage. Conserving natural
flows for benefits in a downstream state would represent a daunting
and multi-faceted challenge. The study team did not examine water
rights associated with specific water resources. Consideration of water
rights 1s beyond the scope of this reconnaissance-level study.

3. Operational Definitions

The following operational definitions of each alternative were
developed to provide a more specific, representative example of how
the alternative might be implemented in the study region.
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Conservation Cropping Patterns. For purposes of evaluation, the study
team examined the implications of a program to encourage conversion
of a portion of commonly irrigated, water intensive crops within each
reach to production of less water intensive crops or crop rotations also
found in the local area. Based upon local cropping pattern information,
the study team evaluated conversion of hay acres to com production in
Region | and Region 2, and conversion from continuous corn cropping
to an alternating rotation of corn and sovbeans in Region 3. Although,
other more complex crop switching patterns might be possible in the
future, these were considered representative of current potential.

The rotation of crops can clearly be shown to reduce consumptive
water use per acre of irmigated farmland; the challenge is to estimate
the amount of lands that will be converted for a given financial
incentive. Ideally, past crop conversions or past government incentive
programs could shed light on the phenomenon.

First, it should be noted that crop conversion has occurred historically
more commonly in certain geographic areas as compared with others.
If crop conversion in a given area is rare, it might be attributable to
any of the key farm production factors beyond a grower's control such
as slope, soil type, length of growing season, or water availability. In
areas where conversion is more common, the geographic area will
exhibit diverse crop types at any given point in time.

Second, the motivation for crop conversion historically appears to be
based on a complex decision-making process by individual farmers,
reflecting changes in the following:

¢ [Equipment technology

e Sced charactenstics

¢ Fertilizers

e Labor availability

o Shifts in market demand and price
* Product transportation

¢ Crop choices of nearby farmers

The expected gross financial margin does not by itself explain the
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incidence of crop conversions.

Third, federal government programs have traditionally offered a host
of incentives to farmers, but taken as a whole, these incentives have
not clearly pushed farmers toward or away from crop conversion. Prior
to 1996, federal farm price supports were important considerations but
largely unrelated to crop conversion. The U.S. Government’s Freedom
to Farm approach since 1996 allows market forces to play a larger
role, encouraging individual farmers to make their own choices.

Within the U.S. Department of Agriculture, there are currently a
number of focused programs, mostly under the auspices of the Natural
Resource Conservation Services (U.S. Department of Agriculture
[USDA], 1999). The recently implemented Environmental Quality
Incentive Program offers a host of opportunities that depend primarily
on technical assistance and cost sharing. Marketing assistance loan rate
programs exist for different crops that can be important under certain
financial conditions. The Conservation Reserve Program and the
Conservation Reserve Enhancement Program relate to cessation of
farming on certain highly erodable lands. In sum, these programs are
evidence that farmers can be encouraged to change certain practices.
However, no government program was found that could reveal the
likelihood or incentive for conservation crop switching at this point in
time.

For the purpose of this study, a range of incentives should be adopted
to reflect the uncertainty, especially recognizing that marginal lands
for one crop type will switch more easily than average lands. Clearly,
more research or a demonstration project is needed for this alternative.

Deficit Irrigation Practices. The study team defined representative
deficit irmigation programs in each region for this evaluation. In Region
1 and Region 2, we assumed that participating farmers would be
offered incentive payments to reduce irmgation of hay acres by 25
percent. In Region 3, we evaluated a deficit irrigation program based
on reducing irrigation on com acres to six inches per acre in exchange
for incentive payments.

Again, the water savings can be calculated theoretically, but the
inducement for farmers to deficit irrigate is highly uncertain. No
federal or state programs were found to guide such an incentive
estimate. Unlike crop switching, the farmers can continue most of their
historical practices. They simply irrigate less at certain times in the
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growing season and experience lower yields plus incentive payments.
Farmers will likely be skeptical and reticent to have unhealthy looking
plants (University of Nebraska Extension Service, 1999),

For this study, a range of incentives to more than compensate for the
yield loss, less the water cost savings, should be used. This will also
reflect lands that do not follow best management practices or vield less
per acre-inch of water applied.

Changes in Imigation Technigues. As documented in the

memorandum, Shortlist of Alternatives, dated March 8, 1999, many
on-farm conservation measures are aimed at improving irrigation
efficiency. These measures, which are often of considerable benefit to
participating farmers and irmgation districts, generally offer much less
benefit from the standpoint of overall annual flows in the Platte River
because of their focus on reducing return flows from farms rather than
reducing consumptive use. However, in the lower portions of Region 3
(reaches 17, 18 and 19), unlike the rest of the study area, a large
proportion of return flows do not return to the river above the critical
habitat. These flows either accrete to the groundwater mound in the
area, travel into the Republican Basin, or return to the Platte River
below the critical habitat area in some cases. This circumstance, along
with these reaches proximity to the critical habitat, makes these three
reaches the most economically and hydrologically favorable for the
implementation of on-farm, efficiency improving irrigation techniques.
Consequently, the study team evaluated these practices in this area.

Water District Structural Alternatives. Detailed aspects of the
irrigation district structural alternatives are system and site specific.
For purposes of this evaluation, the study team assumed that irrigation
districts would be offered financial support to make the most cost-
effective improvements to reduce leakage, spills and other "losses”
from their systems.

Water District Non-structural Altematives. In this evaluation,
conservation pricing is defined as converting from pricing irrigation
water service on the basis of the number of acres served to pricing on
the basis of the volume of water supplied. The study team has assumed
that the revised rate structure would be designed to be "revenue
neutral" (producing the same total revenues for the irrigation district)
in the average year, Conversion to demand based scheduling is defined
as making the necessary modification to irrigation systems and
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management to deliver water to farmers on farm-specific demand,
rather than according to district scheduling.

Clearly, uncertainties are evident about each agricultural water
conservation program. Information specific to each opportunity should

be gathered, perhaps through a demonstration program.

It should be emphasized that agricultural water conservation is well
merited on its own, independent of this program. Local districts and
farmers should be encouraged to continue to strengthen their
conservation efforts.

4. Alternatives

The following evaluation focuses on the potential yields and costs of
the agricultural conservation alternatives. Associated issues with each
alternative are summarized at the end of this section.

Region 1

Based on the agricultural database obtained by the study team from
Natural Resources Consulting Engineers, Inc. (NRCE) and the EIS
team, nearly 600,000 acres of irrigated land are harvested annually in
Region |. Table 8.C.1 provides background for considering
conservation cropping and deficit irrigation alternatives by
summarizing the major crops grown in Region 1 and their estimated
consumptive irrigation requirements.

ion i a

As shown in Table 8.C.|, approximately one-half of the harvested.
irrigated acres in Region | are planted in alfalfa and other hay crops.
The consumptive irrigation requirements (CIR) for hay crops in this
area are generally more water intensive than either corn or dry beans.
In Region 1, the study team has assumed that a conservation cropping
program would focus on providing financial incentives for farmers to
reduce acreage planted in hay and convert those acres to comn or dry
beans.
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Yield

Theoretically, there would appear to be a substantial water savings
potential from an incentive program encouraging reduction in hay
acreage and conversion to other crops. If all current alfalfa and other
hay acreage in Region | were converted to comn or dry beans, the
estimated reduction in CIR on Region 1 farms would be approximately
150,000 ac-ft per year. If only surface water irrigated acreage were
considered, the theoretical potential water use reduction from
wholesale conversion would be more than 125,000 ac-ft of annual
consumptive use.

Table 8.C.1 Region 1 Cropping Patterns and Consumptive
Irrigation Requirements

Average Annual
Consumptive Irrigation
Region 1 Irrigated Acres Reguirement/Acre (inches)
Reaches 14, 6
Alfalfa and Other Hay 198,900 20
Com 15300 14
All Other Crops 9.900 Various
Total 224,100
Reaches 5, 12 and 13
Com 175,600 17
Alfalfa and Other Hay 100,500 23
Dry Beans 73,300 14
All Other Crops 12,500 Various
Total 361.900

Sowrce:  Stady team analyes of NRCE sgncolural database, 1999, Based on data from 1992, 1994 and
1996 agricultural years

In practice, both the extent of participation and the water yield from an
incentive based conservation cropping program in Region | are much
more uncertain, In the upper portions of Region 1 (Reaches 1-4 and 6),
hay crops represent nearly 90 percent of harvested, irrigated acres.
This predominance suggests that soil, climate, historical practice, farm
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equipment and market conditions for most farms in this area favor hay
production.

Cropping patterns in the lower portions of Region 1 (Reaches 5. 12
and 13), show more balance between hay crops, corn and dry beans.
Individual farm choices regarding crop selection in this area may
reflect specific local circumstances (e.g. soil, farm equipment,
management demands, traditional practice and available water supply)
as well as an effort to diversify crops to reduce risk.

From the standpoint of average revenue and farm income per acre in
this area, dry beans appear to provide the best return, while corn and
hay are fairly comparable to one another based on the study team's
analysis of the NRCE data, The fact that dry beans still represent a
small proportion of the acreage in this area, despite potentially more
favorable financial returns, indicates that numerous factors are
important in crop selection. Clearly, such barriers to crop switching are
formidable.

Table 8.C.1 presents consumptive irrigation requirements for crops
grown in Region | under best management practices and assuming
adequate water supplies to provide full imigation. In fact, however,
there is evidence that at least some parts of Region | frequently suffer
from inadequate supplies to provide full irrigation (Lidstone and
Anderson, Inc., 1991). In general, hay crops represent a lower risk to
the farmer than corn or dry beans when water supplies are frequently
less than desired. This has two important implications from the
standpoint of this study. First, conversion of additional acreage from
hay to comn or beans may represent too great a risk to farmers with
uncertain water supplies. Second, many farmers may already be deficit
irmigating their hay crops, therefore, the water savings from converting
from hay to corn or beans based on full imgation requirements may be
illusory.

The foregoing considerations suggest that a conservation cropping
program is unlikely to be feasible in the upper reaches of Region 1 and
is problematic, at best, in the lower reaches of the region. If twenty
percent of the acres planted in hay in the lower reaches was: 1)
currently receiving a full imigation supply, and 2) would be willingly
converted to other crops in exchange for incentive payments: the on-
site water savings would be on the order of 15,000 ac-ft for the region
as a whole,
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Monthly changes in water use associated with conservation cropping
in Region | were routed downstream using the water budget
spreadsheet. The analysis for the water budget spreadsheet also
incorporated changes in return flows that would result from this
program and reductions in canal and ditch losses and corresponding
return flows. This analysis was performed under two scenarios: with
and without protection from downstream diverters.

Table 8.C.2 depicts the estimated on-site net hydrologic effects of the
representative conservation cropping program, by reach and by month.
Table 8.C.3, depicts the effects of the representative conservation
cropping program in reducing shortages to target flows at the critical
habitat, assuming no protection from downstream diverters. Table
8.C.4 provides a similar summary of effects on target flows, without
downstream diversions. These results are summarized in Table 8.C.16
under the yield summary near the end of this section,

Cost

As suggested previously, cropping choices in the lower portions of
Region | appear to be motivated by a host of factors beyond just
theoretical financial returns. These factors may include soils. water
availability, farm equipment, past practice, local market conditions,
access to capital, risk tolerance, etc. The cost of overcoming these
barriers to changing cropping practices is very uncertain without field
research or a demonstration program. It may be that conservation
cropping is best left as an option for individual farmers considering
participation in other alternatives, such as temporary water leasing
arrangements. In order to preserve this alternative for possible further
consideration at a later point, the study team has assumed that
participating farmers would be compensated with payments per ac-ft
conserved on-site comparable to those estimated for short-term leasing
arrangements described in Section 8.F (Incentive Based Reductions in
Agricultural Water Use). Further research will be needed to determine
the acceptability to farmers of this level of compensation for
participation in a conservation cropping program.

Deficit Irrigation Practices
As noted earlier, many farms in Region | may already be deficit
irrigating on a frequent basis due to shortages in available irrigation
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Table 8.C.2
Conservation Cropping
Net Hydrologic Effects on Site - Average of Years 1975 - 1994

(ac-ft)

Reach |  Oet Now Dec Jan Feb Mar Apr May Jun Jul Aug Sep Tatal
1 NA MNA NA NA NA MNA NA NA NA NA MNA NA NA
2 MNA NA NA NA NA NA NA MA NA NA NA NA NA
i NA NA NA MNA NA NA Na MNA NA MNA MNA NA NA
4 NA NA NA NA NA NA NA NA MNA NA NA NA MNA
5 ™ 317 -327 -333 -315 2334 -285 2 GE7 1854 1873 Tt 1269
L] NA MA MNA NA NA MNA WA MNA WA MNA MA MA A
[l =191 =200 -205 208 =209 =204 -1231 32 G949 1339 1087 6l 1873
B 1409 -1459 ~1467 1478 1490 1488 -B249 264 403 10052 K097 382 14613
9 -15324  -1514  -l402 <1292 <) IBT <1100 481 141 1009 Ta58 6190 i 9515
1t MA NA MA MNa NA NA NA NA MA WA NA MA NA
11 { i ] 0 i 0 1 £ 413 T4 583 0 826
12 T2 -101% ~1016 -1016 -7 1020 014 421 1515 5410 7 1920 Bba7
13 I3 438 454 456 A48 435 -3K1 -8R 490 1830 2058 638 2250
14 MA MA NA A MA MNA NA NA MNa MNA MNA MNA MA
13 MA NA MA NA MNA NA NA NA MNA NA MNA MNA NA
I6 =202 <202 =202 =202 -202 -202 167 -127 (1] 1804 (ALt -1% 23541
17 -5l6 -5l =515 -515 -515 -515 41 -359 191 4462 3553 =191 1N 1]
18 L L 460 4l 460 461 =114 -350 1430 2201 4256 =136 TIRT
15 =317 =517 -518 -518 -518 -518 4t 463 1617 5028 4824 =274 T2

WAL Not Analyzed
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Reductions to Target Flow Shortages with Diversions

Table B.C3
Conservation Cropping
Average of Years 1975 - 1994

{mc-ft)

Reach | Oct  MNov  Dec  Jan  Feb  Mar __ Apr  May  Jun  Jul __ Aug  Sep | Toul
] MNA NA NA NA NA MNA NA NA NA MNA NA NA NA
2 NA NA NA NA NA MNA NA NA A MNA MNA NA MNA
1 NA MNA NA NA NA NA MHA NA MNA MNA MA NA MNA
4 MNA NA NA MNA NA NA NA NA MNA NA MA NA NA
5 . <138 -47 -3 -151 132 < 0 20 I 23 32 =480
i KA NA NA MA MA MNA NA NA MNA MA NA MNA NA
7 -3 -6 <2 2 =24 B ] I 16 | 3 1] -3
K <129 112 T =58 -34R =270 100 13 215 an 43 £ -Rat
9 36K 472 153 B ] 432 145 126 17 290 123 176 2 1377
i NA NA NA NA NA NA MA NA NA NA NA WA NA
1 L] 0 L] 0 0 L L 15 1 . | 1 n 2
12 62 445 =14H o ] 459 405 318 47 4 15 165 153 =1382
13 -385 =131 K1 Ay =145 -85 55 ™ £% 186 93 71 -592
14 NA NA NA NA NA NA NA NA NA NA MA NA NA
13 MNA NA NA MA NA NA NA HA MNA NA NA NA MNA
16 =123 -136 - =2 =117 -10% =07 -59 123 368 506 -i0 kv
17 328 -34% =102 =59 =299 270 312 =111 T08 1513 1873 =78 s
18 =303 =325 03 53 =271 =26 295 231 B9 1934 2369 -58 1318
19 -343 =397 1148 69 -313 -282 366 -318 1 O 2600 1344 -150 4722

MA: Not Analyred
Tahle 8.C.4
Conservation Cropping
Average of Years 1975 - 1994
Reductions to Target Flow Shortages without Diversions
(me-1t)

Reach et Nov D lin Feh Mar Apr May Jun Jul Aug Sep Total
I MNA NA HA NA NA NA NA MNA WA NA NA NA MNA
2 MA NA MA NA NA WA MA WA NA NA NA NA NA
3 NA NA NA NA HA MNA MNA NA KA NA NA NA NA
4 NA NA MNA NA NA NA NA MA NA NA NA NA NA
5 48 -138 47 -30 =151 -132 08 I a7 651 1019 278 1830
] NA NA MA NA NA MNA NA NA NA NA NA NA NA
7 -3 =] -3 =2 -4 I -t 0 41013 495 90 3 1471
i 129 212 7 L1 ] 348 270 <M} 166 ok 1 4287 150 Q879
0 =368 -472 -153 6 432 348 126 L1 2123 70y 1327 1] 6368
1 NA MA NA NA NA MA KA NA NA NA WA NA MA
11 L] H] ] 0 ] L] 22 50 244 261 126 L] i
12 10 =445 =146 91 459 4015 328 47 a2 1893 3266 761 4968
13 ] 192 il 41 =203 A4 <142 27 264 a2 1144 264 1557
I4 NA NA MNA NA NA NA NA NA NA NA NA NA NA
15 NA NA NA MNA MA KA NA NA NA NA MA NA MNA
16 <123 136 A -21 -117 -5 <107 -59 IR2 T20 62 =10 1343
17 =128 340 102 -59 209 270 312 -231 756 1734 247 -8 2511
I8 -3 -325 <) 53 271 24 205 -231 520 206K 473 -58 1586
19 =183 =397 -118 B4 -323 _E -6 318 1090 EW! 1349 =150 4?&

MA: Mot Analyvzed
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supplies. In theory, an incentive-based program could be instigated to
encourage further reductions in the water supply to participating farms
in the region.

Yield

Studies have shown that in areas with more rainfall, corn can be deficit
irrigated at certain times with relatively modest impacts on yield
(University of Nebraska, 1999). However, in a semi-arid region that
also features substantial hay production, acres planted in hay are
probably more likely to participate in a voluntary deficit irrigation
program due to perceived lower risk associated with shorting the crop.
In general, hay vields decline proportionally with reductions in
irrigation supply.

For purposes of evaluation, the study team has assumed that the deficit
irrigation program would be designed to reduce water use on hay
fields by 25 percent. In theory, if every farm planted in hay in Region

1 currently provided full irmgation to its hay acres and could be
induced to participate in such a deficit irrigation program, total
reductions in consumptive use on surface water irrigated acreage could
be nearly 120,000 ac-ft per year, Perhaps more realistically, the
program might hope to gain participation from 20 percent of Region |
irmigated hay acreage if sufficient reimbursement were offered. Only
acreage irngated with surface water supplies would be included in the
program. Under these assumptions, consumptive irrigation vvater use
on Region 1 hayfields could be reduced by a total of about 25,000 ac-fi
per vear. Estimated reductions in consumptive use by reach would
range from more than 5,000 ac-ft to less than 2,000 ac-fi.

Monthly changes in water use associated with deficit irmigation in
Region | were routed downstream using the water budget spreadsheet.
The analysis for the water budget spreadsheet also incorporated
changes in return flows that would result from this program and
reductions in canal and ditch losses and corresponding return flows.
This analysis was performed under two scenarios: with and without
protection from downstream diverters.

Table 8.C.5 depicts the estimated on-site net hydrologic effects of the
representative deficit irrigation program, by reach and by month. Table
8.C.6, depicts the effects of the representative deficit irrigation
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Table 8.C.5

Deficit Irrigation
Net Hydrologic Effects on Site - Average of Years 1975- 1994
{nc-Nt)

Reach | Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total
1 LT 1 i 0 i 0 41 262 521 62 558 294 2445
2 233 o n 0 i {1 58 555 1268 1778 1570 750 6211
3 L i 1] 0 0 0 21 M 46y i) ol 292 2351
4 RY fl 0 0 ] i 20 152 in? 4KR 445 211 1732
5 i -266 -275 -280 281 - 280 -23h 23 598 1553 1548 578 2743
f 191 0 L o 0 n 42 403 77 1157 1021 46 4017
7 =135 =143 -146 -14% -149 <148 -4 ¥y 498 945 ThE S0 1337
8 955 491 997 -104  -l012 <1011 -543 213 6T 6T9S 5459 303 912
9 1011 1M 932 -R59 -TR9 T3 =304 1% 2459 5248 4081 50 6326
I NA NA NA NA KA NA NA NA NA NA NA NA NA
i 0 ] L] 0 0 n 3 ™ 380 624 517 0 1632
12 136 -£77 -875 -875 -876 879 =781 -3 1341 4683 1M 1627 | 7467
13 9 =364 -3 -378 37 =361 =315 -149 414 1520 1702 542 1873
4 NA NA NA NA NA NA NA NA NA NA NA NA NA
15 NA NA NA NA NA NA NA NA NA NA NA NA NA
1 -204 2 -2 294 -2 =294 242 -184 907 2655 19 T8 T
§) -T2 -T26 -725 -725§ =724 124 630 -502 1712 6323 4964 -318 7197
18 640 -0 -840 -t -6vl) 640 574 454 2042 7389 SR74 262 | 10144
169 -562 =562 -562 -567 =562 =561 -537 -502 1776 6139 5221 -122 R403

NA: Not Analyzed
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Tahle 8.C.6

Deficit Irrigation
Average of Years 1975 - 1994
Reductions to Target Flow Shortages with Diversions

{me-1t)

Rench [ Moy Mec Jan Feh Mar Apr May Jun Jul Aug Sep Total
[ 14 0 i} il 0 ] 3 ] 5 I 2 2 11
2 7 i} ] {h 1] 1] 4 i I 3 f & 77
i 15 1] ] i ] 0 I 4 4 I 2 2 R 1]

4 15 4] i i 0 0 1 3 i 1 2 2 26
3 21 =l16 -39 -25 126 =110 -81 2 17 ] 21 26 403
3] L1 4] 0 0 i ] 14 20 20 5 11 20 156
7 -2 - -1 -1 =17 -12 — | 12 I 2 1] -27
] B8 =144 =52 =34 =236 <183 -H3 1} 146 1 i} § =Bl W}
g =244 -314 =1n -4 -387 -230 -Kih 14 193 5] 123 4 ~B0iH
10 NA MNA NA MNA Na MNA MA NA MNA NA MA NA NA
I 0 L] ] ] 1] ] I I 7 L] | 1] I
12 a0 -383 -126 -78 -305 -349 -280 -37 74 L3 144 129 1187
13 3 =16l -54 =34 =168 =144 -11B -22 13 37 7 59 4491
14 NA MNA MNA MA MNA MNA MA WA MNA MNA NA NA MNA
15 NA MA MNA MNA MA MNA NA NA MA MA NA NA NA
16 -1 7% - |98 -38 -3 =170 -154 -155 -85 333 540 T24 =21 44
17 462 490 -143 K4 421 <380 438 =332 17 2118 2607 =130 2872
18 422 451 -130 -74 =377 -341 410 =319 1271 2650 1261 =112 4547
] = 111] 411 -129 -75 -350 -307 -398 =345 11497 2012 3622 =17h 5105

MA: Mot Analyzed
Tahle 8.C.7
Dieficit Irrigation
Average of Years 1975 - 1994
Reductions to Target Flow Shortages without Diversions
(ac-fi)

Reach et Nov Dec Jan Feb Mar Apr Mavy Jun Jul Auﬂ Sep Total
| 52 ] 0 i 0 ] 2 154 278 236 95 108 1150
2 139 L] 1] 1] 0 0 7 129 682 620 El5 285 2905
i 55 0 0 0 1] ] 14 122 257 241 337 113 1138
4 54 0 0 0 ] ] i3 92 174 K0 256 a0 86l
5 37 <1 -39 -25 -126 -1 10 =K1 14 345 577 Bt 7 1549
] 16 ] ] ] i ] 27 241 483 419 549 214 2049
7 -2 - -1 = =17 =12 -4 17 287 349 423 20 1054
B B8 -144 -52 -39 -23h -183 65 132 2150 2332 2897 14 G822
q =244 -314 =101 - 287 230 -8 75 1478 1842 2201 20 4297
I MA NA NA WA MA NA NA NA Ma NA NA MA NA
11 ] a i (1] ] 0 .y, 48 219 211 2093 ] £12
12 4 -383 <126 -78 -155 -344 =280 -37 790 1639 2796 645 4306
13 ] =16l 54 <3l -108 =144 -8 -22 244 552 a0 217 1304
14 MNA NA NA MNA MNA NA MNA MNA MNA MNA MNA MNA NA
15 A Na MNA Ma MA NA NA NA NA NA MA NA MNA
16 =174 =198 58 =34 =170 =154 -155 -5 360 1028 1385 -2 1929
17 462 ~4H) -143 -84 421 =380 438 -322 1 0BG 2436 2830 -13n 3502
|8 422 451 130 74 -377 -341 4|1 -319 1313 2530 3405 112 4512
149 116 411 =126 =73 =350 =307 =308 =345 1197 24912 3622 =176 51005

MA: Mot Analveed
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program in reducing shortages to target flows at the critical habitat,
assuming no protection from downstream diverters. Table 8.C.7
provides a similar summary of effects on target flows, without
downstream diversions. These results are summarized in Table 8.C.16
under the yield summary near the end of this section.

Cost

Deficit irrigation of hay crops in Region 1 would likely reduce hay
yields by approximately a corresponding proportion (i.e., a 25 percent
deficit in imigation would reduce yields by 25 percent). Consequently,
the study team can roughly estimate the impact of deficit irrigation on
farm revenues from Region 1 hay production. In the upper portions of
Region 1, deficit irrigating hay production by 25 percent would reduce
revenues from hay production by approximately $30 to $40 per acre.
In the lower reaches that have higher vields from fully irrigated hay
production, foregone revenues could be as much as $60 to $70 per
acre. Hay revenues per acre are from the NRCE database and
originally from state agricultural statistics.

For purposes of providing a rough estimate of potential costs
associated with this altemative, the study team has assumed that
farmers would have to be paid an additional incentive of at least 20
percent, but no more than 60 percent of their foregone revenues from
deficit irrigation to participate. While farmers might experience some
savings in variable costs of production, these savings would likely be
minimal in comparison to lost revenues. In estimating costs, we have
used the mid-point of this range. While there is little or no precedent
for large scale incentive-based deficit irrigation programs, the study
team has assumed that the costs of implementing and administering the
program might be similar to the land fallowing alternative described in
Section 8.F. On this basis, we have assumed annual administrative
costs would be about 520 per participating acre.

In total, the representative deficit irrigation program in Region |
would cost an estimated $4 million per vear. Capitalized total costs of
the representative deficit irrigation program over a 20-year period
(using a six percent discount rate appropriate to governmental entities
with access to tax free bond financing) would be approximately $51
million, or about 52,000 per ac-ft of consumptive use saved on-farm.
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For the region as a whole, average capitalized cost per ac-ft of
reduction in shortage at the critical habitat would be $3,340 if the
saved water can be protected from downstream diverters. If the water
is not protected, a deficit imgation program in Region | will not serve
to reduce shortages to target flows. Because the costs per ac-fi of
reduction in shortage at the critical habitat exceed $3,000 in Region 1
this alternative has been deferred from further evaluation.

On-farm Changes in Irrigation Techniques

As discussed in the operational definitions at the outset of this section,
the study team focused its analysis of on-farm changes in irrigation
techniques on the lower reaches in Region 3 because those reaches
offer the most favorable hydrologic conditions for these measures
from the standpoint of the goal of reducing shortages to target flows.
On the basis of the results of the Region 3 examination, reductions to
target flow shortages from on-farm changes in irrigation techniques in
Region 1 would far exceed the threshold cost of $3,000 per ac-ft for
further analysis. Consequently, on-farm changes in irrigation
techniques were not evaluated further in Region 1.

Water District Structural Alternatives

As in other portions of the study area, a substantial amount of water is
"lost" each year due to seepage from irrigation conveyance facilities
and spills. Based upon the most recent USGS data on water use and
conveyance losses (for 1995), the study team estimates that annual
conveyance losses in Region | are approximately 800,000 ac-ft per
year. This data indicates that average conveyance efficiency — the
amount of water actually delivered to farms relative to the total
amount diverted from the river, is about 66 percent.

From the standpoint of this basin-wide study, however, it is vital to
recognize that most of this "lost" water eventually returns to the river
or provides return flows relied on by other irrigators. The primary
effect of rehabilitating or improving conveyance facilities and water
control structures is to change the timing of flows in the river rather
than a reduction in consumptive use.
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Yield

A number of previous studies commissioned by the Wyoming Water
Development Commission have examined specific opportunities for
rehabilitation and improvement of water district facilities. These
studies include potential improvements to the LaPrele Irrigation
District system, Wheatland Irrigation District canals, and Goshen
Irrigation District facilities, among others. Separately, the Casper-
Alcova Irrigation District (CAID) has been working with the City of
Casper during the past decade to make improvements to their system.
This has resulted in a water service agreement among the United
States, CAID, and the city providing a supply of up to 7,000 ac-fi
annually to the city from the Kendrick Project water supply.

Potential water savings and costs of irrigation system rehabilitation

and improvements depend on site specific factors. However, for
purposes of this evaluation, the study team has developed some
approximate "rules of thumb" from the above reports. Canal lining,
automating turnouts, new siphons, improved flow measurement and
other techniques appear to typically increase the conveyance efficiency
of Region | water districts by about five percent, on average.

Most of the water saved through such measures would ultimately have
returned to the system. While this proportion varies greatly by site-
specific circumstances, the study team has used the common
assumption that 85 percent of system losses would eventually return to
the river (Missouri Basin States Association, 1982a; CNPPID, et al.,
1999),

Overall, the study team estimates that a comprehensive program
focused on the most cost effective improvements to irrigation district
facilities and improved water control structures throughout all
irrigation systems in the region could reduce Region | diversions by at
about 120,000 ac-ft per year. Non-productive consumptive use could
be reduced by an estimated 18.000 ac-ft per year. However, it must be
emphasized that these estimates are subject to considerable
uncertainty, which can only be reduced by detailed study on a system
by system basis.

Monthly changes in water use associated with irrigation system
rehabilitation and improvements in Region | were routed downstream
using the water budget spreadsheet. The analysis for the water budget
spreadsheet also incorporated changes in return flows that would result
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from this alternative and reductions in canal and ditch losses and
corresponding return flows. This analysis was performed under two
scenarios: with and without protection from downstream diverters.

Table 8.C.8 depicts the estimated on-site net hydrologic effects of
water district structural conservation alternatives, by reach and by
month. Table 8.C.9, depicts the effects of the structural alternatives in
reducing shortages to target flows at the critical habitat, assuming no
protection from downstream diverters. Table 8.C.10 provides a similar
summary of effects on target flows, without downstream diversions.
These results are summarized in Table 8.C.16 under the yield
summary near the end of this section.

Cost

The costs of measures to improve or rehabilitate water district facilities
are as site specific as the potential water benefits. Other regions might
have much higher or lower costs based upon physical systems that
exist in those areas. However. based upon the Region | studies cited
previously, the study team estimates that the average cost of such
measures (in 1999 dollars) would be approximately $1,000 per ac-ft of
reduced seepage or spillage. Adding engineering costs and transaction
costs to transfer the salvaged water savings, average cost per ac-ft of
reduced diversions would be approximately $1.200. This cost estimate
translates into an average cost per ac-fit of reduced on-site consumptive
use of about $8,000. Because the costs per ac-ft of reduction in
shortage at the critical habitat exceed $3.000 in Region 1 this
alternative has been deferred from further evaluation.

r District Non- I atives

The study team also evaluated two non-structural irrigation district
measures including conservation pricing and changing from schedule
based to demand based irrigation delivery timing.

Yield

The potential water savings from adoption of conservation pricing
depends on both the extent to which demand for irrigation water
responds to price signals (known as price elasticity) and the extent to
which districts could be encouraged to adopt conservation rates.
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Table 8.C.8
Water District Structural Measures
Nel Hyvdrologic Effects on Site - Average of Years 1975 - 1994

(ac-ft)

Resch | Oct_ Nov  Dec  Jam _ Feb  Mar __ Apr __ May  Jun  Jul __ Aug _ Sep | Total
i 100 0 0 0 0 0 a6 293 583 764 622 329 | 2737
2 191 ] L1 o 1] L 47 454 1041 1461 1291 617 S106
1 n 0 0 0 0 0 6 2 141 w2 184 88 710
4 27 0 0 0 0 0 b 47 o4 149 135 70 528
5 L] -10 A0 Al 11 -1 4 6 14 WK 266 g | 794
] Bf L] il L 4] 0 19 1R1 393 51K 457 244 IR9%
7 q2 0 -1f .15 -15 15 .13 14 64 270 465 86 7l 1183
8 2% 274 2% 27 10 QW M 352 2007 W 2993 396 | 7R3
9 21 2% 219 202 .18 M 13 198 1242 2491 1997 234 | 4930
i =13 -1 -9 -K -7 - ] 5 102 235 148 =130 T
i 0 0 0 0 0 0 8 95 44 M 60l 0 1904
12 79 82 51 61 &2 42 a1 131 691  1%01 1962 780 | s3I
13 &7 =17 =R -18 -17 =17 R e 159 417 458 158 1224
14 B -4 =1 -2 -2 -2 3 & L] 141 122 4 20
I$ 5 5 5 5 5 - X 4 82 202 1£1 8 444
16 5 K -5 5 5 5 -l 4 96 M5 228 12 549
17 | a2 22 222 22 a2 21 82 .29 830 2826 236 51 | 4196
IR =126 =12 126 =126 =126 <126 =109 -R7 573 1960 1571 =31 3
|9 -] f] -1 <] il -] =58 =51 271 RG2 761 =28 1420

NA: Nat Analyzed
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Reductions to Target Flow Shortages with Diversions

Water District Structural Measures

Table 8.C.9

Average of Years 1975 - 1994

{ac-fit)

Reach | Oct Nov Dee Jan Feh Mar Apr May Jun Jul Aug Sep Total
i 16 1] i ] ] ] 3 ] § 1 2 2 13
2 3 0 0 ] ] ] 3 L3 9 2 5 5 6l
3 4 ] 1] ] ] L1 ] I 1 ] | I 4q
4 4 f i i i 1 {l | 1 ] I I 2
5 14 4 =] =1 -5 B -1 2 4 | 4 5 13
f 29 i 1 L] L] L 1] L'} 9 2 5 ] i
7 0 i} i 0 -2 -1 | 2 B i | 1] &

b -23 -4 =14 =11 5 E11] -4 I7 53 14 I f -7
9 -5f <74 24 =13 &7 -54 3 R 97 40 al ] A
10 -5 4 -l -1 -3 -2 ] I 12 B 9 =20 -
Il 1t} { (1] ] 0 i 2 2 8 [t} I 1] I2
12 101 =27 4 -5 =28 «25 =10 15 I8 25 1.7 ik 193
i3 25 -7 -3 -2 % -7 -3 4 13 1 21 m i
14 -2 -2 1] i -1 -1 I I 7 5 T I 16
15 -3 -3 -1 -1 -3 -2 =1 1 12 5 13 I 22
16 =3 -1 -1 -1 -3 -3 -1 2 35 51 71 3 147
17 =142 =150 44 26 =129 =117 =127 43 443 HEl I 18t -1 1823
I8 -B3 -5 -26 -15 74 67 -TH -57 157 762 888 -13 1505
19 45 47 =14 -B -3 -33 43 ) 183 457 5464 13 a7
MA: Mot Analyred
Table 8.C.10
Water District Structural Measures
Average of Years 1975 - 1994
Reductions to Target Flow Shortages without Diversions
{me-Tt)

Heach Oet My Dee Jan Feh Mar Apr May Jun Jdul Aug Sep Total
[ 58 [t} i { il i 2% 173 312 264 328 121 1285
2 114 [t} 0 { ] 0 k1] 270 560 512 674 134 2395
i 17 ] ] ] 1] 0 4 7 Ta 73 104 M 346
4 16 L i L] 1] 1] 4 2% 53 55 T4 27 262
5 24 -4 By | 5 4 <l 72 71 114 154 46 400
i 32 i 0 i 0 t] 12 108 216 158 257 iy 924
7 0 0 {1 {l -2 «| 9 kL) 156 iT2 220 28 619
] -23 =10 14 -11 e = 1i] -4 21% 1226 1289 1598 155 4281
] -5h -74 -4 -15 -67 -54 ) 126 T46 a7 (HGH] Q3 2679
1o 25 - -1 -1 -3 -2 ] | 63 91 a8 20 2ou
1 1] 0 ] 0 ] 0 el 58 256 268 KR i 44
12 172 -27 - -5 =25 25 =1 31 407 L) 1074 s 2609
13 41 -7 -3 -2 -8 -7 -3 19 Gt 160 271 75 633
14 -2 -2 0 1] -1 - 2 5 k1] 55 73 2 165
15 -3 -3 -1 -1 -3 -1 -1 2 51 B0 1o i 234
16 -3 -4 =1 -1 -3 -3 =1 2 &l g9 137 5 284
17 =142 -150 ~dd <26 =129 -117 =127 -3 527 1124 1 206 =21 2109
18 -83 -4 -2 -15 -4 67 -T8 57 368 k12 W26 =13 1605
19 =45 =47 =14 -8 -38 -33 -43 -36 183 457 54 -15 907

NA: Not Analyeed
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Certain previous studies have shown that irrigation water demand is
generally "inelastic”, which implies that the percentage reduction in
water use would likely be less than the percentage increase in water
cost to farmers (Michelsen and Young, 1998). Farmers' inclinations
and incentives to irrigate their crops less are addressed under deficit
irrigation. In theory, the water price for marginal use could be raised to
achieve that same effect. This would require pricing for certain blocks
of water at certain times, for which measurement systems are currently
unavailable. This feature would suggest that water savings from
conservation pricing might be modest unless the new rate structure
results in substantial increases in the price of water to farmers.
Farming will stop if water price renders it uneconomic.

Water use reduction through conservation pricing faces a host of
considerable barriers to adoption. While conservation rates are
increasingly common among municipal utilities, such rate structures
are very rare among irrigation districts. By definition, conservation
pricing implies that district revenue will vary depending on the amount
of water delivered to farmers. Unlike most municipal systems, the bulk
of irmigation district costs are often fixed rather than varying with the
amount of water delivered. Further, irrigation districts face uncenainty
both in terms of the amount of water farmers will need in a given year
and in the amount of supply that will be available to the district for
delivery to the farmers. Therefore, irrigation districts usually avoid
revenue methods that depend on price per unit of water delivered.
They need more certainty.,

A recent study funded by the USGS and Washington State found that
irrigation districts were most likely to adopt conservation pricing when
farmers already face high costs for their water supplies, are growing
high value crops and have warmer and longer growing seasons
(Michelsen and Young, 1998). These conditions are more typical in
areas like California than in the Platte River study area.

On the basis of the aforementioned issues, the study tcam has
concluded that voluntary conservation pricing of irmgation water
supplies is unlikely to lead to meanmingful water savings in the study
area, or at least is 100 speculative to proceed based on current
information.

For different reasons, the study team also believes that conversion
from schedule based to demand based irrigation delivery is impractical
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for most districts in the study area and unlikely to reduce water use.
Current irrigation scheduling practices reflect both the management
and the physical capabilities of irrigation systems in the Platte River
study area. Certainly, scheduling and delivering water on demand
would pose extraordinary new management requirements for irrigation
companies. Converting to demand-based irrigation may be physically
impossible for many systems. Demand based scheduling might well
create excessive peak delivery requirements for conveyance facilities,
which were designed for relatively steady water deliveries throughout
the irrigation season (Central Nebraska Water Conservation Task
Force, 1999). Even if demand based irrigation were physically
possible, it is not clear that this form of scheduling actually reduces
consumptive use (Northern Colorado Water Conservancy District
[NCWCD], 1999a). This program is too speculative to proceed with,
based on current information. Therefore, the study team recommends
deferring this measure from further evaluation at this time.

Region 2

Almost 700,000 acres of irrigated land are harvested annually in
Region 2. Table 8.C.11 summarizes the major crops grown in Region
2 and their estimated consumptive irrigation reguirements.

Table 8.C.11 Region 2 Cropping Patterns and Consumptive
Irrigation Requirements

Average Annual
Consumptive Lrrigation

Region 2 Irrigated Acres Requirement/Acre (inches)
Reaches 7-9, 11
Com 345,600 15
Alfalfa and Other Hay 202,600 23
Diry Beans 63,400 13
All Other Crops 80,600 Vanous
Total 692.200

Source: Study team analysis of NRCE agricultural database, 1999, Based on data
from 1992, 1994 and 1996 agricultural vears.
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Con ing Patterns

As shown in Table 8.C.11, corn is the most widely grown crop in
Region 2, though alfalfa and other hay crops account for more than 25
percent of irrigated acreage in the region. The CIR for hay indicates
that hay crops are much more water-intensive than cither com or dry
beans. In Region 2, the study team has assumed that a conservation
cropping program would focus on providing financial incentives for
farmers to reduce acreage planted in hay and convert those acres to
corn production.

Yield

Theoretically, there would appear to be potential for considerable
water savings from an incentive program encouraging reduction in hay
acreage and conversion to corn. If all current alfalfa and other hay
acreage in Region 2 were converted to corn, the estimated reduction in
CIR on Region 2 farms would be approximately 130,000 ac-ft per
year. If only surface water irrigated acreage were considered. the
theoretical potential water use reduction from wholesale conversion
would still be more than 80,000 ac-ft of annual consumptive use.

The reasons for the cropping decisions made by individual farmers in
Region 2 are complex. The study team's analysis of NRCE data
suggests that the gross revenues per acre planted in comn and alfalfa in
Region 2 are reasonably comparable, although alfalfa may have a
somewhat lower cost of production. Farm specific factors may be a
more important influence on the cropping choices of individual
farmers than average gross margins. These factors may include soils,
management requirements, past practice. risk tolerance, existing farm
equipment, and others.

As in Region 1, part of the reason for growing hay may also be the
tolerance of the crop in the face of uncertain water supplies. Shortage
of water to meet the full consumptive irrigation requirements of crops
is common, and holders of more variable junior water rights may
regard alfalfa production as a "shock absorber" to deal with the
possibility of lower than ideal water supplies (CWRRI, 1996;
NCWCD, 1999b).

Given these barriers to crop conversion, it is difficult to predict the
potential response 1o an incentive program focused on changes in
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cropping patterns. For purposes of evaluation. the study team has
assumed that such a program might be able to elicit participation from
20 percent of irrigated hay acreage in Region 2. After restricting the
program to acreage irrigated with surface water supplies, this
prospective penetration rate means that the conservation cropping
program might reduce consumptive use in the region by about 23,000
ac-fi per year.

Monthly changes in water use associated with conservation cropping
in Region 2 were routed downstream using the water budget
spreadsheet. The analysis for the water budget spreadsheet also
incorporated changes in return flows that would result from this
program and reductions in canal and ditch losses and corresponding
return flows. This analysis was performed under two scenarios: with
and without protection from downstream diverters.

Table 8.C.2 depicts the estimated on-site net hydrologic effects of the
representative conservation cropping program, by reach and by month.
Table 8.C.3 depicts the effects of the representative conservation
cropping program in reducing shortages to target flows at the entical
habitat, assuming no protection from downstream diverters. Table
8.C.4 provides a similar summary of effects on target flows, without
downstream diversions. These results are summarized in Table 8.C.16
under the yield summary near the end of this section.

Cost

As noted earlier, the study team believes that the barriers to converting
acreage from hay to com production in Region 2 are not simply a
matter of a difference in average financial returns between the two
crops. Given the host of factors that influence cropping decisions,
estimates of the cost of a conservation cropping program for Region 2
are quite uncertain without field research or a demonstration program
that was beyond the scope of this evaluation. It may be that
conservation cropping is best left as an option for individual farmers
considering participation in other alternatives, such as temporary water
leasing arrangements. In order to preserve this altemative for possible
turther consideration at a later point, the study team has assumed that
participating farmers would be compensated with payments per ac-ft
conserved on-site comparable to those estimated for short-term leasing
arrangements described in Section 8.F. Further research will be needed
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to determine the acceptability to farmers of this level of compensation
for participation in a conservation cropping program.

Deficit Irrigation Practices

As in Region 1, deficit irmgation already occurs to some extent in
Region 2 due to shortages in available water supplies (CWRRI, 1996).
Given the risks associated with deficit irrigation of corn in an area with
as little precipitation as Region 2 experiences, the study team has
assumed that only acres planted in hay might be convinced to
participate in such a program.

Yield

The study team has assumed that a representative deficit irrigation
program in Region 2 would seek 25 percent reductions in water use
from hay farmers irrigating with surface water supplies. If all such
acres in Region 2 typically receive a full irmgation supply and are
willing to participate in this type of voluntary deficit irrigation
program, the theoretical on-site reduction in consumptive use from this
alternative would be approximately 80,000 ac-ft per year.

A more realistic expectation is that as much as 20 percent of eligible
acres might be enrolled in the program if sufficient financial incentive
were provided. This level of participation would result in estimated
reductions in on-farm consumptive use of approximately 16,000 ac-ft
per year in Region 2.

Monthly changes in water use associated with deficit irrigation in
Region 2 were routed downstream using the water budget spreadsheet.
The analysis for the water budget spreadsheet also incorporated
changes in return flows that would result from this program and
reductions in canal and ditch losses and corresponding return flows.
This analysis was performed under two scenarios: with and without
protection from downstream diverters.

Table 8.C.5 depicts the estimated on-site net hydrologic effects of the
representative deficit irrigation program, by reach and by month. Table
8.C.6, depicts the effects of the representative deficit irrigation
program in reducing shortages to target flows at the critical habitat,
assuming no protection from downstream diverters. Table 8.C.7
provides a similar summary of effects on target flows, without
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downstream diversions. These results are summarized in Table 8.C.16
under the vield summary near the end of this section.

Cost

Based on study team analysis of NRCE data regarding hay production
economics in Region 2, the estimated annual impact on farm revenues
from the representative deficit irrigation program would be $80 to
$100 per participating acre planted in hay. While farmers might
experience some savings in variable costs of production, these savings
would likely be minimal in comparison to lost revenues.

In estimating potential costs, the study team assumed that farmers
would have to be paid an additional incentive premium of 20 to 60
percent over and above their foregone revenues from deficit irmgation
to participate. For purposes of estimating costs, we have used the mid-
point of this range. While there is little or no precedent for large scale
incentive-based deficit irrigation programs, the study team assumed
that the costs of implementing and administering the program might be
similar to the land fallowing alternative in Category 4. On this basis,
we have assumed annual administrative costs would be about $20 per
participating acre.

In total, the representative deficit irrigation program in Region 2
would cost an estimated $3.3 million per vear excluding additional
costs to protect the conserved water from downstream diversions.
Capitalized total costs of the representative deficit irmigation program
over a 20-year period (using a six percent discount rate appropriate to
governmental entities with access to tax free bond financing) would be
approximately 541 million, or $3,700 per ac-ft of consumptive use
saved on-farm. In Region 2, a number of sand dams would have to be
improved or modified if conserved supplies are to be protected from
downstream diversions. Costs for these modifications, estimated at
$8.1 million in total, were added to the costs of this alternative under
the scenario in which water is protected from downstream diverters.
These costs were prorated back to each reach within Region 2 on the
basis of the proportion of the total region's on-site vield contributed by
that reach. When these costs are included, capitalized costs of this
alternative in Region 2 would increase to about $49 million. Because
the costs for sand dam modifications were prorated over all reaches in
Region 2, the cost per ac-ft of reductions to target flow shortages
would increase if this alternative were not implemented in every reach,
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If sand dams are modified to bypass flows, then more than one
alternative could be located above the sand dams without incurring the
additional cost of sand dam replacement. The sand dams would only
be modified once, therefore, the total cost to replace these dams would
be spread among all projects implemented under the Program in
Colorado, as opposed to each individual project. Therefore, the cost
per acre foot for scenarios without diversion losses could be lower in
the Action Plan if more than one alternative is selected in Region 2
that requires sand dam modifications.

Average capitalized cost per ac-fi of reduction in shortage at the
critical habitat would be $3,750 if the saved water can be protected
from downstream diverters. 1f the water cannot be protected, deficit
irrigation in Region 2 cannot provide a substantive contribution toward
reducing shortages to target flows at the critical habitat. This
alternative has been deferred from further evaluation for most reaches
in Region 2 because the costs per ac-fl of reduction in shortage at the
critical habitat exceed $3.000.

On-farm Changes in Irrigation Techniques

As discussed in the operational definitions at the outset of this section,
the study team focused its analysis of on-farm changes in irrigation
techniques on the lower reaches in Region 3 because those reaches
offer the most favorable hydrologic conditions for these measures
from the standpoint of the goal of reducing shortages to target flows.
On the basis of the results of the Region 3 examination, the average
annual cost per ac-fl of reductions to target flow shortages from on-
farm changes in irrigation techniques in Region 2 would far exceed the
threshold cost of $3,000. Consequently, on-farm changes in irrigation
techniques were deferred from further evaluation in Region 2.

W Distri

As in other portions of the study area, a substantial amount of water in
Region 2 is "lost" each year due to seepage from irrigation conveyance
facilities and spills. Based upon the most recent USGS data on water
use and conveyance losses (for 1995), the study team estimates that
annual conveyance losses in Region 2 are approximately 600,000 ac-fi
per year. Average conveyance efficiency, which is the amount of water
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actually delivered to farms relative to the total amount diverted from
the river, 1s estimated at about 68 percent.

As noted earlier, most of this "lost" water eventually returns to the
river or provides return flows relied on by other imgators. The primary
effect of rehabilitating or improving conveyance facilities and water
control structures is to change the timing of flows in the river rather
than a reduction in consumptive use.

Yield

Potential water savings and costs of irrigation system rehabilitation
and improvements depend on site specific factors. For purposes of this
evaluation, the study team has developed some approximate "rules of
thumb" from system-specific studies in the Platte River Basin. The
most cost effective combination of canal lining, automating turnouts,
new siphons, improved flow measurement and other techniques for
individual irmgation systems appear to typically increase conveyance
efficiency by about five percent.

Most of the water saved through such measures would ultimately have
returned to the system. While this proportion varies by location, the
study team has used the common assumption that 85 percent of system
losses would eventually return to the river (Missouri Basin States
Association, 1982a; CNPPID et al., 1999).

Overall, the study team estimates that a comprehensive program
focused on the most cost effective improvements to irrigation district
facilities and improved water control structures throughout all
irrigation systems in the region could reduce Region 2 diversions by
more than 100,000 ac-ft per year. Non-productive consumptive use
could be reduced by an estimated 16,000 ac-fi per year. Both of these
estimates are subject to considerable uncertainty without detailed study
on a system by system basis.

Monthly changes in water use associated with irrigation system
rehabilitation and improvements in Region 2 were routed downstream
using the water budget spreadsheet. The analysis for the water budget
spreadsheet also incorporated changes in return flows that would result
from this alternative and reductions in canal and ditch losses and
corresponding return flows. This analysis was performed under two
scenarios: with and without protection from downstream diverters.

B-C-28



Table 8.C.8 depicts the estimated on-site net hydrologic effects of
water district structural conservation alternatives, by reach and by
month. Table 8.C.9. depicts the effects of the structural altematives in
reducing shortages to target flows at the critical habitat, assuming no
protection from downstream diverters. Table 8.C.10 provides a similar
summary of effects on target flows, without downstream diversions.
These results are summarized in Table 8.C.16 under the vield
summary near the end of this section.

Cost

The costs of measures to improve or rehabilitate water district facilities
are as site specific as the potential water benefits. Costs for Region 2
could be higher or lower than Regions 1 or 3, depending upon physical
conditions. Unfortunately, specific Region 2 costs were not identified.
Using the mid-point of costs found in Region | and Region 3, the
study team estimates that the average cost of such measures (in 1999
dollars) would be approximately $750 per ac-ft of reduced seepage or
spillage. After adding engineering costs and transaction costs to
transfer the salvaged water savings, the average cost per ac-fl of
reduced diversions would be approximately $900. This cost estimate
translates into an average cost per ac-ft of reduced consumptive use
on-site of about $6,000. This alternative has been deferred from further
evaluation for all reaches in Region 2 because the costs per ac-ft of
reduction in shortage at the critical habitat exceed $3.000.

Water District Non-Structural Alternatives

As discussed in detail earlier for Region 1, the study team believes it is
impractical to expect voluntary water savings through conservation
pricing or conversion to demand based irrigation scheduling. Both
measures face a host of institutional, administrative and physical
barriers that make their widespread adoption unlikely. Further, the
amount of water that would actually be saved by either measure in the
Platte River study area is unlikely to be substantial. This alternative
has been deferred from further evaluation for all reaches in Region 2.

Region 3

About 725,000 acres of irrigated land are harvested annually in Region
3. Table 8.C.12 summarizes the major crops grown in Region 3 and
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their estimated, consumptive irrigation requirements. The study team
has depicted the western and eastern portions of Region 3 separately to
recognize the greater role of soybeans in irrigated agriculture in the
eastern portions of the region.

Table 8B.C.12 Region 3 Cropping Patterns and Consumptive
Irrigation Requirements

Average Annual
Consumptive Irrigation
Region 3 Irrigated Acres Reguirement/Aere (inches)

Reaches 10, 14-15
{western portion)

Com 85,700 13

Alfalfa and Other Hay 15,100 21

Dry Beans 4,300 12

All Other Crops 3.200 Various
Total 108.300

Reaches 16-19

Com 541.800 13

Soybeans 36,500 g

Alfalfa and Other Hay 29,700 21

All Other Crops 9,700 Various
Total 617,700

Source:  Study team analysis of NRCE agrcultural database, 1999, Based on data from 1992, 1994 and
19596 agniculivral years,

onservati i

As shown in Table 8.C.12, comn is the dominant crop in Region 3. In
contrast to the other study regions, hay production accounts for less
than ten percent of Region 3 irrigated acreage. Given the modest
amount of hay production in the region, a conservation cropping
program focused on shifting production from hay to other crops (as
described for Region 1 and Region 2) would produce minimal
reductions in consumptive use, Instead, the study team has focused this
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analysis on an alternative crop rotation described by Joel Schneekloth
from the University of Nebraska. In Region 3, a deficit irrigation

program might include incentive payments to farmers to convert from
continuous comn cropping to an alternating corn and soybean rotation.

Yield

Estimated on-farm consumptive use savings from implementing the
alternating comn and soybean rotation are three inches per acre per year
(University of Nebraska Extension Service, 1999), Since soybeans are
not commonly grown in the western portions of Region 3 at present,
the study team has focused on potential water savings from
implementing the alternating corn and soybean rotation in the eastern
portion of the region (Reaches 16 through 19). Of the more than
500,000 acres planted in corn in this area, only 170,000 acres are
irrigated with surface water supplies. If all acres currently planted in
corn and irrigated with surface supplies were shifted to the alternating
water conservation rotation, the annual reduction in on-farm
consumptive use would be over 40,000 ac-ft per year.

Changing cropping patterns from a continuous corn rotation to an
alternating rotation of comn and soybeans might not be an easy
transition. The conservation rotation would require more intensified
farm management, a change from historical practice, such as
fertilizing, and new equipment in many cases. A complete shifi to this
revised rotation by surface irrigation corn farmers in Region 3's
eastern portion would also more than double total soybean production
in the area with uncertain impacts on the price and economic viability
of soybeans. However, a shifting to soybeans has been noted in parts
of Region 3 in recent years.

Given these issues, the study team has assumed that no more than 30
percent of eligible acres in Region 3 would be enrolled in a voluntary
conservation cropping program. With this assumption, the estimated
on-farm reduction in consumptive use in Region 3 would be
approximately 14,000 ac-ft per year.

Monthly changes in water use associated with conservation cropping
in Region 3 were routed downstream using the water budget
spreadsheet. The analysis for the water budget spreadsheet also
incorporated changes in retumn flows that would result from this
program and reductions in canal and ditch losses and corresponding
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return flows. This analysis was performed under two scenarios: with
and without protection from downstream diverters.

Table 8.C.2 depicts the estimated on-site net hydrologic effects of the
representative conservation cropping program, by reach and by month.
Table 8.C.3 depicts the effects of the representative conservation
cropping program in reducing shortages to target flows at the critical
habitat, assuming no protection from downstream diverters. Table
8.C.4 provides a similar summary of effects on target flows, without
downstream diversions. These results are summarized in Table 8.C.16
under the yield summary near the end of this section.

Cost

The conservation cropping rotation evaluated by the study team would
not be expected to adversely affect farm vields or revenues.
Management, operational costs, supplies and equipment costs would
likely rise, however. Little basis has been found which might lead to
reliable projections of these cost increases, the incentive payments
required to induce farmers to change traditional practices, or the
administrative cost of such a conservation cropping program.

In order to preserve this alternative for possible further consideration
at a later point, the study team has assumed that participating farmers
would be compensated with payments per ac-ft conserved on-site
comparable to those estimated for short-term leasing arrangements
described in Section 8.F. Further research will be needed to determine
the acceptability to farmers of this level of compensation for
participation in a conservation cropping program. Conservation
cropping was deferred from further evaluation in Reaches 14 and 15
because it was estimated that a conservation cropping program would
produce less than 500 ac-ft of annual reduction in target flow
shortages.

icit lrrigati ic

In Region 3, a deficit irrigation program would logically focus on
reducing water use in irrigated corn production. Such a program is
more likely to be feasible in the eastern portion of Region 3, which
relies more heavily on corn and which receives greater annual
precipitation. The study team has assumed that a representative deficit
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irrigation program would reduce irrigation consumptive use on corn
fields in Reaches 16 through 19 by six inches per year. Such a program
would likely decrease comn yields by 20 to 25 percent (University of
MNebraska Extension Service, 1999),

Yield

The representative deficit irrigation program evaluated by the study
team would focus on surface irrigated corn acres. If all eligible acres in
the eastern reaches typically received a full irrigation supply and were
willing to participate in this type of voluntary deficit irrigation
program, the theoretical on-site reduction in consumptive use from this
alternative would be approximately 90,000 ac-ft per year.

A more plausible upper bound expectation is that 20 percent of eligible
acres might be enrolled in the program if sufficient financial incentive
were provided. This level of participation would result in estimated
reductions in on-farm consumptive use of over 18,000 ac-ft per vear.

Monthly changes in water use associated with deficit irrigation in
Region 3 were routed downstream using the water budget spreadsheet.
The analysis for the water budget spreadsheet also incorporated
changes in return flows that would result from this program and
reductions in canal and ditch losses and corresponding return flows.
This analysis was performed under two scenarios: with and without
protection from downstream diverters.

Table 8.C.5 depicts the estimated on-site net hvdrologic effects of the
representative deficit irrigation program, by reach and by month. Table
8.C.6, depicts the effects of the representative deficit irrigation
program in reducing shortages to target flows at the critical habitat,
assuming no protection from downstream diverters. Table 8.C.7
provides a similar summary of effects on target flows, without
downstream diversions. These results are summarized in Table 8.C.16
under the vield summary near the end of this section.

Cost

Based on study team analysis of NRCE data regarding corn production
economics in the eastern reaches of Region 3, the estimated annual
impact on farm revenues from the representative deficit irrigation
program would be $90 to $100 per participating acre planted in corn.
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While farmers might experience some savings in variable costs of
production, these savings would likely be minimal in comparison to
lost revenues.

For purposes of providing a rough estimate of potential costs
associated with this alternative, the study team has assumed that
farmers would have to be paid an incentive of 20 to 60 percent over
and above their foregone revenues from deficit irrigation to participate.
For purposes of estimating costs, we have used the mid-point of this
potential incentive range. While there is little or no precedent for large
scale incentive-based deficit irrigation programs, the study team has
assumed that the costs of implementing and administering the program
might be similar to the land fallowing alternative described in Section
8.F. On this basis, we have assumed annual administrative costs would
be about $20 per participating acre.

In total, the representative deficit irrigation program in Region 3
would cost an estimated $5.0 million per year. Capitalized total costs
of the representative deficit irrigation program over a 20-year period
(using a six percent discount rate appropriate to governmental entities
with access to tax free bond financing) would be approximately $57
million, or over $3,000 per ac-ft of consumptive use saved on-farm.

Average capitalized cost per ac-ft of reduction in shortage at the
critical habitat would be about $3,700, assuming conserved water is
protected from downstream diversion. If the water cannot be protected.
deficit irrigation in Region 3 cannot provide a substantive contribution
toward reducing shortages to target flows at the critical habitat. This
alternative has been deferred from further evaluation for all reaches in
Region 3 because the costs per ac-fi of reduction in shortage at the
critical habitat exceed $3.000.

-farm Changes in Irrigati ique

Two hydrologic circumstances unigue to the lower reaches in Region 3
(reaches 17, 18 and 19) make these reaches the best candidates for
reducing shortages to target flows through on-farm alternatives aimed
at improving immgation efficiency. First, these reaches are the closest to
the critical habitat, so any additions to Platte flows in these reaches
suffer the smallest reductions enroute to the eritical habitat. Second,
unlike most of the study area, a large portion of the return flows in this
area does not return to the Platte system above the critical habitat.
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While circumstances vary throughout the study area, in general about
85 percent of return flows throughout the study region are believed to
eventually return to the river (Missouri Basin States Association,
1982a; CNPPID, et al., 1999), However, in reaches 17. 18 and 19, a
large portion of return flows either return to the Republican River
Basin, accrete to the groundwater mound or return to the Platte River
below the critical habitat in some cases. While the exact proportion of
return flows that do return to the river is not known it was assumed
that 50 percent of the returns do not return to the river in reaches 17
through 19. As a consequence, measures that focus on reducing return
flows by improving on-farm irrigation efficiency have the potential to
offer considerable benefit to the objectives of reducing shortages to
target flows.

Yield

Much of the surface water supplied irrigation in reaches 17, 18 and 19
is provided through the system operated by CNPPID. Since the early
1990s, CNPPID has surveyed irrigation practices in its service area
and sponsored a substantial program to encourage on-farm changes in
irrigation techniques to increase efficiency. To date, CNPPID has
assisted in implementing on-farm conservation improvements on more
than 19,000 contract acres, On average, on-farm delivery requirements
of participating farms have been reduced by an estimated 0.5 ac-fi per
acre per year, although the validity of the Irmigation Efficiency Credit
System used to estimate savings is still under evaluation. (Central
Nebraska Regional Water Conservation Task Force, 1998: CNPPID,
1999f),

A 1993 survey conducted by CNPPID indicates that about 50 percent
of the surface supplied irrigated acreage within their district is irrigated
with techniques that have substantial potential for increases in
efficiency. Such acres may be currently irrigated via open ditches or
gated pipe, both without runoff recovery. On the basis of CNPPID's
survey results, the study team assumed that up to 50 percent of surface
water irrigated acres in reaches 17, 18 and 19 might participate in a
program to change irmgation techniques and improve efficiencies if
financial compensation for costs was provided.

On this basis, the study team estimated that 25,000 acres in reach 17,
32,000 acres in reach 18 and 27,000 acres in reach 19 might participate
in this alternative. Based upon the results of CNPPID's program over
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the past seven years, this level of participation would reduce on-farm
delivery requirements in reach 17 by 12,500 ac-ft per year; in reach 18
by 16,000 ac-ft per year; and in reach 19 by 13,500 ac-ft per year.

Monthly changes in water use associated with a program to change
irrigation techniques and improve efficiency in the selected Region 3
reaches were routed downstream using the water budget spreadsheet.
This analysis was performed under two scenarios: with and without
protection from downstream diverters.

Table 8.C.13 depicts the estimated on-site net hydrologic effects of
changes in irrigation techniques, by reach and by month. Table 8.C.14,
depicts the effects of changes in irrigation techniques in reducing
shortages to target flows at the critical habitat, assuming no protection
from downstream diverters. Table 8.C.15 provides a similar summary
of effects on target flows, without downstream diversions. These
results are summarized in Table 8.C.16 under the yield summary near
the end of this section.

Cost

Improvements in on-farm efficiency through changes in irmgation
techniques are not inexpensive. During the past seven vears, CNPPID
has calculated the average cost of these measures on the more than
19,000 participating acres in its program at $217 per year per ac-fi of
reduced on-farm deliveries— although CNPPID indicates they would
expect some farmers to participate even if irrigators paid a share of
these costs. (CNPPID, 1999f). Applying the $217 per acre foot unit
cost to the larger program described herein and capitalizing the annual
costs based on a six percent discount rate and 20-year program horizon
implies a capitalized cost of about $31 million in reach 17, about $40
million in reach 18 and about $34 million in reach 19,

These projected costs would result in a capitalized cost of over $3,000
per ac-ft of average annual shortage reduction (ranging from about
$3,800 to about $4.400 per ac-ft assuming protection from
downstream diverters). Since 53,000 per ac-ft had been previously
established by the Water Management Committee as the maximum
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Table 8.C.13

Change In Irrigation Techniques (On-Farm)
Net Hydrologic Effects on Site - Average of Years 1975- 1994

{ac-Tt)

Reach et Nov Dec Jan Feh Mar Apr May Jun Jul hu! Sep Tolal
| MA NA NA hA NA NA NA NA NA MA MA NA NA
2 NA NA NA NA MNA NA NA NA NA NA NA NA NA
3 MA NA NA MNA NA MNA NA NA MNA NA NA MNA MNA '
4 MNA NA NA MNA NA MNA NA MNA NA NA NA MNA NA
5 MA NA NA MNA MA NA MNA NA MNA MA NA NA MA
i MA NA NA MA MNA NA MA NA A NA NA MA MNA
7 NA NA MA NA MA NA NA NA MNA NA NA NA NA
8 NA NA MNA MNA NA NA NA MNA NA WA NA NA NA
G MA NA NA MNA NA MNA NA NA NA NA MNA NA NA
10 MNA NA MNA NA NA NA NA NA NA MNA MA NA NA F
B MNA NA NA NA MNA NA NA NA NA MNA MNA NA NA
Fd MA NA NA NA NA NA NA NA MNA MNA NA NA NA
13 NA NA NA NA NA MNA NA MA NA NA MNA NA NA
4 MNA NA NA NA NA NA NA NA NA NA NA NA NA
15 NA NA NA NA NA NA NA NA MNA NA NA MNA NA
16 NA NA NA NA NA NA NA NA NA NA MNA MA NA
17 s i 405 4015 =4irs 405 -281 114 2785 ] T2 203 16268 r
18 -415 435 435 435 =135 -435 =349 231 3054 (1] e R268 165 18417
19 -181 =383 -383 -383 -383 =384 =151 =306 2609 H232 7106 -] 144950

NA: Not Analyzed
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Table 8.C.14
Change In Irrigation Technigues (On-farm)
Average of Years 1975 - 1994
Reductions to Target Flow Shortages with Diversions

{ac-fi)

Reach | Oct MNov Dee Jan Feh Mar Apr May Jun Jul Aug Sep Total
| NA NA MA A NA NA NA NA MA NA NA NA NA
2 NA NA MA MA MNA MA MNA NA MA NA NA NA NA
i NA NA MA MA A MNA MNA WA MHA NA MNA NA NA
4 MNA MNA NA MNA MNA MA MNA NA NA NA NA NA NA
] NA NA NA NA, NA NA WA MA Na MNA MA MNA NA
i MA HA NA MNA NA A LY MNA MNA MA MNA NA MA
T MNA NA NA MA MNA MNA MNA NA NA NA NA NA MA
8 NA NA N MNA MA MA NA MA MA MA KA NA MNA
9 NA NA NA NA NA NA NA NA MNA NA NA NA NA
10 MNA NA NA MNA NA NA NA NA A NA RA MA MNA
11 NA NA NA MNA MNA WA MNA MNA NA NA NA NA MA
12 NA NA NA NA NA MNA NA NA NA NA WA MA NA
13 kA NA MA NA NA NA MA MNA NA MNa NA NA MA
14 NA NA NA NA NA NA MNA NA NA NA NA NA NA
15 NA A MA MA MNA NA NA NA MNa NA MA Ma NA
it NA NA NA NA NA WA NA NA NA NA NA NA NA
17 -25% -2T4 =80 47 -135 213 -195 -13 1655 2866 775 53 T
15 =287 -307 K4 -51 -256 212 -249 -152 1901 3508 458] 70 LEEL
19 -284 -294 R4 =51 -239 -209 =26 -210 1759 72 44922 -23 Halb

MA: Mot Anulvaed

Table 8.C.15
Change In Irrigation Technigues (On-farm)
Average of Years 1975 - 1994
Reductions to Target Flow Shortages without Diversions
{ac-fi)

Reach Oet Nov Dec Jan Feh Mar Apr May Jun Jul Aug Sep Taotal

NA NA NA MA MA MA MA NA MNA WA MA HA NA

1

2 MNa MA NA NA MA MNA NA A NA NA NA NA NA
i NA NA NA NA NA NA NA NA NA NA NA MA NA
4 NA MNA MNA WA MNA MA WA MNA WA MA NA MA NA
3 MNA NA MNA NA NA NA MNA MNA NaA NA MNA MNA HA
6 NA NA NA NA MNA MA NA NA NA MA NA HA NA
7 NA NA NA NA MNA MA NA NA MA MA NA NA M
& NA NA NA MA MA MA NA MA MA MA MNA NA MA
9 MA MNA NA MNA NA NA MNA MNA MA MA NA NA A
1] MNA MA NA NA NA NA MNA A MA NA MNA NA MA
B NA NA NA NA NA NA NA NA MNA NA NA NA NA
12 NA NA NA NA NA NA NA NA MNA NA M MNA NA
13 WA NA NA NA KA NA MNA WA MNA NA NA NA NA
14 NA NA NA NA MNA NA MA NA NA NA MA NA MNA
15 NA NA NA NA NA NA NA MA NA NA MA NA NA
16 NA MA NA NA NA NA NA NA NA NA NA NA NA
17 -15% =274 -B0 47 -235 -213 -195 =73 1767 3295 4127 &5 T
18 -287 =307 -B8 -51 -156 -232 44 -152 1963 1755 4785 71 gusl
19 -84 -294 -8K -51 -239 200 -260 =210 1754 iz 4922 .23 R 16

MA; Mot Analyzed
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cost per ac-ft of reduction to target flow shortages, this alternative was
deferred from further evaluation at this time.

Water District Structural Alternatives

As in other portions of the study area, a substantial amount of water in
Region 3 is "lost" each year due to seepage from irrigation convevance
facilities and spills. Based upon the most recent USGS data on water
use and conveyance losses (for 1995), the study team estimates that
annual conveyance losses in Region 3 are approximately 200,000 ac-ft
per yvear. Average convevance efficiency — the amount of water
actually delivered to farms relative to the total amount diverted from
the river, is estimated at about 73 percent.

As noted earlier in the section, most of this "lost" water eventually
returns to the river or provides return flows relied on by other
irrigators. The primary effect of rehabilitating or improving
conveyance facilities and water control structures is to change the
timing of flows in the river rather than a reduction in consumptive use.

Yield

Potential water savings and costs of irrigation system rehabilitation
and improvements depend on site specific factors, CNPPID has been
implementing an aggressive conservation plan since 1994, The 1998
report indicated that approximately 5,400 ac-ft per year had been
saved through lateral rehabilitation measures, pipelines and membrane
lining. CNPPID's goal is to ultimately reduce losses through canal and
delivery system improvements by at least 9,148 ac-fi (Central
Nebraska Regional Water Conservation Task Force, 1998).

The Nebraska Public Power District (NPPD) has previously studied
possible benefits and costs of lining its large canals. Lining a three
mile stretch of the Gothenburg Main Canal might reduce seepage
losses by about 8,000 ac-ft per year at. Lining key portions of the
Sutherland Supply Canal could reduce annual seepage losses by as
much as 15,800 ac-fi per vear (Harza, 1993).

In the upper reaches of Region 3, most of the water saved through such
measures would ultimately have returned to the system. While this
proportion varies by site-specific circumstances, the study team has
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used the common assumption that 85 percent of system losses in these
reaches would eventually return to the river (Missouri Basin States
Association, 1982a: CNPPID, et al., 1999). In reaches 17 through 19 a
different hydrologic situation exists. Much of the return flow in these
reaches does not return to the Platte system above the critical habitat
due to accretions to the groundwater mound, movement to the
Republican Basin or return to the Platte further downstream. While the
exact proportion of return flows from these reaches returning to the
Platte above the critical habitat is unknown, the study team has
assumed that 50 percent do not return to the river above the habitat.

Additional seepage reduction opportunities beyond these specific
examples likely exist in the region. Recognizing the numerous Region
3 canal systems, the study team estimates that canal lining and
distribution system improvements might reduce total seepage in
Region 3 by about 30,000 ac-ft per vear. These measures would result
in an estimated reduction of water losses to non-tributary groundwater
and non-productive consumptive use of approximately 10,000 ac-ft per
year.

Monthly changes in water use associated with irrigation system
rehabilitation and improvements in Region 3 were routed downstream
using the water budget spreadsheet. The analysis for the water budget
spreadsheet also incorporated changes in return flows that would result
from this alternative and reductions in canal and ditch losses and
corresponding return flows. This analysis was performed under two
scenarios: with and without protection from downstream diverters.

Table 8.C.8 depicts the estimated on-site net hvdrologic effects of
water district structural conservation alternatives, by reach and by
month. Table 8.C.9, depicts the effects of the structural alteratives in
reducing shortages to target flows at the critical habitat, assuming no
protection from downstream diverters. Table 8.C.10 provides a similar
summary of effects on target flows, without downstream diversions.
These results are summarized in Table 8.C.16 under the yield
summary near the end of this section.

Cost

The costs of measures to improve or rehabilitate water district facilities
are as site-specific as the potential water benefits. As of 1998, the
average annual cost of CNPPID's program to reduce losses from
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canals and distribution facilities was about $32 per ac-ft of reduced
losses. Capitalizing this cost based on a 20-year period and six percent
discount rate implies a capitalized cost per ac-fl of reduced losses of
about $375. The cost of the canal lining options examined by NPPD
varies from about $200 per ac-ft for lining the three mile stretch of the
Gothenburg Main Canal to as much as $640 per ac-ft to line stretches
of the Sutherland Supply Canal (Harza, 1993).

Combining these various cost estimates, the study team estimates that
the average cost of achieving reduction in seepage and other canal and
distribution system losses in Region 3 would be approximately $500
per ac-fi at the site, This implies an average capitalized cost for
recovering water lost from the Platte River system to non-productive
consumptive use, the groundwater mound, or the Republican Basin of
about $1.500 per ac-fi at the site.

Water District Non-Structural Al atives

As discussed in more detail earlier for Region 1, the study team
believes it is too speculative based on current information to expect
substantial voluntary water savings through conservation pricing or
conversion to demand based irrigation scheduling. In general, both
non-structural measures face a host of institutional. administrative and
physical barriers that make their widespread adoption unlikely.

CNPPID has adopted an incremental pricing and conservation credit
program. CNPPID believes this program has had positive effects in
making farmers consider their water use more carefully, but the extent
of any water use reduction from this program is unclear at this time.
The conservation credit program implemented by CNPPID under the
auspices of the Central Nebraska Conservation Task Force represents a
first step toward semi-demand based scheduling (CNPPID, 1999¢:
1999f),

In essence, irrigators are allowed to earn credits for water they are
entitled to take but choose to defer. This program currently shifts
irrigation water use to times when farmers are presumably facing a
shortage. Although this is a positive program from several standpoints,
it is unclear whether farmers are gaining credits for water not needed
or whether farmers would give up the deferral feature entirely. The
CNPPID version of incremental pricing amounts to a discount in the
traditional dollar per acre water charge if the farmer takes less water
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per acre, The program, geared toward high water use farms, has not
shown any quantifiable savings since its initiation in 1995, This
alternative has been deferred from further evaluation.

5. Yield Summary

The agricultural conservation alternatives discussed in this section are
somewhat scaleable. to varying degrees. In general, deficit irrigation is
the most scaleable of these measures throughout the study region.

Based upon the operating definitions and the study team'’s best
estimates of likely participation in the agricultural conservation
measures, the total annual on-site reduction in consumptive use from
these measures across the study region ranges from about 45,000 ac-fi
from imigation system structural measures and conservation cropping
to about 60,000 ac-ft per year from deficit irrigation. However, the
principal potential benefit of the structural conservation alternatives
may be in changing the timing of much larger flow volumes rather
than reducing non-productive consumptive use. Yield for each
alternative and each reach is summarized in Table 8.C.16.

Assuming no diversion losses, estimated annual reductions in
shortages to target flows at Grand Island from the implementation of
each alternative across the entire study area range from about 44,000
ac-fi per year under the deficit irrigation alternative to 22,000 ac-ft per
year under the irrigation district structural rehabilitation and
improvements alternative. With diversion losses downstream, most of
the agricultural conservation measures, in most reaches, would be
unable to contribute substantially to the goal of reducing shortages in
target flows.

6. Cost Summary

Table 8.C.16 also summarizes the estimated costs associated with the
agricultural conservation alternatives. The study team estimates that
implementation of deficit imgation programs throughout the study
area as described in this section would cost as much as $150 million as
a capitalized. front-end amount. Comprehensive implementation of
structural measures to improve irrigation district conveyance and
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delivery systems would cost as much as $250 million across the study
area. Based upon the assumption that farmers would participate in a
conservation cropping program for the same level of payment as in
short-term leasing arrangements discussed in the evaluation of
incentive based measures, the total cost of this program in the reaches
where it 1s most likely to be practicable would be about $50 million.

Assuming no diversion losses, the cost per ac-ft of shortage reduction
at the critical habitat would average about $3.590 under the deficit
irmigation alternative. Average costs of shortage reduction through
structural conservation measures would be about $12.000 per ac-ft
without diversion losses. However. structural measures in Reaches 18,
18, and 19 produce a total of 4,500 ac-ft of reductions to target flow
shortages at $1,500 to $2,000 per ac-fi.

7. Associated Issues

Each of the agricultural conservation alternatives that were not
deferred from further evaluation was evaluated according to the
associated issues evaluation criteria previously reviewed with the
Water Management Committee. The five categories of associated
issues are physical, legal/institutional, economic, social and
environmental. The remainder of this evaluation section describes the
study team's evaluation of the performance of the remaining
agricultural conservation alternative in these five areas. Tabular
scoring of each alternative according to each criteria are presented in
Tables 8.C.17 through 8.G.26. Tables showing tabular scoring with
diversions are presented first followed by tables showing tabular
scoring without diversions. In all cases, the study team has only
evaluated alternatives that have not been deferred from further
evaluation. The following discussion initially presents an evaluation of
each alternative assuming that conserved water will be protected from
downstream diverters. Differences in the evaluation under the
alternative scenario of no protection from downstream diversions are
discussed at the close of each cniteria category.

i in

Tables 8.C.17 and 8.C.22 present the tabular scoring for conservation
cropping with and without diversions, respectively.
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Physical

In Reaches | through 4, 6, 10, 14, and 15 the study team estimates that
a conservation cropping program would produce less than the
threshold annual reduction in target flow shortages of 500 ac-fi.
Consequently, conservation cropping was deferred from further
evaluation in those reaches on the basis of net reduction in target
flows.

Net reductions in target flows vary for the remaining reaches in
Regions 1. 2, and 3, as noted in the scoring table for conservation
cropping. Under the without diversions scenario, the other physical
subcategories are generally positive. In terms of sustainability, this
would be a temporary arrangement, but with the potential to extend the
program indefinitely. There is certain scalability to the program,
depending upon the level of incentive offered, but expansion of on-site
vield beyond 30,000 ac-ft per vear in any individual reach is unlikely.
The time to realization should not be in excess of four years. There is
some uncertainty with the ability to monitor and measure conservation
cropping results; an acceptable vield estimation technique will have to
be developed. The technical implementability of this program 1s
uncertain given the lack of close precedent. A demonstration project or
in depth field research will be needed to document its acceptability to
farmers and the water yields it can produce. Moderate third party
hydrologic effects may be evident due to changes in return flow
volumes and timing. These hydrologic effects could include impacts
on irrigated lands served by Lake McConaughy, the EA in Lake
MecConaughy, minimum operation flows and hydropower production,
Negative third party impacts would need to be offset or mitigated.

Under the with diversions scenario, conservation cropping has a
diminished net reduction in the shortages, a diminished scalability, but
an improvement to third party hydrologic impacts since some of the
conserved water will represent a net benefit to downstream diverters.

Legal and Institutional

Under the without diversions scenario, permitting would be required to
transfer conserved water downstream. The program is consistent with
compacts, federal laws and decrees. The scenario without diversions is
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inconsistent with state laws, but it may be possible to overcome export
statutes in Colorado and Wyoming and water transfer 1ssues in
Nebraska. Conservation cropping should be viewed as generally
favorable in all three regions, and any impacts are considered to be
neutral. There is no existing administrative program to oversee
conservation cropping. but existing local irrigation districts and state
or local agencies should be able to manage this program once
designed. There are no contractual, facility or land ownership issues.

Under the with diversions assumption, permitting and state law issues
will be avoided, since a water transfer will not be required. Mitigation
will also be easier since third party hydrologic effects will likely be
offsetting. Negative effects on adjacent farms will be balanced by
positive effects on other downstream diverters.

Social

Generally modest social effects will be evident under the conservation
cropping program, assuming no diversions. Effects on customs and
culture, community sustainability, and public acceptability are likely to
be neutral. Impacts will not be equal, since some areas will choose to
participate in conservation cropping while others will not.

Economic

The initial capital cost and average annual cost per ac-ft vary by reach
and region. As noted earlier in this section, these costs are difficult to
estimate without additional field research or a demonstration project.
The study team has assumed that farmers would be willing to accept
payments comparable to those estimated for temporary water leases in
the evaluation of potential incentive programs.

Direct economic impacts will generally be positive, since the voluntary
participants in the conservation cropping program would be paid a
premium. Secondary economic effects might be offsetting, since
traditional suppliers of agricultural inputs would be negatively
affected, while suppliers of other crops might be positively affected.
Expenditures of the farmers’ premium would represent a positive
effect. Fiscal impacts would be largely offsetting. There should be
little or no impact on economic development from this program, since
all decisions will be temporary and reversible.
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No appreciable differences are noted between the with and without
diversions scenarios,

Environmental

No substantial environmental impacts are foreseen under the
conservation cropping alternative with or without diversions. Changes
in crop types may have modest positive or negative impacts on water
quality.

ficit Irrigation Practices

Tables 8.C.18 and 8.C.23 present the tabular scoring for deficit
irrigation with and without diversions, respectively.

Physical

Net reductions to target flows under the representative deficit
irrigation program described in this section would exceed the 500 ac-fi
per year minimum threshold in all reaches except 10, 14 and 15.
However, further evaluation of a deficit irngation program in all
reaches except 7, 12, and 13 was precluded because estimated costs
per ac-ft of reductions to target flow shortages exceeded the $3,000
threshold. In terms of sustainability, deficit irrigation is a temporary
arrangement, but it can be extended indefinitely. In terms of
scalability, the study team estimates that potential on-site yields for
this program are limited to less than 5,000 ac-ft per year except in
reach 12. The technology needed to implement this program must be
considered to be in experimental stages, since a comparable incentive
program to produce deficit irrigation has not been identified. Given the
lack of physical infrastructure requirements this program might be
established within two years. Deficit irrigation would be difficult to
accurately monitor and measure compliance and quantify water
savings. Due to reduced return flows from participating lands, third
party hydrologic impacts are possible. These hydrologic effects could
include impacts on irrigated lands served by Lake McConaughy, the
EA in Lake McConaughy. minimum operation flows and hydropower
production. Negative third party impacts would need to be offset or
mitigated.
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Under the assumption that conserved supplies would not be protected
from diversion downstream, a deficit irrigation program would not
meet the minimum 500 ac-ft per year shortage reduction threshold in
any reach. Consequently, no further analysis of this alternative, under
this diversion scenario, was conducted.

Legal and Institutional

As with a conservation cropping program and the other conservation
alternatives, a water right transfer would likely be necessary in order to
protect flows from downstream diversion. This will raise issues in
terms of ease of permitting and consistency with state laws, Deficit
irrigation should be consistent with compacts, federal laws and
decrees. On a voluntary participant basis. this program will be
generally viewed in a favorable light. Deficit irrigation is consistent
with existing contracts. facility and land ownership. Mitigation
potential exists. The program is likely to be difficult to administer
given the challenges of shori-term contracts with a large number of
participants and difficulty in verifying compliance.

Social

Under the assumption that deficit irrigation would be implemented on
a voluntary and limited basis, the social impacts of this alternative are
generally modest. Since crops are not likely to change, except in
output, a neutral effect can be anticipated on customs and culture,
community organizations, support structures, and community
sustainability. While impacts will not be equal because some areas will
choose to participate while others will not, these impacts will be
modest. Public acceptability is unlikely to be a major issue under the
type of program described in this section.

Economic

Initial implementation and capital costs of a deficit irrigation program
would be low relative to either structural conservation alternatives, or
more permanent incentive based conservation measures, Average
annual costs per ac-ft of reductions to target flow shortages from a
deficit irrigation program are relatively high because deficit irrigating
farmers will experience reduced revenues without necessarily being
able to substantially reduce input and labor costs. The study team
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recommends setting aside the deficit irrigation alternative in all
reaches except Reaches 7, 12, and13 because the costs per ac-ft of
reductions to target flow shortages exceed $3.000. In these three
reaches, average annual costs will be over $2,500 per ac-ft. Direct
economic impacts will actually be slightly positive, since farmers will
receive more than the value of their lost yield in return for their
participation. Secondary impacts will be negative, though modest,
because diminished yields will not provide the same level of economic
stimulus in the community and related industries will incur some
negative economic effects. Modest negative fiscal impacts are likely
due to lower economic activity in the region. Economic development
potential will be largely neutral.

Environmental

The deficit imgation alternative would pose few issues from an
environmental standpoint.

On-farm Changes in Irrigati echnigues

Tables 8.C.19 and 8.C.24 present the tabular scoring for on-farm
changes in irrigation techniques with and without diversions,
respectively.

Physical

As demonstrated by CNPPID's conservation program, on-farm
changes in imigation techniques can produce substantial reductions in
on-farm delivery requirements. However, since most of the reduced
water deliveries would otherwise have resulted in return flows, this
alternative is only likely to meet the minimum 500 ac-ft per vear
threshold reduction in target flow shortages in Reaches 17, 18 and 19.

Economic

Study team evaluation of this alternative in Reaches 17, 18 and 19
determined that the average cost per ac-ft of reduced shortage would
be between $3,800 and $4,200. This alternative was deferred from
further evaluation since the cost per ac-ft of reductions to target flow
shortages exceeds $3.000.
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Water District Structural Alternatives

Tables B.C.20 and 8.C.25 present the tabular scoring for water district
structural alternatives with and without diversions, respectively.

Physical

The principal physical issues with irmigation district structural
conservation measures are that such measures typically result in small
reductions in consumptive use, would require extensive engineering
evaluations and would likely result in substantial third party
hydrologic impacts on farmers and nearby groundwater pumpers that
rely on historic retumm flows from canal seepage. Physical benefits of
this alternative to the objective of reducing shortages to target flows
are greatest in Reaches 17, 18 and 19 because a large portion of return
flows in this area do not return to the Platte River above the critical
habitat. Scalability of this alternative is also limited. The study team
believes that irrigation district structural conservation measures will
not likely meet the 500 ac-ft annual reduction in shortages requirement
in reaches 3, 4, 5, 10, 14, 15, and 16. However, any gains from canal
lining and other physical measures in the remaining reaches would be
sustainable and should be technically implementable. Time to yield
realization would be delayed by required engineering studies to focus
on the most cost effective improvements.

Under the assumption that water gained from measures in Colorado
and Wyoming will not be protected from downstream diverters, the
study team recommends deferring this alternative from further
evaluation in all reaches except Reaches 17 through 19 for failure to
generate at least 500 ac-ft of reductions to target flow shortages per
year.

Legal and Institutional

In Wyoming, Colorado, or Nebraska, transferring water saved through
structural conservation measures will pose a substantial challenge.
There will likely be difficulty in permitting a water right transfer of
conserved flows due to export statute issues and lack of a legal vehicle
for transfers in Nebraska. Issues with compacts, laws and decrees are
unlikely. Likely objections due to the third party hydrologic impacts
just described will also complicate the permitting process in many
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instances. Third party hydrologic impacts could make it fairly difficult
to obtain institutional consensus on this alternative. Mitigation with
water or monetary compensation is certainly possible. No issues
should surface with current contracts, facilities or land ownership,
assuming all owners, operators and shareholders of the canal system
agree to the canal improvements. Once implemented, however,
administration of this alternative would be modest.

Under the scenario in which conserved water is not protected from
downstream diversions, no permitting or water right transter would be
required, which would simplify implementation from a legal and
institutional standpoint.

Social

Apart from the third party hydrologic impact issue, social impacts
from structural conservation measures would be minimal. Physical
improvements to canal systems will have generally neutral effects on
customs and culture, community organizations, support structures, and
community sustainability. Impacts will not be equitable, since third
party hydrologic impacts will occur only in areas where these
measures are implemented. Public acceptability might be an issue
given hydrologic third party effects.

Economic

While irrigation system structural improvements can be cost effective
from the standpoint of dollars per ac-ft of secpage or "waste" avoided,
they are costly in terms of dollars per ac-ft of consumptive use
reduction. On the basis of cost per ac-ft of reductions to target flow
shortages at the critical habitat, this alternative fails to meet the $3.000
threshold in Reaches 1,2, 6,7, 8,9, 11, 12, and 13. In the remaining
reaches which have not been deferred from further evaluation on the
basis of economics or physical criteria (Reaches 17 through 19), other
economic impacts from structural improvements would be minimal
apart from the hydrologic impact issue.

Direct economic impacts are likely to be a mixture of positive and

negative effects, since water deliveries will be more certain to direct
canal system participants, but negative if those participants also rely
on groundwater seepage for wells. Secondary effects are likely to be
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negative due to diminished groundwater recharge. Due to reduced
water availability and agricultural production fiscal impacts are likely
to be negative. Effects on economic development are likely to be
modest.

Environmental

Structural measures aimed at reducing losses from irmgation district
conveyance facilities might have substantial impacts on local wetlands
and habitat. In effect, at least some of the water savings in terms of
"non-productive” consumptive use would come at the expense of
wetlands and phreatophytes that may provide habitat on-site. Water
quality impacts are uncertain and would be site specific. Impacts to
prime and unique farmlands and impacts to amenities will be neutral.
Visual impacts would likely be modest.

Water District Non-Structural i

Tables 8.C.21 and 8.C.26 present the tabular scoring for water district
non-structural alternatives with and without diversions, respectively.

As discussed earlier, the study team recommends setting aside
conservation pricing and demand- based irrigation scheduling due to
fatal flaws in the implementability of such programs. We believe that
these altematives are not viable in terms of any vield that might be
developed, their potential for institutional consensus, and public
acceptability.
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8.D. Municipal Water Conservation






Municipal Water Conservation

1. Introduction

This section examines the yields, costs and associated issues of various
municipal conservation alternatives which might reduce shortages to
target flows at the critical habitat. The municipal conservation
alternatives all assume that only reductions in consumptive water use,
primarily occurring through outdoor landscaping, can benefit the
objectives of the Three States Cooperative Agreement. Municipal
water conservation, which reduces indoor water use will reduce water
diversions and municipal return flows commensurately, providing no
real benefit to the critical habitat. A number of municipal conservation
alternatives in the long list of alternatives were previously deferred
from further analysis, as documented in Chapter 6. Following the long
list evaluation and the screening of certain municipal conservation
alternatives, the remaining alternatives are identified below, as
grouped into three categories:

Economic incentives to reduce municipal water use
Conservation pricing
Financial incentives for municipal conservation
Tax incentives or subsidies

Universal and city parks metering

End-user technology changes

Landscape irmigation improvements

Regulatory measures
Outdoor water restrictions

Restrictions on specific uses

A brief description of each of these alternatives and how they might be
implemented is provided below, followed by region-specific estimates
of municipal water use and the yields and cost of each alternative.
Finally the evaluation of each alternative in terms of physical, legal or
institutional, economic. social, and environmental effects is offered to
conclude the municipal water conservation evaluation.
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2. Conceptual Definitions

Economic Incentives to Reduce Municipal Water Use. Essentially,
this group of alternatives seeks to achieve municipal water
conservation by offering municipal water customers or end-users. or
the utilities that serve them, an economic benefit to reduce water use or
an economic penalty for any excessive water use that might exist. The
essential underlying assumption behind all of the alternatives in this
category is the traditional economic theory that higher costs can
discourage wasteful or non-essential water use. The corollary
economic assumption is that if the financial hurdles or costs of
implementing conservation are overcome, end-users or utilities will
embark upon these conservation efforts. The validity of these
assumptions in achieving the program goals is examined below.

End-User Technology Changes. This category assumes that there are
opportunities to reduce water use at the point of consumption that will,
through equipment or end-user techniques or water-use applications,
result in a reduction in consumptive use. This change is referred to as
landscape irrigation system improvements, assumed to be either
improved landscape irrigation systems or a conversion to urban
landscaping options with lower water use per square foot.

Regulatory Measures. Regulatory measures are those actions that can
be undertaken by municipalities or urban water providers, which, by
virtue of adopting such actions, will reduce municipal consumptive
use. This category of municipal conservation assumes general
compliance by water users in response to such regulation.

3. Operational Definitions

The operational definitions provided below describe how each of the
conservation alternatives might be implemented. The assumption of a
reasonable implementation plan is necessary in order to evaluate the
vield, cost and associated issues.

Conservation Pricing. Conservation pricing structures for municipal
walter users assume that a customer’s water costs, if increased at higher

consumption levels, will result in that same customer’s reduction in
total water demand. This will occur if the water utility price structure
provides an increase for a given quantity of water delivered (per 1000




gallons) as total demand by each customer increases. An increase in a
household's water use will result in a higher than proportionate
increase in water charges. Conversely, if a household using 50,000
gallons per month cuts its demand by one-half to 25,000 gallons per
month, its water bill would drop by more than one-half under a
conservation pricing structure, perhaps a 75 percent drop in water
costs. Conservation pricing structures can come in the form of
increasing block prices, where each increment of increasing water
demand has a higher per unit cost, or in the form of seasonal pricing or
penalty pricing to discourage high levels of outdoor water use, which
commonly occurs during the summer.

For the purposes of this evaluation, it is assumed that each of the
municipalities in a particular region change their price structures to an
increasing block or a seasonal price structure to achieve outdoor water
demand conservation. Water utilities with a flat rate would be assumed
to go to an increasing block structure. Water utilities with an
increasing block structure would retain that increasing block structure
but implement a seasonal pricing approach to further increase summer
water prices. Rates for lower volumes of monthly use would be
lowered so that conversion to conservation pricing would be revenue-
neutral for the utility.

Financial Incentives for Municipal Conservation. This technique
entails monetary incentives in the forms of grants, loans or debt
financing for use by water utilities in implementing a conservation
program within their municipal service areas. For the purpose of this
evaluation, it is assumed that municipalities would be offered grants
equal to $200 per single-family household equivalent to implement a
water conservation program, leakage reduction, water use or landscape
audits, or water-use reduction subsidies to customers. The $200 figure,
based upon experience elsewhere, should be sufficient to elicit some
level of interest from customers to improve landscape irmigation

systems.

Tax Incentives or Subsidies. The tax incentives or subsidies
alternative step beyond the municipal water utility, offering direct
incentives to municipal water users. These tax incentives or subsidies
can be lump sum rebates to homeowners or commercial property
owners to purchase and install water saving mechanisms or water
conserving landscapes that they would otherwise not adopt. Tax
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reductions can be another version of this altemative, where some
percentage of property taxes or mill levies can be rebated to the
homeowner or commercial property owner in return for such water
saving efforts. For the purpose of this evaluation, a $200 per single-
family home equivalent subsidy is assumed.

Universal and City Parks Metering. This alternative simply requires
that any municipal or urban area which is unmetered at present install
meters for all of its water users. Metering for urban parks is a subset of
this metering alternative, and for the purpose of this study, will be
assumed to occur along with metering of private water users. For each
region, it is assumed that all unmetered urban areas will become
metered.

Landscape Irrigation Improvements. This alternative is assumed to
consist of increasing landscape irrigation efficiency through the use of
such techniques as separate water zones, efficient sprinkler heads.
improved application rates, drip or bubbler systems for trees,
automatic controls, or proper watering schedules. The installation of
new systems of sprinklers on urban landscapes might be another
version of this alternative. Finally, a third version could include
conversion to lower water-using landscapes such as xeriscapes.

In order to evaluate the yield and cost of this alternative, this study
assumes that the upgrading of existing sprinkler systems will be
performed, rather than the other two options. New sprinkler systems
for tracts previously hand-watered are addressed under the financial
incentives alternative above, but would exceed the $200 subsidy
identified above. The xeriscaping alternative can also be covered under
the financial incentives alternative, but the cost of converting an
existing lawn to a low water-using landscape would greatly exceed any
financial incentives that could be offered under the Three States

Program.
Outdoor Water Restrictions or Restrictions on Specific Uses. This

alternative assumes that outdoor watering is confined to a limited time
period once every three days. Restrictions on specific uses such as
swimming pool filling, lawn irmigation or irmigation overflows onto the
street are almost always confined to drought planning and are not
appropriate or acceptable to the public as a permanent prohibition.
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Therefore, this altermative focuses on watering landscapes once every
three days for a limited period.

4. Alternatives

Region 1

Current Municipal Water Use Patterns

Table 8.D.1 indicates the population and Platte River diversions by
reach for Region 1. Region 1 includes the Platte River Basin and its
tributaries in Wyoming, except that Cheyenne is in Reach 8, Region 2.
Also included in Region | is the North Platte Basin in Nebraska,
upstream from Lewellen. There are six reaches in Region 1, which
together included an estimated 130,000 residents and about 41,000 ac-
ft (ac-ft) of Platte River diversions for municipal purposes in 1997,
Based upon average diversion and treatment loss figures of about 10
percent and a 10 percent municipal system loss factor, municipal
demand at the tap in Region 1 is approximately 33,000 ac-fi per year.
Municipal water use in Region | represents about | percent of
agricultural water use in the same area.

Given the very small amount of water accounted for by municipalities
in Region 1, municipal conservation measures and potential yields will
be applied on a region-wide basis since water savings for any single
municipality, with the possible exception of Casper, would not yield
sufficient water to merit further consideration in the Three States
Cooperative Agreement study. The administrative and institutional
difficulties in adopting municipal conservation programs among all of
the towns in Region | of the Platte River Basin will be addressed later
in this chapter.

The effects of municipal conservation in the context of this Platte
River study differ considerably from the typical conservation plan for a
single community. If a community can reduce water demand from any
source, this represents a benefit in reduced operating expenses and the
opportunity for using saved water for other future customers, thereby
avoiding efforts to otherwise increase water supplies. With this
motivation, water reductions in either consumptive or non-
consumptive uses are normally beneficial to individual water systems,
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Table 8.D.1  Estimated Platte River Diversions for Larger Communities

Region 1
Platte River
Reach Community Population Diversions (ac-ft)
1 Rawlins 8,947 2,200
Hanna 1,004 700
Saratoga 1,865 a0
2 Sinclair 457 2,200
3 Casper 48,800 13.900
Mills 1,648 1,000
Glenrock 2,288 T00
Douglas 5432 1,700
4 No larger towns NA NA
5 Torrington 5,950 1,700
Guernsey 1,211 700
6 Laramie 26,583 7.000
Wheatland 3.437 1,800
12 Scottsbluff 14,400 4,400
Gering 8.000 2,500
13 No larger towns NA NA
Estimated Region 1 Totals 130.022 41.100

Sowrce; Wyoming Water Development Commission, 1998 Water System Survey Report, 1995; the
Plane River Basin in Wyoming and Nebraska, (1940-19496), 1998; and BBC intervicws with
mumnicipal waler providers. U.S. Bureau of the Census Web Page, Annual Time Series of
Population Estimates 1991 o 1996 and 1990 Census Population for Places, 1997, Purcel]
Consulting. Changes in Mumicipal and Indusirial Water Use in Portions of the Platte River
Basin in Wyoming and Nebraska, 1997

From the Platte River Basin perspective of this study, conservation of
non-consumptive use activities only reduces return flows to the Basin,
so no benefit is gained at the critical habitat.




Only that portion of municipal demand that relates to consumptive use
is relevant to municipal conservation in the context of this study. Only
5 to 15 percent of indoor municipal water use is typically consumed,
based upon interviews and past studies in the Rocky Mountain region.
Consequently, there is little or no benefit in conserving indoor water
use from a Platte River Basin perspective. Consumptive use is
considerably higher for outdoor water use, which takes place primarily
in the summer.

Based upon interviews with Wyoming municipalities and experience
in other areas, it is estimated that 30 to 50 percent of total municipal
and industrial water use occurs outdoors in this region. Of this, roughly
70 to 90 percent is consumptively used. Using the midpoints of these
ranges, this study assumes that 40 percent of industrial and municipal
(M&I) water use is outdoors and 80 percent of that is consumptively
used while 20 percent is return flow to the surface or tributary
groundwater aquifers.

In Region 1, a total of 33,000 ac-ft of water is delivered to M&I
customers after system and conveyance losses are taken into account.
Outdoor water use, at 40 percent of the total, would amount to about
13,000 ac-ft of water use. Using the 80 percent consumptive use factor,
municipal water conservation measures would be applied to about
10,000 ac-ft of consumptive use to produce savings relevant to this
Platte River Basin study.

Yield

Any yield that might be achieved from municipal conservation must be
over and above existing municipal conservation efforts in a given
reach or region. In Region 1, the specific municipal conservation
programs under consideration in this study have mostly not been
undertaken thus far. The one exception is metering, which has been
implemented in almost all of the Region 1 communities and, therefore,
will not be examined further for this region.

Economic Incentives to Reduce Municipal Water Use. In other areas
of the U.S., conservation pricing has resulted in 5 to 20 percent
reductions in water use if water charges are doubled for the
incremental, outdoor water use. Much of the experience with such
measures has been in regions that have experienced considerable
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shortages, such as northern California and Florida in recent years.
Most Region 1 municipal utilities have a unit price structure or fixed
rate for each 1,000 gallons delivered to a given customer. Obviously, a
doubling of these unit rates or new, increasing block rate structures
would be profoundly difficult to achieve for all of the Region 1
communities, as subsequently discussed in this section. The yield of
such an endeavor for the entire of Region 1 might be approximately
1,000 ac-ft of consumptive use, in total.

One approach to encourage conservation is to provide financial
incentives or subsidies to the municipal utilities themselves. An
incentive program aimed at municipal utilities would require providing
a sum of money that the utility would then use to accomplish
conservation reductions, returning the water to the Platte or not
diverting as much. The amount of water that might be made available
at a given cost would be based upon each individual utility’s
anticipated need for additional water supplies and the costs of those
water supplies. For example, a municipality would not sell conserved
water to the Three States program on a voluntary basis, unless it
received more money than the cost of the next available water supply
at a minimum and presuming that the same municipal utility believed
that it did not need such a water supply.

Most utilities in the Three States region. based upon project team
interviews, intend to use any potential conservation savings as a future
water supply, since other water supplies are difficult to develop and
more expensive than conservation. Therefore, any vield out of this
approach is speculative. Water utilities commonly pursue water
supplies to meet present and future needs, and neither wish to hold
excess supplies nor sell water supplies out of their portfolios. In sum,
no yield can be assumed from the financial incentives or subsidies for
municipal conservation that would benefit the Three States program.

Financial incentives for municipal conservation require, in essence, a
buying-back of water demand from municipal customers and an
assignment of this water by individual water utilities to the Three
States Cooperative program for return of that water to the river. This
type of approach was attempted in Seattle, Washington, where 50
percent of the costs of the water were rebated back to the customer to
obtain additional water supplies. In theory. this program could be
applied in Region 1, but only by ignoring a host of institutional and
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legal issues, among them the fact that these water supplies would
revert back to the water utilities if the water was not used. One
approach used in the Metropolitan Water District of Southern
California and the San Diego County Water Authority is to offer
rebates for conservation devices such as low-flow toilets or other
plumbing retrofits, but that is not applicable in this study since it does
not speak directly to outdoor water consumptive use. In sum, there is
too little empirical evidence related to the vield or efficacy of this
approach to continue it further in this study.

End-User Technology Changes. As a municipal conservation
measure, landscape irrigation system improvements are aimed directly
at reducing outdoor water use and therefore consumptive use.
Automated sprinkler systems in an urban setting can reduce or increase
water use, depending on property owner practices. Although no yield
can be assumed for the addition of automated sprinkler systems,
improvements to existing sprinkler systems have been shown to reduce
outdoor water demand by as much as 10 to 30 percent, according to
studies in Los Angeles, CA; Salt Lake City, UT; Providence, RI; and
Carey, NC. These techniques monitor either rainfall or soil moisture
and adjust landscape sprinkler operations accordingly. If 15 percent
savings is assumed, approximately 1.500 ac-ft could be conserved in
Region 1.

Regulatory Measures. Walter utilities could also undertake certain
regulatory measures to restrict water use to accomplish municipal
water conservation. These could include outdoor water restrictions or
restrictions on other specific uses, but to be effective, such restrictions
would have to limit not only the number of times of watering per
week, but the time of watering. These techniques have been
implemented in areas throughout the LS. in times of drought. South
Florida, northern California, upstate New York, and Phoenix as well as
Denver have all implemented outdoor watening restrictions of both day
and watering period in past years. Water savings appear to range from
10 to 15 percent during such programs. If implemented among all of
the cities in Region 1. consumptive use savings might amount to 1,000
to 1,500 ac-fi.
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Cost

As regulatory measures, conservation pricing would have considerable
program implementation costs for each utility but minimal ongoing
expense. It is presumed that $200.000 to $300,000 would be required
to restructure the rates of the 12 water utilities and implement the
program. Rates presumably would be adjusted to be revenue neutral
for each utility, producing no gain for the utility or additional total cost
to the customer, on average. Hence. capital costs would be
approximately $250 per ac-fi.

Landscape irrigation improvements would cost an estimated $100 per
household. This would result in a capital cost of approximately $2000
per ac-ft in Region 1.

The direct costs of outdoor water restrictions are modest, since they
can be created by municipal water utilities that deem them necessary.
However, the costs of structuring and publicizing such a program
would likely be similar to that of conservation pricing or $200 to $300
per ac-fi.

5. Recommendation to Defer Municipal Water
Conservation

This section has defined and examined municipal water conservation
alternatives potentially relevant to the Platte River Basin study, along
with yield and cost estimates for each measure in Region 1, where
possible. On the basis of this examination for Region | and additional
considerations described below regarding Region 2 and Region 3, the
study team recommends that municipal water conservation measures
as a group be deferred from further evaluation at this time.

There are a host of profound problems with municipal water

conservation in the context of the Three States Platte River Basin
study:

1. In most circumstances, the potential yield or water savings from
municipal conservation of outdoor consumptive use is small.
Individually, the water conservation measures examined above are
likely to yield a maximum of 10 to 15 percent of consumptive
water use. Such savings would not amount to 1,000 ac-fi for any of
the municipalities in Region 1. In Region 3, the potential for water
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savings is even less, as shown in Table 8.D.2. Conversely, it is
almost inconceivable to see all of the municipalities in Region | or
in Region 3 embark together upon one of the water conservation
programs outlined above.

Although Region 2 encompasses the large, urbanized area along
Colorado’s Front Range, water conservation from outdoor
consumptive use can result in a contradictory result, a loss to the
South Platte Basin instead of a gain. This is because water supplies
in the Denver Metropolitan Area and north to Cheyenne include
transbasin diversions which, after first use, result in accretions to
the South Platte Basin. This is illustrated in Table 8.D.3. Itis
possible that conserved water would mean reduced transbasin
diversions, creating a loss for the South Platte in return flows.

The Region 2 area, which includes 80 to 100 municipal water
suppliers, presents other complexities with regard to conservation
of consumptive use. Unless all of the utilities participate or agree,
the conserved municipal water of one utility becomes the new
water supply of another. Institutionally, this is extremely difficult
to overcome. Region 2 accounts for about 150,000 ac-ft in total
municipal water consumptive use, almost all of which is located in
Reach 7. which includes the south end of the Denver Metropolitan
area north to and including Greeley but excluding Fort Collins,
which is in Reach 11. Reach 8 includes Cheyenne and Fort
Morgan, whereas Region 9 includes Sterling and Julesburg.

Municipalities in the three states generally look to water
conservation as a source of future supply. There is increasing
awareness that water conservation can result in reduced demand,
which is tantamount to a cost-effective, new water supply in many
instances. Further, there are limited opportunities to develop
alternative new water supplies in the region, which discourages
utilities from releasing a potentially available supply.
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Table 8.D.2 Estimated Platte River Diversions for Larger
Communities in Region 3

Platte River
Reach Community Population  Diversions (ac-ft)
10 Ogallala 5072 1,600
12 Scottsbluff 14,400 4,300
Giering 7.876 2,400
14 No larger towns NA NA
15 North Platte 23,396 6,600
16 No larger towns NA NA
17 Lexington 10,075 1,800
18~ No larger towns NA NA
19 Kearney 27,314 6,700
Grand Island 41,177 15.200
Estimated Region 3 Totals 129,983 38,600 |
Note:  These communinies nely on groundwater wells which have a direct phiysical relationship 1o the

Platie River

Sowrce LS. Bureaw of the Consus Web Page. Annual Time Senes of Population Estimates 1991 o
1996 and 1990 Census Population for Places, 1997, Estimated 'Water Use in Nebrask 1990,
Linited States Geological Survey - Nebraska Destnict and Nebrika Notural Reowrces
Coammission, 1994

Table 8.D.3  Estimated Platte River Diversions for Municipal Use

Region 2
Native Platte Total
Reach Community Population River Diversions* Water Supply

7 Denver Water 1.000.000 99,000 265,000
Other Denver Suburbs 898,500 22,500 179,000

Other 50,000 2,500 6.000
89and 11 All 676,000 25,000 194,000
Estimated Region 2 Totals 2,624,500 149,000 644,000

*Excludes diversions from the Poudre River,
Source: Metropolitan Water Supply Investigation Final Report, Hydrosphere, lanuary 1999,
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5. In terms of municipal water supply planning, some forms of
conservation are really drought planning altemnatives that prudence
suggests be retained for that purpose. Outdoor water restrictions or
restrictions on a specific use are examples. Municipalities will
want to retain such measures to implement quickly and receive
immediate savings in times of shortage.

6. Under any circumstance, a municipality is quite unlikely to part
with conserved waters without receiving an amount of money
commensurate with a replacement of a like amount of water. That
like amount of water must be certain and is likely to be quite
expensive since it is the marginal supply alternative for a
municipality, which has been deferred up to this point. For
example, the Denver Water Department indicates that such costs
might range from $7,000 to $10,000 per ac-fi.

7. While the municipal utilities are likely to resist conservation for
the purpose of the Recovery Program, the constituents and water
customers they serve may also resist programs such as
conservation pricing in cases where water costs are increased
substantially or water restrictions which do not appear necessary
due to shortage. In the present environment, it is difficult to
conceive of widespread public acceptance for these measures.

Based upon the analysis to date, the study team believes that it is not
worthwhile to continue the consideration of municipal water
conservation as a viable component of the Platte River Basin study at
this time. If other alternatives do not look more promising at a later
date. municipal conservation can be analyzed further or become the
subject of a demonstration project. Further, this conclusion should not
be viewed as questioning the benefits or desirability of municipal
conservation itself or the potential to conserve future depletions.
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1. Introduction

This section examines the vields, costs and associated issues of reuse
alternatives to reduce shortages to target flows at the critical habitat. A
number of reuse alternatives identified in the long list of alternatives
were previously deferred from further analysis, as documented in
Chapter 6. The remaining alternatives fall into one category:

Relocation of Return Flows

A brief description of the representative projects and how they might
be implemented is provided below, followed by estimates of yields and
cost for the projects. Finally the evaluation of the projects in terms of
physical, legal or institutional, economic, social, and environmental
effects is offered to conclude the reuse alternatives evaluation.

2. Conceptual Definition

Relocation of Return Flows. Relocation of return flows refers to
rerouting return flows that have historically entered the stream at the
lower end of the critical habitat, to a point further upstream in the
critical habitat. This alternative is limited to projects of locations close
to the critical habitat.

3. Operational Definition

Relocation of Return Flows. Relocation of return flows requires
construction of a cutoff and the associated channel works to divert
water from one watercourse to another. The Tri-Basin Natural
Resources District (NRD) has implemented a small version of this
alternative in central Nebraska and is considering a potential
expansion.

Return flows that naturally flow east and enter the Platte River in the
bottom half of the critical habitat can be diverted north to a tributary
that enters the Platte River further upstream in the critical habitat. At
some points the land near the Platte is lower than the river. Pumps may




be needed in these cases to assure the delivery of diverted water to the
critical habitat.

Relocation of return flows in the vicinity of the critical habitat has
been exercised twice, during the winter of 1998 and then again in the
spring of 1999, Limited data are available related to this alternative.
For purposes of evaluation, the study team evaluated the potential yield
from this alternative based on conversations with Tri-Basin NRD,
CNPPID, FWS, and USGS personnel.

Other opportunities for relocation in the area surrounding the critical
habitat exist, including pumping from high groundwater areas and
discharging into local canals (see Section 8.G). Tri-Basin is also
investigating other relocation of return flow opportunities within their
district.

4. Alternatives
Region 3

Lost Creek - North Dry Creek Cutoff

Funk Lagoon is situated in a federal waterfow| production area (WPA)
south-southwest of Kearney, Nebraska approximately 10 miles south
of the Platte River (see Figure 8.E.1). It is compnised of three different
pools with a total design capacity of 1,150 ac-ft. Funk Lagoon is filled
via natural runoff, return flows from imrigated land, and contract water
from CNPPID. During rain events CNPPID also runs excess water
down wasteways that drain into Funk Lagoon.

Water discharged from Funk Lagoon flows down Lost Creek,
eventually combining with South Dry Creek before retuming to the
south channel of the Platte River near Denman, Nebraska in the lower
portion of the critical habitat. Lost Creek, in its natural state, is an
ephemeral stream that predominantly responds to precipitation events.
Return flows from irrigation provide a major component of the
baseflow in Lost Creek.

Through an agreement with the North Dry Creek Drainage Board, Tri-
Basin NRD installed a 20-cfs cutoff from Lost Creek in May 1998 to
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divert discharges from Funk Lagoon into North Dry Creek. North Dry
Creek enters the Platte River about 1-1/2 miles west of the Kearney
Bridge on Highway 44. A water management plan for Funk Lagoon is
currently being developed among FWS, Tri-Basin NRD, and CNPPID
that will set target elevations for the lagoon's pools throughout the yvear
for the benefit of migratory waterfowl. Opportunities within the FWS’s
mandate for management of the Funk Lagoon WPA may exist for the
lagoon to be drawn down at times of the year when the discharged
water will benefit the critical habitat along the Platte River. Lowering
lagoon levels in the summer could reduce shortages in the critical
habitat and reduce flooding damage to surrounding cropland from high
groundwater levels.

The Lost Creek relocation of return flows to North Dry Creek is the
only current application of this altemative. Tri-Basin NRD 1s also
looking at a cutoff from Lost Creek, east of Highway 44, into the Ft.
Kearny Improvement Project Area (IPA) Canal. For this potential
alternative, nearly one mile of additional canal must be built to link
Lost Creek to the Ft. Kearny IPA Canal. Based on aerial photos,
relocation of return flows from another ditch east of the Fort Kearny
IPA Canal also appears to be feasible.

Yield

Diversion of Funk Lagoon discharges to North Dry Creek was carmed
out for the first time between December 15, 1998 — January 12, 1999,
The lagoon was drawn down approximately 1 foot. The volume of

water discharged is unknown because aerial photos and area-capacity
data for the three pools that make up Funk Lagoon were not available.

A USGS stream gage recorder, installed on North Dry Creek in May
1996, is located two miles southwest of the Kearney Bridge. The
volume discharged from Funk Lagoon that reached the USGS recorder
is inconclusive because of the backwater effects of icing around the
stream gage recorder. The wintertime gage data records could be 2-5
times actual flow rates (USGS, 1999a).

Diversion of Funk Lagoon discharges to North Dry Creek was camed
out for a second time between May 21, 1999 — June 1, 1999, The
lagoon was drawn down approximately 7 inches. Releases from Funk
Lagoon were estimated at 13-14 cfs. An increase of approximately 5
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cfs was seen at the North Dry Creek gage (USGS, 1999b). The
remaining flow most likely went into bank storage.

The yield of the relocation of return flows is dependent on the
management plan developed by the FWS. CNPPID excess flows that
fill Funk Lagoon have been approximately 300 ac-ft/yr. The FWS
currently has a contract for approximately 700 ac-ft from CNPPID.
Return flows from upstream irrigated lands are likely in the range of
1,500 ac-ft — 2,500 ac-ft per year (CNPPID, 1999¢). Thus the potential
net hyvdrologic effects at Funk Lagoon for the Lost Creek-North Dry
Creek cutoff could be in the range of 2,500 ac-ft — 3,500 ac-fi per year.
With Lost Creek a gaining stream, the discharges from Funk Lagoon
that are diverted to North Dry Creek would be subject to primarily
evaporation losses and possibly diversion losses en route to the Platte
River.

The coordination of the timing of discharges from the Funk Lagoon
WPA with FWS operations will determine the potential reductions to
target flow shortages that could be realized from this alternative. The
benefit to the Program objectives from the delivery of water within,
not above, the critical habitat has yet to be determined. If protected
from downstream diversions the majority of water discharged from
Funk Lagoon during shortage months could reach the cntical habitat
and reduce target flow shortages.

Cost

Costs to date are approximately $300,000. This includes installation of
an underdrain at the upstream end of Funk Lagoon, maintenance of 7
miles of creek channel. installation of the cutoff between Lost Creek
and North Dry Creek. and concrete and road culverts associated with a
1-3/4 mile connecting ditch. Improving the system to allow available
water to be discharged in the spring and summer without affecting
downstream agricultural activities would require rebuilding the North
Dry Creek outlet and constructing bridge crossings for center pivots.
Estimated costs for these improvements are about $30,000,

Assuming the Lost Creek-North Dry Creek cutoff is upgraded the
potential cost per ac-fi at the alternative site could be in the range §95 -
$130. Table 8.E.1 summarizes the available yield and cost data
available for this altemative. The cost per ac-fit of reductions to target
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flow shortages can be better estimated when more conclusive
discharge data becomes available.

5. Associated Issues

The relocation of return flows alternative was evaluated according to
the associated issues evaluation criteria previously reviewed by the
Water Management Committee. The five categories of associated
issues are physical, legal/institutional, social, economic and
environmental. Each of these five characteristics are examined for the
relocation of return flows alternative below. Tabular scoring according
to each criteria are presented in Table 8.E.2 for the No Diversions
scenanio.

Physical

The relocation of return flows alternative is scalable to a degree.
Operation of more than one relocation project, including the routing of
pumped water, as discussed in Section 8.G, could increase the
potential reductions to target flow shortages at the critical habitat.
Relocation of return flow projects are technically implementable and
have been instituted in one case in central Nebraska. Adequate grade
exists on North Dry Creek as it enters the Platte River, therefore, lift
stations are not needed at this location. Monitoring stations may need
to be installed to measure diverted water that enters the river. The time
to yield realization is on the order of 1 to 2 vears. Third-party
hydrologic effects anticipated with this alternative include decreasing
the waterlogging of lands adjacent to Lost Creek and reducing the
available flows further downstream on Lost Creek. The channel at the
confluence of Lost Creek and South Dry Creek is not sufficient to
handle storm events on top of the baseflow provided by irmigation
return flows. Reduction of flow in the channel will help to alleviate
this situation.

Any management plan developed between the FWS and other parties
would need to be reevaluated annually as needs for the WPA change in
wet, dry, and average vears. A FWS decision to store or release water
m Funk Lagoon in any particular year would be based on hydrologic
conditions.
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Table 8.E.2

Scoring Table - No Diversions in Any State

Category 3 - Reuse

Physical

Region 3
Reach

Net Reduction in Shortage to Target Flows
Sustainability
Scalability
Technically Implementable
Time o Yield Realization
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Third Party Hydmologic Impacts
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Subtotal Average

Legallinstitutional
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In the short term there is a need to lower lagoon levels to control the
cattails that have flourished in Funk Lagoon from frequent inundation.
These releases could be timed to benefit the critical habitat. After
excess growth is mechanically removed, frequent filling and release of
water from Funk Lagoon would run counter to FWS objectives of
mimicking the natural cycle of wetlands in the WPA. As water levels
recede in the lagoon over the summer, mudflats containing food for
shorebirds become exposed. Moist soil vegetation can germinate in the
mudflats and grow throughout the season. The FWS would then like to
fill the lagoon to provide habitat before the fall migration. The
vegetation provides forage for waterfow! during the fall migration.

Legal and Institutional

No surface water permits have been issued on Lost Creek; therefore,
no injury is anticipated to water users on Lost Creek from the
operation of the Lost Creek-North Dry Creek cutoff. Discharges from
Funk Lagoon that are diverted through the cutoff would need to be
protected en route to the Platte River and between the point of the new
connection with the Platte River and the original point of return.
Protection is required to assure that withdrawals do not reduce credit
for reductions to target flow shortages or injure water right holders
below the original point of return. Cooperative administration of
discharges from Funk Lagoon will need to be developed between the
FWS, Tri-Basin NRD and CNPPID. Institutional consensus will be
difficult to attain if management of Funk Lagoon discharges focus on
the critical habitat at the expense of waterfow! within the WPA,
Effects from management of Funk Lagoon for the benefit of the critical
habitat may produce unfavorable impacts in the WPA. Support from
local landowners is necessary in the development of a management
plan that would include discharges from Funk Lagoon to benefit the
critical habitat.
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Economic

Most of the costs of relocating return flows are capital costs up front;
amortized total costs are almost completely a function of the capital
costs. In addition, there are some annual operations and maintenance
costs. Direct economic impacts, secondary economic impacts and
fiscal impacts should be minor for this alternative. There are minor
negative effects on future economic development on Lost Creek since
this water will be unavailable for other uses. There would be no
measurable effect on revenues and expenditures of government entities
resulting from this type of project.

Social

Relocation of return flows is not anticipated to produce any significant
social impacts in the surrounding areas. Public acceptability will
depend on how FWS and individual water users in the basin are
affected by operation of the relocation of return flows alternative.

Environmental

Through management of Funk Lagoon, relocation of return flows will
have a mixed impact on vegetation and wetlands, wildlife, and aquatic
resources along the Platte River. Pursuant to the Corps of Engineers
permit, operation of the Lost Creek-North Dry Creek cutoff must
maintain a minimum stream flow of 5 ¢fs in Lost Creek before
diversions are routed to North Dry Creek. Wet meadows downstream
on Lost Creek may be negatively affected by reduced flows. Water
quality could be degraded and fish and aquatic habitat negatively
impacted during months when flows are reduced on Lost Creek and
diverted to North Dry Creek. The 5 cfs baseflow was established to
mitigate water quality effects associated with operation of the cutoff.

Discharge of storage water from the lagoon will allow the FWS to
mechanically remove vegetative overgrowth from and around the
lagoon. Vegetation removal will improve wildlife habitat in the Funk
Lagoon WPA. After this time, management of Funk Lagoon counter to
FWS objectives would produce negative effects to its purpose as
wildlife habitat.
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F. Incentive Based Reductions In Agricultural Water Use

1. Introduction

Incentive based reductions in agricultural water use are measures to
reduce consumptive use of water supplied by irrigation or to modify
current usage patterns through market-based options. None of the
incentive based reductions alternatives identified in the long list of
alternatives were previously deferred from further analysis (see
Chapter 6). Specific alternatives examined by the study team are listed
below.

Agricultural Incentive Based Approaches

¢ Land purchase and irrigation retirement

e Permanent acquisition of agricultural water rights
e [and fallowing program

e Temporary leasing of agricultural water supplies

s  Dry year leasing
e Drought water banking

Although power interference charges were originally included in this
category, they bear no relationship to the agricultural incentive
programs described herein. Consequently, this altermative has been
moved to the systems integration and management category.

2. Conceptual Definitions

The alternatives described in this evaluation category involve the use
of economic incentives to encourage changes in water use. In essence,
these alternatives seek to either permanently or temporarily decrease
water use by participating farmers. Similar approaches have been used
in a number of locations throughout the West. Conceptual definitions
of each of the alternatives evaluated in this category are provided
below.

Land Purchase and Irrigation Retirement. Purchases of farms or farm
lands with the intent of retiring irrigation from those lands and
vacating the water right appurtenant to the lands or dedicating the
water right to instream flow purposes consistent with the objectives of
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the Cooperative Agreement. Similar effects might be obtained by a
program to establish permanent immigation retirement agreements with
farmers without actually purchasing their lands.

Permanent Acquisition of Agricultural Water Rights. Purchase of
water rights from existing users with the intent of retiring these rights
or transferring use to instream flow purposes.

Land Fallowing Program. An agreement with farmers o not irrigate
certain lands in exchange for payment.

Temporary Leasing of Agricultural Water Supplies. Temporary
transfers of irrigation water to enhance streamflows. The farmer does
not relinquish ownership of water rights.

Dry Year Leasing. Temporary transfers of irrigation water under pre-
specified conditions. The farmer does not relinquish ownership of

water rights and retains the use of water supplies under all other
conditions.

Drought Water Banking. Developing a vehicle to create a spot market
for water supplies during times of greatest need for the critical habitat.
Ownership of existing water rights is not lost in this process.

The operational definitions provided below describe how the
alternatives will be assumed to be implemented within the study region
for purposes of evaluation.

3. Operational Definitions

The following discussion presents the operational definition of each of
the water conservation alternatives evaluated in this category. The
intent of the operational definition is to provide a more specific,
representative example of how each technique might be implemented
in the study region.

The agricultural incentive based alternatives are generally “scalable.”
Conceptually, techniques such as purchasing agricultural lands or
water rights could be implemented on a limited scale — as one of
several components of the plan to reduce shortages to target flows — or
on a scale to achieve all of the desired reduction in flow shortages by
themselves. For purposes of this alternatives evaluation, the study team
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has assumed the incentive based alternatives would be implemented on
a sufficient scale to achieve a substantial portion of the Cooperative
Agreement's targeted reduction in flow shortages.

By assuming large-scale incentive based programs, the study team has
taken a conservative approach. This approach is more likely to identify
any potential adverse impacts from these alternatives. Since the
marginal costs of incentive based agricultural alternatives are likely to
rise as participation is sought from a larger share of farmers and
farmlands, this approach may also result in higher cost estimates (per
ac-ft) than the actual costs and impacts for more limited incentive

based programs.
Land Purchase and Irrigation Retirement. For purposes of evaluation

(and recognizing that this alternative could be scaled up or down if
included in the eventual plan), the study team analyzed the effects of a
program to purchase and retire from irrigation 20,000 acres of land in
each of the three primary study regions (approximately corresponding
to Colorado, Nebraska and Wyoming). Based on average consumptive
irrigation requirements throughout the study area of more than one ac-
ft per acre, land purchases of this magnitude could, conceptually,
reduce the shortage in target flows at the critical habitat area by
approximately 60,000 ac-ft per year. Further, the hypothetical
purchases were distributed among the stream reaches to assist in
modeling the hydrologic effects and in evaluating small area effects
under the screening criteria,

Permanent Acquisition of Agricultural Water Rights. For purposes of

evaluation (and recognizing that this alternative could be scaled up or
down if included in the eventual plan), the study team analyzed the
effects of a program to purchase 40,000 ac-ft of agricultural water
supplies (diverted volume) in each of the three primary study regions
(approximately corresponding to Colorado, Nebraska and Wyoming).
This amount would result in approximately 20,000 ac-fi of reduced
consumptive irmigation use per state, on average. The prospective water
right purchases were distributed among the stream reaches identified
for study to assist in modeling the hydrologic effects and in evaluating
small area effects under the screening criteria.

Land Fallowing Program. The study team examined the implications
of a program to provide payments to farmers in exchange for fallowing




a portion of their historically irrigated acreage. To effect study area
consumptive use, this fallowed acreage must be over and above
historical fallowing practices for purposes of land conservation. For
purposes of evaluation (and recognizing that this alternative could be
scaled up or down if included in the eventual plan), the study team
analyzed the effects of a program to fallow 20,000 acres of agricultural
land in each of the three primary study regions (approximately
corresponding to Colorado, Nebraska and Wyoming). As under the
other incentive based programs, the study team distributed prospective
fallowing practices among the respective stream reaches defined for
study.

Temporary Leasing of Agricultural Water Supplies. The study team
examined the implications of a program to obtain temporary leases of
agricultural water supplies. To distinguish such a program from the dry
year leasing alternative discussed later, the study team assumed that
water supplies will be leased for a three-year period, with sufficient
notice for farmers to adjust their land preparation, planting decisions
and investments. For purposes of evaluation (and recognizing that this
alternative could be scaled up or down if included in the eventual
plan), the study team analyzed the effects of a program to lease 40,000
ac-ft of agricultural water supplies in each of the three primary study
regions (approximately corresponding to Colorado, Nebraska and
Wyoming). Prospective leases were distributed among the stream
reaches identified for study to assist in modeling the hydrologic effects
and in evaluating smaller area vanations in other effects under the
screening criteria. The study team assumed that new (or renewed)
leases would be entered into prior to the conclusion of each three-year
leasing period.

Dry Year Leasing of Agricultural Water Supplies. The study team

evaluated the implications of a program designed to lease water
supplies from agriculture under specified flow and climate conditions.
Unlike the temporary leasing program described above, under dry vear
leasing there may be insufficient notice for farmers to adjust their land
preparation and planting decisions and investments. For purposes of
evaluation (and recognizing that this alternative could be scaled up or
down if included in the eventual plan), the study team analvzed the
effects of a dry year leasing program designed to lease 40,000 ac-ft of
agricultural water supplies in each of the three primary study regions
(approximately corresponding to Colorado, Nebraska and Wyoming)
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under designated conditions. The study team distributed the

prospective dry vear leases among the stream reaches identified for
study to assist in modeling the hydrologic effects and in evaluating
smaller area variations in other effects under the screening criteria.

Drought Water Banking. The best known example of a drought water
bank (California) operated much like the dry year leasing program
described previously, except for the participation of multiple “buyers.”
However, a drought water bank could also be established in order to
create a "spot market” for water supplies when needed for streamflow

purposes.
Net Hydrologic Effect. The water conservation alternatives in this

category represent a change in established irrigation practices. The net
hydrologic effect in a given month is the combined effect of reduced
diversions and altered return flow patterns. As return flows lag the
diversions, the change in return flows results from the change in
diversion patterns in previous months. The distance between irmigated
lands and the nver determines the duration of return flows. Return
flow patterns may extend from several months to, in some cases, many

years.

The following method and assumptions were used to estimate changes
in return flows:

e For each reach, the centroid of irmigated lands was identified
and SDF factors selected based on location, mapping, and
historical data. Some of these factors exceeded 365 days. A
detailed description of the SDF method is provided in Chapter
5 and Appendix B.

* Water available to retumn (recharge) was sct equal to headgate
demand less crop consumptive irrigation requirements.
Headgate demand was calculated within each reach based on
consumptive irmgation requirements for imgated lands divided
by the sum of representative conveyance and on-farm
efficiencies. Consumptive irrigation requirements in each reach
reflect both local cropping patterns and climatological factors.
A twelve-month series of recharge values was developed for
both baseline conditions and altered conditions, A “difference”™
time series was then calculated by subtracting baseline recharge
from altered recharge.
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e The difference series was input to the model SDF View. The
model was allowed to execute for 100 years, which allowed the
return difference to closely approach steady state.

Because many of the farmlands that might participate in the incentive
based alternatives are located some distance from the river, the net
hydrologic effects shown in tables throughout this section are generally
larger than the reduction in consumptive use on the participating
farms. The difference between these estimates reflects current return
flows from participating farms which do not ultimately return to the
river.

4. Alternatives

Region 1

For purposes of evaluating incentive based reductions in agricultural
water use, the study team focused its analysis on irrigated acres
harvested for crop production. While there are other irrigated acres
throughout the study region, including both irrigated pasture and
irrigated crop acres that were not harvested, irrigated harvested acres
represent at least 70 percent of agricultural irmigation. Further, focusing
the economic analysis on harvested acres leads to evaluations that are
less likely to understate the actual costs and impacts of such programs.

Table 8.F.1, below, summarizes estimated irrigated acres harvested
and corresponding crop irrigation water use in Region 1. These
estimates were developed by the study team from county-level
agricultural information compiled by Natural Resources Consulting
Engineers, Inc. (NRCE) in 1998-1999 (NRCE. 1999a). Irrigated acres
harvested by reach were based on average cropping patterns in 1992,
1994 and 1996, Consumptive irrigation requirements per acre were
calculated by the study team, using the modified SCS Blaney-Criddle
technique, based on the three most prominent crops grown in each
reach. A detailed description of the SDF method is provided in
Chapter 5 and Appendix B.

These requirements reflect crop consumptive use beyond naturally
occurring precipitation and reflect climate conditions as well as the
crop mix in the reach. On-farm deliveries are double the consumptive
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irrigation requirements based on the assumption, agreed upon by the

Water Management Commitiee early in the study process, of 50
percent on-farm efficiency throughout the study area. It should be
noted that the on-site yield of agriculture related alternatives is

primarily effected by the estimated consumptive irrigation
requirements. The on-farm deliveries are primarily used to calculate
effects on return flows.

Table 8.F.1 Estimated Water Use for Crop Irrigation in Region 1

Harvested Consumptive On-farm Consumptive  On-farm
Reach Irrigated Acres Irr. Rqmt. Delivery Irr. Rqmi. Delivery
1 30,503 1.63 3.26 49,664 09,287
2 68,025 1.85 3.70 125677 251,353
3 26,653 1.85 3.69 49,200 98418
4 26,906 1.79 3.58 48,158 96,315
5 54,905 1.52 .04 83,577 167,155
6 71,996 1.34 1.68 06,323 192,646
12 205,439 .46 252 300,196 600,392
13 101.579 1.47 2.04 149,173 208,346
Region Total/ 586,006 1.61 323 901.977 1,803,912
Avcrages

Source: Study texm estimates based on NRCE database fior 1992, 1994, and 1996; modificd Blanev-Criddle

estimples of consumptive imgation requirement

Both surface water diversions and groundwater are applied to crop

irrigation in Region 1. To contribute to the objectives of this program,

incentive based programs are assumed to be applicable to reducing

irrigation supplies from surface water sources only. While transfers of

use of hydrologically connected groundwater could also further

program objectives, sufficient data were not readily available across

the study area to assess this potential. Table 8.F.2 summarizes the
estimated irrigated acres harvested and annual use of surface water

supplies by reach.
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Table 8.F.2 Estimated Harvested Crop Irrigation by Surface Water

Region 1
Harvested Annual Consumptive Annual On-farm

Reach Irrigated Acres Irrigation Requirement Delivery

1 30,386 49473 98.905

2 67,837 125,329 250,657

3 26,392 48,727 97454

4 21,560 38,580 77,178

5 45,208 08816 137,634

f 65,781 BR,008 176,016

12 178,028 260,142 520,284
13 61,439 00,225 180,451
ReEiun Total 496,630 769,310 1.538.579

Souurce Project team estimates based on information summarnzed in previous exhibit al Uniied Stotes
Geological Survey National Water Use Information Program, |90 and 1993

i i | Imigation Refi

The study team has assumed for purposes of evaluation that under this
alternative an agency would be created to purchase and own 20,000
acres of farmland that would subsequently be retired from irrigation.
Based upon the distribution of acres irrigated with surface supplies in
the region depicted in Table 8.F.2, we have further assumed for this
analysis that the following amounts of acreage would be targeted for
purchase in each reach, as shown in Table 8.F.3.

Table 8.F.3 Representative Land Purchase and Irrigation
Retirement Program in Region 1

Reach Acres Purchased

Reach 1 (Northgate to Sinclair): 1.200
Reach 2 (Sinclair to Alcova); 2,600
Reach 3 {Alcova to Orn): 1,100
Reach 4 (Onn to Whalen): 900

Reach 5 (Whalen 1o State line): 1,800
Reach 6 (Lower Laramie River); 2,500
Reach 12 (State line to Bridgeport): 7,400
Reach 13 (Bridgeport 1o Lewellen): 2,500
Region 1 Total: 20,000
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Yield

Based upon the crop mix and consumptive irrigation requirements
(CIR) specific to each reach, the representative land purchase program
in Region | would reduce on-farm consumptive use by 31,000 ac-fi
per year. Incorporating the assumption of 50 percent on-farm
efficiency agreed upon by the WMC earlier in the study process. on-
farm delivenies to participating properties would be reduced by an
estimated 62,000 ac-ft per vear. . For purposes of this analysis, the
study team has assumed that CIR is fully supplied. To the extent that
farmlands in certain reaches receive less than a full irrigation supply in
the average year, these estimated yields may be overstated and costs
per ac-ft, described later, may be understated.

The following are the estimated effects of the representative program
on water use by reach, as shown in Table 8.F 4

Table 8.F.4 On-farm Water Use Reductions of Representative

Land Purchase and Iﬂgﬁun Retirement Prmin Hggiun 1

Anpual Reduction in Annual Reduction

Reach On-farm Delivery in CIR
Reach 1 (Nonthgate 1o Sinclair): 3.900 ac-ft 1,950 ac-fi
Reach 2 {Sinclair to Alcova): 9,980 ac-fi 4,990 ac-fi
Reach 3 (Aleova 1o Orin): 4,060 ac-fi 2,030 ac-fi
Reach 4 (Orin 1o Whalen): 3.220 ac-fi 1.610 ac-fi
Reach 5 (Whalen 1o State line): 5.480 ac-fi 2,740 ac-fi
Reach 6 (Lower Laramie River 6.960 ac-i 3 480 ac-fi
Reach 12 (State line to Bridgeport); 21,040 ac-ft 10,520 ac-fi
Reach 13 (Bridgeport to Lewellen): 7,340 ac-fi 3,670 ac-ft
Rﬂinﬂ 1 Total: 61,980 ac-1t 30,990 ac-fi

Monthly changes in water use associated with this representative
program to purchase and retire imgation on farmland in Region | were
routed downstream using the water budget spreadsheet. The analysis
for the water budget spreadsheet also incorporated changes in return
flows that would result from this program and reductions in canal and
ditch losses and corresponding return flows. This analysis was
performed under two scenarios: with and without protection from
downstream diverters.

Summary exhibits depicting the results of water budget modeling of
each incentive based alternative are presented in Appendix F. Table
8.F.5 summarizes the estimated on-site net hydrologic effects of the




representative land purchase program, by reach and by month. Table
8.F.6 summarizes the effects of the representative land purchase
program in reducing shortages to target streamflows at the critical
reach, assuming no protection from downstream diverters. Table 8.F.7
provides a similar summary of effects on target streamflows, without
downstream diversions.

Cost

The costs of incentive programs, such as the purchase and dry up of
irrigated lands, are inherently uncertain until tested with field research
or a demonstration project. The following discussion provides the
study team's best estimate of the likely costs of a program to purchase
and dry up the specified volumes of irrigated land in Region 1, but the
actual costs could vary substantially from the estimated costs.

The estimated cost of a program to purchase and retire irrigation from
lands in Region 1 includes three components: the value of irmgated
farmland, potential incentives required to induce participation in the
program, and administrative and transaction costs,

The study team estimated the value of irrigated lands in each reach
within Region 1 based upon two alternative approaches. First, we
examined the most recently published information from the United
States Department of Agriculture, National Agricultural Statistics
Services (NASS) on irmigated land values across the country, While
these data are very current, having been published in July 1999, they
only provide land value estimates on a statewide basis. To examine
potential variations in the value of irrigated lands from reach to reach
within Region 1, the study team also calculated an estimated irrigated
land value for each reach based on the capitalized value of net income
from irmgation in the reach. Our net income estimates were based on
average cropping patterns, yields, prices, and costs in the NRCE
database for the years 1992, 1994 and 1996,

A proactive program, intended to purchase and retire substantial
amounts of irrigated farmland, would likely have to include a premium
or incentive to induce participation. Purchases of agricultural land for
purposes of water transfers, such as the water ranching experience in
Anzona during the late 1980s, often take place at higher prices than
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Purchase Land and Irrigation Retirement

Tahle 8.F.4

Reductions to Target Flow Shortages with Diversions - Average of Years 1975 - 1994

(mc-ft)

Reach Dt Mo Dee Jan Feb Mar Apr May Jun Jul Aug Sep Total
1 i1 1] i) 1] ] 1] 2 4 4 1 i r | 25
2 30 1] 1] 0 [ 1] 3 8 9 2 5 4 62
3 13 0 0 1] 0 4] | 3 4 | 2 2 2h
4 13 /] i} { L] 0 I 3 3 | 2 2 24
5 24 =135 -4t =20 =148 +129 <55 | 2 1 24 k1 471
] 54 L] 0 ] 0 L] 12 [ (1] 4 9 [ 128
7 -4 -7 -2 -2 -3 <20 =7 | 20 | 3 I 47
] 165 272 9% T4 A -345 -121 20 275 £ 54 10 -112%
9 =430 =553 =179 -112 506 405 -137 F i 340 149 1] mn 1595
10 =133 -126 -15 -9 A5 =9 47 -13 T2 52 g2 -42 =364
11 0 t] ] 1] 1] 0 2 2 10 ] 1 ] 16
2 101 789 =159 =161 -B1% =719 =575 =Tl 135 133 273 266 2462
13 ] -394 =136 -85 -421 -6l =293 -53 B3 a4 199 151 -1204
14 93 =Tl =18 ] =30 =30 =10 4 ik 40 56 =14 =145
I3 -2 -104 -32 <% -0 B8 -T7 28 Bl A 103 =11 =298
13 =178 =187 =58 -34 -16% -153 -156 £ i3 5% 721 22 534
17 437 L] =134 =79 -394 -3l 416 -309 963 a2 247 =12K il i}
18 -386 413 119 -6E -345 =312 =376 -295 1165 2457 24987 -108 4187
19 -375 -388 -116 68 -315 276 =358 =311 1079 2646 3263 =161 4619

Table 8.F.7
Purchase Land and Irrigation Retirement
Reduction to Target Flow Shortages without Diversions - Average of Years 1975 - 1994
{me-ft)

HReach (et Mov Ibee Jan Feh Mar Apr May Jun Jul Aug Sep Total |
1 41 ] i 1] ] ] 21 123 222 188 238 .1 Q20
2 1 ] 1] 0 1] 1] 30 264 547 S0 659 229 2341
3 47 0 o 0 1] 1]  r 106 22 208 104 7 986
4 50 0 0 L] 4] 1] 13 b 162 168 238 a4 LG
5 42 =135 -4f =29 ~14R -129 45 i 405 667 G0 265 1802
f 95 ] (] 0 0 4] ik 198 397 144 455 175 |68T
7 -4 -7 -2 -2 =30 =20 <7 13 505 L1 11) 723 37 534
E -165 =172 -85 =74 =4 =345 -121 268 4056 4093 5426 4 12563
9 430 =553 =179 -112 -506 405 =137 148 2606 J0E4 349 4% 7415
I =133 =124 =35 19 B3 -6 A7 -13 367 613 729 -42 1138
11 0 [}] 0 0 o 0 34 75 EED 349 411 Lt 1224
12 172 T84 <259 =161 K15 -Mn9 <575 =71 1650 392 5712 1327 Hhi4
13 13 =300 =136 -85 421 =361 =293 -51 628 1369 2338 543 1143
14 k] =71 -1% -5 -19 =30 <10 14 128 480 527 -39 100
15 =92 =04 -32 =18 i -$5 =77 2B 158 39 830 =11 1276
& =178 -197 58 -3 =155 =153 =156 Kb S6b 1026 1380 22 192G
17 =437 464 =136 =79 -39E -360 416 -39 1028 2315 2701 -12% EEIR
18 =186 413 oL =hH% =345 =312 =176 -295 1203 2822 3e =108 4532
19 -375 ‘3_5_:1 =116 uliﬂ_ =315 =276 -35§ -311 |07a sl 3263 -161 4619
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would be expected based on the pre-existing prices of farmland and the
economic value of water in irrigation. Recent purchases of land to
acquire water in the Edwards Aquifer region have transacted at prices
approaching $2,000 per acre — nearly double the historical going rate
for irrigated lands. On the other hand, several factors may tend to
reduce the required premium in this instance:

The amount of farmland to be purchased under the
representative program analyzed here is substantial, but still
represents a relatively small proportion of total irrigated lands
in the region.

The land values calculated by the study team are average values
for the area — but the program should be designed to seek
purchase of the least productive lands that are currently
irrigated. These lands have lower value and their retirement
would have a lower impact on the area's agricultural economy.
Variation in gross revenues per acre by crop type within Region
| suggest marginal lands may be at least 20 percent less
valuable than the average.

Unlike most other areas where water has been purchased and
transferred from agriculture to other uses, these water supplies
are generally unlikely to be in demand from other purchasers
such as municipal buyers.

Purchase prices could likely be kept relatively close to market
rates through a competitive purchasing mechanism. The
USDA's Conservation Reserve Program has been able to enroll
significant acreage within Colorado and Nebraska (and a
smaller amount of Wyoming acreage) in its program to convert
cropland for conservation purposes — with incentives typically
ranging from zero to 20 percent. However, it should be noted
that the vast majority of these acres were previously non-
irrigated (1997 Census of Agriculture-State Data, 1999; USDA,
1997). The higher returns and lower risks associated with
irrigated farming suggest a considerably larger premium or
incentive may be required compared with dryland conservation.

Finally, there will be administrative and one-time transaction costs
associated with this type of incentive program. Legal costs will be
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incurred in transferring title to participating lands. Marketing costs will
be incurred to inform and enroll participants. On an ongoing basis, an
agency will have to administer the acquired lands. This will be a
dynamic program, requiring on-going staff time and other
expenditures. While it is possible that existing local, state, or federal
agencies, such as the USDA, might be willing to take on this
administrative burden, they will incur additional costs for staff and
materials which should be included in the estimated program costs.

In consideration of the factors just described and the previous
experience with transfers of land for water supply in other areas, the
study team estimates the range of potential costs of a program to
purchase and retire irnigation from lands in Region 1 would include:

e Current value of irrigated lands: Average value across the
Region as a whole estimated at $960 to $1,200 per acre based
on the two valuation approaches described earlier, Reach 12,
which has the largest number of irmgated acres in Region 1,
also has the highest estimated value for irrigated land at $1,600
to $1,700 per acre. Reach specific values were incorporated in
the cost estimates. The study team assumed that the program
could realize some salvage value from the purchased land by
selling or leasing it for dryland cropping or grazing purposes
not involving irrigation. One half of the estimated dryland
value per acre was assumed to be the salvage value of program
lands in each reach.

e An incentive premium of 0 to 30 percent. This range reflects
the assumption that marginal lands in Region | may be at least
20 percent less valuable than the average described above.

¢ Administrative and transaction costs of 20 to 30 percent.

For purposes of simplicity, the study team used the mid-point of the
range of values described above in estimating the costs on a reach by
reach basis. In addition, irngated land values were applied on a reach
specific basis. Table 8.F.8 summarizes the estimated costs, by reach, of
the representative program to purchase lands and retire irrigation in
Region 1. In total, the representative program in Region 1 would cost
an estimated $28.5 million. This figure represents an average cost of
about $920 per ac-fi of consumptive use saved on-farm, Average cost
per ac-ft of reduction in shortage at the critical habitat would be §1,400
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if the saved water can be protected from downstream diverters, If the
water is not protected, in some reaches this program would produce no
reduction in shortages to target flows. In the reaches where this
program would reduce shortages, the costs would rise to more than
$10.000 per ac-ft of shortage reduction without protection from
downstream diverters.

Table 8.F.8 Estimated Cost of Representative Land Purchase and
Irriﬂ:tinn Retirement Prom_lnliﬂhn 1

Cost per Ac-ft of

Cost per Ac-fi of m
Estimated On-farm Water Savings With Withaut

Reach Total Cost CIR Deliveries  Diversions®  Diversions
| $1.020,000 §520 8260 841,100 $1.110
2 $2,500,000 £500 8250 £40,080 £1.070
3 $1,080,000 530 $265 £41,800 $1.100
4 £1.010,000 5630 $315 £41,170 51,260
5 £2.900,000 £1.060 530 NIA $1.610
L] £2. 160,000 $620 310 S16.890 £1.280
12 £13,460,000 S1.280 Sh40 MNIA £1.550
13 £4.370,000 £1.190 £595 N/A £1.390
son Total!

Average $28.500.000 920 S$460 N/A £1.400

* In some reaches, the representative program would produce no reduction in shortages 1o
target flows if downstream diveriers can divert water produced by this program. In these
instances, cosis per ac-fi are shown as not applicable (N/A),

P isition

The study team has assumed for purposes of evaluation that under this
alternative an agency would be created to purchase and own 40,000 ac-
ft of agricultural water rights (on-farm delivered volume) in Region 1.
These rights would be either retired or transferred to a point of use near
the state line. Based upon the distribution of surface water supplied
irrigation in the region depicted in Table 8.F.2, we have further
assumed for this analysis that the following amount of water rights
would be targeted for purchase in each reach, as shown in Table 8.F.9,
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Table 8.F.9 Representative Irrigation Water Right Purchase
Program in Region 1
Ac-ft Purchased (Delivered Volume

Reach On-farm)
Reach | (Northgate 1o Sinclair): 2,200
Reach 2 (Sinclair to Alcova): 5.600
Reach 3 (Alcova to Orin); 2.200
Reach 4 (Onin to Whalen); 2.100
Reach 5 (Whalen o State line): 3,700
Reach 6 (Lower Laramie River): 4,300
Reach 12 (State line to Bridgeport): 13,300
Reach 13 {Bridgepon o Lewellen): 6600
Eion 1 Total: 40.000

Yield

As shown in Table 8.F.9, the representative water right purchase
program in Region 1 would reduce on-farm deliveries to participating
properties by an estimated 40,000 ac-fit per year. Based on an on-farm
efficiency of 50 percent, on-farm consumptive use would be reduced
by 20,000 ac-ft per vear.

Monthly changes in water use associated with this representative water
right purchase program in Region | were routed downstream using the
water budget spreadsheet. The analysis for the water budget
spreadsheet also incorporated changes in return flows that would result
from this program and reductions in canal and ditch losses and
corresponding return flows. This analysis was performed under two
scenarios: with and without protection from downstream diverters.

Summary exhibits depicting the results of water budget modeling of
each incentive based alternative are presented in Appendix F. Table
8.F.10 summarizes the estimated on-site net hydrologic effects of the
representative water right purchase program, by reach and by month.
Table 8.F.11 summarizes the effects of the representative water right
purchase program in reducing shortages to target streamflows at the
critical reach, assuming no protection from downstream diverters.
Table 8.F.12 provides a similar summary of effects on target
streamflows, without downstream diversions.
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Table 8.F.10
Permanent Acquisition of Agricnltural Water Rights
Net Hydrologic Effects - Average of Years 1975 - 1994

{ne-fit)

Heach et Moy hee Jan Feh Mar Apr Mav Jun Jul Aug Sep Total
1 40 1] 0 ] 1] 1] 19 1E 13 7 250 132 1o
i 105 1] o o ] 1] 26 250 5N L) 708 339 2800
3 42 1] i 1] a 1] 10 Ltk 218 13 285 136 1100
4 54 0 ] (] ] 1] 12 92 187 296 269 140 1050
5 47 =210 =217 =22] w2 221 -1%6 25 477 1223 1214 454 2163
] 97 1] 1] 0 L ] 22 205 445 587 518 277 2150
7 =167 =176 =180 183 -1k4 -183 =102 ki 615 1163 il 67 1652
B -1238 -1287 =294 =1304 -1314 1312 6491 298 4760 B785 Tkl 423 12684
9 -1214 =209 =120 -1032 e b -E79 =356 159 2957 6281 4887 3 7607
10 =138 -184 =239 209 =185 -167 114 =62 543 14440 1173 =247 1
11 U 1] 0 0 ] [i] 3 £3 i8S 23 521 ] 1650
12 176 =1143 =1140 =140 -1142 <1145 SE =402 1™ [ 6705 2116 9730
13 19 =519 47 -B50 -535 -§12 -7kt =324 LRl 115 3B18 1217 4214
14 228 -152 -115 95 -1 =71 -1 20 507 1164 Hhd =256 1535
15 =170 =170 =170 =171 =173 -174 140 =101 523 1480 1314 - 1934
1] -266 -266 =266 =267 =267 267 221 -169 322 2413 2197 =Tk 3367
17 ) =il 6401 -639 639 -H39 =558 449 1511 5592 4385 =291 6351
I8 =557 =557 -557 =557 557 =537 =502 426 1779 Al 5114 =240 BR2T
19 467 A7 457 465 468 ~4hf 447 419 1479 110 4341 -E_T‘.“ H9RT
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Table 8.F.11
Permanent Acquisition of Agricoltural Water Rights
Reductions to Target Flow Shortages with Diversions - Average of Years 1975 - 1994

{me-ft)
Heach et hov e Jan Feh Mar Apr May Jun Jul Ang Sep Total
I ] 0l 0 Li] L] L] | 1 2 | | I 14
: 17 ! 0 0 0 o F | 4 5 1 3 3 35
i 7 [t fl il 0 0 I 2 P 1 i 1 14
4 9 o L] o ] Li] | 2 F 4 [ 1 1 1
5 16 A1 -3 =20 <106 =87 -t 2 14 b [ k| =31
L] LE] ¥ 0 (1] U] ] T L] 1] 3 L] il T4
7 =3 5 -2 =2 -2 =14 -5 I 14 I 2 0 -1
B <114 =187 -6l =51 =307 =238 -H3 14 189 24 LY 7 -T76
9 <293 377 122 17 -345 276 43 19 e 1 143 ¥ <100
[ 121 =115 =32 -8 =77 -2 43 =12 b a7 ™ =34 -331
i1 0 0 0 0 o o 1 1 ) 0 1 0 1
12 L] 4549 =164 -102 =515 455 ~363 =45 L] #4 150 164 <1548
13 7 -359 =122 =76 =379 =325 ~2b4 47 h 82 168 132 =17
14 Kb 67 =17 - =37 -8 4 4 57 15 53 -37 =141
15 -3 -4 -9 -5 -E9 =H =70 25 T4 62 b -10 27
16 -162 =179 =33 =31 154 =139 142 =79 2 4591 659 =21 493
17 A7 =413 -127 -74 -1 -136 3B -28% K98 8.1 13k =119 2542
1k 367 ~¥33 -113 6% -328 297 358 -280 1108 2333 1842 -102 4000
19 =346 =359 =107 -&_; =291 =255 331 287 Ga7 2448 15 =149 4273
Table 8.F.12
Permanent Acquisition of Agricultural Water Rights
Reduction to Target Flow Shortages without Diversions - Average of Years 1975 - 1994
(ac-fty
Heach et Nov et Jan Feh Mar Apr May Jun Jul Aug Sep Towl
| v 0 ¥ L L] o 12 1] 128 1k 134 44 519
2 63 i} 1] L] 0 0 17 14K Ty 281 379 125 1323
3 k] 0 o 0 0 LI} fi 57 120 113 16l 5 §36
4 33 L] 0 0 L] L] 8 56 106 109 155 35 532
5 48 -9l =31 ~20) =100 K7 =6l 15 276 454 Lok 1749 1228
L 59 0 1 i 0 0 14 13 245 LA 289 108 10540
7 -3 -5 -2 2 -21 -14 -5 23 ass 429 515 2% 129
E 114 -187 5 <A1 <307 «238 43 | B4 2741 2919 3740 It 8753
9 =293 -AT1 122 =17 245 =276 93 1 1777 21, 2631 33 s
10 -121 -}15 +32 -13 i =62 43 -12 333 557 it -39 1036
11 (1 0 L 0o l L 22 50 an 232 264 i E2]
12 109 4949 164 =102 315 433 =363 A5 1043 2112 EL1L B3 3519
13 12 =359 122 =76 374 =125 =26 -7 565 1238 2104 454 2534
14 B4 67 -17 & -7 -29 - 13 32 435 14 =37 g5
15 -83 =04 29 -18 -89 =80 =10 =26 325 583 756 =10 [ 16
16 =162 =179 =53 =31 154 =139 =142 -9 §lb Q40 1260 =20 1757
17 407 433 =127 -4 -371 -36 <34E -28% 959 2163 2320 -11% o
] =367 =353 =113 =65 =328 247 -358 =280 1144 2500 2967 =12 4318
1% =34h =159 <107 4-._2 -291 agi =33 iﬂ Qa7 J44% 15 -14% 4271
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Cost

Costs associated with a program to purchase agricultural water rights
are subject to similar uncertainties to the representative land purchase
program described earlier regarding market response. Once again, the
study team's best estimates of costs associated with this program could
vary substantially from actual costs if implemented. Field research or a
demonstration project would be warranted if this altemative is selected
for further consideration in the Action Plan.

To estimate the costs associated with purchasing water rights the study
team examined the capitalized present value of irrigation water in crop
production throughout Region 1 (based on the differences between net
income from irrigated and non-irrigated lands) as well as differences in
the market value of irrigated cropland versus non-irrigated cropland
according to the 1999 NASS data described earlier in this section. The
study team also reviewed previous agricultural water right sales in the
Wyoming portion of Region 1.

As with the representative land purchase program described earlier,
additional factors beyond the pure economic value of irrigation
supplies would influence the cost of a water right purchase program.
Dry land farming is inherently different from imigated farming in terms
of risks, access to capital and management approach. Even if payments
corresponding to the economic value of irrigation would, theoretically,
result in no net financial impact on farmers participating in the
program, an additional premium would likely be required to encourage
participation. Two water transfers completed in the past ten years in
the Casper, Wyoming area involving senior water rights took place at
reported prices of $2,000 to $3,000 per ac-ft of consumptive use —
including transaction costs. These costs are more than triple the
estimated economic value of irmigation water in the area.

Analyses of transaction costs associated with previous water transfers
throughout the Western U.S. indicate that these costs vary widely, but
may average about 30 percent of the cost of water transfers
(MacDonnell, April 1990).

In consideration of the factors just described and the previous
experience with sales of water rights from irrigation in the Wyoming
portions of Region 1, the study team estimates that the costs of the
representative program would include the following components:
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e Economic value of irrigation water supplies. For Region | as a
whole, this value is estimated to be between $325 and $550 per
ac-ft of consumptive use based on the two valuation
approaches described above.

e An incentive premium of between zero and 100 percent of the
economic value. This premium is a larger proportion of the cost
than for a land purchase program — reflecting that the water
rights market and water rights values are less clearly defined
than land markets and values in most of the area. However, the
incentive range also recognizes the possibility that water might
be drawn from marginal uses with lower value than the average
cited above.

e Transaction costs (legal and administrative) of 20 to 30 percent.
Water rights purchase transactions may be more complex than
the land purchases described previously, although land title
does not have to be transferred.

For purposes of simplicity, the study team used the mid-point of the
range of values described above in estimating the costs on a reach by
reach basis. In addition, irrigation economic values were applied on a
reach specific basis. Table 8.F.13 summarizes the estimated costs, by
reach, of the representative program to purchase agricultural water
rights in Region 1. In total, the study team estimates that the
representative program in Region | would cost approximately $18
million. This figure represents an average cost of about $880 per ac-fl
of consumptive use saved on-farm. Average cost per ac-ft of reduction
in shortage at the critical habitat would be about $1,310 if the saved
water can be protected from downstream diverters. If the water is not
protected, in some reaches this program would produce no reduction in
shortages to target flows. In the reaches where this program would
reduce shortages, the costs would rise to more than $10,000 per ac-ft
of shortage reduction without protection from downstream diverters.
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Table 8.F.13 Estimated Cost of Representative Water Right
Purchase Program in Region 1

Cost per Ac-fi of

Cost per Ac-fi of Reduced Shortage
Estimated  On-farm Water Savings at Critical Habitat
Reach Tuotal Cost CIR  Deliveries With Without
Diversions* [Diversions
1 £520,000 5470 §235 £37.140 1,000
2 $1,320.,000 £470 £235 S37.710 £1,000
3 £590,000 £540 5270 £42.140 SL.100
4 FOR0,000 8650 £325 £42 500 £1.300
5 £2,130,000 $1.150 5575 NIA %1.730
6 31,310,000 Sal0 5305 £16.580 £1.25(
12 57,710,410 51,160 £380 N/A $1.380
13 $3.500,000 £1.060 £330 MNIA £1.240
Region Toml!
Average $17.760,000 SEEO 5440 MN/A $1.310

* In some reaches, the representative progran would produce no reduction in shortages to target
flows if downstream diverters can divert water produced by this program. In these instances.
costs per ac-fi are shown as not applicable (N/A).

Land Fallowing

The study team has assumed for purposes of evaluation that under this
alternative a new or existing agency would administer a voluntary land
fallowing program that would provide incentives to farmers in Region

I to fallow an annual total of 20,000 acres of farmland that would
otherwise have been irrigated. To provide maximum flexibility, annual
fallowing contracts could be devised and the mix of farms participating
in the program allowed to vary from year to year. Individual farm
owners could choose to fallow a portion of their acreage, likely subject
to a minimum number of participating acres to manage administrative
and program management costs.

For purposes of this evaluation, we have further assumed for this
analysis that the following amounts of acreage would be fallowed in
each reach, as shown in Table 8.F.14, based upon the distribution of
acres irrigated with surface supplies in the region depicted in Table
8.F.2:
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Table B.F.14 Representative Land Fallowing
Program in Region 1

Reach Acres Fallowed

Reach 1 (Northgate 1o Sinclair): 1.200
Reach 2 (Sinclair to Alcova): 2600
Reach 3 (Alcova to Orin): 1,100
Reach 4 (Orin to Whalen): 900

Reach 5 (Whalen to State line); 1,80
Reach 6 (Lower Laramie River): 2.500
Reach 12 (State line to Bridgeport): 7.400
Reach 13 (Bridgeport to Lewellen): 2.500
Region 1 Total: 20,000

Yield

The study team has assumed that acres voluntarily placed into the
fallowing program would have otherwise been planted and irrigated in
the same manner, on average, as current irrigated crop production in
each reach. Under this assumption, the land fallowing program would
have the same annual effects on water-use as the representative land
purchase program described previously. The following are the
estimated effects of the representative program on water use by reach,
as shown in Table 8.F.15.

Table 8.F.15 On-farm Water Use Reductions of Representative
Land Fallowing Program in Region 1
Annual Reduction in =~ Annual Reduction

Reach On-farm Delivery in CIR
Reach | (Northgate to Sinclair): 3.900 ac-fi 1.950 ac-ft
Reach 2 {Sinclair to Alcova): 9.980 ac-fi 4,990 ac-ft
Reach 3 (Alcova to Orin): 4.060 ac-ft 2.030 ac-ft
Reach 4 (Onin 1o Whalen): 3.220 ac-fi 1.610 ac-fi
Reach 5 {Whalen to State line): 5480 ac-fi 2.740 ac-fi
Reach 6 {Lower Laramie River 6,960 ac-i 3480 ac-ft
Reach 12 (State line to Bridgeport): 21,040 ac-fi 10,520 ac-fi
Reach 13 (Bridgeport to Lewellen): 7.340 ac-fi 1,670 ac-fi
ﬂ:;jun | Total: 61,980 ac-fi 30,990 ac-fi

Monthly changes in water use associated with this representative land
fallowing program in Region 1 were routed downstream using the
water budget spreadsheet. The analysis for the water budget
spreadsheet also incorporated changes in return flows that would result
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from this program and reductions in canal and ditch losses and
corresponding retumn flows. This analysis was performed under two
scenarios: with and without protection from downstream diverters.

Summary exhibits depicting the results of water budget modeling of
each incentive based alternative are presented in Appendix F. Table
8.F.16 summarizes the estimated on-site net hydrologic effects of the
representative land fallowing program, by reach and by month. Table
8.F.17 summarizes the effects of the representative land fallowing
program in reducing shortages to target streamflows at the critical
reach, assuming no protection from downstream diverters. Table
8.F.18 provides a similar summary of effects on target streamflows,
without downstream diversions.

Cost

A conceptually similar program of voluntary land fallowing to reduce
water use was implemented in the Palo Verde Irrigation District
(PVID) in California from 1992 through 1994. This example is
instructive in terms of the feasibility of such programs and the
administrative costs associated with them, although PVID agricultural
conditions differ considerably from those in Region 1. In particular, it
should be noted that PVID has a year round growing season, extremely
productive soils, and receives an average of less than five inches of
rainfall per year. As a consequence, annual gross farm revenue per acre
in PVID (over $500 per acre) is more than double the typical gross
revenues from irrigated crop production in Region 1. Dryland crop
production is impossible in PVID, and there were substantial costs
associated with maintaining soils on fallowed lands during the
program. Further, the Palo Verde Test Program sought (successfully)
participation of about 25% of all PVID irrigated acreage in the
fallowing program — a much higher proportion than that being
considered in the representative fallowing program for Region 1 (Palo
Verde Test Program information from reports for MWD, December
1994 and August 1995).

Despite the aforementioned differences, it 1s useful to note that
Metropolitan Water District of Southern California paid about $135
per ac-fi per year (on-farm delivered volume) to enlist participation in
the program. Administrative and monitoring costs during the test
program were about $720,000 per year, or $35 per acre fallowed.
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Tahle 8.F.16

Land Fallowing Program
Net Hydrologic Effects - Average of Years 1975 - 1994
(ac-ft)

Reach (et Moy iec Jan Feb Mar Apr May Jun Jul Ang Sep Total
I 7l 1] L] 1] i 1] i3 208 415 544 441 235 1950
2 187 ¥ ] 0 0 1] 46 446 1018 1428 1262 603 4HH)
3 78 th 0 i 0 i 18 176 403 517 525 252 203
4 82 0 i 1] 0 1] 19 142 286 454 413 214 &0
5 Lt =311 ~-321 ~317 =329 -327 2758 37 707 1811 1798 671 03
] 157 i f ] 0 ¥ 35 3az 721 950 B3E 445 480
7 -238 =251 -236 -6l 262 -261 =145 55 875 1653 1343 95 2340
|3 <1801 -1871 =1851 -1 895 ~1910 1907 =1 433 AY1E 12769 10261 fild 18727
L] <1781 <1773 ~1643 1514 -139| -1289 -522 233 4337 9212 Ti68 122 157
10 -372 =312 =163 <23 -203 -183 <126 =% 59% 1545 1250 -7 1342
11 0 0 0 0 fi 0 S0 124 578 Qs 743 1] 2480
12 279 <1 HiE ~1804 <1503 =1806 1811 =1603 635 28062 9628 1 (W04 3348 EEL )
13 3! 210 -2 4k 424 -903 -T85 =362 1046 TaR 4246 1353 468
14 =240 =160 =121 =100 -85 T4 25 1 | 334 1227 910 =270 1617
13 |87 187 -187 -1 8% =194} =191 =154 =111 575 1628 1445 <70 2183
1 -292 292 =282 292 =292 =193 -243 <186 2 Pt 2411 -84 3645
17 -b87 647 <R bk -H85 685 -599 -4%1 1620 59% 4701 =312 BE10
18 -535 -585 586 -356 586 -5Ef =527 =445 1871 6775 5377 =252 9281
19 = S[hs Ll -5k -3 -Ailify -5k -84 ~453 1601 SSE 4700 ~294 7566
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Table 8.F.17

Land Fallowing Program
Reductions to Target Flow Shortages with Diversions - Average of Years 1975 - 1994
(ne-ft)

Reach et Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Tatal
1 11 1] ] ] ] 0 2 4 4 I 2 2 25
2 30 1] 4] 1] o L] 3 R 9 2 5 4 el
3 13 ] ] ] ] i 1 3 4 I 2 2 26
4 i3 0 0 ] 0 ] 1 3 3 | 2 2 M
5 et | -135 L] -9 =148 =129 a5 2 21 (] 24 31 47
f %4 1] 1] ] ] ] 12 16 13 ] L] 16 128
7 - -7 -2 =2 =30 =20 -T 1 i} 1 3 ] =47
4 165 272 9% -74 446 345 =12 0 275 3 54 10 -1129
9 430 -553 |79 |12 508 =405 -137 7 340 145 20 10 =} 595
10 =133 =126 =35 =19 -85 =fHd -47 -13 T 52 82 2 <36
I ] ] ] o f ] 2 2 10 i 1 1] 16
12 ]} -789 =150 =IBl B3 719 -375 -7l 155 133 273 266 2462
13 B -394 -136 -85 =411 =361 =293 -53 e L] 199 151 1204
14 -93 =Tl -1% -4 -39 -30 =10 +4 60 4 56 =34 -14%
15 -2 =104 -32 =19 4R -RE -7 -3 B1 ] 103 =11 -298
13 -178 =197 -58 - -169 -153 156 86 331 539 T2} -12 239
17 =437 =4 =136 -79 -394 =360 46 =3 63 2012 47 =128 2720
1B -186 413 =119 6% =345 =312 =376 -295 1165 2457 2987 =108 4187
19 =375 -188 =116 i =115 =276 =358 311 1079 _Jllﬁ-lﬁ 3263 =1l 4619

Table B.F.18
Land Fallowing Program
Reduction to Target Flow Shortages without Diversions - Average of Years 1975 - 1994
{ac-fit)

Reach et Nov Dec Jan Feh Mar Apr May Jun Jul Aug Total
I 41 L] 0 1] 0 ] 21 123 i) 18R 238 ] 920
2 11 ] a 1] 0 0 k] 264 547 500 A5G 29 134)
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The USDA's Conservation Reserve Program (CRP) is also similar in
concept to the fallowing program described herein, although it
principally targets non-irmgated lands. Approximately 250,000 acres in
Wyoming, and more than | million acres in Nebraska, have been
withdrawn from crop production under the CRP program. The average
annual payment for CRP participation, exclusive of administrative

costs, is about $30 per acre in Wyoming and over $50 per acre in
Nebraska.

The study team has estimated the annual costs of the representative
land fallowing program for Region 1 based on the following
COmpOonents:

e Annual value of imgated lands in Region 1. Based upon two
measures — annual net income to farmers and irrigated land
rental rates — this value for the region as a whole is between
$40 and $50 per acre.

e An incentive premium to induce participation of between zero
and 50 percent of the annual economic value would likely be
required to induce participation. This range reflects the
possibility that marginal lands with lower than average value
might comprise the bulk of lands enrolled in the program.

e Administrative costs, in the long run, would average 520 per
acre fallowed. This value reflects the assumption that an
ongoing program would have lower administrative costs than
the Palo Verde test program described earlier.

For purposes of simplicity, the study team used the mid-point of the
range of values described above in estimating the costs on a reach by
reach basis. In addition economic values were applied on a reach
specific basis. On an annual basis, the study team estimates that the
representative fallowing program would cost an average of about 580
per ac-ft of consumptive use saved on-fanm in Region 1 ($40 per ac-ft
of water previously delivered on-farm). Annual costs were converted
to capitalized total costs based on a six percent discount rate
(appropriate for public entities that can obtain tax-free financing).
Table 8.F.19 summarizes the estimated capitalized costs, by reach, of
the representative program to fallow irrigated lands in Region 1. The
study team estimates that the representative program in Region |
would have a capitalized total cost of approximately $29 million. This

B-F-26



figure represents an average capitalized cost of about $930 per ac-fi of
consumptive use saved on-farm. Average capitalized cost per ac-fi of
reduction in shortage at the critical habitat would be $1,410 if the
saved water can be protected from downstream diverters, and more
than $10,000 per ac-ft if the water is not protected. In some Region |
reaches, the representative land fallowing program would offer no
reduction in annual shortages to target flows if the water conserved by
this program cannot be protected from downstream diverters.

Table 8.F.19 Estimated Capitalized Cost of Representative Land
Fallowing Program in Reginn 1

Cost per Ac-fit
of Reduced Shoriage
Estimated Cost per Ac-fi of at Critical Habitat
Capitalized - i With Without

Reach Cost CIR  Deliveries Diversions* Diversions
| S1,130,000 $580 £290 545,530 §1.230
2 52,660,000 £530 8265 £42.650 £1.130
3 1,170,000 L580 £390 $45,.200 S1.180
4 51,040,000 8650 $325 $42.390 51,300
5 $2,630,000 5960 S480 NiA S1.400
L] 52,540,000 £730 £365 $19.860 51,510
12 13,110,000 $1.250 5625 NFA $1.510
13 54,440,000 $1.210 5605 N/A SL410

Region Total

Average $28.720,000 5930 S465 N/A £1.410

* In some reaches, the representative program would produce no reduction in shorages 1o target
flows if downsiream diverters can divert water produced by this program. In these instances,
costs per ac-ft are shown as not applicable (N/A).

e r i icultural Water S li

The study team has assumed for purposes of evaluation that under this
alternative an agency would be created to administer a voluntary
leasing program that would provide incentives to farmers in Region |
to annually lease 40,000 ac-ft of water supplies (delivered on farm)
that would otherwise have been used in irrigation. To provide
maximum flexibility, short-term, two- to five-year leasing contracts
could be devised and the mix of farms participating in the program
allowed to vary over time. Individual farm owners could choose to
lease a portion of their water supplies, likely subject to a minimum
lease volume to manage administrative and program management
costs.
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Based upon the distribution of surface water supplied irrigation in the
region depicted in Table 8.F.2, the study team has further assumed for
this analysis that the following amounts of water supplies would be
leased in each reach, as shown in Table 8.F.20.

Table 8.F.20 Representative Irrigation Water Leasing Program in

Region 1
Ac-ft Leased (Delivered Volume
Reach On-farm)
Reach 1 (Northgate to Sinclair): 2,200
Reach 2 (Sinclair to Alcova): 5,600
Reach 3 {Alcova to Orin): 2,200
Reach 4 {Orin to Whalen): 2,100
Reach 5 (Whalen to State line): 3,700
Reach 6 (Lower Laramie River): 4,300
Reach 12 (State line 1o Bridgeport): 13,300
Reach 13 (Bridgeport 10 Lewellen): f.600
| Region | Total: 40,000

Yield

As shown in Table 8.F.20, the representative water leasing program in
Region | would reduce on-farm deliveries to participating properties
by an estimated 40,000 ac-ft per year. On-farm consumptive use would
be reduced by 20,000 ac-ft per year based on an on-farm efficiency of
50 percent.

Monthly changes in water use associated with this representative
water-leasing program in Region | were routed downstream using the
water budget spreadsheet. The analysis for the water budget
spreadsheet also incorporated changes in return flows that would result
from this program and reductions in canal and ditch losses and
corresponding return flows. This analysis was performed under two
scenarios: with and without protection from downstream diverters.

Summary exhibits depicting the results of water budget modeling of
each incentive based alternative are presented in Appendix F. Table
8.F.2]1 summarizes the estimated on-site net hydrologic effects of the
representative water leasing program, by reach and by month. Table
8.F.22 summarizes the effects of the representative water leasing
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Tabie 8.F.21

Temporary Leasing of Agricultural Water Supplies

Met Hydrologic Effects - Average of Years 1975 - 1994
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Tablc 8.F.22
Temporary Leasing of Agricultural Water Supplies
Reductions to Target Flow Shortages with Diversions - Average of Years 1975 - 1994
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Table 8.F.23
Temporary Leasing of Agricultural Water Supplies
Reduction to Target Flow Shortages without Diversions- Average of Years 1975 - 1994
(ac-ft)
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program in reducing shortages to target streamflows at the critical
reach, assuming no protection from downstream diverters. Table
8.F.23 provides a similar summary of effects on target streamflows,
without downstream diversions.

Cost

Markets for permanent water rights transfers and temporary leases or
rentals of water supplies often coexist. Good examples include the
Northern Colorado Water Conservancy District in Colorado, the Rio
Grande Valley in Texas and, most recently, the Edwards Aquifer
Region in Texas. In general, the cost of short-term water transfers
through leases or rentals is less than the annualized value of the cost of
permanent water transfers, Reasons for this divergence are that farmers
do not trade away their rights and their permanent asset value when
entering into leases or rental agreements and, because leasing is a more
flexible option, leasing programs may work better at attracting water
supplies that would have been put to low valued, marginal use.

Based on the preceding considerations, the study team anticipates that
the required premium needed to induce farmers to participate in a
water leasing program would be less than the premium required for
outright purchase of water rights. Legal transaction costs might be
lower for a leasing program, but administrative transaction costs might
be higher than with permanent water right purchases. The study team
has estimated the annual costs of the representative water leasing
program for Region 1 based on the following components:

e Annual economic value of irrigation on Region | lands. This
value was estimated in a similar manner to the annual
economic value of irrigated lands for the land fallowing
alternative. However, the annual economic value is lower under
the leasing alternative than under land fallowing because dry
land cropping could offset a portion of the farmers' income loss
under the leasing program. Annual value of irrigation supplies
for Region 1 as a whole are estimated at between $22 and $38
per ac-fi of consumptive use based on farm net income and
land rental differentials between irmigated and non-irmigated
lands,
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e Anincentive premium of between zero and 50 percent to
induce participation in the program.

e Transaction and administrative costs representing
approximately 30 percent of total program costs.

For purposes of simplicity, the study team used the mid-point of the
range of values described above in estimating the costs on a reach by
reach basis. In addition economic values were applied on a reach
specific basis. On an annual basis, the study team estimates that the
representative water leasing program would cost an average of about
$50 per ac-ft of consumptive use saved on-farm in Region 1.
Converting annual costs over 20 years to capitalized costs based on a
six percent discount rate, the study team estimates that the
representative leasing program in Region 1 would have a present value
capitalized cost of over $12 million, as shown in Table 8.F.24, This
figure represents an average capitalized cost of about $610 per ac-ft of
consumptive use saved on-farm. Average cost per ac-fi of reduction in
shortage at the critical habitat would be $890 if the saved water can be
protected from downstream diverters, and more than $10,000 if the
water is not protected. In some Region 1 reaches, a water leasing
program would have no effect on shortages to target flows without
protection from downstream diverters.

Table 8.F.24 Estimated Capitalized Cost of Representative Water
Leasing Program in Region 1

Cost per Ac-ft

of Reduced Shortage

Estimated Cost per Ac-ft of at Critical Habitat

Capitalized  On-farm Water Savings With  Without
Reach Cost CIR Deliveries Diversions® Diversions

| $370,000 5340 170 £26.430 L[]
2 S970,000 %350 175 £27.710 8730
3 $430,000 £390 5195 £30,710 KO0
4 S4R0,000 S460 £230 S30,000 S92

5 51,430,000 5770 %385 N/A §1.160
L £940,000 440 £220 £11.900 LOTTH
12 £5,200,000 5780 390 /A S930
13 52,320,000 5700 5350 N/A S820

Region Totwal/

Average £12,140.000 610 £305 NIA 890

* Insome reaches. the represeniative program would produce no reduction in shortages to target
Mlows if downstream diveners can divert water produced by this program. In these instances,
costs per ac-1t are shown as not applicable (N/A)
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Dry Year Leasing

Dry year leasing is a form of contingent water transfer, in which
contracted quantities of water would be transferred from irrigation
under contractually specified conditions. Typically such arrangements
involve a relatively small annual contractual payment every year plus a
larger payment in any year in which the lease is actually exercised (Jay
R. Lund, Morris Israel, January/February 1995).

Yield

Unlike the other incentive based alternatives previously described, the
yield of a dry year leasing program would be zero in some years and
substantial in others, depending on whether or not the leases were
activated. The decision rule for determining the conditions under
which the leases would be activated is critical in determining the vield
from this type of program. Ideally, the dry vear leasing program should
be activated in years that will have the largest shortages to target flows
during the height of the irrigation season between June and September.
For such a program to have any chance of being viable and economic,
however, farmers must have at least some advance notice of when the
leases will be activated.

Because the decision to activate dry vear leases must be made in
advance, any decision rule will be less than perfect. In some cases. dry
year leases will likely be activated in years that do not ultimately tumn
out to be "dry" and vice-versa.

The study team examined the monthly shortages at Grand Island and
determined that whether a year was dry, wet or average from a
precipitation standpoint had essentially no relationship to shortages to
target flows experienced during the irrigation season. The three vears
with the largest cumulative shortages to target flows during the
historical period of record were 1977, 1978 and 1990 — all classified as
average years. The study team did, however, find a correlation between
cumulative shortages in the fall and winter and shortages during the
subsequent irrigation season. Based upon this analysis, the study team
has assumed that participating farmers would be notified that their dry
year leases would be activated for the following irrigation season any
time the accumulated monthly shortages to target flows at Grand Island
during the months of October through February were greater than
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150,000 ac-ft. Based on the period of record, this would have resulted
in activation of leases in 1975, 1977, 1978, 1979, 1980, 1990 and
1993, Essentially, the program would be activated in about one year in
three.

Assuming that the target dry year leasing volume for each reach would
be the same as under the representative leasing program described
previously, the yield of the dry year lease program would be the same
as shown in Table 8.F.20. In years when dry vear leases were activated,
the total reduction in Region | water use would be 40,000 ac-ft
delivered on-farm (and 20,000 ac-ft of on-farm consumptive use).
Unlike the representative leasing program, however, the yield would
only be realized in about one in three years.

Net hydrologic effects of dry year leases were analyzed as if the steady
state return flow condition would be realized in the vear that the lease
operates. The study team acknowledges that, particularly where return
flows are delayed for many months, this would not be the case in
reality. Actual stream impact during the dry year would be more
positive than this analysis shows, because historically diverted water
would remain in the stream while last year's return flows would
continue to accrue to the stream. Conversely, this approach does not
identify a negative effect in the next year, when diversions return to
normal but return flows are less than they were historically because the
dry year lease was exercised the previous year.

Summary exhibits depicting the results of water budget modeling of
each incentive based alternative are presented in Appendix F. Table
8.F.25 summarizes the estimated on-site net hydrologic effects of the
representative dry year leasing program, by reach and by month. Table
8.F.26 summarizes the effects of the representative dry year leasing
program in reducing shortages to target streamflows at the critical
reach, assuming no protection from downstream diverters. Table
8.F.27 provides a similar summary of effects on target streamflows,
without downstream diversions.

Cost

Direct costs of dry vear leases typically include both the annual
payment for participation in the lease option arrangement and an
additional payment in years when the lease is actually exercised. Dry
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Table 8.F.25

Dryv Year Lensing

Net Hvdrologic Effects - Average of Years 1975, 1977-1980, 1990, 1993

When Leases Would Have Been Exercised Only (ac-ft)
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Tahle 8.F.26

Dry Year Leasing
Reductions to Target Flow Shortages with Diversions
Average of Years 1975, 1977-1980, 1990, 1993 When Leases Would Have Been Exercised Only
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Table B.F.27
Dry Year Leasing
Reductions to Target Flow Shortages without Diversions
Average of Years 1975, 1977-1980, 1990, 1993 When Leases Would Have Been Exercised Only
(ac-ft)
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year leasing arrangements are currently being explored in the Edwards
Aquifer region in Texas, alongside other forms of incentives, The first
lesson from this experience is that the annual payment for participation
must be substantive to interest farmers in participating in such a
program. The second lesson is that the magnitude of the required
payment in years when the lease is triggered depends, in part, on how
much advance notification is provided to farmers so that they can
adjust their planting and investment decisions.

The decision rule assumed by the study team for implementing dry
year leases in Region 1, would provide later than optimal notice to
farmers and might strand a portion of their investment for the
following irrigation season. In addition, arrangements with rental
operators might well already be in place. Unfortunately, this late notice
15 probably unavoidable in order to activate the dry year leases in years
when they are most likely to benefit the critical habitat. Because of the
uncertainty that dry year leasing arrangements impose on farmers, this
mechanism is generally less popular and more costly in the years that
the leases are implemented than ongoing, predetermined leases.

Based on the preceding considerations, the study team has estimated
the annual costs of the representative dry year leasing program for
Region 1 based on the following assumptions:

e Costs of dry vear leases in years that the leases are activated
would be 50 percent greater than the annual costs of on-going
water leases in the same reach.

e Annual contractual payments for participating in the dry year
leasing program, in vears when the leases are not activated,
would be one-half of the annual cost of on-going water leases
in the same reach.

Based on the assumption that leases would be activated once every
three years, as would have occurred during the period of record under
the decision rule used for this evaluation, Table 8.F.28 summarizes the
estimated capitalized costs, by reach, of the representative water
leasing program in Region 1. Average capitalized cost per ac-ft of
reduction in shortage at the critical habitat would be $1,530 if the
saved water can be protected from downstream diverters. If the water
is not protected from downstream diverters, a dry year leasing program
in several Region | reaches would offer no reduction in target flow
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shortages. In the other Region 1 reaches the costs would be more than
$10,000 per ac-ft without protection from downstream diverters.

Prior studies of dry year leasing, typically focusing on making water
available for municipal water supplies under drought conditions, have
often found this alternative to be among the most cost effective
options. In this instance, however, in which additional flows will be
needed in many years and not just under severe drought conditions, it
is not surprising that this alternative may be less cost effective than
ongoing leasing arrangements or other incentive based measures.

Table 8.F.28 Estimated Capitalized Costs of Representative Dry
Year Leasing Program in Region 1

Cost per Ac-Nl
of Reduced Shortage
Estimated Cost per Ac-ft of at Critical Habitat*
Capitalized  On-farm Water Savings* With  Without
Reach Cost* CIR Deliveries Diversions** Diversions
| £250,000 680 £340 $£31.250 51130
2 650,000 ST0H0 5350 $34.210 51,160
i S290,000 L780 £300 £36,250 $1.270
4 $320,000 5920 Sda0 $35,560 S1.440
5 950,004 $1.540 $770 NA 52.020
f S630,000 880 S440 17,030 1,390
12 £3.450,000 $1.5060 780 NiA 51.640
13 81,540,000 §1.400 5700 NIA 51510
Region Totlf
hmﬁe $8.080.000 £1.210 S610 NIA £1.530

*  Caleulation reflects estimate that leases will be activated in approximately one in three years,

** In some reaches, the representative program would produce no reduction in shortages 1o targel
fows if downstream diverters can divert water produced by this program, In these instances,
costs per ac-fi are shown as not apphicable (N/A),

Drought Water Banking

California initiated the most well known water banking activity during
the early 1990s; it operated more like the representative leasing
program described previously. Other attempts to create flexible water
banks have met with mixed success at best. For example, the water
bank established by the Texas Water Development Board about five
years ago has seen almost no activity. On the other hand, active spot
markets for water supplies do exist in a number of places where water
supplies are undifferentiated and freely transferable with little or no
transaction cost — including the Northern Colorado Water Conservancy
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District, California's Central Valley Project and the Rio Grande Valley
in Texas. Water banks and spot markets typically exist in areas that
share common storage and flexible water allocation rules within a
given area. The concept of a drought water bank would be to create an
active spot market for short-term water supplies that could be removed
from irrigation and left in the river when needed. Under these
conditions, water banks may have lower on going administrative and
transaction costs than one-on-one leasing arrangements, although start
up costs may be greater.

A water bank in the context of the Cooperative Agreement would be
unlike others in that water would be purchased from multiple buyers
and dedicated for a single purpose, rather than resold to multiple
buyers. This type of water bank could only function if current water
users were offered compensation for their water to give up rights to its
usage temporarily. The amount of compensation would be very similar
to that of a dry vear leasing program or a temporary leasing program, if
the bank were to operate continuously. The yields and impacts of the
program would also be similar.

From the perspective of this study, a water bank would only represent
a mechanism or administrative structure for implementing any of the
incentive programs or even agricultural conservation programs
previously addressed. Therefore, it should not be analyzed further in
this study as a separate, distinct agricultural incentive program.

Region 2

Except where noted in this section, the study team's approach and
assumptions in evaluating incentive based approaches in Region 2
were the same as described previously for Region 1. In the interest of
brevity, the following is an abbreviated description of the costs and
vields associated with incentive based alternatives in Region 2. This
discussion focuses on information specific to Region 2 and the reader
15 advised to refer back to the Region 1 discussion for additional
insight regarding the analytical basis for estimated yields and costs.

Table 8.F.29, below, summarizes estimated irrigated acres harvested
and corresponding crop irrigation water use in Region 2,
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Table 8.F.29 Estimated Water Use for Crop Irrigation in Region

2
Water User Per Acre (in ft.)  Total Annual Water Use
Harvested Consumptive On-farm Consumptive  On-farm
Reach Irrigated Acres Irr. Rgmt. Delivery Irr. Rgmi. Delivery
7 36,985 1.60 3.20 59,155 118310
8 339,371 1.53 3.06 518873 1.037.747
9 260,486 1.40 2.81 365,952 31.904
1] 33,206 1.24 248 HE.423 136,846 |
Region Total/ 692,108 .44 2.89 1,012,403 2,024,807

Avernges
Source Study tcam estimutes based on NRCE database for 1992, 1994, and 1996; modificd Blaney-Criddle
estimates of consamptive tmigathon requirement

Table 8.F.30 summarizes the estimated irrigated acres harvested and
annual use of surface water by reach and by source of water supply.

Table 8.F.30 Estimated Harvested Crop Irrigation by Surface

Water in Region 2
Harvested Annual Consumptive Annual On-farm
Reach Irrigated Acres  lIrrigation Requirement Delivery
7 27.028 43,230 86,460
8 211,238 322967 645,934
9 157,081 220,681 441,362
11 42 995 53.231 10,462
Legicm Total 438,343 (1, 109 1,280,218

Source Propect team gstimates based on informaticn summarized in previous exhibat and Unied States
Creobopical survey Mational Water Use Informanon Program, 1990 and 1995,

d Pu se and lrrigation Retirement

The study team has assumed for purposes of evaluation that under this
alternative an agency would be created to purchase and own 20,000
acres of farmland that would subsequently be retired from irrigation.
Based upon the distribution of acres irrigated with surface supplies in
the region depicted in Table 8.F.30, and the assumption for purposes of
evaluation that 20,000 acres would be purchased in Region 2, we have
assumed that the following amounts of acreage would be targeted for
purchase in each reach, as shown in Table 8.F.31.
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Table 8.F.31 Representative Land Purchase and Irrigation
Retirement Pruﬁram in Rgginn 2

Reach Acres Purchased
Reach 7 (Henderson to Kersey): 1.200
Reach 8 (Kersey 1o Balzac): 9,600
Reach 9 (Balzac 1o Julesburg): 7.200
Reach 11 (Poudre Riverk: 2.000
[ Region 2 Total: 20,000

Yield

Based upon the crop mix and consumptive irmigation requirements
(CIR) specific to each reach, the representative land purchase program
in Region 2 would reduce on-farm consumptive use by an estimated
29,000 ac-fi per year. Assuming 50 percent on-farm efficiency, on-
farm deliveries to participating properties would be reduced by an
estimated 58,000 ac-ft per vear..

The following are the estimated effects of the representative program
on water use by reach, as shown in Table 8.F.32.

Table 8.F.32 On-farm Water Use Reductions of Representative
Land Purchase and Irrigation Retirement Program in Region 2

Annual Reduction in - Annual Reduction
Reach On-farm Delivery in CIR
Reach 7 {Henderson 1o Kersey): 3,840 ac-fi 1.920 ac-ft
Reach 8 (Kersey 1o Balzac): 29,360 ac-ft 14,680 ac-fi
Reach 9 (Balzac to Julesburg): 20.240 ac-it 10,120 ac-fi
Reach 11 (Poudre River): 4,960 ac-i 2 AR0 ac-fi
| Region 2 Total: 58400 ac-it 29,200 ac-fi

Summary exhibits depicting the results of water budget modeling of
each incentive based alternative are presented in Appendix F. Table
8.F.5 summarizes the estimated on-site net hydrologic effects of the
representative land purchase program, by reach and by month. Table
8.F.6 summarizes the effects of the representative land purchase
program in reducing shortages to target streamflows at the critical
reach, assuming no protection from downstream diverters. Table 8.F.7
provides a similar summary of effects on target streamflows, without
downstream diversions.
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Cost

As in the analysis of this alternative for Region 1, the study team
examined the value of irrigated farmland in each reach within Region
2. In the upper reaches of Region 2 (Reaches 7 and 11), along
Colorado's Front Range, competition with municipal acquisition of
farmland for water supplies and with developers for residential use are
additional factors influencing land and water values.

The basic approach was the same as followed in Region 1. The
estimated cost of a program to purchase and retire lands from irrigation
in Region 2 includes three components: the value of irrigated
farmland, potential incentives required to induce participation in the
program, and administrative and transaction costs.

The study team estimated the value of irrigated lands in each reach
within Region 2 based upon two alternative approaches. First, we
examined the most recently published information from the United
States Department of Agriculture, National Agricultural Statistics
Services (NASS) on irrigated land values across the country (1999a).
To examine potential variations in the value of irrigated lands from
reach to reach within Region 2, the study team also calculated an
estimated irrigated land value for each reach based on the capitalized
value of net income from immigation in the reach. Our net income
estimates were based on average cropping patterns, yields, prices, and
costs in the NRCE database for the years 1992, 1994 and 1996.

A proactive program, intended to purchase and retire substantial
amounts of irrigated farmland, would likely have to include a premium
or incentive to induce participation. However, several factors may tend
to reduce the required premium in this instance:

* The amount of farmland to be purchased under the
representative program analyzed here is substantial. but still
represents a relatively small proportion of total irrigated lands
in the region.

e The land values calculated by the study team are average values
for the area — but the program should be designed to seek
purchase of the least productive lands that are currently
irrigated. These lands have lower value and their retirement
would have a lower impact on the area's agricultural economy.
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e Water supplies in the easternmost reaches of Region 2 are
generally unlikely to be in demand from other purchasers —
such as municipal buyers.

e Purchase prices could likely be kept relatively close to market
rates through a competitive purchasing mechanism.

Finally, there will be administrative and one-time transaction costs
associated with this type of incentive program. Legal costs will be
incurred in transferring title to participating lands and in transferring
water use under the with protection scenario. Marketing costs will be
incurred to inform and enroll participants. On an ongoing basis, an
agency will have to administer the acquired lands.

In consideration of the factors just described and the previous
experience with transfers of land for water supply in other areas, the
study team estimates the range of potential costs of a program to
purchase and retire irrigation from lands in Region 2 would include:

e Current value of irrigated lands: Average value across Region 2
was estimated at $1,600 to $2.000 per acre based on the two
valuation approaches described earlier. These values exclude
lands in close proximity to the Front Range which have
additional value due to development potential. Reach specific
values were incorporated in the cost estimates. The study team
assumed that the program could realize some salvage value
from the purchased land by selling or leasing it for dryland
cropping or grazing purposes not involving irrigation. One half
of the estimated dryland value per acre was assumed to be the
salvage value of program lands in each reach.

* Anincentive premium of 0 to 30 percent. This range reflects
the assumption that marginal lands in Region 2 may be at least
20 percent less valuable than the average described above.

* Administrative and transaction costs of 20 to 30 percent.

For purposes of simplicity, the study team used the mid-point of the
range of values described above in estimating the costs on a reach by
reach basis. In addition, irrigated land values were applied on a reach
specific basis.
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Table 8.F.33 summarizes the estimated costs, by reach, of the
representative program to purchase lands and retire irrigation in
Region 2. In total, the representative program in Region 2 would cost
an estimated $43 million. This figure represents an average cost of
about $1,470 per ac-ft of consumptive use saved on-farm. The average
cost per ac-ft of reduction in shortage at the critical habitat would be
$2.210 if the water 1s protected from downstream diverters. In Region
2, a number of sand dams would have to be improved or modified if
conserved supplies are to be protected from downstream diversions.

Costs for these modifications, estimated at $8.1 million in total, were
added to the costs of this alternative under the scenario in which water
is protected from downstream diverters. These cosls were prorated
back to each reach within Region 2 on the basis of the proportion of
the total region's on-site yield contributed by that reach. When these
costs are included, capitalized costs of this alternative in Region 2
would increase to about $51 million. Because the costs for sand dam
modifications were prorated over all reaches in Region 2, the cost per
ac-ft of reductions to target flow shortages would increase if this
alternative 1s not implemented in every reach.

If sand dams are modified to bypass flows, then more than one
alternative could be located above the sand dams without incurring the
additional cost of sand dam replacement. The sand dams would only
need to be modified once, therefore, the total cost to replace these
dams would be spread among all projects implemented under the
Program in Colorado, as opposed to each individual project. Therefore,
the cost per acre foot for scenarios without diversion losses could be
lower if more than one alternative is selected in Region 2 that requires
sand dam modifications. This applies to all incentive based programs
implemented in Region 2.

If the water is not protected, in some reaches this program would
produce no reduction in shortages to target flows. In the reaches where
this program would reduce shortages, the costs would rise to more than
$10,000 per ac-ft of shortage reduction without the protection from
downstream diverters.
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Table 8.F.33 Estimated Capitalized Costs of Representative Land
Purchase and Irrigation Retirement Prug_ram in Region 2

Cost per Ac-ft
of Reduced Shortage

Estimated Cost per Ac-ft of at Critical Habitat
Capitalized  On-farm Water Savings With  Without

Reach Cost* CIR Deliveries Diversions** Diversions
7 §2.730,000 $1.420 S710 /A $1.780
8 521, 140,000 S1.440 5720 N/A 2010
9 514,880,004 51,470 §7315 MNA £2.3510
11 £4. 140,000 51,670 £835 S250,4000) £3,950

Region Total/

Average S42, 890,001 51470 §7315 NIA S$2.210

*  Total cost estimates shown in this table exclude additional costs for sand dam modificanons
under the scenario in which water is protected from downatream diverters. These costs,
estimated at $4.1 million across the region, were promated 1o each reach and are reflected in the
costs per ac-ft of reduced shorage at the critical habitat without diversions.

In some reaches, the representative program would produce no reduction in shortages 1o target
flows il downstream diverters can divert water produced by this program. In these instances,
costs per ac-fl are shown as not applicable (N/A).

Permanent Acquisition of Agricultural Water Supplies

The study team has assumed for purposes of evaluation that under this
alternative a new or existing agency would purchase and own 40,000
ac-ft of agricultural water rights (on-farm delivered volume) in Region
2. Based upon the distribution of surface water supplied irrigation in
the region depicted in Table 8.F.30, we have further assumed for this
analysis that the following amount of water rights would be targeted
for purchase in each reach, as shown in Table 8.F.34.

Table 8.F.34 Representative Irrigation Water Right Purchase
Program in Region 2

Ac-ft Purchased {Delivered Volume
Reach On-farm)
Reach 7 (Henderson to Kersey): 2,700
Reach § (Kersey to Balzac): 20,200
Reach 9 (Balzac to Julesburg): 13,800
Reach 1] (Poudre River): 3,300
| Region 2 Total: 40,000

Summary exhibits depicting the results of water budget modeling of
each incentive based alternative are presented in Appendix F. Table
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8.F.10 summarizes the estimated on-site net hydrologic effects of the
representative water right purchase program, by reach and by month.
Table 8.F.11 summarizes the effects of the representative water right
purchase program in reducing shortages to target streamflows at the
critical reach, assuming no protection from downstream diverters.
Table 8.F.12 provides a similar summary of effects on target
streamflows, without downstream diversions.

Cost

As in Region 1, the study team's estimates of the costs of a
representative program to purchase agricultural water rights began with
a multiple of our estimate of the economic value of water in irrigated
agriculture, plus estimated transaction costs. To estimate the costs
associated with purchasing water rights the study team examined the
capitalized present value of irrigation water in crop production
throughout Region 2 (based on the differences between net income
from irrigated and non-irrigated lands) as well as differences in the
market value of irrigated cropland versus non-irrigated cropland
according to the 1999 NASS data described earlier in this section.

As with the representative land purchase program described earlier,
additional factors beyond the pure economic value of irrigation
supplies would influence the cost of a water right purchase program. In
the upper portions of Region 2 (especially Reach 7 and Reach 11)
native flow water rights that can be used by some municipalities are
currently available for $2,500 to $3,000 per ac-ft (values of North
Poudre Irmrigation Company and Union Reservoir shares per NCWCD
communication, 1999a). Other native flow water rights that are not as
readily used by municipalities are currently priced at about $1.000 per
ac-ft (Lake Loveland and Seven Lakes shares, per conversation with
Greeley Water Department, 1999).

Analyses of transaction costs associated with previous water transfers
throughout the Western LS. indicate that these costs vary widely, but
may average about 30 percent of the cost of water transfers
(MacDonnell, April 1990).

In consideration of the factors just described and the previous
experience with sales of water rights from irrigation in Region 2, the
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study team estimates thal the costs of the representative program
would include the following components:

e [Economic value of irrigation water supplies. For Region 2 as a
whole, this value is estimated to be between $750 and $1000
per ac-ft of consumptive use based on the two valuation
approaches described above.

e An incentive premium of between zero and 100 percent of the
economic value. This premium is a larger proportion of the cost
than for a land purchase program - reflecting that the water
rights market and water rights values are less clearly defined
than land markets and values in most of the area. However, the
incentive range also recognizes the possibility that water might
be drawn from marginal uses with lower value than the average
cited above.

* Transaction costs (legal and administrative) of 20 to 30 percent.
Water rights purchase transactions may be more complex than
the land purchases described previously although land titles do
not have to be transferred.

For purposes of simplicity, the study team used the mid-point of the
range of values described above in estimating the costs on a reach by
reach basis, In addition, the economic value of irmigation supplies were
applied on a reach specific basis.

Table 8.F.35 summarizes the estimated costs, by reach, of the
representative program to purchase agricultural water rights in Region
2. In total, the study team estimates that the representative program in
Region 2 would cost approximately $31 million. This figure represents
an average cost of about $1,540 per ac-ft of consumptive use saved on-
farm. Average cost per ac-ft of reduction in shortage at the critical
habitat would be more than $200,000 per ac-ft in reach 11 if the water
is not protected from downstream diverters. In the other reaches, water
budget runs indicate there would be no reduction in shortages to target
flows if the water is not protected from downstream diverters. If the
water is protected from downstream diverters, the estimated costs of
this alternative in Region 2 would average $2,420 per ac-fi of reduced
shortage.

B-F-47



In order to be able to protect this water from downstream diverters. a
number of sand dams would need to be improved or modified in
Region 2 reaches, Costs for these modifications, estimated at $8.1
million in total, were added to the costs of this alternative under the
scenario in which water is protected from downstream diverters. These
costs were prorated back to each reach within Region 2 on the basis of
the proportion of the total region's on-site yield contributed by that
reach. When these costs are included, capitalized costs of this
alternative in Region 2 would increase to about $39 million. Because
the costs for sand dam modifications were prorated over all reaches in
Region 2, the cost per ac-ft of reductions to target flow shortages
would increase if this alternative is not implemented in every reach.

Table B.F.35 Estimated Costs of Representative Water Right
Purchase Program in Region 2

Cost per Ac-ft
of Reduced Shortage
Estimated Cost per Ac-ft of at Critical Habitat
Capitalized On-farm Water Savings With  Without
Reach Cost™ CIR  Deliveries Diversions** Diversions
7 82,080,000 51,540 8770 MiA §2.030
B 815,350,000 51,520 5761 MN/A 52,220
] 810,560,000 81.530 5765 MIA §2.590
11 £2.710,000 S1.640 SE20 5246360 S4.110
Region Total!
Averape 303,700,000 51,540 770 N/A §2.420

*  Total cost estimates shown m this table exclude additional costs for sand dam modifications
under the scenano in which water 15 protecied from downstream diverters. These cosis,
estimated at 8.1 million across the region, were prorated 1o each reach and are reflected in the
costs per ac-fi of reduced shortage at the entical habitat without diversions,

** Insome reaches, the representative program would produce no reduction in shorages to targel
flows if there is no protection from downstream diveriers. In these reaches, the cost per ac-fi of
reduced shortage is shown as not applicable (N/A).

5

lio

The study team has assumed for purposes of evaluation that under this
alternative a new or existing agency would be created to administer a
voluntary land fallowing program that would provide incentives to
farmers in Region 2 to fallow an annual total of 20,000 acres of
farmland that would otherwise have been irrigated. We have further
assumed for this analysis that the following amounts of acreage would
be fallowed in each reach, as shown in Table 8.F.36, based upon the
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distribution of acres irrigated with surface supplies in the region
depicted in Table 8.F.30

Table 8.F.36 Representative Land Fallowing Program in Region 2

Reach Acres Fallowed
Reach 7 (Henderson to Kersey): 1,200
Reach 8 (Kersey to Balzac): 9,600
Reach 9 (Balzac to Julesburg): 7,200
Reach || (Poudre River): 2.000
| Region 2 Total: 20,000

Yield

The study team assumed that acres voluntarily placed into the
fallowing program would have otherwise been planted and irrigated in
the same manner, on average, as current irrigated crop production in
each reach. Under this assumption, the land fallowing program would
have the following estimated effects on water use by reach, as shown
in Table 8.F.37.

Table 8.F.37 On-farm Water Use Reductions of Representative
Land Fallowing Program in Region 2

Annual Reduction in - Annual Reduoction
Reach On-farm Delivery in CIR
Reach 7 (Henderson 1o Kersey): 3,840 ac-fi 1.920 ac-fi
Reach 8 (Kersey 1o Balzac): 29360 ac-fi 14,680 ac-fi
Reach 9 (Balzac 10 Julesburg): 20,240 ac-fi 10,120 ac-fi
Reach 11 (Poudre River): 4,960 ac-Nt 2A80 ac-fi
Region 2 Total: 58.400 ac-fi 20,200 ac-fi

Summary exhibits depicting the results of water budget modeling of
each incentive based altemnative are presented in Appendix F. Table
8.F.16 summarizes the estimated on-site net hydrologic effects of the
representative land fallowing program, by reach and by month. Table
8.F.17 summarizes the effects of the representative land fallowing
program in reducing shortages to target streamflows at the critical
reach, assuming no protection from downstream diverters. Table
8.F.18 provides a similar summary of effects on target streamflows,
without downstream diversions.
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Cost

Based upon the same approach described for Region 1, the study team
estimated the costs of the representative land fallowing program in
Region 2. The study team has estimated the annual costs of the
representative land fallowing program for Region 2 based on the
following components:

o Annual value of imgated lands in Region 2. Based upon two
measures — annual net income to farmers and irrigated land
rental rates — this value for the region as a whole 1s between
$60 and $85 per acre.

e An incentive premium to induce participation of between zero
and 50 percent of the annual economic value would likely be
required to induce participation. This range reflects the
possibility that marginal lands with lower than average value
might comprise the bulk of lands enrolled in the program.

e Administrative costs, in the long run, would average $20 per
acre fallowed. This value reflects the assumption that an
ongoing program would have lower administrative costs than
the Palo Verde test program described earlier.

For purposes of simplicity, the study team used the mid-point of the
range of values described above in estimating the costs on a reach by
reach basis. In addition, economic values of irrigated lands were
applied on a reach specific basis.

The study team estimates that average annual costs of a land fallowing
program in Region 2, including incentives and administrative and
transaction costs would be approximately $100 per ac-ft of
consumptive use saved on-farm. Table 8.F.38 summarizes the
estimated capitalized costs, by reach, of the representative program to
fallow irrigated lands in Region 2. Annual costs were converted to
capitalized present value total costs based on a six percent discount
rate and 20-vear period. The study team estimates that the
representative program in Region 2 would have a capitalized total cost
of approximately $36 million. This figure represents an average cost of
about $1.230 per ac-ft of consumptive use saved on-farm. Average
capitalized cost per ac-ft of reduction in shortage at the critical habitat
would be more than $100,000 in Reach 11 if the water is not protected
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from downstream diverters. In some Region 2 reaches, a land
fallowing program would have no effect on reducing target flow
shortages if the conserved water cannot be protected from downstream
diverters. If the water is protected from downstream diverters, the
estimated costs of this alternative in Region 2 would average about
$1.900 per ac-t of reduced shortage.

In order to be able to protect this water from downstream diverters, a
number of sand dams would need to be improved or modified in
Region 2 reaches. Costs for these modifications, estimated at $8.1
million in total. were added to the costs of this alternative under the
scenario in which water is protected from downstream diverters. These
costs were prorated back to each reach within Region 2 on the basis of
the proportion of the total region's on-site yield contributed by that
reach. When these costs are included, capitalized costs of this
alternative in Region 2 would increase to about $44 million. Because
the costs for sand dam modifications were prorated over all reaches in
Region 2, the cost per ac-ft of reductions to target flow shortages
would increase if this allernative is not implemented in every reach.

Table 8.F.38 Estimated Capitalized Costs of Representative Land
Fallowing Program in Region 2

Cost per ac-fi
of Reduced Shortage

Estimated Cost per Ac-i of at Critical Habitat
Capitalized - il With Without

Reach Cost* CIR  Deliveries Diversions** Diversions
7 82,300,000 51,200 SH040 NIA 51,520
b S17.670.000 £1,200 Saiil NIA §1,720
9 12,860,000 51,250 5625 MNIA 521003
11 §3,290,000 £1.330 $665 S1HE.9%0 53,350

Region Total/

Average £315.940,000 £1.230 $615 MNIA S$1.910

*  Total cost estimates shown in this table exclude additional costs for sand dam modifications
under the scenano in which water is protected form downstream diverters. These costs,
estimated at 58,1 million across the region, were prorated to each reach and are reflected in the
costs per ac-ft of reduced shortage at the critical habital without diversions.

In some reaches, the representative program would produce no reduction i shortages to target
flows if downstream diverters can divert water produced by this program. In these instances,
costs per ac-fi are shown as not applicable (NFA),

Itur. er li

The study team has assumed for purposes of evaluation that under this
alternative a new or existing agency would administer a voluntary
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leasing program that would provide incentives to farmers in Region 2
to annually lease 40,000 ac-ft of water supplies (delivered on farm)
that would otherwise have been used in irrigation. Based upon the
distribution of surface water supplied irrigation in the region depicted
in Table 8.F.30, we have further assumed for this analysis that the
following water supplies would be leased in each reach, as shown in
Table 8.F.39.

Table 8.F.39 Representative Irrigation Water Leasing Program in

Region 2
Ac-ft Leased (Delivered Volume
Reach On-farm)
Reach 7 (Henderson to Kersey): 2,700
Reach 8 (Kersey to Balzac): 20,200
Reach 9 (Balzac 1o Julesburg): 13,800
Reach 11 (Poudre River): 3.300
Region 2 Total: 400,000

Yield

As shown in Table 8.F.39, the representative water leasing program in
Region | would reduce on-farm deliveries to participating properties
by an estimated 40,000 ac-ft per year. On-farm consumptive use would
be reduced by 20,000 ac-ft per year based on a farm efficiency of 50
percent.

Summary exhibits depicting the results of water budget modeling of
each incentive based alternative are presented in Appendix F. Table
8.F.21 summarizes the estimated on-site net hydrologic effects of the
representative water leasing program, by reach and by month. Table
§.F.22 summarizes the effects of the representative water leasing
program in reducing shortages to target streamflows at the critical
reach, assuming no protection from downstream diverters. Table
8.F.23 provides a similar summary of effects on target streamflows,
without downstream diversions.

Cost

The study team estimated the costs of the representative leasing
program in Region 2 using the approach previously described for
Region 1. The study team has estimated the annual costs of the
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representative water leasing program for Region 2 based on the
following components:

e  Annual economic value of irrigation on Region 2 lands. This
value was estimated in a similar manner to the annual
economic value of irrigated lands for the land fallowing
alternative. However, the annual economic value is lower under
the leasing alternative than under land fallowing because dry
land cropping could offset a portion of the farmers' income loss
under the leasing program. Annual value of irrigation supplies
for Region 1 as a whole are estimated at between $55 and 565
per ac-ft of consumptive use based on farm net income and
land rental differentials between irrigated and non-irrigated
lands.

e An incentive premium of between zero and 50 percent to
induce participation in the program.

e Transaction and administrative costs representing
approximately 30 percent of total program costs.

For purposes of simplicity, the study team used the mid-point of the
range of values described above in estimating the costs on a reach by
reach basis. In addition, economic values of irrigation were applied on
a reach specific basis.

Table 8.F.40 summarizes the estimated capitalized costs, by reach, of
the representative water leasing program in Region 2. The capitalized
costs reflect an estimated average annual value for irrigation water
across Region 2 of about $30 per ac-ft (on-farm delivered volume).
This annual value is approximately consistent with current annual
rental prices for water in the region, which generally range from about
$20 to 540 per ac-ft (personal communication, NCWCD, 1999),

Converting annual costs to capitalized present value total costs based
on a six percent discount rate and 20-year period, the study team
estimates that the representative leasing program in Region 2 would
have a present value total cost of approximately $21 million. This
figure represents an average cost of about $1,030 per ac-fi of
consumptive use saved on-farm. Average capitalized cost per ac-ft of
reduction in shortage at the critical habitat would be more than
$100,000 per ac-fi in reach 11 if the saved water is not protected from
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downstream diverters. In other Region 2 reaches, a water leasing
program would have no impact on shortages to target flows if the
water cannot be protected from downstream diverters. If the water is
protected from downstream diverters, the estimated costs of this
alternative in Region 2 would average $1,790 per ac-ft of reduced

shortage.

In order to be able to protect this water from downstream diverters. a
number of sand dams would need to be improved or modified in
Region 2 reaches. Costs for these modifications, estimated at 8.1
million in total, were added to the costs of this alternative under the
scenario in which water is protected from downstream diverters. These
costs were prorated back to each reach within Region 2 on the basis of
the proportion of the total region's on-site yield contributed by that
reach. When these costs are included. capitalized costs of this
alternative in Region 2 would increase to about $29 million. Because
the costs for sand dam modifications were prorated over all reaches in
Region 2, the cost per ac-ft of reductions to target flow shortages
would increase if this alternative is not implemented in every reach.

Table 8.F.40 Estimated Capitalized Costs of Water Leasing

Program in Region 2

Cost per Ac-ft
of Reduced Shortage
Estimated Cost per Ac-ft of at Critical Habitat
Capitalized - / With  Without
Reach Cost* CIR Deliveries Diversions=* Diversions
7 51,390,000 §1,030 S515 NIA S1.490
B S10,320,000 §1.020 £510 MNIA £1.650
9 §7.110,000 £1,030 5515 MIA 51,920
11 51,820,000 S1,100 §550 163 450 53.030
Region Totalf
A'-'tra_zl.' S20.640.000 §1.030 5515 MNIA 51.790

* Total cost estimates shown in this table exclude additional costs for sand dam modifications
under the scenano in which water is protected form downstream diverters. These costs,
estimated at 5.1 million across the region, were prorated to e¢ach reach and are reflected in the
costs per ac-fi of reduced shortage at the eritical habitat without diversions.

** In some reaches, the representative program would produce no reduction in shortages 1o targel
flows if downstream diverters can divert water produced by this program. In these imstances.
costs per ac-ft are shown as not applicable (N/A).

Dry Year Leasing

As in Region 1, the representative dry year leasing program would
have the same on-site yield as the leasing alternative in the years when
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the leases are activated, and no yield in all other years. Under the
decision rule described in the Region 1 evaluation, the dry year leasing
program would be activated about one in three years,

Yield

Summary exhibits depicting the results of water budget modeling of
each incentive based alternative are presented in Appendix F. Table
8.F.25 summarizes the estimated on-site net hydrologic effects of the
representative dry year leasing program, by reach and by month. Table
8.F.26 summarizes the effects of the representative dry year leasing
program in reducing shortages to target streamflows at the critical
reach. assuming no protection from downstream diverters. Table
8.F.27 provides a similar summary of effects on targel streamflows,
without downstream diversions.

Cost

Based on the outline of the representative dry vear leasing program and
cost considerations described in the Region 1 analysis, the study team
has estimated the annual costs of the representative dry year leasing
program for Region 2 based on the following assumptions:

e Costs of dry year leases in vears that the leases are activated
would be 50 percent greater than the annual costs of on-going
water leases in the same reach.

e Annual contractual payments for participating in the dry vear
leasing program, in years when the leases are not activated,
would be one-half of the annual cost of on-going water leases
in the same reach.

Table 8.F.41 summarizes the estimated capitalized costs, by reach, of
the representative water leasing program in Region 2. The study team
estimates that the total capitalized cost of a representative leasing
program in Region 2 would be approximately $14 million. This figure
represents an average cost of about $2,060 per ac-fi of consumptive
use saved on-farm. However, these savings will occur in only one in
three years, Total capitalized present value cost per ac-ft of reduction
in shortage at the critical habitat over the 20 year study period would
be more than 5100.000 per ac-fi in reach 11 if the conserved water is
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not protected from downstream diverters. In other Region 2 reaches, a
dry year leasing program would offer no reduction in target flow
shortages without protection from downstream diverters. If the water is
protected from downstream diverters, the estimated costs of this
alternative in Region 2 would average about $3.400 per ac-ft of
reduced shortage.

In order to be able to protect this water from downstream diverters, a
number of sand dams would need to be improved or modified in
Region 2 reaches. Costs for these modifications, estimated at $8. 1
million in total, were added to the costs of this altermative under the
scenario in which water is protected from downstream diverters. These
costs were prorated back to each reach within Region 2 on the basis of
the proportion of the total region's on-site yield contributed by that
reach. When these costs are included, capitalized costs of this
alternative in Region 2 would increase to about $22 million. Because
the costs for sand dam modifications were prorated over all reaches in
Region 2, the cost per ac-ft of reductions to target flow shortages
would increase if this alternative is not implemented in every reach.

Prior studies of dry year leasing, typically focusing on making water
available for municipal water supplies under drought conditions, have
often found this alternative to be among the most cost effective
options. In this instance, however, in which additional flows will be
needed in many vears and not just under severe drought conditions, it
is not surprising that this alternative may be less cost effective than
ongoing leasing arrangements or other incentive based measures.




Table 8.F.41 Estimated Costs of Representative Dry Year
Leasing Program in Region 2

Cost per ac-fi
of Redueced Shortage
Estimated Cost per Ac-ft of at Critical Habitat
Capitalized  On-farm Water Savings* With  Without
Reach Cost* CIR  Deliveries Diversions*** Diversiony,

7 S930.000 $2.060 1,437 N/A S2.800

b 56,860,000 52.040 51,402 WA 53070

9 54,730,000 52,060 51,359 NIA §3,760

11 S1.210,000 $2.200 82,188 £172.860 85,520

Regmon Total

[Average S13, T30 52,060 51.030 WA 3400

*  Calculation reflects estimate that leases will be activated in approximarely one in three vears.

**  Total cost estimates shown in this table exclude additional costs for sand dam modifications
urider the scenario in which water 15 protected from downstream diveriers. These cosis
estimated at 58,1 million across the region, were prorated 1o each reach and are reflected in
the costs per ac-fl of reduced shoriage at the critical habitat withowt diversions,

- In somie reaches, the representative program would produce no reduction in shortages to

target flows if downstream diverters can divert water produced by this program. In these instances,

costs per ac-1t are shown as not applicable (N/A).

Drought Water Banking

As noted in the discussion of incentive based alternatives in Region 1,
yields and costs associated with drought water banking are completely
unpredictable. Consequently, the study team has not analyzed this
alternative further.

Region 3

Except where noted in this section, the study team's approach and
assumptions in evaluating incentive based approaches in Region 3
were the same as described previously for Region 1. In the interest of
brevity, the following is an abbreviated description of the costs and
yields associated with incentive based alternatives in Region 3. This
discussion focuses on information specific to Region 3 and the reader
is advised to refer back to the Region 1 discussion for additional
insight regarding the analytical basis for estimated yields and costs.

Table 8.F .42, below, summarizes estimated irrigated acres harvested
and corresponding crop irrigation water use in Region 3.
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Table 8.F.42 Estimated Water Use for Crop Irrigation in Region 3

Water User Per Acre (in ft.)  Total Annual Warer Use
Harvested Consumptive  On-farm Consumptive  On-farm
Reach Irrigated Acres  Irr. Rqmi. Delivery Irr. Rgmi. Delivery
10 44,661 1.10 2.21 49,299 08,500
14 58,043 1.13 2.26 65,636 131.272
15 44.973 1.10 2.19 49,339 98.677
16 74,454 1.07 214 70,538 159.076
178 151,748 1.09 217 164,795 329,590
18 160,598 1.06 212 170,430 340,860
19 230,851 1.05 2.09 241.736 483,472
Region Total/ 765,328 1.0% 2.17 820,773 1641 546

Averages

Source:  Study team estimutes based on NRCE database for 1992, 1994, and 1996; modificd Blanev-Craddle
estimates of consumpdive irmgation rsguirement.

Table 8.F.43 summarizes the estimated irrigated acres harvested and
annual use of surface water supplies by reach.

Table 8.F.43 Estimated Harvested Crop Irrigation by Surface

Water in Region 3
Harvested Annual Consumptive Annual On-farm
Reach Irrigated Acres  lIrrigation Requirement Delivery®
10 14,205 15,680 31,360
14 17,428 19,708 39,415
15 19,161 21,022 42.043
16 23,971 25,607 31,215
17 49,861 54,148 108296
18 63.758 67.661 135,322
19 54,183 56,737 113,475
Region Total 242 566 260,563 521.126

"Incledes small amounts of recliimed waler use in some reaches
Source:  Project team estimates based on information summuarized in previous exhibit and Unined
Simes Geological Survey Mational Water Use Information Progrom, 1990 and 1995,

Land Purchase and Irrigation Retirement

The study team has assumed for purposes of evaluation that under this
alternative a new or existing agency would purchase and own 20,000
acres of farmland that would subsequently be retired from irrigation.
Based upon the distribution of acres irrigated with surface supplies in
the region depicted in Table 8.F.43, and the assumption for purposes of
evaluation that 20,000 acres would be purchased in Region 3, we have
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assumed that the following amounts of acreage would be targeted for
purchase in each reach, as shown in Table 8.F 44,

Table 8.F.44 Representative Land Purchase and Irrigation
Retirement Program in Region 3

Reach Acres Purchased
Reach 10 (Julesburg 1o N. Plane}: 1.200
Reach 14 (Lewellen to N. Platie); 1400
Reach 15 (N. Platte to Brady): 1.600
Reach 16 (Brady to Cozad); 2,000
Reach 17 (Cozad to Overton): 4,100
Reach 18 (Overlon to Oidessa): 5,200
Reach 19 (Odessa 1o Grand Island): 4,500
ﬁainn 3 Total: 20,000

Yield

Based upon the crop mix and consumptive irrigation requirements
(CIR) specific 1o each reach, the representative land purchase program
in Region 3 would reduce on-farm consumptive use by an estimated
21.500 ac-fi per year. Assuming 50 percent on-farm efficiency, on-
farm deliveries to participating properties would be reduced by an
estimated 43,000 ac-ft per year.

The following are the estimated effects of the representative program
on water use by reach, as shown in table 8 F 45.

Table 8.F.45 On-farm Water Use Reductions of Representative
___Land Purchase and Irrigation Retirement Program in Region 3

Annual Reduction in - Annual Reduction
Reach On-farm Delivery in CIR
Reach 10 (Julesburg o N. Platte): 2.640 ac-fi 1,320 ac-fi
Reach 14 (Lewellen to M. Platte): 3,160 ac-fi 1580 ac-ft
Reach 15 (N. Platte to Brady): 3.520 ac-ft 1,760 ac-ft
Reach 16 (Brady to Cozad): 4,280 ac-fi 2,140 ac-fi
Reach 17 (Cozad to Overton): 8.900 ac-fi 4,450 ac-fi
Reach 18 {(Overton 1o Odessa); 11,040 ae-it 5,520 ac-fi
Reach 19 (Odessa to Grand [sland); D420 ac-fi 4.710 ac-fi
Region 3 Total: 42,960 ac-ft 21.480 ac-fi

Summary exhibits depicting the results of water budget modeling of
each incentive based alternative are presented in Appendix F. Table
8.F.5 summarizes the estimated on-site net hydrologic effects of the
representative land purchase program, by reach and by month, Table
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8.F.6 summarizes the effects of the representative land purchase
program in reducing shortages to target streamflows at the critical
reach, assuming no protection from downstream diverters. Table 8.F.7
provides a similar summary of effects on target streamflows, without
downstream diversions.

Cost

The basic approach to estimating the costs of this alternative was the
same as followed in Region 1. The estimated cost of a program to
purchase and retire lands from irrigation in Region 3 includes three
components: the value of irrigated farmland, potential incentives
required to induce participation in the program, and administrative and
transaction costs.

The study team estimated the value of irrigated lands in each reach
within Region 3 based upon two altemmative approaches. First, we
examined the most recently published information from the United
States Department of Agriculture, National Agricultural Statistics
Services (NASS) on irrigated land values across the country. To
examine potential variations in the value of irrigated lands from reach
to reach within Region 3, the study team also calculated an estimated
irrigated land value for each reach based on the capitalized value of net
income from irrigation in the reach. Our net income estimates were
based on average cropping patterns, yields, prices, and costs in the
NRCE database for the years 1992, 1994 and 1996.

A proactive program, intended to purchase and retire substantial
amounts of irrigated farmland would likely have to include a premium
or incentive to induce participation. However, several factors may tend
to reduce the required premium in this instance:

e The amount of farmland to be purchased under the
representative program analyzed here is substantial, but still
represents a relatively small proportion of total irrigated lands
in the region.

e The land values calculated by the study team are average values
for the area — but the program should be designed to seek
purchase of the least productive lands that are currently
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irrigated. These lands have lower value and their retirement
would have a lower impact on the area's agricultural economy.

»  Water supplies in Region 3 reaches are generally unlikely to be
in demand from other purchasers — such as municipal buyers.

e Purchase prices could likely be kept relatively close to market
rates through a competitive purchasing mechanism.

Finally, there will be administrative and one-time transaction costs
associated with this type of incentive program. Legal costs will be
incurred in transferring title to participating lands and in transferring
water use under the with protection scenario. Marketing costs will be
incurred to inform and enroll participants. On an ongoing basis, an
agency will have to administer the acquired lands.

In consideration of the factors just described and the previous
experience with transfers of land for water supply in other areas, the
study team estimates the range of potential costs of a program to
purchase and retire irrigation from lands in Region 3 would include:

e Current value of irmigated lands: Average value across the
region as a whole estimated at $1,600 to $2,000 per acre based
on the two valuation approaches described earlier. Reach
specific values were incorporated in the cost estimates. The
study team assumed that the program could realize some
salvage value from the purchased land by selling or leasing it
for dryland cropping or grazing purposes not involving
irrigation. One half of the estimated dryland value per acre was
assumed to be the salvage value of program lands in each
reach.

e Anincentive premium of 0 to 30 percent. This range reflects
the assumption that marginal lands in Region 3 may be at least
20 percent less valuable than the average described above.

e  Administrative and transaction costs of 20 to 30 percent.

For purposes of simplicity, the study team used the mid-point of the
range of values described above in estimating the costs on a reach by
reach basis. In addition, irrigated land values were applied on a reach
specific basis.
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Table 8.F.46 summarizes the estimated costs, by reach, of the
representative program to purchase lands and retire irrigation in
Region 3. In total, the representative program in Region 3 would cost
an estimated $36 million. This figure represents an average cost of
about $1,700 per ac-ft of consumptive use saved on-farm. The average
cost per ac-ft of reduction in shortage at the critical habitat would be
$2.000 if the water is protected from downstream diverters. If the
water is not protected, in some reaches this program would produce no
reduction in shortages to target flows.

Table 8.F.46 Estimated Costs of Representative Land Purchase
and Irrigation Retirement Program in Region 3

Cost per ac-fit

of Reduced Shortage

Estimated Cost per Ac-ft of at Critical Habitat

Capitalized On-farm Water Savings With  Without

Reach Cost CIR Deliveries Diversions® Diversions
10 $2.010,000 $1.520 5760 N/A 8£1.770
14 52,320,000 £1.470 £735 N/A 22,230
15 £2.900.000 £1.650 SB25 MIA £2.270
16 £3.510,000 51.640 8820 S6.510 S1.830
17 £7.030,000 $1,580 5790 52,580 2,120
18 59,330,000 £1.690 5R45 £2.230 2,060
19 58,530,000 £1.810 5905 %1.850 S1.850
Region Total/

Average £35.630.000 $1.700 S8R50 N/A 52000

In some reaches, the representative program would produce no reduction in shortages
to target flows if downstream diverters can divert water produced by this program. In
these instances. costs per ac-fi are shown as not applicable (N/A).

Permanent Acquisition of Agricultural Water Rights

The study team has assumed for purposes of evaluation that under this
alternative a new or existing agency would purchase and own 40,000
ac-ft of agricultural water rights (on-farm delivered volume) in Region
3. Based upon the distribution of surface water supplied irrigation in
the region depicted in Table 8.F.43, we have further assumed for this
analysis that the following amount of water rights would be targeted
for purchase in each reach, as shown in Table 8.F 47.
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Table 8.F.47 Representative Irrigation Water Right Purchase
Program in Regiun 3

Ac-Ti Purchased (Delivered
Reach Volume On-farm)
Reach 10 (Julesburg to N. Plate): 2.400
Reach 14 (Lewellen to M. Plate): 3.000
Reach 15 (M. Platte 1o Brady): 3,200
Reach 16 (Brady to Cozad): 3,900
Reach 17 (Cozad to Overton): K300
Reach 18 (Overton 1o Odessa): 10,500
Reach 19 (Odessa to Grand Island): £.700 ol
Region 3 Total; 0,000

Yield

Summary exhibits depicting the results of water budget modeling of
each incentive based alternative are presented in Appendix F. Table
8.F.10 summarizes the estimated on-site net hydrologic effects of the
representative water right purchase program, by reach and by month.
Table 8.F.11 summarizes the effects of the representative water right
purchase program in reducing shortages to target streamflows at the
critical reach, assuming no protection from downstream diverters.
Table 8.F.12 provides a similar summary of effects on target
streamflows, without downstream diversions.

Cost

As in Region 1, the study team's estimates of the costs of a
representative program to purchase agricultural water rights were
based on the economic value of water in irrigated agriculture, plus
incentives to induce participation and estimated transaction and
administrative costs. To estimate the costs associated with purchasing
water rights the study team examined the capitalized present value of
imgation water in crop production throughout Region 3 (based on the
differences between net income from irrigated and non-irrigated lands)
as well as differences in the market value of irrnigated cropland versus
non-irrigated cropland according to the 1999 NASS data described
earlier in this section.

As with the representative land purchase program described earlier,
additional factors beyond the pure economic value of irrigation
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supplies would influence the cost of a water right purchase program.
Analyses of transaction costs associated with previous water transfers
throughout the Western LS. indicate that these costs vary widely, but
may average about 30 percent of the cost of water transfers
(MacDonnell, April 1990).

In consideration of the factors just described, the study team estimates
that the costs of the representative program would include the
following components:

e Economic value of irrigation water supplies. For Region 3 as a
whole, this value is estimated to be between $600 and $1000
per ac-ft of consumptive use based on the two valuation
approaches described above.

e An incentive premium of between zero and 100 percent of the
economic value, This premium is a larger proportion of the cost
than for a land purchase program — reflecting that the water
rights market and water rights values are less clearly defined
than land markets and values in most of the area, However, the
incentive range also recognizes the possibility that water might

be drawn from marginal uses with lower value than the average
cited above.

e Transaction costs (legal and administrative) of 20 to 30 percent.
Water rights purchase transactions may be more complex than
the land purchases described previously. although land titles do
not have to be transferred .

For purposes of simplicity, the study team used the mid-point of the
range of values described above in estimating the costs on a reach by
reach basis. In addition, economic values of irrigation water supplies
were applied on a reach specific basis.

Table 8.F.48 summarizes the estimated costs, by reach. of the
representative program to purchase agricultural water rights in Region
3. In total, the study team estimates that the representative program in
Region 3 would cost approximately $27 million. This figure represents
an average cost of about $1,340 per ac-ft of consumptive use saved on-
farm. The average cost per ac-ft of reduction in shortage at the critical
habitat would be more than $5,000 per ac-ft in reach 16 and $1.,600 to
$2.000 per ac-fi in reaches 17 through 19 if the water cannot be
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protected from downstream diverters. If the water is protected, the
average cost throughout Region 3 per ac-ft of reduced shortage would
be estimated at $1,620.

Table 8.F.48 Estimated Costs of Representative Water Right
Purchase Program in Region 3

Cost per ac-fi

of Reduced Shortage
Estimated Cost per Ac-ft of at Critical Habitat
Capitalized On-farm Water Savings With  Without
Reach Cost CIR Deliveries Diversions* Diversions
{1 S1,570,0040 S1.310 S655 MNIA 1,520
14 $1.910.000 51.270 S635 MIA 51930
15 S2, 160,000 51,350 8675 MNiA 51860
16 §2.540.000 $1,300 650 $5.150 51,450
17 85,020,000 $1.210 S605 51,970 51,620
18 86,770,000 §1.290 L6435 516590 SL3T0
19 §7.000,000 51610 SR05 51,640 S1.640
Region Total
[Average £26,0970.000 §1.340 8670 MNIA £1,620

* In some reaches, the representative program would produce no reduction in shortages to targel
flows if downstrezm diverters can divert water produced by this progranw. In these instances,
costs per ac-ii are shown as not applicable (N/A),

Land Fallowing

The study team has assumed for purposes of evaluation that under this
alternative a new or existing agency would administer a voluntary land
fallowing program that would provide incentives to farmers in Region
3 to fallow an annual total of 20,000 acres of farmland that would
otherwise have been irrigated. We have further assumed for this
analysis that the following amounts of acreage would be fallowed in
each reach, as shown in Table 8.F.49, based upon the distribution of
acres irmgated with surface supplies in the region depicted in Table
8.F.43.

Table 8.F.49 Representative Land Fallowing Program in Region 3

Reach Acres Fallowed
Reach 10 {Julesburg to N. Plaue): 1,200
Reach 14 (Lewellen 1o N. Platte): 1.400
Reach 15 (N, Platte to Brady): 1,600
Reach 16 (Brady to Cozad): 2,000
Reach 17 (Cozad to Overton): 4.100
Reach 18 (Overton 1o Odessa): 5.200
Reach 19 {Odessa to Grand Island): 4.500
Eiuﬂ 3 Total: 20,000
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Yield

The study team assumed that acres voluntarily placed into the
fallowing program would have otherwise been planted and irrigated in
the same manner, on average, as current irrigated crop production in
each reach. Under this assumption, the land fallowing program in
Region 3 would have the following estimated effects on water use by
reach, as shown in Table 8.F.50.

Table 8.F.50 On-farm Water Use Reductions of Representative
Land Fallowing Program in Region 3

Annual Reduction Annual Reduction

Reach in On-farm Delivery in CIR
Reach 10 (Julesburg wo N. Platte): 2,640 ae-fi 1.320 ac-fi
Reach 14 (Lewellen to N, Platte): 3,160 ac-fi 1,580 ac-fi
Reach 15 (N. Platte to Brady); 3.520 ac-fi 1.760 ac-fi
Reach 16 (Brady to Cozad): 4,280 ac-fi 2,140 ac-fi
Reach 17 (Cozad to Overion): 8.900 ac-fi 4,450 ac-Ai
Reach 18 (Overton to Odessa): 11,040 ac-ft 5,520 ac-fi
Reach 19 (Odessa to Grand Island): 9,420 ac-fi 4.710 ac-fi
Region 3 Total; 42 960 ac-fi 21,480 ac-ft

Summary exhibits depicting the results of water budget modeling of
each incentive based alternative are presented in Appendix F. Table
8.F.16 summarizes the estimated on-site net hydrologic effects of the
representative land fallowing program, by reach and by month. Table
8.F.17 summarizes the effects of the representative land fallowing
program in reducing shortages to target streamflows at the critical
reach. assuming no protection from downstream diverters. Table
8.F.18 provides a similar summary of effects on target streamflows,
without downstream diversions.

Cost

Based upon the same approach described for Region 1. the study team
estimated the costs of the representative land fallowing program in
Region 3. The study team has estimated the annual costs of the
representative land fallowing program for Region 3 based on the
following components:

e Annual value of irmgated lands in Region 3. Based upon two
measures — annual net income to farmers and irrigated land
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rental rates — this value for the region as a whole is between
$100 and $110 per acre,

e An incentive premium to induce participation of between zero
and 50 percent of the annual economic value would likely be
required to induce participation. This range reflects the
possibility that marginal lands with lower than average value
might comprise the bulk of lands enrolled in the program.

e Administrative costs, in the long run, would average $20 per
acre fallowed. This value reflects the assumption that an
ongoing program would have lower administrative costs than
the Palo Verde test program described carlier.

For purposes of simplicity, the study team used the mid-point of the
range of values described above in estimating the costs on a reach by
reach basis. In addition, economic values of irngated lands were
applied on a reach specific basis.

Table 8.F.51 summarizes the estimated capitalized costs, by reach, of
the representative program to fallow irrigated lands in Region 3.
Capitalized costs were based on estimated annual costs of the
fallowing program, a six percent discount rate and 20 vear study
period. The study team estimates that the representative program in
Region 3 would have a capitalized total cost of approximately $38
million. This figure represents an average capitalized cost of about
$1.750 per ac-ft of consumptive use saved on-farm. Average
capitalized cost per ac-fi of reduction in shortage at the critical habitat
would be nearly $7,000 per ac-ft in reach 16 if the water cannot be
protected from downstream diverters, but less than $3,000 per ac-ft in
reaches 17 through 19. A land fallowing program in reach 10, 14 and
15 would offer no reduction to target flow shortages if the water
cannot be protected from downstream diverters.

If the water is protected, the average cost per ac-fi of reduced shortage
would be about $2,110 across Region 3 as a whole.
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Table 8.F.51 Estimated Cost of Representative Land Fallowing

Program in Region 3
Cost per ac-fi
of Reduced Shortage
Estimated Cost per Ac-ft of at Critical Habitat
Capitalized  On-farm Water Savings With  Withow
Reach Cost CIR Deliveries Diversions®* Diversions

10 82,120,000 1610 KR0S NiA S1.860

14 82,460,000 S1.560 STRO NIA 52,370

15 £2 980,000 $1.680 SH4S NIA §2.340

16 53,740,000 51750 8875 56,940 S1.950

1} £7,740,000 51,740 ST £2.850 £2.330

18 59,940,000 S1,500 S000 52370 52,200

19 SR, 700,000 51,850 $025 S1.880 S1.880

Region Total

IAverage £37.680,000 51,750 $875 NIiA §2.110

* In some reaches, the representative program would produce no reduction in shortages (o target
flows if downstream diverters can divent water produced by this program. In these instances,
costs per ae-ft are shown as not applicable (N/A),

Temporary Leasing of Agricultural Water Supplies

The study team has assumed for purposes of evaluation that under this
alternative a new or existing agency would administer a voluntary
leasing program that would provide incentives to farmers in Region 3
to annually lease 40,000 ac-ft of water supplies (delivered on farm)
that would otherwise have been used in irrigation. Based upon the
distribution of surface water supplied irrigation in the region depicted
in Table 8.F 43, we have further assumed for this analysis that the
following amounts of water supplies would be leased in each reach, as
shown in Table 8.F.52.

Table 8.F.52 Representative Irrigation Water Leasing Program in

Region 3
Ac-ft Leased (Delivered Volume
Reach On-farm)
Reach 10 (Julesburg to N, Platte): 2,400
Reach 14 (Lewellen 1o N, Platte); 3,000
Reach 15 (N. Platte 1o Brady): 3,200
Reach 16 (Brady to Cozad): 3,900
Reach 17 (Cozad to Overton): 8,300
Reach 18 (Overton to Odessa): 10,500
Reach 19 (Odessa to Grand Island): 8. 700
| Region 3 Total: 40,000
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Yield

As shown in Table 8.F.52, the representative water leasing program in
Region 3 would reduce on-farm deliveries to participating properties
by an estimated 40,000 ac-ft per year. On-farm consumptive use would
be reduced by 20,000 ac-fi per year.

Summary exhibits depicting the results of water budget modeling of
each incentive based alterative are presented in Appendix F. Table
8.F.21 summarizes the estimated on-site net hydrologic effects of the
representative water leasing program, by reach and by month. Table
8.F.22 summarizes the effects of the representative water leasing
program in reducing shortages to target streamflows at the critical
reach, assuming no protection from downstream diverters. Table
8.F.23 provides a similar summary of effects on target streamflows,
without downstream diversions.

Cost

The study team estimated the costs of the representative leasing
program in Region 3 using the approach previously described for
Region 1. The study team has estimated the annual costs of the
representative water leasing program for Region 3 based on the
following components:

e Annual economic value of irngation on Region 3 lands. This
value was estimated in a similar manner to the annual
economic value of irrigated lands for the land fallowing
alternative. However, the annual economic value is lower under
the leasing alternative than under land fallowing because dry
land cropping could offset a portion of the farmers' income loss
under the leasing program. Annual value of irrigation supplies
for Region 3 as a whole are estimated at between $45 and $55
per ac-ft of consumptive use based on farm net income and
land rental differentials between irrigated and non-irrigated
lands.

e An incentive premium of between zero and 50 percent to
induce participation in the program.

B-F-69



e Transaction and administrative costs representing
approximately 30 percent of total program costs.

For purposes of simplicity, the study team used the mid-point of the
range of values described above in estimating the costs on a reach hy
reach basis. In addition, economic values or irrigation were applied on
a reach specific basis.

Table 8.F.53 summarizes the estimated capitalized costs, by reach, of
the representative water leasing program in Region 3.

The study team estimates that the representative leasing program in
Region 3 would have a capitalized total cost of approximately S18
million. This figure represents an average capitalized cost of about
5900 per ac-ft of consumptive use saved on-farm. The average
capitalized cost per ac-ft of reduction in shortage at the critical habitat
would be between $1.100 per ac-ft and $3,500 per ac-ft in reaches 16
through 19 if the water cannot be protected from downstream
diverters. In other Region 3 reaches, a leasing program would have no
impact on shortages to target flows if the water cannot be protected
from downstream diverters.

If the water is protected, the average cost per ac-fi of reduced shortage
would be about $1.080.

Table 8.F.53 Estimated Capitalized Costs of Representative
Water Leasing Program in Region 3

Cost per Ac-ft
of Reduced Shortage
Estimated Cost per Ac-ft of at Critical Habitai
Capitalized On-farm Water Savings With  Without
Reach Cost CIR Deliveries Diversions* Diversions

10 51,070,000 S840 5445 NIA S1.030
14 S1,280,000 L850 §425 NIA 1,290
15 $1,450,000 50110) 5455 NIA £1,250

16 S1,680,000 L860 S430 3,410 LT
17 83,360,000 8810 405 51,320 S1,080
18 S4.530,(00 S860 S430 51,130 S1.050
19 54,680, MK S1.080 5540 1,104 S0 1K)

Region Total

;'A!.-traﬁi: 518, 050.0(H} L9010 5450 NIA 51,080

* In some reaches, the representative program would produce no reduction in shoriages 1o targel
flows if downstream diverters can divent water produced by this program. In these instanges,
costs per ac-ft are shown as not applicable (N/A)

8-F-70




Dry Y s

As in Region 1, the representative dry year leasing program would
have the same on-site vield as the leasing alternative in the years when
the leases are activated, and no yield in all other years. Under the
decision rule described in the Region | evaluation, the dry year leasing
program would be activated about one in three years.

Yield

As shown in Table 8.F.52 the representative dry year leasing program
in Region 3 would reduce on-farm deliveries to participating properties
by an estimated 40,000 ac-ft per year in years when leases are
activated. On-farm consumptive use would be reduced by 20,000 ac-ft
per year,

Summary exhibits depicting the results of water budget modeling of
each incentive based alternative are presented in Appendix F. Table
8.F.25 summarizes the estimated on-site net hydrologic effects of the
representative dry year leasing program, by reach and by month. Table
8.F.26 summarizes the effects of the representative dry year leasing
program in reducing shortages to target streamflows at the critical
reach, assuming no protection from downstream diverters. Table
8.F.27 provides a similar summary of effects on target streamflows,
without downstream diversions.

Cost

Based on the outline of the representative dry year leasing program and
cost considerations described in the Region | analysis, the study team
has estimated the annual costs of the representative dry year leasing
program for Region 3 based on the following assumptions:

e Costs of dry year leases in vears that the leases are activated
would be 50 percent greater than the annual costs of on-going
water leases in the same reach.

e Annual contractual payments for participating in the dry year
leasing program, in years when the leases are not activated,
would be one-half of the annual cost of on-going water leases
in the same reach.
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Table 8.F.54 summarizes the estimated capitalized costs, by reach, of
the representative water leasing program in Region 3. The total
capitalized cost of a representative leasing program in Region 3 would
be approximately $12 million— recognizing that these savings will
occur in only one in three years. This figure represents an average
capitalized costs of about $1,800 per ac-ft of consumptive use saved
on-farm. Average capitalized total cost per ac-ft of reduction in
shortage at the critical habitat would range from $1,900 to more than
$9,000 in reaches 16 through 19 if the water cannot be protected from
downstream diverters. A dry year leasing program in reaches 10, 14
and 15 would not reduce target flow shortages if the conserved water is
not protected from downstream diverters.

If the water is protected, the average cost per ac-ft of reduced shortage
would decline to about 51,910,

Prior studies of dry year leasing, typically focusing on making water
available for municipal water supplies under drought conditions, have
often found this alternative to be among the most cost effective
options. In this instance, however, in which additional flows will be
needed in many years and not just under severe drought conditions, it
is not surprising that this alternative may be less cost effective than
ongoing leasing arrangements or other incentive based measures.

Table 8.F.54 Estimated Costs of Representative Dry Year
Leasing Program in Region 3

Cost per Ac-fi

of Reduced Shortage
Estimated Cost per Ac-ft of At Critical Habitai
Capitalized  On-farm Water Savings With  Without
Reach Cost* CIR  Deliveries Diversions** Diversions
10 ST 10,000 51.780 SRO0 N/A 51,880
14 S850,000 S1.700 SB50 N/A £2.240
15 S9T0,000 S1.820 $910) N/A 52,200
16 S1.120,000 $1.720 SB60 52180 51740
17 52240, (4H) 51,620 SE10 S2.670 51,960
18 S3.000,040 $1.720 SRO0 s2.010 S1,800
19 83,130,040 S2,160 &1.0%0 S1.910 Sluin
Region Total/
Aw:mE: S 12,030,000 S1.800 S MIA §1.910

* Calculation reflects estimate thal leases will be activated in approximaiely ane in three vears,

** In some reaches, the representative program would produce no reduction in shortapes o target
flows if downstream diverters can divert water produced by this program. In these instances,
cosis per ac-ft are shown as not applicable (N/A).
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Dro Water Bankin

As noted in the discussion of incentive based alternatives in Region 1,
vields and costs associated with drought water banking are completely
unpredictable. Consequently, the study team has not analyzed this
alternative further.

5. Yield Summary

Each of the alternatives for incentive based reductions in agricultural
water use is scalable. If any of these alternatives are chosen for
inclusion in the eventual action plan, the magnitude and geographic
focus of the alternative may differ from the representative incentive
based programs described in this section. Consequently, the total yields
described in this section for each alternative are specific to the
assumptions the study team has made in defining representative
incentive based programs.

Based upon the operating definitions of the incentive based

alternatives used in this evaluation, the total annual yield on-site across
the study region ranges from over 100,000 ac-ft per vear under the land
purchase and fallowing alternatives to less than 30,000 ac-ft per vear
under the dry year leasing alternative (on average, including years
when dry vear leases are not activated). Three reaches have on-site
yields of more than 10,000 ac-ft per year under the land purchase and
fallowing alternatives: Reach 8, Reach 9 and Reach 12. Yields for each
alternative and each reach are summarized in Table 8.F.55.

Under the assumptions of the representative incentive based programs
described in this section, total reductions in shortages to target flows at
Grand Island if conserved water is protected from downstream
diverters range from 61,500 ac-ft per vear under the land purchase and
land fallowing alternatives to 18,000 ac-ft per year under the dry year
leasing alternative, Average annual dry year leasing vields are reduced
because the leases are assumed to be activated only one year in three.
With diversion losses downstream. reductions to target flow shortages
range would be much less.
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6. Cost Summary

Table 8.F.55 also summarizes the costs associated with the incentive
based reduction in agricultural water use altematives. Under the
representative incentive based programs evaluated in this section,
purchasing or fallowing agricultural lands would have the highest total
net present value costs at about $100 million across the three regions.
The cost per ac-ft of shortage reduction at the critical habitat would be
about $1,800 under the land purchase and fallowing alternatives.
without diversion losses. With diversion losses, the cost would rise
substantially.

Temporary leases of agricultural water rights would have the lowest
total capitalized costs of the incentive based alternatives (except for
dry year leasing) — at about $51 million across the three regions
(excluding costs for sand dams in Region 2). The cost per ac-fi of
shortage reduction at the critical habitat would be about $1,300 under
the water right leasing alternative, without diversion losses. With
diversion losses, the cost would rise considerably.

7. Associated Issues

Each of the remaining alternative approaches to incentive based
programs to reduce agricultural water use were evaluated according to
the associated issues evaluation criteria previously reviewed with the
WMC. The five categories of associated issues are physical, legal and
institutional, economic, social and environmental. Tabular scoring of
each alternative according to each of the criteria are presented in
Tables 8.F.56 through 8.F.65. In all cases, the study team has evaluated
each alternative as previously defined in this section. Where relevant,
the associated issues scoring and discussion highlights differences
between the scenario in which water is assumed to be protected from
downstream diverters and the scenario in which no protection 1s
assumed. The imitial discussion in each category focuses on the
scenario that assumes protection from downstream diverters.
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