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I. INTRODUCTION 

A. PURPOSE OF REPORT 

The purpose of this Technical Summary Report is to provide 

recommendations to the Wyoming Water Development Commission (WWDC) , WWDC 

Advisors, the Select Water Committee, the Governor and the 1985 Legislature 

relative to a preferred development plan for the Little Snake River Water 

Management Project (LSRWMP). 

B. AUTHORIZATION 

The Wyoming Legislature, as outlined in W.S. 41-2-121, has 

authorized the WWDC to prepare a report recommending the project 

configuration, a schedule for implementing the project and project 

components, and estimated construction costs for the LSRWMP. 

Stone & Webster Engineering Corporation (SWEC) in a contract with 

the WWDC for Engineering Services dated June 27, 1984, was commissioned to 

examine project alternatives and recommend the alternative or combination 

of alternatives which best satisfy the conditions set forth in legislation, 

comply with criteria established by the Commission, and best conform with 

sound engineering and economic considerations. 

for the project were to be considered. 

Three major al ternatives 

• 

• 

• 

Alternative C: A gravity collector system with a 

re-regulating reservoir and a transmission pipeline to the 

North Platte River. Several alternatives to these elements 

have been identified. 

Alternative D: A storage reservoir(s) in the Little Snake 

Basin and a trans-basin pipeline with pumping stations to 

deliver water from a diversion poi~t near Baggs to the North 

Platte River near Sinclair. Four possible reservoir storage 

sites with varying water yields are considered in this 

alternative. 

Fish Creek Alternative: A collector system as in Alternative 

C, but the water is stored in Fish Creek Reservoir on the 

southwest side of the Continental Divide and is transported 

via tunnel or pumping to the Sage Creek Basin. 
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SWEC as Consultant to WWDC for the LSRWMP was to review 

legislation and existing reports and examine the project site area. In 

addition, reconnaissance level geotechnical evaluations, reviews of 

projected water yield, assessment of hydroelectric potential, and updating 

of cost estimates were to be conducted. The Technical Summary Report was 

to recommend a project configuration, schedule and budget for the LSRWMP. 

To assist SWEC in this effort, the firm of Western Water 

Consultants (WWC) of Laramie and Sheridan, Wyoming, was engaged to conduct 

the studies of water yields. Western Research Corporation (WRC) of 

Laramie, Wyoming, was engaged to assist in assessment of previous economic 

studies associated with the North Platte River and the economic potential 

of hydroelectric development in the LSRWMP. The firm of Robert Jack Smith 

(RJS) of Rawlins, Wyoming, was engaged to provide property access 

information required for inspection of the locations of proposed project 

facilities of the LSRWMP. 
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II. LEGISLATION AND PROJECT REPORTS 

A. EVALUATION OF LEGISLATION 

1. Compacts 

Wyoming's entitlement to water in the Little Snake River 

Basin is subject to the provisions of the Upper Colorado River Basin 

Compact of 1948 (W.S. 41-12-401). Article XI of the Compact apportions the 

waters of the Little Snake River between Colorado and Wyoming. Water 

rights in existence before the signing of the Compact are protected by the 

Compact and are administered on the basis of an interstate priority 

schedule below the Compact point - one hundred feet below the confluence of 

Savery Creek and the Little Snake River. Water developed under rights 

initiated after the signing of the Compact will share shortages as equally 

as possible between the states. In other words, water developed after the 

date of the Compact is to be shared equally between the states. 

Articles II(f) and XI(f) of the Compact are particularly 

important with respect to the Stage III project. Article XI (f) reads as 

follows: 

"Water use projects initiated after the signing of this 

Compact, to the greatest extent possible, shall permit the 

full use within the Basin in the most feasible manner of the 

waters of the Little Snake River and its tributaries, without 

regard to the State line; and so far as is practicable, shall 

result in an equal division between the States of the use of 

water not used under rights existing prior to the signing of 

this Compact." 

Article II(f) defines the "Basin" " as also all parts of 

said States located without the drainage area of the Colorado River System 

which are now or shall hereafter be beneficially served by waters diverted 

from the Colorado River System above Lee Ferry." Thus, the North 

Platte River basin in Wyoming has been defined as part of the Upper 

Colorado River Basin. 
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2. Wyoming Water Planning Program Legislation 

The Wyoming Water Development Commission (WWDC) was formed in 

1979. (Enrolled Act No. 58, Chapter 59, Session Laws of 1979). The new 

Commission was given the responsibility for the Wyoming Water Development 

Program as well as responsibility for statewide water and related resource 

planning. 

1979 Session of Wyoming Legislature 

The 1979 session of the Wyoming Legislature also enacted 

Enrolled Act No. 49 Chapter 126, Session Laws of 1979 (W.S. 41-2-204 

through 41-2-208) which authorized Stage II of the Cheyenne Water Project 

and Stage III or the Little Snake River Water Management Project (LSRWMP). 

The LSRWMP or Stage III was defined as: 

" ... a trans - bas in divers ion of water from the headwater of 

the Little Snake River and its tributaries on the western side of the. 

Continental Divide north and west of Stage I and Stage II. Stage III 

proposes to construct storage structures to increase storage for in-basin 

use and to construct interception lines and diversions and collection 

structures to increase availability of water for transportation of water 

across the Continental Divide from the Little Snake River drainage into the 

North Platte River system, and increase storage and availability of water 

for use by cities, towns, and other water users located in Carbon, Albany, 

Converse, Niobrara, Goshen, Platte, and Laramie counties ... " 

The Governor's Interdepartmental Water Conference (IDWC) was 

directed to prepare, in cooperation with the office of the State Engineer 

and other appropriate agencies and individuals, a feasibility study of the 

total effects of Stage I, Stage II, and Stage III and of the in-basin needs 

and rights. A report on the feasibility study was to be submitted to the 

1980 Session of the legislature along with draft legislation to authorize 

the Department of Economic Planning and Development to proceed with design 

and construction of Stage III. 

The legislature specifically directed the IDWC to include in 

the feasibility report a statement of the need of the City of Cheyenne and 

surrounding communities for water up to the year 2000 at three different 

levels of population growth, a statement of the needs for water up to the 
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year 2000 at a minimum of three different levels of population growth for 

the counties of Laramie, Albany, Carbon, Natrona, Converse, Niobrara, 

Goshen, and Platte and all other users of municipal water from the North 

Platte and its tributaries as well as the amount of such needs that could 

be met using Stage II. The IDWC was directed to include in Stage III plans 

for a reservoir on Savery Creek and was also directed that there should be 

no condemnation of agricultural water rights as a result of the planning, 

development, and operation of Stages I, II or III. 

Act No. 43 

41-2-211). 

1980 Session of Wyoming Legislature 

The 1980 session of the Wyoming legislature passed Enrolled 

Chapter 72, Session Laws of 1980 eW.S. 41-2-209 through 

Enrolled Act No. 43 appropriated $400,000 from the water 

development account to the WWDC to prepare a feasibility study, preliminary 

engineering plans, and draft legislation to the 1981 session of the 

legislature for Stage III of the Little Snake River Water Management 

Project. The Act also directed the WWDC to study the feasibility of a 

reservoir or reservoirs to provide water for agricultural or municipal 

users in the Little Snake Basin. eW.S. 41-2-211, Paragraphs 2 & 3). In 

addition, the WWDC was to study the feasibility of constructing a reservoir 

with a capacity of at least 3,000 acre-feet in the Little Snake River Basin 

above the confluence of the river and Savery Creek in connection with the 

completion of Stage II. This reservoir was to satisfy immediate in-basin 

agricultural, recreational, and municipal needs and promote in-basin water 

purity. 

W. S. 41-2-211 Paragraph 2 also provided that cities, towns 

and special districts in the project area could buy into the Stage III 

project by contributing a portion of the cost of the feasibility study. 

The share of the Stage III project to which such entities would be entitled 

would be the same proportion which their contribution would bear to 

$200,000. The cities which do contribute also are granted the right to 

purchase surplus Stage II water. The 1980 law also provided that if the 

Stage III project is authorized, the water rights shall be conveyed to the 

cities contributing to the study and, subject to financing 

the Stage III project shall be constructed and operated by them. 

11-3 
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1981 Session of Wyoming Legislature 

In 1981, the Wyoming Legis lature appropriated an additional 

$5,000,000 to be used by the WWDC to prepare final plans and specifications 

for the Stage III project. The appropriation was in the form of a footnote 

to the appropriation bill. The footnote also listed the exact components 

of the project to be pursued by the WWDC including the Battle Creek to Jack 

Creek Collection System and Pipelines, Jack Creek Reservoir, and Upper 

Savery Reservoir. The Act reiterated the provisions of the 1980 Session 

Law, Chapter 2, Section 2 regarding the opportunity for cities, towns, or 

special districts to buy into the project by contributing to the cost of 

the studies. 

1982 Session of Wyoming Legislature 

Enrolled Act No. 44 [Amending W.S. 41-2-112(b), 41-2-114(a), 

(b) (i and viii), and (d) ,41-2-115, and 41-2-118(a) (i) and repealing 

W.S.41-2-114(c)] was enacted by the 1982 session of the legislature. The 

Act refined the Wyoming Water Development Program, listed factors which 

should be considered by the WWDC in developing financing recommendations, 

and set up the four level process to be used by the WWDC 

potential projects. It also established public hearing 

provided for the hiring of an administrator. 

in evaluating 

procedures and 

Enrolled Act No. 35 [Creating W.S. 41-2-120, amending W.S. 

41-2-210 (b) (d) and (e), and repealing W.S. 41-2-212 through 41-2-215] was 

also passed by the 1982 session of the legislature and was the first 

omnibus water project bill under 

provided $20,000,000 from the water 

the Water Development Program. It 

development account for the Little 

Snake River Water Management Proj ect to develop municipal, agricultural, 

industrial, and water for miscellaneous uses, including flood control. The 

~ct listed the components of the proj ect to be cons idered as a darn and 

reservoir located on the upper reaches of the Savery Creek, and a collector 

system and conveyance system consisting of either the modified Battle Creek 

to Jack Creek collector, the Sage Creek delivery pipeline, the Sage Creek 

Reservoir, and the Sage Creek to North Platte River pipeline, or, 

alternatively, the Three Forks Reservoir, the Baggs diversion point and the 
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Little Snake to North Platte pipeline and pump stations. An enlargement to 

Seminoe Dam of 17 feet, which would create an additional 389,500 acre-feet 

of storage capacity, was also to be considered. 

The WWDC was authorized to select an alternative, file for 

necessary permits, conduct a hydrologic analysis to determine impact on the 

North Platte and Green River Basins, conduct geological investigations, 

institute land acquisition, negotiate with the Federal government on 

cost-sharing, prepare final plans and specifications, prepare a total cost 

estimate, and prepare a financing and repayment plan. The final Level III 

report to the Legis lature was to be due in 1985 with yearly progress 

reports required. 

1984 Session of Wyoming Legislature 

The 1984 Session of the Wyoming Legislature enacted Enrolled 

Act No. 30 [creating W.S. 41-2-901, and amending W.S. 41-2-121]. The Act 

amends the 1982 Session Laws concerning the Little Snake River Water 

Management Project. The conveyance pipeline from Rob Roy Reservoir to Lake 

Owen and from Lake Owen to the Crow Creek drainage that was originally 

considered as a part of Stage II was added as a project component of Stage 

III. Ground water is not to be considered part of the Stage III supply; at 

least 10,000 acre-feet of storage is to be provided for use in the Savery 

Creek drainage; and 50,000 acre-feet of storage is to be provided for use 

in the Little Snake River drainage. 

The 1984 Act also moves the deadline for the Level III report 

ahead to 1986. However, it requires WWDC to submit a report to the 1985 

session recommending the proj ect configuration, containing a schedule for 

implementing the project, and also containing estimated project 

construction costs. The WWDC is to appoint a project manager, and is to 

contract with the North Platte Joint Powers Board to develop a water needs 

study and an ability to pay analysis report. The Joint Powers Board is to 

provide these reports by December 1, 1984. 

develop 

outside 

3. Summary and Interpretation of Legislation 

the 

the 

The Stage III project is to be a multiple purpose project to 

waters of the Little Snake River for use both within and 

Little Snake River Basin. In-basin needs to be met are 

supplemental water for existing rights, future needs for agricultural, 
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industrial, and municipal uses, instream flow requirements for fish, 

wildlife, and recreational uses, and flood control. Out-of-basin needs to 

be met are supplemental water for municipalities and industries. 

The LSRWMP is to consist of several components as follows: 

1. A reservoir on the upper reaches of Savery Creek with a 

capacity of at least 10,000 acre-feet. Storage to be developed by the 

project for use in the Little Snake River Basin is to be at least 50,000 

acre-feet. 

2. A collection and conveyance system to transport water out 

of the basin for use in the North Platte River Basin for municipal and 

industrial purposes. The first phase of the study is to recommend one of 

two alternatives for the system: Alternative C or Alternative D. (As 

described in the January, 1982 Status Report). 

3. An enlargement of Seminoe Dam by seventeen feet, or 

alternative North Platte River storage. 

Ground water is not to be considered as an alternative to 

Stage III water supply. There is to be no condemnation of agricultural 

water rights. 

Casper, Cheyenne, and the Mills/Wardwell/Natrona County Joint 

Powers Board have contributed $50,000, $50,000, and $10,000, respectively, 

toward the costs of the Stage III study. This entitles them to the 

proportionate share of the project which their contribution bears to 

$200,000 under the provisions of the Stage III legislation; i.e., 25%, 25%, 

and 5%, respectively. 
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B. EXISTING REPORTS 

A brief synopsis of existing reports which were reviewed and used 

as reference material in the process of this study follows: 

Savery - Pot Hook Project 

Definite Plan Report 

u. S. Bureau of Reclamation 

Report May 1977 

This report is an update to the U.S. Bureau of Reclamation (USBR) 

report on the Savery - Pot Hook project dated June 1971 and revised January 

1972. It presents data on Sandstone Reservoir as a replacement for Savery 

Reservoir proposed in the earlier report. 

The project purpose is to develop and regulate the flows of 

tributaries of the Little Snake River to provide irrigation water for full 

and supplemental service lands. It would also enhance fisheries, provide 

recreation opportunities and aid in flood control. A total of 17,280 acres 

of full and supplemental service land would be served in Wyoming. 

Pot Hook Reservoir on Slater Creek in Colorado would have a 

storage capacity of 60,000 acre-feet, 34,000 acre-feet of which would be 

dead and inactive in order to provide sufficient elevation to make 

diversions to Pot Hook Canal. 

Sandstone Reservoir would have a capacity of 16,600 acre-feet and 

would release water to the Dolan-Mesa Canal. Its dead and inactive 

capacity would be 1500 acre-feet. 

Operation of the reservoirs would be coordinated with the 

forecasting of the Colorado River Storage Project to reduce flood damage 

during spring snowmelt conditions. They would not be operated specifically 

for control of rain-induced floods. 

Concluding Report - Seminoe Dam Modification - Kendrick Project 

u. S. Bureau of Reclamation - Wyoming 

May 1979 

This report examined the engineering feasibility of, and the 

economic justification for, the structural enlargement of Seminoe Dam to 
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provide additional reservoir storage for conservation and flood control. 

Study considerations involved the raising of Seminoe Dam for flood control 

only, and possible hydro power additions. Operation studies were conducted 

to evaluate the existing reservoir system's ability to store and regulate 

additional water supplies. 

The significant findings and conclusions of the report regarding 

Seminoe Enlargement were: 

concluded: 

• No additional firm water supplies would result from the 

enlargement of Seminoe Darn and Reservoir. 

• Enlargement of Seminoe Dam for flood control only cannot be 

economically justified. 

With regard to structural and operational studies it was 

• Existing reservoir systems have sufficient capacity to store 

and regulate additional water supplies. 

Little Snake River Water Management Project 

Feasibility Study and Substantiating Report 

Banner Associates Inc. 

November 1980 

This study was conducted to analyze the 

constructing water development 

unappropriated waters of the 

facilities to utilize 

Little Snake River in 

feasibility 

the unused 

Wyoming for 

of 

and 

both 

in-basin and out-of-basin needs. 

The Feasibility Study contains a general outline of the results 

of the study. The Substantiating Report presents the results of the study 

for five major work areas: Hydrology, Geology, Engineering and Cost, Fish 

and Wildlife, and Evaluation of Alternatives. 

For out-of-basin needs) the report identifies the most feasible 

alternative to be the Battle Creek to Jack Creek Diversion Plan. 

For in-basin needs, four reservoir sites were considered viable. 

The report indicates that the most water at the least cost is achieved with 

the development of Three Forks Reservoir and Pot Hook Reservoir. 
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Little Snake River Water Management Project 

Report to the Legislature and the Governor 

WWDC 
January 1981 

This report summarized the status of the Little Snake River Water 

Management Project since enabling Legislation in 1979 made the WWDe the 

lead agency for the project development. 

The Feasibility Study of Stage III was completed; however, the 

progress of Stage II construction was delayed by federal environmental 

laws. Therefore, the Commiss ion recommended to the Legis lature that no 

action be taken on Stage III during the 1981 session. Additional time 

would be available to assess such matters as water needs and alternative 

sources of supp ly , financing al ternat i ves, pub 1 ic comment and input, and 

discussion with Colorado. 

Little Snake River Water Management Project 

Examination of Alternatives 

WWDC 
October 1981 

This report was prepared by the WDe to comply with the enacted 

Legislation and to respond to comments from the public. The report 

outlines all of the Stage III alternatives which were derived from the 1980 

Feasibility Study as well as alternatives which were developed by the WWDC 

in response to public input. A total of seven alternative plans were 

identified to provide various amounts of water for both in-basin and 

out-of-basin needs. 

Little Snake River Water Management Project 

Status Report 

WWDC 
January 1982 

This report summarized the seven alternative plans for Stage III 

which had been identified to serve both in-basin and out-of-basin needs, 

from the November 1980 Feasibility Study and October 1981 Examination of 

Alternatives. 
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The report stated that the question of whether to limit the size 

of development to suit identified short term needs or to develop the 

maximum amount 

drainage must 

selected. 

of Wyoming allotment of water 

be resolved before a specific 

in the Little Snake River 

Stage III alternative is 

Geotechnical Investigation and Design Analysis for Savery Dam 

Rollins, Brown and Gunnell Inc. 

August 1982 

The purpose of this investigation was to perform a detailed 

geotechnical investigation and to design an earth dam compatible with the 

subsurface conditions at the site and the available embankment material in 

the area. 

A total of 21 test holes were drilled to varying depths in the 

area of the proposed dam, spillway and outlet structures. A total of 152 

test pits were excavated within the area of the embankment and the proposed 

borrow areas both upstream and downstream of the dam site. Field 

permeability and laboratory testing of samples from the drill holes and 

test pits were conducted. 

The proposed embankment design provides for a central impervious 

core with a cutoff trench, upstream s lopes of 3 horizontal to 1 vertical, 

downstream slopes of 2 horizontal to 1 vertical, a crest width of 30 feet 

and a maximum dam height of 175 feet. A s loping chimney filter drain 

connects to the blanket drain beneath the downstream shell. The upstream 

face is protected with riprap. A grout curtain and drainage wells are 

provided beneath the central core in the cutoff trench area. 

Upper Savery Storage Project - Hydrology 

I nvestigation Phase I 

Banner Associates Inc. 

February 1983 

This study provided hydrologic information for the Upper Savery 

Storage Project which consists of a collection system from Battle Creek to 

the North Fork of Savery Creek, and a Fish Creek Reservoir on the North 

Fork of Savery Creek. This proj ect is an alternative to the Batt Ie Creek 
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to Jack Creek pipeline described in the LSRWMP Feasibility Study of 

November 1980. 

Estimates were provided of the annual and 39 -year average water 

supply for diversion into the collector system and the water available to 

the Fish Creek Reservoir. Inflow hydrographs from the PMP Thunderstorm and 

100-year storm were estimated. The collector system route was located by 

map studies. 

Upper Savery Storage Project - Hydrology 

I nvestigation Phase II and III 

Banner Associates Inc. 

May 1983 

Phase II of this study included the sizing of the pipeline for 

the Upper Savery Storage Proj ect, an estimate of the annual and 39 -year 

average available water supply from this collector, and a schematic diagram 

of the pipeline. 

Phase III provided a construction cost estimate for the pipeline 

on a unit cost basis. Two alternate layouts were studied with the maximum 

pipeline capacities of 576.85 cfs (Unit 1) and 404.03 cfs (Unit 2A). The 

smaller capacity pipeline (Unit 2A) eliminated about 10 mil~sof collector 

in the vicinity of Quartzite Peak because of the expected difficult 

construction conditions. The Unit 1 pipeline was estimated to cost 

$88,741,618 (1980 cost) and supplied an annual average of 41,645 acre-feet 

of water. The Unit 2A pipeline estimated cost was $53,136,974 (1980 cost) 

and supplied an annual average of 29,405 acre-feet of water. 

City of Rawlins, Wyoming 

Water Development Master Plan 

J. M. Montgomery 

May 1983 

This Water Development Master Plan was prepared as a Level I -

Reconnaissance Study for the City of Rawlins, covering the period up to the 

year 2025. The status of water demands, water rights, existing facilities, 

and water supply alternatives were addressed. 
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Cost comparisons per unit of water supplied for the recommended 

alternatives appear to be "cost-competitive" with the City's cost for 

participation in the proposed LSRWMP. The primary recommendations in the 

Master Plan did not depend upon participation in the LSRWMP. 

Water Supply Needs Analysis for the North Platte and 

Little Snake River Drainages, Phase I 

Black and Veatch 

July 1983 

The purpose of this study was to inventory the existing water 

supply, treatment and storage systems, water rights, water use and water 

needs of the various communities within the North Platte and Little Snake 

River drainages, and the supplemental irrigation water needs within the 

Little Snake River Conservancy District. 

The information developed in this study will be used in a 

subsequent Phase II Study to determine future water needs. 

Creek to 

November 

western 

drainage 

Fish Creek Dam - Geotech nical Study and Alternative Evaluations 

Rollins, Brown and Gunnell, Inc. 

September 1984 

This report was a Level I study of an alternative to the Battle 

Jack Creek Pipeline described in the LSRWMP Feasibility Study of 

1980. The general scheme called for a collection system on the 

slope of the Sierra Madre Mountains leading to the Sage Creek 

basin. 

Three alternatives were studied: 

• Alternative No. 1 - Collection system from Battle Creek to 

North Fork of Savery Creek. 

Fish Creek Dam. 

A tunnel - Fish Creek Reservoir to Sage Creek. 

• Alternative No. 2 - Collection system Battle Creek to North 

Fork of Savery Creek. 

Fish Creek Dam. 

Pumping plant and pipelines - Fish Creek Reservoir to Sage 

Creek. (Two alignments were studied). 
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• Alternative No. 3 - Collection system from Battle Creek to 

Sage Creek by gravity. 

Sage Creek Dam. 

The report concluded that the Fish Creek Dam with tunnel 

(AI ternative 1-) was more economical than the Fish Creek Dam and pumping 

system (Alternative 2). The yearly cost per acre-foot of usable water was 

lowest for Alternative 1 (dam & tunnel) while the costs of Alternative 2 

and 3 were nearly the same. A disadvantage of Alternative 3 (gravity 

co llector to Sage Creek) is that it does not provide water for in-bas in 

water users. 

Evaluation of the North Platte River Management Model 

Western Water Consultants, Inc. 

August 1984 

The Water Research Center provided an updated vers ion of the 

North Platte River Management Model (a digital computer model) to WWC which 

reflects the historical operation of the river more accurately. This newer 

version was used as a base for WWC assessment of the impacts on the North 

Platte of the proposed LSRWMP imported water. 

C. REPORTS IN PROCESS 

Several reports which have been in process during the course of 

SWECrs work have not been published in time to provide significant input to 

this report. (See following list of WWDC work in progress.) 

The U.S. Forest Service - Evaluation of Channel Maintenance Flows 

report with a scheduled draft due date of November 1984 was not available 

for review during this Phase I report. WWDC has indicated that the 

previous Feasibility Study assumptions for maintenance flows would be 

adequate for this Phase I study. 

Draft information from the Municipal Agricultural and Industrial 

Needs Analysis assessment Phase II report by Black & Veatch under sub

contract to the North Platte Water Development Joint Powers Board for North 

Platte River Basin requirements to the year 2030, was made available to 

SWEC by WWDC during September 1984. Results of additional study undertaken 

to assess the impact of conservation on these needs were made available in 
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October, 1984. Data from this draft report used in this report is referred 

to as the Black and Veatch water supply needs assessment B.V. 1984. 

Information regarding the Agricultural and Municipal Ability to 

Pay analysis was made available to SWEC in October, 1984. Assessment of 

the existing operators' ability-to-pay for supplemental irrigation water in 

the Little Snake drainage in Wyoming was the focus of this study. 
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WWDC WORK IN PROGRESS 

FIRM/AGENCY: North Platte Water Development Joint Powers Board 
PURPOSE: Municipal, agricultural and industrial needs assessment, Phase II 
ANTICIPATED COMPLETION: December 1984 

FIRM/AGENCY: North Platte Water Development Joint Powers Board 
PURPOSE: Agricultural and municipal ability to pay analysis 
ANTICIPATED COMPLETION: December 1984 

FIRM/ AGENCY: Wyoming Game and Fish 
PURPOSE: Reconnaissance level evaluation of proposed reservoirs 
ANTICIPATED COMPLETION: December 1984 

FIRM/ AGENCY: Wyoming Game and Fish 
PURPOSE: Site specific evaluation of the proposed collector systems 
ANTICIPATED COMPLETION: December 1985 

FIRM/AGENCY: Attorney General's Office 
PURPOSE: Permit procurement - Three Forks Reservoir 
ANTICIPATED COMPLETION: N/ A 

FIRM/AGENCY: U.S. Forest Service 
PURPOSE: Evaluation of channel maintenance flows 
ANTICIPATED COMPLETION: November 1984 

FIRM/AGENCY: U.S. Bureau of Reclamation 
PURPOSE: Hydrological analysis - Seminoe Enlargement 
ANTICIPATED COMPLETION: November 1984 

FIRM/AGENCY: City of Cheyenne 
PURPOSE: Stage II Pipeline plans and specifications 
ANTICIPATED COMPLETION: December 1985 
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III. ALTERNATIVE PLANS 

A. GENERAL 

Development of the waters of the Little Snake River Basin has 

been pursued by the inhabitants of the area for individual needs since 

early settlements. Project development for in-basin use has been 

considered by the Bureau of Reclamation (USBR) since the late 1940's. The 

Savery - Pot Hook Proj ect was authorized and scheduled for deve lopment 

until Federal funding was withheld in the late 1970's. The City of 

Cheyenne became interested in the diversion of Little Snake Basin water in 

the late 1950' s. The Stage I c;.ollection system was completed in 1964 and 

diverts about 7200 acre-feet annually through a tunnel to Hog Park 

Reservoir in the North Platte River Basin. The Stage II collector system 

is currently under construction 

20;000 acre-feet annually into 

and will 

the Hog 

divert an estimated additional 

Park Reservoir. The Stage III 

collection system proposed by the City of Cheyenne represents one possible 

feature of the Little Snake River Water Management Project (LSRWMP). The 

Stage III concept is one of direct diversion. Combining in-basin 

developments such as the USBR Savery - Pot Hook Project and out-of-basin 

developments such as Stage III became one of the first tasks of the Wyoming 

Water Development Commission (WWDC) after it was formed in 1979. 

B. PREVIOUS PLANS IDENTIFIED 

Development plans for the Little Snake River Basin which included 

both in-basin and trans-basin diversions were studied by the WWDC as 

directed by the Legislature in the 1980 session. This study was associated 

with the proposed Stage III Cheyenne water project diversions to the North 

Platte River Basin. 

A feasibility study prepared by Banner Associates, Inc. in 

November 1980 resulted in the identification of two plans for trans-basin 

diversions and six possible plans for in-basin storage. 

The two plans considered most feasible for trans-basin diversions 

were: 
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• Collector System from Battle Creek to Jack Creek. 

Storage Reservoir at Jack Creek. 

Transportation Pipeline from Jack Creek to North Platte River. 

• Runoff Collection and Storage at Upper Savery Reservoir. 

Pumped pipeline from Upper Savery Reservoir over the 

Continental Divide to Sage Creek. 

Transportation by gravity pipeline down Sage Creek to North 

Platte River. 

For in-basin needs, four acceptable reservoir storage sites were 

identified. Four other sites were judged to be unacceptable and dropped 

from consideration. From the four acceptable sites, six alternative 

projects were developed to provide in-basin water supplies with differing 

quantities and applications. They were: 

• Three Forks and Upper Savery Reservoirs 

• Three Forks and Sandstone Reservoirs 

• Pot Hook and Sandstone Reservoirs 

• Pot Hook and Upper Savery Reservoirs 

• Pot Hook and Three Forks Reservoirs 

• Three Forks Reservoir 

Subsequent to the 1980 Feasibility Study, the 1981 Wyoming 

Legis lature approved a footnote on the appropriations bill to allow the 

WWDC to engage in additional specific studies related to the LSRWMP. The 

Battle Creek to Jack Creek Collection System and Pipelines, Jack Creek 

Reservoir, Jack Creek to North Platte River Pipeline, and Upper Savery 

Reservoir were specifically identified in the Legis lation. In the spring 

of 1981, WWDC held public hearings to review input from the citizens 

affected by the proposed projects. 

To outline all of the Stage III alternatives resulting from the 

1980 Feasibility Study and those developed by the WWDC in response to 

public input, the WWDC issued a LSRWMP report entitled "Examination of 

Alternatives". These results were published by WWDC in the January 1982 

LSRWMP Status Report. 

The WWDC Status Report of January 1982 identified seven 

alternatives. Three plans utilized some form of collector system with an 

east slope re-regulating reservoir and a west slope storage reservoir. The 

fourth alternative (which had four subalternatives) used in-basin storage 
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in two reservoirs and a diversion/pumping scheme from Baggs via a pipeline 

past Rawlins to the North Platte River. The plans were identified as 

follows: 

• Alternative A 

Collection System Battle Creek to Jack Creek plus tunnel 

through Continental Divide. 

Upper Jack Creek Reservoir. 

Pipeline from Upper Jack Creek Reservoir to North Platte 

River. 

Upper Savery Reservoir. 

• Alternative B 

Collection System Battle Creek to Jack Creek plus tunnel 

through Continental Divide. 

Pipeline from tunnel outlet to Reservoir. 

Lower Jack Creek Reservoir. 

Pipeline from Lower Jack Creek Reservoir to North Platte 

River Pipeline. 

Upper Savery Reservoir. 

Participation by Rawlins would require an additional pipeline 

from Jack Creek to Sage Creek and from Sage Creek to Rawlins. 

• Alternative C 

Collector System Battle Creek to Sage Creek by Gravity 

Pipeline. 

Sage Creek Reservoir. 

Pipeline from Sage Creek Reservoir to Rawlins. 

Pipeline from Rawlins to North Platte River. 

Upper Savery Reservoir. 

• Alternative D 

Upper Savery Reservoir. 

Three Forks Reservoir. 

Diversion at Baggs and Three Pumping Stations. 

Pipeline via Rawlins to North Platte River. 

The major significance of the WWDC alternatives outlined in 

January 1982 was that each of them provided for both in-basin and 

trans-basin water allocations. 
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In a 1983 study, another alternative to the Battle Creek to Jack 

Creek Pipeline was developed under the direction of the Project Manager, 

Mr. John Bereman. This alternative was identified as follows: 

• Upper Savery Storage Project 

Collection System from Battle Creek to Fish Creek Reservoir. 

Fish Creek Reservoir. 

Pumping Pipeline into Sage Creek Drainage. (No description 

of the system beyond Sage Creek was furnished). 

C. PLANS FOR CONSIDERATION 

At the beginning of this study, (July 1984), WWDC provided a 

description of the three major alternatives which were to be carried 

forward for further consideration. The components of these alternatives 

are shown on Figure III-I .. They were described as follows: 

Alternative C 

Water would be picked up by a collection system west of the 

Continental Divide, transporting it by a gravity pipeline to the upper end 

of Sage Creek. A new re-regulating reservoir would be constructed on Sage 

Creek just downstream of the existing Rawlins Reservoir. A pipeline would 

transport the water from the new Sage Creek Reservoir northeast along the 

Sage Creek Road to near the Atlantic Rim Reservoir. This pipeline might 

convey only imported water, or both imported water plus water to the City 

of Rawlins. Beyond Rawlins, the pipeline would continue north-easterly 

past Sinclair to the North Platte River near its confluence with Sugar 

Creek. 

Some modifications or substitutions considered were: 

• Replacing Sage Creek Reservoir with Fish Creek Reservoir 

or Seminoe Reservoir for storage purposes. 

• Tunneling through the Continental Divide instead of a 

gravity pipeline to reach the Sage Creek Drainage. 

Alternative D 

In this plan, Upper Savery Reservoir, located at the confluence 

of Bird Gulch and Savery Creek, would provide regulated storage for 

agricul ture on Savery Creek. Excess water would be released into the 

Little Snake River where it would be diverted near the town of Baggs and 

pumped through a pipeline for delivery to the North Platte River Basin. 
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Three Forks Reservoir, located on the Little Snake River near the 

confluence of Roaring Fork, would provide regulated storage for 

agricultural, municipal, and industrial needs along the Little Snake 

River. The excess water would also be available for diversion at Baggs. 

From the diversion point near Baggs, a delivery pipeline would 

proceed north along Highway 789 to the vicinity of the Overland Stage 

Monument. Turning north-easterly, it would cross the Continental Divide 

and turn north to Interstate 80 near the Riner Interchange. It would then 

turn eastward, past Rawlins and Sinclair to the North Platte River near 

Sugar Creek. Three pumping stations were considered in this plan to lift 

the water from the Little Snake River near Baggs over the Continental 

Divide. 

Some substitutions to be considered with this plan were: 

• Construction of Sandstone Reservoir in lieu of Upper Savery 

Reservoir. 

• Construction of Pot Hook Reservoir in lieu of Three Forks 

Reservoir. 

Fish Creek Alternative 

This plan would utilize a collection system west of the 

Continental Divide and transport· the water into Fish Creek Reservoir high 

on the Savery Creek watershed. Water for trans-basin diversion would then 

be transported by tunnel or pumped through a pipeline into the Sage Creek 

Basin. The transportation of water would be by pipeline to the North 

Platte via Rawlins as in Alternative C. 

These basic plans, resulting from the combination of earlier 

studies, form the nucleus of SWEC's study efforts. 
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IV. EVALUATION OF PROJECT COMPONENTS 

A. IDENTIFIED PROJECT COMPONENTS 

1. General 

At the beginning of this study, SWEC examined the three major 

alternative plans identified in the previous section as Alternative C, 

Alternative D, and Fish Creek Alternative, and the components that make up 

each plan were identified. The components were categorized as follows: 

collection systems, storage systems, transportation systems, and other 

components. Evaluations of the technical aspects of these project 

comp~nents are described in the following sections. 

2. Collection Systems 

Collection systems for the Little Snake River Water 

Management Project (LSRWMP) generally are similar to the stream 

diversion/side hill collection system used in the City of Cheyenne's Stage 

I and II diversion projects. For the purposes of this Technical Summary 

Report, we have retained this general terminology. However, it must be 

recognized that any dam which is constructed in a drainage area also acts 

as a collection system. Therefore, in the following discussions on 

hydrology and water availability from various project components, the 

yields from both the collection systems and the reservoir sites are 

discussed. 

Two collector systems alignments are identified: 

• The Sage Creek Collector System - this is an extension of 

the Alternative L-4 Battle Creek to Jack Creek Pipeline 

from the 1980 Feasibility Study. Rather than tunnel 

through the Continental Divide, the pipeline continues 

northward and crosses the divide by gravity into the Sage 

Creek drainage. 

• The Fish Creek Collector System - this is an alignment 

which is slightly lower than the Sage Creek System and 

flows by gravity from Battle Creek into a tributary of 

the North Fork of Savery Creek, thence into Fish Creek 

Reservoir. 
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3. Storage Systems 

Storage facili ties discussed in this report are identified 

reservoir storage si tes capable of providing annual storage of the spring 

snowmelt runoff. 

The six storage sites evaluated in this report are: 

Fish Creek Darn 

Upper Savery Darn 

Sandstone Darn 

Pot Hook Darn 

Three Forks Darn 

Sage Creek Darn 

4. Transportation Systems 

Transportation systems associated with the LSRWMP are the 

proj ect features which will provide for the movement of wa ter by either 

gravity flow or pumping from reservoirs or diversion points to delivery 

points east of the Continental Divide. Pipelines, tunnels or natural 

stream channels are the three systems used in various alternatives for the 

LSRWMP. Although the vlater collection system utilizes a pipeline, it is 

not considered a transportation system for the purpose of this report. 

are: 

Four transportation system routes considered in this report 

Fish Creek to Sage Creek 

Baggs to Rawlins to North Platte River 

Sage Creek to North Platte River 

Sage Creek to Rawlins to North Platte River 

Once water has been introduced into the North Platte River, 

it would flow downstream in the natural channel to the location of 

utilization. 

5. Other Components 

Hydro power has been identified as a possible benefit to the 

development of the LSRWMP. The feasibility of incorporating hydro

generation is to be considered in this study. 
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Flood control is a possible beneficial consequence of any 

water storage reservoir. However, depending upon operating criteria and 

project design, these benefits can be significant or negligible. Since the 

development of flood control projects is outside the responsibilities of 

the WWDC, flood storage capabili ties have not been included as a part of 

these studies. 

Recreation opportunities are often associated with water 

reservoir developments. Recreation facilities at reservoirs may greatly 

improve the quality of the recreation with small capital investments. 

Nevertheless, since the WWDC is not responsible for recreation enhancement, 

recreational opportunities associated with the project have not been 

considered in these studies. 
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B. HYDROLOGY 

1 . Description of the Project Area 

Little Snake River Basin 

The Little Snake River Basin is 

Wyoming and northt,.lestern Colorado (See Figure 

located in south-central 

IV-I) . The Li t tIe Snake 

River is a tributary of the Yampa River, a tributary of the Green River, 

which is the northernmost branch of the Colorado River. The headwaters of 

the Little Snake River are located on the western slope of the Sierra 

Madre mountains, and the river flows generally westward to its confluence 

with the Yampa River. Major tributaries of the Little Snake River include 

North, South, Middle and Roaring Forks of the Little Snake, Battle Creek, 

Savery Creek, Slater Creek, and Muddy Creek. 

The South Fork and H-iddle Fork of the Little Snake have 

headwaters located in northern Colorado, while the North Fork drainage is 

located in southern Wyoming. The main stem of the Little Snake River 

begins where these three streams meet near the Colorado-Wyoming border at 

a place kno\Oln as Three Forks. The Roaring Fork joins the main stem 

approximately two miles downstream from Three Forks. Its headwaters are 

also located in southern Wyoming. Battle Creek, Slater Creek and Savery 

Creek join the main stem approxima te ly nine miles, seven teen miles and 

twenty-two miles downstream of Three Forks, respectively. The Battle 

Creek and Savery Creek drainage areas are located in Wyoming, and Slater 

Creek drains an area in northern Colorado. Muddy Creek drainage is also 

in Wyoming and the creek enters the Little Snake River at Baggs. 

The major consumptive use of water in the Little Snake River 

Basin is for irrigation of native hay. Alfalfa and small grains are also 

grown in the IO\Oler portions of the basin. Irrigation is primarily by 

diversion from the streams through ditches; the short water supply and 

high elevation make it impractical, for the most part, to invest in more 

expensive methods of irrigation. 

There are two towns in the Li t tIe Snake River Basin, Baggs 

and Dixon, which presently use water from the Little Snake River. Both 

communities are relatively small and, combined, do not use more than a few 

hundred acre-feet in anyone year. 
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The only other significant consumptive use of water in the 

Little Snake River Basin is a trans-mountain diversion of water from the 

west slope of the Sierra Madres (the Little Snake River Basin) to the east 

slope (the North Platte River Basin) operated by the City of Cheyenne. 

Stage I of the Little Snake Diversion Pipeline was completed in 1964 to 

import water to the North Platte River Basin in exchange for water 

diverted from the east side of the North Platte Basin for export to the 

City of Cheyenne. Stage II of the Little Snake Diversion Pipeline is 

presently under construction. Water from Stage II will be released to the 

North Platte System in exchange for additional water to be diverted from 

the Douglas Creek drainage on the east side of the Basin. Stage I and 

Stage II divert from tributaries of the Roaring Fork and North Fork of 

Little Snake River near the Continental Divide. Water collected by the 

diversion pipeline passes under the Continental Divide through a tunnel 

and is released into Hog Park Reservoir on Hog Park Creek in the 

Encampment River drainage. 

North Platte River Basin 

The North Platte River Basin is located in north-central 

Colorado, southeast Wyoming and western Nebraska (See Figure IV-2). The 

river begins in Colorado and flows in a northerly direction to Casper, 

Wyoming, where it turns east and flows in a southeasterly direction across 

Wyoming to a point near Torrington, Wyoming, where it crosses the 

Wyoming-Nebraska state line and continues eastward to its confluence with 

the South Platte River in Nebraska. 

The North Platte is a highly regulated river \-lith five major 

storage reservoirs on its main stem. The uppermost reservoir is Seminoe, 

located just downstream of the confluence of the North Platte and Medicine 

Bow Rivers. Other major storage reservoirs are, in downstream order: 

Pathfinder, Alcova, Glendo and Guernsey. The reservoirs are used to store 

water for irrigation projects in Wyoming and Nebraska. Pathfinder and 

Guernsey Reservoirs supply water for the North Platte Project, a large 

irrigation project in eastern Wyoming and western Nebraska. Sem~noe and 

Alcova Reservoirs supply water for the Kendrick Project west and north of 

Casper, Wyoming. Glendo Reservoir is used as a regulation reservoir for 

the system and supplies up to 40,000 acre-feet of irrigation water 

annually for use by Glendo Unit Contractors in eastern Wyoming and western 
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Nebraska. HydropoHer generation is included at all the reservoirs and 

Glendo Reservoir has approximately 272,000 acre-feet of storage committed 

to flood control. 

Other significant consumptive uses of North Platte River 

water in the state of Wyoming are municipal and industrial water supply. 

Several municipalities are located along or near the North Platte River in 

the central and eastern areas of the state. Industrial use is 

comparatively small. The major industrial water user is the Dave Johnston 

power plant near Glenrock. Other industrial uses consist primarily of oil 

refining use near Casper and Sinclair. 

In 1945, the United States Supreme Court issued the North 

Platte River Decree, which established storage and irrigated acreage 

limitations Hithin Colorado and Wyoming and apportioned any remaining 

water. The decree was modified in 1952 by stipulation among the states of 

Wyoming, Colorado and Nebraska to permit the construction of Glendo 

Reservoir and for other matters. 

Most North Platte communities have shown a decline in 

population in the last few years due to the recession. However, long-term 

proj ections show a continual growth; therefore, wa ter supplies for these 

communities will no longer be adequate, and new sources of supply will be 

needed to meet future needs. Because of the water supply limitations on 

development in the North Platte River Basin, one often discussed option is 

the importation of water from the Little Snake River Basin. 

2. Existing Conditions 

At the present time, there are no major storage reservoirs 

in the Little Snake River Basin. Irrigators in the basin open their 

headgates in the spring and irrigate until the first hay crop is ready to 

be cut. At that time, they close their diversions to let the field dry 

out enough to support their haying equipment. After the hay is cut, the 

ditches are turned back on to utilize whatever water is still available in 

the streams. 

Flow in the Li ttle Snake River generally peaks during June 

and decreases rapidly during the first week of July. By the end of July, 

the flow in the river and its tributaries is sufficient to satisfy only 

the earliest water rights. Nearly all of the irrigated lands in the 
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Little Snake River Basin sustain shortages during July, August, and 

September. Storage is needed to relieve such shortages and supply water 

for irrigation at the end of the season. 

The City of Cheyenne presently diverts about 7,200 acre-feet 

of water per year from the Little Snake River system. This amount will 

increase to approximately 27,200 acre-feet per year with the completion of 

Stage II of the Little Snake diversion project. The majority of this 

diversion occurs during May and June, the peak flow months. 

Baggs and Dixon, the two towns in the basin which obtain 

their municipal water supply from the Little Snake River, have had 

restrictions in the past with water supply during July, August and 

September. Both towns have improved their water systems during the past 

few years and do not expect to have problems diverting adequate Itlater 

except during drought years when they might be regulated to their earliest 

priority water rights. 

The lack of storage in the Little Snake River Basin makes it 

impossible to control flooding in the basin. A flood in the spring of 

1984 caused extensive damage in the towns of Baggs and Dixon and all along 

the main stem of the river in Wyoming. Periodic flooding will continue to 

occur without adequate storage in the basin to reduce flood peaks. 

3. Analysis Methodology 

Streamflow Records 

A streamflow analysis was prepared by Banner Associates, 

Inc. (BAI) as part of the Little Snake River Water Management Project 

Feasibility Study prepared for the Wyoming Water Development Commission in 

November 1980 (BAI, 1980). The period of study used by BAI was 

1940-1978. Records for strategically located gaging stations were not 

available for the entire study period, so streamflow estimates for missing 

periods at those stations were made using linear regression techniques 

with existing data from other gages with complete records. Table IV-1 

lists the gages used in the Feasibility Study and the period of record for 

each gage. The regression equations used were revievled and checked to 

determine if a better relationship could be discovered, especially since 

there are now four addi tional years of da ta. In most cases I no changes 

were made in their estimated flows. 
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TABLE IV-l 

Little Snake River Basin Stream Gages Used in the Banner Study 

USGS 
Gage 

Number 

,/ 9-2518 

v 9-2530 

./ 9-2534 

v~9-2535 

'/9-2550 

01'9-2555 

"'9-2560 

9-2570 

9-2515 

9-2520 

9-2525 

9-2540 

Gage Name 

North Fork Little Snake River 
near Encampment, Wyoming 

North Fork Little Snake River 
near Slater, Colorado 

Little Snake River 
near Slater, Colorado 

Battle Creek 
near Encampment, Wyoming 

Battle Creek 
near Slater, Colorado 

Slater Fork 
near Slater, Colorado 

Savery Creek at Upper Station 
near Savery, Wyoming 

Savery Creek 
near Savery, Wyoming 

Little Snake River 
near Dixon, Wyoming 

Hiddle Fork Little Snake River 
near Battle Creek, Colorado 

South Fork Little Snake River 
at Flemings, Colorado 

South Fork Little Snake River 
near Battle Creek, Colorado 

Roaring Fork of Slater Fork 
near Baxter Ranch, near 
Slater, Colorado 

IV-10 

Drainage 
Area 
(Sq. Hi.) 

12.8 

29.3 

285 

12.8 

85.3 

161 

200 

330 

988 

120 

22 

46 

7 

Period of Record 

1956-65 

1956-63 

1942-47, 1950-Present 

1956-63 

1942-51 

1910-12, 1931-Present 

1940-44, 1952-71 

1941-46, 1948-72 

1910-23, 1938-Present 

1912-22 

1922-23 

1912-20 

1922 
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TABLE IV-l 

Little Snake River Basin Stream Gages Used in the Banner Study 
(Continued) 

USGS Drainage 
Gage Area 

Number Gage Name (Sq. Mi.) Period of Record 

/9-2545 Slater Fork at Baxter Ranch 80 1911-20, 1922 
near Slater, Colorado 

9-2554 East Fork Savery Creek 7.91 1956-58 
near Encampment, Wyoming 

9-2559 Big Sandstone Creek 10.3 1956-58 
near Savery, Wyoming 

9-2565 Savery Creek 354 1915-16, 1918-22 
at Savery, Wyoming 

9-2575 Willow Creek 5 1911-23 
near Baggs, Wyoming 

9-2580 Willow Creek 24 1953-Present 
near Dixon, Wyoming 

9-2590 Muddy Creek 904 1915-16, 1918 
near Baggs, Wyoming 

9-2595 Fourmile Creek 4 1911-23 
near Baggs, Wyoming 

9-2597 Little Snake River 3020 1961-68 
near Baggs, Wyoming 

9-2600 Little Snake River 3730 1904, 1921-Present 
near Lily, Colorado 
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The study period used for this analysis was 1940-1982, an 

extension of four years beyond that used in the Feasibility Study. 

U.S.G.S. published records are available at some stations for the 

additional four years, and a longer period of record is considered 

desirable. The additional four years of values were estimated for the 

missing stations using the same regression equations. 

Streamflow records were estimated for each reservoir site 

for the period of study using the nearest gaging station with a long 

period of record (see Table IV-2). Flows at the reservoir sites were 

synthesized using the following equation developed by BAI: 

D.A.Res 0.6248 

D.A. Gage 

Q = Runoff in acre-feet per month 
D.A. = Drainage Area in acres 

A check of the equation indicated that it was a reasonable model for 

estimating reservoir inflows. Inflows to Three Forks Reservoir were 

estimated using the record from the Little Snake River near Slater gage 

(9-2530). Depletions by Stage I and II of Cheyenne's Little Snake 

diversion project, taken from a yield study done by BAI, were applied to 

flows at the Three Forks site. 

No attempt was made to estimate natural inflow to the 

proposed Sage Creek Reservoir. The drainage area above the reservoir site 

is small and relatively low in elevation. Therefore, streamflows at the 

'reservoir site are not great and downstream water rights ylill influence 

their usability. 

Runoff at the points of diversion to the collector pipelines 

and at Fish Creek Reservoir was estimated from the records of stations 

listed in Table IV-2 using proportional area relationships. A 

proportional relationship was used in order to be conservatively low. The 

flow at collectors in the Battle Creek and Sandstone Creek drainage was 

based on the Battle Creek near Encampment gage (9-2534). The flow at 
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TABLE IV-2 

Little Snake River Basin Stream Gages Used to Develop 
Reservoir and Collector System Inflow 

Reservoir 

Three Forks Reservoir 

Pot Hook Reservoir 

Sandstone Reservoir 

Upper Savery Reservoir 

Fish Creek Reservoir 

Sage Creek Reservoir 

Fish Creek Collector System 

Sage Creek Collector System 

Gage 

9-2530 Little Snake River 
near Slater, Colorado 

9-2550 Slater Fork 
near Slater, Colorado 

9-2650 Savery Creek 
near Savery, Wyoming 

9-2555 Savery Creek a tUpper Station 
near Savery, Wyoming 

9-2555 Savery Creek at Upper Station 
near Savery, Wyoming 

No inflows were developed. 
Inflows vlill be bypassed. 

9-2534 Battle Creek 
near Encampment, Wyoming 

9-2555 Savery Creek at Upper Station 
near Savery, Wyoming 

9-2554 East Fork Savery Creek 
near Encampment Wyoming 

9-2534 Battle Creek 
near Encampment, Wyoming 

9-2555 Savery Creek at Upper Station 
near Savery, Wyoming 

9-2554 East Fork Savery Creek 
near Encampment, Wyoming 
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collectors in the upper Savery Creek drainage and at Fish Creek Reservoir 

was based on the Savery Creek at Upper Station gage (9-2555) with 

adjustment for unit runoff at East Fork of Savery Creek near Encampment 

(9-2554). The adjustment, based on the ratio of unit runoff above the two 

Savery Creek stations, was applied during the months of high runoff - May, 

June, and July. 

Streamflow at the collectors was estimated on a daily basis 

in order to quantify flushing and maintenance flow bypasses. A 

dimensionless hydrograph originally prepared for the Stage II diversion 

project was used to estimate peak flows at the collectors. The 

transferability of the dimensionless hydrograph to the Stag~ III project 

area was verified by comparing hydrographs for the North Fork of the 

Little Snake and Battle Creek. The shape of the hydrograph was similar for 

the two areas. The monthly runoff at the point of collection was 

multiplied by the hydrograph ordinate for each day in the months of May, 

June, and July to obtain a daily average flow estimate. 

Two separate reviews were conducted to verify the previous 

method of estimating runoff above the collector system. The first used 

snowcourse data from stations in the Sierra Madre Mountains to estimate 

runoff from sno¥lmel t. The water equivalent of the yearly sno¥lfall ¥las 

used to es timate potential runoff from each collector area. A runoff 

Ilefficiency" factor was then estimated for each major drainage using 

available gaging station records. The water equivalent and runoff 

efficiency were used with the drainage area of each collector to estimate 

yearly runoff. The difference between the two estimates ¥las well vIi thin 

the range of accuracy of the estimating methods (10 to 15 percent). 

For a second review, an isohyetal map of annual 

precipi tation was prepared for the Sierra Madre mountain range. Average 

precipitation over each of the drainage areas above the collector vlas 

calcula ted and a runoff II efficiencyll was again determined for gaged 

basins. Average precipitation and runoff efficiency for each collector 

area were used to estimate an average runoff. 

two estimates was once again within the 

estimating methods. 
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It was concluded that the original method used is suffi

ciently accurate for the purposes of the study. 

Evaporation 

Evaporation rates used in the operation of the proposed 

Stage III reservoirs were developed by the U.S. Bureau of Reclamation 

(USBR) for the Savery-Pot Hook Project Definite Plan Report (1962). A 

brief literature review was conducted to determine if more accurate 

evaporation rates might be available for the Stage III project area. The 

only other evaporation data available for the proj ect area were maps 

sho\oling iso-evaporation lines for the State of Wyoming (Lewis, 1978). 

These maps do not adequately account for the effect of mountainous areas 

on evaporation and were not considered suitable for estimating evaporation 

rates in the project area, therefore, the USBR data was used. 

Evaporation rates were estimated on a monthly basis for all 

six reservoir sites. Temperatures at Dixon were assumed to be 

representative of conditions at the Pot Hook and Three Forks sites while 

temperatures at Rawlins were assumed to be more representative of 

conditions at the other four sites. Evaporation rates were estimated for 

the entire year on the basis of the Pathfinder data, rather than just the 

March-October period used by the USBR. 

Monthly average temperature data were updated to 1982 using 

National Oceanic and Atmospheric Administration (NOAA) published data for 

the Rawlins and Pathfinder Dam weather stations. The Dixon NOAA station 

was discontinued in 1975 so monthly tempera ture averages for Dixon are 

based on the period before 1975. Pathfinder Dam average monthly 

evaporation rates were obtained from Lewis (1978). 

The areas of irrigated land and native vegetation \Olithin 

each reservoir basin were determined in order to estima te the amount of 

water available from salvage after the reservoir is constructed. This 

assumes that the owners of lands with water rights which will be inundated 

by the reservoirs will not instigate a water right transfer as provided by 

Wyoming water la\Ol. Consumptive use rates for the irrigated land vlere 

assumed to be those for grass, hay, or pasture at Dixon in Wyoming Water 

Planning Report No.5 (1970). Consumptive use by native vegetation was 

assumed to be the same as the effective precipitation at the reservoir 
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site. Average annual precipitation was estimated using the isohyetal map 

from Wyoming Water Planning Report No.3 (1970). Effective precipitation 

was estimated using the methodology from Wyoming Water Planning Report No. 

5, i.e., rainfall accumulations of over two inches per month were 

considered to be 90% effective and precipitation of under two inches per 

month was considered to be 95% effective. 

A weighted consumptive use figure was calculated using the 

acreages of irrigated land and native vegetation in the reservoir basin. 

The consumptive use amounts were subtracted from the gross reservoir 

evaporation amounts to obtain estimates of net evaporation loss for use in 

reservoir operation. 

Target Maintenance and Flushing Flows 

Experience with the Stage I and II developments have shown 

that maintenance and flushing flows will be required to be left in the 

streams at the points of diversion. For the purposes of this report, the 

"target flm'/S" represent desirable flows which the system operation 

attempts to achieve. For this study, the same procedures have been used 

to estimate the target flow quantities as were used for Stage II. Table 

IV-3 shows the target maintenance and flushing flows used for the Fish 

Creek Collector System, Fish Creek Reservoir, and the Sage Creek Collector 

System (Extended L-4 Collector System). Target maintenance flov/s used in 

the study are thirty percent of the average annual daily flow, and target 

flushing flow is the average annual peak daily flow. The flushing flows 

are to be provided over a period of 72 hours during June 2-4 of each 

year. No flow is bypassed at the point of diversion of Haggarty Creek 

because the presence of copper in the water prevents a viable fishery in 

the reach. These assumptions were approved by the WWDC staff. 

the same as 

60 of the 

Target maintenance and flushing flows used in this study are 

the previous studies with the exceptions of collector number 

Fish Creek Collector System and Fish Creek Reservoir. 

Maintenance and flushing flows in these two cases were adjusted upward to 

account for the larger runoff above the collector system and Fish Creek 

Reservoir as compared with the remainder of the drainage above the Savery 

Creek at Upper Station gage. 
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TABLE IV-3 

Target Maintenance and Flushing Flows to be Provided below 
Points of Diversion on Streams Supporting a Fishery 

Collector 
Number Stream Name 

Fish Creek Collector System 

1 Battle Creek (tributary) 
2 Battle Creek 
6 East Smith Creek 
8 Smith Creek 

10 East Haskin Creek 
12 Haskin Creek 
14 Lost Creek 
21 Bachelor Creek 
29 Big Sandstone Creek 
31 North Big Sands tone Creek 
37 Douglas Creek 
39 Deep Creek 
60 East Fork Savery Creek 

Fish Creek Reservoir 

Fish Creek 
Reservoir 

North Fork Savery Creek 

Sage Creek Collector System 

1 Battle Creek 
7 Smi th Creek 
9 East Haskin Creek 

11 Haskin Creek 
13 Lost Creek 
23 Big Sandstone Creek 
25 North Big Sandstone Creek 
34 Douglas Creek 
36 Deep Creek 
59 East Fork Savery Creek 

(tributary) 
60 East Fork Savery Creek 

101 North Fork Savery Creek 

IV-17 

Drainage Maintenance Flushing 
Area Flow Flow 

(Acres) (cfs) (cfs) 

284.8 0.3 11.5 
1724.6 1.9 69.7 

296.3 0.3 12.0 
633.0 0.7 25.6 
882.8 1.0 35.7 
941.2 1.0 38.1 
741.1 0.8 30.0 
375.8 0.4 15.2 

1466.1 1.6 59.3 
1407.7 1.7 56.9 
1085.7 1.2 43.9 

944.9 1.0 38.2 
5612.3 1.8 56.0 

13,100.8 4.2 131.0 

416.5 0.5 18.0 
616.5 0.75 25.0 
697.9 0.75 27.0 
809.0 1.5 31.0 
522.1 0.75 20.0 
990.4 1.25 34.0 

1046.0 1.25 32.0 
960.8 1.50 29.0 
677.6 1.00 22.0 
255.5 0.50 8.0 

133.3 0.25 5.0 
1543.0 2.0 57.0 
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Target maintenance and flushing flOvls were estimated for 

collector number 101 on the Sage Creek Collector System. Collector number 

101 is on the North Fork of Savery Creek and was considered to be the only 

stream of those along the extension wi th sufficient annual runoff to 

support a fishery. Maintenance and flushing flows were estimated for this 

collector by plotting maintenance and flushing flows developed by BAl 

against drainage area size. A strong relationship was discovered between 

drainage area size and flow magnitude. The maintenance and flushing flows 

for collector 101 were taken from the developed curves. 

Target maintenance and flushing flows released were 

calculated using monthly aI1d daily synthesized streamflow records. If 

natural flow in the stream was less than the target flow, the natural flow 

was bypassed. If the natural flOvl was greater than or equal to the 

calculated maintenance or flushing flow, the targeted flow was bypassed. 

Target maintenance flows were not estimated for the 

collectors on non-fishery streams. The Forest Service has recommended 

that non-fishery stream collectors operate such that the collectors divert 

only during the months of November through June and bypass all flows 

during the months of July through October. This operation is currently 

being used in Stages I and II. 

Target maintenance and flushing flows calculated for Fish 

Creek Reservoir were compared with releases from the reservoir. If 

releases and bypasses for downstream water rights were sufficient to meet 

maintenance and flushing flow requirements, no additional water was 

released. If I on the other hand, these releases and bypasses were not 

sufficient for the targeted flow, additional bypass was provided. If 

natural inflow to the reservoir was less than the target flovls, only the 

natural flow was bypassed. 

Releases for downstream water rights were assumed to meet 

maintenance flow requirements for the other reservoirs. Fisheries on 

lower Savery Creek and the mainsteam of the Little Snake River should 

benefit from reservoir releases in the latter part of the irrigation 

season. The possible need for maintenance and flushing flows below the 

darns will be considered in the final design studies when more information 

is available. 
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System Water Requirements 

• Agricultural Water Requirements 

Water rights for the Little Snake River Basin were 

tabulated by Wright Water Engineers (WWE) for the Wyoming Attorney 

Generalis Office (1983) and used in the Black and Veatch 1984 Needs 

Assessment. The WWE tabulations of Wyoming water rights were revievled 

using records of the Wyoming Board of Control and the Wyoming State 

Engineer's Office. WWE's tabulations of Colorado water rights were 

checked as far as possible using tabulations of Colorado rights prepared 

by the Colorado District Engineer in Steamboat Springs, Colorado. 

Recently filed Colorado water rights listed in the WWE tabulations were 

assumed to be correct. This same methodology was used in the Water Supply 

Needs Assessment for the Little Snake River Basin (B.V. 1984). 

Water rights below each reservoir site were totaled for 

the purpose of determining bypasses and demands for the reservoirs. 

Wyoming rights were assumed to be enti tIed to one cubic foot per second 

(cfs) per seventy acres as directed by the WWDC staff. The use of one cfs 

per 70 acres provided a consistant comparison among the various reservoir 

alternatives. The effect of, and need for bypassing two cfs per 70 acres 

will be considered in the final design studies. Colorado rights were 

assumed to be entitled to the amount shown in the District Engineer IS 

tabulations. Wyoming water right acreages used were as follows: 

rights 

Savery Creek 

Main Stem Little Snake 

River above Savery Creek 

Main Stem Little Snake River 

(Savery Cr. to Trowel Ditch) 

Main Stem Little Snake River 

(Trowel Ditch to State Line) 

The assumption was made tha t 

should be included in the above totals, 

5,655.1 acres 

478.3 acres 

13,559.92 acres 

1,577.0 acres 

all valid Wyoming water 

even those that irrigate 

lands in Colorado. The Wyoming rights that irrigate lands in Colorado are 

regula ted unde r Wyoming law. 

Colorado water rights have not always been issued for a 

specific flow rate per acre. Therefore, Colorado water rights included in 

the model were entered at their adjudicated flow rates. Colorado water 
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right totals used in the model are: 

Slater Creek 

Main Stem Little Snake River 

above Slater Creek 

Main Stem Little Snake River 

(Slater Cr. to Savery Creek) 

Main Stem Little Snake River 

(Savery Creek to Trowel Ditch) 

Main Stem Little Snake River 

(Trowel Ditch to Yampa River) 

5.16 cfs 

92.01 cfs 

1.60 cfs 

0.0 cfs 

87.64 cfs 

The irrigation season was considered to be April 26th 

through September 30th of each year. This season corresponds wi th the 

average growing season for grass and alfalfa at the Dixon weather 

station. Consumptive use demands in October are assumed to be met by soil 

moisture stored during the irrigation season. 

A return flow analysis was conducted on Savery Creek and 

the main stem of the Little Snake River to estimate which water rights 

might be sa tisfied by return flows. Consumptive use on the lands under 

the di tches was assumed to be the amount shown in Report No. 5 of the 

Wyoming Water Planning Program (1970) for grass, hay, and pasture at 

Dixon, Wyoming. Losses, including seepage losses, evaporation losses, and 

incidental consumptive use, for the purpose of this preliminary study were 

assumed from experience to be fifteen percent of the total amount 

diverted. Return flows were estimated to be the diversion minus 

consumptive use and losses. Fifty percent of the return flow was assumed 

to return in the same month as the diversion with 30 percent returning in 

the following month and 20 percent returning in the second month following. 

The ditches along Savery Creek from Ylhich return flow 

would be to Savery Creek were determined from maps prepared by WWDC. The 

return flows y,ere used to reduce the monthly irrigation season diversion 

requirements from Savery Creek. 

The same methodology was used on the main stem of the 

Little Snake River to locate a cutoff point downstream of which return 

flows would meet the diversion requirements. A diversion requirement of 

one cfs per seventy acres for all Wyoming rights resul ted in the cutoff 

point being located just above the Trowel Ditch diversion (below Baggs). 
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Water rights for the Trowel Ditch and those dOvlnstream therefrom were 

assumed to place no demand on the flows at the reservoirs or on reservoir 

releases. 

• Municipal Water Requirements 

Municipal water demands were taken from the Water Supply 

Needs Assessment for the North Platte and Little Snake River Drainages, 

Preliminary Draft (B. V., 1984). Baggs and Dixon vlere the only two towns 

in the Little Snake River Basin which were included in the needs 

assessment. Needs for each town were assumed to be the amount presented 

by B.V. (1984) under Case l-RF which assumes drought conditions and 

stringent water rights regulation but recognizes return flow supply 

credits on water imported into the basin. 

Dixon's average daily demand did not exceed the amount 

of 355 acre-feet per year available over the 50-year period of study under 

Case 1-RF and Baggs' average daily demand did not exceed the amount of 761 

acre-feet per year available under Case 1-RF. As a result, these amounts 

should be representative of the total future requirements, both legal and 

actual, for each town. The total annual need for each town was assumed to 

be furnished from stored water in order to insure a more firm supply. 

This assumption provided conservative estimates of reservoir yields, and 

other assumptions will be considered in the final design studies to be 

done later. 

A demand schedule vIas prepared for each town using the 

monthly distribution of water usage for each town from B.V. (1984). Total 

amounts for each month for each town were added to determine a monthly 

demand schedule for Little Snake River Basin municipal needs. 

The supplemental water requirements for the several 

municipalities in the North Platte River Basin were estimated by B.V. 

(1984) using varying water supply and water use conditions. Tables IV-4 

and IV-5 present the estimate by city and sub-basin for drought conditions 

and stringent water rights regulation wi th recogni tion of return flow 

supply credits on imported water and assuming current water use and 

use-with-conservation practices. Figure IV-3 presents the total basin use 

for each water use practice. 
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TABLE IV-4 

Summary of Municipal Water by Years in the Little Snake River 
and North Platte River Areas 
Case 1- RF (units in acre-feet) 

(Black and Veatch, 1984, Preliminary) 

Municipality 

Little Snake River Basin 

Baggs 
Dixon 

Supply 
Limit 

671.3 
236 

TOTALS LITTLE SNAKE RIVER 

North Platte - Above- Pathfinder Dam 

Saratoga 
Rawlins 
Hanna-Elmo 
Medici ne Bow 

Subbasin Totals 

1980 

9.9 

9.9 

675.4 
1,048.6 

184.7 

1,908.7 

North Platte - Pathfinder Dam to Guernsey Dam 

Mills, etc. 
Brooks District 
Casper Svc Area 
Evansville 
Midwest 
Edgerton 
Glenrock 
Douglas 
Glendo 
Lusk 

137.2 
151.6 

4,218.4* 
55.9 

142.9 

188.8 

97.8 

1990 

11.6 

11.6 

2000 

13.8 

13.8 

790.2 914.3 
1,590.3 2,210.7 

o 
211.2 244.2 

2,591.7 3,369.2 

170.0 
189.6 

2,976.0 
69.5 

177.9 
o 

216.6 

103.2 

211.6 
236.9 

6,954.8 
86.3 

221.8 
4.1 

248.7 
o 

108.8 

2mo 

16.1 

16.1 

1,061. 7 
2,945.9 

8.0 
280.0 

4,295.6 

265.2 
294.9 

12,152.0 
108.0 
278.2 

16.1 
285.9 

4.8 
114.9 

2020 

o 
18.5 

18.5 

1,230.8 
3,776.8 

25.9 
321.9 

5,355.4 

329.4 
368.9 

18,120.1 
133.9 
345.9 
42.2 

328.6 
109.9 
120.8 

2030 

o 
21.2 

21.2 

1,425.0 
4,731. 5 

74.4 
369.7 

6,600.6 

407.8 
455.5 

25,829.0 
166.7 
430.1 
89.5 

377.9 
264.8 
126.9 

o 

Subbasin Totals 4,992.6 3,902.8 8,073.0 13,520.0 19,899.7 28,148.2 

North Platte - Guernsey Dam to State Line 

Hartvi lIe 
Fort Laramie 
Lirgle 
Torrirgton 

Subbasin Totals 

7.4 
21.3 
54.6 

1,643.8 

1, 727.1 

8.5 
21. 3 
54.6 

1,643.8 

1,728.2 

9.8 
21. 3 
54.6 

1,643.8 

1,729.5 

11.2 
21.3 
54.6 

1,643.8 

1,730.9 

13.6 
21. 3 
54.6 

1,643.8 

1, 733.0 

15.7 
21.3 
54.6 

1,643.8 

1,735.4 

TOTALS NORTH PLATTE RIVER 1,727.1 8,222.7 13,171.7 19,546.5 26,988.1 36,484.2 

Laramie River Basin 
Laramie 
Chugwater 
Wheatland 

Totals Laramie River Basin 

South Platte River Basin 
Cheyenne 
Pine Bluffs 

Totals South Platte River Basin 

TOTALS PLATTE RIVER BASIN 
GRANO TOTALS 

o 

o 

8,628.4 
8,638.3 

IV-22 

90.4 

90.4 

o 

550.4 1,455.1 2,540.4 4,106.2 
o 

_----::O~ 0 0 0 

550.4 1,455.1 2,540.4 4,106.2 

o 
o 

1,409.0 6,345.0 12,450.0 
_----::O~ 0 0 

____ 0___ 1,409.0 6,345.0 13,450.0 

8,313.1 13,722.1 22,410.6 35,873.5 53,040.4 
8,324.7 13,735.9 22,426.7 35,892.0 53,061.6 
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TABLE IV-5 

Summary of Municipal Water by Years in the Little Snake River 
and North Platte River Areas 

Case 1- RF Conservation (units in acre-feet) 
(Black and Veatch, 1984, Preliminary) 

Municipali ty 
Supply 
Limit 

Little Snake River Basin 

Baggs 
Dixon 

761 
236 

TOTALS LITTLE SNAKE RIVER 

North Platte - Above Pathfinder Dam 

Saratoga 
Rawlins 
Hanna-Elmo 
Medicine Bow 

72 
2,625 
1,410 

o 

1980 

7.7 

7.7 

526.9 
385.7 

156.9 

1990 

9.0 

9.0 

2000 

10.7 

10.7 

2010 

12.5 

12.5 

2020 

14.4 

14.4 

2030 

o 
16.5 

16.5 

618.9 718.4 836.5 972.0 1,127.7 
744.4 1,240.2 1,827.8 2,492.0 3,255.0 

5.4 
179.5 207.5 237.9 273.5 314.2 

Subbasin Totals 1,069.5 1,542.8 2,166.1 2,902.2 3,742.9 4,718.2 

North Platte - Pathfinder Dam to Guernsey Dam 

Mills, etc. 
Brooks District 
Casper Svc ,~rea 
Evansville 
Midwest 
Edgerton 
Glenrock 
Douglas 
Glendo 
Lusk 

Subbasin Totals 

1,660 
1,644 

13,461 
1,061 

o 
161 
863 

4,753 
o 

185 

123.3 
137.0 

1,606.2*' 
50.5 

114.3 

150.7 

78.1 

2,260.1 

North Platte - Guernsey Dam to State Line 

Hartvi lIe 
Fort Laramie 
Lirgle 
Torrington 

Subbasin Totals 

36 
54 
99 

317 

2.2 
15.2 
27.6 

903.1 

948.1 

153.0 
171.3 

o 
62.6 

142.3 

173.1 

82.4 

190.2 
213.9 

2,908.0 
77.8 

177.4 
1.1 

198.4 

86.8 

238.5 
265.9 

7,076.0 
97.2 

222.6 
9.0 

228.3 

91.7 

296.1 
333.2 

11,861.0 
120.8 
276.7 
28.3 

262.4 

96.4 

366.8 
411.0 

18,402.0 
150.2 
344.1 
64.5 

301.5 
29.9 

101.3 

° 
784.7 3,853.6 8,229.2 13,274.9 20,171.3 

2.6 
15.2 
27.6 

903.1 

948.5 

3.1 
15.2 
27.6 

903.1 

949.0 

3.5 
15.2 
27.6 

903.1 

949.4 

4.1 
15.2 
27.6 

903.1 

950.0 

4.8 
15.2 
27.6 

903.1 

950.7 

TOTALS NORTH PLATTE RIVER 4,277.7 3,276.0 6,968.7 12,080.8 17,957.8 25,839.8 

Laramie River Basin 
Laramie 
O1ugwater 
Wheatland 

12,271 
103 

2,008 

Totals Laramie River Basin 

South Platte River Basin 
Cheyenne 23,202 
Pine Bluffs 1,760 

Totals South Platte River Basin 

TOTALS PLATTE RIVER BASIN 
GRAND TOTALS 

° 

° 
4,270.0 
4,277.7 

o 

° 
3,276.0 
3,285.0 

42.2 

42.2 

o 

367.1 1,200.9 2,236.4 

° ° 
367.1 1,200.9 2,236.4 

° 

627.5 5,254.0 

° 
627.5 5,254.0 

7,010.9 12,447.9 19,796.2 33,330.9 
7,021.6 12,460.4 19,810.6 33,347.4 

*Casper's contract for CAID/Kendrick water not in effect. 
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The total basin requirements include those for the 

cities of Laramie and Cheyenne. Laramie has purchased agricultural water 

rights on the Laramie River, and they also have potential ground~,.;a ter 

sources. Cheyenne has developed municipal water supplies from the Douglas 

Creek watershed in the Snowy Range with replacement Hater to the North 

Platte River Basin from the Little Snake River Basin via Stage I and II. 

The limitation on the amount of vlater available to Cheyenne is the yield 

of Douglas Creek. Cheyenne has developed much of the water supply 

available to them in the Douglas Creek basin, however, there may be 

additional supply available in tributary watersheds. For purposes of this 

configuration study, the needs of Laramie and Cheyenne are not considered 

for supply from Stage III. Supply for these municipalities can be 

included in more detailed future studies. 

• Industrial Water Requirements 

No specific industrial demands were included in the 

study. The report "Water Supply Needs for the North Platte and Little 

Snake River Drainages,ll (B.V., 1984), indicated that there were probably 

industrial uses of water which would be realized, but such uses could not 

be specified at this time. It was assumed for purposes of this study that 

industrial demands for Little Snake River water would be supplied from 

each reservoir at the reservoir. The industrial demand was arbitrarily 

set as a constant demand each month. The annual quantity to be supplied 

was assumed to be tha t vlhich would maximize the firm yield ft-om the 

reservoir. 

Reservoir Area-Capacity Data 

Reservoir locations were assumed to be those defined by BAI 

(1980) for the Three Forks, Pot Hook, Sandstone, Upper Savery, and Fish 

Creek Reservoir sites. The Sage Creek Reservoir site was assumed to be at 

the location identified by James M. Montgomery, Consulting Engineers, Inc. 

in their Water Development Master Plan. Reservoir site locations v]ere 

needed in order to develop the required information for reservoir 

operation. 
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Reservoir elevations vs. areas and capacities developed by 

BAI for Three Forks, Pot Hook, Sandstone, and Upper Savery si tes were 

reviewed and found to be accurate. Elevation, area and capacity data for 

the Fish Creek and Sage Creek sites were developed from 7 1/2 minute USGS 

quadrangle maps. Area-capacity curves were developed for each site. An 

abbreviated table of elevation-area-capacity for each reservoir is 

presented in Table IV-6. 

Ccllector System Yields 

The Sage Creek and Fish Creek Collector Systems are 

mutually exclusive systems to capture unappropriated waters of the upper 

Li t tIe Snake River wa tersheds. The Sage Creek Collector Sys tern collects 

runoff from several tributaries to the Little Snake River. The Collector 

pipeline begins in the Battle Creek drainage at an elevation of 9,360 feet 

m.s.l. and crosses the Continental Divide at elevation 8,195 feet. 

The Fish Creek Collector System parallels the Sage Creek 

collector system, but at a lower elevation. The Fish Creek Collector 

System begins in the Battle Creek drainage at elevation 9,130 feet m.s.l. 

and discharges into Fish Creek Reservoir, a reservoir in the Little Snake 

River Basin, which is an integral part of the Fish Creek Collector System, 

at elevation 7,880 feet. The Fish Creek Collector System is entirely on 

the vlestern side of the Continental Divide. It is envisioned that water 

will be delivered to the North Platte River System by pumping over or 

tunneling through the Continental Divide 

municipalities in the North Platte River basin. 

by the Fish Creek Reservoir and released for 

North Platte River Basin. 

for eventual use by 

Wa t e r will be r e gu 1 ate d 

scheduled demands in the 

Target maintenance flows (thirty percent of the average 

annual daily flow) and target flushing flows of (the average annual peak 

daily flow) are subtracted from the calculated yield of each sub-basin in 

order to arrive at the yield for the system. 

To summarize, if the natural flow in the stream vIas less 

than the maintenance or flushing flow calculated for the stream, the 

natural flow would be bypassed. However, if natural flow was greater than 

or equal to the target maintenance or flushing flow, the target flow would 

be bypassed. Flows for the collectors on non-fishery streams were 

bypassed during the months of July through October. 
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TABLE IV-6 

Reservoir Elevation Area-Capacity Tables (abbreviated) 

Elevation Area Capacity 
(Acres) (Acre-Feet) 

Upper Savery Reservoir 7,040 0 0 
7,100 545 16,540 
7,131 940 40,000 
7,160 1,361 72,430 

Sandstone Reservoir 6,765 0 0 
6,850 308 10,396 
6,930 780 52,000 
6,950 922 69,055 

Pot Hook Reservoir 6,570 0 0 
6,625 455 13,006 
6,689 1,058 61,500 
6,700 1,164 72,614 

Three Forks Reservoir 6,925 0 ° 7,040 641 29,135 
7,116 1,237 100,000 
7,160 1,685 163,525 

Fish Creek Reservoir 7,680 0 0 I 
7,760 522 15,473 
7,815 1,133 60,000 
7,840 1,410 90,273 

Sage Creek Reservoir 7,540 0 0 
7,660 480 21,000 
7,688 820 40,000 
7,725 1,560 85,000 
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In order to reflect the effects of water right regulation on 

the total divertible flow by the collector system, no water was allowed to 

be diverted by the collector systems y]hen the floy] at the Dixon gage on 

the Little Snake River (9-2570) was less than 180 cfs. The estimate of 

180 cfs of flow needed at Dixon to meet downstream rights is not 

necessarily a reliable indicator of water right demands, because both 

First Mesa and Westside Canals divert upstream from the gage to irrigate 

lands downstream of the gage. Some return flow from these canals is 

available to meet water rights downstream of the gage. For purposes of 

the reservoir operation model, hmvever, the date that the flow at Dixon 

falls below 180 cfs should be a good indication that water supply on the 

river is becoming short and that regulation will soon be in effect. 

Pipeline capacity restraints on divertible flow at the 

collectors were not considered. The amoun.t that the divertible flow is 

reduced by introducing pipeline capacity restraints was determined by BAI 

(1983) to be about 10 percent, or within the range of accuracy of the flow 

estimates. Also, the comparative yields that were obtained for the 

various collector systems are sufficient for evaluation of alternatives. 

Table IV-7 compares the collector system yields by their 

respective drainage areas. The Battle Creek drainage produces about 50 

percent of the total average yield of the Fish Creek Collector System. 

Sandstone and Upper Savery drainages produce approximately 36 and 14 

percent, respectively, of the total average yield of the Fish Creek 

Collector System. 

The Sage Creek Collector System gets 46 percent of its water 

from the Battle Creek drainage area. Sandstone and Upper Savery drainages 

produce approximately 43 and 11 percent, respectively, of the total 

average yield of the collector system. 

The Fish Creek Collector System yields approximately 24 

percent more water than the Sage Creek Collector Sys tern. This can be 

attributed to the Fish Creek Collector System being loy]er in elevation, 

thus having a larger collection area. The significance of the above 

figures is that the major portion of the water yield is derived from the 

southern parts of the collector sys tern. Because of this fact, 

construction of the collector system cannot economically be staged. 
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Collector 
System 

Fish Creek 

Sage Creek 

TABLE IV-7 

Average Yields for the Watershed Drainage Areas 
Above the Collector Systems, Units in Acre-Feet 

Battle Creek 
Drainage 

23,840 

17,560 

Sandstone Creek Upper Savery Creek 
Drainage Drainage Total 

16,980 6,780 47,600 

16,470 4,250 38,280 
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Reservoir Operation Studies 

Wyoming water law provides that storage of natural flow in 

anyone year is limited to one filling of the reservoir's active capacity 

minus the previous year's carry-over storage. Three Forks, Pot Hook, 

Sandstone, and Upper Savery Reservoirs were operated in accordance with 

that limitation. However, the provision resulted in considerable water 

being wasted downstream out of Wyoming. Fish Creek Reservoir was operated 

with the one-fill limitation on natural flow but no limitation on storage 

of vlater brought in by the collector system. Sage Creek Reservoir was 

operated to bypass natural flow and store only imported water. The 

one-fill limitation was not imposed on Sage Creek Reservoir. 

Bypasses were made from each reservoir for prior water 

rights downstream. The reservoir operation model first checks to see if 

water rights on the stream on which the reservoir is located are being met 

by inflow to the stream below the reservoir. Any additional amount of 

water needed to meet prior rights is quantified or set equal to zero if 

the inflow is meeting those rights. The model then checks to see if the 

rights on the main stem of the Little Snake River are being met by inflow 

from other tributaries or by inflow below the reservoir in excess of that 

stream's requirements. The amount needed to meet rights on the main stem 

is then quant±fied or set equal to zero if they are being met by other 

inflows. The total amount needed to meet prior rights below the reservoir 

is obtained by adding the amount needed on the stream belovl the reservoir 

and on the main stem below the reservoir. This number is compared wi th 

the reservoir inflow to see if the inflow can meet the requirements. 

Bypasses are made, as needed, up to the total amount of reservoir inflow. 

Bypasses for prior rights cannot exceed the inflow to the reservoir. 

For purposes of selecting among alternative reservoirs, each 

reservoir was operated as though it was the only one on the system. It is 

recognized that ~Nhen the Stage III in-basin system is selected, joint 

operation of the system may modify the yields presented herein. 
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Irrigation releases required from storage are estimated to 

be the total Wyoming water right diversion requirement below the 

reservoir f at one cfs per seventy acres, and 1/2 cfs per seventy acres, 

minus natural inflow from other sources. It was assumed that the 

reservoir would be a Wyoming reservoir and would not store water for 

Colorado water rights. Irrigation water is released only during the 

irrigation season of April 26th through September 30th of each year. 

Supplemental irrigation releases from storage are the lowest priority 

releases in the reservoir operation model. Any shortage is assigned to 

irrigation releases first and then, if the total shortage is greater than 

irrigation releases, municipal and industrial releases share the remaining 

shortage. 

Municipal water is released year-round on the demand 

schedule developed from the B.V. 1984 needs data. Any shortage in excess 

of that for irrigation releases is assigned on the basis of fifty percent 

to municipal release, and fifty percent to industrial releases. 

Industrial water is released year-round at an equal amount each month. 

Evaporation is calculated in the operation model as average 

monthly surface area in acres multiplied by the average monthly 

evaporation rate in feet. Monthly average surface area is estimated to be 

the average of the surface area at the previous end of month content and 

the surface area at the current end of month content. Area and 

evaporation are calculated using the current end of month content without 

evaporation and then recalculated using the end of month content adjusted 

by the first estimate of evaporation. One iteration was considered to be 

adequate for the purpose of reservoir operation because the change in 

surface area caused by evaporation is relatively small. 

Reservoir yield is defined as the total release from storage 

to meet demands. Controlled releases for bypasses are not considered to 

be reservoir yield. 

Fish Creek Reservoir was operated in two different ways 

depending upon its function. The first was as a regulating reservoir for 

the Fish Creek Collector System to provide water for North Platte River 

Basin uses. Natural flow was bypassed if needed to meet prior downstream 

rights but no storage water was released to meet in-basin demands. In the 

IV-31 STONE Be WEBSTER • 



second case, Fish Creek Reservoir was operated such that the first 10,000 

acre-feet of yield each year was dedicated to in-basin irrigation and 

municipal uses with the remainder exported to the North Platte River Basin. 

Sage Creek Reservoir was operated only as a regulation 

reservoir for the Sage Creek Collector System. All natural flows were 

bypassed and the only demand on the reservoir was for municipal water in 

the North Platte River Basin. 

Releases from either Fish Creek or Sage Creek Reservoirs to 

the North Platte River Basin were made on a demand schedule developed from 

the Water Supply Needs Assessment (B.V. 1984). It was assumed that 

monthly municipal demand in the North Platte River Basin would be 

proportional to present monthly water use by participating cities in the 

Basin. The demand schedule was developed from average monthly 

distributions of water usage for the participating cities, as shown in 

Table IV-4. The amount and timing of water releases to the North Platte 

River basin will be studied in more detail in future work. 

Reservoir Yields Without Stage III Collector System 
Depletions 

Reservoir yields, defined as the controlled release from 

storage I for each of the proposed reservoirs are shown on Figures IV-4 

through IV-8 as average yield vs. reservoir capacity. The data Vlere 

developed by performing the operation studies with different total 

reservoir capacities but vlith all other variables the same. Yields used 

to plot the yield-capacity curves are average 

year study period. Capacity, as shoVln on the 

capacity. Active capacity can be obtained by 

dead storage from the capacity shown. A 

yields over 

figures, is 

subtracting 

recreation 

the forty-three 

total reservoir 

the reservoir 

pool Hill be 

considered in future studies related to the preferred alternative. 

Yields obtained at selected reservoir capacities vlithout 

Stage III collector system depletions are shown in Table IV-8. Firm yield 

was determined to be that release which could be met every year while the 

80% yield was that which could be met about eight out of ten years or with 

shortages experienced 20 percent of the time. 
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4. Reservoir Yields with Stage III Collector System 
Depletions 

Yields for each of the proposed reservoirs were also 

evaluated with inflows and tributary flows depleted by the Fish Creek and 

Sage Creek Collector Systems. Monthly yields from each of the collector 

systems were used to deplete inflows to the reservoirs and also to deplete 

inflows of tributaries below the reservoir sites. It ',vas necessary to 

evaluate the effects of the depletions on inflows below the reservoirs in 

order to determine the effects on supplies available to prior rights below 

the reservoirs. 

Capacity-yield curves for the Upper Savery and Sandstone 

Reservoirs with the Fish Creek and Sage Creek Collector Systems in place 

are shown on Figures IV-4 and IV-5. Three Forks and Pot Hook Reservoir 

yields are not affected by depletions from the Stage III collector 

systems, so separa te capaci ty-yield curves wi th the collector sys tern in 

place were not developed for those two reservoirs. The Stage III 

collector depletions do not reduce inflows to these reservoirs because of 

the location of the collector systems. The Stage III collector depletions 

to tributaries which inflow below the Three Forks and Pot Hook Reservoir 

sites do not increase water right bypasses from the reservoirs, because 

the depletions generally occur during May and June, when there is surplus 

water in the system. Sandstone and Upper Savery Reservoir yields are 

reduced when depletions from the Stage III collector systems are 

subtracted from the reservoir inflows (See Figures IV-4 and IV-5 and 

Tables IV-8, IV-9 and IV-I0). An infinite number of combinations of 

industrial and agricultural demands are possible, so to limit the 

combinations to a manageable number, two quantities of agricultural 

demands were considered. These are denoted as 100% Ag Demand and 50% Ag 

Demand on Table IV-S, 9, and 10. The demands listed as 100% are one cfs 

per 70 acres of water right acreage. The 50% Ag Demands are one-half cfs 

per 70 acres of water right acreage (approximately one cis per 70 acres of 

presently irrigated acreage). 
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TABLE IV-8 

Reservoir Yields at Selected Reservoir Capacities without 
Stage III Collector System Depletions (values are in acre-feet) 

100% Ag. Demand 50% Ag. Demand 

Firm 80% Firm 80% 
Reservoir Yield Yield Yield Yield 

Three Forks (Total 
Capacity - 100,000) 73,800 83,400 75,400 84,000 

Irrigation (22,800) (20,000) (8,400) (6,000) 
Industrial (51,000) (63,000) (67,000) (78,000) 

Pot Hook (Total 
Capacity - 61,500) 31,200 35,000 32,300 36,100 

Irrigation (26,000) (25,000) (17,300) (11,100) 
Industrial (5,000) (10,000) (15,000) (25,000) 

Sandstone (Total. 
Capacity - 52,000) 25,700 38,800 35,300 39,000 

Irrigation (18,200) (31,300) (15,300) (14,000) 
Industrial (7,500) (7,500) (20,000) (25,000) 

Upper Savery (Total 
Capacity - 40,000) 9,600 20,900 18,800 21,800 

Irrigation (9,600) (20,900) (15,800) (13,000) 
Industrial (0) (0) (3,000) (8,000) 
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TABLE IV-9 

Reservoir Yields at Selected Reservoir Capacities with Fish 
Creek Collector System Depletions (values are in acre-feet) 

100% Ag. Demand 50% Ag. Demand 

Firm 80% Firm 80% 
Reservoir Yield Yield Yield Yield 

Three Forks (Total 
Capacity - 100,000) 72,800 81,400 73,500 81,800 

Irrigation (22,800) (21,400) (8,500) (6,800) 
Industrial (50,000) (60,000) (65,000) (75,000) 

Pot Hook (Total 
Capacity - 61,500) 30,000 34,300 32,300 36,100 

Irrigation (26,500) (25,300) (17,300) (11,100) 
Industrial (3,500) (9,000) (15,000) (25,000) 

Sandstone (Total 
Capacity - 52,000) 15,200 31,600 25,900 31,600 

Irrigation (15,200) (31,600) (15,900) (14,600) 
Industrial (0) (0) (10,000) (17,000) 

Upper Savery (Total 
Capacity - 40,000) 4,600 18,100 16,000 19,100 

Irrigation (4,600) (18,100) (16,000) (15,100) 
Industrial (0) (0) (0) (4,000) 
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TABLE IV-l0 

Reservoir Yields at Selected Reservoir Capacities with 
Sage Creek Collector System Depletions (values are in acre-feet) 

100% Ag. Demand 50% Ag. Demand 

Firm 80% Firm 80,% 
Reservoir Yield Yield Yield Yield 

Three Forks (Total 
Capacity - 100,000) 72,800 81,200 73,600 81,800 

Irrigation (22,800) (21,200) (8,600) (6,800) 
Industrial (50,000) (60,000) (65,000) (75,OUO) 

Pot Hook (Total 
Capacity - 61,500) 30,000 34,300 32,300 36,100 

Irrigation (25,000) (17,300) (11,110) 
Industrial 3,500 (9,000) (13,000) (25,000) 

Sandstone (Total 
Capacity - 52,000) 15,800 31,600 25,900 31,600 

Irrigation (15,800) (31,600) (24,900) (14,600) 
Industrial (0) (0) (1,000) (17,000) 

Upper Savery (Total 
Capacity - 40,000) 4,700 19,000 17,000 20,700 

Irrigation (4,700) (19,000) (7,000) (14,700) 
Industrial (0) (0) (10,000) (6,000) 
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Yields from Fish Creek Reservoir are shown in Table IV-l1. 

The reservoir yields are based on operation studies with the optimum 

60,000 acre-foot capacity. The Fish Creek Reservoir and Collector system 

was operated with two different criteria. In the first, Fish Creek 

Reservoir was used only as a regulating reservoir for the Fish Creek 

Collector System, i.e., no stored water was released into Savery Creek. 

Inflows from the Collector System and the North Fork of Savery Creek above 

the reservoir vlere captured and released to the North Platte River Basin 

on the demand schedule developed for communities in the North Platte 

Basin. Firm, average, and eight out of ten year yields vlere calculated 

for this option. The yields are shown in Table IV-11. To determine the 

various types of yields, demands on Fish Creek Reservoir were varied until 

the yield was maximized. 

In the second operating criterion, the assumption was made 

that the 10,000 acre-feet of yield from Fish Creek Reservoir would be used 

to meet any demands below the reservoir. Operating the reservoir in this 

way resulted in a firm in-basin yield of 10,000 acre-feet Hhile the firm 

export yield Has 37,000 acre-feet. 

Sage Creek Reservoir was operated solely as a regUlating 

reservoir for the Sage Creek Collector Sys tern. Na tural inflovls to the 

reservoir vlere bypassed. Releases from the reservoir were based on the 

demand schedule developed for North Platte Basin communities. 
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TABLE IV-ll 

Fish Creek Reservoir Yields with Fish Creek Collector 
System Inflows 

(Values are in acre-feet) 

Description 

No In-Basin Demands Met 

10,000 AF of Storage to 
Meet In-Basin Demands 

In-Basin 
Export 

Average 
Yeild 

45,000 

45,000 

10,000 
35,000 

Yield 
Available 

8 out of 10 
Years 

47,000 

47,000 

10,000 
37,000 

Note: Fish Creek Reservoir capacity is 60,000 AF. 
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39,600 

39,900 

10,000 
29,900 
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C. HYDRAULICS 

1. General 

There are several categories of conveyance systems associated 

with the various alternatives under consideration. The technical and 

economic condi tions differ for each ca tegory. Accordingly, routing and 

sizing criteria were adopted to suit the particular conditions. 

In the Feasibility Study substantiating report of (BAI 1980) 

considerable work was done in investigating alternative pipeline routing, 

slopes and sizing criteria for the proposed Phase III Collector System. 

Some conclusions from tha t work, where appropria te, were accepted as the 

basis for this study. However, other pipeline concerns have emerged due to 

plans proposed subsequent to the 1980 Feasibility Study. Other criteria 

have been developed to deal with these situations. 

The emphasis in this section will be on individual project 

components and systems and the criteria developed and employed to deal with 

these and how these components will fit into an overall plan. 

One criterion common to all potential pipelines is that they 

will be buried along their entire route. 

2. Collector System Sizing 

Sage Creek Collector System 

The Sage Creek Collector System is a continuation of the 

Battle Creek to Jack Creek L-4 collector system which previously tunneled 

under the Continental Divide to the Jack Creek Drainage. The collector is 

a buried pipeline following the hillside contours at a slope that will 

resul t in pipefull flow. Inflow to the pipeline \o]ill be through inlets 

located at intercepted streams and along the roadside running on top of the 

collector to catch hillside runoff. 

The 1980 Feasibility Study concluded that the optimum 

pipeline capaci ty r..;ould be about 1.5 times the average daily June runoff 

available for diversion, after due allo\o]ance for maintenance and flushing 

flows. Also, various trials indicated that a pipeline slope of 0.4% was 

approximately optimum. These conclusions appear reasonable and were 

accepted for this phase of \o]ork. The use of the Manning Equa tion for 

pipefull flow and a friction value of 0.013 for concrete pipe r,.]as also 

accepted. 
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The Hanning Equation can be transposed into a number of 

expressions. The most useful form for this case is to make pipe diameter 

the dependent variable and pipe flow the independent variable. Thus, the 

basic equation: 

v = 1.486 (HR) 2/3 sl/2 

N 

b D _- rL2.159 Q N
J 

3/8 ecomes: 
sl/2 

where V = velocity in ft/sec 

HR = hydraulic radius in feet 

= area/wetted perimeter 

S = gradient in ft/ft 

Q = flow in ft 3 /sec 

N = friction factor (taken as 0.013 for conc. pipe) 

D = pipe diameter in feet 

Q is found by summing the 1.5 times average June runoff 

available for diversion and collection from the ins tream and side hill 

runoff areas. Pipe size is selected according to the above equation. 

For the Sage Creek system, there are 125 points of diversion 

into the collection line and the pipeline increases in 6 inch increments 

from 24 inch diameter at the southern end, to 90 inch diameter over a 

distance of 34.7 miles in a northwesterly direction. The pipeline 

continues an additional 35.5 miles to Sage Creek Reservoir on the east side 

of the Continental Divide. Most of this is a 90 inch diameter line 

continuing on a 0.4% slope except for a 1.7 mile stretch after crossing the 

Continental Divide where the pipe size is decreased to 66 inch diameter to 

take advantage of available head. Also, several inverted high pressure 

siphons are included to significantly shorten the total length. Peak flow 

in the line would be about 485 cfs. Average annual yield is estimated at 

33,300 acre-feet. 
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Fish Creek Collector System 

The Fish Creek Collector Pipeline is about 200 vertical feet 

below the L-4 pipeline for the first 21 miles, after which the tvlO lines 

tend to diverge. Like the Sage Creek line, this pipeline would be buried 

along its entire length. This pipeline has been aligned and sized for 

gravity pipefull flow similar to the Sage Creek line on a 0.4% slope. The 

Fish Creek collector picks up inflow from 88 identified instream and 

hillside runoff areas. Summing these along the line and sizing the pipe 

according to the above formula for pipe diameter resul ts in a line of 36 

inch diameter at the southern end, increasing in 6 inch increments to a 96 

inch diameter over a distance of 33 miles. The last 4 miles are 96 inch 

diameter pipe and the maximum flow is about 545 cfs. Average annual yield 

is estimated as 45,000 acre-feet. 

The foregoing general criteria for the routing and sizing of 

the Sage Creek and Fish Creek collector systems are considered adequate for 

the comparisons during Phase I. However, it should be remembered that final 

determinations of allowable stream diversion, pipeline alignment, 

topography, collection box location and estimated construction costs versus 

water yields must be examined to achieve the most cost effective design. 

3. Pipeline Sizing 

Sage Creek - North Platte River Pipeline via Rawlins 

The Sage Creek Reservoir to North Platte River Pipeline via 

Rawlins is 41 miles long if routed along the exis ting Rawlins pipeline 

Right of Way (ROW) paralleling Sage Creek Road and slightly shorter 

alongside the road itself. The ROW route was used in this study but either 

routing should give similar resul ts a t this stage. The line would be 

buried along its entire route, except possibly at several stream crossings. 

This is a conveyance pipeline from the Sage Creek Reservoir 

supplying water to the out-of-basin communi ties. This particular routing 

allows direct supply of high quality Sage Creek Collection System runoff to 

the City of Rawlins. 
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Wa ter in the conveyance line flows by gravi ty throughout its 

length. Design of the pipeline should take advantage of the head difference 

of about 1200 feet to decrease pipe size and economize the pipeline cost. The 

hydraulic gradient indicates that this could be effected in two steps. In 

each of these steps some line would be high pressure and some would be low 

pressure depending on the details of the pipeline topographic profile. 

The pipe sizing has been based on the natural slopes and the 

floy] conditions of the peak month of the average year. Thus, the average 

annual yield from the Sage Creek Reservoir is estimated to be 33,300 

acre-feet. The peak monthly municipal demand (July) has been estimated as 

15.1 percent of the annual average or about 5000 acre-feet or 81 cfs. 

The pipeline will include both high and low pressure concrete 

pipe made up of 20,000 feet of 60 inch diameter, 15,000 feet of 30 inch 

diameter, and 77,000 feet of 42 inch diameter pipe. 

Sage Creek - North Platte River Pipeline near Overland Crossing 

This pipeline would convey the Sage Creek Reservoir yield 

directly to the North Platte River. The route would be eastward along Sage 

Creek to the confluence near Overland Crossing, a dis tance of 21 miles. The 

topographic profile along this route reveals that the head difference of 960 

feet could be utilized in three steps to reduce pipe size so tha t the line 

would include 20,000 feet of 60 inch diameter, 15,000 feet of 30 inch diameter 

and 77,000 feet of 42 inch diameter low pressure concrete pipe. 

Fish Creek to Sage Creek Tunnel 

The Fish Creek to Sage Creek Tunnel ... lould convey the wa ter 

collected and stored in Fish Creek Reservoir by gravi ty flow through the 

Divide to the Sage Creek drainage, and thence by the gravity flow pipeline to 

the North Platte River near Overland Crossing described below. 

The tunnel is 8 feet in diameter and designed for gravi ty flow 

about one half full. For this nonpressure condition, shotcrete with wire mesh 

should be adequate tunne I lining in the prevailing sands tone and limes tone. 

An intake sluice gate, 24 inches wide by 39 inches high would control the 

inflow to the tunnel from a minimum of about 40 cfs to a maximum of 115 cfs. 

The tunnel would be about 13,000 feet long with a slope of 0.07 percent. Flow 

would be subcritical for some conditions, therefore, a hydraulic jump would 

form inside the tunnel downstream of the gate. If a conservation pool is 

included, the tunnel could be set higher and would be slightly shorter. 
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Alternative Sage Creek Tunnel to North Platte Pipelines 

The alternative pipelines from the Sage Creek Tunnel exit 

portal to the North Platte River are gravity flow, low pressure lines, except 

for the 1.8 mile s tre tch from the exi t portal to the Sage Creek Dam site. 

The remaining routing would be the same as that previously discussed as "Sage 

Creek - North Platte River Pipeline via Ravllins" and "Sage Creek - North 

Platte River Pipeline near Overland Crossing". However, the yield from Fish 

Creek is larger than Sage Creek and hence the line, in general, is 6 inches 

larger. 

In summary, the pipeline via Rawlins would vary from 48 to 72 

inch diameter over a length of 41 miles, and the line to Overland Crossing 

would vary from 36 to 72 inch diameter over a length of 21 miles. 

Fish Creek to North Platte Pipeline and Pumping Station 

This pipeline would transfer collected water in the Fish Creek 

Reservoir to the North Platte River via a pipeline over the Continental 

Divide and thence to the North Platte River via one of the Sage Creek - North 

Platte River alternatives. One intake/pumping station consisting of four 

17 ,000 gpm, 270 total dynamic head (TDH) pumps vlill be required in the 

reservoir. The high pressure pumping line would be 42 inch diameter 

prestressed concrete cylinder pipe. The remaining pipeline would be one of 

the Sage Creek to North Platte River pipelines described above. 

Electrical pumping energy is estimated at 18.5 million kilowatt 

hours (KWH) per year for the average annual yield of 65 cfs in the year 2030, 

and less in earlier years. This is discussed under Section V-C COST ANALYSIS 

OF PROJECT COMPONENTS. 

Baggs - Rawlins - North Platte River Pipeline 

The Baggs to Rawlins to North Platte River Pipeline is a 

project component which could serve as an alternative to the high elevation 

collecting sys terns. The intake for this line would be on the Li t tIe Snake 

River near the Highway 789 bridge in the town of Baggs. There are a number 

of possible alignments and the one chosen for this report is as follows. The 

line would run north on the vlest side of Highvlay 789 along the liLa Sal" 

pipeline ROW, to a point just south of the Overland Stage Monument, then 
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eastward between China Butte and Doty Mountain to Alamosa Gulch. The line 

would follow the gulch northeasterly to Sugar Creek and follow the creek, 

passing south of Rawlins and continuing easterly to the confluence of Sugar 

Creek and North Platte River. 

The total length of this line is 80 miles, all of which would 

be high pressure pipe. Four pumping stations would be required to reach and 

cross the high land from mile 40 to mile 60. Beyond mile 50, the line falls 

continuously to the North Platte River. A 700 foot drop over the last 20 

miles would permit a reduction of pipe size. 

The line has been sized to compare 'Hi th: (1) the Sage Creek 

alternative with an annual yield of 33,300 acre-feet, and (2) the Fish Creek 

alternative with an annual yield of 45,000 acre-feet. The pipeline has been 

sized to meet the peak monthly demand conditions in July, which would be 15.1 

percent of the annual supply. 

The pipe sizes for comparison with the Sage Creek System are 60 

miles of 42 inch diameter prestressed concrete cylinder pipe and 19 miles of 

30 inch diameter reinforced concrete low pressure pipe. Pumping energy for 

this line would be 78 GWH per year in the year 2030, and less in earlier 

years. 

For comparison with the Fish Creek alternative, 60 miles of 48 

inch diameter prestressed concrete cylinder pipe, and 19 miles of 36 inch 

diameter reinforced concrete 10\01 pressure pipe would be required. Pumping 

energy would increase to 110 GWH in year 2030. 

In addition, an estimated 65 miles of 34.5 kV transmission line 

will be needed to bring power to the four pumping stations. 

Reservoir Low Level Outlet Works 

Low level outlets usually serve a number of functions. These 

may include diversion during construction, minimum flow releases, project 

operation releases, flood releases and reservoir drawdo\Oln. The low level 

outlets for Three Forks, Pot Hook, Sandstone, Upper Savery, and Sage Creek 

dams have all been tentatively sized at this time for project operation 

requirements. In all of these cases, the cri terion has been to assume the 

reservoir water level as 10 feet above the outlet crown at the beginning of 

Mayor the end of August, whichever is most applicable, when reservoir levels 

can be low and water demands are high. The releases are determined from the 

reservoir operation studies. 

IV-47 STONE Be WEBSTER .. 



The Fish Creek outlet has been treated differently because only 

about 12 percent of its releases pass through the low level outlet. The 

major share, some 88 percent, is exported out of the basin. In this case, 

the outlet works were sized to meet the emergency reservoir evacuation 

requirement of 50 percent elevation drawdoHn in 4 months. 

Reservoir Sizing 

Optimum reservoir sizing should be determined by a systematic 

process of benefit and cost analysis. This was not necessary for the level 

of analysis required by this study. However, reservoir yields Here developed 

over a range of storage development sizes for each dam under consideration. 

Storage capacity for each of the six reservoirs was selected by inspection of 

storage capacity versus storage yield curves. (See Figures IV-4 through IV-8) 

The selected capaci ties in all cases were chosen to be on the 

high side because this represents the apparent maximum scale of economic 

development beyond which incremental benefits and costs are judged to be 

unrewarding. More detailed analysis in Final Design may reveal that a 

somewhat smaller scale of development is closer to optimum, from an operating 

vievlpoint. On the other hand, inclusion of conservation storage as a result 

of needed future study, would influence sizing in the other direction. 

The scale of storage development selected for this analysis 

is as follows: 

No Stage III Development 

Firm ( 1 ) 

Dam Site: Total Storage Yield from Storage 

Fish Creek N/A N/A 

Upper Savery 40,000 9,600 

Sandstone 52,000 25,700 

Pot Hook 61,500 31,200 

Three Forks 100,000 73,800 

Sage Creek N/A N/A 

( 1 ) 1 cfs per 70 acre-feet downstream agriculture rights 
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With Fish Creek Collection System 

Dam Si te: Total Storage 

Fish Creek 60,000 

Upper Savery 40,000 

Sandstone 52,000 

Pot Hook 61,500 

Three Forks 100,000 

Sage Creek N/A 

Firm ( 1 ) 

Yield from Storage 

30,700 

4,600 

15,200 

30,000 

72,800 

N/A 

( 1 ) 1 cfs per 70 acre-feet downstream agriculture rights 

With Sage Creek Collection System 

Dam Site: Total Storage 

Fish Creek N/A 

Upper Savery 40,000 

Sandstone 52,000 

Pot Hook 61,500 

Three Forks 100,000 

Sage Creek 40,000 

Firm ( 1 ) 

Yield from Storage 

N/A 

4,700 

15,800 

30,000 

72,800 

38,000 

( 1 ) 1 cfs per 70 acre-feet downstream agriculture rights 

Spillways 

The sizing of spillways for all of the dam sites under 

consideration has been determined for a discharge capacity which, in 

conjunction with flood surcharge storage, will safely pass the probable 

maximum flood (PHF). In fact, the darn crest elevation has been set 5 feet 

above the maximum reservoir vlater level associated with this extreme event. 

The results of this approach to flood handling, which was studied mainly by 

the earlier investigators, is approximately as follows: 
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Spillway Surcharge Spillway 

Crest Haximum High Storage Capacity 

Dam Site Elevation Water Level Acre-Feet cfs 

Sage Creek 7687 7690 6,000 500 

Fish Creek 7818 7824 7,000 600 

Upper Savery 7135 7152 19,000 6,100 

Sandstone 6930 6959 12,000 9,100 

Pot Hook 6690 6702 11,500 3,400 

Three Forks 7115 7136 27,000 12,100 

Hydroelectric Plants 

Potential hydroelectric installations have been analyzed at a 

reconnaissance level for each of the storage dams. The method was to 

construct a flow duration curve from the results of the reservoir operation 

study and by inspection select a maximum pm·ler plant water capacity. In 

most cases, this corresponds approximately to the flow available 20 percent 

of the time. The minimum plant water capacity is assumed to be 32 percent 

of the maximum. Average head prevailing during the plant output period was 

computed from long term results of the reservoir operation studies. Except 

for Three Forks which would operate year-round, the operation period would 

be July, August and September, the period of heavy irrigation demand. 

Installed capacity Has determined from maximum plant l,.later 

capacity and average operating head. Average head and average long term 

flow during the power production months l,.lere used to determine long term 

plant output. These are summarized below: 

Dam 

Fish Creek ( 1 > 

Upper Savery 

Sandstone 

Pot Hook 

Three Forks 

Sage Creek 

Installed 

KW 

745 

1800 

1250 

2950 

540 

Annual 

t-IWH 

1150 

5180 

3430 

14480 

3270 

(1) Hore than 80 percent of Fish Creek inflow would be diverted 

trans-basin and is therefore not available for p0l,.ler. 

development at this site is judged infeasible by inspection. 
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In the event of revised reservoir operations, for example, to 

accomodate required stream maintenance flows, then the hydro potential should 

be reviewed utilizing the revised flow duration curves. 

Pipeline Power Plants 

All of the trans-basin conveyance pipelines undergo large 

drops on their routes to the North Platte River. For a line serving water 

supply only, the energy provided by passing water through these drops is 

converted to pipeline friction loss. This permi ts installation of the 

smallest possible diameter pipeline. Conversely, if a large drop provided 

by a steep slope is to be utilized to develop hydroelectric pOvler instead 

of friction loss, then a larger pipeline is necessary to reduce the 

friction loss. The choice, then, is a large, diameter low loss 

hydroelectric line versus a high loss, small size water supply line. 

Hydropower must be worth the increased cost of the larger sized pipe to be 

justified. There are three pipelines that invite investigation, and the 

results of these are as follows: 

Baggs to North Platte River via Rawlins 

The last 19.5 miles of this line includes a drop of about 700 

feet. With the expected pipeline flow, and if 575 feet of power head were 

to be developed for 4,400 kW of installed capacity, annual output would be 

about 14.8 GWH. However, oversizing the last 19.5 miles of conveyance from 

36 inch diameter low pressure reinforced concrete pipe to 66 inch diameter 

high pressure concrete cylinder pipe would increase the pipeline cost by 

$27 million, which, with the cost of the power plant and equipment costs, 

would be clearly uneconomical. 

Sage Creek to North Platte River near Overland Crossing 

The last 17.5 miles of this line drops 975 feet. If 800 feet 

is developed as power head with 4,200 kW of installed capacity, the annual 

output would be about 20.9 GWH. The additional cost for pipeline 

oversizing vlith high pressure the last 92,000 feet of line ylould be about 

$15.5 million, which also would be uneconomical. 

Sage Creek to North Platte River at Sugar Creek 

This line drops about 830 feet over its last 14 miles. 

Developing 700 fee t of this drop for pOyler yli th 3,700 kW of ins talled 

capacity will yield about 18.4 GWH per year. The additional cost of 

oversized, high pressure pipeline over 14 miles is about $10 million and 

again is clearly uneconomical. 

IV-51 STONE Be WEBSTER A. 



D. GEOTECHNICAL ASPECTS 

1. General 

Geotechnical evaluation of the six damsites, two collectors, 

and four pipeline/tunnel conveyance systems was conducted. The evaluation 

was based on available information from previous studies and field geologic 

reconnaissance of the project components. No other new geologic or 

subsurface information was developed. 

An adequate amount of subsurface information on which an 

evaluation could be based was available for the Fish Creek, Upper Savery, 

Sandstone and Pot Hook damsites. Only one boring each had been made at the 

Three Forks and Sage Creek damsites. It was, therefore, necessary to base 

the major portion of our evaluation for these two dams on surface geologic 

information. Subsurface information along the collectors and pipelines was 

generally not available, and our evaluation for these components also had 

to rely heavily on surface geologic information. 

Dr. Ralph Peck, an internationally recognized expert in the 

area of embankment dams and geotechnical engineering, provided review of 

the geotechnical aspects of the dams. He participated in a field 

reconnaissance of the project components and in project review meetings. 

2. Regional Geology 

Topography 

The study area for the Little Snake River Water Management 

Project is located in south-central Wyoming and northwestern Colorado, 

encompassing parts of Carbon County, Wyoming, and Moffatt and Routt 

Counties in Colorado. The project includes the Little Snake River drainage 

of the Upper Colorado basin and the Sage Creek drainage of the Cpper North 

Platte drainage basin. 

The study area borders the Wyoming Bas in and the southern 

Rocky Mountain phys iographic provinces. It is generally bounded by the 

Elkhead and Sierra Madre Mountains to the south and east, and gently 

rolling plains topography to the north and west. Elevations range from 

approximately 11,000 feet above mean sea leve 1 in the Sierra t'1adres to 

approximately 6,100 feet at the valley floor of the Little Snake River near 
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Baggs, Wyoming. The outstanding topographic feature of the Savery Creek is 

the horizontal skyline which represents an ancient erosion plain or 

peneplain. Hard and soft rocks alike have been leveled to a flat surface. 

Subsequent uplif: has renewed erosion so that streams are deeply 

entrenching themselves in this area. 

Geologic Formation 

The study area is located within the Rocky Mountains. It is 

dominated by the uplift which formed the Sierra Madre mountains. 

Sedimentary, igneous and metamorphic rock are exposed in the general 

project area. A general surface geology map is shown on Fig. IV-g. 

Sedimentary rock formations of sandstone, siltstone and shale are the 

predominant type of rock exposed. Some relatively recent lava instrusions 

into the sedimentaries are conspicuous, particularly at the Pot Hook 

damsite at Slater Creek. 

Savery Creek and the Little Snake River head in the Sierra 

Madre mountains al.ong the eastern border of the study area. The core of 

this range of mountains is metamorphic rock. Some isolated outcrops of 

this crystalline rock are also exposed by erosion between the Upper Savery 

and Fish Creek sites. The upstream end of the Three Forks Reservoir would 

be in the metamorphic rock of the Sierra ~adre mountains. 

The bedrock formations in the region are often overlain by 

thin deposits of soil, generally less than 50 feet thick. The soils 

include sands, gravels, silts, and clays. 

Extensive landslide areas, some involving hundreds of acres, 

are visible along the walls of the Upper Savery Creek and Sage Creek stream 

valleys. The slides appear to be occurring in or on an underlying shale. 

According to Case (1984) the landslides are concentrated along an 

approximate 7 mile stretch of Savery Creek, between the Sandstone and Upper 

Savery damsites. Major landsliding is also present in the Little Sandstone 

Creek and Big Sandstone Creek tributaries to Savery Creek. 

Mineral Resources 

The Savery-Pot Hook Project Draft Environmental Statement 

(USDI 1976) indicates that commercial mineral resources in the study area 

consist of coal, natural gas, uranium, and minor amounts of petroleum. 
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Cc PENNSYLVANIAN CASPER FORMATION SANDSTONE, LIMESTONE, DOLOMITE, SHALE, AND ARKOSE, PREDOMINANTLY RED 

ARKOSIC SANDSTONE, GItAVELLY SANDSTONE WITH THICK BEDS OF CONGLOMERATE; PEBBLE, 
COBBLES, AND BOULDEFS OF QUARTZITE COMMON IN CONGLOMERATE; SOME COAL, DARK 

MADISON FORMATION 
LIMESTONE, GRAY, CHERTY; MASSIVE IN UPPER PART; ARKOSIC CONGLOMERATIC SANDSTONE IN 

SHALES. AND BROWN SANDSTONE Mpu MISSISSIPIAN LOWER PART 

SANDSTONE, FINE- TO COARSE-GRAINED, CARBONACEOUS SHALE AND COAL; CONTAINS WIDE VARIETY OF UNDIVIDED IGNEOUS AND METASEDIMENTARY ROCKS; INCLUDING GRANITES, 
VARICOLORED SILTSTONE AND CLAYSTONE IN UPPER PART Per PRECAMBRIAN PRECAMBRIAN ROCKS GNEISSES, SCHISTS, AND !UARTZITES 

SANDSTONE, VERY FINE' TO FINE-GRAINED, LENTICULAR" CLAYEY, CALCAREOUS; DARK-GRAY OR 
BROWN SHALE; COAL; lIGNITE 

SHALE; LIGHT- TO DAR/<-GRAY, CALCAREOUS TO NONCALCAREOUS, CARBONACEOUS; CONTAINS BEDS 

Kcr LOWER CRETACEOUS THROUGH CAMBRIAN ROCKS UNDIVIDED OF SILTSTONE AND VERY FINE-GRAINED SANDSTONE 

----------- CONTACT - DASHED WHERE APPROXIMATELY LOCATED. SHORT DASHED WHERE INFERRED 

U -------_ ..... FAULT - DASHED WHERE APPROXIMATELY LOCATED. SHORT DASHED WHERE INFERRED. DOTTED WHERE CONCEALED. U-UPTHROW SIDE. D-DOWNTHROW SIDE 
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The study area is in the southern mos t part of the Li tt Ie 

Snake River Coalfield. This coalfield covers more than 1500 square miles 

and can be defined as a rectangular area about 48 miles wide, extending 

from the Colorado State line on the south to the Union Pacific Railroad on 

the north. Major mining operations are found near Rawlins. Several 

underground mines near Savery have produced small tonnages in the past, but 

were reported to be closed. The Yampa Coalfield in :10ffatt and Routt 

Counties in Colorado is about 40 miles south and southeast of the study 

area. 

Several small gas fields are reported in the general vicinity 

of the study area. The Oil and Gas Map of Wyoming (VerPloeg 1980) 

identifies the Savery gas field adjacent to the Sandstone damsite and a 

number of gas fields along the alignment of the Baggs to North Platte River 

pipeline. 

Uranium has been mined in the Maybell-Lay district in Moffatt 

County about 40 miles southwest of the project, from the Browns Park 

formation in the Poison Basin 6 to 8 miles west of Baggs, and from the 

Browns Park formation at Ketchum Buttes on Little Savery Creek about 13 

miles northwest of the Sandstone damsite. A small uranium mine is also 

reported near the Sage -Creek dams i te. Reserves are reported avai lable in 

these areas and the economics of these deposits is expected to become more 

favorable as the price of uranium increases. 

Seismicity 

The study area is located in the Washakie Basin, which 

borders the Sierra Madre mountains. Algermissen (1982) suggests that 

seismicity in the area appears to be primarily associated with the faulted 

Sierra Madre mountains, whereas the Washakie Basin shows very little 

seismic activity. 

Minor damage to structures can be expected due to 

earthquakes. Earthquake tremors have been reported in and near the study 

area; however, their magnitudes have been mi ld, ranging from 3.8 to 4.4. 

Figure IV-10 shows recorded earthquake activity within a 100 mile radius of 

the center of the study area. 
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The maximum recorded earthquake in the vicinity of the 

project occurred in 1971 and had a magnitude of 4.4. The epicenter of the 

quake was located 30 miles southeast of the Pot Hook damsite and 18 miles 

northwest of Steamboat Springs, Colorado. The focus of the quake was 

estimated to be more than six miles below the surface. A second quake of 

unofficial magnitude 3.5 occurred in the same location in 1974. Both 

earthquakes were fe 1 t in the local area, although no damage was reported. 

Two previous earthquakes in the vicinity of Steamboat Springs with 

magnitudes of 4.0 and 3.8 occurred in 1966 and 1967, respectively. The 

epicenter of all four of these events took a north trending direction and 

paralleled the axis of the Sierra Madre Uplift located five miles east of 

Steamboat Springs and extending north into Wyoming. 

Several small earthquakes occurred approximately 70 miles 

northeast of the project during 1973. The epicenters were located 28 to 30 

miles east of Rawlins, Wyoming. The intensities were not recorded and no 

damage or surface motion was observed. 

a number 

indicates 

Witkind (1975) and Kirkham and Rogers (1981) have identified 

of faults in the vicinity of the 

these faults displaced the Browns 

study 

Park 

area. Available data 

formation, and igneous 

flows and instrusions dated from 7 to 11 million years ago. Witkind 

suggests that this may be the approximate period of last movement. He 

lists the faults susceptability to earthquakes as low. There is no 

reported evidence of recent (500,000 yrs) movement in quaternary time. 

However, detailed studies of recent fault movement are not believed to have 

been made. They should be made prior to final design. 

3. Fish Creek Dam and Reservoir 

General 

Fish Creek Dam and Reservoir would be located at the 

confluence of Fish Creek and the North Fork of Savery Creek. The site is 

immediately west of the Continental Divide, approximately 31 road miles 

south of Rawlins, Wyoming. The dam would be located in Sections 18 and 19, 

T16N, R87W. The dam would be approximately 160 feet high and impound about 

60,000 acre- feet of water. The reservoir v,ould extend approximately 2 

miles upstream and would have a surface area of about 1133 acres at normal 

pool. 
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The site is a V-shaped valley, cut through sedimentary 

rocks. The valley bottom is a flat floodplain approximately 400 feet 

wide. Vegetation at the site consists primarily of sage brush with some 

scrub brush in the valley sections. 

The dam and reservoir would be located primarily on 

uninhabited private land. Approximately 1.9 miles of Carbon County highway 

would be inundated and need to be relocated. 

Rollins, Brown and Gunnell, Inc. (1984) conducted a 

geotechnical investigation of the proposed site and provided preliminary 

design of the structures. Banner Associates, Inc (1983) conducted a 

hydrological ana~ysis of the basin. James M. Montgomery Consulting 

Engineers (1983) evaluated construction of a storage reservoir immediately 

downstream of the Fish Creek site to provide trans-basin diversion to the 

Sage Creek basin. These studies have provided adequate information to 

allow a reasonable evaluation of the site. 

Geology 

Rollins, Brown and Gunnell (1984) provides a detailed 

geologic description of the project site. The site lies within the 

dissected Miller Hill plateau, which forms an apron-like area around the 

north end of the Sierra Madre mountains. The plateau consists of gently 

dipping, poorly to moderately cemented fine grain sandstone and limestone 

of the North Park formation. The site lies entirely in the sandstone and 

limestone of the upper member of the North Park formation. ~ost of this 

upper member is a light grey to yellow grey calcareous sandstone that is 

horizontally stratif ied though cross laminated. Calcareous sands tone beds 

grade into sandy limestone beds, and they in turn grade into beds of dense 

limestone. Limestone beds are locally brecciated and partially replaced by 

chalcedony. In the valley bottom the S-orth Park formation is mant led by 

several feet of alluvial silts, sands, and gravels. 

Rollins, Brown and Gunnell indicate that the only 

evidence of faulting at the damsite exists 500 yards upstream of the 

proposed dam alignment. A normal fault runs north 15 degrees west with 
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the downstream side dropping down. They indicate that this fault occurred 

during the regional uplift in the late pliocene or pleistocene time. Minor 

earthquakes have occurred in this area; the nearest, with a magnitude of 

4.2, took place in 1977 at a distance of 10 miles. There is a low 

potential for damaging earthquakes and earthquakes that do occur should 

have minor impact on a well designed and constructed embankment dam and 

associated structures. 

Springs exist at the base of both abutments. Snow on the 

left abutment has c'arved small cirques into the North Park formation. 

A review of the mineral resource maps of the area and 

discussions with Mr. Dale Hoffman, Mineral Development Geologist for the 

Wyoming Department of Economic Planning and Development (DEPAD), have not 

identified any significant mineral resources at the site. Construction of 

the Fish Creek Dam and Reservoir would not adversely affect future 

exploration and development of mineral resources that may be found in the 

general area. 

Dam Structures 

Fish Creek Dam would be a zoned, earthfill structure 

containing about 2,870,000 cubic yards of embankment fill. The dam crest 

would have a length of 1900 feet, a crest width of 30 feet, and a height 

above streambed of 160 feet. 

A zoned embankment is proposed, having a central core of 

impervious material with more pervious soils in the outer shells. The 

upstream slope would be 3H:1V and the downstream slope would be 2-1/2H:1V. 

Internal drainage would be provided by a six foot thick chimney drain 

adj acent to the downstream s lope of the core and connected to a six foot 

thick blanket drain under the downstream shell. A transition zone would 

also be constructed adjacent to the upstream side of the core. The 

upstream face of the dam would be protected with riprap. 

Sandstone bedrock is exposed on the abutments of the dam. 

Subsurface information suggests that overburden in the valley bottom has a 

maximum depth of about 15 feet. The overburden consists of 4 to 8 feet of 

firm clays 1:0 loose sands and silts underlain by dense sands and gravels. 

The surface clays and loose sands and silts would be removed. A cutoff 
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trench extending 5 feet into bedrock would be excavated through the 

remaining soils in the valley and would be extended up the abutments. The 

cutoff trench would have a bottom width of 50 feet and side s lopes of 

2H:IV. A triple line grout curtain would be installed in the bottom of the 

cutoff trench to reduce seepage and enhance the safety of the dam. 

Materials for construction of the embankment would be 

generally available within the reservoir area. A major portion of 

available material is granular, consisting primarily of sandy silts to 

sandy gravels. Some clayey soils are available, however, their volume is 

limited. Due to the limited clayey soils, a moderately thin core would be 

used. In future studies, consideration should be given to a roller 

compacted concrete type of dam. This type of dam might be quite 

appropriate due to the limited availability of impervious materials, the 

limited depth of overburden to competent sandstone bedrock, and the 

possible decrease in construction schedule. Riprap would be imported or 

could possibly be quarried from the onsite sandstone, if it is found to be 

sufficiently durable. Riprap bedding and drainage material would be 

processed from alluvium in the reservoir bottom. 

The spillway would be a side channel inlet with an open 

channel located on the left abutment. The combined spillway discharge and 

reservoir surcharge storage would be designed for the probable maximum 

flood. 

The outlet works ow'ould consist of a cut and cover upstream 

pressure conduit, a vertical gate chamber and access shaft located at the 

approximate centerline of the dam, and a downstream non-pressure conduit. 

The structures would be founded on rock along the base of the left 

abutment. The outlet works would be designed to safely discharge flows 

during construction diversion, reservoir operation and emergency reservoir 

evacuation. 

Reservoir 

Horizontally bedded sandstone bedrock is exposed on most of 

the reservoir rim. No signs of instability were observed and the potential 

for future reservoir rim instability during operation of the project is 

considered low. 
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Rollins, Brown and Gunnell (1984) suggests that the potential 

for unacceptable leakage from the reservoir basin is relatively small. 

However, more extensive investigations are recommended during future 

studies. 

Previous studies indicate sediment deposits in the reservoir 

would occupy an estimated 155 acre-feet, or less than 1 percent of total 

storage space at the end of 100 years. 

4. Upper Savery Dam and Reservoir 

General 

The Upper Savery Dam and Reservoir would be located on Savery 

Creek, approximately 15 miles north of the town of Savery, Wyoming. The dam 

would be located in Sections 35 and 36, T15N, R85W. The dam would be 

approximately 130 feet high and impound about 40,000 acre-feet of water at 

normal pool. The reservoir would extend approximately 3 1/2 miles up 

Savery Creek and would have a surface area of about 940 acres at normal 

pool. 

The site is 

approximately 1500 feet wide. 

located in 

Savery Creek 

a broad, 

and Little 

flat floodplain, 

Savery Creek are 

perennial streams which head in the Sierra Madre mountains to the east and 

flow as meandering streams confined within wide but steep valley walls. 

Bird Gulch and Coal Gulch are intermittent streams fed by springs at the 

head of steep V-shaped valleys. Vegetation cover consists predominately of 

sage brush and grass with some scrub brush along the creek. 

The dam and reservoir would be located primarily on private 

land, with some Federal and State land being inundated. One family lives 

and ranches in the reservoir basin during the summer months. This family 

would have to be resettled. The site is used primarily for grazing 

cattle. Approximately 2 miles of Browns Hill Road would be inundated by 

the reservoir and would need to be relocated. 

Previous investigations have been made of the site, including 

Banner Associates, Inc. (1980) Feasibility Study and a Geotechnical 

Investigation and Design Analysis for Savery Darn by Rollins, Brown and 

Gunnell, Inc. (1982). These studies have provided adeq'Jate information to 

allow a reasonable evaluation of the site. 
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Geology 

A detailed geologic description of the site is given by 

Rollins, Brown and Gunnell (1982). The valley and abutments are located in 

the Cretaceous Steele shale. The Steele shale, described by Gill (1970), 

consists of 3000 to 4000 feet of dark grey shale containing sparse layers 

of grey weathering limestone concretions and thin beds of fine grain 

sandstone and siltstones of marine origin. In the northwest part of the 

Laramie Basin, the upper part of the Steele shale includes several 

persistent bentonite beds. Drill holes at the site found the Steele shale 

to consist of dark grey shale, light grey sandstone and cross laminated 

shale, siltstone and sandstone. The upper most portion of the Steele. shale 

contains sandy and silty shale and grades conformably into the overlying 

Haystack Mountain formation. The Haystack Mountain formation outcrops 

along the valley sidewalls of Coal Gulch, Bird Gulch, and Savery Creek. 

Unconformably overlying the gently dipping Steele Shale and Haystack 

Mountains formation is the Browns Park formation. 

The valley floor along Savery Creek contains many abandoned 

meanders and oxbow depress ions which have filled with s il t and muck. The 

valley fill is composed of 2 to 26 feet of sand and gravel, overlain by 4 

to 8 feet of topsoil and muck containing many roots. The valley fill rests 

on weathered Steele shale. The valley slopes are covered with alluvial, 

colluvial and terrace gravels, and landslide deposits. 

A major feature of the slopes in the" Savery Creek area is the 

presence of numerous landslides. Rollins, Brown and Gunnell (1982) report 

that in the immediate vicinity of the Upper Savery Dam and Reservoir, there 

are some 23 discrete lands lides varying in area from 3 acres to 83 acres. 

About one half mile downstream from the proposed damsite, a landslide 

measuring 1.7 square miles in area has pushed out into the Savery Creek 

floodplain. This landslide was previously investigated by the United 

States Bureau of Reclamation (USBR). The lands lides appear to have been 

caused by sliding of the Haystack ~lountain formation on "the underlying 

weaker Stee Ie shale, which dips into the valley at about 2 to 3 degrees. 

The slides are thought to be s low moving, as they do not appear to have 

slid substantially up the other side of the valley and raised the creek. 
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The CSBR investigation of the slide immediately downstream of the damsite 

(USER 1945) states that the average slope of the slide is about 7-1/2 

degrees, a remarkably low angle for such a mass to slide. They note that 

the slide moved approximately 2 miles on a maximum slope of about 7H:1V. 

Witkind (1975) identifies three faults in the Savery Creek 

area about 8 miles downstream from the Upper Savery damsite. The latest 

fault movement is listed as late Cenozoic. The faults are listed as having 

a low susceptability to earthquakes. Minor earthquakes have occurred in 

this area; the nearest, with a magnitude of 4.2, took place in 1977" at a 

distance of about 14 miles. There is a low potential for damaging 

earthquakes, and earthquakes that do occur should have minor impact on a 

well designed and constructed embankment dam and associated structures. 

A review of the mineral resource maps and discuss ions with 

Mr. Dale Hoffman, Mineral Development Geologist for DEPAD, have not 

identified any significant mineral resources at the site. The project area 

is on the edge of a coal reserve containing thin coal seams in the Haystack 

Mountain formation. However, these seams appear to be too thin to 

economically mine. They are above the proposed reservoir level and could 

be mined in the future, if it becomes economical. Construction of the 

Upper Savery Darn and Reservoir would not adversely affect future 

exploration and development of mineral resources that may be found in the 

general area. 

Darn Structures 

The Upper Savery Darn would be a zoned earthfill structure and 

would contain approximately 7,260,000 cubic yards of embankment fill. The 

dam crest at elevation 7157 would have a length of 3500 feet, a crest width 

of 30 feet, and a height above streambed of 130 feet. 

The side slopes of the embankment would be relatively flat, 

8H:1V, to account for the potentially weak shale foundation. The extensive 

landsliding in the darn vicinity is strong evidence of low foundation 

strength. These low strengths result from eros ion of the Savery Creek 

va lley which reduced loads on the s ha I e and a Ilov;ed it to swe 11 . The 

swelling produced movements in the shales sufficient to develop "residual" 

or lower shearing strength along near horizont:al weak zones and bedding 

planes. Previous investigations have not identified specific weak zones in 

IV-64 
STONE Be WEBSTER • 



the shale; however, the numerous existing lands lides are strong evidence 

that they must be present and therefore at this time, must be accounted for 

in the design. The 8H:1V slopes are consistent with other dams founded on 

other low strength Cretaceous age shales. 

The upstream half of the dam \.;ould be constructed as an 

impervious zone with the downstream half of the dam being more pervious 

fill. Internal drainage would be provided by a six foot thick chimney 

drain adj acent to the downstream face of the impervious zone. Finger 

drains would be constructed from the chimney drain to the downstream toe of 

the dam. A blanket drain beneath the downstream shell of the dam would not 

be required, since the embankment would be founded on the existing pervious 

sands and gravels. 

The upper six to eight feet of alluvium in the valley bottom 

contains loose sands which have a high potential for liquifaction and large 

deformation under seismic shock. These soils would be removed under the 

central portion of the embankment, bounded by 1-1/2 H:1V slopes, and the 

embankment founded directly on the underlying dense sands and gravels. A 

concrete cutoff wall would be constructed through the remaining sands and 

gravel, and connected into the impervious core to provide foundation 

seepage control beneath the valley section of the dam. In the abutments, 

the embankment would have a cutoff trench extending five feet into bedrock 

with a bottom width of 50 feet and 2H: IV side slopes. No grouting is 

anticipated. Drains would be installed into the underlying alluvium and 

shale foundation, downstream of the core, to provide pressure relief of the 

stratified foundation. 

Materials for construction of the dam would be generally 

available within the reservoir. Two poss ible sources for riprap slope 

protection have been identified. One is the sandstone caprock located 

above the reservoir basin. The second is a metamorphic rock located 

approximately six to nine miles from the damsite up Little Savery Creek. 

Riprap bedding and drainage material would be processed from alluvium in 

the reservoir bottom. 
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A side channel spillway with an open channel chute would be 

provided on the right abutment. The combined spillway discharge and 

reservoir surcharge storage would be des igned for the probable maximum 

flood. 

The outlet works would consist of a cut and cover conduit 

founded on rock on the left abutment. It would consist of an upstream 

pressure conduit, a vertical gate chamber and access shaft approximately at 

the centerline of the dam, and a non-pressure conduit downstream. The 

outlet works would be des igned to safely discharge flows during 

construction diversion, 

evacuation. 

reservoir operation, and emergency reservoir 

Reservoir 

A number of existing landslides within the reservoir basin 

would be inundated. There would likely be some further movement of these 

slides; however, they should pose no threat to the project, since they are 

small and would move slowly. 

Reservoir leakage is expected to be small and acceptable 

since the entire reservoir is founded in the Steele shale, which is 

relatively impervious. 

The USBR conducted a sedimentation study on Savery Creek near 

the proposed Upper Savery damsite in 1969. The resul ts indicate sediment 

deposits in the reservoir would occupy an estimated 338 acre-feet or about 

1 percent of the total storage space at the end of 100 years. 

5. Sandstone Dam and Reservoir 

General 

The Sandstone Dam and Reservoir would be located on Savery 

Creek approximately 8 1/2 road miles north of the town of Savery, Wyoming. 

The dam would be located in Sections 1 and 2, T13N, R89W. The dam would be 

about 200 feet high and impound about 52,000 acre-feet of water at normal 

pool. The reservoir would extend approximately 4 miles up Savery Creek and 

would have a surface area of approximately 780 acres at normal pool. 

Sandstone Dam would be located in a restricted portion of a 

narrow canyon just below the mouth of Little Sands cone Creek. The canyon 
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width is narrowed by a long, low ridge which would form the left abutment. 

The right abutment is a steep slope varying from 40 degrees to 70 degrees. 

The canyon is approximately 600 to 700 feet high. Cottonwood trees are 

present in the valley bottom, with pine trees at higher elevations on the 

valley sides. 

The dam and reservoir would be located primarily on private 

land. The Boyer Ranch is located immediately downstream of the dam, along 

with a bridge across Savery Creek. 

The proposed site has been previously investigated by the 

USBR for the Savery-Pot Hook Project (USBR 1977). Exploratory hole 

information was available from the report published in 1977, along with 

considerable other information on availability of material needed in the 

dam. Banner Associates, Inc (1980) conducted a feasibility study for the 

project. These studies have provided adequate information to allow a 

reasonable evaluation of the site. 

Geology 

The Sandstone damsite is underlain by flat lying sedimentary 

bedrock consisting entirely of the Cretaceous age upper and middle parts of 

the Haystack Mountain formation. The Haystack Mountain formation is the 

lowest member of the Mesa Verde group in th~ region consisting of units of 

marine sandstones interbedded with shales. The USBR investigations (USBR 

1977) found sandstone to at least 126 feet below the valley bottom with no 

shale layers noted. 

s il tstone and shale 

abutment borings. 

On the right abutment, the sandstone did contain some 

lenses. Drill water was lost in a number of the 

Groundwater level was low in the abutments, at or 

slightly above the stream level. 

The right abutment is steep, nearly vertical in places, with 

sandstone oU1:croppings at various levels. The left abutment has a small 

sandstone cliff at the base, near the stream. Above the cliff is a terrace 

deposit consisting of sands and gravel. Two borings in the terrace deposit 

found it to be up to 44 feet thick. The valley bottom consists of sand and 

gravel alluvium. Two borings showed the alluvium up to 21.5 feet deep. 
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No landslides exist near the proposed damsite, but two 

massive landslide areas occur in the reservoir area. One slide is on the 

east side of Savery Creek, about two miles upstream of the dam. The second 

is found near the potential shoreline, two miles from the dam site, on Big 

Sandstone Creek. These landslides are shown on Figure IV-9. The reservoir 

would inundate only the lower margins of these landslides when the 

reservoir is at maximum capacity. The lands lides have occurred in the ~lesa 

Verde formation and may be sliding on either a shale member of this 

formation or perhaps on the underlying Steele shale. 

Witkind (1975) shows three faults in the vicinity of the 

dam. One is approximately 900 to 1200 feet south aad downstream of the 

damsite. The fault is reported to terminate in the hillside below the 

right abutment. The second fault is mapped upstream, across the reservoir 

in the Savery Creek channel and the third fault is mapped across the Little 

Sandstone channel. The latest movement of the faults is given as late 

Cenozoic and the faults are listed as having a 1m .. ' susceptibility to 

earthquakes. Minor earthquakes have occurred in this area; the nearest, 

with a magnitude of 4.2, took place in 1977 at a distance of about 15 

miles. There is a low poteatial for damaging earthquakes, and earthquakes 

that do occur should have a minor impact on a well designed and constructed 

embankment dam and associated structures. 

The USBR conducted a mineral 

their Savery-Pot Hook Project (USBR, 1977). 

Dam Structures 

resource evaluation as part 

No conflicts were identified. 

of 

The Sandstone Dam would be a zoned, earthfill structure and 

would contain approximately 5,540,000 cubic yards of embankment fill. The 

dam crest at elevation 6964 would have a length of 3100 feet, a crest width 

of 30 feet, and a height above streambed of 200 feet. The centerliae of 

the dam was moved upstream by Banner Associates, Inc. from that proposed by 

the USBR. This moves the toe of the dam away from the Boyer Ranch and 

allows the use of the dam to blanket the left abutment to reduce seepage. 

A zoned embankment is proposed having a central core of impervious material 

with more pervious soils in the outer shells. The upstream slope would be 

3H: IV and the downstream slope would be 2-1/2 H: IV. Internal drainage 

IV-68 STONE 8c WEBSTER • 



would be provided by a six foot thick chimney drain adj acent 

downstream slope of the core and connected to a six foot thick 

blanket under the downstream shell. A transition zone would 

to the 

drainage 

also be 

constructed adjacent to the upstream side of the core. The upstream face 

of the dam would be protected with riprap. 

compactness 

recommended. 

Existing boring data does not provide information on the 

of the foundation alluvium. Further investigations are 

The foundation sands and gravels in the valley bottom and the 

terrace deposits on the left abutment could be loose and could have a high 

potential for liquifaction and large displacement under seismic shock. 

Loose soils would be removed or densified in-place under the central 

port ion of the dam, bounded by 1-1/ 2H : IV s lopes from the cres t. I f the 

alluvium is removed, the embankment would be founded directly in the 

underlying sandstone bedrock. If the alluvium can be densified in-place, 

or if subsequent field investigations indicate it to be sufficiently dense 

in its current state, the embankment would be founded on the alluvium and a 

cut-off trench constructed through the soils in the valley bottom and on 

the abutments to control underseepage. The cutoff trench would extend five 

feet into the bedrock with a bottom width of 50 feet and side s lopes of 

2H:IV. A triple line grout curtain would be installed in the bottom of the 

cutof-f trench to reduce seepage and enhance the safety of the dam. The 

left abutment of the dam consists of a relatively narrow sandstone ridge 

which protrudes into the valley. To reduce seepage through this ridge, an 

impervious blanket would be placed over the upstream slope. 

Materials for construction of the dam would be generally 

available within the reservoir area. Riprap would be imported,' probably 

from the Pot Hook area, or could possibly be quarried from the sandstone at 

the site. Sands and gravels for the drainage blanket and riprap bedding 

would be processed from the stream valley bottom. 

The spillway structure would be located on the left abutment 

of the dam. It would be either a morning glory or an open channel. The 

combined spillway discharge and reservoir surcharge storage would be 

designed for the probable maximum flood. 

The outlet works would be a tunnel through the left abutment 

ridge. This would provide a potentially safer structure than a cut and 
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cover conduit located in 

beneficial working area 

the valley bottom and would provide 

during construction in the narrow 

additional 

valley. A 

vertical gate chamber and access shaft would be located at about the 

centerline of the dam. 

Reservoir 

As previously discussed, there 

large landslides along the reservoir rim. 

reservoir would inundate the toes of many 

are a number of re lat i ve ly 

At maximum capacity, the 

of these slides and could 

reactivate sliding. Available data suggests that the landslides have moved 

perhaps as much as a thousand feet, but movement has occurred slow enough 

that the stream has been able to remove the resulting debris at the toe 

without having been pushed against the opposite side of the floodplain. 

Experience suggests that future movement would be quite s low for failure 

along a clay failure plane, such as this. Studies done by Banner 

Associates (1980) indicates that if sudden movement did occur the 

recommended embankment freeboard would accommodate resul ting waves. 

Further investigation into the potential for renewed slide activity should 

be made during the final design stage. 

Significant water loss occurred in the borings made along the 

axis of the darn. It is believed that the majority of this water loss was 

through stress relief cracks near the ground surface. The clay blanketing 

and grouting ~'ould he lp to reduce seepage through the abutments. Some 

leakage out of the reservoir will occur; however, it does not appear at 

this time that it will be significant. 

USBR (USBR 1976) conducted a sedimentation study for the 

Sandstone Reservoir. The sediment deposits in the reservoir would occupy 

an estimated 1570 acre feet, or approximately 3 percent of total storage 

space at the end of 100 years. 

6. Pot Hook Dam and Reservoir 

General 

Pot Hook Dam and Reservoir would be located on S later Creek 

about one mile above its confluence with the Little Snake River, in 

northwestern Colorado. The site is approximately 1.2 miles south of the 

Colorado-~Tyoming state line. The proposed location of Pot Hook Dam is in 
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Section 21, T13N, R89\{. The dam site lies across Moffatt County Road 1. 

The nearest community is the town of Savery, Wyoming, located approximately 

five miles northwest of the damsite, is the nearest community. The dam 

would be approximately 130 feet high and impound about 61,500 acre feet of 

water at normal pool. The reservoir would extend approximately 3 miles up 

Slater Creek and would have a surface area of abou"C 1058 acres at normal 

pool. 

The proposed Pot Hook damsite is located in a narrow, 

deeply-incised canyon on Slater Creek. The canyon is about 1500 feet long, 

200 feet deep and about 500 feet wide at the top. Slater Creek forms a 

\vide floodplain above and below the canyon. The reservoir area consists 

generally of grassland with occasional stands of trees. 

The reservoir area is composed of approximately two-thirds 

privately owned and one-third federally controlled land. The dam and 

reservoir are located entirely in Colorado. Two ranch families which 

presently live in the reservoir basin would have to be relocated. In 

addition, their houses and about 15 barns and out buildings would have to 

be removed. Approximately 1.4 miles of :1offatt County Road No. 2 and 4 

miles of Moffatt County Road No.1 would require relocation. 

Geologic investigations on the Pot Hook damsite have been 

conducted by the USBR on a sparatic basis since 1943. Sixty diamond drill 

holes with a total footage of 8000 feet have been drilled during 

feasibility and design investigation of four dam axes in the short canyon 

on Slater Creek during the period 1943 to 1976. Throughout the drilling 

program core was recovered and water tests conducted. The results of these 

studies are generally summarized in the Preconstruct ion Geologic Memorandum 

(USBR January 1977) and the Definite Plan Report (USBR 1977). The Pot Hook 

damsite was also included in Banner Associates (1980) Feasibility Report. 

Previous studies for the Pot Hook Dam and Reservoir provided adequate 

information for evaluations in this study. 

Geology 

A detailed geologic description of the site is given in the 

Preconstruction Geologic Memorandum (USBR 1977). Structural features 

dominate the geology at the Pet Hook damsite. The proposed dam axis sits 

across a major east-west oriented intrusive basalt dike and sill complex. 

The dike-sill complex resulted from the intrusion of volcanic rocks, which 
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will be referred to as basalt porphyry, into the Browns Park formation and 

the Lewis shale. The reservoir is founded mainly in the Lewis shale, a 

hard, black, slightly calcareous marine formation. Above this is the 

Browns Park formation, consisting of yellowish brown, friable, crossbedded 

eolian sandstone. 

The dike-sill complex extends over 4000 feet to the east and 

about 500 feet west of the canyon. Basalt has been drilled to 246 feet in 

one location. The contact between the Lewis shale and the bottom of the 

basalt porphyry is variable. The orientation of the contact is nearly 

horizontal at the center of the s ill and ranges to 20 to 30 degrees near 

the west margin and nearly vertical at the west contact between shale and 

basalt porphyry. Through the canyon the contact between the basalt 

porphyry and the Lewis shale is steep. As a result of the steep contact 

and the erosional features of the canyon, a series of landslides has 

occurred within the canyon. These landslides pose a major risk to locating 

a dam within the canyon. 

Faulting is reported along the west margin of the dike-sill 

complex. The faulting is contemporaneous w'ith volcanic activity in the 

region and occurred during late ~1iocene time (5 million years ago). 

Evidence of this faulting includes stratigraphic offsets in excess of a 

hundred feet, fault gouge and hydrothermal alteration. 

Three landslides are present in Slater Creek canyon. The 

largest and most recent landslide is located immediately downstream of the 

left abutment of the propos ed dam. The two other lands I ides are further 

downstream of the damsite. No movement of the landslides has been noted in 

historic time. 

The Pot Hook Reservoir valley has eroded into Browns Park 

sandstone and Lewis shale. Dissected pediments and alluvial fans overlie 

the Browns Park formation around the proposed reservoir. Some recently 

developed alluvial fans extend into the reservoir basin. River gravels and 

valley fill deposits occur in the floodplain along Slater Creek. 

The Bureau of Mines (USBR 1977) assessed the mineral 

resources in the proposed Pot Hook Reservoir and concluded its construction 

would not adversely affect future exploration and development: of mineral 
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resources that may be found in the general area. Thin coal seams could be 

present in the Mese Verde formation at the Pot Hook site but the depth of 

overburden is considered too great for profitable mining. The presence of 

oil or gas at the Pot Hook site is not considered likely. Uranium deposits 

and other metallic or nonmetallic mineral resources are not known to exist 

in the bas in. 

Dam Structures 

Pot Hook Dam would be a zoned earthfill st:ructure and would 

contain about 1,570,000 cubic yards of embankment material. The dam crest, 

at elevation 6707, ""Tould have a length of 1400 feet, a crest w'idth of 30 

feet, and a height above streambed of 130 feet. The embankment would be 

located at the upstream mouth of the canyon to minimize the possibility of 

landslides endangering the embankment. 

A zoned embankment is proposed, having a central core of 

impervious soils and more pervious soils in the outer shells. The upstream 

slope would be 3H:1V and the downstream slope would be 2 1/2 H:IV. 

Interna I drainage would be provided by a six foot thick chimney drain 

located immediately dm .. Tnstream of the core and connected to a downstream 

drainage blanket. A transition zone would also be constructed adjacent to 

the upstream side of the core. Riprap would be placed on the upstream face 

of the dam for slope protection. 

A dike having the same section as the main embankment would 

be constructed across the saddle on the right abutment. It would be 

approximately 500 feet long. The nearly vertical basalt cliff at the 

canyon mouth would be cut back to a minimum IH:IV slope. 

Borings by the USBR indicate the depth of alluvium in the 

valley bottom beneath the dam is approximately 35 to 45 feet. The alluvium 

is reported to be sands and gravels. No standard penetration tests were 

conducted in the alluvium and its density is unknown. It could be quite 

loose. Loose sands and gravels have a high potential for liquifaction and 

large undesirable deformations under seismic shock. The alluvium would 

therefore be removed or densified in-place. If removed, the core would be 

constructed directly on bedrock with a keyway five feet into the underlying 

bedrock. If the alluvium can be densified in-place or subsequent field 
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investigation indicates it to be sufficiently de!1se in its current state, 

the embankment would be founded on the alluvium and a cutoff trench would 

be installed through the alluvium to help control underseepage. On the 

abutments, a cutoff trench would be constructed through the soils and five 

feet into bedrock. The cutoff trench would have a bottom width of 50 feet 

and side slopes of 2H:IV. The overburdened depth on the abutments varies 

from 0 to approximately 30 feet. A triple line grout curtain would be 

installed in the bottom of the cutoff trench to reduce seepage and improve 

the safety of the dam. 

Borrow areas having ample construction materials are 

generally available i!). the reservoir area. There is ample rock from the 

basalt at the dam site for use in rockfill zones and riprap. The reservoir 

area is covered primarily with sand which would be placed in the outer 

zones of the dam. Sands and gravels for the transition zone, drainage 

blanket and riprap bedding would be processed from the stream bottom along 

the Little Snake River, near Savery. 

The spillway structure would be a open channel 

adjacent to the saddle dike on the right abutment of the main 

combined spillway discharge and reservoir surcharge storage 

designed for the problable maximum flood. 

located 

dam. The 

would be 

The outlet works would be a tunneled installation through the 

right abutment. The structure would consist of a pressure tunnel upstream, 

a vertical gate chamber and access shaft located at the approximate 

centerline of the dam, and a non-pressure tunnel in the downstream 

portion. The outlet works would be designed to safely discharge the flows 

during construction diversion, reservoir operation, and emergency reservoir 

evacuation. 

Reservoir 

Several small slides have been identified in the reservoir 

basin. These could move during periods of reservoir dra~down but are so 

small they would not endanger the dam or other facilities nor measurably 

reduce the storage capacity of the reservoir. 

The Browns Park sandstone and Lewis shale which underlie most 

of the reservoir basin have been found to be relatively impervious to 

locally semipervious. Leakage out of the reservoir should be within 

acceptable limits. 
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USBR estimated sediment deposits in the reservoir would 

occupy about 720 acre feet or approximately 1 percent of the total storage 

space at the end of 100 years. 

7. Three Forks Dam and Reservoir 

General 

Three Forks Dam and Reservoir would be located at the 

headwaters of the Little Snake River, immediately downstream of the 

int.ersection of t.he ~orth, tliddle, South, and Roaring Forks. The sit.e 

st.raddles the Colorado-,\.jyoming border and is located approximately 19 miles 

east of the town of Savery, Colorado. The dam would be located in Section 

17, T12N, R86W in Wyoming, and Section 18, T12N, R86W in Colorado. The dam 

would be approximately 250 feet high and impound about 100,000 acre-feet of 

water at normal pool. The reservoir would extend approximately 3 1/2 miles 

up Little Snake River and would have a surface area of about 1237 acres at 

normal pool. 

The site is located in a broad (approximately 500 feet wide) 

flat floodplain of the Little Snake River. The floodplain and right 

abutment are generally grassland, with occasional stands of trees. The 

left abutment is heavily forested, as is the upstream end of the reservoir. 

The reservoir would be located primarily on private land with 

some federal land being inundated. Three Forks Ranch and associat.ed 

buildings are located within the proposed reservoir and would require 

relocation. In addition, approximately 3 miles of County road are within 

t.he proposed reservoir and would need to be relocated. 

Previous studies of the site include Banner Associates 

Feasibility Study (1980) and a subsequent. geologic reconnaissance study by 

Chen and Associates (Wright Water Engineers 1983). Chen's study included 

one 40.5 feet deep boring drilled in t.he left. abutment of the proposed dam 

sit.e. No other subsurface information is known to be available. Geologic 

conditions for an embankment dam and reservoir are considered favorable; 

however, additional geot.echnical investigations are recommended before a 

final decision is made to design and construct the dam and reservoir. 
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mountains. 

Geology 

The site is located on the west flank of the Sierra Nadre 

It lies in the upper end of the sedimentary depos its of the 

Little Snake River drainage basin. The reservoir would extend up into the 

precambrian rocks of the Sierra r1adre mountains. Exposed bedrock in the 

reservoir consists of the Browns Park formation, a white to brown eolian 

sandstone interbedded y.,cith conglomerate and siltstone, which has locally 

been intruded by basal t. The Browns Park formation is reported to have 

oeen intruded by a sill of basalt on the hillside of the left abutment, 

however, this s ill was not observed during the f i~ ld reconnaissance or in 

the boring. The valley floor is filled with an unknown thickness of 

alluvium, probably consisting of varying mixtures of clays, sands, gravels, 

and boulders. The reservoir slopes are covered by alluvium and colluvium. 

The thickness of these depos its is unknown, but is not expected to be 

greater than 10 to 20 feet. The boring on the left abutment found 4 1/2 

feet of soil underlain by firm siltstone - sandstone bedrock, medium hard 

sandstone bedrock, and medium hard claystone sandstone bedrock. Free 

water in the boring was 18.5 feet below the existing ground surface at the 

time of drilling. 

No faul ts have been mapped at the site; how'ever, Chen and 

Associates (Wright Water Engineers 1983) notes that some faults are present 

in the region. Minor earthquakes have occurred in this area, the neares t 

having a magnitude of 4.2, in 1977 about 18 miles away, and a 4.4 shock in 

1971 about 21 miles away. There is a low potential for damaging 

earthquakes, and earthquakes that do occur should have minor impact on a 

well designed and constructed embankment dam and associated struc~ures. 

A few surface debris slides were observed on the reservoir 

hillsides. None of these appeared to extend very deep, or would suggest 

that landsliding would be a significant problem for the proposed dam and 

reservoir. 

A review of the mineral resource maps of the area and 

discussions with Mr. Dale Hoffman, Mineral Development Geologist for DEPAD, 

have not identified any significant mineral resources at the site. 

Construction of the Three Forks Dam and Reservoir would not adversely 

affect future exploration and development of mineral resources that may be 

found in the general area. 
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Dam Structures 

Three Forks Dam would be a zoned earthfill structure and 

would contain about 5,720,000 cubic yards of embankment material. The dam 

crest at elevation 7141, would have a length of 2700 feet, a crest width of 

30 feet, and a height above streambed of 200 feet. 

A zoned embankment is proposed, having a central core of 

impervious soils and more pervious soils in the outer shells. An upstream 

slope of 3H:1V and a downstream slope of 2-1j2H:1V would be used. Internal 

drainage would be provided by a six foot thick chimney drain located 

immediately downstream of the core, connected to a downstream drainage 

blanket. A transition zone would also be constructed adjacent to the 

upstream side of the core. Riprap would be placed on the upstream face of 

the dam for slope protection. 

Th~ characteristics and depth of the alluvium in the valley 

bottom are unknown. It is assumed that it could be up to 50 feet deep and 

could consist of loose sands and gravels. Such materials have a high 

potential for liquifaction and large undesirable deformations under seismic 

shock. The alluvium would therefore be removed or densified in-place. If 

removed, the core would be constructed directly on bedrock. If the 

alluvium can be densified in-place or subsequent investigations find it to 

be sufficiently dense in its current state, a concrete cutoff wall would be 

constructed through the alluvium in the valley bottom to control seepage 

under the dam. In the abutments, a cutoff trench would be constructed 

through the soils and five feet into bedrock. It would have a bottom width 

of 50 feet and side slopes of 2H:1V. The overburden depth on the abutments 

was assumed to be 15 feet. A triple line grout curtain would be installed 

in the bottom of the cutoff trench to reduce seepage and improve the safety 

of the dam. 

Materials for the construction of embankment should be 

generally available within the reservoir area. 

from a quarry in the precambrian rocks in 

Riprap would be available 

the upstream of the 

reservoir. Sands and gravels for the transition 

bedding would be processed from the stream alluvium. 

zone, drains 

end 

and riprap 

The spillway structure would be located on the right abutment 

of the dam. The structure would consist of a morning glory or open 
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channel. The 

considerations. 

open channel type spillway is preferred from safety 

The combined spillway discharge and reservoir surcharge 

storage would be designed for the probable maximum flood. 

The outlet works would be a cut and cover conduit or a tunnel 

installed through the left abutment. The depth of cover over the out let 

works, approximately 200 feet, would normally indicate the tunnel 

installation to be preferable from safety and cost. Further geotechnical 

investigation is required to evaluate the most appropriate outlet works 

configuration. The structure would consist of a pressure tunnel/conduit 

upstream, a vertical gate chamber and access shift located at the 

approximate centerline of the dam, and a nonpressure tunnel/conduit in tbe 

downstream portion of the dam. The out let works would be des igned to 

safely discharge flows during construction diversion, reservoir operation 

and emergency reservoir evacuation. 

Reservoir 

Significant reservoir rim instability problems during filling 

and operation of the reservoir are not expected. The generally horizontal 

bedded sandstones and the gently rolling terrain generally are not prone to 

landslide development. 

Reservoir leakage is anticipated to be within acceptable 

limits. The high water level found in the boring made on the left abutment 

and the perennial stream flow at the headwaters suggests a positive 

gradient into the valley and a reasonably tight, impervious reservoir. 

Banner Associates (1980) indicates that significant sediment 

would not collect in the reservoir. 

8. Sage Creek Dam and Reservoir 

General 

Sage Creek Dam and Reservoir would be located near the 

headwaters of Sage Creek approximately 2500 feet downstream of the existing 

Rawlins Reservoir. The site is located approximate ly 26 mi les south of 

Rawlins, Wyoming on the east side of the Continental Divide, at the north 

end of the Sierra Madre Range. The dam would be located in Sections ?'" -.) 

and 26, T17N, R88W. The dam would be approximately 160 feet high and 

impound about 40,000 acre feet of water at normal pool. The reservoir 

would extend approximately 2-1/2 miles up Sage Creek and would have a 

surface area of about 820 acres at normal pool. 
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Sage Creek is an eroded valley which lies about 500 feet 

lower in elevation than the rolling upland which typifies the northern part 

of the Sierra ~1adre Range. The valley side slopes are variable, ranging 

from 10 percent up to 50 percent in places. The site is in a "V" shaped 

valley approximately 150 feet across at the bottom. Vegetation consists 

primarily of sage brush rangeland with a few scattered aspen and conifer 

groves. 

The reservoir would be located primarily on private land, 

with some State land at the dam site and at the upstream end of the 

reservoir. The reservoir would inundate the existing Rawlins Reservoir and 

a number of the springs currently providing water to Rawlins. About 5 

miles of access road would also be inundated and would need to be relocated. 

The feasibility of constructing a water supply reservoir 

along this portion of Sage Creek was previously studied by James M. 

Montgomery Consulting Engineers, Inc., (May 1983) for the city of Rawlins. 

As part of this study a feasibility level geotechnical investigation was 

made by Chen and Associates, Inc. Geological reconnaissance of the 

proposed site was conducted, as well as drilling of one boring, 40 feet 

deep in the valley bottom. No other subsurface information is known to be 

available. Geological conditions for an embankment dam and reservoir are 

considered favorable at this site, however, additional geotechnical 

investigations are recommended before a final decision is made to design 

and construct the dam and reservoir. 

Geology 

The reach of Sage Creek valley investigated is located at the 

north end of the Sierra Madre Range, near the headwaters of the Sage Creek 

which flows to the east from the Continental Divide. The upland surface 

has an average elevation of about 8000 feet, with the valley floor of Sage 

Creek lying at elevations of between 7600 to 7400 feet. 

Sage Creek has exposed sedimentary rocks ranging in age 

The erosion along 

from the Triassic 

Chugwater format ion up to the Niocene Browns Park format ion. The Browns 

Park formation crops out along the upper valley sides, well above the 

existing Rawlins reservoir. The Nugget sandstone is present in the valley 

bottom at the damsite. 
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Bedrock is covered along most of the valley sides by 

colluvium derived from the underlying rock units. Judging from the 

numerous outcrops, the colluvial deposits are relatively thin and probably 

do not exceed several tens of feet in most places. The narrow valley floor 

is generally underlain by stream alluvium and a few alluvial fans have 

developed where side drainages join Sage Creek. 

Several landslides were observed mainly along the right 

valley side. The largest landslide is located immediately downstream of 

Adams Reservoir. Adams reservoir is located on Sage Creek about 2 mi les 

downstream of the proposed Sage Creek damsite. The dam has been breached. 

The landslides are located in areas underlain by weaker bedrock units, such 

as the Morrison and Sundance formations. 

Maj or faul ts have not been ident if ied in the study area. 

Love (1983) shows some short faults within 10 miles of the site. Rollins, 

Brov..'n and Gunnell (1984) state "At the Sage Creek end of the tunnel (from 

Fish Creek site), normal faulting occuring in the late Pliocene or 

Pleistocene time has caused about a 25 to 50 foot relative displacement in 

the North Park formation. The faults strike north 10 degrees east and are 

steeply dipping." Detailed studies of recent fault movement have not been 

made on these faults. 

A review of the mineral resource maps of the area and 

discussions ~i~h Mr. Dale Hoffman, Mineral Development Geologist for DEPAD, 

have not identified any significant mineral resources at the site. The 

Wyoming Mine and Minerals Map (Hansel 1979) indicates a uranium occurrence 

with an abandoned uranium mine in the vicinity of the proposed dam. An 

undeveloped gypsum bearing strata is shown immediately west of ~he proposed 

project. fir. Hoffman advised that construction of the Sage Creek Darn and 

Reservoir would not adversely affect future exploration and development of 

these mineral resources or additional mineral resources that may be found 

in the general area. 

Dam Structure 

Sage Creek Dam would be a zoned earthfill structure and would 

contain about 2,800,000 cubic yards of embankment material. The dam crest 

at elevation 7698 would have a length of 2000 feet, a crest width of 30 

feet, and a height above streambed of about 160 feet. 
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A zoned embankment is proposed, having a central core of 

impervious soils and more pervious soils in the outer shells. An upstream 

slope of 3H:1V and a downstream slope of 2-1/2 H:1V would be used. 

Internal drainage would be provided by a six foot thick drain 

located immediately downstream of the core, connected to a downstream 

drainage blanket. A transition zone would also be constructed adjacent to 

the upstream side of the core. Riprap would be placed on the upstream face 

of the dam for slope protection. 

The boring made by Chen and Associates in the valley bottom 

found 11 feet of overburden underlain by 29 feet of sandstone to the bottom 

of the boring. The overburden consisted of eight feet of firm clay and 

silt underlain by three feet of dense sand and gravel. Due to the presence 

of weak clays and silts) the limited depth of the overburden, and the 

narrow width of the valley bottom, the overburden beneath the dam w.ould be 

removed and the embankment founded directly on the more competent 

sandstone. A five foot deep keyway would be constructed into the bedrock. 

In the abutments, a cutoff trench would be constructed through the soils 

and five feet into bedrock. It would have a bottom v.'idth of 50 feet and 

side slopes of 2H:1V. The overburden depth on the abutments was assumed to 

be ten feet. A triple line grout curtain would be installed in the bottom 

of the cutoff trench to reduce seepage and improve the safety of the dam. 

Suitable sources for impervious embankment material should be 

readily available in the reservoir area. Likely sources are the colluvium 

and weathered shale bedrock. Sources of clean sand and gravel for the 

drains and transition zone do not appear to be locally present. Chen and 

Associates (Montgomery 1983) identified the closest source for such 

material would probably be the North Platte River deposits in the Saratoga 

Valley area, over 28 miles to the east. Rollins, Brown and Gunnell (1984) 

identified possible sand and gravel deposits at the Fish Creek site. 

Quarry rock from the ~ugget Sandstone was used as riprap for the Rawlins 

Dam and appears to be functioning satisfactorily. It would be used for the 

new dam. 

The spilh.;ay structure viould be an open channel located in 

the right abutment of the dam. The combined spillway discharge and 

reservoir surcharge storage \.Jou ld be des igned for the probab Ie maximum 

flood. 
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The outlet works would be a cut and cover conduit founded on 

rock along the base of the right abutment. The structure would consist of 

a pressure conduit upstream, a vertical gate chamber and access shaft 

located at the approximate centerline of the dam, and a nonpressure conduit 

in the downstream portion of the dam. The out let works would be des igned 

to safely discharge flows during construction diversion, reservoir 

operation, and emergency reservoir evacuation. 

Reservoi::-

No significant rim stability problems are anticipated during 

filling or operation of the reservoir. There are some existing landslides 

downstream of the project, however, these appear to be in weaker formations 

than present at the project site. Some surface sloughing of the colluvium 

may be encountered, however, this would not significantly reduce the 

storage volume of the reservoir or generate damaging waves. 

The reservoir would be founded in the Nugget sandstone 

and overlying Chugwater formation. The permeability tests made in the 

boring indicate that the Nugget sandstone is not excessively pervious. The 

overlying Chugwater formation consists of a shale and is the main formation 

in which the existing upstream Rawlins Reservoir is founded. Excessive 

leakage out of the Rawlins Reservoir is not known to occur. Acceptable 

leakage from the proposed new reservoir would therefore be expected. 

To our knowledge, sedimentation studies have not been 

made on the proposed Sage Creek Dam and Reservoir site. Based on studies 

done at the Fish Creek site, just across the Continental Divide, it is not 

expected that a significant volume of sediment would collect in the 

reservoir. 

9. Damsite Assessments 

Four evaluators were chosen to assess the geotechnical 

suitability of the various reservoir sites studied: 

• Dam Foundation Competancy 

• 
• 

• 

Reservoir Rim Stability 

Reservoir Tightness 

Seismicity 

A dam and reservoir could be satisfactorily developed at each 

site, although some sites have more favorable geotechnical characteristics 

than others. These are discussed below. 
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Foundation Competancy 

Engineering evaluation of the foundation competancy 

cons idered character is tics that could resul t in undes ireab Ie seepage or 

embankment movements, or could require excessive construction cost to 

reduce the seepage or deformation to acceptable limits. 

No deep, pervious foundation conditions are known to be 

present at any of the damsites. Alluvium depths are expected to be less 

than about 50 feet and seepage control would consist of commonly utilized 

design measures, including open cutoff trenches and slurry cutoff walls. 

Potentially significant seepage through the bedrock is 

anticipated at each of the dams ites, except Upper Savery which is founded 

on shale. A triple line grout curtain would be installed in the bedrock to 

reduce this potential seepage and for the safety of the dams. A greater 

grout take is anticipated at Pot Hook Dam than at the other damsites. 

Grouting is not proposed at Upper Savery. 

Subsurface information was not available at the Three Forks, 

Pot Hook and Sandstone damsites from which to evaluate the densities of the 

valley alluvium. A number of borings have been made at the Pot Hook and 

Sandstone damsites, however, they did not include Standard Penetration Test 

sampling of the alluvium inorder to help evaluate the compactness of the 

alluvium. Additional field work will be required. The sands and gravels 

were assumed to be loose and potentially liquifiable. Costs to densify the 

soils in-place or to remove and replace them were included in the cost 

estimates. These costs are several million dollars per site. Further 

investigations are required to evaluate the liquification potential of the 

alluvium at these dams. These further studies could find that the alluvium 

is already sufficiently dense, thus reducing the cost of foundation 

preparation. 

The foundation bedrock at the Upper Savery damsite is a 

potentially weak shale that has been responsible for numerous large 

landslides in the immediate area. It will be necessary to construct the 

embankment with relatively flat slopes, on the order of 8H:IV, to account 

for the potentially low shear strength of the shale. These flat slopes 

significantly increase the cost of the project oy increasing the volume of 

fill and the lengths of the spillway and outlet works conduit. The Upper 

Savery site is considered to have the poorest foundation conditions of all 

the sites studied. 
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Reservoir Rim Stability 

No significant reservoir rim stability conditions were noted, 

except at the Sandstone and'Upper Savery damsites. At these sites a number 

of lands lides are present in the proposed reservoir. The lands lides are 

more extensive in the proposed Sandstone reservoir. The landslides appear 

to have slid slo~ly, as would be expected for slides in plastic clays and 

clay shales. Some additional movement could occur with filling and 

operation of the reservoirs, however, it is anticipated that movement would 

be s low and would not generate dangerous waves that could overtop the 

darns. Some loss of reservoir storage could occur. 

Reservoir Tightness 

All of the reservoirs would be in shale and/or sandstone 

which do not normally exhibit excessive reservoir leakage characteristics. 

The Fish Creek site does have some limestone and some evidence of fracture 

solutioning. This site would appear to have the greatest potential for 

reservoir leakage. 

Sesimicity 

The seismic potential for all the sites is considered low. 

Although faults were identified in the vicinity of all of the ~ites, no 

faul ts are known to exist beneath the darns. There is no reported recent 

movement of these f aul ts , however, further study is recommended. Some 

seismic shocks can be expected to occur in the study area. They are not 

expected to have a s ignif icant impact on a well des igned and constructed 

embankment darn and associated structures. 

10. Collectors 

The two collector systems under considerat:ion head in the 

Sierre Madre mountains at Battle Creek, on the west side of the Continental 

Divide (see Figure III-I). A cut and cover conveyance pipeline would 

transport the collected water by gravity to either Fish Creek Reservoir or 

Sage Creek Reservoir. 

The topography of the collector area is mountinous and 

rugged, with steep slopes. Elevations vary from about 11,000 feet in the 

collector area to about 7600 feet at the Sage Creek Darn and Reservoir. 

The collector area and approximately one half of the Sage 

Creek gravity pipeline would be located within the ~1edicine Bow t\ational 
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Forest. The Fish Creek gravity pipeline would be located generally outside 

the Forest boundary. 

The collector area and the conveyance pipelines north to the 

National Forest boundary are located in the Precambrian rock of the Sierra 

{1adre mountains. The Precambrian rocks exhibit a wide variety of igneous 

and metasedimentary rocks, including granites, gneisses, schists and 

quartzites. Immediately north of the National Forest boundary, the 

pipelines would traverse alluvial terrace and windblown sands and silts, 

then be in sedimentary rocks. Lands lides were observed along the south 

slope of Sage Creek. 

Geotechnical conditions are generally favorable for the 

collector system and conveyance pipelines. Careful attention will need to 

be given to routing of the Sage Creek pipeline where it would cross 

landslide areas and windblown deposits. The potential collapsibility of 

the windblown deposits on wetting should be evaluated. 

As discussed in Section IV. D.2, the collectors would be 

located in an area where damage to structures in the event of an earthquake 

can be expected. Such damage would be expected to be minor. 

11. Pipelines and Tunnels 

consideration. 

Four 

• 
• 

• 
• 

pipeline/tunnel conveyance 

Fish Creek to Sage Creek 

Baggs to North Platte River 

systems 

Sage Creek via Rawlins to North Platte River 

are under 

Sage Creek to North Platte River near Overland Crossing 

Locations are shown on Figure III-i. 

The pipelines would generally be buried at a shallow depth. 

Some sections of the pipeline at stream crossings may be above ground. 

Damage to structures in the event of an earthquake can be 

expected to be minor. 

Fish Creek to Sage Creek 

A pipeline over the Continental Divide or a gravity tunnel 

through the Divide have been considered. The bedrock is generally shallow, 

consisting of the North Park formation sandstone, tuffaceous sandstone, 

tuff and limestone. 
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Rollins, Brown and Gunnell 

investigation, including three borings, 

(1984) conducted a geotechnical 

along the proposed tunnel 

alignment. The borings found fairly competant fine grain sandstone at the 

tunnel level. The recommended tunnel support was roof bolts and a 

shotcrete lining. They indicate normal faulting, occurring in the late 

Pliocene or Pleistocene time, has caused about a 25 to 50 foot relative 

displacement in the North Park formation at the Sage Creek end of the 

tunnel. This displacement suggests increased fracturing of the bedrock 

along the fault and the potential for more difficult tunneling in this area. 

Geotechnical conditions appear favorable for either the 

pipeline or the tunnel. 

Baggs to North Platte River 

From Baggs the pipeline would be located along the west side 

of Route 789 and Muddy Creek, then turn northeasterly at the Overland Stage 

monument, proceeding to Rawlins and on to the North Platte River. 

The pipeline elevation would vary from approximately 6200 

feet at Baggs up to 7200 feet at midlength along the Atlantic Rim and down 

to 6500 feet at the North Platte River. 

The bedrock along the pipeline alignment consists of Tertiary 

and Cretaceous age sedimentary sandstones, siltstones and shales. Alluvial 

gravels, sands, silts, and clays are present along the streams. 

The Preliminary Map of Landslides and Windblown Sand Deposits 

(Case 1984) does not show any landslides along the pipeline route. An 

approximately 1 mile zone of windblown sands is shown. 

Geologic conditions appear favorable for the pipeline. 

Sage Creek via Rawlins North Platte River 

This gravity pipeline would run generally north from the Sage 

Creek Reservoir to Rawlins and then east to the ~orth Platte River. 

Topographically, t~e pipeline would run from about elevation 

7600 feet at the Sage Creek Reservoir to about elevation 6400 feet at the 

North Platte River. 

The pipeline route would be within the Cretaceous age 

sedimentary sandstones, siltstones, and shales. Alluvial gravels, sands, 

silts, and clays would be found along the streams. The Preliminary Map of 

Landslides and Windblown Sand Deposits (Case 1984) shows some landslides in 

the Sage Creek valley. No windblown deposits are shown along the route. 
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Geologic condit ions appear generally f avorab Ie for the 

pipeline. 

Sage Creek to North Platte River near Overland Crossing 

The gravity pipeline alignment wTould be along Sage Cree.k, 

between the Sage Creek Reservoir and the North Platte River. The pipeline 

elevation would drop from about 7600 fe.et at the intake to 6600 feet at the 

discharge. 

The alignment of the pipeline would be in the Cretaceous age 

sedimentary shales. The Preliminary Map of Landslides and \·iindblow-n Sand 

Deposits (Case 1984) shows some landslides at the immediate upstream end of 

the pipeline. No windblown deposits are mapped along the route. Geologic 

conditions appear favorable for the pipeline. 
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E. ENVIRONMENTAL CONSIDERATIONS 

Phase I environmental services were limited to the identification 

of apparent environmental problems of a magnitude and/or complexity that 

would severely impair or prohibit 

reports and 

development of the proposed LSRWHP. 

Review of available 

received at an October 10, 

other information, 

1984 meeting with the C.S. 

as well as input 

Forest Service and 

Wyoming Department of Game and Fish, indicate that no such problems are 

evident. This is not to say that the proj ect is without environmental 

concerns. In fact, many of the issues and concerns identified during the 

city of Cheyenne Stage II development are applicable to the LSRWMP 

Collection system. Further determination and evaluation of environmental 

issues and concerns specific to the LSRWHP will be undertaken during the 

preparation of the Federal Environmental Impact Statement (EIS) on the 

proposed action. To assist the WWDC in planning for Phase II, the 

following information is provided regarding EIS preparation. 

The agency assigned lead responsibility for EIS preparation w'ill 

likely depend upon which alternative is selected for development. The U.S. 

Forest Service would be expected to assume responsibility for preparing the 

EIS if a transbasin collection system is proposed. Construction of any of 

the in-basin reservoirs, on the other hand, would predictably require that 

the U.S. Army Corps of Engineers prepare the EIS as a component part of the 

proj ect' s 404 Permit. In this case, the Fores t Service would undoubtedly 

serve as a cooperating agency to the Corps. In the event that the Baggs 

Pipeline option is selected, the EIS would in all liklihood be prepared by 

the U. S. Bureau of Land Management, which administers considerable land 

crossed by the proposed pipeline route. 

I f a decis ion is made to phase cons truct ion of the LSRWi-lP, such 

that an in-basin reservoir is constructed first, followed at a later date 

by a transbasin collection system, it is possible that separate EIS's could 

be prepared on each action. (In this cas e, the Corps 0 f Engineers wou ld 

take the lead on the reservoir site EIS while the Forest Service \vould 

assume responsibility for the collector system EIS.) I f a decis ion is 

rendered to incorporate both facilities into one overall development plan, 
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it is expected that the lead agency w'ould be the Forest Service, due 

primarily to the anticipated environmental impact attribu~ed to the 

construction of the collection system. 

The Forest Service has already provided the WwDC with what it 

considers to be a feas ible schedule for EIS preparation. This schedule 

reflects a 23 month process period, based on the assumption that a "third 

party" consultant is retained to prepare the EIS. In this schedule, the 

months 3 to 6 of the data collection phase of the process must be 

undertaken during the summer field season (June to September). 

I t is expected that the Army Corps of Engineers wi 11 require an 

18-24 month period to prep.are an EIS. It is not presently known if the 

Corps will require that data collection be conducted during the summer 

field season. Although one would speculate that the summer field 

requirement is not as restrictive due to the fact that in-basin facilities 

are at lower elevations, it is suggested that the Forest Service schedule 

be utilized for planning purposes at this time. Therefore, to accommoda~e 

the summer field requirement in 1985, and thereby avoid a possible one year 

delay in the Sandstone Reservoir project schedule, the environmental 

consultant will have to be retained by March, 1985. This assumes that the 

consultant will require three months prior to the field season to complete 

scoping related activities and mobilize 

acquisition. 

in time to 

The recommended project schedule included 

initiate data 

in this report 

indicates that conceptual design and EIS preparation will occur 

concurrently. This approach allows the lead agency to "grow" with the 

project and minimizes the possibility of monies being expended on final 

design only to discover that the conclusion of the EIS process is something 

contrary to the proposed development plan. 

Once the preferred plan is adopted, it is important that the wwDC 

initiate formal discllssion with the designated lead agency to further 

define EIS procedures, schedule, and information needs. A program of 

ongoing coordination should also be developed with the lead and cooperating 
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agencies to assume a full and mutual understanding of the project 

EIS/permit 

should be 

agencies. 

requirements and 

given to special 

mitigation techniques. 

requirements of Wyoming 

Also, 

State 

consideration 

environmental 

The lead agency will be required to conduct a full analysis of 

project alternatives. It is recommended that wwDC continue its evaluation 

of alternatives, including no action and ground water. Resul ts of this 

effort could then be made available to the lead agency for use in the EIS 

process. 
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V. PLAN COMPARISONS 

A. METHODOLOGY 

1. General 

Selection of a preferred development plan for the Little 

Snake River Water Management Project (LSRWMP) required evaluation and 

comparison of a number of potential al terna tives. Near the beginning of 

this study, a methodology was developed that would provide a framework for 

making comparisons in a thorough and systematic manner. This methodology 

involved the following steps: 

• Existing reports, data and other information provided by 

the Wyoming Water Development Commission (WWDC) were 

reviewed. 

• Criteria were developed for use in comparing various 

alternatives that had been previously suggested or might 

evolve from this study. Basically these criteria were 

the previsions of the Wyoming Legislature that have been 

listed previously. 

• Other evaluation factors were identified that would be 

useful in comparison of the many components . that would 

eventually be combined to produce plans to satisfy the 

criteria. These factors included hydrolcgical, 

geotechnical, and environmental features of the 

components. 

• Institutional factors were considered to the extent they 

are recognized at this time. 

• Cost was selected as the determining factor in both 

component and plan comparisons, provided that other 

factors were essentially equal. 

A progressive evaluation and screening process was used first 

to compare the various components and alternatives and then to eliminate 

those that appeared less attractive. Comparisons were sUbjective with 

respect to environmental and insti tutional factors. Engineering features 

of the components Here developed to approximately the same standards of 
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constructability and safety. Cost would then become the determining factor 

in selecting between components that would serve the same function, and 

ultimately in selecting the preferred plan. 

The following section briefly discusses how various factors 

were applied in the screening process. 

2. Screening Process 

Legislative Considerations 

Specific legislative direction requiring storage in both 

Savery Creek and Little Snake River Basins suggests that a single storage 

facility located on the Little Snake River would not be adequate. 

Therefore a plan with only Pot Hook andlor Three Forks Dams would not 

satisfactorily meet the legislative requirements. Further, since the 

average yield of Fish Creek Reservoir without a collector system is 

approxima tely 7000 acre- feet, it also would not meet the intention of the 

legislation. Thus, the choice of a single reservoir site that would meet 

the legislative water storage requirements is reduced to either Upper 

Savery or Sandstone. Due to their physical location on Savery Creek and 

their common drainage areas I Upper Savery and Sandstone Reservoirs are 

considered mutually exclusive sites. That is, if one is built the other 

would not be buil t. 

Environmental Considerations 

Indepth investigation of potential environmental consequences 

and mitigation procedures were not included in the Phase I scope of work. 

SWEC did, however, seek to identify, through review of existing reports and 

discussions with the U.S. Forest Service and Wyoming Game and Fish 

Department, potential environmental problems \vhich would preclude 

development of any particular plan. Results of this effort indicate that 

no such problems are evident. This does not mean that the proposed 

projects would be without its environmental consequences, but rather that 

the final design would either avoid impact or provide adequa te mi tiga tion 

to minimize or eliminate adverse effects. 

Studies are currently being conducted by the U.S. Forest 

Service and Wyoming Game and Fish Department that will further contribute 

to the environmental evaluation of the LSRWMP. The Forest Service is 

V-2 STONE Be WEBSTER A 



developing a report on channel maintenance flow requirements, while the 

Game and Fish Department is preparing a reconnaissance level report on 

reservoir si tes. Drafts of both of these reports are expected to be 

available in November, 1984. Unfortunately, the timing of these reports 

precludes their use in the Phase I study. Data and information contained 

in the final reports should, however, be incorporated into Phase II. 

Hydrological Considerations 

In the development of the availability of water yields for 

various plan components assessed in this Technical Summary Report, an 

effort was made to account for a water utilization program consistent with 

current technology, environmental concerns and Wyoming water rights 

policies. Estimates of in-stream and maintenance flows which were 

developed from the experience with the Cheyenne Stage I and II Collector 

Systems were incorporated in the yield calculations. In order to provide 

for the regulation and seasonal utilization of the spring snowmelt runoff, 

storage facilities should be located in the lower reaches of the basin in 

order to control a large amount of the available water. Conversely, if the 

storage facility is located higher in the basin, more area downstream will 

benefit from its regulation. A compromise in the storage location is 

usually the most desirable solution. Fish Creek Dam as an in-basin storage 

site is located high in the watershed and would regulate the largest area 

downstream on Savery Creek. However, the Fish Creek Reservoir yield 

without additional water from the collector system is so small, that it is 

not an effective regulating reservoir for in-basin use. Further, the firm 

trans-basin yields from the Fish Creek Collector System when 10,000 

acre-feet is released into Savery Creek are not sufficient to meet the Case 

1-RF needs for the North Platte River. No single component of the 

development plans, with the exception of Fish Creek Dam used as an in-basin 

reservoir only, was eliminated from consideration for hydrological reasons. 

Project components which v.'ould be mutually exclusive from a 

hydrological viewpoint are: 

• Fish Creek and Sage Creek Collection Systems 

• Fish Creek and Sage Creek Reservoirs 

• Upper Savery and Sandstone Reservoirs 
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All other components can be used in varying combinations to 

provide a different utilization of water or increase the availability of 

water. 

Geotechnical Considerations 

As discussed in the Evaluation of Project Components, 

geotechnical considerations impact the methods of construction and thereby 

the costs of the various features. None of the six storage sites under 

consideration have been eliminated for geotechnical reasons. However, due 

to the considered necessity to modify design criteria for the Upper Savery 

site to accommodate the poor foundation conditions, the result is evidenced 

in the cost of construction. 

Institutional Considerations 

It is a recognized right under the Upper Colorado River 

Compact that Wyoming can build water storage facilities to develop Wyoming 

compact waters in the state of Colorado. Both Pot Hook and Three Forks 

reservoirs are located wholly or partially in Colorado. In that 

significant additional legal and administrative activities to satisfy both 

Wyoming and Colorado interests would be required to construct either of 

these two reservoirs.. the development time to get them to a construction 

stage would be longer than features to be built only Hithin Wyoming 

borders. Since there is little experience on which to base the time 

required to achieve the necessary collaboration, it would be prudent to not 

utilize Pot Hook and Three Forks Reservoirs in near term project 

developments. 
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B. COST ESTIMATES 

Order of magnitude cost estimates were developed for the various 

proj ect components as discussed earlier. These estimates were used to 

identify the more cost effective components which were considered mutually 

exclusive as well as providing the cost comparisons for the alternative 

plans for development. The basis of the estimates and the estimates for 

the various components are included on the following pages. 

Basis of Estimates 

Specific items that are included and excluded from the estimate 

are identified below. 

Included in the estimate: 

• Present day October 1984 prices. 

• Quanti ties developed from conceptual drawings and USGS 

mapping. 

• Vendor information for major items concrete pipe, pumps, 

cutoff walls, grouting, foundation densification. 

• Hydroelectric power plant capital cost estimates based on 

composite cost curves found in Simplified Methodology for 

Economic Screening of Potential Small-Capacity Hydroelectric 

Sites, for Electric Power Research Institute, September 1983, 

and escalated to October 1984 dollars. 

• Dam outlet works and spillHay estimates based on Bureau of 

Reclamation cost curves shown on figures 103-0-1105 and 

103-0-1106 dated 1968, but technologically updated using 

factors of 1.5 and 2.0 for spillway and outlet works 

respectively, to account for current designs with flatter 

slopes and more complex works, and escalated to October 1984 

dollars. 

• Balance of estimated items, required for completeness of the 

estimate, developed from current SWEC information. 

• Contracted labor rates, including contractor I s distributable 

construction costs. 

• Land and land rights for dams and reservoirs. 

• Capitalized power costs for pumping schemes. 

• Freight allowance to site. 
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• Mobilization /demobilization approximately @ 3% of direct cost. 

• Engineering/construction management services @ 15% of direct cost. 

• Allowance for Indeterminates (approximately 15%) - amount added 

to the estimate to complete the estimate for inadequacies of 

estimating data. It is intended to improve the accuracy of the 

estimate and to provide adequate budget. Allowance for 

indeterminates was increased to 20% when tunnel work was involved. 

Excluded from the estimate: 

• Escalation to complete. 

• Environmental Studies/Permitting. 

• Allowance for funds used during construction (AFUDC). 

• Wyoming Water Development Commission costs. 

• Land and land rights for collector system and pipelines. 

• State and Local taxes. 

• Operating and maintenance costs. 

• Water right purchases. 
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TABLE V-l 

45000 ACRE-FEET CONVEYANCE SYSTEM 
Fish Creek to Sage Creek Reservoir 

Alternative Study Estimates 
($ x 1000) 

PUMPING 
ALTERNATIVE 

Mob/Demob $ 250 

Pipeline 5,490 

Tunnel 

Pumps/Enclosures 950 

Transmission 1,500 

Subtotal Direct Cost $8,190 

Engineering & Construction Mgm' t 1,229 

Subtotal 9,419 

Power Penalty (Pumping only) 2,700 

Subtotal 12,119 

Allowance for Indeterminates 1,781 

TOTAL ESTIMATED PRESENT DAY COST $13,900 

V-7 

FREE FLOW 
ALTERNATIVE 

$ 300 

1,360 

10,000 

$11,660 

1,749 

13,409 

13,409 

2,691 

$16)100 
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TABLE V-2 

33300 ACRE-FEET CONVEYANCE SYSTEM 
Sage Creek Reservoir to N. Platte near Overland Crossing 

($ x 1000) 

DESCRIPTION QUANTITY 

Mob/Demob 1 

Pipeline Quantity 

6"-30" 15,000 LF 
36"-60" 97,000 LF 
66"-96" 0 

Subtotal Pipeline 

Impact Basins 1 

Pumps/Enclosures o 

Transmission Lines o 

Subtotal Direct Cost 

Engineering & Construction Mgm't 

Subtotal 

Allowance for Indeterminates 

TOTAL ESTIMATED PRESENT DAY COST 

V-8 

UNIT PRICE 

LS 

Average 
Unit Cost 

125.00 
183.00 

LS 

AMOUNT 

$ 1,000 

1,875 
17,790 

o 

19,665 

20 

o 

o 

$20,685 

3,100 

23,785 

3,615 

$27,400 
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TABLE V-3 

33300 ACRE-FEET CONVEYANCE SYSTEM 
Sage Creek Reservoir to N. Platte Via Rawlins 

($ x 1000) 

DESCRIPTION QUANTITY UNIT PRICE 

Mob/Demob 1 LS 

Average 
Pipeline Quantity Unit Cost 

6"-30" 0 
36"-60" 195,000 208.00 
66"-96" 20,000 290.00 

Subtotal Pipeline 

Impact Basins 1 L8 

Pumps/Enclosures 0 

Transmission Lines 0 

Subtotal Direct Cost 

Engineering & Construction Mgm't 

Subtotal 

Allowance for Indeterminates 

TOTAL ESTIMATED PRESENT DAY COST 

V-9 

AMOUNT 

$ 1,500 

o 
40,560 

5,800 

46,360 

20 

o 

o 

$47,880 

7,182 

55,062 

8,238 

$63,300 
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TABLE V-4 

45000 ACRE-FEET CONVEYANCE SYSTEM 
Fish Creek Reservoir Tunnel & Pipeline to N. Platte near 

Overland Crossing 
($ x 1000) 

DESCRIPTION QUANTITY 

Mob/Demob 1 

Pipeline Quantity 

6"-30" ° 36"-60" 100,000 LF 
66"-96" 20,000 LF 

Subtotal Pipeline 

Impact Bas ins 1 

Pumps/Enclosures ° 
Transmission Lines o 

Tunnel 13,000 LF 

Subtotal Direct Cost 

Engineering & Construction Mgm't 

Subtotal 

Allowance for Indeterminates 

TOTAL ESTIMATED PRESENT DAY COST 
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UNIT PRICE 

LS 

Average 
Unit Cost 

185.00 
290.00 

LS 

770.00 

AMOUNT 

$ 2,000 

o 
18,550 
5,800 

24,350 

20 

o 

o 

10,000 

$36,370 

5,455 

41,825 

8,375 

$50,200 

STONE Be WEBSTER .. 



TABLE V-5 

45000 ACRE-FEET CONVEYANCE SYSTEM 
Fish Creek Tunnel and Pipeline to N. Platte Via Rawlins 

($ x 1000) 

DESCRIPTION QUANTITY UNIT PRICE AMOUNT 

Mob/Demob 1 LS $ 1,500 

Average 
Pipeline Quantity Unit Cost 

6"-30" 0 0 
36"-60" 203,000 LF 233.00 47,300 
66"-96" 20,000 LF 290.00 5,800 

Subtotal Pipeline 53,100 

Impact Bas ins 0 0 

Pumps/Enclosures 0 0 

Transmission Lines 0 0 

Tunnel 13,000 LF 770.00 10,000 

Subtotal Direct Cost $64,600 

Engineering & Construction Mgm't 9,690 

Subtotal 74,290 

Allowance for Indeterminates 14,810 

TOTAL ESTIMATED PRESENT DAY COST $89,100 
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TABLE V-6 

45000 ACRE-FEET COLLECTOR SYSTEM 
Battle Creek to Fish Creek Reservoir 

($ x 1000) 

DESCRIPTION QUANTITY UNIT PRICE 

Mob/Demob 1 LS 

Average 
Pipeline Quantity Unit Cost 

6"-30" 25,300 LF 40.00 
36"-60" 49,800 LF 217.00 
66"-96" 138,100 LF 381.00 

Subtotal Pipeline 

Impact Basins 

Quartzite Peak Tunnel 2,000 LF $1500 

Pumps/Enclosures 0 

Acces s Roads 1 LS 

Transmission Lines 0 

Collector Inlets 45 EA 25,000 

Subtotal Direct Cost 

Engineering & Construction Mgm't 

Subtotal 

Allowance for Indeterminates 

TOTAL ESTIMATED PRESENT DAY COST 

V-12 

AMOUNT 

$ 2,500 

1,012 
10,807 
52,594 

64,413 

0 

3,000 

0 

290 

0 

1,125 

$71,328 

10,699 

82,027 

12,273 

$94,300 
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TABLE V-7 

33300 ACRE-FEET COLLECTOR SYSTEM 
Battle Creek to Sage Creek Reservoir 

($ x 1000) 

DESCRIPTION 

Mob/Demob 

Pipeline 

6"-30" 
36"-60" 
66"-96" 

Subtotal Pipeline 

Impact Basins 

Pumps/Enclosures 

Access Roads 

Transmission Lines 

Collector Inlets 

QUANTITY 

1 

Quantity 

14,200 LF 
48,800 LF 

311,200 LF 

o 

o 

1 

o 

60 EA 

Subtotal Direct Cost 

Engineering & Construction Mgm't 

Subtotal 

Allowance for Indeterminates 

TOTAL ESTIMATED PRESENT DAY COST 

V-13 

UNIT PRICE 

LS 

Average 
Unit Cost 

90.00 
200.00 
390.00 

LS 

25,000 

AMOUNT 

$ 4,000 

1,277 
9,785 

121,453 

132,515 

0 

0 

712 

0 

1,500 

$138,727 

20,809 

159,536 

23,964 

$183,500 
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TABLE v-a 

FISH CREEK DAM & RESERVOIR 
($ x 1000) 

DESCRIPTION 

Mobilization & Demobilization 

Care & Diversion of River 

Clearing - Reservoir 

Foundation Excavation 

Cutoff Wall 

Embankment Fill 

Rip-rap 

Rip-rap Bedding 

Filter/Drain Material 

Drainage Wells & Pipe 

Grouting 

Spillway 

Outlet Works 

Road Relocation 

Land and Land Rights 

Instrumentation 

Hydroelectric Facilities 

Rock Excavation 

Foundation Densification 

Subtotal Direct Cost 

Engineering/Construction Mgm't 

Subtotal 

Allowance for Indeterminates 

QUANTITY 

1 

1 

33 

186,000 

0 

2,620,000 

71,000 

35,000 

148,000 

5,100 

72,000 

1 

1 

1 

2,600 

1 

0 

0 

0 

TOTAL ESTIMATED PRESENT DAY COST 

V-14 

UNIT 

LS 

LS 

Acre 

CY 

SF 

CY 

CY 

CY 

CY 

LF 

LF 

LS 

LS 

LS 

Acre 

LS 

LS 

CY 

LS 

UNIT PRICE 

350 

1.50 

3.50 

15 

8 

8 

20 

25 

500 

AMOUNT 

500 

250 

12 

279 

° 
9,170 

1,065 

280 

1,184 

102 

1,800 

1,200 

1,825 

790 

1,300 

200 

° 
° 

$19,957 

2,993 

22,950 

3~450 

$26,400 
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TABLE V-9 

SAGE CREEK DAM & RESERVOIR 
($ x 1000) 

DESCRIPTION QUANTITY UNIT UNIT PRICE AMOUNT 

Mobilization & Demobilization 

Care & Diversion of River 

Clearing - Reservoir 

Foundation Excavation 

Cutoff Wall 

Embankmen t Fill 

Rip-rap 

Rip-rap Bedding 

Filter/Drain Material 

Drainage Wells & Pipe 

Grouting 

Spillway 

Outlet Works 

Road Relocation 

Land and Land Rights 

Instrumentation 

Hydroelectric Facilities 

Rock Excavation 

Foundation Densification 

Subtotal Direct Cost 

Engineering/Construction Mgm't 

Subtotal 

Allowance for Indeterminates 

1 

1 

0 

270,000 

0 

2,560,000 

66,000 

35,000 

144,000 

5,100 

71,000 

1 

1 

1 

1,900 

1 

0 

0 

0 

TOTAL ESTIMATED PRESENT DAY COST 

V-15 

LS 

LS 

Acre 

CY 1.50 

SF 

CY 3.50 

CY 15 

CY 8 

CY 8 

LF 20 

LF 25 

LS 

LS 

LS 

Acre 500 

LS 

LS 

CY 

LS 

500 

250 

0 

405 

0 

8,960 

990 

280 

1,152 

102 

1,775 

1,050 

1,600 

400 

950 

150 

0 

0 

$18,564 

2,785 

21,349 

3,251 

$24,600 
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TABLE V-10 

33300 ACRE-FEET CONVEYANCE SYSTEM 
Pipeline-Baggs Diversion to N. Platte at Sugar Creek 

($ x 1000) 

DESCRIPTION QUANTITY UNIT PRICE AHOUNT 

Mob/Demob 1 LS $ 3,000 

Average 
Pipeline Quantity Unit Cost 

6"-30" 103,000 LF 125.00 12,870 
36"-60" 317,000 LF 225.00 71,325 
66"-96" 0 0 

Subtotal Pipeline 84,195 

Diversion Structure 1 LS 500 

Impact Bas ins 1 LS 20 

Pumps/Enclosures 1 LS 4,440 

Crossings 1 LS 300 

Transmission Lines 1 LS 4,050 

Subtotal Direct Cost $ 96,505 

Engineering & Construction Mgm't 14,475 

Subtotal 110,980 

Power Penalty 13,000 

Subtotal 123,980 

Allowance for Indeterminates 18,620 

TOTAL ESTIMATED PRESENT DAY COST $142,600 

V-16 STONE 8: WEBSTER .. 



TABLE V-11 

45000 ACRE-FEET CONVEYANCE SYSTEM 
Pipeline-Baggs Diversion to N. Platte at Sugar Creek 

($ x 1000) 

DESCRIPTION QUANTITY 

Mob/Demob 1 

Average 
Pipeline Quantity 

6"-30" 0 
36"-60" 419,800 
66"-96" 0 

Subtotal Pipeline 

Diversion Structure 1 

Impact Basins 1 

Pumps/Enclosures 1 

Crossings 1 

Transmission Lines 1 

Subtotal Direct Cost 

Engineering & Construction Mgm't 

Subtotal 

Power Penalty 

Subtotal 

Allowance for Indeterminates 

TOTAL ESTIMATED PRESENT DAY COST 

V-17 

UNIT PRICE 

LS 

Unit Cost 

232.00 

LS 

LS 

LS 

LS 

LS 

AMOUNT 

$ 3,000 

o 
97,297 

o 

97,297 

500 

20 

4,440 

300 

4,050 

$109,607 

16,441 

126,048 

18,000 

144,048 

21,652 

$165,700 
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TABLE V-12 

UPPER SAVERY DAM & RESERVOIR 
($ x 1000) 

DESCRIPTION QUANTITY UNIT UNIT PRICE AMOUNT 

Mobilization & Demobilization 

Care & Diversion of River 

Clearing - Reservoir 

Foundation Excavation 

Cutoff Wall 

Embankment Fill 

Rip-rap 

Rip-rap Bedding 

Filter/Drain Material 

Drainage Wells & Pipe 

Grouting 

Spillway 

Outlet Works 

Road Relocation 

Land and Land Rights 

Instrumentation 

Hydroelectric Facilities 

Rock Excavation 

Foundation Densification 

Access Road 

Subtotal Direct Cost 

Engineering/Construction Mgm't 

Subtotal 

Allowance for Indeterminates 

1 

1 

460 

514,000 

54,000 

7,120,000 

45,000 

23,000 

73,000 

1 

0 

1 

1 

1 

2,500 

1 

0 

0 

0 

1 

TOTAL ESTIMATED PRESENT DAY COST 

V-18 

LS 

LS 

Acre 350 

CY 1.50 

SF 20 

CY 3.50 

CY 15 

CY 8 

CY 8 

LS 

LS 

LS 

LS 

LS 

Acre 500 

LS 

LS 

CY 

LS 

LS 

1,500 

150 

161 

771 

1,080 

24,920 

675 

184 

584 

686 

0 

9,850 

6,250 

675 

1,250 

200 

0 

0 

0 

525 

$49,461 

7,419 

56,880 

8,520 

$65,400 
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TABLE V-13 

POT HOOK DAM & RESER VO I R 
($ x 1000) 

DESCRIPTION QUANTITY UNIT UNIT PRICE AMOUNT 

Mobilization & Demobilization 

Care & Diversion of River 

Clearing - Reservoir 

Foundation Excavation 

Cutoff Wall 

Embankmen t Fill 

Rip-rap 

Rip-rap Bedding 

Filter/Drain Material 

Drainage Wells & Pipe 

Grouting 

Spillway 

Out let Works 

Road Relocation 

Land and Land Rights 

Instrumentation 

Hydroelectric Facilities 

Rock Excavation 

Foundation Densification 

Subtotal Direct Cost 

Engineering/Construction Mgm't 

Subtotal 

Allowance for Indeterminates 

1 

1 

170 

157,000 

0 

1,400,000 

73,000 

36,000 

62,000 

4,800 

50,000 

1 

1 

1 

2,400 

1 

0 

50,000 

1 

TOTAL ESTIMATED PRESENT DAY COST 

V-19 

LS 

LS 

Acre 1,500 

CY 1.50 

SF 

CY 3.50 

CY 15 

CY 8 

CY 8 

LF 20 

LF 30 

LS 

LS 

LS 

Acre 750 

LS 

LS 0 

CY 7.50 

LS 

500 

250 

255 

235 

0 

4,900 

1,095 

288 

496 

96 

1,500 

3,825 

3,125 

450 

1,800 

200 

0 

375 

500 

$19,890 

2,983 

22,873 

3,427 

$26,300 
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TABLE V-14 

SANDSTONE DAM & RESERVOIR 
($ x 1000) 

DESCRIPTION QUANTITY UNIT UNIT PRICE AMOUNT 

Mobilization & Demobilization 

Care & Diversion of River 

Clearing - Reservoir 

Foundation Excavation 

Cutoff Wall 

Embankment Fill 

Rip-rap 

Rip-rap Bedding 

Filter/Drain Material 

DrB;inage Wells & Pipe 

Grouting 

Spillway 

Outlet \vorks 

Road Relocation 

Land and Land Rights 

Instrumentation 

Hydroelectric Facilities 

Rock Excavation 

Foundation Densification 

Subtotal Direct Cost 

Engineering/Construction Mgm't 

Subtotal 

Allowance for Indeterminates 

1 

1 

325 

672,000 

0 

5,120,000 

147,000 

74,000 

200,000 

5,900 

145,000 

1 

1 

1 

2,000 

1 

0 

° 
1 

TOTAL ESTIMATED PRESENT DAY COST 

V-20 

LS 

L8 

Acre 1,500 

CY 1.50 

SF 

CY 3.50 

CY 15 

CY 8 

CY 8 

LF 20 

LF 25 

LS 

LS 

LS 

Acre 500 

L8 

LS 

CY 

LS 

1,500 

300 

487 

1,008 

0 

17,920 

2,205 

592 

1,600 

118 

3,625 

7,310 

5,250 

550 

1,000 

150 

° 
° 

2,000 

$45,615 

6,842 

52,457 

8,843 

$61,300 
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TABLE V-1S 

THREE FORKS DAM & RESERVOIR 
($ x 1000) 

DESCRIPTION QUANTITY UNIT UNIT PRICE AMOUNT 

Mobilization & Demobilization 

Care & Diversion of River 

Clearing - Reservoir 

Foundation Excavation 

Cutoff Wall 

Embankment Fill 

Rip-rap 

Rip-rap Bedding 

Filter/Drain Material 

Drainage Wells & Pipe 

Grouting 

Spillway 

Out let Works 

Road Relocation 

Land and Land Rights 

Instrumentation 

Hydroelectric Facilities 

Rock Excavation 

Foundation Densification 

Subtotal Direct Cost 

Engineering/Construction Mgm't 

Subtotal 

Allowance for Indeterminates 

1 

1 

350 

208,000 

45,000 

5,310,000 

114,000 

57,000 

242,000 

7,000 

114,000 

1 

1 

1 

3,000 

1 

0 

0 

1 

TOTAL ESTIMATED PRESENT DAY COST 

V-21 

LS 

LS 

Acre 1,500 

CY 1.50 

SF 20 

CY 3.50 

CY 15 

CY 8 

CY 8 

LF 20 

LF 25 

LS 

LS 

LS 

Acre 1,000 

LS 

LS 

CY 

LS 

1,500 

150 

525 

312 

900 

18,585 

1,710 

456 

1,936 

140 

2,850 

11,435 

9,060 

1,240 

3,000 

200 

1,900 

$55,899 

8,385 

64,284 

9,616 

$73,900 
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C. COST ANALYSIS OF PROJECT COMPONENTS 

In this section a number of project components and systems will 

be discussed and compared on a cost basis with the intent of assisting in 

the process of plan evaluation and selection of a recommended plan. The 

components to be compared fall into two general categories those for 

development of water for out-of-basin use, and those for development of 

water for in-basin use. Transbasin developments include alternative 

collector systems, pumping stations and transportation or conveyance 

systems. In-basin systems include dams for water storage purposes. 

1 . Out-of- Basin Systems - Collection Systems 

Wi th WWDC I S dec is ion to exc lude the Battle Creek to Jack 

Creek system for recreational and institutional reasons, two principal 

collection system concepts remained for analysis: the Battle Creek to Fish 

Creek, and the Battle Creek to Sage Creek systems. These two are 

alternatives to each other and each has several variants and associated 

costs which require analysis and comparison. 

Across the Divide: Fish Creek to Sage Creek 

The alternative methods and costs for crossing the Divide 

from Fish Creek to Sage Creek as part of the ultimate Fish Creek Collection 

System require comparison to enable selection of the most economic means. 

Two methods have been investigated: one is to pump out of Fish Creek 

reservoir over the Divide and thence through a short pipeline to Sage Creek 

damsite for connection to a Sage Creek to North Platte River (NPR) 

Pipeline; the other is for gravity flow out of the reservoir through a 

tunnel under the Divide and a short pipeline to Sage Creek damsi te and 

connection to the same pipeline to the North Platte River. A present worth 

(P. W.) analysis is required to determine the capi talized value of future 

power billings for the pumping scheme (power penalty) to be added to the 

capital cost estimate so as to enable an equitable comparison. More 

details on this methodology can be found under the section "Out-of-Basin 

Systems-Baggs to Rawlins to North Platte River Pipeline". 

• Total Cos t of Pumping Scheme: $13,900,000. 

• Total Cost of Gravity Scheme: $16,100,000. 

The cost comparison shows the pumping scheme to be slightly 

lower in total cost. The uncertainties at this level of study regarding 

long term pumping costs, environmental impacts of the necessary 
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transmission line, limited flexibility of handling peak flows, coupled with 

the operation reliability penalty of the pumping scheme, all tend to favor 

the free flow gravi ty scheme. Therefore, we recommend that the tunnel 

diversion scheme under the Continental Divide be adopted as an element of 

the Fish Creek to Sage Creek diversion system for this level of comparitive 

study. 

Sage Creek to North Platte River Pipelines: Sage Creek System 

Because of the high potential of Sage Creek for erosion 

during high, sustained flows, pipelines were chosen as the preferred method 

of conveyance to the North Platte River. A study of the impacts and costs 

of using Sage Creek to convey portions of the diverted water should be 

conducted in Phase II. Two alternative pipeline routes from the Sage Creek 

Dam site to the North Platte River have been considered as components of 

the Sage Creek System. These are: the direct route along Sage Creek to 

the North Platte River near Overland Crossing; an indirect route north via 

Rawlins to allow supply to that community, and thence eastYiard to the North 

Platte River at the Sugar Creek confluence. Both are gravity lines sized 

for an ultimate annual yield of 33,300 acre-feet (81 maximum cfs). 

• Cost of Sage Creek - North Platte River 

Pipeline near Overland Crossing: 

21-mile gravity line for 81 cfs 

• Cost of Sage - North Platte River Pipeline 

via Ra\.Jlins 

41-mile gravity line for 81 cfs 

$27,400,000. 

$63,300,000. 

The two above alternatives are not strictly comparable. The 

direct pipeline discharges to the North Platte River about 28 miles 

upstream of the indirect Rawlins route and therefore entails higher 

conveyance losses. Quantitative determination of these losses has not been 

included in this analysis. However, it is very unlikely that reduced 

conveyance losses would make the indirect pipeline economically 

competi tive. Unless there is some overriding reason for routing the line 

by Rawlins, the shorter Sage Creek route should be adopted for the 

principal transport system. If Little Snake River basin water is 

considered to be a desirable future supply source for the City of Rawlins, 

routing of a feeder line to carry both Rawlins I existing Sage Creek water 

and Little Snake export water in the same pipeline should be considered. 
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In addition, the Rawlins routing may provide water to more industrial users 

than the direct Sage Creek route, and the costs and benefits of them should 

be evaluated in the Phase II operation studies. 

Fish Creek to North Platte River Pipelines: Fish Creek System 

These two alternatives are the same for the Fish Creek System 

as the above two for the Sage Creek system. They are, however I sized for 

the higher Fish Creek yield of 45,000 acre-feet (115 cfs) and include the 

cost of the Continental Divide tunnel. 

• Cost of Fish Creek - North Platte River 

Pipeline via Rawlins 

42-mile gravity line for 115 cfs $ 89,100,000. 

• Cost of Fish Creek - North Platte River Pipeline 

near Overland Crossing 

23-mile gravity line for 115 cfs $ 50,200,000. 

The conclusions are the same here as in the above section. 

That is I except for overiding reasons I the direct Sage Creek route to 

Overland Crossing should be selected for the Fish Creek System. 

Collection Lines 

The two alternative gr~~ity collection lines under 

consideration are the Battle Creek to Fish Creek and the Battle Creek to 

Sage Creek Systems. These are long I large, costly lines and dominate the 

cost comparison. The lines are mainly low pressure reinforced concrete 

pipe with some high pressure sections for inverted siphons. 

• Cost of Fish Creek Line 

40-mi concrete gravity pipeline 

(6 H If>-96"¢) 

• Cos t of Sage Creek Line 

71-mi concrete gravity pipeline 

{6" 1f>-96 II If» 

$ 94,300,000. 

$183,500,000. 

The above cost difference in the main collection pipeline 

will be shown in the following system comparison to dominate the comparison 

& conclusion. 

Fish Creek and Sage Creek Dams 

Each of the alternative collection systems requires a storage 

dam to regulate the concentrated summer runoff to meet annual water supply 
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needs. One is on Savery Creek near the Fish Creek confluence; the other is 

in the upper reaches of Sage Creek. The dams and reservoirs are similar in 

type, size, yield and cost. 

comparisons 

• Cost of Fish Creek Dam 

160 ft high embankment dam 

• Cost of Sage Creek Dam 

160 ft high embankment dam 

Summary Collection System Comparison 

The following is a summary of 

to enable comparison of the two 

selection of the most economic. 

• Fish Creek System Costs 

Collection Line 

• 

Fish Creek Dam 

Sage Creek Pipeline to North 

Platte River 

Total 

Acre-feet yield from System 

$/acre-foot yield 

Sage Creek System Costs 

Collection Line 

Sage Creek Dam 

Sage Creek Pipeline to North 

Platte River 

Total 

Acre-feet yield from System 

$/acre-foot yield 

$ 26,400,000. 

$ 24,600,000. 

the foregoing component 

collection systems and 

$ 94,300,000. 

26,400,000. 

50,200,000. 

$170,900,000. 

45,000 

$3,800 

$183,500,000. 

24,600,000. 

27,400,000. 

$235,500,000. 

33,300 

$7,070 

The above comparison shows that the Sage Creek System costs 

1.86 times the Fish Creek System on a per acre-foot yield basis. 

Cons ide ring tha t the two sys terns are technically qui te similar, the cos t 

comparison must be considered decisive and the Fish Creek system selected 

as the preferred high elevation collection scheme. 

2. Out-of-Basin Systems - Baggs to Rawlins to North Platte River 

Pipeline 

The Baggs to Rawlins to North Platte River Pipeline is 

intended as an alternative to the high elevation collection schemes f9r 
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out-of-basin development. As a working plan, however, this line needs 

in-basin storage upstream of the Baggs intake to regulate the Little 

Snake's highly seasonal runoff so as to meet annual water needs. 

The 80 mile long pipeline from Baggs to North Platte River 

would have a static lift over the Divide of some 1200 feet plus pipeline 

friction losses. Thus, there are significant pumping installations and 

high pumping power costs associated with this scheme. These have been 

estimated to meet the water needs of "Case 1-RF with conservation", as 

developed by Black and Veatch (1984) for the years 1990 to 2030. Future 

electric power billings were computed to meet the pumping demand for this 

water need forecast. Pacific Power and Light and Yampa Electric would each 

supply about 50 percent of the power each. Electric power rates were 

escalated from those prevailing in 1984 at a 6 percent annual rate. The 

present worth of a 40 year series of billings was calculated using an 8 

percent discount rate and summed to give a present day capi talized value. 

The pipeline has been sized for an annual yield of 45,000 acre-feet as an 

alternative to the Fish Creek Collection System whose yield is also 45,000 

acre-feet. 

• Cost of Baggs - North Platte River at Sugar Creek 

Pipeline System $165,700,000. 

As pointed out above, this cost does not stand alone. It 

must be combined with upstream storage to become an effective system. As 

will be shown subsequently, the most cost effective in-basin storage is Pot 

Hook Dam and Reservoir on Slater Creek. Although this site is in Colorado, 

just south of the State line, and it does not meet the legislative 

requirement of providing storage on Savery Creek, from a cost viewpoint, it 

deserves comparison to the high elevation collection systems. 

• Lowest Cost Low Elev. System: 

Total Capitalized Cost: Baggs-Rawlins-North $165,700,000. 

Platte River Pipeline 

Pot Hook Dam 

Total System Costs 

• Lowest Cost Collection System: 

Fish Creek Collector, Dam & Conveyance 

Pipeline 
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$192,000,000. 

$170,900,000. 
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This comparison indicates that from a cost viewpoint, the 

out-of-basin diversion via a Baggs - North Platte River pipeline is not 

competitive with the Fish Creek scheme and, unless there are other 

overriding considerations, the Fish Creek system should be adopted. 

3. In-Basin Systems - Storage Sites 

Apart from Fish Creek and Sage Creek Damsites which have been 

briefly discussed above under Collection Systems, there are four other 

damsites in-basin which are under consideration for a preferred plan 

development. These are Upper Savery & Sandstone on Savery Creek, Pot Hook 

on Slater Creek and Three Forks on the Little Snake. All are medium height 

embankment dams. 

• 

• 

• 

Cost of Upper Savery Dam: 

130 ft dam, storing 40,000 acre-feet 

Firm acre-feet yield from storage 

$/acre-foot yield 

Cost of Sandstone Dam: 

200 ft dam storing 52,000 acre-feet 

Firm acre-feet yield from storage 

$/acre-foot yield 

Cos t of Pot Hook Dam: 

130 ft dam, storing 61,600 acre-feet 

Firm acre-feet yield from storage 

$/acre-foot yield 

• Cos t of Three Forks Dam: 

65,400,000. 

9,600. 

61,300,000. 

25,700. 

26,300,000. 

31,200. 

$6,810 

$2,390 

$ 845 

210 ft dam, storing 100,000 acre-feet 73,900,000. 

Firm acre-feet yield from storage 

$/acre-foot yield 

73,800. 

$1,000 

The firm yields from storage given above are for virgin 

flows, that is, runoff without interference from a collection system and a 

100% Agricultural Demand. Ranking the above storage sites in terms of cost 

per yield would result in the following order of preference: 

• Pot Hook 

• Three Forks 

• Sandstone 

• Upper Savery 
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However, as previous and subsequent discussion discloses, 

there are other considerations, such as the legislative requirement for 

storage on Savery Creek. And, there are the institutional complications of 

Pot Hook I s location in Colorado & Three Forks location partly in Colorado 

plus the agricultural land in the latter1s reservoir area. These 

considerations point the conclusion towards favoring the initial 

development of Sandstone Reservoir and later development of the other 

storage potential. 

Figure V-I provides a sQmmary of various plan cost estimates. 
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COMPONENT 
ESTIMATED COSTS 

($ X 1000) 

PLAN 2 

PLAN 3 

PLAN 4 

PLAN 5 

PLAN 6 

IN BASIN STORAGE 

THREE 
FORKS POT HOOK SANDSTONE 

DAM AND DAM AND DAM AND 
RESERVOIR RESERVOIR RESERVOIR 

73,900 26,300 61,300 

26.300 

26.300 

73,900 

26,300 61,300 

73,900 61,300 

1 •••••••••••••••••••••••••••••• 1.11.1·1 ••••••• , PREFERRED PLAN 

PUMPING SCHEMES 
AND PIPELINES 

UPPER BAGGS BAGGS 
SAVERY DIVERSION TO DIVERSION TO 
DAM AND N. PLATTE R. N.PLATTE R. 

RESERVOIR 45,000 A/ft. 33,000 A/ft. 

66,400 165,700 142,600 

165.700 

165,700 

186,700 

186,700 

TRANS-BASIN DIVERSION 

COLLECTION SYSTEMS 

COLLECTORS RESERVOIRS 

BATTLE CREEK BATTLE CREEK 
·FISH CREEK ·SAGE CREEK 

FISH CREEK SAGE CREEK 

94,300 183,500 26.400 24,600 

94.300 26.400 

94.300 26.400 

94,300 26,400 

CONVEYANCE 
PLAN 

PIPEliNES 
ESTIMATE 

FISH CREEK SAGE CREEK RE •. 
COSTS 

-N. PLATTE R. -N. PLATTE A. ($ X 1000) 

50,200 27,400 

50.200 197.200 

312.700 

310,. 

253,300 

300,800 

SUMMARY OF 

ESTIMATE OF PLAN COSTS 

FIGURE V-1 
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D. EVALUATION OF PLANS 

1. General 

Development plans for the LSRWMP which form the basis for the 

comparisons made during this study were to meet the following specific 

criteria: 

• In-basin storage of at least 10,000 acre feet on Savery 

Creek 

• Total in-basin storage of at least 50,000 acre feet 

• Collection and conveyance of waters for use in the North 

Platte River Basin 

• Groundwater is not to be considered as an alternative to 

Stage III water supply 

• There is to be no condemnation of agricultural water 

rights 

The WWDC proposed Alternative C as originally presented does 

not meet the in-basin storage requirements of the first two criteria 

above. The WWDC proposed Fish Creek Alternative provides storage in the 

Little Snake River Basin, and the releases of the transbasin diversion can 

be regulated to monthly flow requirements thereby eliminating the necessity 

of additional annual storage requirements in the North Platte River basin. 

2. Proposed Conceptual Plans 

To meet previously stated requirements for the LSRWMP I SWEC 

has reviewed the basic components of the previously studied alternatives 

and identified some components which are mutually exclusive. The Fish 

Creek Collector is preferred over the Sage Creek Collector because of its 

greater yield and lower capital cost. Further it adds a measure of 

flexibility to the system operation by allowing collector system water to 

be utilized either in-basin or out-of-basin. 

A tunnel from Fish Creek Reservoir to the Sage Creek Basin is 

preferred because the tunnel will provide an additional measure of 

reliability with gravity flow control as opposed to the pumping scheme 

requiring imported power and mechanical equipment. 
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The Baggs diversion and pumping scheme when evaluated for the 

sole purpose of meeting out-of-basin requirements equivalent to the Fish 

Creek and Sage Creek Collector Systems was eliminated because of higher 

cost. Its costs include an additional penalty due to the annual pumping 

costs which will occur over the life of the project. The plans which 

appear to satisfy these requirements are identified as follows: 

Plan 1 Fish Creek Collector System 

Fish Creek Reservoir 

Sandstone Reservoir 

Plan 2 Fish Creek Collector System 

Fish Creek Reservoir 

Pot Hook Reservoir 

Plan 3 Fish Creek Collector System 

Fish Creek Reservoir 

Pot Hook Reservoir 

Baggs to North Platte Pipeline 

Plan 4 Fish Creek Collector System 

Fish Creek Reservoir 

Three Forks Reservoir 

Baggs to North Platte Pipeline 

Plan 5 Sandstone Reservoir 

Pot Hook Reservoir 

Baggs to North Platte Pipeline 

Plan 6 Sandstone Reservoir 

Three Forks Reservoir 

Baggs to North Platte Pipeline 

4. Hydropower Benefit Analysis 

Introduction 

The total potential hydropower generation capacity of all of 

the dams considered for the Little Snake Water Management Project is 7,285 

kilowatts. All combinations of project alternatives would involve even 

less generation capacity and would represent a relatively small percentage 
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of total region-wide power generation resources. Those projects would have 

to be licensed in accordance with regulations of the Federal Energy 

Regulatory Commission (FERC) under the authority of the Federal Power Act, 

particularly as ammended by the Public Utilities Regulatory Policy Act 

(PURPA) of 1978. 

PURPA requires electric utilities operating in the area of a 

hydropower facility of 80 megawatts or less to purchase all or part of the 

output offered by the owner of the facility at rates that are just, 

reasonable, and non-discriminatory. The act also requires utili ties to 

sell startup power to the hydroelectric facility at just, reasonable and 

non-discriminatory rates. PURPA also requires the purchasing utility to 

physically connect its facilities with those of the small scale 

hydroelectric facility. 

The just and reasonable rate concept is tempered by 

provisions that the purchasing utility should not have to pay more than its 

avoided power cost to generate or purchase the power from another source. 

The act specifies that rate setting between small scale hydro facilities 

and utilities is to be accomplished by state regulatory authorities such as 

public utility commissions. 

The Pot Hook, Three Forks, and Sandstone Reservoir sites lie 

in the Yampa Valley Electric Association (Yampa) retail electric service 

area. Yampa is a member of the Colorado Ute Electric Association, Inc. 

(CUEA) which is an incorporated generation and transmission cooperative 

headquartered in Montrose, Colorado. It operates on a non-profit basis and 

provides wholesale electric power and energy to its members in western and 

southern Colorado. The Upper Savery and Sage Creek and Fish Creek 

Reservoirs lie in Pacific Power and Light (PP&L) Company's service area. 

PP&L is both an electric power generator and retail distributor with 

regional headquarters in Casper, Wyoming. All of the alternatives lie 

within the marketing area of the Western Area Power Administration (WAPA). 

Potential Market Rates 

The rates discussed in 

filings and discussions with utility, 

public service commission personnel 
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purchase prices based upon avoided costs vary widely among utilities. 

Information from the Denver Office of the Bureau of Reclamation, indicates 

that 1984 avoided costs for utilities located in southern Wyoming and 

northern Colorado are in the range from 9 to 11 mills per kilowatt hour. 

This estimate is based upon the assumption that small scale hydroelectrical 

facilities would provide only supplemental power, with no increase in 

baseline capacity. Using a 2 to 3 percent energy cost escalation rate, 

projected energy avoided costs would be about 20 mills per kilowatt hour by 

2014. 

Most of the rates currently filed with the Wyoming Public 

Service Commission (PSC) and the Colorado Public Utilities Commission (PUC) 

are higher than these estimates. Energy only rates currently on file with 

the commissions for the regulated utilities in the project area are shown 

in Table V-16. Currently, CUEA has an internal rate schedule for 

qualifying facilities not regulated by the Colorado PUC, but whose 

facilities are 500 kW or greater. The minimum rate for purchase (8 mills) 

is based upon CUEA 1 s avoidable fuel cost. The maximum rate (35 mills), 

includes payment for capacity as well as energy and is based upon the 

estimated cost of electricity produced by a new coal-fired generating unit. 

Facilities which do not qualify for the maximum rate may 

receive partial payments for capacity based on high monthly plant factors. 

A facility reaching a monthly plant factor of 60 percent or higher will be 

paid the maximum rate of 35 mills per kilowatt-hour. Facilities with lower 

plant factors will be paid proportionally less as shown in Table V-17. 

Hydropower Capacity and Benefits 

This hydropower benefit analysis is based upon the assumption 

that the installed capacities for generation will be operable in 1990. 

Benefits were computed as the discounted net present value of projected 

power revenues s ta ted in 1984 dollars. A contract life of 30 years was 

assumed for purposes of benefit estimation. 
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TABLE V-16 

Month Iy Rates to Be Paid 

Colorado Ute 
Length of Contract 

1 year but less than 5 years 
5 years but less than 10 years 
10 years but less than 15 years 
15 years or greater 

Pacific Power and Light 
Prior to 1994 

Average mills/kwh 
1994 and beyond(l) 

Contract Years 
Remaining a t time 
of Contract 

1 
2 
3 
4 
5 

10 
15 
20 
25 
30 
35 

Energy 
(mills/kwh) 

17.0 

Non-Firm 
13.5 

Ave. 
41.7 
42.8 
45.0 
45.2 
46.3 
51.9 
57.0 
61.5 
65.7 
69.9 
74.6 

Firm 
15.0 

Capacity 
(mills/kwh) 

2.660 
1.329 
1.994 
2.658 

$/kw/mo. 
0.00 

4.05 
4.17 
4.28 
4.40 
4.51 
5.05 
5.55 
5.99 
6.39 
6.80 
7.26 

(1) Energy price is 29.8 mills escalated by 6% each succeeding year plus 
an average charge based on the contract term 
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TABLE V-17 

Month Iy Plant Factors and Rates 

Qualifying Performance 
Criteria - Monthly 

Plant Factor* 

Monthly plant factor 
greater than 60% 

40 - 60% 

20 - 40% 

less than 20% 

Basis of 
Rate to be Paid 

100% of estimated energy 
cost from contemporary 
coal-fired generating unit 

75% of estimated energy 
cost from contemporary 
coal-fired generating unit 

50% of estimated energy 
cost from contemporary 
coal-fired generating unit 

presently avoidable fuel 
cost 

Current 
Rate 

(mills/kwh) 

35 

26 

17 

8 

*Plant factor may be computed in either of two ways at the option of the 
Qualifying Facility: 

Plant factor = Energy delivered to Utility (kwh) x 100 

Hours x Maximum 30-minute power (kw) 

where maximum 3D-minute power (kw) is : 
(1) Maximum 30-minute power produced during the metered period as 
measured by a demand me ter ; 

or 
(2) Maximum 30-minute power rating of the generating facility as 
mutually agreed by the Qualifying Facility and the Utility, thereby 
eliminating the need for a demand meter. 
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Alternatives Served by Yampa Valley Electric Association 

Power generated by facilities at Pot Hook, Three Forks, and 

Sandstone Reservoirs may potentially be purchased by CUEA through 

interconnection with transmission facilities owned by Yampa. Table V-18 

shows projections of the capacity, energy generation and annual benefits 

for each alternative. 

Benefits estimated using the CUEA schedule assumes the 

following monthly plant factors: Pot Hook - 2,760 MW hours at greater than 

60 percent, 335 MW hours at 20-40 percent and 335 MW hours at less than 20 

percent; Three Forks - 5,870 MW hours at greater than 60 percent and 8,610 

MW hours at 40-60 percent; and Sandstone - 3,974 MW hours at greater than 

60 percent, 603 MW hours at 20-40 percent, and 603 MW hours at less than 20 

percent. 

Alternatives Served by Pacific Power and Light Company 

Facili ties at Upper Savery and Sage Creek Reservoirs may 

produce power which could be purchased by PP&L. Projections of capacity, 

energy generated and annual benefits are shown in Table V-19. 

Benefits Associated With Western Area Power Authority 

The Western Area Power Administration (WAPA) is a 

nonregulated electric utility as defined by PURPA. It sells power to 464 

customers consisting of cooperatives, municipalities, public utility 

districts, private utilities, federal and state agencies, and irrigation 

districts. WAPA has recently entered into contracts with the State of 

Wyoming to purchase power from qualifying facilities and to repay the 

State I s contribution to project costs allocated to power. WAPA agreed to 

purchase the total energy generated at the Garland Canal Project at the 

average annual cost of producing energy, defined as debt service plus 

operation and maintenance costs. This was initially established at 34 

mills per kilowatt-hour which would be adjusted annually, but not exceed 35 

mills per kilowatt-hour. This contract was for a period of up to five 

years or until a third party energy sales arrangement could be executed. 

Discussions with the Fort Collins-Loveland office of WAPA 

indicated that this type of contract was unlikely in the future. 

Agreements similar to the one covering the marketing of power generated 

from the modifications of the Buffalo Bill Dam and Reservoir are the trend 
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TABLE V-18 

Potential Benefits from Purchase by Colorado Ute Electric Association 

Annual Net 
Project Installed Energy Plant Present 
Alternative Capacity-kw MW-Hours Factor% Annual Returns Values(l) 

Pot Hook 1,250 3,430 31.3 $104,975 $ -110,036 

Three Forks 2,950 14,480 56.0 429,310 3,244,380 

Sandstone 1,800 5,180 32.9 154,165 67,055 

(1) Projected power revenue discounted over a 30 year contract life at a 
6 percent discount rate, less the investment cost of the project as shown on 
Table V-20. 
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TABLE V-19 

Potential Benefits from Purchase by Pacific Power and Light Company 

Annual Net 
Project Installed Energy Plant Present 
Alternative Capacity-kw MW-Hours Factor% Annual Returns Values(l) 

Upper Savery 745 1,150 17.6 $ 52,632 $ -830,529 

Sage Creek 540 3,270 69.1 150,223 957,794 

(1) Projected power revenue discounted over a 30 year contract life at a 
6 percent discount rate less the investment cost of the project as shown on 
Table V-20. 
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wi thin WAPA. While this agreement involves u. S. Bureau of Reclamation 

construction, WAPA indicated that it would consider discussions of 

arrangements where another agency such as the State constructed the 

project. If this became possible, WAPA could market the electrical power 

at a rate which reflects the financial integration of the project with the 

Pick-Sloan Missouri Basin Program. Congressional approval of this 

financial integration may be necessary. 

The major benefit to the State would be that WAPA would repay 

the State for the contribution toward financing costs aliocated to the 

purpose of power. These payments would be amortized over a period of 35 

years rather than the more usual 50 year repayment period. The benefits 

associated with this type of arrangement are provided in Table V-20 

assuming a 6 percent interest rate. 

The value of the water developed as a result of this level of 

outside financing would also be a benefit attributable to the power 

development. These benefits can not be quantified at this time but will be 

incorporated following the cost allocation efforts in Phase II of these 

studies. 

Comparison of Project Hydropower Costs and Benefits 

While the benefits projections developed during this phase of 

the study are preliminary and may be understated in the case of a potential 

WAPA agreement, they are useful in the evaluation of project alternatives. 

Table V-21 summarizes the benefits described above and compares the benefit 

ranges with estimated costs. The annual cost assumed is that associated 

with WAPA IS 35 year repayment at 6 percent. With the exception of the 

possibili ty of selling power to the CUEA under their schedule, the WAPA 

agreement to repay all costs allocated to power would place a~y hydropower 

facility at a cost benefit ratio of 1.0. Whether such an agreement could 

be arranged is subject to further discussions with WAPA officials. 
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TABLE V-20 

Hydropower Benefits 
WAPA Repayment Agreement 

Cost Annual 
$1000 Repayment 

Alternative (1984 $) (35 years) 

Pot Hook $1,555 $107,254 

Three Forks 2,665 183,815 

Upper Savery 1,555 107,254 

Sandstone 2,055 141,741 

Sage Creek 1,110 76,561 

TABLE V-21 

Cost Benefit Comparisons 

Annual Benefit (1984 $) 
Annual Highest Lowest 

Project Cost Benefit Benefit 
Alternative Colorado-Ute PP&L WAPA (1984) Cost Ratio Cost Ratio --
Pot Hook $104,975 $107,254 $107,254 1.00 0.628 

Three Forks 429,310 183,815 183,815 2.34 1.000 

Sandstone 154,165 141,741 141,741 1.09 0.718 

Uppe r Save ry $ 52,632 107,254 107,254 1.00 0.491 

Sage Creek 150,223 76,561 76,561 1.96 1.000 
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Conclusions 

Hydropower facilities which have potential revenue from 

private utilities greater than the cost of the facilities are the Three 

Forks, Sandstone and Sage Creek alternatives. Although WAPA has indicated 

an interest in small hydropower facilities in general, installations such 

as those associated with the Upper Savery Reservoir alternative which have 

implied rates greater than 35 mils per kilowatt hour may not be considered 

viable for WAPA participation. 

While the relatively small hydropower benefits may not 

significantly influence selection of the recommended alternative, further 

discussion of hydropower sales should be considered if Three Forks, 

Sandstone or Sage Creek Reservoir is selected. 
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VI. RECOMMENDED PLAN OF DEVELOPMENT 

A. DESCRIPTION OF PLAN 

The preferred plan of development for the Little Snake River 

Water Management Project (LSRWMP) consists of three prime components as 

shown on Figure VI-1. The plan provides for: 1) in-basin storage for the 

Savery Creek and Little Snake River drainages; 2) out-of-basin transfer of· 

water to the North Platte River drainage; and 3) future expansion 

facilities which will provide for the necessary flexibility to make use of 

all of Wyoming's . allotment of water as provided by the Colorado River 

Compacts, as a long range ultimate development of the Little Snake River 

bas in waters. 

The plan components consist of: 

• 
• 

Sandstone Reservoir to meet in-basin needs . 

Fish Creek Collector System, Fish Creek Reservoir, a tunnel, 

and pipeline to the North Platte River to provide for 

out-of-basin needs. 

• Pot Hook and/or Three Forks Reservoir with a diversion/ 

pumping facility at Baggs to transport water to other use 

areas, at either in-basin or out-of-basin locations, and thus 

provide for ultimate Little Snake River Basin development. 

B. STAGING 

There are several options available for staging the preferred 

plan. Construction sequencing could be accomplished in several ways that 

would meet distinct in-basin, out-of-basin, and ultimate development 

objectives. 

1. In-Basin 

Sandstone Reservoir has been identified as meeting the 

in-basin requirements and would be most cost effective if constructed at 

one time. Construction can be accomplished in two stages, if required, as 

long as the staging requirement is included in the initial design 

criteria. Whether or not this would be cost effective must be examined in 

the light of specific benefits. 

VI-1 STONE Be WEBSTER A 



\ 
\ 

GREAT 

BAGGS TO NORTH 
PLA TTE PIPELINE 

DIVIDE BASIN 

SANDSTONE RESERVOIR 

i FISH CREEK------
RESERVOIR 

FISH CREEK TO SAGE 
CREEK TUNNEL 

1t'5~ , ... \ 'I" 
~: ~~-~~C;:;,~ 

l.._ .. ".~ ~~Q~r/ I 
c~P,~.1.·~·:-:\",,/ 

0~~~~~~)-'Sf..:j-" . 
,/ 

/ ' 
;---'---,01 

~ VIO '_'_._".-.f 
River "') 

I 
_ .. ,/ N A" I 0 ~I A L. F 0 J; EST 

/ 

-::;I"-.....=.:;JI""'-d-"""""=..---,---~=====I.rl-r------ C"'-~-:~ _____ WY9_MIN.2 ______ _ 
: > COLORADO 

~! 

THREE FORKS RESERVOIR 

ROUTT NATIONAL FOREST 

10 lS 

_ INITIAL DEVELOPMENT 
o S ----- 20 

! 

_ ULTIMATE DEVELOPMENT 
SCALE IN MILES 

LITTLE SNAKE RIVER WATER MANAGEMENT PROJECT 

RECOMMENDED PLAN OF DEVELOPMENT FIGURE VI- 1 

~ Stone & Webster Engineering Corporation 



A second possible means of staging the in-basin portion would 

be to temporarily use some of the initial waters from the Fish Creek 

Collector System as it is stored in Fish Creek Reservoir and reduce 

out-of-basin transfers in the early years of operation. When full 

requirements of the Fish creek system are needed for out-of-basin use, then 

Sandstone Reservoir would be constructed to supply the in-basin needs. 

2. Out-of-Basin 

The Fish Creek Collector System which would supply the 

out-of-basin requirements in the LSRWMP is situated in such a location 

within the watershed that the most productive portion is at the southern 

end. With the transportation across the Continental Divide being at the 

northern end of the collector system, the benefit of staging construction 

of the collector system is minimal. The reservoir and transmission 

pipeline capacities by themselves do not favor staged construction, since 

they must provide capacities which are directly related to the yield from 

the southern end of the collector system. Therefore, staging is not 

practical for this portion of the plan which supplies out-of-basin needs. 

3. Ultimate Development 

The ultimate planned development of the LSRWMP, a plan that 

would make use of two additional storage sites and a diversion/pumping 

facility at Baggs, has many possibilities for staging. Not only can the 

Pot Hook and Three Forks Reservoirs be considered for staged development, 

but the distribution of regulated water from a diversion location at Baggs 

can be pumped to areas of future need in the Green River Basin, Little 

Snake River Basin or the North Platte River Basin. Other diversion points 

may also be considered more feasible for specific area needs when 

identified in the future. 

C. SCHEDULE 
The schedule proposed for development of LSRWMP will be 

influenced by projected water needs in and out-of-basin, by the Wyoming 

State Legislature provisions previously discussed, and by institutional 

factors as discussed below. 

Black and Veatch's 1984 report on water supply needs which 

forecasts the municipal water needs in the Little Snake, North Platte, 
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Laramie and South Platte river systems for the fifty year period ending 

2030, indicates that the needs in those municipalities on the east side of 

the Continental Divide are not immediate, i.e. municipal water needs do not 

show substantial increases until the beginnning of the next century. 

The most economic method, even though limited in total 

capability, of transferring water from the Little Snake River Basin to the 

North Platte River basin is the gravity collector system. Since this 

system would be located in part within the boundaries of the Medicine Bow 

National Forest, its development would be governed by additional laws and 

regulations. Such laws and regulations would lengthen the time required 

for permitting of a selected project and preclude an early beginning of 

project construction. 

Although development of reservoirs on Slater Creek or on the 

Little Snake at Three Forks would provide the greatest water yields, each 

of these developments, because they would be located wholly or in part in 

Colorado, would require the participation of Colorado agencies. 

Negotiations for water rights at these sites have been undertaken by 

Wyoming but the intricacies of their resolution will require significant 

time and effort with uncertain outcome. 

For the foregoing reasons it is recommended that the first stage 

in development of the Little Snake River Water resource be the construction 

of the Sandstone Dam on Savery Creek for in-basin storage. As the need for 

trans-basin diversion increases, the construction of the Fish Creek 

collector system would logically follow. Ultimate development of the 

Little Snake River would be completed with construction of one of the 

Colorado shared proj ects . A suggested schedule of development in this 

order is illustrated in Figure VI-2. 

Figure VI-3 illustrates the principal activities to be undertaken 

and accomplished under the outlined scenerio within the next two years to 

permit the earliest beginning of construction at the Sandstone Dam. 

Primary among those activities, assuming that continued authorization by 

the Wyoming State Legislature is forthcoming, would be the preparation of 

an environmental impact statement, permitting of the project, geotechnical 

verification and final design. Without extraordinary impediments, it is 

expected that water could be stored in a Sandstone reservoir during the 

1990 spring run-off. 
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D. BUDGET 

To meet the proposed schedule for the LSRWMP, a financing program 

should be considered by the WWDC which would allow the project to proceed 

without interruption. As currently envisioned, this would initially 

provide for the development of the Sandstone Reservoir, to be followed by 

the Fish Creek Dam and Collector System. 

Based upon the estimated costs of the project components 

presented earlier and the scheduling of their construction, the following 

estimated amounts should be budgeted for the program development for 

in-basin and out-of-basin needs. 

The totals of yearly budgets for each component include the total 

estimated cost for that component as detailed in Section V-B, Cost 

Estimates, to which a 5% Budget Contingency has been added. This 

Contingency is defined as the owner's reserve of funds for emergency and 

unforeseen circumstances such as schedule delays, licensing problems, 

financial difficulties and changes in labor availability or productivity. 

Other cost items related to furtherance of the project, as listed in 

Section V-B, Basis of Esotimates, except for the 5% budget contingency, are 

excluded from the budget figures and must also be considered by WWDC. 

Suggested annual budget amounts for the project are as follows, 

all costs are $ x 1000: 

Year 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

Total 

Sandstone Dam 

4,200 

4,200 

14,000 

28,000 

14,000 

64,400 

VI-7 

Fish Creek Dam & Collector 

500 

1,100 

1,100 

1,000 

9,500 

10,100 

9,700 

29,300 

39,000 

39,000 

29,300 

9,700 

179,400 
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APPENDIX 

NORTH PLATTE RIVER SUPPLEMENT 

INTRODUCTION 

An important part of the Little Snake River Water Management Project 

(LSRWWP) is the concept of diverting water from the Little Snake River Basin 

to the North Platte River Basin. The Wyoming Water Development Commission 

included in the Scope of Work of the contract awarded to Stone & Webster 

Engineering Corporation (SWEC) an evaluation of the impacts of such 

transmountain diversion on the North Platte River Basin and requested that 

the evaluation assess the benefits of incorporating an enlarged Seminoe 

Reservoir as a part of the proj ect. 

Also requested was an independent estimate of the yield which might be 

made available by raising Seminoe dam seventeen feet, using only the water 

supply currently available in the North Platte River Basin. 

This Appendix provides information which was developed during these 

studies. Figure A-I shows the storage facilities on the North Platte River 

in Wyoming and identifies the general area where the Little Snake River water 

would enter the basin. 
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THE NORTH PLATTE RIVER MANAGEMENT MODEL 

General 

The North Platte River Management Model (NPRMM) was used to evaluate the 

impacts within the North Platte River basin caused by importation of water 

from the Little Snake River drainage. As a part of the evaluation, the 

benefits of incorporating an enlargement of Seminoe Reservoir for storage and 

regulation of imported water were assessed. The model was also used to 

estimate the additional yield which might be made available by enlargement of 

Seminoe Reservoir using water supply currently available in the North Platte 

River Basin. 

The original NPRMM was developed by Wei (1977) and has gone through two 

subsequent revisions, which are described in Akerbergs (1981) and Western 

Water Consultants, Inc. (WC) (1984). The revisions by WC were conducted 

under a contract with the Wyoming Water Research Center with the coordination 

of the Wyoming State' Engineer's Office and the Wyoming Water Development 

Commission, and were generally refinements of the original model. 

The model utilizes the same c.riteria as those used by the U. S. Bureau of 

Reclamation (USBR) and the State of Wyoming in operating the North Platte 

River system. The system is operated under two sets of rules which follow the 

principles set by the North Platte River Decree and Wyoming water law. The 

first set includes reservoir operating criteria based on the physical limits 

of reservoirs, needs of downstream users, Congressional authorizations, and 

considerations of the Western Division of the Bureau of Reclamation power 

operation. The other set of rules includes the ownership accounting 

procedures that more strictly follow the legal constraints to determine 

distribution of the natural flow, restriction on irrigation delivery and the 

storage of water in the reservoirs. 

Ownership accounts which are allowed to accrue water include the North 

Platte Project, Kendrick Project and the Glendo Unit Project. The North 

Platte Project was constructed during the period 1905 through 1928. It is 

located in eastern Wyoming and western Nebraska. The maximum reservoir 

capacity ownership for the North Platte Project is 1,061,120 acre-feet. 
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The Kendrick Proj ect was constructed during the period of 1935 through 

1947. It was originally known as the Casper-Alcova Project, but was renamed 

in 1937. The project lands are located in Natrona County in central 

Wyoming. Water is delivered to the project lands by the Casper Canal which 

diverts from Alcova Reservoir. The maximum reservoir ownership capacity of 

the Kendrick Project is 1,206,220 acre feet. 

The Glendo Unit Project was constructed during the period 1955 through 

1961 as part of the Pick-Sloan Missouri Basin Program. The North Platte 

Decree provides that the maximum Glendo Unit ownership shall never exceed 

100,000 acre-feet carryover storage plus evaporation nor is it allowed to 

accrue more than 40,000 acre-feet of natural flow in anyone year. 

A full description of the operation of the NPRMM can be found in the 

following documents: 

1. Wei, Tsong Chang, 1977, North Platte River Operational Options 
Study With or Without Enlarged Seminoe Reservoir Using a 
Simulation Model, Wyoming Water Resources Research Institute, 
Laramie, Wyoming. 

2. Akerbergs, Michael, 1981, Final Report - North Platte River 
Management Model Revision, Wyoming Water Resources Research 
Institute, Laramie, Wyoming. 

3. Akerbergs, Michael, 1981, User f s Manual - North Platte River 
Management Model, Wyoming Water Resources Research Institute, 
Laramie, Wyoming. 

4. Western Water Consultants,' Inc., 1984, Evaluation of the North 
Platte River Management Model, Laramie, Wyoming. 

The NPRMM, as revised by Western Water Consultants, Inc. (1984) and with 

further modification to provide for full Glendo Unit demands, is termed the 

"base model If • The effects of enlarging Seminoe Reservoir and importing water 

to the North Platte River basin are indicated by comparison with the base 

model. 

In the Akerbergs (1981) model the Glendo Unit demands were based upon 

historical records with the maximum demand of record being about 20,000 

acre-feet. For purposes of this study the maximum annual Glendo Unit demand 

was set at 40,000 acre-feet, the maximum permitted by the North Platte River 

Decree. Each year the amount of water accrued to the Glendo Unit Project (up 
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to 40,000 AF) is removed from the system. This constraint on the system is 

the most demanding scenario as no carryover storage is allowed to accrue. 

The period of record used in the North Platte River Management Model is 

1928-1983. The period of record was modified to 1940-1982 for analyses of 

the importation of Little Snake River water, as this was the period of record 

used to determine possible yields of imported water. 

Computer Management Model Modifications 

One purpose of the Little Snake River Water Management study was to 

determine how the importation of water from the Little Snake River basin 

might impact the North Platte River basin. In particular, the study was to 

determine if projected municipal needs within the North Platte River system 

might be met with the development of new water supplies imported from the 

Little Snake River Basin. The water imported would need to be regulated for 

timely delivery to the municipalities. In order to evaluate the impacts of 

this operation, the NPRMM was utilized. 

Required modifications to the NPRMM were identified when a computer test 

run was performed using an arbitrary volume of water, 10,000 acre-feet, 

imported from the Little Snake River basin in each of the months July, 

August, and September of each year (WWC, 1984). The results of the operation 

of the model showed that the majority of the imported water was passed 

through the North Platte River system and entered Nebraska. It was 

determined that a new accounting algorithm would need to be incorporated into 

the NPRMM to track the imported water. 

Development of a New Accounting System 

The two sources of water available for development to meet projected 

demands within the North Platte River Basin for the purposes of this study 

are importation of Little Snake River Basin water and development of existing 

water supplies within the North Platte River Basin. The development of 

existing supplies of North Platte River water was incorporated into the NPRMM 

in the manner discussed below. 
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The base run of the NPRMM identifies water that is "excess-to-ownership" 

or simply_ river water. This water is the amount that could potentially be 

stored in another account, if sufficient reservoir capacity were available. 

It is important to determine where in the system this "excess-to-ownership" 

water is available. 

The natural inflow to various sections of the North Platte River system 

has been historically calculated by the USBR. These inflows are called 

"reach gains." All reach gains are computed from streamflow records from 

gaging stations located above and below each reach. 

input the following reach gains: 

The NPRMM uses as 

1. Seminoe Reservoir inflow which is the sum of the flows of the North 
Platte and Medicine Bow Rivers above the reservoir. 

2. Kortes-Pathfinder Reservoir reach gain. 

3. Alcova-Glendo Reservoir reach gain. 

4. Glendo-Guernsey Reservoir reach gain. 

5. Whalen Dam-State Line reach gain. 

The model uses these gains to determine accruals to ownerships and 

reservoirs. If any water is left over after the ownerships are satisfied, 

this water is termed "excess-to-ownership". The "excess-to-ownership" water 

could occur in any of the stream reaches listed above. The ownerships that 

are entitled to natural flow in the North Platte River are, in order of 

priority: 

1. Five Ditch demand which includes the .following ditches: 
a. Tri-State 
b. Mitchell 
c. Gering 
d. French 
e. Ramshorn 

2. North Platte Project Direct Flow 

3. North Platte Project - Pathfinder Ownership 

4. North Platte Project - Guernsey Ownership 

5. Kendrick Project 

6. Glendo Unit Project 

7. Excess-to-Ownership 
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The new account created, Municipal Ownership, would have priority number 7 

ahead of Excess-to-Ownership, which then becomes priority number 8. 

Having established the new account, the following scheme is used to 

determine where the "excess-to-ownership" water is available in the system: 

1. The Five Ditch demand is first satisfied from the Whalen-State line 
reach gain. If this gain is insufficient to satisfy the Five 
Ditches, the model moves upstream to the Glendo-Guernsey reach 
gain. This procedure is followed upstream (Alcova-Glendo; 
Kortes - Pathfinder; and Seminoe inflow) until the demand is 
satisfied. 

2. The North Platte Proj ect Direct Flow also starts at the Whalen
State Line reach gain and proceeds upstream. 

3. Pathfinder ownership obtains its water first from the Kortes
Pathfinder reach gain, if available, and then from Seminoe inflow. 

4. Guernsey ownership starts first at the Glendo-Guernsey reach gain 
and proceeds upstream. 

5. The Kendrick Project starts at the Kartes-Pathfinder reach gain and 
then to Seminoe inflow. 

6. The Glendo Unit Project starts with the Alcova-Glendo reach gain 
and proceeds upstream. 

By following this procedure, it is possible to determine how much of the 

"excess-to-ownership" water, now priority number 8, occurs as inflow to 

Seminoe Reservoir. Actual system-wide "excess-to-ownership" values were 

obtained from the USBR Annual Operating Plans (AOP) and compared to system-

wide "excess-to-ownership" computed by the base model. 

actual values compare favorably with calculated values. 

The results show 

The importation of water from the Little Snake River Basin is handled as 

an additional inflow to Seminoe Reservoir and is separate from any other 

inflow to the Reservoir. The new Municipal Ownership account was operated as 

a separate reservoir operation subroutine. The municipal account 

end-of-month storage is equal to the previous month end-of-month storage plus 

the "excess-to-ownership" inflow to Seminoe Reservoir plus the imported water 

from the Little Snake River Basin minus the releases and evaporation. 

Evaporation is calculated for the average storage within each reservoir used 

by the Municipal account during a particular month. To obtain the 

evaporation charged to the Municipal account, the "base model" evaporation is 

subtracted from the total evaporation. 
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The Municipal Ownership accounting subroutine first tries to satisfy 

municipal demands, (which are discussed in a later section), from the new 

account. If insufficient water is available to meet the municipal demand, a 

shortage exists and is identified as such. If imported water exceeds the 

demand, the excess water is stored. The model first tries to store this 

excess water in Seminoe Reservoir, then if necessary in Pathfinder Reservoir, 

and finally Glendo Reservoir. Storage in either Alcova or Guernsey 

Reservoirs was not considered, since these reservoirs are operated under a 

firm rule curve. 

The same type of procedure is followed if the new account is displaced 

by the filling of the reservoirs. For example, if the new account shows 

ownership in Seminoe Reservoir in May and the base model shows Seminoe 

Reservoir fills in June, the new account is displaced and spilled downstream. 

If a municipal shortage exists and the new account shows ownership for 

the municipalities, then water is released from storage. 

from Gle~do Reservoir, if water exists in ownership, 

Reservoir and finally Seminoe Reservoir. 

Demands on New Ownership 

Release is first 

then Pathfinder 

The primary potential users of imported water to the North Platte River 

Basin are the municipalities in the basin. The demands for the Laramie River 

Basin and South Platte River Basin were not included for the reasons 

described in the Little Snake Technical Summary Report. Preliminary 

municipal demands for the North Platte River Basin were provided by Black and 

Veatch (1984). The maximum demand (36,500 acre-feet in the year 2030) Case 

l-RF was incorporated into the NPRMM. The annual demands were distributed 

monthly by evaluating the preliminary demands prepared by Black and Veatch. 

The monthly distribution used is shown in Table A-I. 

A-8 STONE Be WEBSTER A 



TABLE A-l 

Estimate of Water Demand Schedule 
for Municipalities with in the North Platte River Basin. 

Percent of Annual Demand 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Casper 5.4 4.6 5.0 6.2 7.4 12.0 17.0 14.2 11.0 6.5 5.1 5.6 

Mills ... Wardwell 7.5 6.1 5.3 5.4 8.0 9.6 14.1 13.5 10.4 7.4 6.0 6.6 

Cheyenne 6.0 5.5 5.8 7.0 8.4 10.7 14.3 11.9 10.6 7.5 6.1 6.2 ----
Average 6.3 5.4 5.4 6.2 7.9 10.8 15.1 13.2 10.7 7.2 5.7 6.1 

Note: Numbers are preliminary and were based upon information supplied by 
Black and Veatch (1984). 
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Conveyance Losses 

Conveyance losses were incorporated into the new accounting algorithm 

for model studies using imported water. The conveyance loss for the imported 

water from Overland Crossing to Seminoe Reservoir was assumed to be four 

percent of the total inflow. A loss of one percent was assumed for the 

Seminoe to Alcova reach. A general "rule-of-thumb" for the conveyance loss 

in the Alcova-Glendo reach for non-irrigation months is two percent of the 

total flow. This value was used in the model and was prorated depending on 

which community was receiving water. A value of three percent was used for 

the Glendo to Torrington reach of the river. Torrington is the furthest 

downstream municipality requiring water from the project. Due to the small 

value of the demands of Hartville, Fort Laramie, and Lingle the demands for 

these communities were included with Torrington's demand. 
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MODEL STUDIES 

In order to define the impacts of importing water to the North Platte 

River Basin, four cases were evaluated: 

1. Maximize the utilization of existing North Platte River water 
supplies by: 

a. Enlarging Seminoe Reservoir, and 

b. Ownership accounting 
facilities. 

within North Platte River storage 

2. a. Import water to the North Platte River Basin and provide 
additional storage in Seminoe Reservoir. 

b. Import water to the North Platte River Basin, but provide no 
new storage in the North Platte River. 

Case la: Assessment of Enlarging Seminoe Reservoir 

Background 

An initial investigation was made to determine the yield which might 

be made available using the water supply currently available in the North 

Platte River basin by raising Seminoe Dam 17 feet. The enlargement of 

Seminoe Dam by 17 feet corresponds to an increase in reservoir capacity of 

389,500 acre-feet. 

In the past decade, there have been several water years of high runoff 

in which large volumes of "excess-to-ownership" water (unappropriated water) 

have passed through the system. It has been widely expressed that an option 

for storing this "excess-to-ownership" water would be the enlargement of 

Seminoe Reservoir. 

The enlargement of Seminoe Reservoir was originally studied using the 

North Platte River Management Model (Wei, 1977). In 1979, the USBR published 

a document entitled "Concluding Report Seminoe Dam Modification". The 

investigation examined the economic justification for the structural 

enlargement of Seminoe Reservoir. 

The findings and conclusions reached from the study of Seminoe Dam 

enlargement include (USBR 1979): 

1. Hydrology and operation studies determined that no additional firm 
water supplies would result from the enlargement of Seminoe Dam and 
Reservoir. Therefore, Seminoe Reservoir enlargement for meeting 
downstream irrigation, municipal, and industrial needs cannot be 
justified. This conclusion was based upon the Wei study performed 
in 1977. 
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2. Enlargement of Seminoe Dam for exclusive flood control cannot be 
economically justified. 

In addition, it was determined that the Seminoe enlargement would 

reduce system power production by an average of about two million 

kilowatt-hours annually (Wei, 1977). 

It was determined that Wei's study (1977) had an inconsistency in 

procedure for assessing the effects of an enlargement. The North Platte 

River Management Model contains two accounting procedures. The first is an 

accounting of the end-of-month content of the reservoirs. The second is an 

accounting of the end-of-month ownerships for each project (North Platte, 

Kendrick, and Glendo Unit). At the end of each month, the model checks to 

see that the sum of the end-of-month reservoir contents equals the sum of the 

end-of-month ownerships. If the two do not match, the model adjusts the 

higher of the two values to match the lower value. 

In the Wei study, the capacity of Seminoe Reservoir was increased from 

1,017,280 acre-feet to 1,406,780 acre-feet. The maximum project ownership 

value was not increased accordingly, making the ownership capacity the 

constraint on the maximum amount of water that could be stored in the 

system. The model erroneously predicted no additional water could be 

obtained from an enlargement of Seminoe Dam. 

A review of the computer printouts generated during the Wei (1977) study 

showed that generaliy there was an increase in water stored in the new 

available storage in Seminoe Reservoir. However, there was a corresponding 

decrease in the water stored within Pathfinder Reservoir. This "transfer" of 

water is due to the model criterion requiring water to be stored in the 

furthest upstream reservoir. 

Based on the operation of the system with an increased storage capacity 

in Seminoe Reservoir there was a net decrease in power produced. A decrease 

in power production caused by making additional storage available also 

appears to be inconsistent. 
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Study Results 

The model with the new municipal ownership accounting system was run 

with various demands until a firm yield was obtained. Firm yield for this 

study is defined as the yield that can be obtained from the enlarged Seminoe 

Reservoir without any shortages. The firm annual yield was found to be 

approximately 8,400 acre-feet. A demand of 9,600 acre-feet per year produced 

shortages in 1970 to 1971. These shortages were about 4,000 acre-feet. 

These yields do not recognize the carriage losses in delivering the water to 

the point of use because the beneficiaries of the' yield are not defined at 

this time. 

Case lb: Storage of North Platte River 

Excess-to-Ownership Water in Existing 

North Platte River Reservoirs 

This operation study was made to determine if sufficient capacity exists 

in the current reservoirs on the North Platte River to store 

"excess-to-ownership" water by assigning a new municipal ownership account. 

The new ownership accounting procedure was used in this evaluation. 

The results show that no additional firm yield can be achieved with this 

operation. The reason for this is that "excess-to-ownership" water occurs in 

high runoff years. Generally, in high runoff years the existing reservoirs 

are at or near capacity, which displaces any water that may have accrued in 

the new account. 

Case 2a: Imp~rtation of Water to the North Platte River Basin 

with Enlargement of Seminoe Reservoir 

Utilize Excess-to-Ownership Water in an Enlarged Seminoe Reservoir and 

Existing Pathfinder and Glendo Reservoirs 

This operation study assumed the importation of Little Snake River Water 

and provided for storage in an enlarged Seminoe Reservoir. Results show that 

no shortages in the 36,500 acre-foot maximum annual projected demand (Case 

1RF) are experienced (items 1 and 2). 
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Case 2b: Importation of Water to the North Platte River Basin 

with No New Storage 

Without Utilization of North Platte River Water 

Two sets of inflows from the Little Snake River were evaluated 

including: 

1. Fish Creek Reservoir and Collector System with no storage for Little 
Snake basin use. 

2. Fish Creek Reservoir and Collector System with 10,000 acre-feet of 
in-basin storage for Savery Creek. 

Inflows from the collector systems are recognized as additional inflow 

to Seminoe Reservoir within the NPRMM and are accounted for separately from 

the "base model" flows. The year 2030 projected municipal demand of 36,500 

AF/year within the North Platte River Basin was used (BV, 1984). 

The results show that for the Fish Creek Collector system with no Little 

Snake basin storage (item 1 above) sufficient capacity currently exists in 

Seminoe, Pathfinder, and Glendo Reservoirs to permit acceptance of scheduled 

monthly releases of the imported water to satisfy the projected municipal 

demands. 

The firm inflows to the North Platte River basin from the Fish Creek 

Collector system with 10,000 acre-feet allocated for use on Savery Creek 

(item 2 above) would not meet the projected annual municipal demand of 36,500 

acre-feet. 

With Utilization of North Platte River Water 

Results of this study show that no shortages exist when the Fish Creek 

Collector system is used to meet North Platte River demands (item 1) as the 

36,500 acre-foot demand can be met in all years (1940-1982). Eight ,years of 

shortage would exist under the plan to utilize Fish Creek Reservoir to supply 

both Savery Creek and the North Platte River basin (item 2). 

A-14 STONE Be WEBSTER A 



SUMMARY AND CONCLUSIONS 

The NPRMM has been modified to recognize the need to provide a municipal 

ownership account for the municipalities in the North Platte River Basin. 

With the new ownership account, a firm yield of 8,400 acre-feet per year 

would be available with a 17-foot height increase in the Seminoe dam 

providing an additional 389,500 acre-feet of storage (Case la). A yield of 

9,600 acre-feet per year was found with only two out of 56 years experiencing 

shortages. 

Storing North Platte River "excess-to-ownership" water in the existing 

reservoirs along the North Platte River rather than in an enlarged Seminoe 

Reservoir provided no firm yield (Case Ib). 

An enlargement of Seminoe Reservoir is not necessary to re-regulate the 

flow of water imported to the North Platte River basin (Case 2a). However, 

the enlargement would make possible the maximum utilization of the total 

water resources of the system. 

Sufficient capacity was found to be present in the existing reservoirs 

in the North Platte River system to accommodate the importation of Little 

Snake River Basin water from the Fish Creek Collector system (Case 2b). This 

assumes that releases from Fish Creek Reservoir will be made monthly on the 

demand schedule identified by Black and Veatch (1984). 

Undoubtedly, a joint operation of Fish Creek Reservoir with the North 

Platte system could provide a larger assured water supply to the North Platte 

River basin. 
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RECOMMENDATIONS 

The NPRMM provided a useful tool for evaluating the impacts of importing 

water into the North Platte River Basin from the Little Snake River Basin. 

For this report, the results obtained from the model are sufficient. 

However, it is recommended that for future detailed planning the following be 

considered: 

1. The model needs refinement to include procedures to recognize the 

options as to where and when water will be imported to the North Platte 

River Basin from Fish Creek reservoir. In addition, the points of 

diversion for use need to be defined and the quantity and timing of such 

diversion included. Of importance to the effort is a need to 

re-evaluate and possibly refine the estimate and procedures for 

estimating conveyance losses to be assigned imported water from the 

point of its delivery into the North Platte system to its point of 

diversion. 

2. The model needs revision and refinement as to procedures for computing 

carriage losses in the river below Guernsey Dam. As the model now 

exists, the losses are handled in several subroutines and a single 

subroutine should be utilized. 

3. In its present condition, the model recognizes the demands of private 

ditches below Whalen, and sets the demand and supply at a constant 

49,000 acre-feet per year from natural flow. In actuality, the canals 

usually obtain about one-half of their supply from storage. To reflect 

this storage operation on the North Platte River, the model should be 

revised to more accurately account for the private lands below Whalen 

Diversion Dam. 
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4. As a result of work funded by the Water Development Commission in 1984, 

there are two versions of the NPRMM, one developed by Western Water 

Consultants and one by Boyle Engineering for the Deer Creek project. 

The two versions need to be incorporated into one operating model and a 

single users manual with documentation prepared. 

5. The proposed exchange of water between the Casper Alcova Irrigation 

District and the City of Casper should be incorporated into the model. 

6. Difficulties have been experienced in using or modifying the NPRMM. 

This is due to the large number of statements in the model and the lack 

of definition of the subroutines. 

several operations and another 

That is, a single subroutine contains 

subroutine will repeat essentially the 

same functions. Thus, a change in one subroutine causes severe problems 

in the model. The Bureau of Reclamation agrees that a new model is 

desirable. 

7. Since the State of Wyoming has major interests in the actual operation 

of the North Platte River and the current and future utilization of 

Wyoming's share of North Platte water, and since the WWDC is involved in 

the planning and development of projects such as the Little Snake 

Diversion that will be evaluated through the use of such a computerized 

river model, it is recommended that WWDC initiate this effort to insure 

relability as a planning tool. 
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