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INTRODUCTION 

The Fish Creek Collection System is a multi-purpose water supply system 

which is intended to utilize a portion of Wyoming's entitlement to water in 

the Little Snake River Basin under the provisions of the Upper Colorado 

River Basin Compact of 1948 (W. S. 41-42-401). Article XI of the Compact 

apportions water of the Little Snake River between Colorado and Wyoming. 

The project is located in south central Wyoming in Carbon County (See 

Figure 1-1.). The project will collect water from the west facing mountain 

slope of the Sierra Madre Range and transport it north by gravity pipeline 

to a storage reservoir on the North Fork of Savery Creek near the 

Continental Divide. From the storage reservoir, water will be gradually 

released across the Continental Divide via tunnel and pipeline to the North 

Platte River near Overland Crossing, slightly north of Saratoga. 

This Interim Concept Design report presents the development of the 

trans-basin diversion scheme which has taken place during 1985 and 1986. 

Because of its location in large part within a controlled forest area and 

because by its nature its intimate involvement with every water course and 

every stream within the project boundaries, environmental concerns and 

impacts will play an important part in the ultimate development of the 

project. This report presents a proposed development scheme which can be 

used to address the impacts resulting from these concerns. Continued study 

and development will need to be carried out by the Wyoming Water 

Development Commission in concert with involved federal and state public 

agencies, with emphasis placed on needs, benefits and costs of the project 

before a Final Concept Design can be completed. 

A. PROJECT AUTHORIZATION 

The Wyoming Legislature in its 1985 Session authorized the Wyoming Water 

Development Commission to conduct a Level III Phase I Concept Design of the 

Fish Creek Collection System Project. The project as outlined by House 

Bill 245 required an Interim Phase I Concept Design Report be provided to 
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the WWDC by November 1, 1986. A final report, which is to cover 

consideration of the necessary activities associated with the Environmental 

Impact Statement, is to be provided to WWDC By November 1, 1989. 

Stone and Webster Engineering Corporation (SWEC) in contract with the WWDC 

for Engineering services dated April 15, 1985, was commissioned to conduct 

the required Level III Phase I activities. SWEC retained the firms of 

Western Water Consultants Inc. (WC) of Laramie, Wyoming and Robert Jack 

Smith and Associates (RJS) of Rawlins, Wyoming to collaborate in this study 

work. 

The first task of the 1985 study work was to evaluate the impacts on the 

Collector System yields based upon preliminary reports by the Wyoming Game 

and Fish (WGF) and U. S. Forest Service (USFS). Once assessment of the 

potential ramifications of the WGF and USFS reports were completed, WWDC 

conducted coordination meetings to clarify issues and determine a 

reasonable process for estimating potential water yields from the collector 

area. Following this activity, the development of project features was 

initiated. 

This Interim Phase I Concept Design Report presents the findings and 

results of the studies to date, considering anticipated requirements of the 

WGF and USFS on available water yields and preliminary conceptual designs 

for the various project features. 

B. PROJECT HISTORY 

Development of the Little Snake River basin water for use in the North 

Platte River basin has been the responsibility of the WWDC since its 

creation by the Legislature in 1979. During earlier 1984 SWEC studies 

under the direction of the WWDC, the Fish Creek Collection System was 

identified as the preferred solution to the trans-basin diversion component 

of the Little Snake River Water Management Project (LSRWMP). 
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Diversion and storage of the Little Snake River waters has been considered 

during planning and development of Stages I, II and III of the Cheyenne 

Water Project dating back to mid-century. The proposed Fish Creek 

Collection System represents the conceptual development of the Stage III 

waters which have now been vested with the WWDC. 

A summary of project history as a part of the Wyoming Water Planning 

Program Legis lation was included in the November 1984 Technical Summary 

Report on the LSRWMP by Stone and Webster Engineering Corp. (SWEC). 

Briefly summarized, the outline of the WWDC involvement in the Fish Creek 

Collection System since 1979 is as follows: 

1979 Session of Wyoming Legislature 

1. The Wyoming Water Development Commission (WWDC) was formed. 

2. Stage III of the Cheyenne Water Project was authorized as 

the Little Snake River Water Management Project (LSRWMP). 

3. The Governor's Interdepartmental Water Conference (IDWC) was 

directed to coordinate and prepare a report on water needs 

in 8 counties and all other uses of municipal water from the 

North Platte and its tributaries, and to determine the 

feasibility of collecting and transporting water from the 

Little Snake into the North Platte River. A reservoir on 

Savery Creek was to be included as a part of the Stage III 

plans. 

1980 Session of Wyoming Legislature 

1. WWDC was directed to prepare a feasibility study, 

preliminary engineering plans and draft legislation for the 

1981 session for Stage III of the LSRWMP. 

2. The WWDC was directed to study an in-basin reservoir of at 

least 3000 acre feet capacity above the confluence of Savery 

Creek with the Little Snake River. 
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1981 Session of Wyoming Legislature 

1. An appropriation of $5,000,000 was provided to WWDC to 

develop final plans and specifications for the Stage III 

Project. Trans-basin diversion facilities were identified 

as well as an in-basin storage facility at Upper Savery 

Reservoir. 

1982 Session of Wyoming Legislature 

1. The WWDC was provided $20,000,000 from the Water Development 

Account for the LSRWMP. 

2. Specific components of the project to be considered included 

an in-basin dam and reservoir on the upper reaches of Savery 

Creek as a collector and conveyance system via Sage Creek, 

or a Three Forks Reservoir with trans-basin diversion from a 

pumping plant at Baggs. An enlargement of the Seminoe Dam 

Reservoir by raising the dam height 17 feet was also to be 

considered. 

3. An alternative development plan was to be selected by WWDC 

after project impacts on the hydrological, environmental, 

geological, institutional and economic communities were 

evaluated. 

4. A final Level III report was due in 1985. 

1984 Session of Wyoming Legislature 

1. Groundwater was excluded from consideration as a source of 

supply in the Stage III program. 

2. At least 10,000 acre feet of storage was to be provided for 

use in the Savery Creek drainage; and 50,000 acre feet of 

storage for use in the Little Snake River drainage. 

3. A report to the 1985 Session by WWDC was to recommend 

project configuration, construction costs and a schedule for 

implementing the project. 

4. A report on water needs and an ability to pay was to be 

contracted to the North Platte Joint Powers Board by WWDC. 
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1985 Session of Wyoming Legislature 

1. As a part of the LSRWMP, the Fish Creek Collection System 

was authorized as the trans-basin diversion portion with a 

five year development and permitting schedule. A final 

report was scheduled to be presented to the 1990 Session of 

the Legislature. 

2. The Sandstone Dam project, as the in-basin storage reservoir 

on Savery Creek, was to proceed under WWDC direction, 

developing a concept design during 1985 and Environmental 

Impact Statement (EIS) permitting in 1986. 

C. 1985 WORK SCOPE 

The WWDC contract with SWEC for Level III Phase I Concept Design of the 

Fish Creek Collection System project included a scope of work with thirteen 

individual tasks. They are identified as follows: 

II-A! 

II-BB 

II-CC 

II-DD 

II-EE 

II-FF 

II-GG 

II-HH 

II-JJ 

II-KK 

II-LL 

II-MM 

II-NN 

Collection Systems Yields 

Site Access 

Topographic Mapping and Surveying 

Geotechnical Investigations 

Stream Flow, Water Quality, Weather and Snow Course Data 

Reservoir Operation and Sedimentation Studies 

Flood Analysis and Flood Routings 

Conceptual Des ign 

North Platte River Studies 

Permitting and Land Acquisition 

Environmental Impact Statement Assistance 

Monthly and Special Meet ings 

Reports 
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The contract calls for two major reports to be provided to the WWDC. An 

Interim Concept Design Report due in November 1986 and a Final Concept 

Design Report in November 1989. The Interim Report will be the basis for 

embarking on the formal EIS process. 

Task II-JJ included as a part of this contract, covers the development of a 

computer model for the North Platte River. This work is described in a 

separate three volume document submitted to the WWDC. 
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II PROJECT COMPONENTS 

A. GENERAL 

The Fish Creek Collection System is a trans-basin development scheme which 

will allow water from the Little Snake River Basin in Carbon County, 

Wyoming to be collected, stored, transported, and finally released into the 

North Platte River in the vicinity of Overland Crossing, just north of 

Saratoga. 

The basic elements of the scheme are threefold: a collector, a storage 

reservoir, and a transmission system. These three elements are briefly 

described below, and shown on Figure II-I. 

1 • Collector System 

The collector is comprised of a series of instream and side hill collector 

facilities which will be sized and designed to collect portions of the 

available water from their respective contributing drainage areas, as well 

as by-passing water for instream fishery flows, flushing and channel 

maintenance flows. The various collectors direct the divertable flows from 

the collector area into a pipeline which will convey the water by gravity 

to the Fish Creek Reservoir. 

2. Fish Creek Dam and Reservoir 

The proposed Fish Creek Dam is located on the North Fork of Savery Creek 

just downstream of the confluence of Fish Creek and the North Fork Savery 

Creek. The road between Rawlins and the Encampment Highway (Wyoming Route 

71) crosses the North Fork Savery Creek just upstream of the confluence. 

The reservoir formed by the dam will store the water from the collector for 

gradual year round release to the North Platte Drainage. A conservation 

pool will be maintained below the reservoir live storage used for 

trans-basin diversion, and natural flows into Savery Creek will be released 

through the low level outlet. An emergency spillway will be provided. 
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3. Transmission System 

In order to deliver the water stored in Fish Creek Reservoir to the North 

Platte River system, a pipeline will pass through a tunnel beneath the 

Continental Divide and then follow Trapper Creek and Sage Creek to reach 

the North Platte River in the vicinity of Overland Crossing. The possible 

addition of hydropower to the pipeline transmission system has been 

considered. 

B. STUDY DATA 

Available topographic data in the vicinity of the project features was 

generally limited to forty foot contour intervals from USGS 1: 24000 scale 

7-1/2 minute quadrangle sheets. As a part of the Interim Concept Design 

work, new aerial topographic maps were developed for the Fish Creek Dam and 

Reservoir at 2 foot and 5-foot contour intervals, respectively. Since 

access to the Medicine Bow National Forest is limited essentially to 

recreational activities, and tree cover precludes the accurate description 

of ground elevations regardless of the quality of aerial photography, it 

was determined that orthophotos with an overlay of USGS topographic 

information would be the best level of data available for this phase of 

study. Since the transmission system from Fish Creek Reservoir to the 

North Platte River is by buried pipeline, it was felt that orthophotos with 

USGS topography would also suffice for this level of study. 

The WWDC requested that the Interim Conceptual Design for the Dam and 

Transmission System be consistent with that of the Collector System. This 

was due to the limited accuracy of topographic data for the collector area, 

and the estimates of water yields which might be expected with various 

alignment alternatives, given the U. S. Forest Service (USFS) and Wyoming 

Game & Fish (WGF) flow considerations and hydraulic constraints of intakes 

and t·he collector pipeline. Consequently, no geotechnical exploratory 

program at the dam site was included in this study phase. This eliminated 

the need for access agreements for exploratory field work, and only limited 

survey, geologic mapping and visual reconnaissance was necessary. 
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III REGIONAL CONDITIONS 

A. GEOLOGY 

This section summarizes 

geologic conditions of 

geology is illustrated 

included in Appendix I.a. 

1 . Physiography 

the physiographic, stratigraphic 

the region surrounding the site. 

on Figure III-I. A more detailed 

and structural 

The regional 

discussion is 

The project lies in the Southern Rocky Mountain province and a transitional 

area between the Southern Rocky Mountains and the Wyoming Bas in province. 

The Fish Creek Dam site is located in a transitional area between two major 

physiographic provinces, the Wyoming Basins province to the west of the 

site and the Southern Rocky Mountain province to the east and south. In 

the immediate vicinity of the project, the Wyoming Basins province includes 

the Washakie Basin, which lies to the west of the site, the Sand Wash 

Basin to the south in Colorado, and the Great Divide Basin/Red Desert area 

to the north and northwest. These are structural as well as physiographic 

basins. The Southern Rocky Mountain province is represented by the Sierra 

Madre mountain range, the bulk of which lies east and south. Nearly the 

entire length of the collector system is in the far western flank of the 

Sierra Madre range. Only the northerly two miles are in the transitional 

area. The tunnel and pipeline, like the Fish Creek Dam site, may be 

considered in a transitional area between the Southern Rocky Mountain 

province and basin provinces to the north. 

The Sierra Madre range contains landforms typical of Alpine-type mountain 

terrane. The continental divide passes through this range and the rugged 

mountain landforms give way westward to dissected pediments, which in turn 

blend into the subdued topography of the basin areas. Basin areas are 

characterized by slightly to moderately dissected pediments; broad, usually 

ephemeral, braided drainage courses, and occasional small but rugged hills 
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of bedrock. Elevations range from 11,000 ± feet at summits in the Sierra 

Madre mountains to about 6,000 feet in the basin terrain. Incised drainage 

patterns are generally to the southwest and west in the vicinity of the 

collector system and the Fish Creek Dam site. Drainage in the area of the 

pipeline is to the east-northeast. 

2. Stratigraphy 

The bedrock 

subdivisions: 

Sage Creek 

of the site region can be grouped into two general 

1) the sedimentary deposits of the Little Snake River and 

drainage areas, and 2) the Precambrian igneous and 

metasedimentary rocks of the Sierra Madre range. 

The sedimentary rock formations above the Precambrian rock in the basin 

areas consist of sandstones, shales (siltstones and claystones are included 

in this category), mudstones, and occasional marlstones. Thin, highly 

carbonaceous shale to sub-bituminous coal deposits occur, particularly 

within formations of Cretaceous age. The sedimentary rock formations range 

up to 16,000± feet in thickness near Baggs, Wyoming, about 27 miles 

southwest of the project site. The age of the sedimentary formations 

varies from Cambrian to Miocene (600 million to 14 million years old). 

The Cretaceous age sedimentary rock formations (78 to 82 million years 

old), recent age deposits, and the metamorphic and igneous rocks of the 

Sierra Madre are of primary interest to the project and are listed below. 

More detail is given in Appendix I. a (Field Reconnaissance, Fish Creek 

Collection System). 

The following list is subdivided by major project components and formations 

are listed in increasing geologic age, except for the pipeline: 

Collector System 

• Recent and Quaternary colluvial and alluvial deposits includes 

slopewash, talus, boulder trains, and stream sands and gravels with 

occasional bog-type silts and clays. 
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• 

• 

• 

Pliocene North Park Formation primarily calcareous sandstone. 

Occurs in limited areas near the north (discharge) end of the system. 

Miocene Browns Park Formation - primarily conglomerate with siltstone 

and sandstone. Occurs sporadically along the last (northerly) 

9 miles of the system. 

Precambrian Sierra Madre Complex - a variety of undivided igneous and 

metasedimentary rocks, including granite, gneisses, schists, and 

quartzite. Occurs along most of the system. 

Fish Creek Dam and Reservoir 

• Recent and Quaternary colluvial and alluvial deposits - colluvium is 

mostly silt and sand, and is typically very thin (a few inches to a 

foot). Alluvium is a combination of locally derived material, mostly 

silt and sand, and transported material from the Browns Park 

Formation and the Sierra Madre Complex. Transported alluvial 

materials are most commonly in the coarse sand to cobble size, and 

are composed of erosion-resistant rock types such as quartzite. 

• Pliocene North Park Formation calcareous sandstone with thin 

limestones; underlies the entire dam and reservoir areas. 

Tunnel--Fish Creek Reservoir to Trapper Creek 

• Pliocene North Park Formation calcareous sandstone with thin 

limestones; occupies the entire tunnel alignment. 
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Pipeline 

• 

• 

Recent and Quaternary colluvium and alluvium - colluvium is generally 

thin and occurs on uplands and valley slopes and is composed 

principally of small bedrock fragments, sand, and silt with some 

clay. Significant depths of alluvium are present in the wider 

drainage paths. Alluvium is mostly silts and fine sands, sometimes 

with significant clay content. 

Bedrock units observed along the pipeline, in order from upstream to 

downstream, are: Pliocene North Park Formation; Early Cretaceous 

Cloverly Formation, Thermopolis Shale, and Mowrey Shale; Late 

Cretaceous Frontier Formation, Niobrara Formation, Steele Shale, and 

the Mesa Verde Group. 

3. Structure 

A long geologic history of subsidence and nearly continuous deposition in 

the region came to a close in Late Cretaceous time. The Laramide 

revolution, a major mountain-making geologic disturbance, began during Late 

Cretaceous and ended during Early Tertiary time, elevating western Wyoming 

above sea level. The disturbance and uplift formed the Sierra Madre-Park 

anticline which trends northwest and dips northeastward into the Saratoga 

basin and southwestward into the Little Snake River drainage. The 

collector system is located on the far western flank of the uplift while 

the transmission pipeline traverses around the northern and northeastern 

terminus of the uplift. 

A less dominant structural feature in the region is the Cherokee Ridge 

Anticline approximately 27 miles south of the site. This anticline is 

considered to be a westward extension of the Sierra Madre Mountain uplift 

and extends along the Colorado-Wyoming border to the southeast margin of 

the Washakie Basin. The anticline dips southward into the Sand Wash Basin 

and northward toward the site and is believed to be the east end of a broad 

west-plunging feature. Volcanic material from the Elkhead Mountain events 

have been deposited on, intruded into, and extruded upon the south flank of 

the Cherokee Ridge Anticline. 
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Faults along and near the project alignment may be grouped into three areal 

divisions as follows: 1) N90W to N75W trending Precambrian thrust (reverse) 

faults transecting the collector system pipeline along the west flank of 

the Sierra Madre, 2) minor (1 mile to 3 miles long), high-angle, normal 

faults oriented NE-SW and NW-SE in the area of Fish Creek Dam, reservoir 

and tunnel and, 3) a few minor, high-angle faults oriented generally NW-SE 

and NNE-SSW in the vicinity of the transmission pipeline. Suspected active 

faults occur about 20 miles east of Fish Creek Dam (NW-SE, approximately 4 

miles long) and approximately 13 miles east of Battle Lake at the upstream 

end of the collector system (approximately N60W, up to 15 miles long). 

B. SEISMICITY 

1. General 

The seismicity of the site region was studied to select a design earthquake 

and accompanying acceleration value. The evaluation of the earthquake 

potential is based on tectonic history, primarily that of the Cenezoic era, 

known or suspected active faulting, and the historic earthquake record. 

These topics are discussed in detail in Appendix I.b. 

2. Tectonic History 

The Precambrian era tectonic record is not well defined in the site 

region. Radio-isotope dating of intrusive igneous rock suggest major 

orogenic events approximately 2.7, 1.7 and 1.4 billion years ago. 

The Paleozoic era was one of relative tectonic stability. Virtually all of 

the era is represented by sedimentary rocks deposited in seas of various 

depths. The stability was interrupted by general uplift in the Silurian 

period and localized uplift during the Pennsylvanian epoch. 

The Mesozoic era was characterized by alternating episodes of broad, 

subdued uplift and inundation by shallow, fluctuating seas. The Cretaceous 

period was characterized by repeated and pervasive subsidence, except near 
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the end. In the Late Cretaceous, the crustal deformation episode known as 

the Laramide orogeny began. This lasted well into Cenezoic era, producing 

most of the tectonic features of concern to current seismicity 

considerations. 

The early phases of the Laramide orogeny were followed by a period of 

extensive vulcanism in the southern part of the site region and also 

outside the region. Much of the topography formed during the early 

orogenic deformation was buried by accretion of volcanic debris. Following 

the cessation of vulcanism, a period of uplift involving the entire 

continental interior resulted in uplift of about 5,000 feet in the Rocky 

Mountain region of Wyoming and Colorado. This uplift initiated a period of 

extreme erosion and marked the beginning of formation of most current land 

forms. The uplift also reactivated a number of Early Laramide faults and 

formed new faults. Some of these faults are considered to be potentially 

active at this time. Since detailed studies of Late Quaternary movements 

have not been made for most of these faults, the conservative analytical 

approach taken herein has been to consider them active (capable). 

3. Historical Seismicity 

Reports of seismic events in the region date back to about 1882, although 

reports prior to about 1915 are few . Instrumental data dates from only 

about 1955. Given the short duration of records, the historic seismicity 

is considered only to establish a minimum event level. 

The National Oceanographic and Atmospheric Administration (NOAA) Earthquake 

Data File catalogs only 60 earthquakes in the region (100 miles around the 

site) since 1897. Maximum body wave magnitude (mb) for any event was 4.4; 

Maximum Modified Merca11i (MM) intensity was V (mb 4.1). A plot of 

epicenters of events of 3.0 or greater is shown on Figure 111-2. A larger 

earthquake, mb 5.5, occurred about 115 miles northeast of site. Remote 

events considered include activity along the Wasatch Fault (300 miles) and 

in the Yellowstone area (350 miles). 
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4. Site Considerations 

There are five minor faults mapped near the Fish Creek Dam site, none of 

which are considered active. The nearest potentially active fault is 12 

miles east of the dam site, and is about four miles long. Magnitudes 5.9 

and 5.5 are estimated for the site assuming, respectively, full-length 

rupture and half-length rupture. No attenuation is assumed. The longest 

fault system within the region, the Granite Mountain system could produce 

magnitudes 5.2 to 5.6 at the site after attenuation of magnitude 7.5 to 7.8 

events over 60 miles. Estimates were also made for other smaller but 

closer faults, none of which would exceed magnitude 5.8 at the site, after 

attenuation. 

Remote events of large magnitude are considered probable for the Wasatch 

Fault zone and the Yellowstone area. A maximum probable event em 7.75) on 

the closer (Wasatch) source atenuates to about m 5.0 at the site. The 

Yellowstone area, with a lower maximum probable event (m 6.5) and greater 

distance is not a controlling situation. Other smaller but closer events 

outside the site region, such as the 1984 m 5.5 event near Douglas, are 

also found not to produce controlling effects at the site. 

It should be noted that the u.s. Geological Survey (Thenhaus, et.al, 

1979-80, Circular 898) estimated a maximum magnitude of 6.0 for the site 

region. The Colorado Geological Survey (Kirkham and Rogers, 1981, Bulletin 

43) estimates a maximum of magnitude 5.5-6.5 for the southern portion of 

the site region. Estimates done for this study, as outlines above, also 

show maximum probable effects corresponding to about a magnitude 6.0 event 

with an epicenter at the site. Consequently, a nominal magnitude 6.0 

event, centered on the site, was selected as the maximum probable 

earthquake. This would produce a horizontal peak bedrock acceleration of 

0.3g, which will be utilized in design of all critical project structures. 
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IV. COLLECTOR SYSTEM 

A. GENERAL 

Design of the collector system for the proposed Fish Creek Collection 

System has developed from the Cheyenne Stage I and II Systems. The Stage I 

portion was constructed in the early 1960' s and Stage II is now in the 

final stages of being completed. In the early period of development by the 

WWDC, the Stage III portion, now called the Collector System, was proposed 

to start at the Battle Creek area and flow northward to a tunnel which 

would empty into Jack Creek on the east slope of the divide. This was 

found to be environmentally unacceptable. Two other routes were examined 

by the WWDC studies; a gravity system over the Continental Divide, and a 

gravity system emptying into a reservoir on the west slope of the Divide. 

This last system was originally identified in a 1983 study by Banner 

Associates, Inc. (BAI) for the WWDC entitled "Upper Savery Storage Project 

Hydrology Investigation." In the Technical Summary Report of November 

1984, SWEC presented the collector emptying into the west s lope reservoir 

(Fish Creek Reservoir) as the preferred trans-basin scheme for initial 

development. This scheme adopted a collector alignment based on the BAI 

route. The 1984 collector route is referred to herein as Alignemet SWEC-84. 

It should be kept in mind, that while the Collector System has benefited 

from the construction and design experience of the Stage I and II 

developments, the topographic data from the 40 feet contours of the USGS 

quadrangle maps is quite approximate. Ground survey will be required to 

establish a reasonably accurate collector alignment which can be referenced 

to points on the ground surface. This survey work in the Medicine Bow 

National Forest must await approval for this action from the U. S. Forest 

Service (USFS). General agreement with USFS as to the scope and intent of 

the Fish Creek Collection System will be necessary prior to obtaining 

authorization to do detailed surveying. 
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As discussed later in Section IV-D, Hydrology, the first step in this study 

phase of the Fish Creek Collection System was to reevaluate the collector 

yields. Once that analysis identified that adequate water yield could be 

expected from such a collection system, the WWDC authorized the initiation 

of the preliminary conceptual design. 

B. ALTERNATIVE ALIGNMENTS 

The drainage for the collector system is shown on Figure IV-l. Various 

factors have been considered during the present study effort to refine the 

collector pipeline alignment, including water yield, pipeline length, pipe 

sizes, and environmental impacts. 

Analysis of the collector alignment began with consideration of the 

previous ly defined Alignment SWEC-84 which is shown on Figure IV-l. This 

alignment includes a short, steep section downstream of Deep Creek. Also 

the alignment is difficult because of steep, rugged terrain. This is 

particularly true at the rocky promontory about one mile west of Lost Creek 

Campground where a tunnel is probably needed to traverse the area. 

Furthermore, the SWEC-84 alignment is at an elevation which results in a 

routing relatively far up into the drainage basins of Haggarty Creek and 

Big Sandstone Creek in order to stay on grade. 

The basic approach in refining the collector alignment was to locate it at 

a lower elevation. This routes the pipeline through more reasonable 

terrain where side slopes tend to be less steep, particularly in the Battle 

Creek or upstream area. At lower elevations contributing drainage area is 

increased and provides a potentially larger total yield. However, contours 

at lower elevations meander more than at higher elevations and this tends 

to increase the length of the collector pipeline. The objective of 

investigating lower alignments was to determine whether an increased yield 

justified increasing the pipeline length. 
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The evaluation of lower alignments resulted in development of Alignment A 

shown on Figure IV-l. This alignment is about 220 feet lower in elevation 

than the SWEC-84 alignment for the upstream portion from Battle Creek to 

Deep Creek. Even lower alignments were found undesirable for the section 

of the route upstream of Lost Creek Campground because steeper terrain is 

encountered. Downstream of the campground to Deep Creek, alternative 

alignments 300 feet and 380 feet lower in elevation than Alignment SWEC-84 

were considered. However, these adjustments resulted in considerably 

longer pipeline lengths due to the meandering topography encountered and 

these longer lengths increased costs significantly compared to incremental 

gains in water yield. 

Alignment A is lower in elevation than the SWEC-84 alignment in the Battle 

Creek to Sandstone Creek watersheds where approximately 87 percent of the 

total system yield is derived. Thus, increased collector drainage areas 

resulted in beneficial increase in yield. Other adjustments were included 

in Alignment A to improve the route. Inverted siphons were used at Lost 

Creek, Haggarty Creek, Big Sandstone Creek, Dirtyman Fork, East Fork Savery 

Creek, Hatch Creek, Hartt Creek, and Deep Gulch. This significantly 

reduces the main collector pipeline length, while avoiding more difficult 

terrain in side drainage basins. This is particularly beneficial at 

Haggarty and Big Sandstone Creeks where large lengths of main collector 

pipeline can be deleted. Yet, beneficial yields on these two drainages are 

collected using smaller spur lines as shown on Figure IV-l. About 42 

percent of the total system yield is collected with these two spur lines. 

The overall pipeline system profile is shown on Figure IV-2. The lower 

portion of the pipeline downstream of Deep Creek is set at a steeper 

profile than Alignment SWEC-84. This eliminates a short, steep section and 

decreases the required size of pipe. The reduction in pipe size 

significantly lowers costs. 

Alignment A crosses fewer headwater drainages and has fewer instream 

collectors since it is at a lower elevation. Thus, the number of cutthroat 

trout streams to be impacted is less and the potential for 

construction-related instream flow disturbances is less. 
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Figures A.III-I, 2, and 3, in Appendix III provide details of collector 

drainage areas and location of collection points. 

C. GEOLOGY 

The general geology along the collector system is described below for the 

SWEC-84 alignment, which is representative also for Alignment A. A more 

detailed description is included in Appendix I. a and is shown on Figure 

A.I-l through A.I-7 therein. 

The upstream or south end of the collector system begins near Battle Lake 

in the Sierra Madre mountains. The Sierra Madre are composed of 

crystalline igneous and metasedimentary rocks of Precambrian age, including 

granite, gneiss, schist, and quartzite. Rock outcrops are not uncommon, 

but about three-quarters of the alignment is mantled by colluvial soils 

ranging in depth from a few inches to tens of feet. Table IV-I provides an 

estimate of the percentage of various materials exposed at the surface 

along the length of the collector. 

The collector is in the Sierra Madre terrane for about 28.5 miles; the 

remaining 8.5 miles passes in and out of Sierra Madre rocks and rocks of 

the Tertiary age Brown's Park Formation, terminating (about the last 0.5 

mile) in the Tertiary North Park Formation. The Brown's Park is primarily 

a poorly to moderately cemented conglomerate with siltstone and sandstone 

lenses. The North park, in the area of interest, is a poorly to moderately 

cemented calcareous sandstone with sandstones. Both the Browns Park and 

North Park are commonly covered with only a few inches to a few feet of 

colluvium. 

Structure in the Sierra Madre is complex and has not been investigated in 

detail. Several ancient and inactive faults intersect the collector route 

in its southerly portion. Intense folding and minor, inactive faulting is 

probably present throughout the Sierra Madre rocks. The Browns Park is 

essentially flat-lying, widely and irregularly jointed and not known to be 
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Table IV-l 

Estimated Percentages of Surface Materials 
Along Collector System Alignment 

Material 

Shallow Colluvium 
(Less than 10 ft.) 

Deep Colluvium 
(greater than 10 ft.) 

Shallow Alluvium 
(less than 10 ft.) 

Deep Alluvium 
(greater than 10 ft.) 

Talus 

Boulder Train 

Rock 

Possible landslide 

Probable Boggy 
Conditions 

Alignment SWEC-84 
Estimated Percent (1) 

52 

23 

less than 1 

3 

less than 1 

less than 1 

12 

5 

4 

Alignment A 
Estimated Percent 

57 

17 

1 

3 

less than 1 

less than 1 

16 

4 

2 

(1) Percent based on length of each material exposed along approximate 
collector alignment to total length of collector. 
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faulted in the project area. The North park dips very slightly to the 

northeast; it may be considered as flat-lying at project scale. It is 

commonly closely to very closely jointed, both on near vertical 

orientations and on bedding planes. 

Other features, found mostly in the Sierra Madre terrane, include boggy 

areas, potential landslide areas, talus, boulder trains, and alluvium of 

various depths. All of these conditions combined are estimated to account 

for only about 10 to 15 percent of the total length of the collector system. 

D. HYDROLOGY 

This sub-section describes the data and methods used to estimate runoff to 

and yield from the Fish Creek Collector. Based on analysis of gaging data, 

the collector route(s) and concerns expressed by the USFS and the WGF, a 

computer program was written which models the yield of the watershed above 

the collector. Hydraulic constraints imposed by the collector pipeline 

were not considered in this analysis. 

The methodology defined herein for estimating available runoff yield is 

appropriate. However, it should be noted that the analysis is based upon 

bypass flow requirements for minimum instream flows, flushing flows, and 

"no development" status. "No development" represents a WGF request that no 

water be collected at a particular stream area. The present analysis uses 

available information on these factors from USFS and WGF as documented in 

Appendix II.a. But, bypass requirements are subject to further 

consideration and input from the agencies, therefore, current yield 

estimates are not firm. Future definition of bypass requirements could 

alter the final collector system yields. 

1 . Background 

In 1983 BAI studied a collector route which began at Battle Creek and 

terminated some 17 miles to the northwest at the proposed Fish Creek 

Reservoir site. This route included 88 surface water collection points. 
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Thirteen of these collector points were on fishery streams that were 

treated as requiring instream and flushing flow bypasses before collection, 

while the remaining 75 were termed "sidehill tI collectors. These included 

minor drainages with no definable channels as well as streams with presumed 

small significance as fisheries. 

Based on previous Cheyenne Stage II collection system work, BAI provided a 

flushing flow with a 3-day duration and a magnitude equal to the "average 

annual peak daily flow," estimated using unit area runoff techniques and a 

dimensionless runoff hydrograph developed during Stage II hydrologic 

studies. Minimum flows were assumed equal to the lesser of 30 percent of 

the average daily flow (ADF) or the natural flow, provided year round. 

Sidehill collectors were assumed able to yield all their water to the 

collection system except for the months July through October each year when 

all flows were bypassed. These uncollectible flows were termed "blanket 

minimum flows" and were provided for maintenance of riparian habitat. 

In their model, BAI assumed no collection would occur when flows at the 

Little Snake River near Dixon gage dropped below 180 cfs, a prior water 

rights consideration. Haggerty Creek, treated as a sidehill collector 

because of water quality problems, bypassed 14.3 cfs (if available) for 

water rights of the Belvidere ditch after June 15 each year. 

In the computer model of the collector, BAI used a "proportional area" 

method to derive collector flows based on USGS gaging data (measured or 

reconstructed). Yields were estimated on a monthly basis for all months 

except May, June, and July which were modeled on a daily basis. 

When SWEC and WC undertook analyses of the collection system yields, the 

basic premises of the BAI studies were reviewed and generally accepted. 

Specifically, the dimensionless runoff hydrograph, prior rights 

considerations, definition of streams versus sidehill status for 
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collectors, and the general proportional area runoff methodology were 

confirmed and are maintained in the current studies. The current work 

analyzed the yield based on the previous ly identified 88 collector points 

on the SWEC-84 alignment, and from a revised alignment, Alignment A. 

In December 1984 the USFS provided the WWDC with their request for channel 

maintenance flow bypasses for streams to be affected by the Fish Creek 

Collector (Appendix II. a. 1) . The USFS document specifically stated their 

requests were for channel maintenance only and did not include flows for 

any other purpose (such as fisheries). Channel maintenance flows requested 

by the USFS included base flow, rise/recede, and flushing (bankfull) 

components which, in total, provided for a bypass of 53 percent of all 

flows. 

Also in December 1984 WGF personnel provided the WWDC with their request 

for stream flows in the Fish Creek Collector area (Appendix II. a-3). The 

WGF request included an instream fisheries flow of 34 percent of the ADF 

(or the natural flow, whichever is less) for fishery streams and "no 

development" of those streams with populations of Colorado River Cutthroat 

trout. 

In the fall of 1985, field work was undertaken by SWEC and WWC as part of 

the study assessing channel maintenance flow requirements. The field work 

resul ted in part, in revised estimates of the unaltered (virgin) yield to 

the collector system. The revisions were due to: 1) changes made, by the 

USGS in gage drainage areas for the Battle Creek near Encampment, Big 

Sandstone Creek near Savery, and East Fork Savery Creek near Encampment 

streamflow gages, and 2) onsite review of the topographic, vegetative and 

stream channel characteristics of the Fish Creek collector area. 

In December 1985, WGF provided the WWDC with another report in response to 

a WDC request for prioritization of the previously identified "no 

development" streams (Appendix II.a-2). In early 1986, SWEC and WC 

performed several studies to assess the effects of USFS and WGF 

recommendations (Appendix II.a-4). After much discussion and consideration 
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of Agency requests, the WWDC settled on operating criteria which would 

likely be imposed if the system were constructed. These criteria were then 

included in the computer model of the collector system. Specifically, 

these criteria included: 

• For fishery streams, bypass an amount equal to designated 

instream flows as put forth by the WGF, up to a maximum of 50 

percent of the average daily flow. 

• Bypass on fishery streams a 3-day flushing flow equal to the 

USFS determined tlbankfull" flow amount. 

• Prior rights considerations as previously modeled. 

• "No development" or no collection from the 

priority cutthroat streams as set forth by the 

sidehill collectors immediately tributary thereto. 

eight 

WGF 

• Other sidehill collectors to be operated as done by BAI. 

highest 

or from 

The current study has identified a new collector alignment which has 

several advantages over the 1984 alignment. Alignment A, is lower in 

elevation at its uppermost end resulting in larger drainage areas above 

each collector and a correspondingly larger potential yield than SWEC-84. 

Being lower in elevation, the new collector route crosses fewer headwater 

drainages, many of which are cutthroat streams. The number of~ instream 

collectors is less for Alignment A, thus the number of cutthroat streams to 

be impacted is less, and the potential for construction-related instream 

flow problems appears less. From the hydrology perspective, Alignment A is 

the preferred choice for the Fish Creek Collector route. 

2. Runoff Analyses 

Runoff to the collector points was assumed linearly related by drainage 

area ratio to gaged flows at the high-mountain gages. This assumption was 

made primarily because the collector points drain areas very similar in 
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topography, elevation and aspect to that draining to the gage sites. 

Comparison of the runoff per unit area method with runoff estimated from 

snow course data also showed good agreement (SWEC, 1984). 

Recorded streamflow data upon which the runoff analysis is based was 

obtained from the following USGS gages: 

USGS 
Number 

9-2534 

9-2554 

9-2555 

9-2559 

Name 

Battle Creek near 
Encampment 

East Fork Savery 
Creek near 
Encampment 

Savery Creek at 
Upper Station 

Big Sandstone Creek 
near Savery 

Drainage 
Area Period of 

(s9· mi.) Record 

13.0 1956-63; 
1985-present 

5.57 1956-58; 
1985-present 

200.0 1940-44; 
1952-71 

9.85 1956-58; 
1985-present 

The drainage areas presented for 9-2534, 9-2554 and 9-2559 are revised values 

provided by the USGS (the old values being 12.8, 7.91, and 10.3 square miles, 

respectively). Because of the short records for the Big Sandstone and East 

Fork Savery Creek gages, runoff estimates for collectors in these drainages 

are referenced to the Battle Creek and Savery Creek at Upper Station gages, 

which have had their records statistically extended for the entire 1940-1982 

period. By comparing unit runoff values between these gages, and recognizing 

the topographic, vegetational and elevational characteristics of the land 

along the collector route, the following procedures were used to develop 

runoff estimates to the collectors: 

• Runoff occurs at collectors 1-14 at the same unit area rate as 

the Battle Creek gage. 

IV-I0 



• Collectors 15-28, which are in the Big Sandstone Creek drainage, 

are also referenced to the Battle Creek gage, but their unit area 

runoff characteristics are less than unity when compared to the 

Battle Creek gage. On an area basis, summer flows (May-July) are 

66% of those seen at the Battle Creek gage while the rest of the 

year the fraction is 68%. 

• 

• 

Collectors 29-40, in the East Fork Savery Creek drainage, based 

upon data comparison, are computed at 52% of the Battle Creek 

unit area flows in winter and at 35% in summer. 

Collectors 41-52 drain lower, drier and less heavily vegetated 

ground than the rest of the system. Runoff at these points is 

computed at 123% of the unit area gaged flow at the Upper Station 

gage on a year-round basis. 

Sample runoff computations are included in Appendix II-a.5. 

3. Yield Analysis 

Yield of the collector system is computed to be the natural runoff above the 

collector minus bypasses for channel maintenance, fishery and prior rights 

purposes. To compute the effects of these bypasses on the yield of the 

system, a computer model was written to simulate total runoff at the 

collector, bypasses for the various instream needs, and the resulting 

divertible flows. Printouts showing the divertible flows for both collector 

alignments are given in Appendix II-a.6. 

For purposes of computing bypasses, collectors were grouped into one of three 

categories: 1) Fishery - requiring channel maintenance and instream flows; 2) 

Sidehill - requiring blanket bypasses for the months of July-October each 

year; or 3) No Development - bypassing the entire flow as requested by the 

WGF. The status of each collector along SWEC-84 and Alignment A is shown in 

Tables IV-2 and IV-3, respectively. Minimum instream flow requests were 
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Table IV-2 

Collector Status, SWEC-84 Alignment. 

Collector Drainage Bankfull Minimum 

Number Name Area Status 1 Flow Flow 
(acres) (cfs) (cfs) 

Battle Creek Watershed 

1 Battle Cr. Trib. 284.8 F 6.5 0.53 
2 Battle Creek 1,724.6 F 33.5 1. 30 
3 26.7 S 
4 Doane Creek 229.6 F 6.4 0.2 
5 69.0 S 
6 East Smith Creek 296.3 F 5.2 0.3 
7 44.2 S 
8 Smith Creek 633.0 F 15.5 0.8 
9 149.5 S 

10 E. Fk. Haskin Cr. 882.8 F 19.1 1.3 
11 121.0 S 
12 Haskin Creek 941. 2 F 18.6 1.1 
13 368.9 S 
14 Lost Creek 741.1 F 14.8 1. 36 
15 818.4 S 
16 165.6 S 
17 322.9 S 
18 139.8 S 
19 Haggerty Creek 2,646.1 F 45.3 3.21 
20 95.2 S(ND) 
21 Bachelor Creek 375.8 ND 
22 38.6 SeND) 
23 Bachelor Al Cr. 162.4 S 
24 455.9 S 

Sandstone Creek Watershed 

25 Elk Creek 93.4 ND 
26 312.4 SeND) 
27 Mill Creel 298.1 ND 
28 N. Fk. Mill Creek 1,139.9 SeND) 
29 Big Sandstone Cr. 1,466.1 F 21.1 1.8 
30 198.3 S 
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Table IV-2 

Collector Status, SWEC-84 Alignment (cont'd). 

Collector 

Number Name 

Sandstone Creek Watershed (cont'd) 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

N. Big Sandst. Cr. 

Meadow Creek 

Steep Creek 

Douglas Creek 

Deep Creek 

Deep Creek, W. Br. 

Savery Creek Watershed 

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

Point #13 (USFS) 

Dirtyman Fork 

Point #29 (USFS) 

Drainage 

Area 
(acres) 

1,407.7 
6.9 

152.7 
78.7 

138.5 
145.4 

1,085.7 
190.4 
944.9 
66.0 

508.3 

228.6 
110.4 
21.2 
92.9 

140.8 
26.2 
42.3 

120.5 
142.1 
22.5 
39.1 

1,241. 2 
12.0 
86.6 
16.6 
37.7 

358.3 
167.4 
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Bankfull Minimum 

Status 1 Flow Flow 
(cfs) 

F 
SeND) 

ND 
SeND) 

S 
S 
F 

SeND) 
ND 

SeND) 
ND 

SeND) 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

ND 
SeND) 
SeND) 
SeND) 
SeND) 

S 
S 

(cfs) 

24.9 1. 72 

19.9 1. 33 



Table IV-2 

Collector Status, SWEC-84 Alignment (cont'd). 

Collector Drainage Bankfull Minimum 

Number Name Area Status 1 Flow Flow 
(acres) (cfs) (cfs) 

Savery Creek Watershed (cont'd2 

60 E. Fk. Savery Cr. 5,612.3 F 56.0 2.4 
61 18.4 S 
62 Mexican Creek 550.6 F 4.0 0.38 
63 63.9 S 
64 Bear Creek 549.3 F 7.4 0.1 
65 36.8 S 
66 Latigo Creek 27.1 S 
67 Hatch Creek, R. Br. 62.6 S(ND) 
68 Hatch Creek 993.7 ND 
69 Mom's Creek 85.6 S 
70 Billfold Creek 59.3 S 
71 Hartt Creek, S Fk 213.9 S 
72 10.6 S 
73 Hartt Creek 190.9 S 

N Fk of S Fk 
74 Hartt Creek 399.8 S 
75 44.6 S 
76 Hartt Creek, L Br 27.6 S 
77 Hartt Creek, N Fk 70.4 S 
78 58.5 S 
79 Deep Gulch, R Br 19.3 S 
80 58.4 S 
81 61.2 S 
82 Cabin Creek 440.7 S 
83 6.9 S 
84 Deep Gulch, S Fk 230.0 S 
85 12.9 S 
86 Deep Gulch 1,068.2 S 
87 52.9 S 
88 40.0 S 

1 Status: F = Fishery, S = Side Hill, ND = No Development 
(Sidehill Collectors marked ND are not collected from because they are 
immediately tributary to a cutthroat stream). 
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Table IV-3 

Collector Status, Alignment A. 

Collector 

Number Name 

Battle Creek Watershed 

lA 
2A 
3A 
4A 
SA 
6A 
7A 
8A 
9A 

lOA 
llA 
12A 
13A 
14A 

Battle Creek 
Doane Creek 

East Smith Creek 

Smith Creek 

Haskins Creek 

Lost Creek 

Haggerty Creek 

Sandstone Creek Watershed 

15A 
16A 
17A 
18A 
19A 
20A 
21A 
22A 
23A 
24A 
25A 
26A 
27A 
28A 

Elk Creek 

Mill Creek 
N. Fk. Mill Creek 

Big Sandstone Cr. 

Douglas Creek 

Deep Creek 

Drainage 

Area 
(acres) 

2,111 
267 

79 
361 

8 
779 
197 

2,028 
536 

1,376 
593 
635 

3,515 
813 

64 
72 
89 
25 

174 
280 
022 
390 
759 

4,249 
179 

1,262 
75 

1,621 
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1 Status 

F 
F 
S 
F 
S 
F 
S 
F 
S 
F 
S 
S 
F 
S 

S 
S 
S 
S 

ND 
S(ND) 

ND 
S(ND) 

S 
F 
S 
F 
S 

ND 

Bankfull Minimum 

Flow 
(cfs) 

38.0 
7.0 

5.9 

17.6 

30.0 

21.8 

54.1 

41.0 

21.9 

Flow 
(cfs) 

1.50 
0.20 

0.30 

0.90 

1.80 

2.00 

4.26 

3.50 

1.50 



Table IV-3 

Collector Status, Alignment "A" (cont' d) . 

Collector Drainage Bankfull Minimum 

Number Name Area Status 1 Flow Flow 
(acres) (cfs) (cfs) 

Savery Creek Watershed 

1 

29A 410 S(25%ND) 
30A Point #13 (USFS) 151 S 
31A 118 S 
32A 65 S 
33A 64 S 
34A 70 S 
35A Dirtyman Fork 1,048 ND 
36A 370 S(25%ND) 
37A Mexican Creek 334 F 2.98 
38A Mexican Creek Trib. 198 S 
39A 161 S 
40A E. Fk Savery Cr. 5,260 F 54.00 
41A Bear Creek 381 F 5.98 
42A 16 S 
43A 25 SeND) 
44A Hatch Creek 891 ND 
45A Hartt Creek S. Fk 182 S 
46A Hartt Cr. N. Fk 

of S. Fk 104 S 
47A Hartt Creek 357 S 
48A 34 S 
49A Cabin Creek 456 S 
50A Deep Gulch, S. Fk 235 S 
51A Deep Gulch 1,068 S 
52A 36 S 

Status: F = Fishery 
S = Sidehill 
ND = No Development 

(Sidehill collectors marked ND are not collected from because they are 
immediately tributary to a cutthroat stream. Collectors 29 and 36 have 
only about 25% of their drainage areas immediately tributary to a 
cutthroat stream). 
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provided by the WGF for fishery streams along the Swt:C-84 alignment. For 

Alignment A these values were modified to reflect the change in drainage 

area because site specific recommendations were not available. Flushing 

flow values, based on USFS bankfull flow estimates, were similarly corrected. 

A computer program was written to model the yield of the Fish Creek Collector 

System for both the SWEC-84 pipeline route and Alignment A for the period 

1940-1982. While the number of collectors and drainage areas differ between 

the two alignments, the methodology for computing yields is the same. 

During the winter months (August-April) the yield for each month at any 

collector is computed from gaging data at the same runoff per unit area rate 

as discussed in sub-section IV.D.2. For example, collectors 1-14 are located 

within the Battle Creek drainage. Yields to these collector points are 

computed at the same unit runoff rate recorded at the Battle Creek near 

Encampment gage (9-2534). Basing the yield on unit runoff is identical to 

mUltiplying gaged flow by the drainage area ratio. 

For the months of May, June, and July, the three month total yield above each 

collector is related to the three month gaged flows by the ratio of collector 

drainage area to gage drainage area, with a reduction factor if necessary. 

Flows are distributed on a daily basis according to the typical hydrograph 

tabulated in Table IV-4. Sample yield computations as performed by the 

computer on a daily basis are given in Appendix II.a-6. 

In the program, collection only occurs at the collector points after bypasses 

are made for channel maintenance (flushing flows), fishery instream flows, 

and prior rights. Instream flows are provided year round, as natural flow 

permits, while flushing flows are provided for a 3-day period (June 2-4) each 

year, also as natural flow permits. For collectors without fishery 

designation, (sidehill collectors) all flows are deemed collectible, except 

during the months July-October, when all flows are bypassed to maintain the 

channel. 
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Table IV-4 

Typical Dimensionless Runoff Hydrograph For Streams 
Tributary to Fish Creek Collector. 

May Ordinate June Ordinate July Ordinate 

1 .100 1 .860 1 .148 
2 .110 2 .930 2 .135 
3 .120 3 1.000 3 .125 
4 .130 4 .940 4 .115 
5 .140 5 .900 5 .106 
6 .155 6 .850 6 .100 
7 .165 7 .800 7 .092 
8 .180 8 .755 8 .087 
9 .193 9 .170 9 .082 

10 .210 10 .665 10 .079 
11 .225 11 .616 11 .075 
12 .240 12 .580 12 .070 
13 .260 13 .535 13 .067 
14 .275 14 .500 14 .064 
15 .295 15 .470 15 .062 
16 .313 16 .440 16 .060 
17 .330 17 .410 17 .056 
18 .352 18 .382 18 .053 
19 .375 19 .357 19 .051 
20 .400 20 .334 20 .049 
21 .422 21 .312 21 .046 
22 .445 22 .290 22 .044 
23 .470 12 .270 23 .043 
24 .496 24 .250 24 .041 
25 .525 25 .232 25 .040 
26 .555 26 .215 26 .039 
27 .590 27 .200 27 .037 
28 .625 28 .186 28 .035 
29 .660 29 .171 29 .033 
30 .700 30 .260 30 .031 
31 .790 31 .030 

10.846 15.230 2.095 

TOTAL (May - July) = 10.846 + 15.32 + 2.095 = 28.261 

NOTE: Ordinate is ratio of that day's flow to peak flow. 

Source: SWEC, July 1985. 
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Prior rights are satisfied by ceasing collection at all collectors when the 

flow at the Dixon gage on the Little Snake River (9-2570) drops below 180 

cfs. 

The following water rights are also bypassed at individual collectorpoints 

after June 15 each year (natural flow below the collector point is assumed 

sufficient to satisfy the right prior to this date). 

Collector 

13A (Haggerty Creek) 
47A (Hartt Creek) 
40A (East Fork Savery Creek) 

Amount 

14.3 cfs 
1. 07 cfs 
6.86 cfs 

For 

Belvidere ditch 
Hartt No.2 ditch 
3 ditches 

If a stream or sidehill is deemed a "No Development" point, per requests 

from the WGF, no collection from that point is allowed. 

The computer program written to model the Fish Creek Collector is written 

within the framework of the USBR OPSTUDY accounting model. OPSTUDY 

provides all the input and output formatting while requiring the user to 

write the Fortran code for the operation of interest. Output is shown 

monthly, thus the results of the daily operation study between May and July 

is not explicitly shown, only the monthly totals during that period. 

Three scenarios for each pipeline route were modeled. First, virgin flows 

(flows unaffected by man) were computed to provide an estimate of the total 

water yield of the collector area. Second, legally divertible flows were 

estimated by providing bypasses for senior water rights within the basin. 

This scenario bypasses all flows when the Dixon gage flow drop below 180 

cfs, bypasses flows for the individual water rights as given above, and 

does not allow collection at sidehill collectors for the months of 

July-October. The third scenario provides prior water right bypasses, 

flushing flow and instream flow bypasses for fishery collectors and 

prohibits collection from the "No Development" streams. 

The yields resulting from these three scenarios for each alignment are 

tabulated in Table IV-5. 

IV-19 



Table IV-5 

Average Annual Yields of the Fish Creek Collector System, 
Alignments A and SWEC-84. 

Average Annual Yield in Acre-Feet 

Battle Cr. Big Sandstone Savery Cr. 

Scenario 1 Study No. Drainage Cr. Drainage Drainage Total 

Alignment "A" 
1 8607 35,376 17,388 9,501 62,264 
2 8608 31,599 15,803 8,133 55,536 
3 8609 26,650 8,859 5,512 41,022 

Alignment SWEC-84 
1 8501 31,213 14,519 10.750 56,483 
2 8502 27,844 13,196 9,252 50,292 
3 8606 22,207 5,413 6,111 33,730 

1 Scenario 1 - = Virgin runoff estimate 
2 
3 

= 
= 

Divertible flow after prior rights bypasses only 
Follows criteria for bypasses as explained in text. 

NOTE: The yields shown in this table do not account for pipeline 
constraints. 
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E. HYDRAULICS 

The collector system conceptual design is envisioned as a buried pipeline 

following the hillside contours with a pipefull flow regime. Inflow to the 

pipeline is through inlets located at intercepted streams and along the 

road to catch hillside runoff. 

Pipeline sizing was based on inflows and slope of the conveyance pipeline 

using the Manning Equation with a friction factor ("n") of 0.013 for 

concrete pipe. Inflows are based on the available divertible flows defined 

by hydrologic considerations presented in Section IV-D. These available 

flows were adjusted to estimate actual collectible yield within the 

constraints of the collector layout and sizing. Pipeline design flows were 

defined as 1.5 times the average daily June runoff available for 

diversion. This factor of 1.5 is referred to as "x" and is adopted from 

the 1980 Feasibility Study. "x" = 1.5 is appropriate for the purposes of 

the present work effort. However, a review of the sensitivity of " " x 

indicates, as shown on Figure IV-3, that the factor might be slightly 

reduced. The next level of conceptual studies of the collector system 

should consider this and, if possible, identify possible reductions in pipe 

size and thus in pipeline cost. 

The vast majority of the annual runoff occurs in May and June. Using "x" = 
1.5 means that the collector system is sized for less than the peak annual 

discharge ("x" = 2.0). Thus, the 25 percent peak June runoff volume is not 

collected during the 10 to 15 days each year that runoff discharges are 

estimated to exceed the collector hydraulic capacity on an average basis. 

The slope of the collector pipeline directly affects pipe size. At milder 

slopes, a larger pipe is required to convey a given flow. Conversely, 

steeper profile slopes allow the use of smaller pipes. In general, the 

pipeline layout has an alignment following natural contours at a relative 

mild profile. Consideration was given to steeper profiles in the 

downstream section in the Savery Creek drainage. If steeper profiles are 
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used, the conveyances must be sized to maintain proper hydraulic conditions 

at the inlets and requires limitation of pressures within the pipeline to 

allow water collection. This is accomplished by sizing the pipeline so 

that friction losses maintain a hydraulic grade line approximately equal to 

the pipe profile. 

Pipe sizes and lengths were defined on the basis of a sizing rule. 

Six- inch increments in pipe diameter were used. The pipe was sized for 

pipefull flow ranging to slightly pressurized flow until the cumulative 

flow dictates the next largest pipe diameter. Other sizing rules were 

considered. Undersizing the pipe, in comparison to pipefull conditions, 

results in increased system pressures between 6-inch incremental increases 

in pipe diameter. This could adversely affect conditions at the inlets. 

Oversizing the pipe increases cost. Furthermore, hydraulic conditions 

would vary from partially full to slightly pressurized flow. This 

condition should be avoided to have smoother hydraulic operation of the 

system. 

Where inverted siphons are used at cross drainages, relatively high 

pressure flow occurs. This allows pipe diameters to be decreased. At the 

larger drainages, the available water is collected using a spur line 

running on contour into the watershed to a point of intersection with the 

stream. 

F. COST ESTIMATE 

The significant cost item for the collector system is the large diameter 

conveyance pipeline. The pipeline is typically a reinforced concrete pipe 

for the low pressure portions. For the various inverted siphons of the 

system which will be under substantial pressure, high pressure concrete 

cylinder pipe will be used. 
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Cost estimates for the collector pipeline and spur lines include the 

following: 

Clearing, grubbing, and stripping 

Initial construction road 

Excavation and backfill 

Pipe material including fittings 

Pipe installation 

Final maintenance road 

Revegetation and erosion control 

Trench excavation has been estimated based on 50 percent rock and 50 

percent common excavat ion, with side s lopes at 1H: 2V and 4 feet of cover 

over the crown of the pipe. The width for clearing and revegetation of the 

collector route is assumed to be 50 feet. 

Cost estimates for the collector pipe only are $70.3 million for Alignment 

SWEC-84 and $60.3 million for Alignment A. The overall pipeline length for 

Alignment A is shorter since appropriate siphons have been used. This 

shorter length and the use of smaller diameter pipe results in a savings of 

approximately $10 million. 

The collector structures for inlet and control into the collector pipeline 

vary with location and design inflows. The preliminary conceptual layout 

for instream structures is considered to be similar to that used for the 

Stage II Little Snake Diversion Pipeline. Each instream structure will be 

individually sized. Sidehill collectors will all be "drain" type 

components of sufficient number to cover each sidehill length. 
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The direct cost estimates for the two collector system alignments are given 

below. 

Alignment SWEC-84 Alignment A 

Conveyance Pipeline Including Spurs $70,300,000 $60,300,000 

Collector Facilities 4,200,000 3,500,000 

Access Roads, etc. 1,500,000 1,700,000 

Mobilization and Demobilization 3,000,000 3,000,000 

TOTAL ESTIMATED DIRECT COST $79,000,000 $68,500,000 

The above estimates are based on present day October 1986 prices. A 

detailed breakdown of the Alignment A estimate is shown in Section X, 

Table X-I. 

G. EVALUATIONS 

In evaluating the collector system for the present study effort the 

emphasis was on refinement of the pipeline alignment and hydraulics as 

discussed in Sections IV-B and IV-E, respectively. However, as discussed 

in Section IV-D, the collector system yield is not firm because bypass 

flows are subj ect to future review by USFS and WGF. Al though a preferred 

concept of development is identified for the collector system, the final 

pipeline scheme and system yield could be modified further. 

Alignment A was found to have the following advantages over the previous 

Alignment SWEC-84: 

1. Reduced cost resulting from reduced length of conveyance 

pipeline and reduced size of pipe. 

2. Increased water yield from increased drainage basin area. 
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3. Improved ease of construction because of flatter side slopes and 

reduced number of collectors. 

4. Less potential for construction related instream flow 

disturbances. 

The main collector line for Alignment A is about 9 miles shorter than the 

SWEC-84 alignment. This is because Alignment A incorporates inverted 

siphons and spur lines which are a modification to the previous collector 

methodology. The estimated average annual yield is about 7,000 AF more 

than for SWEC-84. Alignment A is at a lower elevation which provides 

increased drainage area. The resulting estimated direct cost for Alignment 

A is $10.5 million less because pipeline length is reduced and steeper 

profile slopes allow smaller diameter pipe. 

The collector system includes instream and sidehill collectors. These 

features are assumed to be conceptually the same as used in the Stage II 

diversion pipeline. Detailed work on individual collector facilities was 

not done for this study, but it is estimated that the cost of all collector 

facilities is only about 6 percent of the total pipeline system. 

The collector system will be generally located along a side slope which 

will require benching to prepare a working area for the access road and 

pipe installation. 

The foundation conditions along the collector system alignment are 

generally favorable. It is estimated that rock will be at or near the 

ground surface along about 50 to 75 percent of the alignment. Significant 

rock blasting is anticipated. 

Identified geotechnical conditions along the alignment which are less 

favorable for the pipeline are lands lides, talus slopes, boggy areas, and 

deep alluvium stream crossings. These areas are estimated to cover about 

10 percent of the alignment length. The existing and potential landslide 
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areas will need to be stabilized. The boggy areas could provide inadequate 

support to the pipe requiring over excavation to remove unsuitable soils or 

the use of deep foundation support, such as piles. 

Special consideration will be needed in the deep alluvium areas at the 

stream crossings to evaluate long term erosion and construction dewatering 

impacts. 

No subsurface investigations have been performed to date, but should be 

conducted during the study phase when access has been authorized by USFS. 

Investigations will concentrate on evaluating the depth to rock and the 

geotechnical conditions in the landslide, talus, boggy and stream crossing 

areas. 

H. PREFERRED SOLUTION 

Based on the analysis in the previous sections, the preferred solution for 

the collector system is a pipeline using Alignment A. (Figure IV-I). 

The main collector pipeline is 28.5 miles long and 

northwesterly direction from Battle Creek to a point 

it extends in a 

in the North Fork 

Savery Creek Basin just upstream of the proposed Fish Creek reservoir. 

Including spur lines, the pipe system totals about 35 miles. The collector 

system 

points. 

is defined on the basis of 52 potential surface water collection 

Not all collectors are developed to provide divertible yield. As 

discussed in Section IV-D, no development is allowed at some collectors on 

the basis of fishery considerations. Furthermore, the relatively small 

runoff at other collectors does not justify the cost of a spur line for 

collection. Thus, only 38 of the 52 collector points actually provide 

inflow to the pipeline system. This is shown in Table IV-6 with other 

pipeline data. 

The collector pipeline starts at Battle Creek with a 36-inch diameter pipe 

and 0.5 percent s lope for a design flow of about 65 cfs. As inflows 

accumulate the pipe size increases in 6 inch increments. The relatively 

mild profile slope is maintained to the area beyond Deep Creek. Then the 
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Table IV-6 

Collector Pipeline Data 
(Excludes Spur Lines, See Table IV-7) 

Collector 
Number 

lA, 2A 
3A 
4A, SA 
6A 
7A 
8A 
9A 
(A) 
lOA 
llA 
(B) 
l2A, l3A, l4A 
l5A, l6A 
17A, 18A 
19A, 20A 
2lA 
22A 
23A 
(C) 
24A-27A 
28A 
29A 
30A 
31A 
32A 
33A, 34A 
35A 
36A 
37A-40A 
4lA 
42A, 43A 
44A 
45A 
46A 
47A 
48A 
49A, 50A 
5lA 
52A 

Location 

Pipe 
Length, 
ft x 1000 

Battle Creek, Doane Creek 2.50 
2.54 

East Smith Creek 0.96 
Smith Creek 4.20 

4.20 
Haskins Creek 6.30 

6.30 
1.20 

Lost Creek 4.20 
4.20 
8.30 

Haggarty Creek 6.10 
2.50 
3.40 

Elk Creek 8.10 
Mill Creek 0.50 
North Fork Mill Creek 9.80 

8.00 
2.70 

Big Sandstone Cr., Douglas Cr. 2.00 
Deep Creek 5.10 

5.10 
Point #13 (USFS) 2.00 

1. 80 
2.80 
5.10 

Dirtyman Fork 3.40 
3.40 

Mexican Cr., E. Fork Savery Cr. 2.80 
Bear Creek 1.00 

4.90 
Hatch Creek 2.10 
Hartt Creek S. Fork 1.30 

2.20 
Hartt Creek 10.20 

2.80 
Cabin Creek, S. Fk. Deep Gulch 2.50 
Deep Gulch 2.50 

1.20 
150.20 

(28.5 mi.) 

(A) = Steep pipe profile above Lost Creek Campground 
(B) = Inverted siphon at Haggarty Creek 
(C) = Inverted siphon at Big Sandstone Creek 
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Pipe 
Diameter, 

inches 

36 
36 
42 
42 
48 
54 
54 
30 
60 
66 
60 
72 
72 
72 
72 
72 
72 
78 
60 
66 
84 
84 
84 
72 
72 
72 
72 
72 
78 
78 
78 
78 
78 
78 
78 
78 
78 
78 
78 

Percent of 
Total Inflow 

11.7 
0.5 
1.9 
3.7 
1.1 
9.9 
3.0 

6.4 
3.4 

23.9 
0.5 
0.4 
o 
o 
o 
2.8 

18.1 
o 
0.6 
0.3 
0.2 
0.1 
0.3 
o 
0.6 
9.3 
o 
0.1 
o 
0.1 
o 
o 
o 
0.3 
0.8 
o 



profile slope increases to 0.92 percent. Over the final 6.3 miles to its 

northern terminus, the pipe diameter is 78 inches and the design flow 

increases to about 540 cfs. 

Alignment A includes the six spur lines listed in Table IV-7. A minimum 

pipe diameter of 24 inches is used to avoid possible flow restrictions due 

to debris and sediment buildup. The location of major spur lines into 

Haggarty, Big Sandstone, and East Fork Savery Creeks is shown on Figure 

IV-l. 

The estimated average annual yield for the Alignment A system is 39,000 

AF. The majority of the total yield is from the Battle Creek drainage as 

indicated below. 

Collector Percent of 
Drainage Collectors Yield~ AF Total Yield 

Batt Ie Creek 1-14 25,500 65 
Sandstone Creeks 15-28 8,500 22 
Upper Savery 29-52 5,000 13 

Both instream and sidehill facilities are used to collect water, as 

discussed in Section IV-D. Eleven of the instream collectors yield 75 

percent of the system flow. 

The annual collector yield of 39,000 AF is 95 percent of the available 

divertible runoff of 41,022 AF (Section IV-D). This reduction results from 

collector pipeline design flow and pipe sizing criteria discussed in 

Section IV-E. 
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Table IV-7 

Collector Pipeline Spur Lines 

Collector Pipe Length Pipe Diameter 
Number Location ft x 1000 inches 

12A, 13A, 14A Haggarty Creek 10.80 48 
24A - 27A Big Sandstone Creek 8.40 42 
37A - 40A East Fork Savery Creek 11. 20 36 

45A Hartt Creek S. Fork 0.80 24 
49A South Fork Deep Gulch 1. 90 24 
51A Deep Gulch 0.50 24 
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V. FISH CREEK DAM AND RESERVIOR 

A. GENERAL 

The concept of the Fish Creek Dam and Reservoir for storage in the 

trans-basin diversion scheme was the preferred development in the SWEC 

Technical Summary Report, 1984. An alternative studied at that time was 

storage in the Sage Creek basin. 

The Fish Creek Dam and Reservoir arrangement is further developed in this 

study and is shown on Figure V-l. Three alternative types of dam were 

technically and economically evaluated. In accordance with the scope of 

work for the Interim Concept Report, the studies were limited to using the 

available field information developed in the Rollins, Brown and Gunnell 

(RBG) 1984 investigation. Additional field studies will be necessary in 

order to refine the interim report concepts. 

B. GEOLOGY 

1. Site Investigations 

SWEC, in keeping with the limited level of information available for the 

collector preliminary conceptual design, limited geotechnical investigation 

to a field reconnaissance of the site. A more detailed investigation 

titled, "Fish Creek Dam, Geotechnical Study and Alternative Evaluations," 

September 1984 was conducted by RBG. The investigation included field 

reconnaissance, exploratory drilling, excavation of test pits, and field 

and laboratory testing. 

2. Surface Conditions 

The proposed Fish Creek Dam and Reservoir site is located in a dissected 

plateau that lies around the north end of the Sierra Madre mountains. At 

the site, the valley is a broad "U" shape. The abutment slopes are 

approximately 20 percent. The valley floor is about 400 feet wide. 

V-1 



The vegetation in the reservoir area is 

grasses with very few trees. There are 

Marshy areas are also present at the site. 

mainly sagebrush and prairie 

several springs in the area. 

The Wyoming Highway No. 71, 

between Rawlins and Encampment, crosses the site; a section of it will be 

inundated by the reservoir. 

3. Site Geology 

The Fish Creek Dam site is located on the gently dipping beds of the upper 

member of the North Park formation. The poor to moderate cemented 

sandstones and limestones of the North Park formation dip just a few 

degrees to the northeast. In the valley bottom, the North Park formation 

is mantled by several feet of alluvial silts, sands and gravels. The only 

evidence of faulting at the dam site is reported to be 500 yards upstream 

of the proposed dam alignment. The normal fault runs north 15 degrees west 

with the downstream side downdropping. This fault probably occurred during 

the regional uplift in the late Pliocene or Pleistocene time. Two sets of 

joints are reported. One set strikes about north 25 degrees east and dips 

between 65 degrees and near vertical to the east. The other joint set 

strikes between north 80 degrees east, dipping between 70 and near vertical 

to the north. 

Snow on the left abutment has carved small cirques into the North park 

formation. During periods of heavy snow small glaciers formed and flowed 

down into the valley, possibly backing up the water of the North Fork 

Savery Creek for short periods of time. 

The proposed Fish Creek Reservoir lies entirely in the sandstones and 

limestones of the upper member of the North Park formation. Precambrian 

rocks are exposed to the south and form the southern boundary of the 

reservoir basin. In general, the Precambrian rocks outcrop above the 

proposed water levels in the reservoir. A small exposure of the 

Precambrian rocks was mapped about 2,000 feet from the proposed dam site. 

The rocks are steeply dipping, undifferentiated and consist of gneiss and 

schist with smaller quantities of intrusive igneous rocks, pegmatites and 

numerous veins of white quartz. 
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Pleistocene and Recent age Quarternary deposits include alluvium, 

colluvium, terrace gravels, and pediment gravels. Alluvium is confined to 

the valley bottoms of major streams. Colluvium has been mapped where steep 

valley slopes are covered by recent debris. Terrace gravels occurs 

adjacent to streams and near the mountains. These deposits are commonly 

thin, a few inches to a few feet, except locally where alluvium and terrace 

deposits may reach several tens of feet in thickness. A further geologic 

description is given in Appendix I.a. 

4. Dam Foundation Conditions 

The dam foundation at the proposed site was investigated by RBG. The 

investigation included the drilling of seven borings, five on the axis of 

the dam, one upstream of the dam axis and one downstream of the dam axis. 

The locations and elevations of the borings are shown on Figure V-8. The 

borings ranged in depth from 13 feet to 50 feet. The boring logs are 

included in Appendix I.c. Permeability tests were run in the borings; the 

results are presented on the boring logs. Continuous core was taken in the 

bedrock; the percent recovery and the corresponding rock quality 

designation are presented on the boring logs. 

The maximum depth of overburden found in the valley bottom is about 15 

feet. The upper 5 feet is a clayey silt to a clay. The lower 10 feet are 

medium-dense sandy gravels to gravelly sands. The bedrock is predominately 

calcareous sandstone, ranging in color from gray green to blue green with 

some iron staining. Core recovery during drilling ranged from 30 to 100% 

and the rock quality designation ranged from 0 to 68%. No tests were run 

to evaluate rock strength, but the rock is believed to be relatively weak 

and poorly cemented. The bedrock appears to be at or within a few feet of 

the surface on most of the side slope. 

The coefficient of permeability of the sandstone, as measured in the 
-6 -3 

borings ranged from 8 x 10 cm/sec to 1 x 10 cm/sec. The permeability 

of the bedrock could pose a potential leakage problem at the site. 
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5. Reservoir Conditions 

The bedrock in the reservoir is described by RGB as a calcareous and limey 

fine grain sandstone. A few layers of limestone were found. Boring T-2 

identified some small solution holes. The presence of limestone and 

calcareous conditions raises the potential concern about adequate reservoir 

tightness. Many limestone formations contain solution features which 

permit large underground flow which could result in unacceptable leakage 

out of a reservoir. The level of investigation performed to date has been 

very preliminary; however, observations suggest that the potential for 

unacceptably high leakage out of the proposed reservoir is small. 

As noted above some small solution holes were found in boring T-2. 

However, the field surface reconnaissance did not identify any sink holes 

or signs of significant solutioning. Water levels measured in the borings 

suggest that the groundwater level may be relatively high in the reservoir 

rim, and that groundwater flows down toward the creek. In fact, the water 

level measured in boring T-2 was above the proposed reservoir level. This 

high groundwater level is also suggested by numerous springs in the area. 

Many of the springs are located above the proposed reservoir level on the 

USGS 7 1/2 minute quadrangle. 

RBG excavated a series of test pits during its borrow study. The 

groundwater elevations measured in the test pits showed a relatively high 

groundwater table at significant distance from the stream bed which would 

indicate that water was flowing towards the creek. These condition 

indicates that the bedrock is not highly pervious. 

During reconnaissance of the area it was observed that the melting of the 

snowbanks formed wet marshy areas at a considerable distance from the 

snowbanks. The overburden in these areas is not highly impervious which 

means that if the bedrock was highly pervious the water would readily seep 

into the bedrock and not form the ,marshy areas. The formation of the 

marshy areas indicates that the bedrock is not highly pervious and that 

water is moving in the overburden and not down through the bedrock. 

V-4 



On the basis of the conditions discussed above, it is believed that the 

reservoir should be reasonably water tight and leakage should be 

acceptable. Further investigation is needed to confirm this and to permit 

a reasonable estimate of the possible seepage from the reservoir. 

No evidence of slope instability was noted in the reservoir area and it is 

not considered to be a strong concern. 

6. Construction Materials 

RBG made a considerable effort to locate suitable materials for 

construction of an earth dam. The logs and locations of the test pits are 

included in Appendix I. c. A total of 38 test pits varying in depth from 

about 8 to 12 feet were excavated. 

Impervious material suitable for use as core material was only found in 

test pit Area 6, the cirque area along the south rim of the reservoir which 

extends for about only a mile. RGB estimates the volume of material 

available from this area is at least 150,000 cubic yards. 

The test pits show a 5 to 10 foot depth of sands and gravels in the valley 

bottom. The sands and gravels are typically of harder rock from the Sierre 

Madre and are expected to be suitable, with processing, for filter/drain 

material and concrete aggregate. 

Sandstone bedrock is very close to the surface in the dam area; however, 

the sandstone would provide a poor quality rockfill. It is expected that 

the weak sandstone would break down excessively on excavating and placement 

and would not be suitable for riprap or for a good quality rockfill. The 

field reconnaissance suggests that harder, better quality 

metasedimentary/igneous rockfill can be obtained from the Sierra Madre 

complex located 2 to 3 miles south of the site. 

Further investigation is required to evaluate the availability and 

suitability of the borrow materials. 
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c. HYDROLOGY 

The Fish Creek damsite is located in the southwest corner of Section 18, T 

16N, R 8 7W, on the North Fork of Savery Creek. Presented herein are the 

results of flood studies performed for the Fish Creek Reservoir. 

1 • Objective 

The objective of this study was to perform flood studies at the damsite as 

required for construction and spillway sizing and to estimate sediment 

accumulation. 

Specific tasks to be performed for the flood analysis were: 

• Develop the IOO-year flood hydrograph at the damsite. 

• Develop the Probable Maximum Flood (PMF) at the damsite according to 

the latest Army Corps of Engineers or Bureau of Reclamation 

procedures. Both peak discharge and volume should be determined. 

• Using a routing method such as the modified PuIs, calculate the 

attenuation effects of the reservoir on the PMF and IOO-year flood. 

2. Flood Frequency Analysis 

General 

This section describes the flood frequency analysis for the Fish Creek 

Damsite. No streamflow data have been collected at or near the damsite, 

although records are available lower in the basin (Savery Creek at Upper 

Station, USGS gage no. 9-2555 and Savery Creek near Savery, USGS gage no. 

9-2560) and in a nearby high mountain basin (East Fork Savery Creek near 

Encampment, USGS gage no. 9-2554). 
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Methodology 

Since there are no measured streamflow data at the damsite, three 

procedures were considered for developing the flood frequency analysis. 

The first was to utilize generalized precipitation frequency data applied 

to a unit hydrograph. This procedure assumes that a 10-year precipitation 

event produces a 10-year runoff event. The second method would make use of 

regionalized drainage area relationships (Lowham, 1976). The disadvantage 

of this procedure is that volumes as well as peak discharges are needed in 

order to derive a hydrograph and the referenced procedure (Lowham, 1976) 

does not provide this information. The third method, and the selected 

procedure for estimating the frequency of floods at the Fish Creek site, 

involved performing a flood frequency analysis at the Upper Station gage 

(9-2555) and translating the values to the Fish Creek site via a 

demonstrated drainage-area relationship. Reasons for the choice of this 

procedure include: 

• The Upper Station gage is in the same drainage as the Fish Creek 

damsite about 12 airline miles southwest and downstream of the site. 

• Records at the Upper Station gage are available for a 22 year period, 

one of the longest periods of record for gages in the Little Snake 

River bas in. 

• The Upper Station data were used rather than the gage near Savery 

because streamflow data, specifically instantaneous discharges and 

flood volumes, recorded at the Upper Station and near Savery gages, 

do not appear strongly related. This is due to the contributions of 

several tributaries (notably Big and Little Sandstone Creeks) which 

enter Savery Creek between the two locations. As such, floods 

recorded at the near Savery gage would not reflect floods at the Fish 

Creek site as well as the Upper Station would. 

• The East Fork gage has only three years of record, not enough for 

statistical reliability. 
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• Al though there exists only three years of record common to the 

East Fork and Upper Station gages, flood peaks and volumes at 

both locations appear to vary consistently between the sites and 

appear to be related as a function of drainage area. This 

indicated that the Upper Station gage has a likelihood of 

representing conditions at the Fish Creek damsite. 

Flood Frequency Analysis - Savery Creek at Upper Station Gage 

Twenty two years with instantaneous peak discharge values recorded at the 

Upper Station gage were used to develop flood frequency information. These 

data were collected from water years 1941, '42, '44, and '53 - '71 and are 

presented in Table V-I. Analysis techniques used were those given in USGS 

Bulletin No. 17B (USGS, 1982) for applying the Log-Pearson Type III 

procedure with corrections for high and low outliers and a regionally 

weighted average coefficient of skew. No outliers were found in the Upper 

Station data. The station coefficient of skew was -0.07 while the 

regionally weighted coefficient of skew is -0.2. The magnitudes and 

frequencies of flood peak discharges estimated for the Upper Station gage 

(drainage area = 200 square miles) are presented in Table V-2. 

Similar frequency analyses were performed for maximum 1, 5, 10, and 15 day 

volumes recorded during each year of record at the Upper Station gage 

(Table 1). Bulletin No. 17B refinements to the standard Log Pearson Type 

III analyses, including outliers and weighting of skew factors were not 

used in this instance because they are applicable only to instantaneous 

peak analyses. Results of the frequency analysis of flood volumes at the 

Upper Station gage are presented in Table V-2. 

Flood Frequency Analysis - Savery Creek at Fish Creek Damsite 

Based on the foregoing analyses of flood frequencies for Savery Creek at 

Upper station, floods at the Fish Creek damsite were developed using a 

function of drainage area size. 
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Table V-1 

Recorded Peak Discharges and Maximum One, Five, Ten, and Fifteen 
Day Flood Volumes, Savery Creek at Upper Station (09-2555) 

Peak Discharge Flood Volumes 

Year Date CFS 1-Day 5-Day 10-Day 15-Day 

(AF) (AF) CAF) CAr) 

1941 May 05 495 815 323 6,155 9,050 
1942 May 27 362 635 2,936 5,216 7,142 
1944 May 22 285 516 2,267 3,866 5,482 
1953 May 20 342 595 2,206 4,060 5,488 
1954 Apr 05 1,150 377 1,884 3,689 4,909 
1955 Apr 27 290 412 1,571 2,959 4,336 
1956 May 24 280 444 1,847 3,189 4,338 
1957 May 09 352 615 2,955 5,460 7,553 
1958 Apr 18 728 984 3,828 7,170 9,433 
1959 Apr 07 120 238 968 1,551 2,220 
1960 Apr 06 958 1,428 6,050 9,418 10,610 
1961 Apr 20 144 236 859 1,339 1,845 
1962 Apr 15 1,680 2,063 8,273 12,829 15,808 
1963 May 01 148 242 1,117 2,148 3,084 
1964 May 18 349 597 2,807 5,482 7,569 
1965 Jun 10 410 698 2,886 5,714 7,862 
1966 Mar 31 945 1,299 5,677 7,787 9,453 
1967 Apr 05 310 488 2,382 4,504 9,453 
1968 May 13 531 950 4,213 7,192 10,762 
1969 Apr 24 534 831 3,650 6,030 8,943 
1970 Apr 26 1,110 1,638 6,912 10,578 14,559 
1971 Apr 10 760 978 4,120 7,130 9,913 
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Table V-2 

Flood Frequency Estimates for Savery Creek at 
Upper Station (09-2555). 

Recurrence Peak Maximum Volume 

Interval Discharge 1-Day 5-Day 10-Day 15-Day 

(years) (cfs) (AF) (AF) (AF) (AF) 

2 460 660 3,000 5,200 7,200 

5 800 1,100 4,800 8,400 10,800 

10 1,100 1,440 6,000 10,200 12,800 

25 1,400 1,800 7,800 12,400 15,000 

50 1,700 2,200 9,200 13,800 16,400 

100 2,000 2,600 10,400 15,200 17,600 

200 2,400 3,000 11,800 16,400 18,600 
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A consistent relationship was observed between peaks at the East Fork and 

Upper Station gages, albeit for a short (3-year) period of common record. 

This relation, instantaneous peak discharge as a function of drainage area 

to the 0.4 power was used to trans late peak discharges from the Upper 

Station gage (drainage area 200 square miles) to the Fish Creek site 

(drainage area 20.5 square miles). 

A reasonably consistent relation was also evident when maximum 1, 5, 10, 

and 15 day volumes were compared between the East Fork and Upper Station 

gages for their common period (water years 1956-1958). Based on this 

information, flood volumes were translated from the Upper Station gage to 

the Fish Creek site using the drainage area ratio to the 0.5 power. 

Table V-3 presents the flood frequency information for the Fish Creek 

damsite as computed using the above drainage area functions and the flood 

frequency estimates for Savery Creek at the Upper Station. 

3. I nflow Design Flood Studies 

General 

This section describes the development of the inflow design flood for Fish 

Creek Reservoir. The flood has two components: 

• 

• 

a hydrograph representing estimated runoff from a probable maximum 

precipitation (PMP) event; and 

a maximized snowmelt flood. The hydrograph resulting from the 

combination of both events is the inflow design flood. 

Envelope curves of recorded flood events were developed to provide a 

reference comparison with the synthetic floods developed for design. 
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Table V-3 

Flood Frequency Estimates for Savery Creek at 
Fish Creek Damsite 

Recurrence Peak Maximum Volume 

Interval Discharge 1-Day 5-Day 10-Day 15-Day 

(years) (cfs) (AF) (AF) (AF) (AF) 

2 180 220 960 1,720 2,400 

5 320 360 1,540 2,600 3,400 

10 440 460 1,920 3,200 4,000 

25 560 600 2,400 4,000 4,800 

50 680 700 3,000 4,400 5,200 

100 800 840 3,400 4,800 5,600 

200 960 960 3,800 5,200 6,000 
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Methodology 

Runoff from the PMP event is obtained by applying unit hydrograph 

principles to the dimensionless unit hydrograph developed for the Sandstone 

Reservoir flood study. The precipitation flood hydrograph is developed for 

the Fish Creek damsite using appropriate values for lag and duration. PMP 

values were obtained from HMR-49 (NOAA, 1984). The maximized snowmelt 

hydrograph is obtained with the aid of a temperature-runoff correlation 

developed using temperatures at Dixon and streamflow records from the 

Savery Creek at Upper Station gage. 

The inflow design flood is created by superimposing the PMP flood on the 

snowmelt food assuming the initiation of rainfall runoff occurs at the time 

of the snowmelt flood peak. A discussion of the procedures used is 

presented in following sections. 

Flood Envelope Curves 

Peak Discharges 

A plot of the maximum recorded peak discharges for 28 gaging stations in 

the vicinity of the Little Snake River Basin is shown on Figure V-2. A 

list of the specific data points is given in Appendix II.b, Table II.b-1. 

For the Fish Creek Damsite with a drainage area of 20.5 square miles, the 

envelope curve indicates that a peak discharge of about 1,400 cfs might be 

expected as the maximum recorded flood. At the Savery Creek at Upper 

Station gaging station, a peak discharge of about 6,000 cfs is indicated 

for a drainage area of 200 square miles. 
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Fifteen-day Volumes 

The maximum recorded lS-day flood volumes for the 28 gaging stations in the 

vicinity of the Little Snake River basin are plotted on Figure V-3 with the 

specific data points listed in Appendix II. b, Table II. b-2. From the 

resulting envelope curve, maximum lS-day flood volumes of 17,000 and 

105,000 acre-feet are indicated for the Fish Creek Damsite and the Savery 

Creek at Upper Station gaging station, respectively. 

Probable Maximum Precipitation Induced Flood 

The procedure followed for developing the PMP flood is to impose the PMP 

with appropriate losses on a unit hydrograph developed for the watershed 

above the damsite. Because the drainage area above the Fish Creek damsite 

is relatively small (20.5 square miles), modeling of the PMP event as a 

thunderstorm ("local" storm, in HMR-49 terminology), as well as a general 

storm, is warranted. 

Probable maximum precipitation values were obtained from HMR-49 for the 

general storm and from "Design of Small Dams" (USBR, 1977) for the 

thunderstorm. The 24-hour PMP, used for the general storm amount, was 

determined to be 12.20 inches. This event was distributed over time 

according to the Zone B, 24-hour pattern recommended in "Design of Small 

Dams" . The probable maximum thunderstorm 1-hour point rainfall of 9.0 

inches was reduced to 6.57 using a drainage area reduction factor of 0.73 

from Figure 21 of "Design of Small Dams". The thunderstorm event was 

distributed over time according to the Zone II thunderstorm pattern. 

Unit Hydrographs 

For purposes of estimating the runoff from the precipitation events, a unit 

hydrograph was developed based on dimensionless unit hydrographs from 

recorded precipitation-runoff events. The USBR had previously presented 

dimensionless unit hydrographs for the Upper Green River above Green River, 

Wyoming; the Florida River near Hermosa, Colorado; Buckhorn Creek near 
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Masonville, Colorado. They had used the Florida River hydrograph in their 

Savery-Pot Hook Definite Plan Report. A June 1943 flood on Savery Creek 

near Savery, Wyoming was plotted along with the USBR data. The Savery 

Creek flood was especially important since the gage is on the same stream 

although downstream of the proposed damsite. These dimensionless unit 

hydrographs are shown in Figure V-4. The four hydrographs were averaged to 

obtain the average dimensionless unitgraph shown on Figure V-5. 

Lag time for the basin above the Fish Creek damsite was estimated to be 3.6 

hours. Because the unit duration of a unitgraph should not be greater than 

25 percent of the lag time, a 0.25 hour unit hydrograph for the 

thunderstorm event, and a 0.50 hour unit hydrograph for the general storm 

event were used. Both were developed from the dimensionless unit 

hydrograph, Figure V-5. 

Initial Loss and Retention 

As with the USBR study of 1976, a retention rate of 0.20 inches per hour 

was used. There was no allowance for initial losses because for PMF 

determination it is reasonable to assume that the ground would be saturated 

prior to the precipitation event. Also, for the combination of rain on 

snow, the initial loss would be insignificant. 

Probable Maximum Precipitation Runoff 

Direct runoff from the general storm was estimated to be 7.4 inches (8,100 

acre-feet) with a peak of 10,000 cfs. Direct runoff from the thunderstorm 

event was estimated to be 6.37 inches (7,000 acre-feet) with a peak of 

20,000 cfs. 

Maximized Snowmelt Flood 

Procedures for estimating the maximized snowmelt flood for the Fish Creek 

damsite involved the development of temperature-runoff correlations between 

accumulated daily temperatures and recorded snowmelt runoff volumes. 
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Temperature data collected at Dixon, Wyoming for 1922-1976 were used to 

develop frequency curves for maximum accumulated daily temperatures of 1, 

5, 10, and 15-day durations. The probable maximum accumulated daily 

temperatures were determined by extending the frequency curves to the 

1,000-year recurrence interval. Temperature and streamflow data for ten of 

the largest 15-day snowmelt events were selected from the record. A two-day 

lag was assumed between temperature at Dixon and the resulting runoff at 

the Savery Creek at Upper Station gage. 

The combination of the enveloping curve for the temperature-snowmelt 

relationship and the probable maximum accumulated daily temperatures 

resulted in probable maximum snowmelt volumes of 1, 5, 10 and 15-day 

durations for Savery Creek at Upper Station. The values for Fish Creek 

Damsite were obtained by using the power functions of drainage area of 0.4 

and 0.5 for peak and volume respectively. The peak of the snowmelt flood 

at the damsite was estimated to be 1,800 cfs and the maximum 15-day volume 

was 8,200 acre-feet. 

Inflow Design Flood 

The recommended inflow design flood (IDF) for Fish Creek Reservoir is the 

combination of the maximized snowmelt flood and the PMP-induced flood. Of 

the two PMP floods studied, the thunderstorm flood is considered the more 

critical and is used for the IDF. The reason for this choice is that while 

the runoff volumes for the two storms are similar (8,100 acre-feet for the 

general storm, 7,000 acre-feet for the thunderstorm), the thunderstorm 

flood peak was twice that of the general storm (20,000 cfs compared to 

10,000 cfs). The IDF therefore combines the thunderstorm PMP flood with 

the snowmelt flood. Following Bureau of Reclamation procedures, the PMP 

flood is superimposed to begin at the peak of the snowmelt flood, with the 

IDF resulting as the sum of the ordinates of both hydrographs. The IDF, 

and its two component hydrographs, are illustrated on Figure V-6. The IDF 

peak is about 21,600 cfs and its volume is 15,000 acre-feet. 
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4. Comparison of Methods 

The only previous study of floods for the Fish Creek Reservoir was 

performed by Banner Associates, Inc. (BAI) and published in their report 

entitled "Upper Savery Storage Project Hydrology Investigation, Phase I 

Report" dated February 1983. In this study, BAI made estimates of the 

floods resulting from the probable maximum thunderstorm and from the 

100-year storm. No sediment studies were included in the scope of their 

report. 

In the BAI study, the flood resulting from the probable maximum 

thunderstorm rainfall had a peak of 26,000 cfs and a volume of 4.3 inches 

(4,700 acre feet). The PMP flood estimated herein has a peak of 20,000 cfs 

and volume of 7,000 acre-feet. BAI used a curve number approach to 

quantifying losses, and a triangular unitgraph. The current study uses a 

dimensionless unit hydrograph derived from observed floods, and a constant 

loss rate, to synthesize the flood hydrograph from PMP data. The 

utilization of observed data is believed to be the better approach and the 

derived flood is recommended. 

BAI also estimated their 100-year flood from rainfall using a curve number 

approach, while this study used existing flood information from lower in 

the basin and regional runoff characteristics to translate the floods to 

the Fish Creek damsite. These two approaches are radically different, and 

not surprisingly the results are dissimilar. The BAI 100-year flood had a 

peak of 385 cfs and a volume of 66 acre-feet, while the current study 

estimates a peak of 800 cfs with a 1-day volume of 830 acre-feet and a 

15-day volume of 5,540 acre-feet. 
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5. Fish Creek Reservoir Sedimentation 

General 

An estimate of the sediment accumulation in Fish Creek Reservoir is 

necessary for several reasons, including proper placement of the out let 

works, and evaluation of loss of reservoir capacity over time. This 

section describes work done to estimate the sediment accumulation in Fish 

Creek Reservoir. 

Methods and Results 

While no suspended or bedload sediment discharge measurements have been 

made at the Fish Creek damsite, data are available at locations lower in 

the Savery Creek basin. The USBR collected data at two sites on Savery 

Creek, the Savery and Sandstone damsites in 1969 and 1976, respectively. 

Sediment data collected at the Savery damsite were used for this analysis 

of the Fish Creek damsite. 

The Savery damsite is located at essentially the same location as the 

Savery Creek at Upper Station streamflow gaging station operated by the 

USGS. The USBR measured suspended sediment discharge at this point, and 

determined an average annual suspended sediment yield of 0.015 acre-feet 

per square mile, or about 5,300 tons per year with an in-place density of 

78.8 lbs. per cubic foot. Studies of the Sandstone Reservoir site (SWEC, 

1984), using the Colby (1964) method, indicated bedload to be about 68% of 

total sediment load, or that suspended sediments comprise about 32% of the 

total sediment discharge. Assuming this composition is also valid for the 

Upper Station gage location, the total average annual sediment yield is 

0.047 acre-feet per square mile. Applying this unit yield value to the 

Fish Creek Reservoir drainage area (20.5 square miles), an average annual 

sediment inflow of 0.96 acre-feet, or 96 acre-feet over a 100-year period 

is derived. No specific action to mitigate the effects of sediment are 

considered necessary. 
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D. HYDRAULICS 

1. General 

The Fish Creek Reservoir will be sized to regulate, through an annual 

cycle, the inflow from the mountain side collector system and the Fish 

Creek Reservoir drainage. Reservoir releases will supply monthly municipal 

and industrial demands of North Platte River water consumers as well as 

specified minimum releases to Savery Creek. The dam is equipped with a 

spillway to assure its safety in case of emergencies and a low level outlet 

to enable Savery Creek releases. Since the sole purpose of the Fish Creek 

Dam will be to impound water for diversion to the North Platte River, only 

minimum releases up to natural inflow rates and emergency spillway 

discharges are expaected to be released into the North Fork of Savery Creek. 

2. Reservoir Sizing 

The reservoir will be sized to regulate the natural inflow of the North 

Fork Savery Creek and the unregulated inflow of the collector system to 

meet the required outflow pattern to the North Platte. To facilitate the 

Interim Concept Design of the Fish Creek Dam an approximate reservoir 

storage volume was needed. Since the USFS and WGF operation requests for 

the collector system resulted in a decrease in estimated yield from the 

1984 SWEC studies to about 34, 000 AF, a simplified approach to establish 

reservoir capacity for comparative dam design was used. Allocation of 

reservoir volume assigned to different storages for the preliminary 

conceptual design are as shown below. The reservoir area/capacity curve of 

the Fish Creek Reservoir is shown on Figure V-7. 
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Storage Allocations in Fish Creek Reservoir 

Storage (type) Volume (AF) Elevation eFT) 

Dead 
Conservation 
Inactive 
Live 
Total Normal 
Flood Surcharge 
Total with Flood 
Freeboard (3 feet) 

300 
4,500 
5,500 

35,200 
45,700 

9,800 
55,500 

7,690 
7,730 
7,746 
7,800 
7,800 
7,810 
7,810 
7,813 

Although no long term reservoir operation studies have been conducted, a 

sample one year reservoir routing has been carried out using the yields 

from the proposed new collector Alignment "A". The year chosen was the 

long term average when the collector area available runoff is 41,000 AF and 

the collector pipeline yield to the reservoir is 39,000 AF. The main 

purpose of the routing is to determine average reservoir water levels and 

outflows for the hydropower study and other possible uses. Two routings 

were carried out: one starting with the reservoir full at the end of the 

filling season (i. e. the end of June), and the other with the reservoir 

empty and the beginning of the filling season (i.e. the end of April). The 

municipal and industrial releases to North Platte are from the water supply 

needs assessment for the North Platte and Little Snake River Drainages 

(Black & Veatch, July 1984). In both cases the reservoir functioned within 

the limits, i.e. within the live storage boundries between the conservation 

pool and the surcharge flood storage pool. Operation studies to firm up 

the reservoir sizing should be conducted when estimates on collector yields 

from Alignment A have been reviewed with USFS and WGF. 

3. Low Level Outlet 

The low level outlet will serve multiple functions including diversion 

during construction, controlling rate of initial reservoir filling, 

emergency reservoir drawdown, downstream minimum flow releases, and 

possibly some flood releases. The low level outlet has been tentatively 
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sized to meet the Corps of Engineers latest design criteria regarding 

emergency evacuation of the reservoir. The invert elevation of the low 

level outlet is set so that it can evacuate the reservoir down to the dead 

storage level. 

The low level outlet is controlled by a valve at the downstream end which 

can facilitate releasing small discharges to Savery Creek for minimum 

environmental demands. 

4. Spillway 

The dam is protected against overtopping by the emergency spillway. This 

spillway is sized so that, in conjunction with flood surcharge storage it 

safely passes the probable maximum flood (PMF) to the North Fork Savery 

Creek. 

The Fish Creek Reservoir attenuates the flood peaks for any flood entering 

the reservoir. Therefore the North Platte water consumers do not increase 

either the magnitude nor the probability of a flood in Savery Creek by 

constructing a dam on Fish Creek. The PMF is used for spillway design to 

assure the dam safety against dam break by overtopping. 

5. Tunnel 

The water transmission from the Fish Creek Reservoir to the North Platte 

Basin is by means of a tunnel passing through the Continental Divide and a 

pipeline to the North Platte River. Gravity type water transfer under the 

Divide was chosen in preference to pumping over the Divide in earlier 

studies (SWEC 1984). The discharge of transported water will be regulated 

by a valve at the end of the pipeline. The flow into the tunnel can also 

be shut down using a slide gate installed at the tunnel entrance, to 

facilitate inspection and repair. The pipeline section through the tunnel 

is plain steel pipe to facilitate maintenance and repairs in place. 
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E. ALTERNATE LOCATIONS 

Alternative dam locations for the Fish Creek Dam were studied. The dam 

alignment used in the 1984 RBG investigation was located about 500 feet 

downstream of the confluence of Fish Creek and the North Fork Savery 

Creek. A review of the topographic maps and the field reconnaissance of 

the area suggested two other possible dam sites, Site A located 2,500 feet 

upstream of the confluence of Fish Creek and North Fork Savery Creek and 

Site B located 6,200 feet downstream, see Figure V-1. General criteria 

used to establish these alternatives were: 

• The site must provide a reservoir capacity of approximately 55,000 

acre-feet. 

• The site must be downstream of the collector system outlet. 

• The transmission system from the reservoir to the North Platte River 

must be as economical as possible. 

• The dam must be as economical as possible . 

Geological investigation has been conducted only at the 1984 RGB site (by 

RBG) . From SWEC' s reconnaissance of the area, the geology appears to be 

similar at both sites, so there would not be any improvement in geology by 

cha~ging sites. Therefore, geology was not used in the comparison. In 

general, moving west or downstream on North Fork Savery Creek increases the 

length of the transmission system across the Divide, and moving east or 

upstream on North Fork Savery Creek increases the size of the dam. The 

comparison between the sites was based on the dam size and the tunnel 

length. 

In order to achieve the needed storage at Site A the dam would be about 190 

feet in height and have a crest length of 3,300 feet. To convey the water 

across the Divide a 23,000 foot long tunnel would be needed. This site 

would also require a small dike in Deep Gulch to contain the reservoir. 
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The dam at the 1984 RGB site would be about 130 feet high and have a crest 

length of 1,750 feet. The tunnel would be approximately 17,000 feet long. 

The dam at Site B would be about 100 feet high and have a crest length of 

2,000 feet. The tunnel would be approximately 22,000 feet long. Site A 

was rejected because it would require the largest dam, the longest tunnel, 

and an additional dike. Site B and the RGB site would require dams of 

similar size, but the tunnel needed for the Site B would be 5,000 feet 

longer. The transmission pipeline to the North Platte River would also be 

longer for Site B. Therefore, the 1984 RBG site was chosen on the basis of 

having the most economical configuration of dam and transmission system and 

is the site referred to in further discussions. 

F. ALTERNATIVE DESIGNS 

The bedrock at the proposed Fish Creek dam site is a weakly cemented 

sandstone which will preclude consideration of certain types of dam. It is 

not considered of sufficient quality to adequately support a concrete arch 

type dam and is considered marginal for support of a gravity concrete 

structure. The field conditions would be adequate for an embankment type 

dam, either a central core or concrete face rockfill. 

The central core embankment and concrete face rockfill type dams are 

evaluated below based on preliminary costs and construction feasibility. 

In addition, a roller compacted concrete gravity type structure is also 

evaluated, since in the last few years this type of structure has often 

been found to be economically competitive with embankment type dams. 

Conceptual design details for each dam type were developed based on the 

expected foundation conditions, expected properties of the available borrow 

sources, and design judgment based on SWEets experience and the experience 

from other successfully completed dams. Detailed design studies, such as 

stability and seepage analysis, have not been performed at this study 

level. Refinements to each alternative could be made. Such refinements 

and detailed design analysis will be made to the selected alternative 

during the final concept design and final design phases. 
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All dam types were assumed to have a crest width of 30 feet to allow road 

relocation over the dam. The same crest elevation, 7813, was used for each 

alternative. The dams would have a height of about 130 feet above stream 

bed and a crest length of about 1750 feet. Recommendations and discussion 

of suitability for each dam type are presented below. 

1. Central Core Embankment Dam 

The embankment dam would be a zoned impervious central core earthfill 

structure containing about 2,200,000 cubic yards of fill. Sides lopes are 

3H:1V (horizontal to vertical) upstream and 2.5H:1V downstream. Plan and 

section views are given on Figures V-8 and V-9, respectively. The internal 

drainage system consists of a 10 foot wide chimney drain placed on the 

downstream side of the core, a 4 foot thick horizontal drainage blanket 

connecting the chimney drain with the downstream toe and a line of relief 

drains along the downstream toe. The upstream slope will be protected with 

riprap while the downstream slope will be grassed or covered with oversized 

rock. 

Approximately the top 5 feet of clayey alluvium foundation soil would be 

removed over the entire base of the dam. A cut-off trench, 50 foot wide at 

the maximum section and extending a nominal 10 feet into the bedrock, is 

provided beneath the core. 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. For estimating purposes, the center line of grout holes was 

assumed to extend to a depth equal to the hydraulic head and the outer 

lines to a depth equal to three-fourths of the hydraulic head. Grout holes 

spacing was assumed at 10 feet. Grout take of one-half sack of cement per 

foot of hole was used for the cost estimates. 

The 1984 RBG study suggests there is 

materials for all zones except the core. 

further field investigation will be 

quantities of core material. 
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The appurtenant structures of the central core embankment dam, as shown in 

Figure V-8, consist of a chute spillway in the right abutment, and a tunnel 

type low level outlet in the left abutment which will also serve as a 

temporary diversion tunnel during construction of the dam. The chute 

spillway is sized to pass the routed PMF of the project. The major 

features of the spillway are tabulated below: 

• 
• 
• 
• 
• 

crest of spillway elevation 7800 feet 

length of chute 750 feet 

width of crest and chute 25 feet 

maximum flood level 7810 feet 

maximum flood discharge 3050 cfs 

• type of crest: ungated ogee 

Details of the emergency spillway are given on Figure V-lO. The low level 

outlet is sized to meet the Corps of Engineers latest design criteria 

regarding emergency evacuation of the reservoir. To do so, a 13 foot 

diameter tunnel in the left abutment, well away from the core of the dam is 

proposed. This tunnel is capable of handling the peak discharge of a 10 

year return flood (110 cfs) with an upstream water level of 7700 which is 

provided by a cofferdam. For permanent operational use a 4 feet diameter 

pipe is laid inside the tunnel. The pipe is controlled by a 48 inch valve 

at the downstream end, while a 4 x 4 foot emergency shut-off gate is placed 

at the upstream end slightly upstream of the dam axis. A stilling basin, 

about 50 feet long and 10 feet wide, is proposed to de-energize the high 

velocity discharge of the outlet. 

2. Concrete Face Rockfill 

The dam structures will be a compacted rockfill with an upstream concrete 

face. It would contain about 1,300,000 cubic yards of fill. Side slopes 

are 1.4H:IV both upstream and downstream. Plan and section views are given 

on Figures V-II and V-12, respectively. The rockfill will need to be a 

higher quality rock than the sandstone present at the site. 

Metasedimentary and igneous rock should be available from quarry sites in 

the Sierre Madre Mountains, 2 to 3 miles south from the site. 
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A concrete face with a minimum thickness of 1 foot will be placed on the 

upstream s lope to act as a water barrier. The concrete face will be 

supported by an upstream plinth doweled into the bedrock. A select, well 

graded rockfill layer (3 inch to 6 inch maximum size) will be placed under 

the concrete face to provide good support and a smooth surface on which to 

place the concrete. A 5 foot high parapet wall will be constructed at the 

crest of the dam to provide wave run-up protection. 

The alluvium will be removed from the entire base of the dam. A trench 

will be excavated about 10 feet into the bedrock for placing the plinth. A 

triple line grout curtain, as for the central core embankment dam, has been 

assumed. 

The appurtenant structures of the concrete face rockfill dam are shown in 

Figure V-II. The spillway is the same as for the central core embankment 

dam. The low level outlet system consists of an 8 feet diameter cut and 

cover concrete conduit embedded in the left abutment which will function 

during construction. The concrete s lab on the upstream face of the dam 

facilitates the use of an upstream bulkhead gate operated from the crest of 

the dam. A 4 foot diameter pressure pipe will be installed within the 

conduit to discharge water downstream during reservoir operation. Flow is 

controlled by a 48 inch valve at the downstream end. A stilling basin 

similar to the basin for the central core embankment dam is provided at the 

outlet terminal. The floods during the construction period are handled in 

the same manner as described for the central core embankment alternative. 

3. Roller Compacted Concrete Dam 

The roller compacted concrete (RCC) dam would have a vertical upstream face 

and a 0.8H:IV downstream slope. Plan and sections are shown on Figures 

V-13 and V-14, respectively. The roller compacted concrete would be placed 

in 1 to 2 foot thick lifts and compacted by vibratory rollers. Suitable 

aggregate for the concrete is available from the valley alluvium or from 

the Sierre Madre Complex. Processing of the aggregate will be necessary. 
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A number of methods have been used on RCC dams to reduce seepage through 

the dam. These include the use of cast-in-place or precast upstream 

concrete facing, grout bedding mixes, and waterproofing membranes. For 

estimating, a 1.5 foot thick layer of conventional concrete has been 

assumed on the upstream face to act as a water barrier. A 5 foot high 

parapet wall will be constructed at the crest. Internal drainage 

provisions include a drainage gallery, drainage adits into the abutments, 

foundation drains and vertical drains through the dam. Drain spacing is 10 

feet. A 20 foot excavation into the bedrock, over the entire base area was 

assumed for estimating purposes . Blanket grouting and a triple line grout 

curtain are included to improve the potentially poor sandstone and reduce 

seepage potential and uplift pressures. 

The appurtenant structures of the RCC dam, as shown in Figure V-13, are 

composed of an ungated 25 foot wide overflow spillway formed in the dam and 

a 70 foot long stilling basin. The same design flood and flood discharge 

as for the earth and rockfill alternatives are employed in this 

alternative. The outlet and temporary diversion structures of this 

arrangement are very similar to concrete face rockfill alternative. The 

shut-off bulkhead gate is operated from the dam crest. The location of the 

cut and cover conduit is selected so that it does not interfere with the 

continuous RCC placement. 

G. COST ESTIMATES 

Comparative cost analyses were prepared for each dam alternative based on 

the preceding conceptual designs. The estimated costs are: 

Dam Alternative Estimated Direct Cost 

Central Core Embankment $24,500,000 

Concrete Face Rockfill $24,700,000 

Roller Compacted Concrete $30,750,000 

The cost estimates are based on present day October 1986 prices. A 

detailed breakdown of the above comparison estimates is shown on Tables 

V-4, V-5, and V-6. 
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Item 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Table V-4 

COMPARATIVE COST ESTIMATE 
FISH CREEK DAM AND RESERVOIR 

CENTRAL CORE EMBANKMENT DAM ALTERNATIVE 

Unit 
Description Unit Quantity Rate 

Mobilization & 
Demobilization LS 1 $ 955,000 

Care & Diversion 
of Water LS 1 200,000 

Clearing Reservoir Acre 20 1,500 

Common Excavation CY 170,000 5 

Weathered Sandstone 
Excavation CY 50,000 15 

Grouting LF 50,000 30 

Foundation Treatment SY 9,000 5 

Relief Drains LF 5,000 20 

Embankment Fill CY 2,000,000 6 

Riprap CY 50,000 20 

Filter/Drain 
Material CY 110,000 12 

Instrumentation LS 1 150,000 

Outlet Works LS 1 3,000,000 

Spillway LS 1 1,000,000 

Road Relocation LS 1 600,000 

Land & Land Rights LS 1 1,000,000 

TOTAL ESTIMATED DIRECT COST 
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Estimated 
Cost 

$ 955,000 

200,000 

30,000 

850,000 

750,000 

1,500,000 

45,000 

100,000 

12,000,000 

1,000,000 

1,320,000 

150,000 

3,000,000 

1,000,000 

600,000 

1,000,000 

$24,500,000 



Item 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Table V-5 

COMPARATIVE COST ESTIMATE 
FISH CREEK DAM AND RESERVOIR 

CONCRETE FACE ROCKFILL ALTERNATIVE 

Unit 
Description Unit Quantity Rate 

Mobilization & 
Demobilization LS 1 $ 945,000 

Care & Diversion of 
Water LS 1 200,000 

Clearing 
Reservoir Acre 20 1,500 

Common Excavation CY 200,000 5 

Weathered Sandstone 
Excavation CY 40,000 15 

Grouting LF 50,000 30 

Foundation Treatment SY 3,000 5 

Relief Drains LF 5,000 20 

Embankment Rockfill CY 1,200,000 10 

Bedding Layer CY 130,000 12 

Concrete Face & 
Toe Slabs CY 15,000 200 

Instrumentation LS 1 150,000 

Outlet Works LS 1 1,000,000 

Spillway LS 1 1,000,000 

Road Relocation LS 1 600,000 

Land & Land Rights LS 1 1,000,000 

TOTAL ESTIMATED DIRECT COST 

V-29 

Estimated 
Cost 

$ 945,000 

200,000 

30,000 

1,000,000 

600,000 

1,500,000 

15,000 

100,000 

12,000,000 

1,560,000 

3,000,000 

150,000 

1,000,000 

1,000,000 

600,000 

1,000,000 

$24,700,000 



Table V-6 

COMPARATIVE COST ESTIMATE 
FISH CREEK DAM & RESERVOIR 

ROLLER COMPACTED CONCRETE ALTERNATIVE 

Item 
No. Description 

1 Mobilization & 
Demobilization 

2 Care & Diversion of 
Water 

3 Clearing Reservoir 

4 Common Excavation 

5 Weathered Sandstone 
Excavation 

Unit 

LS 

LS 

Acre 

CY 

CY 

6 Grouting LF 

7 Foundation Treatment SY 

8 Relief Drains LF 

9 Drainage Adit LF 

10 Roller Compacted 
Concrete CY 

11 Conventional 
Concrete CY 

12 Instrumentation LS 

13 Outlet Works LS 

Quantity 

1 

1 

20 

70,000 

150,000 

90,000 

16,000 

40,000 

1200 

550,000 

45,000 

1 

1 

14 Spillway (Included in Item 11) 

15 Road Relocation LS 1 

16 Land & Land Rights LS 1 

Unit 
Rate 

$1,240,000 

200,000 

1,500 

5 

15 

30 

5 

20 

2,000 

25 

100 

150,000 

700,000 

600,000 

1,000,000 

TOTAL ESTIMATED DIRECT COST 

V-30 

Amount 

$ 1,240,000 

200,000 

30,000 

350,000 

2,250,000 

2,700,000 

80,000 

800,000 

2,400,000 

13,750,000 

4,500,000 

150,000 

700,000 

600,000 

1,000,000 

$30,750,000 



H. EVALUATIONS 

The results of the preliminary conceptual design study indicates that the 

roller compacted concrete gravity type dam is not economically competitive 

with the central core embankment or concrete face rockfill type dams as 

shown above. 

In addition, the weak sandstone foundation rock is considered only 

marginally suitable for a concrete gravity structure and could be found 

unsuitable after further investigation. We therefore recommend that 

further study of the RCC alternative be eliminated, unless future operation 

studies indicate a major change in the required reservoir storage volume. 

The central core embankment dam and concrete face rockfill alternatives are 

presently estimated at about the same cost. Based on the limited 

geotechnical and geologic data presently available concerning the site 

foundation conditions and available borrow, it is too soon to show an 

economical advantage for either. Currently there is a question as to the 

availability of sufficient impervious borrow for the core of the 

central-core embankment dam. There are also questions concerning the 

rockfill for the concrete face rockfill dam, since a quarry location for 

the rockfill has not been adequately investigated. 

The concrete face rockfill dam should be more favorable from a construction 

standpoint considering the sites high altitude and relatively short 

construction season. 

I. PREFERRED SOLUTION 

Three alternative site locations and three alternative dam designs were 

evaluated. Based on the dam size and the length of water transmission 

system across the Continental Divide required for each of the three sites 

considered, the site located 500 feet downstream of the confluence of Fish 

Creek and North Fork Savery Creek is preferred. 
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The central core embankment dam and the concrete face rockfill dam have 

about the same estimated cost. Both dam types are technically feasibile 

based on our current level of study. For this Interim Concept Design 

Report these two dam types are recommended for further study. Preliminary 

conceptual design layouts and details for the central core embankment dam 

are shown in Figures V-8 and V-9, and on Figures V-11 and V-12 for the 

concrete face rockfill dam. The concrete face rockfill dam is currently 

preferred since there are less concerns about the availability of suitable 

construction material and weather impacts on constructability. 

Geotechnical field studies of the foundation conditions at the dam site, 

available borrow sources, and investigation of the reservoir area should be 

conducted to establish the preferred dam type. 
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VI TRANSMISSION SYSTEM 

A. GENERAL 

The Fish Creek Project Transmission System has two principal components: a 

17,000 foot long tunnel from the reservoir under the Continental Divide to 

its outlet on Trapper Creek, and 24 miles of pipeline from the tunnel 

intake to the pipeline outlet at the North Platte River near Overland 

Crossing (see Figure VI-1). The pipeline follows Sage Creek along most of 

its length and is designed for possible future hydropower about 5 miles 

below the tunnel exit. 

The following sections will discuss the tunnel and pipeline components and 

the system costs. 

B. TUNNEL 

1 . Site Geology 

The general area of the tunnel was investigated and reported on by RBG in 

their 1984 report titled, "Fish Creek Dam, Geotechnical Study and 

Alternative Evaluations." RGB drilled three borings along the then 

proposed alignment; a 100 foot deep boring at the tunnel inlet, a 120 foot 

boring at the tunnel outlet, and a 260 foot deep boring at about 

mid-length. Boring locations are shown on Figure V-1. The boring logs and 

a geologic section are given in Appendix I.c. The current tunnel alignment 

has been rotated about 1 to 2 miles to the east; however, the geology is 

not thought to change significantly. The following geologic description is 

primarily excerpted from the above report. 

The general geology in the Fish Creek area has been discussed earlier in 

conjunction with the Fish Creek Dam. The geology discussed in this section 

refers primarily to the geological conditions along the alignment of the 

Fish Creek-Trapper Creek Tunnel. The tunnel alignment bears north 08 

degrees east and extends for about 3.2 miles through the gently dipping 

sandstone and limestone beds of the upper member of the North Park 

formation. 
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Bedding in the North Park is so nearly horizontal as to be considered as 

such at the the scale of the tunnel. In addition to the bedding planes two 

sets of joints exist along the tunnel alignment. One joint set strikes 

north 25 degrees east, and dips at between 35 degrees and the vertical 

mainly to the northwest. However, some joints appear to dip to the 

southeast. The other joint set strikes north 45 degrees west and dips 

between 60 degrees and 90 degrees to the northeast; however, some joints 

dip to the southwest. Joint spacing (including bedding joints) tends to be 

close to moderate, with localized concentrations of very close jointing. 

No faulting is known. 

Springs occur at or above the proposed elevation of the tunnel. Yields are 

most commonly less than several tens of gallons per minute, an indication 

that a tunnel would experience minor and non-serious water inflows. 

2. Design Considerations 

The previou.s works on water conveyance from Fish Creek Reservoir to the 

Sage Creek drainage studied possible means for this connection. In 

principal, a tunnel with gravity flow crossing the Divide was preferred to 

pumping water through a pipeline over the Divide due mainly to the 

uncertainty of future pumping energy costs. 

The concept of a tunnel with gravity flow is further developed in this 

study. This development includes refinement of the tunnel route, moving 

the control of flow from the tunnel inlet to the end of the pipeline, and 

resizing the diameter of the tunnel to make the pipeline easily accessible. 

There are numerous options for location of a direct intake in the Fish 

Creek Reservoir. Each intake option has a cons iderable effect on the 

direction of possible routing of the tunnel. Geotechnical and 

topographical conditions at exit portals also affect the selection of 

tunnel route. Therefore, some possible and sometimes even shorter 

alignments were dropped in favor of an overall apparently better route. 
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The selected tunnel route which is shown in Figure VI -1, is 17,000 feet 

long and it is generally oriented in the transmission direction and hence 

makes a shorter total interbasin water transfer line in comparison with the 

earlier route. 

Regarding the means of controlling discharge, an upstream control of flow 

at the Fish Creek Reservoir has some significant disadvantages: 

• It is more remote for the operators than a downstream valve 

• A connection or a balancing pool is required at the tunnel exit and 

the pipeline intake 

• It is unsatisfactory for fine discharge adjustment. 

• Reservoir head is lost should hydropower be installed. 

By laying a pressure pipe inside the tunnel or by using a pressure tunnel, 

it is possible to avoid the above disadvantages. Connecting the 

pressurized Sage Creek transmission pipeline directly to the Fish Creek 

Reservoir, removes the need for any stretch of open channel flow (balancing 

pool) and thereby changes the control of the hydraulic system from the 

upstream end to the discharge end of the pipeline. 

The use of an open tunnel with an accessible pressure pipe through it is 

considered the more positive, lower risk alternative for this Interim 

Concept Study and has been chosen for further discussion. Because of the 

lack of subsurface information on rock and groundwater conditions along the 

tunnel alignment, it is not considered currently feasible to identify the 

necessary conceptual design details for the satisfactory performance of a 

pressure tunnel. When the subsurface data becomes available, the pressure 

tunnel alternative should be further evaluated. 

VI-3 



The cross section of the tunnel is designed to enclose a 48" steel pipe 

which is easily accessible for maintenance and repair services within a 

lO-foot diameter tunnel. At the same time, because of the considerable 

length of the tunnel, an ample access -way is provided along the pipeline 

inside the tunnel for inspection, maintenance and repair. 

Although it is possible to make the foregoing arrangement inside a 

horseshoe or a modified horseshoe tunnel with a smaller area, the circular 

section is preferable for its better distribution of the external stresses 

and therefore less lining expenses. 

The ground water level may be above the tunnel crown along most of its 

length. It will cause some inconvenience during construction and it will 

necessitate a very high quality external anti-corrosion pipe coating. 

Based on the boring data developed along the 1984 RBG tunnel alignment, it 

is anticipated that the permanent rock support system along the majority of 

the tunnel would consist of rockbolts and shotcrete. Three to four rows of 

lO-foot long bolts would be installed in the roof of the tunnel at about 

5-foot spacing along the tunnel. A full lining of shotcrete, 3-inch 

minimum thickness with wire mesh, would be sprayed on. Drains would be 

installed through the lining to reduce water pressure against the 

shotcrete. A typical section is shown on Figure VI-2. 

The 1984 borings found poor quality rock along the slopes. It is 

anticipated that steel sets and a thicker shotcrete lining may be needed 

for a significant distance in from the portals. 

With the limited subsurface data presently available, rockbolts and 

shotcrete lining have been estimated to be required for the entire tunnel 

length. It may be feasible to leave portions of the tunnel unlined, 

depending on information provided by future boltings along the alignment. 

Available information suggests that construction of the tunnel using either 

a tunnel boring machine, or a drill and blast procedure is feas ible. A 

road header may also be able to be used. 
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C. PIPELINE 

1 . Site Geology 

Except for about the first two miles at the inlet end, the pipeline 

traverses a series of Cretaceous-age rocks which dip to the northeast. As 

a result of the dip, the rocks become progressively younger proceeding 

downstream. The first two miles are underlain by the Tertiary-age North 

Park Formation, as described in previous sections of this report. 

Progressing downstream, the bedrock units are: Cloverly Formation, 

Thermopolis Shale, Mowrey Shale, Frontier Formation, Niobrara Formation, 

Steele Shale, and the Mesa Verde Formation. With the exception of the Mesa 

Verde, these formations can all be considered as weak to moderately weak in 

terms of overall strength and erosion resistance. Individual sandstone 

interbeds may locally exhibit greater durability but do not constitute a 

major portion of the stratigraphic sequence. Shales are apt to exhibit 

shrink-swell behavior and bentonite lenses are fairly common. 

From the tunnel outlet portal to within about a mile of its confluence with 

Sage Creek, Trapper Creek occupies a relatively narrow and steep walled 

V-shaped v~lley. Alluvial deposits in the valley bottom are minor, and are 

anticipated to be relatively thin (less than 10 feet). Colluvial deposits 

on the valley walls range from absent to only a few feet thick. In fact, 

much of the east side of the valley shows numerous bedrock outcrops, some 

extensive. Estimates of relative amounts of surface materials are included 

in Table VI-I. 

Once the alignment enters the general area of influence of the Sage Creek 

drainage, the topography becomes subdued with low, rounded hills and the 

wide Sage Creek valley. Drainage paths are often braided and ill-defined. 

Active gulley formation is occurring in the low hills and uplands adjoining 

the larger drainages. Depths of alluvial deposits in the tens of feet 

range are anticipated within the larger valleys. Thin colluvial deposits 

and even some exposed bedrock may be expected on side slopes and on the 

upland areas. Drainage courses may be expected to experience flash 

flooding and sheet flooding. 

VI-5 



Table VI-1 

Estimated Percentages of Suface Materials 
Along Transmission Pipeline 

Material 

Shallow Colluvium 
(Less than 10 ft.) 

Deep Colluvium 
(greater than 10 ft.) 

Shallow Alluvium 
(less than 10 ft.) 

Deep Alluvium 
(greater than 10 ft.) 

Talus 

Boulder Train 

Rock 

Possible Landslide 

Probable Boggy 
Conditions 

VI-6 

Estimated Percent 

37 

(minor) 

21 

32 

(minor) 

o 

9 

less than 1 

(none to minor 
seasonal, variable) 



As previously mentioned, most of the bedrock units traversed by the 

pipeline have low overall erosion resistance. An exception is the Mesa 

Verde Formation, which underlies about the downstream 2.5 miles of the 

route. This unit is judged to have moderate to good erosions resistance 

with respect to the quantities and velocities of water involved. 

No detailed studies of bedrock structure have been done for the pipeline 

route. A few small, inactive faults have been mapped in the general area 

of the pipeline route, typically trending north-south to 

northwest-southeast and extending for only several miles. These are not 

anticipated to influence the pipeline. 

A more detailed geologic description, along with geologic maps are given in 

Appendix I. a. 

2. Pipeline Routing and Sizing 

The buried transmission pipeline from the tunnel outlet on Trapper Creek 

to the North Platte River follows Sage Creek along almost its entire 

length, hence the name Sage Creek Pipeline, to a point on the North Platte 

River just north of Overland Crossing. This is the most direct route and 

makes maximum use of existing roads. The route has been inspected on the 

ground and from the air and studied from aerial photos as discussed in the 

previous section. 

The length of the pipeline from the tunnel exit is 21 miles. This can be 

divided into two sections: an upper drop of about 680 feet over 7.5 miles 

for an average slope of 1.72 percent, and a lower drop of about 370 feet 

over a length of about 13.5 miles for an average s lope of about 0.52 

percent. The pipeline material has been selected, at this stage, as high 

pressure concrete, cylinder pipe. This rugged pipe type can be designed to 

withstand high pressure, which prevails in this case, possible heavy 

external loading and is resistant to corrosive and erosive attack. The 
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first drop, over 5 miles in length, would have 36-inch diameter pipe 

whereas the second drop over 13 miles to the river, would have 45-inch 

diameter pipe. Section VIII discusses larger pipe for the first drop in 

the event hydropower is to be included in the project scope. 

D. COST ESTIMATE 

A summary of the transmission system direct construction costs is as 

follows: 

Outlet Works: 

Mobilization/Demobilization 

Tunnel (10-ft. dia., 17,000 LF) 

Total Outlet Works 

Pipeline: 

Mobilization/Demobilization 

Pipeline 

Total Pipeline Works 

TOTAL ESTIMATED DIRECT COST 

$ 1,000,000 

31,150,000 

$32,150,000 

$ 1,000,000 

27,250,000 

$28,250,000 

$60,400,000 

The above estimate is based on present day October 1986 prices. A detailed 

breakdown of the estimate is provided in Section X, Table X-3. 

Since the revised tunnel scheme has indicated a substantial increase in 

costs over the 1984 estimated costs, the review of the tunnel versus 

pumping scheme should be conducted to determine the least cost option. 

When the final yield of the collector system and results of the reservoir 

operation studies have been completed, additional hydropower evaluation 

should also be included with the pumping scheme assessment. 
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VII. RECOMMENDED SYSTEM CONFIGURATION 

The recommended system configuration for the Interim Concept Design Report 

of the Fish Creek Collection System consists of the proposed Alignment A of 

the Collector, the concrete faced rockfill Fish Creek Dam, a ten-foot 

diameter tunnel from Fish Creek Reservoir to Trapper Creek containing a 

48 inch diameter steel pipe, and buried conveyance pipeline from the tunnel 

portal running generally along Trapper and Sage Creeks to the North Platte 

River near Overland Crossing. 

The modified collector alignment has improved water yield and impacts fewer 

fishery streams. Being lower on the drainage, it provides more isolation 

for the choice high mountain fisheries and impacts less of the Medicine Bow 

National Forest natural runoff. 

The concrete faced rockfill dam at Fish Creek is closely cost competitive 

with the embankment type, but has possible advantages in that adequate 

borrow material is more readily available, and weather limitations on 

constructability are less. Both types should be studied in the next phase 

of design. 

The proposed tunnel alignment from the Fish Creek Reservoir to Trapper 

Creek will provide nearly a direct line from the reservoir towards the 

delivery point at Overland Crossing. Using a steel pipe inside the tunnel 

allows for downstream control of the reservoir releases and eliminates 

hydraulic flow in the open tunnel. This is preferred to a pressure tunnel 

at this time due to the limited data available about the geology along the 

proposed tunnel alignment. 
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For this preliminary stage of conceptual design, the buried pipeline from 

the tunnel to the North Platte River does not include the possibility of a 

portion of the line being sized to accept hydropower. While the power 

market in Wyoming is less than favorable at this time and may not improve 

prior to the next decade, the construction of the Fish Creek Collection 

System may not be completed before the year 2000. With this in mind, it is 

felt desirable to leave open the hydropower option for a section of the 

conveyance pipeline until the time of final design when a determination to 

include or exclude it must be made. 
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VIII HYDROPOWER INVESTIGATION 

A. GENERAL 

Hydropower potential for the Fish Creek Project appears in four places: 

the dam outlet works to Fish Creek; the tunnel outlet works to Trapper 

Creek in the Sage Creek drainage; and at of two drops in the Sage Creek 

Pipeline. The Fish Creek outlet potential was quickly dismissed due to 

insufficient flow; the standard release to Fish Creek will be from 4 to 

10 cfs minimum stream flow requirement. The other three potential were 

analyzed as discussed in the following sections. 

When comparing a pipeline (penstock) designed to supply a power plant (as 

well as deliver water) to a water supply pipeline, an important part of the 

power cost is the incremental cost of the larger size penstock. The power 

plant must have some net head after pipeline losses are deducted in order 

to produce power. The water supply line need only deliver water at little 

or no pressure. It can have a more economical reduced pipe size that uses 

all available head in friction losses. In this hydro cost analysis power 

is charged with this significantly large incremental pipeline cost. In all 

cases the analysis was based on an average year of operation which should 

be adequate at this level since firm power is not being addressed. 

B. HYDRO POTENTIAL 

1. Outlet to Trapper Creek 

In order to estimate the power potential of the outflow from Fish Creek 

Reservoir in a typical year, month-by-month reservoir routing was carried 

out using the North Platte Community water demands developed by Black and 

Veatch and assuming an empty reservoir at the end of April. This routing 

enabled determination of average monthly discharges and reservoir water 

levels from which energy and capacity potentials could be computed. 
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2. The First Drop 

The first drop in the Sage Creek Pipeline is about 680 feet over a 7 1/2 

mile stretch from the tunnel exit. The power plant would be at elevation 

7000; the average slope to the plant would be 1.72%. A 48" diameter 

penstock would result in an average annual output of about 21.9 GWH, with 

about 7% average head loss and a rated capacity of 3,750 KW corresponding 

to the maximum average flow rate of 96 cfs. 

When the tunnel outlet power potential and the first drop are combined, the 

resulting output and rating are 22.9 GWH/yr and 3750 KW. A pipeline 

serving water supply only would be 36-inches in diameter for this stretch. 

This 36-inch diameter line has been included in the project estimated 

cost. If the decision is made at a later date to include this first drop 

hydropower as a project function, then a 48-inch diameter line must replace 

the smaller one. 

3. The Second Drop 

The second drop in the Sage Creek Pipeline is in the stretch from the first 

drop power plant to the outlet at the North Platte River near Overland 

Crossing. This is a drop of about 370 feet over 13 1/2 miles for an 

average slope of 0.52%. 

A 60-inch diameter penstock would result in about 8 % average head loss and 

annual generation of 11.1 GWH. Rated capacity for 96 cfs would be 1,820 

KW. A pipeline serving water supply only would be 45 inches in diameter 

for this stretch. 

C. HYDROPOWER COSTS 

Hydropower plant and equipment costs have been estimated from SWEC 

Guideline cost curves which were developed from cost curves in Corps of 

Engineers, Bureau of Reclamation and Electric Power Research Institute 

small scale hydropower manuals. Updating to July 1986 was by means of 

BUREC water resources cost indices. 
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Pipeline costs were from vendors and the summary of bids for Cheyenne t s 

Stage II Pipeline now under construction. As previously pointed out, 

hydropower is charged with the incremental pipeline cost for penstock 

larger than a minimum size pipeline, in order to provide head for power 

generation. 

First Drop Estimate 

KWR = 3750 KW Pelton Type 

HR = 566 

QR = 96 cfs 

Powerhouse & Equipment Package 
Tailrace/2nd Drop Intake Basin 
Switchyard 
Transmission = 34.5 KV, 30-mi to Saratoga 
Incre. Cost of 48" dia. instead of 36" dia. 

high pressure pipelines for 5.5 miles 
Total Direct Cost 

Allowance for Indeterminates 
Subtotal 

Engineering and Administration 
Interest During Construction 

TOTAL PROJECT COST 

Unit Cost = 59,500,000 = $2,500 per KW 
3750 KW 

Second Drop Estimate 

KWR = 1820 KW, Hor. Francis Type 

HR = 273 ft. 

QR = 96 cfs 

Powerhouse & Equipment Package 
Tailrace 
Switchyard 
Transmission + 34.5 KV, 6000-ft. to 1st. Line 
Incre. Cost of 60 in. dia. instead of 45 in. dia. 

high pressure pipelines for 13.5 mi. 

AFI 
Subtotal 

Total Direct Cost 

Engineering and Administration 
IDC 

Unit Cost = $11,000,000 = $6,000 per KW 
1820 KW 
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ESTIMATED COST 

($ x 1000) 

$2,400 
50 

100 
1,200 

2,750 
6,500 
1,000 
7,500 
1,000 
1,000 

$9,500 

ESTIMATED COST 

($ x 1000) 

$ 1,100 
50 
50 
50 

6,400 
7,650 
1,150 
8,800 
1,200 
1,000 

$11,000 



D. CONCLUSION 

The power potential at the second drop is clearly uneconomical at $6,000 

per KW and has no prospect of economical development in the foreseeable 

future. On the other hand, the potential at the first drop could lead to 

the development of about 3.8 MW at a present day cost of about 

$9.5 million, or $2,500 per KW. This is a little high for a part of the 

country presently with a power surplus, but the present situation will not 

always prevail and this project could prove feasible in the future. 

A point in favor of power development on the Sage Creek Pipeline is that 

the project would have a firm power benefit since water would be delivered 

year-round, every year. Firm power is worth at least the capital cost of 

coal-fired stearn electric generation which is in the order of $1,200 per KW 

today. So, this is an important benefit but further operation studies of 

th Fish Creek Reservoir are needed to determine the firm KW with some 

assurance. 
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IX. PERMITS AND LAND ACQUISITION 

A. PERMIT REQUIREMENTS 

Table IX-l lists the major permits and other authorizations required to 

construct the Fish Creek Collection System. In addition to those listed, 

the construction contractor will be required to have in its possession, 

valid permits, certificates, licenses, etc. covering all government 

regulated construction equipment, activities, and support services (e.g. 

equipment operation and maintenance, blasting, noise and dust control, food 

handling, sanitary waste facilities). 

The State of Wyoming has filed water rights applications for the Fish Creek 

Reservoir and Collector System. No other permit applications have been 

submitted to date. 

The proposed Fish Creek Project 

Environmental Impact Statement (EIS) 

expected to be designated as the 

completion of the EIS. 

will be subject to a full federal 

Process. The U.S. Forest Service is 

lead federal agency responsible for 

It should be noted that authorization will have to be obtained from the 

Forest Service to conduct any field activities beyond reconnaissance level 

observations. The proposed reservoir, collector and pipeline locations 

will also have to be surveyed by a qualified archeologist as a part of the 

State Historic Preservation Officer (SHPO) Cultural Resource Clearance. 
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Table IX-1 Permits - Fish Creek Collection System 

Permit (1) 

404 Permit (Discharge of Dredged 
or Fill Material into Waters 
of the United States) 

Special Use Permit (Easement) 

Right-of-Way Grant 

Threatened and Endangered 
Species Clearance (2) 

401 Water Quality Certification 

Permit to Construct Temporary 
Waste Treatment Facilities 
(Sediment Ponds) 

National Pollutant Discharge 
Elimination System (NPDES) 
Permit 

Mining Permit 

Waste Disposal Permit 

Burning Permit 

Easement (State Lands) 

Reservoir, Collector and Pipeline 
Permits (Permits to Appropriate 
Water) 

Agency 

u.s. Dept. of the Army, Corps of 
Engineers 

u.s. Dept. of Agriculture, Forest 
Service 

u.S. Dept. of the Interior, Bureau 
of Land Management 

u.S. Dept. of the Interior, Fish and 
Wildlife Service 

Wyoming Dept. of Environmental 
Quality, Water Quality Division 

Wyoming Dept. of Environmental 
Quality, Water Quality Division 

Wyoming Dept. of Environmental 
Quality, Water Quality Division 

Wyoming Dept. of Environmental 
Quality, Land Quality Division 

Wyoming Dept. of Environmental Quality, 
Solid Waste Management Div. 

Wyoming Dept. of Environmental 
Quality, Air Quality Division 

Wyoming Board of Land Commissioners 

Wyoming State Engineer 
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Table IX-l Permits - Fish Creek Collection System (Continued) 

Permit (1) 

Review and Approval of 
Construction Plans and 
Specifications 

Review and Approval of 
Temporary Sediment Ponds 
and Construction Water 

Cultural Resource Clearance 

Building Permit 

Agency 

Wyoming State Engineer 

Wyoming State Engineer 

Wyoming State Historic Preservation 
Officer (SHPO) 

Carbon County Planning Commission 

1. Includes permits, certifications, easements, clearances, and approvals. 

2. To be obtained in conjunction with EIS process under Section 7 of the 
Endangered Species Act of 1973 (Section 7 Consultation). 
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B. LAND ACQUISITION 

Land acquisition requests for the Fish Creek Collection System are 

different for each of the major components of the project. 

The collector system is located primarily in the Medicine Bow Forest and 

will require permitting by the U.S. Forest Service. In the northern sector 

of the collector, which is outside the Forest Boundary, an easement for the 

right of way will need to be obtained from privat.e owners and the Bureau of 

Land Management (BLM). 

The dam and reservoir area will require purchase of property within the 

inundated zones as well as along road relocation routes. 

The tunnel and pipeline route from the Fish Creek Reservoir will be served 

best by right of way easements which will involve private as well as BLM 

Lands. 

Figure IX-l is a map showing ownership of property in the vicinity of the 

Fish Creek Darn and Reservoir. 
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X SYSTEM COST ESTIMATE 

The conceptual order of magnitude cost estimate for construction of the 

recommended Fish Creek Collection System is shown below: 

Collector System 

Fish Creek Dam and Reservoir 

Transmission System 

TOTAL ESTIMATED COST 

$ 91,000,000 

33,000,000 

80,000,000 

$204,000,000 

The estimate is based on quantities developed from the interim conceptual 

designs and present day 1986 unit prices. An allowances of 15% for 

engineering construction management, and I5~~ for indeterminates have been 

included to complete the estimate. Itemized cost estimates for the 

Collector System, Fish Creek Dam and Reservoir, and the Transmission System 

are given in Tables X-I, X-2 and X-3, respectively. 

Basis of estimate and specific items included and excluded from the 

estimate are identified below. 

Included in the estimate: 

• 

• 

Quantities developed by the project from conceptual drawings and USGS 

mapping for collector and transmission system. 

Vendor information for major work items concrete pipe, tunnel 

costs, dam and reservoir costs. 

• Balance of estimated items, required for completeness of the 

estimate, developed from. recent SWEC information. 

• Contracted labor rates, including contractor's distributable 

construction costs. 

• Allowance for land and land rights for dam of $1,000,000. 
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• 
• 
• 
• 

Freight allowance. 

Mobilization/demobilization. 

Engineering/construction management services @ 15%. 

Allowance for indeterminates (15%) - defined as an 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 capital cost budget. 

Excluded from the estimate: 

• 
• 
• 
• 
• 
• 
• 
• 
• 

Escalation to complete. 

Environmental studies/permitting/mitigation. 

Allowance for funds used during construction (AFUDC). 

Wyoming Water Development Commission costs. 

Land and land rights for collector and transmission system. 

State and local taxes. 

Operating and maintenance costs. 

Costs pertaining to water rights. 

Budget contingency defined as the Owner's reserve funds for 

emergency and unforeseen circumstances, such as schedule delays, 

licensing problems, changes in labor availability or productivity, 

financial difficulties, etc. 

• Hydroelectric power plant capital cost estimate (see Section X of 

report) . 

• Automated controls for major facilities. 

• Recreation development. 

The interim estimated cost of $204,000,000 is approximately 20 percent 

higher than costs estimated in the SWEC 1984 Technical Summary Report. 

This is primarily attributed to escalation, and the increased costs of 

design improvements to the transmission tunnel system from Fish Creek 

Reservoir to the Sage Creek Basin. The improved tunnel system is described 

in Section VI, and consists of modifying the open channel flow tunnel 

configuration to a pressurized system with a 48-inch diameter pressure pipe 

within an access tunnel. Evaluation resulted in a 4000 foot (30%) tunnel 

length increase and a 2-foot diameter increase. 

X-2 



Item 
No. 

1 

Description 

MobjDemob 

Table X-1 
INTERIM CONCEPT DESIGN COST ESTIMATE 

39,000 ACRE FOOT COLLECTOR SYSTEM 
BATTLE CREEK TO FISH CREEK RESERVOIR 

($ x 1000) 

Unit Quantity Unit Rate 

LS 1 

2 Collector Pipeline 

3 

4 

5 

6 

6"-30" 
36"-60" 
66"-96" 

Subtotal Pipeline 

Stilling Basin 

Campground Rehab 

Access Roads 

Collector Inlets 

Subtotal Direct Cost 

LF 
LF 
LF 

Ea. 

LS 

LS 

LS 

5,000 
80,000 

107,000 

2 

1 

1 

1 

Engineering and Construction Management 

Subtotal 

Allowance for Indeterminates 

TOTAL ESTIMATED PRESENT DAY COST 

X-3 

115.00 
225.00 
390.00 

150,000 

Estimated 
Cost 

$ 3,000 

575 
18,000 
41,725 

$60,300 

300 

200 

1,200 

3,500 

$68,500 

10,300 

$78,800 

12,200 

$91,000 



Table X-2 

INTERIM CONCEPT DESIGN COST ESTIMATE 
FISH CREEK DAM AND RESERVOIR 

CONCRETE FACE ROCKFILL ALTERNATIVE 
($ x 1000) 

Item 
No. Description 

1 Mobilization & 
Demobilization 

2 

3 

4 

Care & Diversion 
of Water 

Clearing Reservoir 

Common Excavation 

5 Weathered Sandstone 
Excavation 

Unit 

LS 

LS 

Acre 

CY 

CY 

6 Grouting LF 

7 Foundation Treatment SY 

8 Relief Drains LF 

9 Embankment Rockfill CY 

10 Bedding Layer CY 

11 Concrete Face & 
Toe Slabs CY 

12 Instrumentation LS 

13 Outlet Works LS 

14 Spillway LS 

15 Road Relocation L8 

16 Land & Land Rights LS 

Quantity 

1 

1 

20 

200,000 

40,000 

50,000 

3,000 

5,000 

1,200,000 

130,000 

15,000 

1 

1 

1 

1 

1 

Subtotal Direct Cost 

Engineering and Construction Management 

Subtotal 

Allowance For Indeterminates 

Unit 
Rate 

$ 945,000 

200,000 

1,500 

5 

15 

30 

5 

20 

10 

12 

200 

150,000 

1,000,000 

1,000,000 

600,000 

1,000,000 

TOTAL ESTIMATED PRESENT DAY COST 

X-4 

Estimated 
Cost 

$ 945 

200 

30 

1,000 

600 

1,500 

15 

100 

12,000 

1,560 

3,000 

150 

1,000 

1,000 

600 

1,000 

$24,700 

3,700 

$28,400 

4,600 

$33,000 



Item 
No. 

1 

Table X-3 
INTERIM CONCEPT DESIGN COST ESTIMATE 
39,000 ACRE FOOT TRANSMISSION SYSTEM 

FISH CREEK RESERVOIR TUNNEL & PIPELINE TO 
NORTH PLATTE NEAR OVERLAND CROSSING 

($ x 1000) 

Description Unit Quantity Unit Rate 

Mob/Demob LS 1 

2 Transmission Pipeline 

3 

4 

5 

6 

6"-30" 
36"-60" 
66"-96" 

Subtotal Pipeline 

Stilling Basin 

Channel Excavation 

Steel Pipeline 

Tunnel (10' Dia.) 

Subtotal Direct Cost 

LF 
LF 
LF 

Ea. 

CY 

LF 

LF 

110,000 

2 

140,000 

17,000 

17,000 

Engineering and Construction Management 

Subtotal 

Allowance for Indeterminates 

TOTAL ESTIMATED PRESENT DAY COST 

X-5 

245.00 

150,000 

10.00 

500.00 

1250.00 

Estimate 
Cost 

$ 2,000 

26,950 

$26,950 

300 

1,400 

8,500 

21,250 

$60,400 

9,100 

$69,500 

10,500 

$80,000 
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XI. PROJECT SCHEDULE 

With the preliminary concept design of the collector system limited by the 

lack of accurate topographic data and site access, it was considered 

prudent by the WWDC, to also limit field geotechnical exploration for the 

Fish Creek Dam to surface observations, until better definition of yields 

alignment and costs could be studied. With the completion of the Interim 

Concept Design Report, scheduling of the National Environmental Policy Act 

(NEPA) review process should be initiated. This will allow the suggested 

third party EIS process to begin in the spring of 1987 and necessary 

baseline data gathering to be initiated. Discussions with WGF and USFS 

regarding the proposed Alignment A of the collector routing should result 

in a firmer definition of anticipated collector yields. As shown on the 

proposed schedule Figure XI -1, the EIS process is estimated to take 30 

months. 

To satisfy an adequate definition of the design requirements of the Fish 

Creek Dam, as well as the tunnel to Trapper Creek, a preliminary 

geotechnical exploration program will be necessary to complete the 

Conceptual Design of the structures. This work is shown on the proposed 

schedule beginning in the spring of 1987. 

Continuation of this Conceptual Design activity is shown into 1988, and 

reflects possible design developments which result from environmental 

assessments being conducted during the EIS process. The completion of the 

conceptual designs for the collector, dam and reservoir and transmission 

system must be scheduled to allow adequate review under the EIS process. 

Sufficient timing should be allowed so that all significant concerns are 

adequately addressed and evaluated before the proposed development is 

presented to the 1990 Legislative Session. 
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If immediate development of the project is directed by the Legislature in 

1990, final design could begin in 1990 and be followed by construction 

beginning in 1991. The preliminary estimate of the period required for 

the construction of the project is five years. Careful planning to carry 

out the work at several locations simultaneously, will be necessary to 

accomplish the project in this time frame. The project will need to be 

essentially complete in all aspects before significant water will be 

available for trans-basin diversion. Due to the nature of the project, 

construction ~taging opportunities are considered to be very limited and of 

questionable benefit. Therefore, the earliest that utilization of water 

from the project could occur is 1996. Extension of the schedule due to 

permitting, institutional or unforeseen legal delays should be monitored by 

WWDC as the project develops. 
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XII SUMMARY AND RECOMMENDATIONS 

A. SUMMARY 

This Interim Phase I Concept Design Report provides a proposed scheme of 

development for the Fish Creek Collection System, a trans-basin diversion 

plan to move water from the Little Snake River Basin into the North Platte 

River basin. This preliminary development scheme should be used to 

continue consultation and collaboration with the U.S. Forest Service, 

Wyoming Game and Fish, as well as the Bureau of Land Management and other 

federal and state agencies that will be involved with the Environmental 

Impact Statement evaluation process. 

The trans-basin diversion scheme provides for three major components: 

• The Alignment A Collector System 

• Fish Creek Dam and Reservoir 

• A tunnel and pipeline from Fish Creek Reservoir to the North Platte 

River near Overland Crossing 

Yields for the SWEC 84 collector alignment were substantially reduced after 

incorporating the recommendations of USFS and WGF presented in 1984. 

Further consultation and discussions by WWDC during 1985 modified the 

estimated yields and resulted in a potential average annual yield before 

pipeline constraints of 33,700 acre-feet. By examining alternative routes 

and design approaches, SWEC developed a collector alignment which increased 

the estimated yield to about 41,000 acre-feet without constraints and 

approximately 39,000 acre-feet when considering pipeline constraints. 

The proposed collector (Alignment A) not only improves the water yield of 

the system, but eliminates some of the fishery stream crossings and 

shortens the main pipeline route for the collector. The collector system 

is the most critical element in the overall design requirements of the Fish 

Creek Collection System. 
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The Fish Creek Dam site at the confluence of Fish Creek and the North Fork 

Savery Creek is the preferred dam location. Both a central core embankment 

and a concrete face rockfill dam appear feasible and should be studied 

further. The concrete face rockfill dam is currently preferred due to the 

availability of borrow and less weather constraints during construction 

The tunnel from the Fish Creek Reservoir to Trapper Creek is based upon 

very little subsurface on-site geotechnical information. Therefore, its 

design as an access route across the Continental Divide for the pipeline is 

conservative from a cost viewpoint. Future subsurface explorations may 

indicate that a smaller hydraulic pressure tunnel is feasible and more 

economical. 

The proposed conveyance pipeline to the North Platte River will be buried. 

It can be constructed in a relatively short time due to its simple design, 

even though it is relatively long. Refinements of the overall system 

operating plan will establish final design criteria for the conveyance 

pipeline. 

B. RECOMMENDATIONS 

Based upon the results of the Fish Creek Collection System studies to date, 

the following recommendations are submitted: 

1. The Alignment A collector route should be presented and discussed 

with the USFS and WGF. Following this a final proposed alignment 

should be adopted. 

2. Operation studies to determine final reservoir sizing should be based 

on the yield of the proposed final collector alignment. 
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3. A limited geotechnical field exploration program should be initiated 

along the proposed tunnel alignment and in the vicinity of the Fish 

Creek Darn to determine the preferred darn type. 

4. The evaluation and steps necessary to initiate the EIS permitting 

process should be pursued. 
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