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FISH CREEK DAM 

GEOTECHNICAL STUDY AND ALTERNATIVE EVALUATIONS 

EXECUTIVE SUMMARY 

1. Purpose and Scope 

The Upper Savery Storage Project is an alternative to the 
Battle Creek to Jack Creek Pipeline described in the Little 
Snake River Management Project Feasibility Study, November 1980. 
The purpose of the study is to divert water collected on the 
western slope of the Sierra Madre Mountains into Savery Creek 
and Sage Creek drainage basins. Water diverted into Sage Creek, 
which is in the North Platte River drainage, would be used by 
municipalities in that drainage area. Water diverted into the 
North Fork of Savery Creek would be used to provide supplemental 
water to downstream in-basin users. 

The basic objectives of this investigation were to perform 
(1) Geotechnical studies for the Fish Creek Dam site and the 
Fish Creek to Sage Creek Tunnel and to prepare preliminary designs 
and cost estimates for these facilities, and (2) To determine 
the most cost-effective way of diverting water from the collection 
system over the Continental Divide into Sage Creek. 

Alternative ways considered to accomplish the transmountain 
diversion included (1) A collection system from Battle Creek 
to Fish Creek, a reservoir on Fish Creek and a tunnel to carry 
water from the Fish Creek Reservoir to Sage Creek, (2) A collection 
system from Battle Creek to Fish Creek, a reservoir on Fish 
Creek and a pumping plant to deliver water over the Continental 
Divide to Sage Creek, and (3) A collection system from Battle 
Creek to a point west of Dexter Peak, a gravity line leading 
from the collection system over the Continental Divide to Sage 
Creek and a storage reservoir on Sage Creek. 

The collection system indicated above from Battle Creek 
to Fish Creek was studied by Banner Associates and the design 
and cost estimates prepared by them have been used in this report. 
Cost estimates for the Fish Creek Dam and reservoir are based 
on storing 40,000 acre feet of water in Fish Creek with 30,000 
acre feet diverted over the Continental Divide and 10,000 acre 
feet of water to be discharged into the North Fork of Savery 
Creek for use downstream. Water is to be diverted from Fish 
Creek over the Continental Divide at a uniform rate during the 
months of July, August and September. 
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2. Geotechnical Investigation and the Preliminary Design of 
Fish Creek Dam and the Fish Creek to Sage Creek Tunnel 

The characteristics of the subsurface material at the proposed 
Fish Creek Dam were determined by drilling seven test holes 
at the dam site varying in depths from 13 to 50 feet. Sandstone 
is exposed on both abutments and a thin overburden veneer covers 
the bedrock in the stream bed. The bedrock is relatively tight, 
however, some grouting will likely be required. An adequate 
source of earth material exists in the area to construct the 
darn, however, more investigations will be required particularly 
to determine an additional source of impervious material. 

Preliminary design of dams with crests at elevations of 
7810, 7840 and 7860 were determined for the site. The cost 
of a dam to store 40,000 acre feet at the Fish Creek site is 
estimated to be about $8,000,000. 

The most economical alignment was determined for a tunnel 
between Fish Creek and Sage Creek. A tunnel having a length 
of 14,000 feet and a diameter of 8 feet was selected for the 
site. The geological characteristics of the bedrock were determined 
along the tunnel alignment by drilling three test holes varying 
in depth from 100 to 260 feet. The test results indicate that 
a tunnel lined with wire-reinforced gunite will be satisfactory 
to stabilize the tunnel. The estimated cost for constructing 
the tunnel based on the above considerations is $9,868,495. 

3. Cost Estimate for a Reservoir on Sage Creek 

Geotechnical investigations were previously performed for 
the Rawlins Reservoir on Sage Creek along with a downstream 
site. No ge'otechnical investigations were performed for sites 
on Sage Creek, however, a cost estimate was made for raising 
the Rawlins Reservoir along with a new dam downstream from the 
Rawlins Reservoir. The results of this cost analysis indicated 
that a dam on Sage Creek sufficient to store 30,000 acre feet 
would cost $9,494,135. 

4. Fish Creek-Sage Creek Pumping Plant and Pipeline 

The Fish Creek-Sage Creek Pumping Plant and Pipeline will 
deliver 30,000 acre feet of water at a uniform rate during the 
months of July, August and September. Three alternatives were 
investigated and the most favorable system will have an inlet 
at elevation 7750 in the northerly part of the reservoir. The 
pipeline will be 10,000 feet long and will cross the Continental 
Divide at elevation 8020. The pipeline will discharge into 
an intermittent stream which meets Sage Creek about 3.2 miles 
downstream. 
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A 32-foot diameter concrete silo will house two pumps having 
a capacity of 165 cfs each with a lift of 80 feet. These pumps 
will lift the water to a second pumping station where two pumps 
having a capacity of 165 cfs and a lift of 142 feet will be 
located. Details of the pumping system and pipeline are shown 
in the report. The first cost for the pumping system and pipeline 
will be $6,243,787. 

5. Cost Comparisons 

A. Alternative No.1 - The Collection System, the Fish 
Creek Dam and the Fish Creek-Sage Creek Tunnel 

(1) Cost for the Collection System 
from Battle Creek to Fish Creek 

(2) Fish Creek Dam 

(3) Fish Creek-Sage Creek Tunnel 

Total 

$ 88,741,618 

8,000,000 

9,868,495 

$106,610,113 

It should be n~ted that the cost for the collection 
system was determined by Banner Associates. 

B. Alternative No.2 - The Collection System, the Fish 
Creek Dam and a Pumping Plant and Pipeline to Sage 
Creek 

(1) The Collection System 

(2) Fish Creek Dam 

(3) Pumping Plant and Pipeline to 
Sage Creek 

Total 

$ 88,741,618 

8,000,000 

6,243,787 

$102,985,405 

C. Comparison Between Alternative Nos. 1 and 2 

These two alternatives are compared using the annual 
cost method. An economic life of 40 years and an interest 
rate of 8.5 percent has been used in calculating the annual 
cost. The pumping costs for Alternative No. 2 have been 
included in the cost summary. 

(1) Annual Cost for Alternative No.1 $ 9,434,995 

(2) Annual Cost for Alternative No. 2 $10,670,808 

It is apparent that Alternative No. 1 is the more 
economical alternative. 
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D. Alternative No.3 - The Collection System, a Gravity 
Pipeline from the Collection System to Sage Creek 
and a Dam on Sage Creek 

The dam on Sage Creek has been sized to store 30,000 
acre feet since the amount of water to be diverted from 
Fish Creek would be 30,000 acre feet. 

(1) Total Cost for the Collection 
System and the Gravity Line 
to Sage Creek 

(2) Sage Creek Reservoir 

Total 

E. A Comparison of All Three Alternatives 

$79,763,781 

9,494,135 

$89,257,916 

Since the storage in the Sage Creek Reservoir would 
be 30,000 acre feet, and the other alternatives would store 
40,000 acre feet, the alternatives must be made on an acre
foot basis. A summary of the costs on this basis are tabulated 
below. 

Alternative 

1 

2 

3 

Yearly Cost 

$ 9,434,995 

$10,670,808 

$ 7,899,325 

Usable Water 
Acre Feet 

40,000 

40,000 

30,000 

Yearly Cost 
per Acre Foot 

236 

267 

263 

The above analysis indicates that the Collector System
Fish Creek Dam-Fish Creek-Sage Creek Tunnel is the least costly 
alternative, however, the cost difference is not greater. Beyond 
the 40-year repayment period the pumping costs for Alternative 
No. 2 would still exist, while the operation and maintenance 
of the other two alternatives would be much less. As a-consequence 
of this situation, Alternative No. 2 is much less favorable 
than the other two alternatives. Alternative No.1, in addition 
to having the least annual cost per acre foot, has the advantage 
over Alternative No. 3 in that it will provide water for in-basin 
water users. 
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I. INTRODUCTION 

1. Project Purpose and Location 

The Upper Savery Storage Project is an alternate to the 
Battle Creek to Jack Creek Pipeline described in the Little 
Snake River Management Project Feasibility Study of November 
1980. The purpose of the Upper Savery Storage Project is to 
divert water collected on the western slope of the Sierra Madre 
Mountains into the Savery Creek and Sage Creek drainage basins. 
The water diverted into Sage Creek, which is in the North Platte 
River drainage, would be used by municipalities in that drainage 
area. Water diverted into the North Fork of Savery Creek would 
be used to provide supplemental water to downstream in basin 
users. Principal features of the project are a collection system 
located along the western slope of the Sierra Madre Mountains, 
the Fish Creek Dam which is located in Sections 18 and 19 of 
Township 16 North, Range 87 West, Wyoming State Coordinates, 
and a transmountain diversion system leading into the Sage Creek 
drainage basin. The location of the Fish Creek Dam relative 
to the North Fork of Savery Creek and Sage Creek is shown in 
Sheet No.1. 

2. General Features of the Investigation 

The basic objective of the investigation was to determine 
the most suitable way of accomplishing the transmountain diversion. 
Possible ways proposed to accomplish the transmountain diversion 
include: (1) A collection system from Battle Creek to Fish Creek, 
a reservoir on Fish Creek combined with a tunnel to deliver 
water from the Fish Creek Reservoir to the Sage Creek drainage, 
(2) A collection system from Battle Creek to Fish Creek, a reservoir 
on Fish Creek combined with a pumping plant to deliver water 
over the Continental Divide into Sage Creek, or (3) A collection 
system from Battle Creek to a point west of Dexter Peak combined 
with a gravity line leading from the collection system over 
the Continental Divide to Sage Creek. 

3. Scope of the Investigation 

The detailed scope of the investigation is outlined in 
the Exhibit A of the contract and generally includes the preliminary 
design of a dam on Fish Creek, the preliminary design of a tunnel 
from the Fish Creek Reservoir to Sage Creek, a preliminary design 
of a pumping facility from the Fish Creek Reservoir to Sage 
Creek, and a gravity pipeline from the collection system to 
Sage Creek. The detailed information presented in this report 
for each of these categories is outlined as follows: 
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II. Fish Creek Dam and Reservoir 

1. Geology of the Dam Site and Reservoir 
2. Subsurface Investigation at the Dam Site 
3. Available Embankment Material 
4. Earth Dam Alignment, Cross-Sections and the Use 

of Available Materials 
5. Foundation Treatment for the Dam 
6. Internal Drainage for the Dam 
7. Spillway Design 
8. Outlet Works 
9. Environmental Considerations 
10. Leakage Potential of the Reservoir Basin 
11. Relocation of the Roads 
12. Stream Diversion 

III. Fish Creek-Sage Creek Tunnel 

1. Design Criteria 
2~ Alignment of Tunnel 
3. Geology Along the Tunnel Alignment 
4. Subsurface Investigation 
5. Tunnel Construction Methods 
6. Inlet and Outlet Considerations 

IV. Fish Creek-Sage Creek Pumping System 

1. Design Criteria 
2. Alignment 

V. Gravity Pipeline from the Collection System to Sage 
Creek 

1. Design Criteria 

VI. Sage Creek Dam 

1. Geological Conditions 
2. Cost Estimate for Existing Rawlins Dam 
3. Cost Estimate for a New Dam and Reservoir 

VII. Cost Comparisons 

1. Introduction 
2. Alternative No.1 - Collection System, Fish Creek 

Dam and the Fish Creek Dam Sage Creek Tunnel 
3. Alternative No.2 - Collection System, Fish Creek 

Dam and a Pumping Plant and Pipeline to Sage Creek 
4. Alternative No. 3 - The Collection System, A 

Gravity Line from the Collection System to Sage 
Creek and a Dam on Sage Creek 

5. Conclusions 
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II. PISH CREEK DAM AND RESERVOIR 

1. Geology of the Fish Creek Reservoir Basin 

A. Introduction 

The proposed site for the Fish Creek Dam lies within 
a dissected plateau, called Miller Hill, that forms an 
apron-like area around the north end of the Sierra Madre 
Mountains. The plateau consists of gently dipping, poorly 
to moderately cemented fine grade sandstones and limestones 
of the North Park formation of questionable late Miocene 
or early Pliocene era. The critical geological features 
are those associated with regional uplift occurring in 
late Pliocene or Pleistocene time causing normal faulting 
and fracturing in the North Park formation. 

B. Stratigraphy 

The proposed Fish Creek Dam foundations lie 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. 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 schiest with smaller quantities of intrusive igneous 
rocks, pegmatites and numerous veins of white quartz. 

No paleozoic rocks are exposed in the area, although 
from earlier well data these rocks are believed to underlie 
most of the area. Paleozoic rocks have also been mapped 
just south of the area at the west side of the Sierra Madre 
Mountains. Good exposures of mesozoic rocks occur just 
to the north of the area in Big Sage Creek. Other masozoic 
formations present are nugget sandstone, Sundance, Morrison, 
Cloverly, Thermopolis shale, Mowry shale, Frontier, Niobrava, 
and Steele shale. 

The North Park formation is as much as 800 feet thick 
locally, but the original thickness was probably greater. 
The North Park formation has been divided into two members. 
The lower member is a basal conglomerate as much as 100 
feet thick, and the upper member is a sequence of fine 
to medium grained sandstone, tuff, and limestone beds as 
much as 700 feet thick. 

The basal conglomerate consists of a pebble and boulder 
conglomerate with boulders up to 3 feet across in a fine 
clastic matrix. Many of the boulders are rocks similar 
to those found in the Precambrian rocks of the Sierra Madre. 
The basal conglomerate is typically cross-stratified and 
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composed of alternating lenses of coarse and relatively 
finer clastic materials. Medium to large scale cross-strati
fication, graded bedding, and irregular bedding suggest 
that much of the material was deposited by rivers in a 
flood stage. 

Above the basal conglomerate is the main member of 
the North Park formation. The upper member consists of 
sandstone, tuffaceous sandstone, tuff, and limestone beds. 
Most of the upper member is a light gray to yellow gray 
calcarious sandstone that is horizontally stratified though 
cross-laminated. Sandstone beds in the upper members that 
are cemented with calcium carbonate form more resistant 
ledges than the noncalcareous sandstone beds. Calcareous 
sandstone beds grade into sandy limestone beds, and they, 
in turn, grade into beds of dense limestone. Limestone 
beds are locally brecciated and partially replaced by chal
cedony. 

Uncorrelated tertiary age rocks exist on the west 
flank of the Sierra Madre Mountains about 2.5 miles south 
of the dam site. The conglomerate, consisting of limonite 
stained Precambrian boulders that differ markedly from 
the basal conglomerate of the North Park formation, is 
believed to be younger in age. 

Quarternary deposits of Pleistocene and recent age 
include alluvium, colluvium, terrace gravel, and pediment 
gravel. Alluvium is confined to the valley bottoms of 
major streams. Colluvium has been mapped where steep valley 
slopes are covered by recent debris. Terrace gravel occurs 
adjacent to streams and near the mountains. Pediment deposits 
consist of a thin mantle of gravel covering low gradient 
slopes adjacent to the Sierra Madre Mountains. Landslide 
material has been mapped by earlier geologists along Big 
Sage Creek. 

C. Structure 

The area was the site of several periods of structural 
deformation. Steeply dipping quartzite beds in Precambrian 
rocks are evidence of the earliest period of deformation. 
Unconformities and coarse clastic rocks in Paleozoic and 
Mesozoic age indicates small fluctuations in the earth's 
crust. Laramide deformations occurring after the eocene, 
uplifted the Precambrian rocks of the Sierra Madre and 
produce large fields in mesozoic and older rocks. 

Rocks of the eocene and oligocene are not present 
in the area, indicating that a period of uplift and erosion 
occurred before the Browns Park formation of Miocene age 
was deposited. The North Park formation of the questionable 
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late Miocene or early Pliocene was suggested by Vine and 
Prichard to be unconformably on top of the Browns Park. 
Regional uplift and normal faulting, probably in 'late Pliocene 
or Pliestocene time, caused the North Park formation to 
be tilted gently towards the Sierra Madre. 

The area is a high plateau of eroding late tertiary 
North Park formation that dips 2 to 5 degrees southeast 
towards the Sierra Madre. The formation is broken by high 
angle faults with a displacement of 25 to 50 feet. 

D. Geomorphology 

The major physiographic feature of the area is the 
high plateau which is the erosion remnant of the North 
Park formation. Valleys are joint controlled. On the 
south side of the valley small cirques have formed by snow 
that remain through early summer. 

E. Geology of the Dam Site 

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 alluvium silts, sands and 
gravels. The only evidence of faulting at the dam site 
exists 500 yards upstream of the proposed dam alignment. 
The normal fault ruris north 15 degrees west with the downstream 
side downdropping. This fault occurred during the regional 
uplift in the late Pliocene or Pleistocene time. Also during 
this period of regional uplift two sets of joints developed. 
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. 

Springs exist at the base of both abutments. Snow 
on the left abutme~t 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 of Savery for short 
periods of time. 

F. Sedimentation 

The potential for sedimentation in the reservoir basin 
was estimated using the Universal Soil Loss equation procedure. 
The Universal Soil Loss equation is given as follows: 



Where: A 
r 
k 
1 
s 
c 
p 

= 
= 
= 
= 
= 
= 
= 

A = rklscp 

computed soil loss in tons per acre per year, 
Rainfall factor, 
Erodability factor, 
Slope length factor, 
Slope gradient factor, 
Cropping management factor, and 
Erosion control practice factor. 
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Studies have shown that for the western United States, 
the r factor is given by the following equation: 

r = 27.38 x p2.17 

Where: p = The two year, six-hour storm depth in inches. 

Based on isopluvial maps of the State of Wyoming in 
the NOAA Atlas II, Volume 2, prepared by the U.S. Department 
of Commerce, the two year, six-hour storm depth for the 
Fish Creek drainage area is 0.95 inches. Substituting 
this value into the equation yields an r factor of 24.5. 

Since the other factors involved in computing the 
soil loss for the basin vary widely throughout the drainage 
basin, the drainage basin was divided up into twenty-eight 
subareas for the purposes of this analysis. In each of 
these subareas the value was determined for kls and c based 
on field observations and measurements from the topographic 
map. A summary of the values used in the analysis is presented 
in Table No.1. The k factor is a function of the percentages 
of silt and sand in the upper portion of the soil profile 
along with the percentage of organic matter, the soil structure 
and the permeability rate. The Is factor is based on the 
slope length and slope gradient and is calculated using 
the following equation: 

LS = [0.43+0. 3s+0. 43S2~ [ 10,000 J [72".6r 6-.613 10,000+s2 

Where: s = The slope in percent, 
A = The slope length in feet, and 
m = 0.3 for 0% <s <.5%, 

= 0.5 for 0.5% < s ~ 10%, 
= 0.6 for s ~ 10%. 

The c factor is dependent on the type and amount of 
vegetative cover existing in the subarea. The klsc value 
for each subarea was then calculated and multiplied by 
the percentage of the total area which this area contained 
to obtain a weighted average value. The p value is the 
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erosion control practice factor, and inasmuch as these 
lands are uncultivated, this factor is not applicable and 
should be taken to be 1.0. Based on this analysis the total 
soil loss per square mile per year is equal to 1,082 tons. 

The universal soil loss equation estimates the quantity 
of material moved from its original location, not the amount 
deposited in the reservoir. The amount of sediment deposited 
in the reservoir is a function of several variables, however, 
the drainage basin size is the controlling factor. The 
area subjected to erosion within the drainage basin of 
the Fish Creek Reservoir is 18.3 square miles. 

Using procedures outlined in the Design of Small Dams 
published by the Bureau of Reclamation, the 1082 ton/mile2/yr 
corresponds to 155 acre feet of sediment in a 100 year 
period. This corresponds to 0.085 acre feet/yr/mile 2 • 
Previous studies performed by the Bureau of Reclamation 
for the proposed Upper Savery Reservoir, the Sandstone 
Reservoir and the Pot Hook Reservoir indicates 0.020 acre 
feet/yr/mile 2 , 0.055 acre feet/yr/mile2 and 0.048 acre 
feet/yr/mile 2 , respectively, for these reservoirs. It 
appears that the sediment estimat~for the Fish Creek Reservoir 
is a reasonable value. 

An analysis performed to determine the distribution 
of the sediment throughout the reservoir basin indicates 
that 137 acre feet of sediment, or 88 percent of the 100-
year sediment, will deposit below elevation 7695 which 
corresponds to the elevation of the inlet structure. It 
is concluded that no serious sedimentation problem exists 
at the proposed Fish Creek Reservoir. 

2. Subsurface Investigation at the Dam Site 

The characteristics of the subsurface material at the dam 
site were defined by drilling seven test holes to depths varying 
from 13 feet to 50 feet at locations as shown in Sheet No.2. 
The logs for the seven test holes are presented in Sheet No.3. 
It will be noted from Sheet No. 2 that Test Hole Nos. 1, 3, and 7 
were drilled on the axis of the dam and extended to a depth of 50 
feet below the existing ground surface. The elevation of the ground 
surface at each test hole location is presented on the boring logs. 

Test Hole Nos. 3 and 6 were also drilled along the axis 
of the dam in the stream bottoms, while Test Hole Nos. 4 and 
5 were drilled upstream and downstream from the axis of the 
dam. It will be observed from Test Hole Nos. 3, 4 and 5 that 
the overburden material in the stream bottoms consisted primarily 
of granular type soil with a surface clay layer. The depth 
of the unconsolidated material in the stream bed varied from 
about 13 to 15 feet. 
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Sampling was performed in the overburden material at approxi
mately 3-foot intervals using a 2-inch split-spoon sampling 
tube driven through a distance of 18 inches using a l40-pound 
weight dropped from a distance of 30 inches. The number of 
blows to drive the sampling spoon through each 6 inches of pene
tration is presented on the boring logs. The number of blows 
to drive the sampling spoon through the last 12 inches of penetration 
is defined as the standard penetration value. The results of 
the standard penetration values performed during this investigation 
indicates that the sandy gravel and gravelly sand in the stream 
bottom is in a medium-dense state. 

Each sample of the unconsolidated material obtained during 
the field investigations was classified in the laboratory according 
to the Unified Soil Classification System. The symbol designated 
in the soil type according to this system is presented on the 
boring logs. A description of the Unified Soil Classification 
System is presented in Figure No.1, and the meaning of the 
various symbols shown on the boring logs can be obtained from 
this figure.~t will be observed that the cohesive material 
in the upper portion of the soil profile at this site classified 
as either ML, CL-l or CL-2 type materials. The granular material 
throughout the soil profile classified as either an SM, GP or 
GW type material. Classification tests performed on samples 
from Test Boring Nos. 3 and 4 are presented in Table lA. 

Continuous cores were obtained in Test Hole Nos. 1, 3 and 
7 which were drilled primarily in bedrock. The percent recovery 
in each la-foot run, along with the rock quality designation 
for the corresponding run, is presented on the boring logs. 
It will be observed that the percent recovery is generally quite 
small for all test borings and that the rock quality designation 
is quite low throughout the entire depth investigated. The 
estimated depth of overburden along the axis of the dam is presented 
in Sheet No. 3 and it is anticipated that the depth of the cut
off trench at this location will be relatively shallow. 

Field permeability tests were performed in all of the test 
holes at this site in a~cordance with procedures defined in 
Designation E18 of the U.S. Bureau of Reclamation Earth Manual. 
The results of the field permeability tests expressed in terms 
of the permeability coefficient in feet per year are presented 
on the boring logs. The water loss in Test Hole No.7 which 
was located in the right abutment is quite small: however, a 
significant loss occurred in Test Hole Nos. 1 and 3 with values 
of the permeability coefficient varying from no measured loss 
to as high as 1,700 feet per year. While these permeability 
coefficients are not unusually high, they are sufficiently large 
that some seepage can be expected through the overburden and 
through the bedrock materials at this site. 



9 

3. Available Embankment Materials 

Considerable effort was made to locate suitable materials 
for constructing an earth dam at the Fish Creek site. The main 
areas investigated were in the immediate vicinity of the dam 
site and in areas several thousand feet upstream from the dam 
site. A total of thirty-eight test pits varying in depth from 
about 8 to 12 feet were excavated with a backhoe at locations 
as shown in Sheet No.4. The logs for the test pits are also 
presented in Sheet No.4. Each of the test pits were logged 
and the material classified in accordance with the Unified Soil 
Classification System. The symbol designating the principal 
soil type in each of the test pits are presented on the test 
pit logs. 

Classification tests were performed on samples obtained 
from Area Nos. 1, 4 and 6, and the results of these tests are 
shown in Table lA. It will be noted that materials from Area 
Nos. 1 through 5 are sands and gravelly sand, while materials 
from Area No.6 are mostly cohesive soils. Area No.6 is the 
only location where impervious material suitable for an impervious 
core were encountered. It will be observed that Area No. 6 
is located in cirque areas which extend for at least one mile. 
The estimated quantity of material in this area is at least 
150,000 cubic yards. 

A reconnaissance of the dam site area, along with the subsurface 
investigation performed along the axis of the dam, indicates 
that the bedrock is very close to the ground surface in most 
areas in the immediate vicinity of the dam site. It appears 
entirely possibly that the sandstone can be ripped with a D8 
or a D9 tractor. Two large sandstone ridges exist in the vicinity 
of Borrow Area No. 2 which could provide a source of sandstone 
rock for use in the embankment. 

During the Level 2 study for this site it is recommended 
that extensive investigations be conducted to determine additional 
sources of impervious material for use in the proposd embankment. 

4. Earth Dam Alignment, Cross-Sections and the Use of 
Available Materials 

A. Dam Alignment 

A field reconnaissance throughout the proposed dam 
site area indicated two possible alignments for the proposed 
facility. The two possible alignments are presented in 
Figure No. 2 and it will be observed that Alignment No. A 
is nearly perpendicular to the stream channel, while Alignment 
No. B is inclined with the stream channel in a downstream 
direction. Alignment No. B appeared to have some advantage 
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because of the humps in the topography in this direction. 
Using a U.S.G.S. quadrangle map the quantity of earthwork 
required to construct an earth embankment along each of 
these alignments was determined. The earthwork volumes 
were performed for a crest elevation of 7840. The results 
of the analysis indicated an earthwork volume of 2,575,000 
for Alignment No. A and a earthwork volume of 3,298,000 
cubic yards for Alignment No. B. As a result of this analysis 
Alignment No. A was selected for the dam axis. Once an align
ment for the proposed facility was determined, a field survey 
was performed to obtain the topography data along the dam axis. 

Monuments were set on each abutment along the dam 
axis and a contour map was prepared for the area. Each 
monument at the north and south ends of the axis were tied 
to the southeast corner of Section 13, Township 16 North, 
Range 87 West, Wyoming State Coordinates. The quarter 
corner of Section 18/19, Township 16 North, Range 87 West 
was also determined during the field survey. The bearing 
between the southeast corner of Section 13 and the one
quarter corner of Section 18/19 was determined. All of the 
information referred to above is presented in Sheet No.2. 

B. Storage Elevation Relationships 

The investigation required that cost estimates be 
prepared for dams having water level elevations at 7770, 
7810, 7840, and' 7860 feet. Using a U.S.G.S. quadrangle 
sheet an elevation capacity curve was prepared for the 
reservoir area.- This curve is presented in Sheet No.1. 
It will be noted that the storage capacity corresponding 
to elevation 7770 only provided for a storage of 20,000 
acre feet. Since the investigation required that consideration 
be given to diverting 30,000 acre feet of water into the 
Sage Creek area, and 10,000 acre feet of storage for water 
to downstream users along Savery Creek, no further consideration 
was given to a dam at elevation 7770 since a dam of this 
height did not have sufficient storage to satisfy the demand 
requirements. It is apparent from the area capacity curve 
that a dam having a-water level elevation of 7810 will 
store 52,000 acre feet. A dam having a water level elevation 
of 7840 will store 80,000 acre feet, and a dam having a 
water level elevation of 7860 has a storage capacity of 
118,000 acre feet. All of these dams have a storage capacity 
in excess of the 40,000 acre feet required for the distribution 
analysis in this investigation. As of the preparation 
of this report, no yield storage relationships are available, 
and it is entirely possible that a storage capacity in excess 
of 40,000 acre feet will be required to provide a firm 
yield of 40,000 acre feet. We understand that yield storage 
relationships are being determined by others and that they 
will be available in the near future. It should be noted, 
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however, that the 39-year average of the full length of 
the collector system is 41,645 acre feet. 

C. Dam Design 

Preliminary dams have been completed for high water 
elevations at 7810 feet, 7840 feet, and 7860 feet. The 
scarcity of impervious material suggests that a thin core 
dam with granular upstream and downstream zones wll be 
the most favorable type of cross-section for utilizing 
the available embankment material. Since the major portion 
of the granular material consists of sand or gravelly sands, 
it appears prudent to protect the upstream and downstream 
granular zones with quarried sandstone or sa~dy gravel. 

A typical cross-section through the maximum section 
is presented in Sheet No. 5 for a dam having a maximum 
water elevation of 7860. The maximum section for dams 
having a water level at 7810 and 7840 would be identical 
in form to the dam having a water elevation at 7860. Based 
on our experience with dams of similar cross-section and 
height, we believe that adequate factors of safety can 
be obtained using a slope of 2 horizontal to 1 vertical 
downstream, and a slope of 3 horizontal to 1 vertical upstream. 
The thin impervious core will have a width of 20 feet at 
the normal high water elevation and will slope outward 
at a slope of 1 horizontal to 4 vertical. The width of 
the bottom of the cut-off trench has been set at 50 feet 
to reduce the hydraulic gradient through this section to 
a tolerable level. 

A rock rip-rap layer of 1.5 feet in thickness with 
a maximum particle size of 18 inches and an average particle 
size of 12 inches, will be placed along the entire upstream 
slope of the dam. In addition, it is likely that a 1 1/2 
foot filter blanket will be 'required beneath the rock rip
rap and material in Zone 3 to prevent piping of the Zone 
3 material. The thickness and particle size for the rock 
rip-rap have been estimated using u.S. Corps of Engineers' 
requirements based on the wind velocity anticipated at 
the site. 

D. Rollcrete Dam 

Since impervious materials are scarce at the site, 
consideration has also been given to using roller compacted 
soil and concrete to construct a dam at this site. Rollcrete 
offers several advantages over the conventional earthfill 
type dam. The major advantage of the Rollcrete Dam is 
that it could be constructed with much steeper slopes than 
a conventional earthfill dam, thus decreasing the volume 
of material which would have to be placed and compacted. 
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Secondly, the Rollcrete Dam provides a relatively impervious 
barrier and would limit seepage losses to a satisfactory 
level. Thirdly, since the volume of material would be 
less the construction time could be decreased, thereby 
decreasing the overall cost of the project. The one dis
advantage of Rollcrete Dam, however, is the high cost of 
cement which would have to be mixed with the soil at the 
site to form the Rollcrete mixture. A Rollcrete Dam should 
be considered in some detail in the Level 2 study. 

5. Foundation Treatment 

A. Stripping Requirements 

The results of the subsurface investigation performed 
at the dam site indicated that the overburden materials 
were predominantly granular type soils and that the overburden 
extended to a depth of approximately 15 feet below the 
existing ground surface. It should be noted, however, 
that a surface layer of cohesive materials 3 to 4 feet 
thick generally overlies the subsurface material in the 
stream bottoms. The shearing strength parameters for the 
cohesive zone is relatively low and we recommend that this 
zone be stripped prior to placing any portion of the earth 
embankment throughout the dam foundatin. A portion of 
the cohesive zone has a high organic content and is not 
suitable for use in the earth embankment. A part of the 
material stripped from the site may be used in the impervious 
core of the proposed dam if it is stockpiled and allowed 
to dry to a moisture content equal to or below the optimum 
value for this type of material. Bedrock is observable 
at the ground surface throughout most of the abutment area. 
It is recommended, however, that during construction at 
least 6 inches of the surface material be stripped prior 
to placing any fill material throughout the are~. 

B. Cut-off Trench 

As i~dicated on the boring logs along the axis of 
the dam, the depth to bedrock is approximately 15 feet. 
It is recommended that the cut-off trench extend at least 
to the bedrock area and that the bedrock be ripped to remove 
the weathered material existing in the stream channel. 
The exact depth of bedrock ripped can only be determined 
by the Engineer in the field. It is recommended that the 
bottom of the cut-off trench have a width of 50 feet, and 
that the excavated slopes in the granular material be laid 
at slopes of 2 horizontal to 1 vertical. 
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C. Grouting Considerations 

The results of the field permeability tests performed 
in Test Hole Nos. I and 3 indicate that grouting will be 
required to reduce the permeability of the subsurface material 
in the streambed and the abutments. The safetyof the dam 
is not necessarily dependent on grouting, provided the 
internal drainage recommendations are complied with. The 
results of the permeability tests performed in Test Hole 
No.7, however, indicate that the material in this abutment 
is sufficiently impervious that grouting may not be necessary. 
Additional test borings will be required to determine whether 
grouting of the foundation and abutment materials are actually 
necessary at this dam site. Since it is appears as if 
some grouting will be likely be required, a grout curtain 
has been considered necessary in the design of the proposed 
structure. A grout curtain consisting of three lines of 
grout holes, extending to a depth of 60 feet below the 
bottom of the cut-off trench is shown for the maximum section 
in Sheet No.5. Based upon the drilling performed to date, 
it is not anticipated that more than one bag of cement 
will be required per foot of grout hole. 

6. Internal Drainage 

In order to insure the stability of the proposed structure, 
an internal drainage system has been designed for the dam. 
The purpose of the internal drainage system is to systematically 
remove excess water which may pass through the dam, the foundation, 
or the abutments so that hydrostatic pore pressures will not 
develop and lead to instability of the structure. The internal 
drainage system for the Fish Creek Dam will consist of a chimney 
filter, horizontal underdrains, and a vertical drainage well 
system behind a grout curtain in the foundation rock. 

A. Chimney Filter 

The chimney filter will be a 8-foot wide, free-draining 
granular zone immediately behind the impervious core and 
extending into the cut-off trench. The purpose of the 
filter will be to intercept water which may pass through 
the core of the dam. The chimney filter will serve two 
purposes. First, it will intercept any water which may 
pass through the impervious core so that the downstream 
portion of the dam does not become satured. In order for 
the filter to perform this function it will need to be 
free-draining and will therefore have less than 3 to 5 
percent passing a number 200 sieve. The second function 
of the filter will be to prevent the movement of silt and 
clay particles from the core of the dam into the downstream 
portion of the dam. The filter material would have to 
meet filter criteria to perform this function, and in all 
likelihood, the sandy material in Borrow Area No.4 will 
require some processing. 
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B. Horizontal Underdrains 

The horizontal underdrains will intercept water which 
may pass under the foundation of the dam or around the 
abutments, and again prevent the downstream portion of 
the dam from becoming saturated. In addition, the underdrains 
will carry the excess water which is intercepted to the 
downstream toe of the dam. In order for the drains to 
have an adequate capacity to remove the excess water, pipes 
will be installed at 50-foot centers in the horizontal 
underdrain material. 

C. Vertical Drainage System 

Since it is virtually impossible to construct a totally 
impervious grout curtain beneath the dam, it is our opinion 
that vertical drainage wells should be installed behind 
the grout curtain to intercept water which may flow through 
it. The vertical drainage wells will discharge the excess 
water into the pipe system in the horizontal underdrain 
and transport it outside the dam. The vertical drainage 
wells. will extend approximately 60 feet into the bedrock 
material at the site and be located at approximatley 10-
foot centers approximately 30 feet behind the center line 
of the cut-off trench. 

7. Spillway Design 

A. Fish Creek Dam Flood Hydrology 

(1) Introduction 

The Fish Creek Dam will have a total contributing 
watershed area of 20.47 square miles. Watershed elevations 
range from approximately 9,000 feet down to approximately 
7,800 feet at the dam site. Some stands of aspen 
and conifer forest exist in the upper elevations, 
while the lower elevations consist of sagebrush and 
grass. 

(2) Precipitation 

a. Depth 

The Probable Maximum Precipitation (PMP) 
was estimated from data presented in the Hydro
meteorological Report No. 49, "Probable Maximum 
Precipitation Estimates, Colorado River and Great 
Basin Drainages" (U.S. Dept. of Commerce and 
U.S. Dept. of Army, 1977). The local cloudburst 
type storm was found to be the most critical 
rainfall event; therefore, a six-hour duration 
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PMP of 7.8 inches was usd for derivation of the 
Probable Maximum Flood (PMF). 

b. Distribution 

The SCS six-hour second-quartile storm 
distribution was used to distribute the total 
rainfall depth throughout the six-hour storm. 

c. Unit Hydrograph Development 

The methods and procedures described in 
Chapter 16, Section 4, Soil Conservation Service 
(SCS) National Engineering Handbook on Hydrology 
(SCS, 1972) were used to derive a unit hydrograph 
representing runoff from a one-inch rainfall 
excess. A basin lag of 1.37 hours and a time 
of concentration of 2.29 hours was used in the 
analysis and was estimated using the Corps of 
Engineers' formula: 

Where: 

LL 0.38 
tp = 1.2 (---.-£.) 

VS 

tp = Basin log, 
L = Length of watercourse in miles, 
Lc = Length of watercourse to point 

nearest the centroid of the watershed 
in miles, 

S = Watershed slope in feet per mile, 

and the SCS formula: 

where Tc is the time of concentration. The unit 
hydrograph is tabulated in Table No.2. 

d. Development of Flood Hydrographs 

The SCS curve number and unit hydrograph 
procedure was used for the development of flood 
hydrographs. A program developed by the Utah 
Division of Water Resources was used for the 
computations. A CN of 88 was selected to represent 
saturated (AMCIII) and poor (denuded) watershed 
conditions. The resulting PMF and one-half PMF 
hydrographs are tabulated in Table No.3. 
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e. Flood Routings 

Flood hydrographs were routed through the 
Fish Creek Reservoir by a Modified-PuIs storage 
routing procedure using the Utah Division of 
Water Resources computer program. For all flood 
routings, the reservoir was initially assumed 
to be full to spillway level and the outlet works 
were assumed to be closed throughout the routing. 
Routings for three dam heights were performed. 
The top of the dam was assumed to be at elevations 
7820.0, 7850.0 and 7870.0 and the spillway crest 
elevations were assumed to 7810.0, 7840.0, and 
7860.0. This allowed 10 feet of freeboard from 
the spillway crest to the top of the dam. 

(3) Emergency Spillway Design Flood 

Previous contact with the Wyoming State 
Engineer's office indicated that a design flood 
corresponding to 1/2 the PMF could be used to 
design the emergency spillway for the Fish Creek 
site. This flood has a peak discharge of approxi
mately 12,950 cfs and a total volume of approx
imately 3,482 acre feet. 

The routings of the 1/2 PMF hydrograph through 
the reservoir showed that a rectangular control section 
with a 20-foot bottom width will be adequate to prevent 
overtopping for the three dam heights studied. The 
maximum pool elevatioris for the three flood routings 
were 7812.92, 7842.34, and 7862.00. The inflow and 
outflow hydrographs for the three flood routings are 
shown in Figure Nos. 3, 4 and 5. The spillway discharge 
capacity curve for all three dam heights is given 
in Figure No.6. 

Rainfall events producing the PMF and 1/2 PMF 
hydrographs are generally the most critical floods 
in the design o£ spillways. However, occasionally 
due to the large storage available above spillway 
level in a reservoir, the rainfall events may be attenuated 
to the point that snowmelt hydrographs are the most 
critical and should be used for emergency spillway 
design. This may be the case for the Fish Creek Dam. 
It was beyond the scope of this study to perform such 
an analysis, but it should be done before the final 
design of the dam is completed to ensure that the 
spillway is adequate. 
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(4) Freeboard 

The freeboard for each of the dams was calculated 
by taking the sum of the computed head on the spillway 
weir when passing one-half the PMF plus 1.5 times 
the wave height, plus a safety factor of approximately 
3 feet. This amounts to a freeboard of approximately 
10 feet for each of the reservoir levels considered. 

Elevation versus discharge curves are shown for 
each reservoir elevation on Sheet No.1. For a spillway 
elevation at 7810 the peak discharge for one-half 
the pmf is 300 cfs. For the spillway at elevation 
7840 the peak discharge for one-half the PMF was 215 
cfs and, finally for the spillway at elevation 7860 the 
peak discharge for passing one-half the PMF was 170 cfs. 

(5) Spillway Type and Location 

The subsurface investigation indicated that bedrock 
was very close to the surface in both abutments and 
that it would be possible to locate the spillway throughout 
nearly its entire length upon rock. Neither abutment 
appears to offer any particular advantage with regard 
subsurface geological conditions, however, it is immed
iately apparent from the contour map of the site that 
a spillway located on the south abutment would be 
much shorter than one· located on the north abutment. 
For this reason the spillway has been located on the 
south abutment for each reservoir level investigated. 
A longitudinal section through the spillway is shown 
for each reservoir level on Sheet Nos. 2, 6 and 7. 
As indicated previously, the water will enter the 
spillway through a side channel inlet with a 20-foot 
long weir length. A detail view of the side channel 
inlet is shown on Sheet No.2. The spillway crest 
will have an oge shape to increase hydraulic efficiency 
of the structure. Dissipation of the energy of the 
water is accomplished by using a St. Anthony Falls type 
stilling basin. A detailed drawing of the stilling basin 
is shown on Sheet No.2. This stilling basin type provides 
energy dissipation through a hydraulic jump and is one of 
the most cost-effective stilling basins of this variety. 

8. Outlet Works 

A. Design Criteria 

The outlet works for the Fish Creek Dam must be capable 
of delivering 10,000 acre feet per year during the months 
of June, July, August and September. This amount of water 
is equivalent to a continuous discharge of 41 cfs over 
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the four months period. A 24-inch conduit placed on a 
slope of 0.0266 is capable of delivering this amount of 
water at low head. The alignment of the outlet conduit 
has been selected so that the structure can be located 
on bedrock throughout its entire length. Under these conditions 
the inlet end of the outlet conduit will be located at 
elevation 7695. The outlet conduit consists of a steel 
pipe embedded in a reinforced concrete box. While a 24-
inch conduit appears to be of a sufficient size to handle 
the average flow, a 3D-inch diameter pipe has been selected 
for the outlet works to permit inspection of the conduit 
at some future date. A plan view of the alignment of the 
outlet conduit for each of the three dams considered is 
presented in Sheet Nos. 2, 6, and 7, while typical sections 
along the outlet conduit are presented in Sheet Nos. 5 
and 8. Since the length of the base of the dam varies 
with the height of dam, the slope of each conduit also 
varies. Curves showing the discharge as a function of 
water elevation in the reservoir for each of the dams is 
presented in Sheet No.1. It will be noted that the capacity 
of the outlet conduit at minimum flow is approximately 
60 cfs. This discharge capacity was specified by the Wyoming 
Water Development Commission in the Scope of Work for the 
project. A typical cross-section through the outlet conduit 
is presented in Sheet No.5. 

B. Inlet Structure 

A plan view and longitudinal section through the inlet 
structure is presented in Sheet No.8. It will be noted 
that the inlet structure consists of a concrete box with 
the trash rack located on the upstream side of the box 
along with wing walls to direct the water into the inlet 
structure. A 3D-inch butterfly guard valve activated by 
hydraulic controls is located on the upstream end of the 
outlet conduit. The hydraulic control system consisting 
of stainless steel hydraulic lines, a hydraulic motor and 
a gasoline engine to drive the motor, will be located in 
a gate house near the downstream end of the outlet conduit. 

C. Outlet Dissipation Structure 

The dissipation of the energy of the water flowing 
out of the outlet conduit will be accomplished by using 
a rip-rap lined plunge pool. A plan view and a longitudinal 
section through the plunge pool is shown on Sheet No.8. 
A 3D-inch butterfly valve located on the downstream end 
of the outlet conduit will be used to control the flow 
from the reservoir. The 3D-inch butterfly valve will also 
be activated by a hydraulic actuator located near the end 
of the outlet conduit. 
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9. Environmental Considerations 

A. Introduction 

The environmental problem involves obtaining information 
for a brief description of aquatic resources being considered 
for inclusion into a reservoir and diversion project. 
Sage Creek is already impacted by an impoundment, but consi
deration is being given for providing additional storage 
or flows from an adjoining drainage. The other two streams 
are the North Fork of the Savery and Fish Creeks. The 
proposed Fish Creek Dam would be constructed immediately 
below the confluence of these two streams. All three streams 
have resident trout populations in them at present, including 
rainbow and brook trout. Stocking by the Wyoming Fish 
and Game is required to maintain population levels acceptable 
for sport fishing. 

B. Observations 

Table No. 4 contains a summary of a preliminary survey 
of aquatic macroinvertebrates of these stre~s. The number 
of taxa collected was almost equal at all stations as was 
the relative distribution of taxa over the various trophic 
classifications. The community in each stream is apparently 
utilizing the major energy sources available to them--periphyton 
algae being scraped from substrates, leaves and other coarse 
organic detritus being shredded and thus made available 
to collector-gatherers and collector-filterers, planktonic 
algae and small macroinvertebrates being preyed upon by 
predator species. There is an adequate diversity of macro
invertebrates to provide ample food for game fish in these 
streams, thus food should not be the major limiting factor 
to fish. 

The TQ values given in Table No. 1 are tolerance quotient 
values derived by Dr. Robert Winget and Dr. Fred Mangum, 
aquatic ecologist for the u.S. Forest Service, Intermountain 
Region. The higher the number, the more tolerant the taxon 
is to environmental 'stresses (found in a wider range of 
environmental conditions). Conversely, the smaller the 
TQ value the more limited is the range of environmental 
change tolerated by that taxon. Of interest is the fact 
that Sage and Fish Creeks had almost identical CTQa values 
(average of community TQ's) while North Fork Savery Creek 
had a significantly lower value. Sage Creek has been impacted 
by regulated flows and is expected to have a slightly higher 
tolerance value than a normal, nonregulated stream. Fish 
Creek is not regulated at present, but appears to be habitat 
limited. 
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As shown in Table No.5, Fish Creek has less rubble 
and gravel substrates and what is present is highly embedded 
in sands and silts. The size of the sxream is also less 
than Sage or North Fork Savery Creeks and there is less 
than 20 percent of the stream in riffles. It appears to 
be an important habitat for adult and juvenile trout, but 
limited as to spawning or low water flow habitat. Fish 
Creek samples had the lowest number of shredder taxa (2) 
and low abundance of these taxa indicating a near absence 
of energy input from riparian vegetation to the stream. 

North Fork Savery Creek has an abundance of gravel 
beds seemingly ideal for trout spawning and approximately 
25 to 30 percent of the stream is riffle habitat. It has 
gravel and rubble substrates with an average embeddedness 
of 45 percent, much better than the 70 percent in Fish 
Creek. Bank stability was less than at either Sage or 
Fish Creeks with channel erosion and change common throughout 
the study area. As the stream channel moves, it cuts through 
a top layer, 2 to 3 feet deep of sand/silt soil and then 
hits a layer of gravel and rubble. This rocky layer stops 
the vertical erosion and provides materials for the gravel/
rubble riffles so common in the stream. Even with the 
channel instability, the channel was constricted enough 
t() maintain steep banks and fairly deep pool habitat. 
With controlled grazing, the willows would make a rapid 
recovery and channel erosion would decrease significantly 
in a short period of time. The small numbers of grazer 
macroinvertebrates illustrates the reduced energy input 
to the stream fiom riparian vegetation (trees and shrubs) 
due to historical and present overgrazing. Even so, this 
stream contains quality trout habitat. The North Fork 
Savery Creek below the confluence with Fish Creek, at least 
for the short stretch observed, maintains the quality described 
above for the stream above Fish Creek. With the proposed 
reservoir in place, there should be adequate spawning habitat 
above and below the reservoir in Savery Creek, but Fish 
Creek would be habitat limited. Success of spawning below 
the reservoir would depend upon management of reservoir 
releases during spawning seasons. 

Sage Creek is already a regulated stream with 45 percent 
of stream banks damaged by cattle grazing. Substrates 
have a considerable gravel and rubble content but are laying 
over a soft sandy silt clay layer. Increased flows would 
probably improve the overall habitat in this stream. Reduced 
grazing of stream banks would allow increased riparian 
vegetation, bank stability, and stream shading and decreased 
water temperature and sedimentation. Waters from the upstream 
reservoir are apparently organically enriched because water 
samples were green with rod-shaped green algae and the 
stream macroinvertebrate community was dominated, number-
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wise, by collector-filterer and collector-gatherer taxa. 
The presence of several taxa with TQ values less than 50 
indicate a high potential for improvement through better 
scheduling of release flows from the upstream reservoir 
and riparian vegetation protection. 

10. Leakage Potential of the Reservoir Basin 

This investigation was not sufficiently detailed to permit 
a rigorous analysis of the ability of the reservoir basin to 
hold water. Some general conclusions, however, can be made 
based upon the existing conditions throughout the reservoir 
basin. At the dam site the groundwater level in Test Hole Nos. 1 
and 7 was at a higher elevation than the groundwater level in 
the streambed. This situation indicates that the groundwater 
is flowing towards the stream. If the bedrock was highly pervious, 
the groundwater level in these drill holes would most likely 
be at a substantially lower elevation than the groundwater along 
the flood plane. 

Field permeability tests performed in Drill Hole Nos. 1, 
3 and 7 indicate that the bedrock is not highly pervious. This 
condition suggests that leakage from the reservoir basin will 
not be excessive. During the excavation of the test pits in 
Borrow Area No.1, the groundwater elevation existed relatively 
close to the ground surface at a substantial distance away from 
Savery Creek. This condition indicates that the water is draining 
towards the stream. Since the overburden materials in this 
area are relatively pervious in their in-situ condition, the 
permeability of the bedrock beneath the overburden materials 
must be relatively impervious to permit positive flow towards 
the stream. 

It was also noted that in the upland areas where water 
was flowing from the snowbanks located in the cirques, that 
marshy areas existed for a substantial distance below these 
areas. Since the overburden materials are not highly imper
vious, it is concluded that if the bedrock were highly pervious, 
water flowing from the snowbanks would seep readily into the 
subsurface material without forming marshy areas throughout 
the reservoir basin. 

Based upon the above considerations, it is our opinion 
that the potential for leakage from the reservoir basin is relatively 
small. More extensive investigations should be performed, however, 
during the Level 2 study to obtain a better indication of the 
possible seepage from the reservoir area. 
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11. Relocation of Roads 

If the Fish Creek Dam is constructed, approximately 1.9 
miles of improved roadway will be innundated by the reservoir 
which will backup behind the dam. Two possible roadway alignments 
could be chosen to replace the route through the reservoir basin. 
One route would be around the southeast end of the reservoir 
along the currently unimproved trail. This would involve improvement 
of a roadway with a length of approximately 9 miles and an increase 
in the new route distance over the old route which would be 
innudated of approximately 4 1/2 miles. Another alternative 
would be to relocate the roadways so that it passed over the 
crest of the dam and along the western edge of the reservoir. 
This alignment is shown on Sheet No.1. This new route distance 
would be approximately 6.2 miles long, with an increased distance 
over the existing route of 1.7 miles. Since this route has 
a significantly shorter length, it has been chosen as the favored 
route for the roadway. This alignment will, however, require 
that cuts be made along the abutments on each side of the dam. 
Material excavated in these cuts could be used in the outer 
shells of the earth dam, however. 

12. Stream Diversion 

It is doubtful if construction could begin on the Fish 
Creek Dam before the middle of May. Under these conditions 
stream diversion would not be required until into the summer 
months. The combined flow of Fish Creek and the North Fork 
of Savery Creek is less than 60 cfs, which corresponds to the 
capacity of the outlet works under low head. It appears to 
us that the most feasible way to divert Fish Creek and the North 
Fork of Savery Creek would be to construct the outlet conduit 
during the initial phases of construction, and to use this facility 
to bypass the stream flow from Fish Creek and the North Fork 
of Savery Creek. Since the inlet elevation of the outlet conduit 
is approximately 15 feet above the stream bed, a small coffer 
dam would be required to raise the water in the reservoir basin 
so that it would flow through the outlet conduit. It is 'anticipated 
that the coffer dam would be a portion of the upstream part 
of the earth fill. In order to construct the coffer dam, a 
corrugated metal pipe would be placed through the base of the 
dam to bypass the stream flow during construction of the coffer 
dam. Once the coffer dam and the outlet conduit were completed, 
the pipe would be plugged to permit stream to flow through the 
outlet conduit. It is anticipated that some dewatering facilities 
would be required to control the underseepage beneath the coffer 
dam so that the cut-off trench could be excavated under dry 
conditions. 
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III. PISH CREEK-SAGE CREEK TUNNEL 

1. Design Criteria 

According to the scope of services, the Fish Creek-Sage 
Creek Tunnel is to be designed so that it will deliver 30,000 
acre feet into the Sage Creek drainage at a uniform rate during 
the months of July, August, and September. This is equivalent 
to a uniform discharge capacity over this three-month period 
of 164.4 cfs. If the tunnel is placed on the slope of approximately 
0.004, and the roughness for the tunnel walls is associated 
with a support system consisting of rock bolts and a shotcrete 
lining, the required tunnel diameter based on these hydraulic 
constraints can be calculated for each of the three highwater 
elevations considered in the study. For a reservoir with a 
normal highwater elevation at 7860 feet, a tunnel diameter of 
60 inches would be required. For a reservoir with a normal 
highwater level of 7840 feet, the required tunnel diameter would 
be 63 inches and for a reservoir with a normal highwater elevation 
at 7810 feet the tunnel would have to have a diameter of 66 
inches. If the tunnel were supported using a concrete lining, 
however, the roughness of the walls would be decreased, and 
therefore the required tunnel based on hydraulic constraints 
would also be decreased. For this condition the required tunnel 
diameter would be 51 inches, 54 inches and 63 inches for normal 
highwater elevations at 7860, 7840 and 7810, respectively. 

In addition to the minimum size required for hydraulic 
consideration, the tunnel must have a certain minimum size based 
on construction requirements. For a tunnel with a length of 
approximately 14,000 feet, the minimum diameter for ease of 
construction would be approximately 6 feet. Experience with 
tunnel construction costs, however, indicates that the cost 
of the tunnel would likely decrease somewhat if the minimum 
size were increased to approximately 8 feet in diameter. It 
is therefore apparent that the construction requirements will 
dictate the minimum size of the tunnel, and no particular hydraulic 
advantage will be accrued by providing a full concrete lining 
for the tunnel, as opposed to shotcrete lining. If the 'tunnel 
diameter is set at 8 feet, open channel flow will occur at the 
design discharge of 164.4 cfs, assuming a shotcrete lining and 
the depth of flow for the a-foot diameter tunnel will be approxi
mately 3.8 feet. The depth of flow for concrete lining would 
be approximately 3.0 feet. The flow in the shotcrete lined 
tunnel would be subcritical, whereas the flow in the concrete 
lined tunnel would be supercritical. 

2. Alignment of the Tunnel 

When the scope of services were initially written ,it was 
anticipated that some conveyance system would be required to 
deliver water to the tunnel entrance. However, in reviewing 
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the storage capacity versus elevation curves, it was determined 
that 10,000 acre feet of storage would not be obtained until 
the water elevation reached 7750. If a dead pool is required 
for some reason, it may be necessary to increase the inlet elevation 
at the tunnel. Since 10,000 feet of water would be required 
to pass downstream into the Savery Creek drainage before water 
could be diverted into the Fish Creek-Sage Creek tunnel, the 
tunnel entrance was set at an elevation of 7750. Since the 
tunnel entrance could be placed at this higher elevation, it 
eliminated the necessity of providing a delivery line from the 
low point of the reservoir basin near the dam itself to the 
tunnel entrance. With the elevation of the tunnel entrance 
set, various alternatives were evaluated to determine the best 
alignment for the tunnel. 

A. Inlet Structure in the Vicinity of the Dam 

If the inlet structure for the tunnel were located 
near the dam at elevation 7750, the length of the tunnel 
through the Continental Divide would be approximately 19,000 
to 20,000 feet long, depending upon the exact alignment 
chosen even if a very small slope were used'. Since no 
particular advantage could be seen from placing the inlet 
at this location no further consideration was given to 
an alignment with the inlet near the dam. 

B. Inlet Near the Northerly End of Fish Creek 

If the inlet for the tunnel was placed in the northerly 
end of the reservoir at elevation 7750, the minimum length 
of tunnel could be achieved along the alignment shown on 
Sheet No.1. This tunnel with the slope of 0.00356 has 
a length of 14,000 feet. Our review of the geologic and 
topographic information indicates that this alignmen:t would 
be most favorable for construction of the tunnel. 

3. Geology Along Tunnel Alignment 

The general geology in the Fish Creek area has been discussed 
earlier in this report in conjunction with the Fish Creek Dam. 
The geology discussed in this section of the report refers primarily 
to the geological conditions along the alignment of the Fish 
Creek-Sage Creek Tunnel. The tunnel alignment bears north 45 
degrees west and extends for about 2.8 miles through the- gently 
dipping sandstone and limestone beds of the upper member of 
the North Park formation. From the tunnel entrance at Fish 
Creek to about the Continental Divide, the beds appear to be 
nearly horizontal, and from the Continental Divide to the tunnel 
exit into Sage Creek the bedding planes appear to dip at between 
3 and 66 degrees to the southeast. 

A geological profile along the tunnel alignment is presented 
in Figure No.7. It should be noted that the geological p.rofile 
extends to a considerable depth below the existing ground surfa:c:e 
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and that the tunnel alignment is located in the near surface 
portion of the geological profile. At the Sage Creek end of 
the tunnel, normal faulting occurring in the late Pleiocene 
or Pleistocene time, has caused about a 25- to 50-foot relative 
displacement in the North Park formation. The faults strike 
north 10 degrees east and are steeply dipping. 

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. A generalized view 
of the joint pattern relative to the tunnel is presented in 
Figure No.8. 

Flowing springs exist at both ends of the tunnel. At the 
exit end near Sage Creek the City of Rawlins has cased several 
of these springs for municipal purposes. The source of these 
springs is from the upper member of the North Park formation. 
Measurements taken in 1920 have listed yields for these springs 
at the tunnel exit as being between 18 and 320 gallons per minute. 

4. Subsurface Investigation 

In order to obtain an indication of the characteristics 
of the bedrock material along the tunnel alignment, three test 
holes were drilled at the approximate locations as shown in 
Sheet No.9. Test Hole No. 1 was drilled near the Fish Creek 
entrance to the tunnel, Test Hole No. 2 was drilled near the 
central portion of the tunnel, and Test Hole No. 3 was drilled 
near the outlet end of the tunnel. Boring logs for the three 
test holes are also presented in Sheet No.9. Drilling was 
initiated in Test Hole Nos. 1 and 3 on the bedrock, while at 
Test Hole No. 2 approximately 4 feet of overburden existed at 
the site. 

It will be observed from the boring logs that Test Hole 
No. 1 extended to a depth of about 100 feet below the ground 
surface, Test Hole No. 2 extended to a depth of about 260 feet 
below the ground surface, while Test Hole No. 3 was terminated 
at a depth of 120 feet below the existing ground surface. Each 
test hole extended at least 10 feet below the bottom of the 
proposed tunnel floor. It will be noted that the subsurface 
material within the depth drilled consisted primarily of sandstone, 
however, interbedded layers and lenses of siltstone and limestone 
were encountered throughout the profile. 

The percent core recovery and the rock quality designation 
obtained in each 5 feet of core length is shown on the boring 
logs. It should be noted that the percent core recovery and 
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the rock quality designation in the area where the tunnel will 
be located in Test Hole No. 2 is relatively good with the percent 
core recovery varying about 87 percent to 100 percent, and with 
the rock quality designation varying from about 70 to 85 percent. 
In Test Hole Nos. 1 and 3, which were located relatively close 
to the entrance and exit of the tunnel, the percent core recovery 
was not as good as in the center of the area. It will be observed 
that the percent core recovery varied from about 70 to 100 percent, 
while the rock quality designation varied from as low as 28 
percent to 70 percent. 

During the subsurface investigation field permeability 
tests were performed in the region where the tunnel would be 
located. The field permeability tests were performed in accordance 
with Designation E18 of the Bureau of Reclamation Earth Manual 
and the results of these tests expressed in terms of the permeability 
coefficient in feet/year are shown on the boring logs. It will 
be noted that the permeability coefficient of the tests performed 
in Test Hole No. 2 were substantially less than the permeability 
coefficient shown for Test Hole Nos. 1 and 3. It should be 
observed that moderately high permeability coefficients were 
obtained from Test Hole No. 3 with permeability coefficients 
in excess of 2,000 feet/year. It is our opinion that the charac
teristics of the subsurface material in Test Hole No. 2 is more 
nearly characteristic of the major portion of the rock along 
the tunnel alignment, inasmuch as Test Hole Nos. 1 and 3 were 
drilled near the entrance and exit ends of the tunnel, and are 
more likely to have been subjected to greater weathering influences. 

5. Tunnel Construction Methods 

A. Method of Tunneling 

During this investigation consideration has been given 
to constructing the tunnel using either a drill and blast 
procedure or using tunnel boring machines. In order to 
obtain an indication of the most favorable procedure to 
use on this project to construct the tunnels, we have discussed 
the existing conditions with tunnel contractors. It seems 
to be the consensus of opinion that either drill and blast 
procedures or a tunnel boring machine could be used to 
construct the tunnel for this project and that the support 
system used for the tunnel could be constructed equally 
well by both procedures. It appears that the tunnel boring 
machine would have the advantages of being able to construct 
the tunnel quicker and at less cost. It is estimated that 
the tunnel boring machine may be able to construct the 
tunnel at a cost of approximately 15 percent less than 
drilling and blast procedures and that the drilling rate 
for the TBM may be twice as fast as drilling and blasting. 
It should be noted that tunnel boring machines have had 
difficulty drilling tunnels in area where expansive type 
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soils exist. Since the rock along the proposed tunnel 
alignment consists predominantly of sandstone, it is not 
anticipated that problems associated with expansive materials 
will exist along the tunnel alignment. 

B. Tunnel Support 

A number of investigators have developed procedures 
for selecting tunnel support systems based upon the index 
properties of the rock system. Investigators who have 
developed such systems include Deer; Barton, Liena and 
Lunde; Bieniawski; Jacobs and Associates; and Courtinq. 
Primary index properties used in most of these methods 
for estimating support systems include the rock quality 
designation, the unconfined compressive strength of the 
rock, the spacing and orientation of the joint pattern, 
the roughness of the joints, the weathering characteristics 
of the joints, the groundwater conditions, the size of 
the tunnel, and finally, the method of construction. 

Applying these various methods to the conditions along 
the proposed tunnel indicates that a support system consisting 
of rock bolts and a 3-inch gunite liner will be adequate 
for the proposed tunnel. In considering the bedding planes 
and joint pattern existing along the tunnel alignment, 
it is apparent that the joint pattern is roughly parallel 
and perpendicular to the tunnel alignmerit. Since the joint 
planes are relatively steep, it is not anticipated that 
failure will occur along the sides of the tunnel and that 
the most critical area for rock failure will be in the 
roof of the tunnel. It is anticipated that at a given 
section along the longitudinal direction of the tunnel, 
that rock bolts 8 feet long angled in such a direction 
as to intersect with the joints in the bedding planes, 
will be required. 

It is also anticipated that the spacing of the rock 
bolts would be approximately 5 feet along the tunnel alignment. 
In order to provide additional stability to the gunite 
lining, wire mesh embedded in the gunite is contemplated. 
Experience indicates that in some cases it is difficult 
to install the gunite lining immediately behind a tunnel 
boring machine. It is anticipated that under these conditions 
only the rock bolts would be installed immediately behind 
the boring machine and that the gunite lining would be 
constructed later. It is readily apparent that additional 
test borings will be required along the tunnel alignment 
to more fully evaluate the characteristics of the sandstone 
and limestone in the tunnel area. It is our opinion, however, 
that the support system indicated above is sufficient to obtain 
a reasonable estimate of the cost of the tunnel. A typical 
section through the proposed tunnel is presented in Sheet No.9. 
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6. Inlet and Outlet Considerations 

Preliminary details of the inlet and outlet structures 
are presented in Sheet No.9. It will be noted that the inlet 
structure is equipped with a vertical sluice gate 5 feet square, 
activated by a hydraulic control system. Only one inlet gate 
is shown in Sheet No.9, however, it may be desirable to have 
a backup gate at this location. Consideration should be given 
to a second gate in the final design. It will be observed that 
grout holes located 10 feet on centers are located downstream 
from the inlet gates to permit grouting of the bedrock to reduce 
the flow of water in this region. The exit of the tunnel will 
discharge directly into a 5-foot diameter concrete pipe which 
will extend beyond the springs owned by Rawlins City. If it 
turns out these springs do not require protection, the water 
from the exit end of the tunnel can discharge directly into 
drainage channel leading to Sage Creek. Consideration should 
be given in the final design to the erosion problem which may 
exist between the outlet end of the tunnel and Sage Creek. 
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IV. PISH CREEK-SAGE CREEK PUMPING SYSTEM 

1. Design Criteria 

The Fish Creek-Sage Creek pumping system is required to 
have a capacity sufficient to deliver 30,000 acre feet of water 
at a uniform rate over the months of July, August and September. 
This is equivalent to a uniform rate of 164.4 cfs over the three
month period indicated. As in the case of the tunnel, the inlet 
for the pumping system can be located at an elevation of 7750 
so that 10,000 acre feet of storage would exist in the dam below 
this level. This 10,000 acre feet of storage would be required 
for use downstream of the Fish Creek Dam. 

2 • Alignment 

In designing the Fish Creek-Sage 
three alignments have been considered. 
listed as Alignment A, Band C and are 
Each alignment offers some advantage not 
other two alignments. 

A.· Alignment A 

Creek pumping system, 
The three alignments 

shown on Sheet No.1. 
characteristic of the 

Alignment A would require an inlet structure on the 
north end of the Fish Creek arm of the reservoir and a 
10,000-foot long pipeline which would cross the Continental 
Divide at an elevation of 8,020 feet. The pipeline would 
discharge into an intermittent stream which meets with 
the Sage Creek approximately 3.2 miles further downstream. 
In the final design consideration should be given to erosion 
which may occur in the stream channel due to the increased 
flow. A cross-section along pipe Alignment A is shown 
in Sheet No. 10 along with a schematic of the pumping system 
components. Since the inlet structure and the two pumps 
will be located below the water level of the reservoir 
for this alignment, a 32-foot diameter concrete silo extending 
10 feet higher than the highwater level in the reservoir, 
will be required. E~ch pump will have a capacity of 165 
cfs and will provide a lift of 80 feet which will be sufficient 
to lift the water to a point where another pump station 
can be constructed above ground. A second pumping station 
has been included to reduce the size of the silo housing 
the pumping station in the reservoir area. The two pumping 
stations system turns out to be more economical than one 
large pumping system in the silo. The inlet gate to the 
pump house will consist of a 5-foot by 5-foot sluice gate 
actuated by a hydraulic control system. Controls for the 
hydraulic cylinders will be located in the pumping station 
above the highwater level. 
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The second pumping station will house two pumps with 
a capacity of 165 cfs and the lift capacity of 142 feet. 
In order to drain the reservoir down to an elevation of 
7750, the full capacity of the pumping system would be 
required, however, to provide 30,000 acre feet only part 
of the pumping capacity would be required for the higher 
reservoir levels. Optimization studies indicate that the 
most economical pipeline diameter would be 84 inches. 
Since the pressure in the pipeline would exceed 300 feet 
of head, a concrete pressure pipe would not be adequate 
and a steel pipeline would be required. Pipeline Alignment 
A is the shortest pipeline alignment, however, it must 
pass over the Continental Divide at an elevation of 8020 
and would require the construction of the silo type inlet 
facility. 

B. Pipeline Alignment B 

Pipeline Alignment B would require an inlet on the 
northeast end of the Fish Creek arm of the reservoir as 
shown on Sheet No.5 and a 17,000-foot pipeline which would 
cross the Continental Divide at an elevation of approximately 
7940 feet. A cross-section along the pipeline alignment 
is shown on Sheet No. 10. Once again, since the inlet 
structure and pumping plant would be located below the 
reservoir level in the reservoir basin, a silo type inlet 
structure 32 feet in diameter would be required to house 
the two pumps. The silo would be 10 feet higher than the 
reservoir level considered. Each pump would have a capacity 
of 165 cfs and provide a lift of 80 feet. The pumps would 
be operated at an efficiency of approximately 85 percent 
and would each require a motor with a 1,750 horsepower 
capacity. The pumps housed in the inlet structure would 
provide enough lift to raise the water to the elevation 
of a second pump house which would be located above the 
highwater elevation. The inlet to the structure would 
be controlled by a 5-foot by 5-foot sluice gate operated 
by a hydraulic actuator which would be controlled from 
the second pump house above the reservoir level. The full 
capacity of the pump~ would be required to drain the water 
to the elevation of 7750, however, part of the capacity 
would be required to pump 30,000 acre feet for the higher 
reservoir level. 

Optimization studies once again show that the most 
economical pipe diameter would be an 84-inch pipe and pressure 
in the pipe necessitates the use of a steel pipe. Water 
would be discharged into the stream channel and would flow 
approximately 5.7 miles downstream where it would intersect 
Sage Creek. Pipeline Alignment B offers the advantage 
of crossing the Continental Divide at the lowest elevation 
of any of three alignments considered, however, the pipeline 
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would need to be 17,000 feet which is the longest alignment 
considered, and would again require the silo type inlet 
below the reservoir level. Another possible disadvantage 
of this alignment would be that the water from the pipeline 
would intersect Sage Creek below the Rawlins Reservoir 
and if a storage reservoir were built in the Sage Creek 
drainage near the Rawlins Reservoir, water from this alignment 
would not flow directly into it. 

C. Pipeline Alignment C 

The inlet for the pipeline Alignment C would be located 
on the upstream face of the Fish Creek Dam. The water 
would be transported in a conduit through the dam and then 
pumped along a 16,000-foot pipeline which would cross the 
Continental Divide at an elevation of 8020. A cross-section 
along the pipeline alignment is shown in Sheet No. 10, 
along with a schematic drawing of the components of the 
pumping system. The inlet structure would consist of a 
10-foot by 10-foot box with wing walls housing a 5-foot 
by 5-foot sluice gate. The sluice gate would be operated 
by hydraulic controls which could be operated from the 
pump house immediately downstream of the dam. The conduit 
through the embankment would consist of a 5-foot diameter 
steel pipe encased in a monolithic concrete box. Since 
the pump house would not be beneath the reservoir surface, 
its size would only be dictated by the size of the four 
pumps and motors which it would house. A concrete building 
65 feet by 35 feet and 12 feet high would accommodate the 
pumps and motors for this system. Each pump would have 
a capacity of 165 cfs. Three of the pumps would have a 
lift capacity of 82 feet and one of the pumps would have 
a capacity of 60 feet. It is indicated that the pumps 
would have an efficiency of approximately 85 percent and 
would be operated using 1,750 horsepower motors for the 
82-foot head pumps and a 1,500 horsepower motor for the 
60-foot head pump. 

Optimization studies once again indicate that an 84-
inch diameter pipeline would be the best selection for 
this alignment and pressure in the pipeline would dictate 
that steel pipe be used. The water from this system would 
discharge into the existing stream channel and flow approxi
mately 3.2 miles downstream where it would intersect the 
Sage Creek near the existing Rawlins Reservoir. This pumping 
system offers the advantage of having all the pumps located 
outside of the reservoir basin, however, it would require 
a pipeline 16,000 feet long and would have to pass over 
the Continental Divide at an elevation of 8020 feet. 
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V. GRAVITY PIPELINE PROM COLLECTION SYSTEM TO SAGE CREEK 

1. Design Criteria 

The gravity pipeline should have a capacity such that it 
can deliver all the water collected by the collection system 
over the Continental Divide. It is our understanding from our 
review of the studies performed by Banner and Associates that 
a 90-inch diameter pipeline would be capable of carrying the 
entire flow of the collection system pipeline. The collection 
system pipeline proposed by Banner and Associates in their November 
1980 report would be intercepted west of Dexter Peak on the 
line between Sections 20 and 21 as shown on Sheet No. 11. A 
90-inch diameter concrete pipe would run from Station 0+00 to 
Station 26+50 where a 90-inch steel pressure pipe would begin. 
This steel pipe would run from Station 26+50 to Station 543+00 
where a 90-inch concrete pipe could carry the flow to the termination 
of the gravity pipeline at Station 570+00. 

Our calculations indicate that if a pressure pipe is begun 
at Station 26+50 at an elevation of approximately 8289, that 
sufficient energy is available to lift the water over the Continental 
Divide at an elevation of 8040. Several stream crossings will 
be required on this alignment, however, a major portion of the 
pipeline will run along existing unimproved roads which should 
facilitate the construction of the pipeline. A profile along the 
alignment of the pipeline is presented in Sheet No. 11 along with 
an anticipated piezometric headline for the gravity pipeline system. 
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VI. SAGE CREEK DAM 

1. Geological Conditions 

If a transmountain diversion of water from the west slope 
of the Sierra Madre Mountains to Sage Creek is to be performed 
using a gravity pipeline, a storage reservoir will be required 
on Sage Creek. In 1982 Chen and Associates prepared for James 
M. Montgomery, Consulting Engineers, Inc. a geotechnical investi
gation of the existing Rawlins Reservoir site and a new site 
approximately 2,500 feet downstream frgm the Rawlins Reservoir. 
We have reviewed the geological conditions in the field, as 
well as the information contained in the Chen report, and we 
are in substantial agreement with the geological conditions 
presented in that publication. 

Although the geological formation at the Rawlins Reservoir 
and the new dam site is different than the geological formation 
where the Fish Creek Dam and Tunnel are located, the joint pattern 
at each of the sites is essentially the same as that for the 
tunnel area. The existing Rawlins Reservoir Dam is located 
on alluvium and colluvium which overlies the chugwater formation. 
In the bottom of the stream channel the dam is located on colluvium 
and a cut-off trench extends through the alluvium to the chugwater 
formation. While the results of the drilling performed by Chen 
and Associates indicates that the permeability characteristics 
of the foundation bedrock is relatively low, considerable seepage 
is occurring in the foundation area. Apparently no attempt 
was made to grout the foundation bedrock when the dam was originally 
constructed. The existing structure appears to be stable in 
its present condition. 

The new dam site selected by Chen and Associates is located 
about 2,500 feet downstream from the Rawlins Dam. The geological 
formation at the new dam site is the nugget sandstone and the 
proposed facility at this location will rest on this formation, 
except in the stream bottom where an alluvium layer 10 to 15 
feet thick exists. It is anticipated that a grout curtain will 
be required for both dam sites, however, and the results of 
the field permeability tests performed at these sites to date 
indicate that the subsurface material is not highly pervious. 
In view of this situation, it is expected that the grout-take 
will not be unusually heavy. 

2. Cost Estimate for Existing Rawlins Dam 

The development of preliminary plans for the Rawlins Dam 
was beyond the scope of this investigation. In order to obtain 
an indication of the cost for constructing a dam to store 30,000 
acre feet at this location, a storage elevation curve as shown 
in Figure No. 9 has been prepared for this site. It will be 
observed that 30,000 acre feet of storage can be obtained with 
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a crest elevation at 7730. The amount of fill required to construct 
an earthfill dam to store this amount of water has been determined 
from the contours from a seven-minute quadrangle sheet. The 
results of these computations indicate that 2,419,616 cubic 
yards would be necessary to construct 'the dam, not counting 
the cut-off trench. Cost estimates determined for a more detailed 
study for water level elevations at 7,810, 7,840 and 7,860 for 
the Fish Creek Dam indicated that the average costs for these 
structures per cubic yard was $4.71. The estimated cost for 
a dam requiring 2,419,616 cubic yards at ~-cost of $4.71 per 
yard amounts of $11,396,391. It should be noted that this cost 
estimate includes 15 percent for engineering and 15 percent 
for contingencies. It is our opinion that this estimate represents 
a conservative cost for raising the Rawlins Dam to a height 
necessary to store 30,000 acre feet. 

3. Cost Estimate for a New Dam and Reservoir 

A storage elevation graph has been determined for a new 
dam located 2,500 feet downstream from the Rawlins Dam. The 
storage elevation curve for the new site is presented in Figure 
No. 10. It will be noted from this figure that a dam having 
a crest elevaiton of 7,630 will be necessary to store the 30,000 
acre feet. The amount of fill required to construct a dam at 
the new site to elevation 7,630 is 2,015,740 cubic yards. Assuming 
that the cost per cubic yards is $4.71 as determined for the 
Fish Creek Dam, the total estimated cost for constructing the 
new dam would amount ot $9,494,135. This cost includes 15 percent 
for engineering services, plus a contingency of 15 percent. 
Based upon the costs indicated above, it appears that a dam 
located at the new site will be more economical than raising 
the existing Rawlins Dam. 
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VII. COST COMPARISONS 

1. Introduction 

This section of the report presents comparative costs for 
diverting water from the West Slope of the Sierra Madre Mountains 
to the North Platte River drainage system using the three alternate 
methods previously discussed in this report. Unit costs used 
in the study reflect our experience on recent projects of a 
similar nature. Since the study involves cost comparisons, 
absolute unit costs are not highly significant. Comparisons 
are made on the basis of annual costs assuming a 40-year repayment 
schedule at 8.5 percent interest. Costs for the collection 
system are taken from the following reports prepared by Banner 
Associates, Inc.: 

Little Snake River Water Management Project - Nov. 1980 
Upper Savery Storage Project Hydrology Investigation - 1983 

Each of the alternatives are discussed below as follows. 

2. Alternative No. 1 - Collection System, Fish Creek 
Dam and the Fish Creek Dam Sage Creek Tunnel 

As indicated earlier in this report, preliminary designs 
and cost estimates were made for the Fish Creek Dam for water 
elevations of 7,810, 7,840 and 7,860. A construction cost summary 
for the water level at each of the above elevations is presented 
in Table Nos. 6 through 8. 

Based on these costs a plot of the construction cost as 
a function of storage is presented in Figure No. 11, and it 
will be observed that the cost for storing 40,000 acre feet 
in a dam and reservoir constructed on Fish Creek is about 
$8,000,000. It should be noted that the yield storage relationships 
when completed may require a reservoir larger than 40,000 acre feet. 

The estimated construction cost for the Fish -Creek-Sage 
Creek Tunnel for both a drill and blast method and the tunnel 
boring machine method- is presented in Table Nos. 9 and 10. 
These estimates have been verified by tunnel contractors familiar 
with both methods. It will be noted that the cost for drilling 
the tunnel using the drill and blast method is $9,868,495, while 
the cost for drilling the tunnel using a boring machine is somewhat 
less than this method. The cost for the drill and blast method 
has been used for the Cost Comparison. 

In the 1983 study, Banner Associates, Inc. concluded that 
the Unit 1 collection system would yield 41,645 acre feet at 
a cost of $88,741,618. They also concluded the Unit 2A would 
yield 29,405 acre feet at a cost of $53,136,974. No attempt 
has been made in this report to update the cost from the Banner 
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report. Since the storage required for the Fish Creek Dam in 
this study is 40,000 acre feet, the cost associated with the 
Unit 1 collection system has been used in this alternative. 

Based on the costs indicated above, the total cost for 
the project is $106,610,113. The cost per acre foot is about 
$2,665 and the yearly cost based on a repayment period of 40 
years at 8.5 percent interest is $9,434,995. 

3. Alternative No. 2 - Collection System, Fish Creek 
Dam and a Pumping Plant and Pipeline to Sage Creek 

The costs for the construction of the collection system 
and Fish Creek Dam is the same as in the previous alternative. 
Three different alignments as shown in Sheet No. 1 were considered 
for the Fish Creek-Sage Creek pumping plant and pipeline. The 
annual cost of Alignment A is less than the annual cost for 
Alignment C, however, it is slightly greater than the cost for 
Alignment B. Alignment B, however, requires that the diverted 
water flow for a distance of 5.7 miles in another drainage channel 
before it reaches Sage Creek. As a result of this condition, 
Alignment A has been selected for the Cost Comparison. A summary 
of the costs for the water level at elevation 7,810 is shown 
for each alignment in Table Nos. 11 through 13 and it will be 
observed that the construction cost for Alignment A is $6,243,787. 

The total construction cost associated with this alternative, 
including the collection system, Fish Creek Dam and the pumping 
plant and pipeline equals $102,985,405. No costs were included 
in this analysis for a' transmission line and other associated 
costs. 

It will be noted from Table No. 11 that the annual pumping 
cost with the water level at 7,810 is $1,556,000. The pumping 
costs were determined using the same cost per kilowatt/hr as 
was used by Banner Associates, Inc. in their cost studies. 
The total annual project costs, including pumping costs are 
therefore $10,670,808. 

4. Alternative No. 3 - The Collection System, A Gravity 
Line from the Collection System to Sage Creek and 
a Dam on Sage Creek 

The collection line used to determine the cost of this 
alternative corresponds to Alternative D (Pipeline Alternative 
L-4) of the 1980 Banner Associates report. The estimates in 
Banner's report indicated that Alternative D would produce 34,590 
acre feet/year at a cost of $76,197,717. In order to obtain 
sufficient head for gravity flow, the gravity line to Saqe Creek 
began at a point south of Dexter Peak along the alignment for 
Alternative D. The cost of the collection line from its beginning 
to the beginning of the gravity line leading to Sage Creek amounts 
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to $41,529,629. This cost was determined by subtracting the 
cost for the Battle Creek to Jack Creek pipeline not applicable 
to this alignment (Table No. 14). 

A cost summary for the pipeline from the vicinity of Dexter 
Peak to Sage Creek is shown in Table No. 14. The cost for the 
total pipeline from Battle Creek to Sage Creek is $79,763,781. 
As indicated in the previous section of this report, the cost 
to store 30,000 acre feet of water in the Sage Creek Reservoir 
will amount to $9,494,135. Based on the above costs, the total 
amount for the collector line, the gravity line and a dam on 
Sage Creek is $89,257,916. The yearly cost based on a 40-year 
repayment schedule at 8.5 percent interest is $7,899,325. It 
should be recognized, however, that while the hydrological studies 
indicate a 40-year yield, the storage reservoir on Sage Creek 
was sized for 30,000 acre feet to conform to the other two alter
natives. 

5. Conclusions 

A. The yearly cost for Alternative No. 1 amounts 
$9,434,995, while the yearly cost for Alternative No.2 
amounts to $10,670,808, hence, it is apparent that the 
Fish Creek Dam and the Fish Creek Sage Tunnel are more 
economical than the Fish Creek Dam combined with the pumping 
plant. 

B. The collector-gravity line system is not directly 
comparable to Alternative Nos. 1 and 2 since different 
quantities are involved. If the costs for all alternatives 
are expressed in yearly cost per acre foot of water, direct 
comparison is possible. The costs expressed on this basis 
are as follows: 

Usable Water Yearly Cost 
Alternative Yearly Cost Eer Acre Foot Eer Acre Foot 

1 $ 9,434,995 40,000 $236 
2 $10,670,808 40,000 $267 
3 $ 7,899,325 30,000 $263 

The above analysis indicates that the Collector System
Fish Creek Dam-Fish Creek-Sage Creek Tunnel is the least costly 
alternative, however, the cost difference is not great. Beyond 
the 40-year repayment period the pumping costs for Alternative 
No. 2 would still exist, while the operation and maintenance 
of the other two alternatives would be much less. As a consequence 
of this situation, Alternative No. 2 is much less favorable 
than the other two alternatives. Alternative No.1, in addition 
to having the least annual cost per acre foot, has the advantage 
over Alternative No. 3 in that it will provide water for in
basin water users. 
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Major Divisions 

Highly Organic Soils 

Group 
Symbols 

GW 

GP 

d 
GM" -

u 

GC 

SW 

SP 

d 

SM" !'---

u 

SC 

ML 

1 

CL !'---

2 

OL 

MH 

CH 

OH 

Pt 

Unified Soil Classification System 

Typical Names 

Well graded gravels. gravel-sand 
mixtures. little or no fines. 

Poorly graded gravels. gravel-sand 
mixtures. little or no fines 

Silty gravels. poorly graded 
gravel-sand-clay mixtures 

Clayey gravels. poorly graded 
gravel-sand-clay mixtures 

Well graded sands. gravelly sands. 
little or no fines 

Poorly graded sands. gravelly 
sands. little or no fines. 

Silty sands. poorly graded sand-
silt mixtures 

Clayey sands. poorly graded 
sand-clay mixtures 

Inorganic silts and very fine sands. 
rock flour. silty or clayey fine 
sands or clayey silts with slight 
plasticity 

Inorganic clays of low to medium 
plasticity. gravelly clays. sandy 
clays. silty clays. lean clays 

Organic silts and organic silt-clays 
of low plasticity 

Inorganic silts. micaceous or 
diatomaceous fine sandy or silty 
soils. elastic silts 

Inorganic clays of high plasticity. 
fat clays 

Organic clays of medium to high 
plasticity. organic silts 

Peat and other highly organic soils 

Laboratory Classification Criteria 

Deo 
Cu = -D-I-0 

(D30)2 
Cc = -D-'-lO-x-D'--eo-

Greater than 4 

Between 1 and 3 

Not meeting all gradation requirements for GW 

Atterberg limits below 
"A" line. or PI less 
than 4 

Atterberg limits above 
"A" line. or PI greater 
than 7 

Deo 
Cu = Ih: 

Cc = 
(D3o)2 

Above "p.,:' line with PI 
between 4 and 7 are 
borderline cases re
quiring uses of dual 
symbols 

Greater than & 

Between 1 and 3 

Not meeting all gradation requirements for SW 

Atterberg limits below 
"A" line. or PI less 
than 4 

Atterberg limits above 
"A" line. or PI greater 
than 7 

Above "A" line with PI 
between -± and 7 are 
borderline cases re
quiring uses of dual 
symbols 

Plasticity Chart 
For laboratory classification (j fine-grained. soils 

"Division ofGM and SM groups into subdivisions of d and u for roads and airfields only. Subdivision is based on Atterberg limits; suffixd used when liQlidlimit is za or less and 
the PI is 6 or less, the suffix u used when liquid limit is greater than 2a. 

"" Borderline classification: Soils possessing characteristics of two groups are designated by combinations of group symbols. For example GW -GC. well gr.med gravei'"5and mixture 
with clay binder. 

F~ureNo: .-L 
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TABLE 1 

A SUMMARY OF THE PARAMETERS 
USED IN THE UNIVERSAL SOIL LOSS EQUATION 

Area K A s m LS c KLSC ("/0) -- -- - -

1 0.387 Ponds catch sediment 0 

2 0.387 2500 7.27 0.5 4.5 .008 0.0222 

3 0.387 1300 13.3 0.6 10.1 .008 0.0625 

4 0.387 1500 8.0 0.5 3.8 .008 0.0118 

5 0.387 1500 9.0 0.5 4.5 .008 0.0669 

6 0.387 1300 8.5 0.5 3.9 .008 0.0374 

7 0.387 900 6.7 0.5 2.3 .008 0.0171 

8 0.387 700 10.0 0.5 3.6 .008 0.0178 

9 0.387 2000 11.8 0.6 10.9 .008 0.0945 

10 0.31 2000 9.1 0.5 5.3 .01 0.0296 

11 0.31 1000 18.0 0.6 14.0 .008 0.0174 

12 0.31 1500 16.0 0.6 14.7 .12 0.492 

13 0.09 1200 2. 7 0.5 0.95 .20 0.0359 

14 0.09 1200 11.0 0.6 7.2 .20 0.259 

15 0.09 1400 4.0 0.5 1.5 .20 0.0810 

16 0.32 800 12.3 0.6 6.7 .20 0.9434 

17 0.10 4000 2.7 0.5 1. 7 .10 0.1887 

18 0.31 1200 14.0 0.6 10.4 .10 1.5153 

19 0.36 2000 2.0 0.5 0.95 . 12 0.3201 

20 0.10 500 22.9 0.6 13. 7 .10 1.3837 

21 0.15 1500 8.0 0:5 3.8 .10 0.3135 

22 0.07 1100 13.3 0.6 9.1 .10 0.1147 

23 0.07 900 10.0 0.5 5.2 .10 0.0728 

24 0.10 1400 16.0 0.6 14. 1 .10 0.3384 

25 0.10 700 11.4 0.6 5.5 .10 0.1320 

26 0.07 1200 8.0 0.5 3.4 .10 0.1428 

27 0.10 2000 8.0 0.5 4.4 .10 0.1672 

28 0.07 800 5.7 0.5 1.8 .10 0.0277 

~ Equivalent KLSC 0.0691 ~ 6.91 



TABLE NO. 1A SlJMMAf~Y OF TEST DATA 

PROJECT Fish Creek FEATURE Dri 11 Holes LOCATION Dam Site 

DEPTH STANDARD 
IN-PLACE UNCONFINED FRICTION CONSISTENCY lIHI1S MECHANICAL ANALYSIS UNIfIED 

BELOW PENE TRA nON COMPRESSIVE ANGLE SOIL 
HOLE GROUND BLOWS UNIT 

MOISTURE VOID 
<1> 

l.l. P.l. P. I. % % % SILT llASSIFICATUW' WEIGHJ SlRENG~H 
NO. SURFACE PER FOOT LB/F PER<INT RATIO lB/FT % % % GRAVEL SAND & CLA~ SYSTEM 

DH3 0-1.5' 39.2 13.4" 20.3 CL-2 

3-4.5' 26.3 18.5 7.8 CL-1 

9-10.5' 41.0 38.8 2.2 ML 

12-13.5' 30.1 53.8 16.1 SN 

DH4 6-7.5' 41.6 50.7 7.7 SP,SM 

9-9.6' 40.3 54.1 5.6 SP,SM 

---

-~---

.... ~ -,,-----,,----_._._ ..... _-

.-----~---

- -



TABLE NO. lA SUMMARY OF TEST DATA 

PROJECT Fish Creek Dam FEATURE Borrow Area LOCATION Reservoir Basin 

DEPTH STANDARD 
IN-PLACE UNCONFINED FRICTION CONSISTENCY LIMBS MECHANICAL ANALYSIS UNIFIED 

BELOW PENETRA lION COMPRESSIVE ANGLE SOIL 
HOLE GROUND BLOWS UNIT 

MOISTURE VOID 
<t> 

l.L. P.l. P. I. % % % SIll QAS..c)IFICA HOO WEIGHJ STRENG~H 
NO. SURFACE PER FOOT LB/F PERa:NT RATIO LB/FT % % % GRAVEL SAND & CLA~ SYSTEM 

1-1 3.5-10' 34.6 30.9 3.7 ML 

1-3 1-4.5' 21.9 49.3 28.8 SM 

1-3 5-10' 22.7 69.1 8.2 SP 

1-4 4.5-12' 37.1 43.8 14.1 SM 

1-5 1-4' 24.8 15.6 9.2 CL-ML 

1-5 6.5-12' 33.9 51.5 9.6 SP,SM 

1-7 1-4' 37.4 21.4 16.0 ML 

1-8 5-10' 30.8 23.8 2.0 ML 

1-10 1.5-9' 45.6 32.1 22.3 GM 

1-12 1.5-10' 32.6 37.5 29.9 GH 

1-13 5-11 1 37.0 48.3 14.2 SM,SP 
-" 

1-14 4-10' 25.7 22.9 2.3 ML 

1-16 4-9' 30.6 55.5 13.9 SM 
----,--

1-17 3.5-8' 50.2 34.4 15.4 GM,GW 
--

- - '-------- --- -----..-.,....._. 



TABLE NO. lA SLJMMAf~Y OF TEST DATA 

PROJECT 
Fish Creek Dam 

FEATURE 
Borrow Area LOCATION Reservoir Basin 

----------------------------

DEPTH STANDARD UNCONfINED fRICTION CONSISTENCY LIMITS MECHANICAL ANALYSIS UNIfIED 
IN-PLACE BELOW PENETRATION COMPRESSIVE ANGLE SOIL 

HOLE GROUNO BLOWS UNIT 
MOISTURE VOID 

<l> 
l.l. P.l. P. I. % % % SILT ClASSlFICA TIOO WEIGHJ SlRENG~H 

NO. SURFACE PER FOOT lBjF PERCENT RATIO LB/FT % % % GRAVEL SAND & ClA~ SYSTEM 

1-18 1-6' 41.4 18.1 23.3 CL-2 

1-19 0.5-7.5' 32.9 52.1 15.0 GM,GW 

4-1 1.5-12' 14.4 67.6 18.0 SM 

4-2 1-12' 21.4 68.0 10.6 SW,SM 

4-3 1-8' 3[3. 7 45.6 15.7 S~J, SM 

4-4 1-12' 11.6 76.1 12.3 SW,SM 

4-5 2-6' 25.2 20.7 4.5 CL-ML 

4-6 1-11' 9.8 74.5 15.7 SP,SM 

4-11 0-10' 29.4 20.4 9.0 CL-1 

4-8 1-7' 4D.3 46.3 5.4 GP 

4-9 1-7' 70.6 21.8 7.6 GW 
~.--.-.-------

6-1 0-7' 23.4 17.2 6.2 CL-ML 
6-1 7-12' 32.9 22.9 10.C CL-l 

.~~ .~.- -.~- ... __ .- _ .. - ---~ 

6-3 1-9' 29.9 15.5 14.4 CL-l 
---.- -_ .. _-- .... _-.-._ .. 

6-4 10-12' 3.7 85.5 10.8 SP,SM 
--"- --- - .. _------- --- -.--

6-2 0-12' 26.8 21.1 5.7 CL-ML 
---~'-- - .. -----.--~ 



TABLE 2 

UNIT HYDROGRAPH FOR FISH CREEK RESERVOIR, WYOMING 

Time Discharge 
(hours) (cfs) 

.000 .0 

.250 508.3 

.500 1525.3 

.750 3118.1 
1.000 5081.6 
1.250 6288.8 
1.500 6613.7 
1.750 6277.2 
2.000 5501.9 
2.250 4480.5 
2.500 3247.1 
2.750 2436.7 
3.000 1845.0 
3.250 1442.0 
3.500 1097.9 
3.750 835.2 
4.000 656.4 
4.250 538.7 
4.500 434.2 
4.750 345.9 
5.000 262.2 
5.250 186.3 
5.500 116.9 
5.750 53.3 
6.000 .0 

Total discharge 1092.79 acre feet 



TABLE 3 

FISH CREEK RESERVOIR PMF AND 1/2 PHF HYDROGRAPHS 

PMF 1/2 PMF 
Time Discharge Discharge 

(hours) (cfs) (cfs) 

.000 .0 .00 

.250 .0 .00 

.500 .0 .00 

.750 .0 .00 
1.000 4.0 2.00 
1.250 34.3 17.15 
1.500 132.7 66.37 
1.750 367.2 183.62 
2.000 828.0 414.00 
2.250 1703.2 851.59 
2.500 3424.3 1712.14 
2.750 6420.5 3210.23 
3.000 10774.2 5387.09 
3.250 16008.5 8004.27 
3.500 20930.2 10465.10 
3.750 24350.5 12175.20 
4.000 25899.1 12949.50 
4.250 25808.1 12904.00 
4.500 24443.3 12221.60 
4.750 22241. 4 11120.70 
5.000 19826.~ 9913.20 
5.250 17685.7 ·8842.83 
5.500 15889.6 7944.78 
5.750 14349.8 7174.90 
6.000 13028.7 6514.34 
6.250 11902.0 5951.02 
6.500 10881.9 5440.94 
6.750 9833.8 4916.92 
7.000 8650.4 4325.19 
7.250 7341.3 3670.63 
7.500 6003.9 3001.95 
7.750 4731.7 2365.84 
8.000 3595.1 1797.56 
8.250 2649.2 1324.61 
8.500 1942.1 971.03. 
8.750 1447.9 723.93 
9.000 1087.5 543.73 
9.250 814.5 407.26 
9.500 607.8 303.89 
9.750 453.2 226.62 

10.000 335.7 167.86 
10.250 243.3 121.64 
10.500 169.9 84.95 
10.750 112.5 56.26 
11.000 68.5 34.24 
11.250 36.4 18.20 
11.500 15. 1 .., , 

f • .../ i 

11.750 " -j.) :.. ! ' 

12.000 .0 .00 

Total = 6964.14 acre feet Total 3482.07 acre :ee~ 



Table 4. Preliminary list of macroinvertebrlltes from Sage, Savery and Fish 
Creeks t Carbon County, Wyoming. Based upon a single sampling on 1 
August 1984. 

Taxa Sage 
Creek 

Class Nematoda X 
Class Gastropoda 

Physa X 
Class Pelecypoda 
Class Oligochaeta X 
Class Turbellaria 

Planaria X 
Class Arachnida 

Hydracarina X 
Class Crustacea 

Amphipoda X 
Cladocera X 
Copepoda X 
Ostracoca X 

Class Insecta 
Order Ephemeroptera 

Baetis sp "A" X 
Baetis hageni X 
Heptagenia X 
Paraleptophlebia X 
Ephemerella tibialis 
Tricorythodes minutus X 

Order Plecoptera 
Zapada cinctipes X 
Pteronarcella badia 
Isoperls X 
Chloroperlidae X 

Order Trichoptera 
Rhyacophila 
Glossosoma 
Hydropsyche X 
Cheumatopsyche 
Ochrotrichia X 
Dicosmoecus X 
Neothremma 
Brachycentrus occidentalis X 

Order Coleoptera 
Hydroporous 
Oreo·dytes 
Hydaticus 
Hydrophilidae 
Zaitzevia X 
Optioservus 

Order Diptera 
Tipula grandis X 
Eriocera X 
Simulium X 
Prosimulium X 
Chironomidae X 
Ceratopogonidae 
Dolichopodidae X 
Limnophora X 

TOTAL TAXA 
MEAN TQ (CTQa) 
NUMBER TAXA/TROPHIC LEVEL 

C-G (collector-gatherers) 
C-F (collector-filterers) 
Scr (scrapers) 
Shr (shredders) 
Pred (predators) 

29 
80.7 

10 
7 
8 
3 
5 

N. Fk Savery 
Creek 

X 
X 
X 

X 

X 
X 

X 

X 
X 
X 

x 
X 
X 
X 

X 
X 
X 
X 
X 

x 
X 

x 
X 

x 
X 

X 
X 

27 
69.6 

8 
7 
8 
3 
5 

Fish 
Creek 

X 

x 
X 
X 

X 

x 

x 
X 

X 

X 
X 

X 

x 
X 

X 
X 
X 
X 

x 

x 
X 
X 
X 
X 
X 

X 
X 
X 
X 

29 
80.2 

8 
8 
7 
2 
7 

TQ 

108 

108 
108 
108 

108 

108 

98 
108 

98 
95 

72 
72 
48 
24 
72 

108 

16 
24 
48 
24 

18 
24 
95 

108 
108 

24 
18 
24 

72 
72 
72 
95 

104 
104 

72 
36 

108 
108 
108 
108 

95 
108 

Trophic 
level 

C-G 

C-G 
C-F 
C-G 

C 

Pred 

C-G 
C-F 
C-F 
C-F 

Scr 
Scr 
Scr 
C-G,Shr 
C-G 
C-G 

Shr 
Scr,Shr 
Pred 
C-G,Scr 

Pred 
Ser 
C-F 
C-F 
Scr 
Sct 
C-G 
Scr,C-F 

Pred 
Pred 
Pred 
Pred 
Ser 
Ser-

Shr 
Pred 
C-F 
C-F 
C-G 
Pred 
Pred 
C-G,Pred 



Table 5. Preliminary stream habitat description for Savery and Fish Creeks at 
proposed dam site and Sage Creek below existing dam, Carbon County, 
Wyoming. Based upon observations made on 1-2 August 1984. 

Stream Parameter 

Time of observations as DST 
Elevation of station in feet 
Channel % gradient 
Average water width in ft 
Rif fIe: Pool 
Substrates as % bottom 

bedrock 
boulder 
rubble 
gravel 
sand 
silt 
embeddedness 

Bank stability as % 
Bank cover 

evergreen trees 
deciduous trees 
tall brush 
short brush 
grass & herbs 
bare soil and rocks 

Ungulate damage to banks 
Shade of channel as % 

Water quality 
spec. cond. as umhos/cm 
water temperature C 
turbidity 

Sage 
Creek 

1500 
7545 
1.4 

7 
1:2 

0 
2 

18 
50 
25 

5 
45 
75 

0 
0 
2 
5 

78 
15 
45 
10 

210 
17 

clear 

N. Fk Savery Fish 
Creek Creek 

1645 1745 
7690 7695 

2 0.8 
7 5 

1:3 1:5 

0 0 
3 0 

12 5 
38 25 
40 65 
7 5 

45 70 
45 80 

0 0 
0 0 
5 0 

10 15 
65 75 
20 10 
65 SO 
15 15 

272 220 
22 18 

cloudy cloudy 



TABLE 6 - COST ESTIMATE 
FISH CREEK DAM 

CREST ELEVATION 7820 
HIGHWATER ELEVATION 7810 

Item Description 

1 Clearing 

2 Stripping 

3 Cut-off Trench Excavation 

Weathered Sandstone 

Common 

4 Borrow and Placement Zone I, 
Zone II and Zone III 

5 Filter Drain Material 

6 Rock Rip-rap 

7 Rip-rap Bedding 

8 Grouting 

9 Drainage Wells 

10 Drainage Pipes 

11 Spillway 

12 Outlet Works 

13 Road Relocation 

14 Foundation Rock Treatment 

Quantity 

20.2 acres 

53,324 yd
3 

53,160 yd3 

42,700 yd3 

2,016,184 yd
3 

99,860 yd
3 

31,830 yd3 

31,830 yd3 

34,020 ft 

5,670 ft 

2,740 ft 

3.7 miles 

7140 yd
2 

Subtotal 

Unit Price 

$200/acre 

3 $1.50/yd 

$3.00/yd3 

$1.50/yd3 

$2.50/yd
3 

$8.00/yd
3 

$10.00/yd
3 

$8.00/yd3 

$20.00/ft 

$12.50/ft 

S18.00/ft 

LS 

LS 

$100,000/mile 

$2.50/yd 

15% Contingencies 

Subtotal 

15/0 Engineering 

Total 

Amount 

$ 4,040 

79,986 

159,480 

64,050 

4,032,368 

798,880 

318,300 

254,640 

680,400 

70,875 

49,320 

324,148 

191,820 

370,000 

17,850 

$7,416,157 

1,112,424 

8,528,581 

1,279,287 

59,807,868 

Cost per acre foot = $9,807,868/52,000 acre feet :;189/acre foot 



Item Description 

1 Clearing 

2 Stripping 

TABLE 7 - COST ESTIMATE 
FISH CREEK DAM 

CREST ELEVATION 7850 
HIGHWATER ELEVATION 7840 

Quantity 

26.1 acres 

58,114 yd 3 

Unit Price 

$200/acre 

$1.50/yd 3 

3 Cut-off Trench Excavation 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Weathered Sandstone 

Common 

Borrow and Placement Zone I, 
Zone II and Zone III 

Filter Drain Material 

Rock Rip-rap 

Rip-rap Bedding 

Grouting 

Drainage Wells 

Drainage Pipes 

Spillway 

Outlet Horks 

Road Relocation 

Foundation Rock Treatment 

57,780 yd
3 

$3.00/yd 3 

42,670 yd 3 
$1.50/yd3 

3,125,244 yd 3 $2.50/yd 3 

153,040 yd 3 $8.00/yd3 

42,910 yd 3 
$10.00/yd 3 

42,910 yd 3 $8.00/yd3 

36,720 ft S20.00/ft 

6,120 ft S12.50/ft 

3,080 ft $18.00/ft 

LS 

LS 

3.7 miles $100,000/mi 

7,707 yd 3 $2.50/ft 

Subtotal 

15% Contingencies 

Subtotal 

15"/0 Engineering 

Total 

Amount 

5,220 

87,171 

173,340 

64,000 

7,813,110 

1,224,320 

429,100 

343,280 

734,400 

76,500 

55,440 

294,700 

296,865 

370,000 

19,268 

$11,986,714 

1,798,007 

$13,784,721 

2,067,708 

$15,852,429 

Cost per acre foot $15,852,429/89,000 acre foot $178/acre foot 



TABLE 8 - COST ESTIMATE 
FISH CREEK DAM 

CREST ELEVATION 7870 
HIGHWATER ELEVATION 7860 

Item Descri2tion Quantity Unit Price Amount 

1 Clearing 31 acres $200/acre $ 6,200 

2 Stripping 62,000 yd3 S1.50/yd
3 

93,000 

3 Cut-off Excavation 

Weathered Sandstone 60,950 yd3 $3.00/yd
3 

182,850 

Common 42,670 yd3 $1. 50/yd
3 

64,005 

4 Excavation and Placement 4,088,935 yd3 $2.50/yd 3 10,222,340 
Zone I, Zone II and Zone III 

5 Filter Material 178,930 yd3 $8.00/yd 3 1,431,000 

6 Rock Rip-rap 51,660 yd3 S10.00/yd 3 516,600 

7 Rip-rap Bedding 51,660 yd3 $8.00/yd 3 413,280 

8 Grouting 38,340 ft $20.00/ft 766,800 

9 Drainage Wells 5,670 ft $12.50 ft 70,875 

10 Drainage P"ipes 3,330 ft $18.00 ft 59,400 

11 Foundation Stripping 1,400 yd3 S2.00/yd3 
2,800 

12 Dike Excavation and Placement 16,850 yd3 $2.50/yd 3 
42,125 

Zone I, Zone II and Zone III 

13 Dike Filters 3,330 yd3 $8.00/yd3 
26,640 

14 Dike Rip-rap 1,575 yd3 $10.00/yd3 15,750 

15 Rip-rap Bedding 1,575 yd3 $8.00/yd 3 
12,600 

16 Spillway LS 319,875 

17 Outlet Works LS 398,025 

18 Road Relocation 3.7 miles $100,000/mi 370,000 

19 Foundation Rock Treatment 8,050 yd3 $2.50/yd3 
20,125 

Subtotal $15,034·, 730 

15% Contingencies 2,255,210 

Subtotal $17,289,940 

15% Engineering 2,j93,491 

Total 319,883~431 

Cost per acre foot = ~19,883,431/118,000 acre feet = S169/acre foot 



Item 

1 

2 

3 

4 

S 

Item 

1 

2 

3 

4 

5 

Description 

Tunnel Excavation 

Rockbolts 

Shotcrete Lining 

TABLE 9 - COST ESTIMATE 
FISH CREEK DAM TUNNEL 
DRILL AND BLAST METHOD 

Quantity 

14,000 LF 

9,800 

14,000 LF 

Groundwater Control 14,000 LF 

\-lire Mesh 14,000 LF 

Subtotal 

Unit Cost 

li280/ft 

S40/bolt 

$1S0/bolt 

$3S/ft 

$40/ft 

15% Contingencies 

Subtotal 

15/0 Engineering 

Total 

Average cost of $705/ft of length 

TABLE 10 - COST ESTIMATE 
FISH CREEK DAM TUNNEL 

TUNNEL BORING MACHINE METHOD 

Description Quantity 

Tunnel Excavation 14,000 LF 

Rockbolts 9,800 

Shotcrete Lining 14,000 LF 

Groundwater Control 14,000 LF 

Wire Mesh 14,000 LF 

Subtotal 

Unit Cost 

$230/ft 

$40/bolt 

$11S/ft 

$35/ft 

$20/ft 

15% Contingencies 

Subtotal 

15% Contingencies 

Total 

Average cost of ~566/ft of length 

Amount 

$3,920,000 

392,000 

2,100,000 

490,000 

360,000 

$7,462,000 

1,119,300 

8,581,300 

1,287,195 

$9,868,495 

Amount 

$3,220,000 

392,000 

1,610,000 

490,000 

280,000 

$5,992,000 

898,800 

$6,890,800 

1,033,620 

57,924,420 



TABLE 11 - COST ESTIHATE FOR PUHPING PLANT AND PIPELINE 
ALIGNMENT A 

Alignment A as shown in Sheet No. 1 crosses the Continental Divide 
at elevation 8020 and consists of an 84" inside diameter welded steel pipe 
10,000 feet long. 

Item 

1 

2 

3 

4 

5 

6 

Description 

Steel Pipeline 

Pipeline Road 

Pumphouse 

Pumps, motors 
and base plate 
(3 ea - 82' 
head and 1 ea -
60' head) 

Inlet Gate 

Control System 

Annual power costs @ 14¢/kw-hr 

Quantity 

10,000 ft 

10,000 ft 

over 40 years - water level at 7810 

Annual Cost = $2,109,175 

Unit Price Amount 

~276/ft $2,760,000 

$ 15/ft 150,000 

Lump Sum 200,350 

Lump Sum 1,562,850 

Lump Sum 40,000 

Lump Sum 8,000 

Subtotal $4,721,200 

15% Contingencies 708,180 

Subtotal $5,429,380 

15/0 Engineering 814,407 

Total $6,243,787 

$1,556,600 



TABLE 12 - COST ESTIMATE FOR PUMPING PLANT 
ALIGNMENT B 

Alignment B as shown on Sheet No. 1 crosses the Continental Divide 
at elevation 7940 with an 84" inside diameter welded steel pipe 17,000 
feet long. 

Item 

1 

2 

3 

4 

5 

6 

Description 

Steel Pipeline 

Pipeline Road 

Pumphouse 

Pumps, motor 
and base plate 
(3 ea - 82' head) 

Inlet Gate 

Control System 

Annual power costs @ l4~/kw-hr 
over 40 years 

Annual Cost = $1,898,501 

Quantity 

17,000 ft 

17,000 ft 

Unit Price Amount 

$276/ft $4,692,000 

$ 15/ft 255,000 

Lump Sum 177,413 

Lump Sum 1,197,150 

40,000 

8,000 

Subtotal $6,369,563 

15% Contingencies 955,434 

Subtotal 7,324,997 

15% Engineering 1,098,749 

Total $8,423,746 

$1,153,000 



TABLE 13 - COST ESTI~~TE FOR PUMPING PLANT PIPELINE 
ALIGNMENT C 

Alignment C crosses the Continental Divide at elevation 8020 with an 
84" inside diameter welded steel pipeline 16,000 feet long. 

Item 

1 

2 

3 

4 

5 

6 

7 

Description 

Steel Pipeline 

Pipeline Road 

Pumphouse 

Pumps, motor 
and base plate 
(3 ea - 82' head 
& 1 ea - 60' head) 

Conduit through 
embankment, 5' 
diameter pressure 
pipe 

Inlet Gate 

Control System 

Annual power costs @ l4¢/kw-hr 
over 40 years 

Annual Costs = $2,328,235 

Quantity 

16,000 ft 

16,000 ft 

Unit Price Amount 

$276/ft $4,416,000 

$ 15/ft 240,000 

Lump Sum 91,600 

Lump Sum 1,562,850 

Lump Sum 234,400 

40,000 

8,000 

Subtotal $6,592,850 

15% Contingencies 988,927 

Subtotal $7,581,777 

15% Engineering 1,137,266 

Total $8,719,043 

1,556,600 



TABLE 14 - COST ESTIMATE 
GRAVITY PIPELINE FROM BATTLE CREEK TO SAGE CREEK 

Item Description Quantity Unit Price Amount 

1 Banner Line (L-4) LS $41,529,629 
Battle Creek to Dexter Peak 

2 90" Concrete Pipe 5,350 $315/LF 

3 90" Steel Pipe 51,650 S320/LF 

4 Pipe Line Road 28,500 i20/LF 

Subtotal 

15% Contingencies 

Subtotal 

15cro Engineering 

Total 

Note: From Banner Associates' 1980 Report 
Estimated Cost of Battle Creek to Jack Creek Pipeline 
(without contingencies and engineering) 

Estimated Cost of Pipeline from Jack Creek to 
Dexter Peak Vicinity equals Battle Creek to 
Jack Creek Pipeline Cost less the following: 

Continental Divide Tunnel 
90" Concrete Pipe - 16,800 LF @ $3l5/LF 
84" Concrete Pipe - 11,200 LF @ $285/LF 
Pipeline Road - 28,000 LF @ $20/LF 

Estimated Cost of Battle Creek to Dexter Peak Pipeline 

1,685,250 

16,528,000 

570,000 

$60,312,879 

9,046,931 

10,403,971 

$79,763,781 

$58,373,629 

$ 7,800,000 
5,292,000 
3,192,000 

560,000 

$16,844,000 

$41,529,629' 
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39-49 8 

LEGEND 

Sample Location 

27,23,32 -- No. of Blows Per 6" With Std. Spoon 
/ Percent Core Recovery 

100 I 68 ___ Rock Quality Designation, R Q D 

.. N ML Stands For No Measurable Loss 

~ Ground Water Elevotion 

FISH CREEK DAM CENTERLINE PROFILE 
DRILL HOLE LOGS 



I 

Depth 
o 

5 

10 

15 
DePt~ 

10 

15 
Depth 0 

10 

5 

5 

Test Pit No.1-I 

IT Sandy Si It 11::. ML 

tt~ SW Gravelly Sand 

Limestone 

Gravelly Sandy 

Silt 

ML 

Test Pit No.I-14 

Sandy Silt 

Gravelly Sandy 

Silt 

ML 

Test Pit NoA-5 

Sandy 

Clayey 

Silt 

f CL-ML 

::~:.o: 

.'~~! SW 

:~~:.~ 

Grave"y 

Sand 

rest Pit No.5-I 

ML 

Sandy 

Si It 

5 :,' 
Silty 

Grave"y 

SM Sand 

10 

L_-'_5 _" ____ _ 

Test Pit No.I-2 

Sandy Si It 

:.' > Silty Sand 
SM 

Test Pit No.I-3 

~~:. Sandy Silt 

Silty 

Gravelly Sand 
SM 

;.:: _ ""T:bIOr--_L_i_m_e_s_to_n_e_--; 
;"'i --- ~.'.: 

t.~.· .. ~ ... t.~.:. Sandy Gravel W· .- /A~ 
Grove Ily Sand 

Test Pit No.I-4 

[~ill Iy 

Gravelly Sand 

SW 

l;;' iSG Clayey Sand 
im .... tnn .. 

Test Pit No.l-5 

Sandy 

Gravelly Sandy 

Silt 

ICL, ML 

;::1 GW ~ftl: SP 
Pb;:'¥-fII1-7L"7'im-e-=st-o-ne---t Silty Gravelly Silty Gravelly 
F·" ~77W'-e-a""'th:-e-r-e-:d---; San d San d 

'M SP S"d"""" 11J±t:&.::',;;.,.:.-MS.::...P ____ ---l aSP' SM 

Test Pit No.1-IS 

Sandy Silt 

Sandy 

GW 
Gravel 

Test Pit No.I-16 

:: ,tl~ 

o? SM 

Sandy Silt 

Grave"y 

Sand 

Grave Ily 
Silty Sand 

Test Pit NoA-6 Test Pit No.4-7 

I\i;"b/: W--_
S
_
i
_
1 
t_y_S_a _n d_---l F~OJ.;,·:w--S-i-lt-y-S-a-n-d--I /1: 

.. Gravelly ~:~~ Grave lIy .J:. 

Test Pit No.I-17 

Sandy Silt 

Sandy 
Silty 

Gravel 

Test Pit No4-8 

Sandy 

Grave I ~~i:: SP~.) 
:','" GP Sand 

Sil ty 

Sand 

SP, SM 

Test Pit No.5-2 
Sandy Si It 

Silty Gravelly 

Sand 

SM 

Test Pi t No.5-3 

, Clayey 

".. Sandy 

.: ML Silt 
':. 

"".0: Sandy Grave I a. Sands 

Silty 

: .. .' Grave"y 

": 
',' SM Sand 
'" 

: .. ~ 

;~.~ 
,', ... ,. 
·t· 
:o·~o. 

Test Pit No.6-I 

ML 

Cia ye y 

Sandy 

Silt 

Sandy 

Clayey 

Silt 
CL-ML 

Te s t Pit No. 1- 18 

Gravelly 

Silty ClOY 

~ ; , 

~;, CL-2 

. ~ \ 

Sandy 

Gravel 

Test Pit No.4-9 

GW 

Silty 

Sandy 

Gravel 

Test Pit No. 6-2 

Clayey 

Sandy 

Silt 

CL-ML 

Silty 

SM Sand 

Test Pit No. 1-6 Test Pit No.I-7 Test Pit No.I-8 Test Pit No 1-9 

;;MU Sandy Silt I Iy ::. Sandy Silt Sandy Silt 

[I Organia G IIv ~l Silty Sandy 
S 'II ~ '" .... Gravelly Sand GP Gravel ~~ 

GW I Y ~ Sill -+-- m~;.rii;g-:G:....:W-'-----=y~9 "' ..... '--_____ .... 

. Sandy Gravel . :....:M:....:L=--____ ---l 

Weathered :,-::.:: 
Sand :\: Isp Sandstone .• :. SP 

""-'-"L--___ ---'? 
Gravelly Sandy 

Silt 

Test Pit No. 1-19 

Sandy 

Silty 

Grove I 

GW, GM 

'est Pit No. 6- 3 
Sandy Silt 

Sandy 

Silty 

Clay 

CL-I 

Boulders 

Silty 
SP 

Sand 

L:.;::::c.:.J" L..-____ ..... 

ML 

Test Pit No.2-I Test Pit No.2-2 

W ~_sa_n_d_y_S_i _It_-t ~ Sand y Silt 

~l :,',::~ ~ SP Om .. ""'",, 

~!:~~ G P 

;~:: 
:~:r ~ 
~:~------t 
;;!{; Gravelly 

;~J SP Sand 
~.~? 
~:'o:~ 

Test Pit No. 6-4 

" ML 

''!''. ... 
'r:: 
~~, SM 

Clayey 

Sandy 

Silt 

Grave"y 
Si Ity 
Sand 

Test Pit No.3-I 

Sandy Silt 

ML 

Silty Gravelly 
Sand 

SP 

Test Pit NO.I-IO Test Pit NO.1-II Test Pit No.l- 12 

Sandy Si It I Gravelly ~ill1 
i~[~'~ .:fW-.-----; 

Sandy Silt 
Sandy ~ ~~ _____ ~ 

Sandy Silt 

Silty '" 

Gravel 

GM 

Tesl Pit No. 4- I 

t.; Silty Sand 

Gravelly Silty 
'. ~ Sand 

.::. 

.'1. SM 

GW 

---1.-_ 
Sandy -=-

Grovel 

Tesl Pit No.4-2 
,.: Gravelly Silty Sand 

Silty Grave lIy 
Sand 

SW,SM 

'. 

GM 

Sandy 

Silly 

Grovel 

J"est Pit No.4-3 
Silty Sand 

Silty Gravelly Sand 

'. SW,SM 

Test Pit No.I-13 

Gravelly 

Sandy 

ML 
Silt 

Silty Gravelly 
Sand 

SM,SP 

Test Pit No.4-4 
! L Sandy Silt 

Gravelly Silty Sand 

SW. SM 

ROLLINS, BROWN AND GUNNELL, INC. WYOMING 
WATER DEVELOPMENT 

COMMISSION FI~~--~-;EEK DAM ~ __ --IIYESY PlY LOGS I LOCATIONSucco::---c-:> ~~----=-~:=:"c:-1SI. PROFESSIONAL ENGINEERS 
1-.135 We."I: 820 North. P.D. Box "11. Provo, Ulah 84603. (801),"'4·,TI 1 



7700 

7650 

7600 

Elev. 

7'OOl 

785°1 
7800-

7750 

7700 

7650 

7600 

Concrete Inlet 
'\ WI Wlngwalls 

1.5' Rock Riprap 
e. 1.5' Filter Blanket 

y N.H.W. Elev. 7860 

~I 
2 

Stream Sand e. Gravel 

y N. H. W. ELEV. 7860 

4"Sloinless Steel 
Hydraulic Line 

Slope =0.0264 

Zone :IT 

Drain Wells 

3 Grout Lines On 
10' Centers 

MAXIMUM SECTION 

ZONEJl: 

/'" 
Seepa~e Collars---------' 
@ 20 Spacing 

Existing Ground 
Surface 

Stream Sand e. Grovel 

Gray - Green Fine Grained 
Calcareous Sandstone 

Natural Ground 
Surface 

,-----·~------,'._-----.------.,~-----.------.I------~------TI------~------TI------,-------r'------,------",------.------,,------_.------.,-------r------,,-------r------,I 

0+00 1+00 2+00 3+00 4+00 5tOO 6+00 7+00 8tOO 9tOO 10iDO IItOO 

SECTION THROUGH OUTLET WORKS 

FOR DAM CREST AT ELEV. 7870 
~--~.----.~-----~-- -~ 

FISH CREEK DAM 

~ATERIAL SUMMARY 
ZONE DESCRIPTION SOURCE 

I SILTY CLAY (CL-') a SANDY SILT (ML) I BORROW AREA#6 
. __ ... -- --+----

II SILTY SAND (SM OR SM,SP) a SANDY GRAVEL (G P) i BORROW AREAS 
i #1, #4 

- ---------- ... _._ .. _ .... ------_. ._--

III QUARRIED SANDSTONE a SANDY GRAVEL (GP) I QUARRY BORROW 
. AREAS #1, #.4 ._._ ..... _. __ .... 

FILTER 
-----_._.-

RIP RAP 

BEDDING 

WELL-GRADED SAND WITH LESS THAN 5% BORROW AREA 
.£'~~ING NO. 200 SE.!Y..~ ____ . _____ . ___ ... _ .. _ .. ____ 

r-fXCAVATIONS-WELL-GRADED SANDSTONE MAX.SIZE 18" 
AVERAGE SIZE 12" 

WELL-GRADED SANDY GRAVEL 

Q. 
I-

OUTLET CONDUIT 

Reservoir 
Level 

7B60 
7840 
7810 

Tp 

5'-0" 
4'-6" 
3'-10" 

DETAIL 

El QUARRY 

BORROW AREA40 

30"'1,0. Welded 
Steel Pipe 

No,5 Bars At 6" 

_J[--CROSS SECTIONS 



SEAL 

10' 

TY PICAL CHUTE SECTION 

:::::::J I 
2 

- . jr-ORIGINAL GROUND LINE 
---- --'-t.... 

" I 

\ 
r- SAF T~kE 

/' STILLI,,\ 
, BASIN \ 

\ \ 
\ \ 

CANTILEVE~ OUTt\T 
AND PLUNG~ POOL \ 

LONGITUDINAL SPILLWAY SECTION 

\ 
~\ 

\ 

..> 
..> 
<l'o 

\ 
\ 

DH# \ \ 
c • ~'I' ~ . 0 \ \ \ 

-------:-

( 

i 
.... 

\ \ 
\ 

\ \ 

\ 
\ 

--~m_+_---t_----noo------... 
\ \ \\ \\ '\~~~ 

\ \ \ \ 
\ \ \ 

NOTE' 
SPILLWAY INLET 8 STILLING BASIN 
DETAILS ON SHEET NO.2 
ALIGNMENT ON SHEET NO.2 

100 
i":"'I 

o 100 200 

It===t:=t==========-"'::::'==~I~~~~--~:-lll PROFESSIONAL ENGINEERS 
I .. ROLLINS, BROWN AND GUNNELL, INC. 

I t:=::;:+=;t=====;;;::====~lr~Di3Y----6fri!=-111 1435 West 820 N-I)rth.~o. tk," ill- ?rovo, UtahB460}a (801) 374-5T'1 

WYOMTN~ 
WATER DEVELOPMENT 

COMMISSION 
FISH CREEK DAM 

-11 PLAN Ii SH,ET 

1 WATER SURFACE EL.784O .. OF" Sf'EETfSI 



10' 

8" 

TY PICAl CHUTE SECTION 

-------~ 

LJI 
2 

..__--- r-0RIGINAL GROUND LINE 
/'" --'-..( 

" I 

I 

1 
\ 
/ 
I 
! 

1 '------
I 

[
-- WYOMING 

WATER DEVELOPMENT 
__ COMMISSION 

S"O.125 

= 

100 0 100 2.00 
M 

FEET 

FISH CREEK DAM 
PLAN SHEET 



Elev. 

7850 

7800 

7750 

in 

Steel Grate 
Trash Rack 

10' 

30" Butterfly Valve ~ f1211 
With Hydraulic I ~ 
Actuator 

INLET STRUCTURE ~ 

30" Butterf I y 
Valve 

12" 

PLAN VIEW INLET STRUCTURE 

J' N.H.W. 7810 

ZONE II 

Valve Control 
Building 

Elev. 
7850 

7800 

7750 

7700 

7650 

I 
0+00 

Stainless Steel 
Hyd rau I ic Line 

Conc. I nlet With Wingwalls 

I 
ItOO 

I 
2 tOO 

• N.H.W. Elev. 7840 

ZONE ]I 

Slope = 0.029 

3 Seepage Collors At 2d Spacing 

I 
4+00 

I 
5+00 

I 
6+00 

I 
7+00 

Stainless Steel 
Hydraulic Line 

I 
8+00 

SECTION THROUGH OUTLET WORKS FOR DAM CREST AT 7850 FT. ELEV. 

I 
9+00 

I 
10+00 

7700 

r----~:;r;==============~========~~~~~~========~~~~~~~~~~~~~~~~~~~~~~~~~~~--~~~:PIUnge Pool Slope =0.0353 
30" Dlo.Steel Pipe Encased in 4 

Sq. Conc. Box 
7650 c • 

-- .. > ::.E! .! 
CD U) lLI 

L ___ I_I=-________ 2 ~OO 
UK U 

I 
4+00 

I 
5too 

Seepage Collars, 
3 at 20' Spacing 

I 
6+00 

I 
7+00 

SECTION THROUGH OUTLET WORKS FOR DAM CREST AT 7820 FT. ELEV. 

I 
8+00 

I 
9 tOO 

CANTILEVER OUTLET a PLUNGE POOL 

~ SECTIONS AT OUTLET WORK 
FISH CREEK DA~ ____ ~ PLUNGE POOL,~Oti~. INLET 

SHEET 

8 
OF..!..'.. SHEET(SI 



t-O 

8~g~ ul~ ,... 
z-:, :> 
z« W 
::It-.J D.H.NO,T-
t-cn w 

I 

-
D.H.NO.T-

S' DIA, TUNNEL 
SLOPE = 0.00356 

ELEVATION 
t-
~ 0 - S200 
zO If) -
-0 I'-
oJ'" I'- - SIOO 

~~:> -
z<C W - 8000 

~
::lt;~_ 

D.H, NO. T-\ --= 7900 

-7800 

-
I _ 7700 

-
-7600 

-
-7500 

L� ___ ~I ___ ~I _____ _LI _____ _LI _____ ~!L_ ____ ~I ______ _L) ______ _LI _______ IL-____ ~I ______ _JI ______ _LI ______ _LI ______ ~IL_ ____ ~1 ______ _LI ______ _LI ______ ~IL_ ____ _4I ____ ~' ____ _LI ____ 'L_ __ ~1~ ___ _4I _____ _LI _____ _LI _____ ~IL_ ____ ~I ______ ~I ______ ~1 -

150tOO 140+00 130+00 120+00 110+00 100+00 90+00 80tOO 70+00 60+00 50+00 40+00 30tOO 2Of'OO 10tOO 0+00- 7400 

DEPTH 

0-

-
10-

-
20-

-

DRI LL HOLE NO, T-3 

~ 
40,0 

40,0 

84,60 Chalcedony I 60.5 

~:; "'G'"'r-=-aY-'--;:;GC'Cre=-=eC":n-;:F"'"inC'Ce-S:::-a::"cn:-:d"'s"'-to-n-e-1 
"r light Gray LImestone 
I: 60,20 

100,74 

DEPTH 
DRILL HOLE NO T-3 CONT'O. 120 

Gray -Green 
r--130 

S Blue 

Limey Sandstone 

t--140 

DEPTH 

0-

10-

-
20-

SECTION ALONG PROPOSED TUNNEL 

DRILL HOLE NO. T-2 

~2 ML Sandy Silt 

10,30,44 
Gray - Green Calcareous 

100,52 
Silty Fine Grained 

79,51 Sandstone 

77,44 

DRILL HOLE~ NO.T-2(Cont'd.) 
v 

69,63 
Gray- Blue S Green 

Fine Grained 

100,90 Sandstone 

Blue Claystone 

100,85 Blue- Green 
Calcareous 

DEPTH 

-120 

-130 

-140 

-
30- Gray - Green <:=:L.L------------'--150 30- Fine Grained -150 

-
40-

-
50-

-

60-

-

70-

-
SO-' 

-

90-

-
100-

-

110-

-
120-

SO,l 

80,30 

50,4 

Calcareous 

Sandstone~ 
-===-

Gray-Green Calcareous 
100,67 Siltstone 

Gray-Green Calcareous 
a[jge Grained Sandstone 

Gray-Green Colcareous 
Sandy Siltstone 
Gray-Green Calcareous 
Fine Grained Sandstone 

87,87 
Limey Sandstone 

Gray-Green Calcareous 
Fine Grained Sandstone 

Thinly Laminated Siltstone 
Limev sanastone 

70~~ay_ Green Calcarceous 
Fine Grained Sandstone 

90,70 

90,40 

10068 
Gray-Green S Blue 
Lim'n Sandstone 

Depth 
From To 

60' 70' 
70' BO' 
80' 90' 
90' 100' 

100' 110' 
110' 120' 
120' 130' 
130' 140' 
140' 150' 

Permeability 
Ft, Per Yr. 

--13-2--
117 I 
1179 
1163 

>1873 
1235 

>1904 
424 

>1894 
------------------- --~ 

• i---+-----f----I---------------------------H I DESIGNED BY 

I r:l N-+O-=OATE-t-:B=-yr---------==REV'=SICO::::-NS---------II CHECKED By 

DATE 

-

40-

-

50-

60-

-
70-

-

80-

-

90-

-
100-

-
110-

-
120-

Gray -Green~ 
100,75 

Fine Grained 

Sandstone 
77,45 

Joint,80G Dip 

Gray-Green Calcareous 
77,46 

Fine Grained 

Sandstone 

t: 50,25 
L mes one 
Chalcedony' 
Limestone 

Gray- Green Calcareous 
Fine Grained Sandstone 

A~r9~6~6=3------------~ 
.~~ Gray-Green SandySiltstane 

57,0 Gray - Green 

U Fine Grained 
'" 97,93 

Sandstone 
100,74 

Small Solution Holes 

Gray - Blue S Green 
95,75 Clayey Silty 

Fine 

Grained Sandstone 

:{~ 100,92Gray-BlueSGreen 

,:~~ Fine Graine~ Sandstone 

Depth 
From To 

209' 219' 
219' 229' 
229' 239' 
239' 249' 
249' 259' 

per~eability 
Ft, Per Yr. 

125 
80 
74 
65 
63 

ROLLINS, BROWN AND GUNNEll, INC. 
PROFESSIONAL ENGINEERS 

143S We~t 820 J'IOorth. P.D. Box 711 • Provo, Utah 84603. (SOl) 3i4-S771 

100,100 Sandstone 

100,71 Limey Sandstone 

Bille-Green Clayey 

Silty Fine Grained 
100,11 

Sandstone 

100,90 

Pink -Gray Limey 
Sandstone 

Gray-Green Calcareous 

100,95 Sa ndstone 

Pink-Gray Llmey 

Sandstone 

100,70 
Blue-Green Calcareous 

Clayey Silty Fine 

87,72 
Grained Sand stone 

100,85 

Small Solution Holes 
95,80 

-160 

-170 

-ISO 

-190 

-200 

-210 

-220 

1--230 

-240 

-250 

~~----------------~~-260 

Cone. Inlet Structure 
With Wingwalls 

Steel Grote Trash 
Rack8'x5' 

Grout Hales 

5')(5' Vertical Sluice Gate 
With Hydraulic Actuator 

Hydraulic Control Pipe S 
Air Vent Pipe 

Natural Ground Surface 

IL_----1I1---Grout Holes 
~!-

~r II r-A 

~.~ t"I------JU------l.L.-----"'----t---t 
~ I 

" f, 

'0' ~ 
TUNNEL ENTRANCE DETAIL 

t 

SECTION A-A 

2' Concrete E x it 
Porto I Wall 

i 

Grouted Rock Support 
Bolts,3 To 4 As Req'd. 

10' Long At 5' SpaCing 

Shotcrete Lining 
3" Min. 

Mesh 

'.~ 
1---"----"-----1,: 

~: 
\' Dia. Cone, Pipe 

\~atural Stream 

_ \c'''''' 
,'. 

m
L 
~-----------~~-------------~ 

TUNNEL EXIT DETAIL 

---_ .. _---

4,prap Transition 
Section 

FISH CREEK DAM 

DEPTH 
O_~TT"...:D::..;R-"I-=L""L:.......:.H'-'O::.!L:.::E:.......:.N:.::O:..:. . ...:T--...:I_., 

,J~ 50,6 Gray-Green Limey 

Fine Grained 

20-

30-

40-

50-

-
60-

70-

-

80-

90-

-

79.56 Sandstone 

100,68 

100,90 

,:; 10066 

~~F1~~e8rgi~~~r~~~: 
Sandstone 

100,74 Gray-Green Limey 
Fine Grained Sandstone 

198.88 Gray-Green Calcareous 
97,33 Fine Grained 
7043 Sandstone 

94,70 Gray-Green 

F 100,80 

100,70 

Calcareous 

Fine Grained 

Sandstone 

Horizontal Lamination 
9890 
Gray-Green Limey Fine""""

Grained Sandstone 
Gray-Green To Gray- Blue 
Calcareous Fine Grained 

Sandstone 
Grgy-Blue Sift)' calcareous 

96,1OFine GrainedSond stone 
7034 Groy-GreenToGroy-Blue 

, Calcareous Fine 
90,28 Grained So ndltone 

Gray-Blue To Gray'::~ 

100 __ ~~_~-70-~~~~~n:~d~:~~~~~i:~e-d--~ 
Depth 

From To 

10' 
2d 
30' 
40' 
50' 
60' 
70' 
80' 
90' 

20' 
3d 
40' 
50' 
60' 
70' 
BO' 
90' 

100' 

Permeability 
Ft. Per Yr. 

870 
710 
253 
980 
859 
921 
777 
631 
307 

.-~ SHEET 

DETAIL~ ___ j.i--O-'---'F II'---~-HE~ 

I 



Elev. 

Elev. 

8050 

7950 

7850 

7750 

,32' Dia; Conc. Silo Housing Ingersot-Rond 36 AFV 3K 82' Head Pumps S. 2 1750 !i.p. Motors. 84" Dia. Welded Steel Pipe 
\ Silo 10 Higher Than Reservoir Level 

12'x30')(32' Conc. Bldg. Housing 2 Ingersol- Rand 36 AFV3K 
Pumps ( 1- 82' Head, 1-60' Head) 1-1750 H.P., 1-1500 H.P. Motors. 
Elev, 7863 

Stainless Steel Hydraulic Lines Far Gate 
S. Power Line For Motors 

1..----.,-----.-1 -_······1 -----.I---.----·rl---.-- ----,1,-----,.---·--'1,.---
o 1000 2000 3000 4000 5000 

PI PELINE ALIGN MENT "A" 

32' Dia Reinforced Conc. Silo Housing 2 Ingersol- Rand 36 AFV 3K (82'Head) Pumps S. 2 1750 H.P. Motors. 
Silo Id Higher Than Reservoir Level 

5'x5' Sluice Gate 

12'xI8'x30' Conc. Bldg. Housing 1 Ingersol- Rand 36 AFV3K (82'Head) Pump 
S. 1- 1500 H.P. Motor. 

Stainless Steel Hydraulic Lines For Gate 
S. Power Line For Motor 

\4" Dia. Welded Steel Pipe 

I I 
6000 7000 

I 
8000 

_0 
eN 

~~ 
.c ,. ., 
~W 

I 
9000 

I 

r- Discharge into Stream 
Channel Elev, 7930 

10000 

Discharge into Stream 
Channel Elev. 7920 

Inlet Elev. 7750 
,F~~~~~~I---'--~I---r---~I---~-----.-----'------"---r---r---~---~--'----~--~---r--~----~---~------Ir-----r-----"------~i~.---'------r-----r-----r---~I-----.-----'---~r----'I , 

o 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 170001 

Elev. 

8050 

79SO 

7850 

7750 

(

5' Dio. Welded Steel Pipe Encased 
in Monolithic Cone. Box 

65'x30'x 12' Cone. Bldg. Housing 4 Ingersol- Rand 36 AFV3K Pumps 
(3-82' Head, 1-60' Head) 3-1750 H.P. Motors, 1-1500 H.P. Motor. 

I 
1000 

Inlef Structure With 5'x5' 
Sluice Gate Elev. 7750 

I 
2000 

I 
3000 

*NOTE: All Pumps Have a Discharge 
Capacity Of 165 C.F.S. 

4000 

\4" Dia. Welded Steel Pipe 

1 
SOOO 

I 
6000 

PIPELINE ALIGNMENT "B" 

I 
7000 

I 
BOOO 

PIPELINE ALIGNMENT "e" 

I 
9000 

I 
10000 

I 
11000 

FISH CREEK DAM 

I 
12000 13000 

I 
14000 

Discharge into Stream 
Channel Elev. 7920 

1 
15000 

I 
16000 



8600 

8400 

~. 
-"-

~ ~ 
PIEZOMETRIC ~£ ~ HEAD LINE 0.00 

u;> 

~ Zw 
W 0"-1 
0-

°IW 0:: 
~ zi -~I ----- '--./ U) 

iD W £-0::: 
0-
-lo 
WIO Lg 

-" 
t:;j; ai 

CD 

8200 

8000 

7800 

z(\j N 
- • CD C!)« " 
W .... -' 
iDU) W 

~--~---- -- .-_.---- - ---~---

150+00 
-_., 

+0 100+00 7600 0+00 50 0 

8200 ---""- -.--"--~--- ----~ ---

PIEZOMETRIC HEAD LINE 

8000 --- r-----
/90", WELDED STEEL PIPELINE 

V L ~/ WI 12" WALL THICKNESS~ 

~ ~ 
~ 

450+00 400+00 3 

7800 

7600300+00 50+00 

REVISIONS l 
DESfGNED By 
K.M. ROLLINS 
DRAWN BY 

K. M" HOLT 
CHECKED BY 

OATE 

8/84 
DATE 1435 We,'W: 810 Nonh • ?O Box 711 • Provo, l1tah 84603 • (SOl) 374·5771 

""-

--

~ V90" WELDED STEEL PIPELINE 
WI \12" WALL THICKNESS --- L ~~ 

200+00 250+00 

- --r---
-~~- --

~y 
,-----~~--
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