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PREFACE 

In March of 1981, Governor Ed Herschler contacted the Water Develop

ment Commission to request an investigation of uses for any uncommitted 

water which might be available in the Little Bighorn River. 

Specifically, the Governor requested that WWDC investigate the 

possibility of using the Little Bighorn River as a source of municipal 

water and industrial water for in-state use. He suggested that all com

munities in Sheridan County, as well as Gillette, Buffalo, Midwest, 

Edgerton, Mills, Evansville, and Casper be considered as potential 

demand centers. 

The report was prepared as a reconnaissance level survey of potential 

development options on the Little Bighorn. The report is not intended as the 

definitive planning study for the area, nor does it purport to be an opera

tions study of any proposed development option. However, it does provide 

information in sufficient detail to facilitate discussion and selection of 

alternatives for further examination. 

The attached report is the culmination of the study conducted by WWDC 

in response to the Governor's request. 
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INTRODUCTION 

The Little Bighorn River heads on the east flank of Bald Mountain 
in the northern Bighorn Mountains of Wyoming, and flows northeast into 
Montana. In Montana, the Little Bighorn flows entirely within the Crow 
Reservation. The main stem drains 193 square miles in Wyoming and 
eventually discharges into the Bighorn River near Hardin, Montana. The 
Little Bighorn drainage is characterized by steep-sided canyons and high 
ridges, and for the most part is heavily forested. Major tributaries 
include Dry Fork, West Fork, Lick Creek, and Lake Creek. Pass Creek and 
East Twin Creek are tributaries in the eastern part of the drainage, which 
has less relief and is characterized by rolling hills with intermixed 
forest and grassland. Some irrigation takes place along these tributaries, 
with both center pivot and flooding methods in use. 

The SCS snow course at Bald Mountain records one of the heaviest snow
fall amounts in the Bighorn Mountains. This snowfall feeds, in part, the 
Little Bighorn and several of its tributaries. Precipitation in the area 
occurs primarily in the form of snow. As in most mountainous regions, 
there is little rainfall. 

The western part of the drainage is composed chiefly of Cambrian and 
Ordivician age rocks, while the eastern sections range to as young as 
Cretaceous. Large areas of Madison limestone outcrop in the drainage. 

A major portion of the drainage lies within the boundaries of the 
Bighorn National Forest. All alternative development plans considered in 
this report would require construction, access roads, or power lines on 
National Forest land. 

Currently, the waters of the Little Bighorn are not allocated by 
interstate stream compact. This source represents a large portion of 
the unused water supply in Northeastern Wyoming. 

When development of this magnitude is considered, three major ques
tions must be answered in detail. 

First, is sufficient water available to justify project construction? 
Existing water rights and permits, downstream claims, and minimum pool and 
streamflow requirements must be considered. 

Second, is there potential agricultural, municipal, or industrial 
demand for developed water within reasonable proximity to the basin of 
origin? 

And, third, is there an economically and environmentally feasible 
engineering design to transport water from the basin of origin to points 
of need? 

In the case of the Little Bighorn, the answer to all these questions 
is a qualified yes. 

A hydrologic analysis of the Little Bighorn drainage indicates that 
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the five development alternatives considered in this study would produce 
a firm yield of up to 30,000 acre-feet per year. However, competing 
permits and temporary filings do exist and must be resolved before de
velopment. Demands for minimum pool and minimum streamflow are also 
undetermined. Also unknown is the amount of water which Montana users 
may claim. Three separate state line demand scenarios are presented 
in the hydrology section, but actual requirements may be a subject of 
negotiation with the Crow tribe and the State of Montana, particularly 
if an exchange of Little Bighorn water for Tongue River water is pursued. 

In regard to potential demand, the exact needs for Little Bighorn 
water are difficult to determine with any degree of accuracy due to the 
uncertainty of industrial development in the study area. 

Because municipal needs will be tied to industrial development and 
the population growth associated with such development, municipal require
m~nts are equally difficult to assess. The further into the future one 
attempts to project, the more uncertainty one encounters in both industrial 
development 'and municipal growth. 

Perhaps a more appropriate approach is to consider effective demand 
as opposed to needs. Certainly Little Bighorn water will be "needed" in 
the foreseeable future, but "demand" implies consideration of cost factors 
and alternative sources in determining economic feasibility. 

Demand for Little Bighorn water will be determined by cost per acre
foot delivered to the use site in comparison with cost and availability 
of alternative sources. 

For the purposes of this stud~ however, no comparison was made with 
existing or potential alternatives supply sources for the identified demand 
areas. 

Since the study was directed to identify potential in-state demands, 
no consideration was given to demand generated by any plans involving export 
of water from the state. 

The study concludes that sufficient demand will exist in Northcentral 
and Northeast Wyoming by the years 1990 to 2000 to use all undeveloped 
water currently available in the Little Bighorn drainage. 

Consideration of development alternatives was complicated by the myriad 
of options and filings available. Some options and filings were eliminated 
from the study for environmental, engineering, or economic reasons. Five 
alternatives were selected for further study and examined in detail. All 
five alternatives propose transport of water from the Little Bighorn to a 
distribution point near Sheridan. Three options for delivery of water from 
that point to six selected demand areas are also examined. The major factor 
limiting development would appear to be the cost per acre-foot of water 
delivered to the need centers. In addition, some development alternatives 
may be affected by environmental concerns. However, there are development 
plans which appear to be acceptable and would enable Wyoming to utilize the 
unappropriated water available in the Little Bighorn. 
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SECTION 1: HYDROLOGY 
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HYDROLOGY 

The goal of the hydrology study conducted as a part of this report 
was to determine divertable or storable flows from the Little Bighorn River, 
East Pass Creek, East Twin Creek, and the Dry Fork of the Little Bighorn 
River. Reservoir operations studies were then run on selected reservoir 
sites using the data generated. In the process of determining divertable 
or storable flows, the following factors were considered: Wyoming irri
gation rights, irrigation return flows, municipal and industrial demands, 
minimum pool and minimum streamflow needs, and direct reservoir precipi
tation and evaporation. Potential claims by downstream users were also 
considered in spite of the fact that Montana's claims to Little Bighorn 
water are questionable. 

In order to perform this study certain assumptions were made. These 
assumptions are explained in the following paragraphs so that it is clear 
under what conditions a particular yield may be expected and what accuracy 
these calculations may have. 

Assumptions: 

Historical flow record. The 1946-1974 period was used for this study. It 
has been assumed that this period adequately represents historical flow 
conditions at gaging stations. The critical dry period used to determine 
firm yields (water years 1959-1962) is assumed to represent the driest 
conditions that could reasonably be expected. If drier conditions occur, 
the corresponding firm yields are likely to be lower than those calculated 
in this study. 

Flows at diversion points. No historical records exist at any of the 
diversion points for the entire 1946-1974 period or for the critical dry 
period during water years 1959-1962. Therefore, flows at the diversion 
points were generated synthetically through correlation, based on drainage 
area, with the USGS gage 6-2890 (Little Bighorn River at Stateline near 
Wyola, Montana). 

In addition to the correlation method, flows at the Dry Fork Reservoir 
site were also estimated using a formula obtained from a regression analysis 
of six gaged streams in the Upper Tongue and Little Bighorn drainages. The 
results of this method show the average annual flow at the Dry Fork Reservoir 
site to be 32,537 acre-feet, which is greater than the flow calculated by 
the drainage area correlation method (26,364 AF). The more conservative 
value (26,364 AF) was used in this study. As a test, the flow of the Little 
Bighorn drainage above Stateline Gage No. 6-2890 was calculated with the 
regression formula. The results were within 2% of the actual flows measured 
at the gage. 

It is probable that the majority of the flow at the Dry Fork Reservoir 
site comes from Lick Creek and Lake Creek because these streams head near 
Bald Mountain which is a high snowfall area according to SCS snow surveys. 

Synthetically generated flow estimates at the diversion points will be 
less accurate than gaged flows. 
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Fish Flows. Fish flow requirements are still undetermined for the Little 
Bighorn River, East Pass Creek, East Twin Creek, and Dry Fork of the Little 
Bighorn in Wyoming. In order to estimate the impact of these releases on 
the firm yields calculated in this study, a fish flow of 33% of the average 
daily flow was used to estimate requirements. While there is at present no 
requirement for such flows in Wyoming, 33% of the average daily flows (ADF) 
is recommended by the Wyoming Game and Fish Department as a desired minimum 
stream condition. The 33% ADF figure was also used in the March 1977 
Prefeasibility Study, Tongue and Little Bighorn River Basin prepared by 
CH

2
M Hill for the Governor's Interdepartmental Water Conference. This report, 

including the 33% ADF minimum flow, was endorsed by the State Engineer. 

State Line Demands. The amount of Little Bighorn River water to which the 
Crow Indians in Montana are legally entitled remains an unresolved question. 
For the purposes of this study three cases were considered: (1) state line 
demand of approximately 75,191 acre-feet per year (based on permitted irri
gation of 65,191 acre-feet (20,246 acres) and 10,000 acre-feet per year for 
industrial-municipal needs); (2) state line demand of approximately 38,035 
acre-feet per year (based on actual irrigation of 28,035 acre-feet (8,706 
acres) and 10,000 acre-feet per year industrial-municipal needs); and (3) 
state line demand is non-existent. Wyoming's position in regard to the 
Little Bighorn River is that the waters of the Little Bighorn are ~n no 
way covered by the provisions of the Yellowstone River Compact. In recent 
years, Montana has argued that Yellowstone Compact Commissioners intended 
to exclude the Little Bighorn from only the allocation article (Article V) 
of the compact, and intended for it to be included in other articles of 
the compact. The evidence in Yellowstone Compact Commission minutes indi
cates that Wyoming's position is correct: the Little Bighorn is expressly 
excluded from all articles of the compact. 

Based on this interpretation by the Wyoming State Engineer, an option 
which would reduce state line flow to Wyoming's minimum fish flow require
ments is included for consideration. 

The actual irrigation values used in estimating Montana's potential 
state line demands were calculated from large scale Landsat imagery but 
should be reasonable. Permitted acres were obtained from the actual irri
gation figures by increasing them in accordance with the ratio of actual 
irrigation to permitted irrigation calculated for the Wyoming side of the 
state line. 

Officials with the Montana Department of Natural Resources are unable 
to provide any concrete irrigation figures at the present time since their 
water rights system is in the process of being brought up-to-date so that 
water right claims can be resolved. More accurate acreage figures will be 
available when that process is completed. 

For the purposes of estimating state line demand, it was assumed that 
Wyoming may be expected to provide at the Stateline Gage either Montana's 
fish flow requirement (33% ADF) or Montana's irrigation and "other" demands, 
whichever is greater; but not both. In the case of Option C, it was assumed 
that Wyoming would provide neither. 

Demands on East Pass and East Twin Creeks in Wyoming. There are approxi
mately 12,284 acre-feet (3,984 acres) of permitted rights from East Pass 
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Creek and 3,741 acre-feet (1,162 acres) of permitted rights from East Twin 
Creek in Montana. Approximately 4,127 acre-feet (1,282 acres) in actual 
irrigation demands exist from East Pass Creek and 1,610 acre-feet (500 acres) 
from East Twin Creek in Montana. These values were calculated from Landsat 
imagery in the manner described for the Little Bighorn River. 

Under Option C, Montana's demands are assumed to be negated by the 
exclusion of the Little Bighorn and its tributaries from the Yellowstone 
River Compact. 

Irrigation diversion requirements. Irrigation diversions were calculated 
based on the Wyoming Water Planning Program Report No.5 "Consumptive Use 
of Irrigation Water in Wyoming," and an assumed irrigation efficiency of 
50%. Since ranchers in the study area use both flood and sprinkler irri
gation, a 50% efficiency was assumed to be an adequate compromise between 
the two. Consumptive use figures for the Sheridan area were assumed to 
represent the study area. The consumptive use values for "grass, hay and 
pasture" were determined to be the most applicable and are as follows 
(all values are in inches per acre): May = 1.86, June = 3.58, July = 5.92, 
August = 5.01, September = 2.33, October = 0.62. 

Return flows. Return flows were assumed to be available for diversion on 
East Pass and East Twin Creeks, both above and below the project diversions. 
Figures obtained from the Soil Conservation Service indicate that approx
imately 23% of diverted water returns to the stream so this figure was used 
in determining divertable flows. 

Daily versus monthly flows. Monthly flow records were used for all operation 
studies. In certain months, May in particular, flow rates change radically 
from day to day, therefore, a monthly average doesn't adequately reflect the 
divertable flow during this time. For the purpose of this report, however, 
monthly flows will be suitable since they are quite accurate over a long 
time period. 

Minimum Pool. A mlnlmum pool is assumed to be necessary to protect fisheries 
and enhance esthetic qualities, therefore 20% of the reservoir capacity has 
been allowed as a maximum value for minimum pool, except in the case of Dry 
Fork Reservoir, Option E. 

_Evaporation rates. The Sheridan weather station monitors evaporation rates 
which were assumed to approximate those at the reservoir sites. The rates 
used were as follows (values are in inches per acre): May = 4.62, June = 
6.11, July = 6.89, August = 6.43, September = 4.5. Evaporation and subli
mation were assumed to be minimal during the remainder of the year. 

Seepage. Reservoir seepage losses were considered to be negligible in 
this study. 

Sedimentation. Losses in reservoir storage due to sedimentation were 
not considered in this study. 

Firm Yield. Reservoir firm yields were calculated based on the driest 
period of record (water years 1959-1962), therefore, additional non-firm 
yields will be available most years for supplemental irrigation or other 
uses. 
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J·~~_?~~l~~_~.~. The firm yields (waler yield attainable during the driest period 
of record) for the options studied are shown in Table I. Additional non
firm yields would be available during most years. 

LITTLE BIGHORN-EAST PASS CREEK-EAST TWIN CREEK Alternative 

Option A: fulfills all Wyoming and Montana permitted irrigation 
demands and provides a 33% ADF (Average Daily Flow) fish 
flow. 

Option B: fulfills all Wyoming permitted irrigation demands and 
Montana actual irrigation demands, as well as a 33% ADF 
fish flow. Considering the turmoil in Montana's Indian 
water rights situation, this option considers only what 
is presently irrigated on the Reservation. 

Option C: provides for Wyoming demands only, including a 33% ADF 
fish flow. Assumes that storage in Beatty Gulch Reservoir 
is utilized in addition to Parkman Reservoir. 

DRY FORK OF LITTLE BIGHORN Alternative 

Option D: provides for a portion of the Montana permitted irrigation 
demands based on the portion of the total drainage area from 
which water is stored in Dry Fork Reservoir. A 33% ADF 
fish flow is also provided. 

Option E: 33% ADF fish flow only is provided. This option assumes 
Montana's irrigation water is supplied from the remaining 
portion of the drainage area. 

Option F: no releases are made, assuming tributary inflow and the 
remaining portions of the drainage area will supply down
stream needs and fish flows. 
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TABLE I-I HYDROLOGIC OPTIONS, STORAGE AND YIELDS 

Little Bighorn East Pass East Twin 

Virgin Fish Stateline Virgin Fish Virgin Fish Total Active Firm 
Flow Flow Demand Flow Flow Demands Flow Flow Demands Storage Storage Yield 

Option (AF/Yr) (AF/Mo) (AF) ___ (AF/Yr) (AF/Mo) (AF) (AF/Yr) (lW/Mo) (AF) (AF) (AF) (AF/Yr) 

A 86,100 2,332 75,191 10,074 277 21,889 9,107 250 5,432 42,600 34,080 19,824 
(33% ADF) (33% ADF) (33% ADF) 

B 86,100 2,332 38,035 10,074 277 16,411 9,107 250 3,301 42,600 34,080 29,604 
(33% ADF) (33% ADF) (33% ADF) 

C 86,100 2,332 ° 10,074 277 12,284 9,107 250 1,691 70,400 56,320 42,864 
(33% ADF) (WY only) (33% ADF) (WY only) (33% ADF) (WY only) 

I-" 
~Fork Site on Little Bighorn I-" 

Virgin Fish 
Flow Flow Demands 
(AF/Yr) (AF/Mo) (AF) Total Storage (AF) Minimum Pool(AF) Active Storage (AF) Firm Yie1d(AF/Yr) 

D 26,364 911 19,962 30,671 6,l34 24,537 9,984 
(33% ADF) 

E 26,364 911 ° 30,671 6,l34 24,537 17,300 
(33% ADF) 

F 26,364 ° ° 30,671 442 30,229 28,140 
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WATER RIGHTS 

The Little Bighorn River basin in Wyoming is typical of most Wyoming 
streams in that there are significantly more water-righted acres than are 
currently irrigated. Present irrigation in the basin is about 3,500 acres 
while water-righted acres total over 8,000. In addition to these existing 
rights, there have been numerous filings made over the past few years. 
These filings are primarily for development of the surplus spring flows 
in the drainage. Table 11-1 on page 14 is a listing by priority of the 
competing or potentially competing permits or temporary filings. 

DEVELOPMENT FILINGS 

Before selecting the five development alternatives which are analyzed 
in detail in this report, all filings for development in the area were 
reviewed. The following is a brief review of other filings which were 
examined and considered but not selected for further study. 

Beatty Gulch Reservoir Filing (Temporary Filing No. 's 22 1/110, 
22 2/110, 22 3/110, 22 4/110). This filing proposes an expansion of the 
Little Bighorn River diversions analyzed as Alternatives 1, 2, 4 and 5 
of this report. The additional water diverted from the Little Bighorn 
River would be conveyed to Parkman Reservoir. The water that could not 
be stored in Parkman Reservoir would be transported to the Tongue River 
and then diverted into the Beatty Gulch Diversion system. Hydrology Option 
C analyzes the yield that might be realized from maximizing the diversion 
potential of the pipeline alternatives from the Little Bighorn River. 
Detailed analysis of this filing was not attempted due to the inclusion 
of the Tongue River and assumptions necessary to maximize the diversion. 

Twin Creek Reservoir Filing (Temporary Filing No. 's 22 3/124, 22 4/124, 
22 5/124 and 22 6/124). This plan would divert water from the North Tongue 
River down North Tongue Diversion Ditch and Pipeline into Columbus Creek 
and Columbus Ditch, then down Billingsley Draw into East Twin Creek and into 
the proposed Twin Creek Reservoir. Under this plan, Church Ditch would 
divert water from East Pass Creek into Twin Creek Reservoir. 

This plan diverts water from the Tongue basin to the Little Bighorn 
basin and therefore is not an alternative plan for diversion from the 
Little Bighorn. The filing for Twin Creek Reservoir shows a total capacity 
of 38,588 acre-feet compared to that of 42,580 acre-feet for Parkman Reservoir. 
Little Bighorn water could be stored at either site, however the Twin Creek 
site is at a lower elevation than the Parkman site. The cost of pumping 
from the Twin Creek site over the divide into the Tongue River basin would 
be higher. 

The only filing considered applicable to conveying water from the 
Little Bighorn basin is the Church Ditch, Temporary Filing No. 22 3/124, 
diversion from East Pass Creek. Alternatives 1, 2, 4 and 5 of this report 
include diversion from East Pass Creek. 

13 



Facility Name 

Little Bighorn-East Twin Creek 
Pipeline 

Parkman Reservoir 

East Pass Creek Diversion 

Beatty Gulch Reservoir 

Tongue River Diversion to 
Beatty Gulch 

Beatty Gulch Enlargement 
Little Bighorn-East Twin Creek 

Beatty Gulch Enlargement 
East Pass Creek Diversion 

Twin Creek Reservoir 
Enlargement Church Ditch 

North Tongue Diversion Ditch 
and Pipeline 

Columbus Ditch 

Twin Creek Reservoir 

Fuller Reservoir No. 1 

Fuller Pipeline No. 1 

First Enlargement Tongue River 
Diversion Beatty Gulch 

Little Bighorn Tunnel and 
Canal Diversion 

Priority Date 

8-25-72 

8-25-72 

12-29-72 

10-15-75 

10-15-75 

10-15-75 

10-15-75 

12-9-75 

12-9-75 

12-9-75 

12-9-75 

1-30-76 

1-30-76 

3-29-76 

3-29-76 

TABLE II-I 

Permit or Temporary Filing No. 

23955 

7477 Res. 

23956 

22 1/110 

22 2/219 

22 3/110 

22 4/110 

22 3/124 

22 4/124 

22 5/124 

22 6/124 

22 5/145 

22 6/145 

22 4/157 

22 5/157 

Source Amount of Appropriation 

Little Bighorn River 150 cfs 

Little Bighorn River 42,580 AF 
East Fork Twin Creek 

East Pass Creek 90 cfs 

Little Bighorn River 27,805 AF 

Tongue River 75 cfs 

Little Bighorn River 300 cfs 

East Pass Creek 90 cfs 

East Pass Creek 350 cfs 

North Fork Tongue River 350 cfs 

Columbus Creek 350 cfs 

Twin Creek 39,279.10 AF 

Little Bighorn River 22,829 AF 

Little Bighorn River 10.06 cfs 

Tongue River and Little Bighorn 1,000 cfs 
River 

Little Bighorn River 1,000 cfs 



Facility Name 

West Fork Pipeline 

Little Bighorn Pipeline 

Elk horn Creek Pipeline 

Red Gulch Pipeline 

Enlargement Fuller Reservoir 

Fuller No. 2 Reservoir 

Sunrise East Pass Creek 
Pipeline 

Sunrise Twin Creek Pipeline 

Sunrise No. 1 Reservoir 

Dry Fork Reservoir 

Half Ounce Reservoir 

Sunrise West Pass Creek 
Pipeline 

Sunrise Gay Creek 
Pipeline 

Priority Date 

2-8-80 

2-8-80 

2-8-80 

2-8-80 

2-8-80 

2-8-80 

7-28-80 

7-28-80 

7-28-80 

10-24-80 

10-24-80 

1-13-81 

1-13-81 

Permit or Temporary Filing No. 

23 6/257 

23 1/258 

23 2/258 

23 3/258 

23 4/258 

23 5/258 

23 5/325 

23 6/325 

23 1/326 

23 2/364 

23 3/364 

23 5/400 

23 6/400 

~ouree Amount ot Appropriation 

West Fork Little Bighorn River 39.5 efs 

Little Bighorn River 82 cfs 

Elk horn Creek 29.2 efs 

Red Gulch Creek 24.5 cfs 

Red Gulch Creek 22,829 AF 

Muir Draw 1,593.62 AF 

East Pass Creek trib. 143.7 cfs 
Pass Creek (Hontana) 

Twin Creek 

Twin Creek trib. Pass Creek 
(Montana), East Pass Creek 

Dry Fork Creek 

Little Bighorn River 

West Pass Creek 
trib. Pass Creek (Montana) 

Gay Creek, trib. West Pass 
Creek (Montana) 

42.5 cfs 

82,110 AF 

30,229 AF 

34,187 AF 

42.5 cfs 

42.5 cfs 



Fuller Reservoir No.1 Filing (Temporary Filing No.'s 22 5/145, 
22 6/145, 23 4/258). This plan would divert water from the Little 
Bighorn just upstream from the state lin~ and pump it through Fuller 
Pipeline No. 1 less than 1 mile to Fuller Reservoir No. 1 (capacity 
22,829 acre-feet) on Red Gulch. 

Fuller Reservoir No.2 Filing (Temporary Filing No. 's 23 6/257, 
23 1/258, 23 2/258, 23 3/258 and 23 5/258). Would divert water from the 
West Fork of the Little Bighorn River at a site about three miles west of 
the point where the Little Bighorn crosses the state line. The West 
Fork water would flow by gravity in the West Fork Pipeline to the Little 
Bighorn River near the state line where it and water diverted from the 
Little Bighorn 2~ miles upstream via the Little Bighorn Pipeline would 
be pumped approximately l~ miles to Fuller Reservoir No. 2 (total capacity 
1,594 acre-feet) on Muir Draw. This plan also diverts water from Elkhorn 
Creek via Elkhorn Creek Pipeline and Red Gulch via Red Gulch Pipeline 
to Fuller Reservoir No.2. 

Both of the Fuller Reservoir filings would develop Little Bighorn 
River water for use in the basin and are not alternative plans for 
diversion from the Little Bighorn. 

Diversion from Elkhorn Creek and Red Gulch were not a part of 
Alternatives 1 through 5 of this report. The water supply for these 
sources has not been determined and the cost of diversion may exceed 
the value of the water available. The use of water from the West Fork 
of the Little Bighorn might add to the firm yield if used with Alternative 
2. However, the firm yield of the West Fork is unknown and diversion 
may be environmentally controversial. 

Sunrise No.1 Reservoir Filing (Temporary Filing No. 's 23 5/325, 
23 6/325, 23 1/326, 23 5/400 and 23 6/400). Water would be diverted 
from East Pass Creek, West Pass Creek and Gay Creek and delivered through 
Sunrise East Pass Creek Pipeline, Sunrise West Pass Creek Pipeline and 
Sunrise Gay Creek Pipeline, or combinations thereof, to a proposed 
coal-fired powerplant located between East Pass and Twin Creeks, or to 
proposed Sunrise No.1 Reservoir for storage and later delivery to the 
powerplant. As needed, water would be pumped from the reservoir at 
Twin Creek to the powerplant through the Sunrise Twin Creek Pipeline. 

The Sunrise West Pass Pipeline and the Sunrise Gay Creek Pipeline 
would both divert water in Wyoming but would be constructed in Montana 
for a portion of their length before returning to deliver their water 
to the Sunrise No. 1 Reservoir. The proposed Sunrise No. 1 Reservoir 
is shown on the application as 81,846 acre-feet for industrial use and 
264 acre-feet for recreational use with a total capacity of 82,110 acre
feet. Little Bighorn water could be stored at this site but the Sunrise 
site is at lower elevation than the Parkma'~ site, consequently the cost of 
pumping from the Sunrise site over the divide into the Tongue River would 
be higher. 

The Sunrise plan would develop Little Bighorn water for use in the 
basin, so it is not an alternative plan for diversion from the Little Bighorn. 
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~alf Ounce Reservoir Filing (Temporary Filing No. 23 3/364). The 
Sheridan-Little Horn Water Group filed for high mountain storage in 
Half Ounce Reservoir which they intended as a complement to the proposed 
Dry Fork Reservoir storage. The estimated cost of the Half Ounce Reservoir 
as filed for 34,187 acre-feet storage is $43,000,000. However, the 
drainage area above the Half Ounce site is shown on the filing application 
as only 16.9 square miles compared to that of the Dry Fork drainage area 
of 59.1 square miles and the available water supply has not been determined. 
Computation of average discharge here on a drainage area basis with USGS 
gage 6-2890 (Little Bighorn River at Stateline near Wyola, Montana) shows 
approximately 10,000 acre-feet per year. Very tentative estimates for a 
dam with storage capacity of 17,000 acre-feet plus a pipeline and pump 
facility to convey the Half Ounce water to the Dry Fork drainage basin would 
be $30,000,000. Since the yield is questionable and the cost high, Half 
Ounce Reservoir does not appear to be a feasible addition to the Dry Fork 
alternative. 

SUMMARY 

The filings for diversion from East Pass Creek, West Pass Creek and 
Gay Creek could all be considered in any project for diverting Little 
Bighorn water. Alternatives 1, 2, 4 and 5 include diversion from East 
Pass Creek for which U. S. Geological Survey records were available. 
The available water supply from West Pass Creek and Gay Creek has not 
been determined and is not included in Alternative 1 through 5 diversions. 
Inclusion or exclusion of these small streams from this study is not 
likely to significantly alter the feasibility of development because the 
amount of water to be gained or lost is within the margin of error in 
estimating hydrologic yields and demands. 
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DEMAND FOR LITTLE BIGHORN WATER 

For the purposes of this study, six potential demand and delivery 
points for Little Bighorn water were hypothesized. Obviously, market 
demand at anyone delivery point will ultimately be determined by the cost 
per acre-foot of water transported to the delivery point, plus any costs 
associated with treatment, distribution, or further delivery to locations 
beyond specified delivery points. Potential municipal and industrial 
customers will evaluate costs of Little Bighorn water compared with al
ternative sources of both ground and surface water. Economic principles 
suggest that the least expensive source of water which guarantees a 
reliable supply over the project term will be developed and used. 

Since the costs of transporting Little Bighorn water from the point 
of diversion into the Sheridan basin will exceed the break-even point 
for agricultural use, no agricultural needs were considered outside the 
immediate Sheridan area. 

The break-even point for agricultural use is generally estimated to 
be between $30 and $40 annual cost per acre-foot. When the cost of water 
exceeds this amount, irrigation is no longer profitable because total cost 
of crop production will exceed expected returns. At this price, farmers 
will not bring new lands under irrigation nor will they purchase supple-
mental water for existing irrigated acreage. . 

This assumes that agriculture is asked to bear its equal and propor
tionate share of capital costs and operating expenses. If subsidies such 
as low interest loans or grants are used to bring the actual cost of water 
to the irrigator below the break-even point, then agricultural use again 
becomes economically attractive. 

The possibility of a subsidy for agricultural use of the Little Bighorn 
should be considered when financing alternatives and pay-back schedules 
are developed. 

If agricultural use is subsidized, demand in the immediate Shpridan 
area could equal available supplies. 

Potential municipal demand in delivery point areas was determined by 
querying individual municipalities as to projected population and water 
use through the year 2000. These projections were compared with population 
projections generated by the Research and Statistics Division of DAFC, and 
adjusted, if necessary, to estimate municipal need project.ions. 

\\ltt'llllnl indw-{I.rlnl dt'1l11l1HI W;lH tlt'dvt'd through:1 n'v/('w of till' 

Nllll'ra\ J)l'vl'lopnH'lll Htlll!torlllg SYHt.l'lll of Lite M11H.'rn1H I>fvlsloll of till' 

Ill'pal'Lnwnl of Economic Planning and Oevelopment. lnforlllatioI1 In thIs 
system was updated in March of 1981. All proposed mines, mills, and 
plants were extracted and analyzed. In some cases, the data provided 
by industrial developers included an estimate of water demands through 
1990. In other instances, water demand could be determined through 
extrapolation from projected yields in megawatts of power, million tons 
of coal, or pounds of yellowcake. Since technology in thermal power 
generation may vary with cost of available water, and since estimated 
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water usage per million tons of coal from a surface mine varies greatly 
(Harza, 50 to 125 acre-feet per million tons of coal; DEPAD, 210 acre-feet 
per million tons per year), and since the future of uranium mining and 
milling is currently in limbo, projecting industrial demand is risky 
business at best. 

However, the following projections by need area will give a reasonable 
estimate of demand for six potential delivery sites. 
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Sheridan 
Dayton 
Ranchester 

TOTAL 

TABLE 111-1 

SHERIDAN DELIVERY POINT 
Projected Demand in Acre-Feet (above current use) 

Additional Needed By: 
1990 2000 

3260 7996 
Present source adequate in foreseeable future 
Present source adequate to 2000 
3260 7996 

Agriculture 

5000 

Industrial 

!l/ 

Surface Coal 

1. PP&L/Spring Creek 

2. JMT/Dutchman Mine 

3. Sheridan Ent. 
Welch III 

350-14702..1 

12.5-52.52 / 

4. Public Service of Okla.~/ 
Ash Creek 

5. Black Mtn. Mine~/ 

Powerp1ant 

1. PP&L 
TOTAL INDUSTRIAL 

7000-30,000ii/ 
7412.5-31,732.5 

350-14702./ 

Unknown 

7000-30,000ii/ 
7400-31,680 

TOTAL PROJECTED DEMAND 15,672.5-39,992.5 26,396-50,676 

In the March, 1977, Prefeasibility Study of the Tongue and Little Bighorn 
River Basin Project, CH2M Hill estimated that consumptive use of water 
(demand) for irrigation would increase from 77,000 to 88,000 acre-feet 
per year by 2000. 

Harza estimates 50 to 100 acre-feet per million tons of coal per year, 
DE PAD estimates 210 acre-feet per million tons of coal per year. 

These are classified as existing mines by DEPAD, but are not in production. 
Water use will depend on amount of production. 

Pacific Power and Light is looking at several sites in Wyoming. Con
sumptive use will depend on final size and technology selected for develop
ment. 
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TABLE III-2 

BUFFALO DELIVERY POINT 
Projected Demand in Acre-Feet (above current use) 

Additonal Needed By: 
1990 2000 

Municipal 

Buffalo 
TOTAL 

750 
750 

2050 
2050 

Industrial 

z/ 

Surface Coal 

Texaco, Inc. 24,000 

Uranium, In-situ 

Arizona Public Service 2752 / 

Synfuels 

Coal Liquification 

Mobil O'il 3,000J./ 

Coal gasification 

Texaco 9,100!±/ 9,100!±/ 

TOTAL INDUSTRIAL 36,375 36,375 

TOTAL PROJECTED DEMAND 37,125 38,425 

Texaco is currently negotiating with Tri-State Generation and Transmission 
for a 1500 megawatt coal-fired powerplant (Four 375MW units) which 
would consume 24,000 acre-feet per year from Lake DeSmet. 

Based on projected production of 500,000 lbs. of U
3
0

R 
per year requiring 

2000 gal/minute at 5% consumptive use minus 15% downtime. 

Based on a capacity of 20,000 barrels of gasoline per day. 

!if Lake DeSmet is the likely source of water. 
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Municipal 

Midwest 

Edgerton 

TOTAL 

Industrial 

MIDWEST/EDGERTON DELIVERY POINT 
Projected Demand in Acre-Feet (above current use) 

Additional Needed By: 
1990 2000 

300 f,00 

230 460 

5301 / 10601 / 

TABLE 111-3 

Any industrial deliveries to the Midwest/Edgerton area would be covered 
by either a Buffalo or Casper delivery plan. 

Estimates based on current water use and a projected 7% per year 
growth rate. 
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CASPER (NORTH PLATTE) DELIVERY POINT 
Projected Demand in Acre-Feet (above current use) 

Municipal 

Casper 

Mills 

Evansville 

TOTAL 

Industrial 

Uranium 

In-situ 

Rocky Mtn. Energy 
Nine Mile Lake 

Synfuels 

WyCoalGas, Inc. 
Coal Gasification 

TOTAL INDUSTRIAL 

TOTAL PROJECTED DEMAND 

Additional Needed By: 
1990 2000 

2688 5600 

328 1144 

493 2418 

3509 9162 

80002/ 80002./ 

8137.5 8137.5 

11,646.5 17,299.5 

Based on projected production of 250,000 lbs/year of U
3

0
8 

requiring 
lOOO gal/minute at 5% consumptive use minus 15% downtime. 

l~cated 16 miles northwest of Douglas. 

2!~ 
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GILLETTE DELIVERY AREA 
Projected Demand in Acre-Feet (above current use) 

Municipal 

Gillette 

Industrial 

Surface Coal 

]. MobLl /Ro.! 0 CaballoH 

2. Mobil/Pronghorn 

3. Gulf/Wildcat Creek 

4. Shell/No Rochelle 

5. Shell/Buckskin 

6. Kerr-McGee 
E. Gillette Federal 

7. Exxon/S. Rawhide 

8. Falcon 

9. El Paso/Thunderbird 

Synfuels 

Coal Liquification 

1. Hampshire Energy 

TOTAL INDUSTRIAL 

TOTAL PROJECTED DEMAND 

Additional Needed By: 
1990 2000 

Madison well field will meet projected needs 
through 2000 

750-3150 750-31')0 

No projection available 

50-210 250-1050 

350 350 

300-1260 300-1260 

550-2310 550-2310 

350-1470 350-1470 

No production projected 

150-630 250-1050 

1500 1500 

4000-10,910 4300-12,140 

4000-10,910 4300-12,140 
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RENO JUNCTION/WRIGHT DELIVERY POINT 
Projected Demand in Acre-Feet (above current use) 

Wright 
TOTAL 

Lndustrial 

Surface Coal 

1. North Antelope Coal Co. 

2. WYMO Fuels, Inc. 

3. Rochelle Coal Co. 

4. 

5. 

Rochelle Mine 

Antelope Coal Co./NERCO 
Antelope Mine 

KINTZ Cre,k and Keeline 
Tracts2. 

Uranium 

1. Rocky Mtn. Energy 
Reno Ranch (in-situ) 

2. PINTEC 
Thunderbird 

3. Continental/Kerr McGee 
Moore Ranch Mine 

4. Cleveland Cliffs/Getty 

5. Colter Corp. 
Charlie are Body 

Synfuels 

1. Rocky Hill Coal 
Gasification 
TOTAL INDUSTRIAL 

TOTAL PRO~TECTED DEMAND 

Additional Needed By: 
1990 2000 

175 
175 

250-1050 

500-21001 / 

250-1050 

278 

250-10503./ 

275~/ 

550.5/ 

5001'/ 

Oil 1001 / 

10,000~/ 
12,953-16,953 
13,128-17,128 
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325 
325 

250-1050 

500-21001 / 

250-1050 

278 

250-10503./ 

550~/ 

500£/ 

1001 / 

10,000~/ 
12,953-16,953 
13,278-17,278 

TABLE 111-6 



1/ Based on estimates made by the company of yearly production of 10 MT/ 
year, and using 50 to 210 acre-feet per year per million tons of coal. 

~/ 

Source: BLM Tract Profiles, 1982 lease sale 

Based on BLM Tract Profiles for 1982 lease sale 

Based on a projected production of 500,000 lbs. of U 08 per year requiring 
2,000 gal/min at 5% consumptive use minus 15% mownti~e. 

Based on projected production of 1,000,000 lbs. per year. All projections 
of demand based on uranium mining or milling must take into account the 
volatile nature of demand for uranium products. 

Based on 1,000 t/day mill to process mine ore 

Based on 250 T/day 

All water will be provided from mining operations 

The industry has not projected potential production from this site. There
fore, these estimates are based on 150 MCF/day of methane/50,000 barrels a 
day of methanol, a size of plant which is considered economically feasible. 
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SECTION IV 

ENGINEERING 
DEVELOPMENT ALTERNATIVES 



ENGINEERING DEVELOPMENT ALTERNATIVES 

Introduction 

The Little Bighorn River flows from a point near Bald Mountain in 
the Bighorns northeastward through a scenic and rugged canyon into 
Montana. The topography of the canyon effectively limits agricultural, 
municipal, or industrial development within the basin. Therefore, uti
lization of Little Bighorn water in the State of Wyoming requires a 
method of transporting water from the basin to areas of potential use. 

Storage is needed to even out seasonal flows, and pumping stations, 
tunnels, pipelines and canals in various combinations are required to 
move water to potential demand areas. Potential project features and 
their respective specifics are listed in Table IV-I. 

The purpose of the engineering study was two fold: first, to examine 
engineering alternatives for delivering water to a common distribution 
point~ selected as a site four miles west of Sheridan; and second, to 
examine and evaluate options for delivery of water from that distribution 
point to six selected areas of potential industrial and municipal demand 
in Northeastern Wyoming. 

Five alternatives were considered in detail for diverting water from 
the Little Bighorn and conveying it to the Sheridan distribution point. 

All five alternatives utilize a storage reservoir, four depend on 
construction of Parkman Reservoir on East Twin Creek northwest of Dayton, 
and one would require construction of a reservoir on Dry Fork Creek in the 
Bighorn Mountains west of Dayton. 

All alternatives require pumping at some stage, either to lift water 
out of the Little Bighorn drainage, or to move water from Parkman Reservoir. 
One alternative requires both. 

All alternatives converge near the Town of Parkman. Four use Parkman 
Reservoir for seasonal storage, while the fifth passes near Parkman in a 
gravity flow pipeline from Dry Fork Reservoir. All alternatives use the 
same pipeline route from the Parkman area to the Sheridan distribution point. 

The four options using Parkman Reservoir would also store East Twin 
Creek water, and would divert water from East Pass Creek into delivery 
pipelines above Parkman at the confluence of the creek and the pipeline. 

These five options were selected for study because all have been 
identified in previous feasibility studies, and either permits or temporary 
filings exist for all five. 

Other options for which filings exist were considered and discarded 
based on cost, yield, or other engineering or hydrologic considerations. 

Cost figures were compiled using existing comparable project estimates, 
U.S. Bureau of Reclamation Cost Curves, and estimtes from suppliers of various 
construction supplies and services. 
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Table IV-l Listing of Development Alternative Features and Specifics 

Alternatives 
Features (Figure) 1 2 3 4 5 

Parkman Reservoir 
Active Capacity (AF) 3t±,060 3t±,060 X 3~.060 3~.OQO 
Minimum Pool (AF) 8,520 8,520 X 8.520 8.520 
Total Capacity (AF) ~2,580 9:2,580 X 9:2 • .580 ~2 • .580 
Surface Area (Acres) 9t±3 99:3 X 99:3 9~3 

Dry Fork Reservoir 
Active Capacity (AF) X X 30,229 X X 
Minimum Pool (AF) X X 9:9:2

1 X X 
Total Capacity (AF) X X 30,6Z] X X 
Surface Area (Acres) X X 280 X X 

Tunnel 
Length (Miles) 3.1 X X 3.1 X 

Capacity (cfs) 1000 X X 1000 X 

Pipelines 
State line Pipeline 

Length (Miles) 13 13 X X 16 
Diameter (Inches) 76 76 X X 76 
Capacity (cfs) 300 300 X X 300 

Parkman to Sheridan 
Length (Miles) 19 19 X 19 19 
Diameter (Inches) 48 48 X 48 48 
Capacity (cfs) 50 50 X 50 50 

Dry Fork Pipeline 
Length (Miles) X X 19 X X 
Diameter (Inches) X X 36 X X 
Capacity (cfs) X X 40 X X 

Canal 
Length (Miles) X X X 30 X 
Capacity (cfs) X X X 1000 X 

Minimum pool as shown on application for reservoir storage. 
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A. Alternative Methods of Diversion from Little Bighorn and Transport to 
Sheridan Distribution Point 

Alternative I Little Bighorn Tunnel, Elkhorn Creek/Stateline Pipeline, 
Parkman Reservoir 

Alternative I takes water from a diversion structure located three 
miles above the Montana line.' A 3.1 mile tunnel then connects with a 13 
mile pipeline which generally follows Elkhorn Creek to intercept the State
line Pipeline route to Parkman Reservoir. 

Annual cost per acre-foot of yield for this option is estimated at 
$467. This figure includes cost of the diversion structure, access road, 
tunnel, pipeline to Parkman, Parkman Reservoir, pipeline to Sheridan, 
pumping stations, diversion structures on East Pass Creek, and annual 
operation and maintenance costs. 

Table IV-2 Cost of Developing Water from the Little Bighorn River 

Alternative 
1 

Project Feature Capital Cost O&M Cost Pumping Cost ~nual Cos~ 

(Figur~ 
IV-I') 

Parkman Reservoir $19,500,000 
Diversion Structure 800.000 
Tunnel 32,400.000 
Pipeline to Parkman 29.300,000 
Pipeline to Sheridan 16,300,000 
Associated facilities 10,940,000 

Total 109,240.000 $4,368,000 $300,000 

Cost per Acre-foot (Based on 29,600 acre-feet) 

$13,830,000 

$467 

This alternative minimizes visual impact in the canyon because no 
access road is required to the diversion site. Materials and equipment 
can be brought in through the tunnel. 

Advantages 

1. No pipeline will be required in the canyon or on U. S. Forest 
Service land. 

2. No access road will be built in the canyon. 

3. The buried pipeline will not hinder game migration nor interfere 
with ranching operations, except during construction. 

4. Delivery to Parkman Reservoir is by gravity flow. 

5. Recreational boating and fishing will be enhanced through con
struction of Parkman Reservoir. 
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1. Construction of diversion works in the canyon on U. S. Forest 
land may create environmental problems. 
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Alternative II State line Little Bighorn Diversion, State line Pipeline, 
Parkman Reservoir 

This alternative consists of a diversion structure and pumping station 
on the Little Bighorn just upstream from the Montana state line, and a pipe
line from that point roughly paralleling the state line before dropping south 
to Parkman Reservoir. 

Parkman Reservoir and a diversion from East Pass Creek would be con
structed as a part of the project. 

Annual cost per acre-foot of yield for this option is estimated at 
$666. 

Table IV-3 Cost of Developing Water from the Little Bighorn River 

Alternative 
2 

(Figure 
IV-2) 

Advantages 

Project Feature Capital Cost O&M Cost Pumping Cost Annual Cost 

Parkman Reservoir 
Pipeline to Parkman 
Pipeline to Sheridan 
Pump stations and 
Diversion Structures 
Access Road 

Total 

$19,500,000 
29,300,000 
16,300,000 

77,840,000 
1,000,000 

$143,940,000 $5,756,000 $1,900,000 

Cost per Acre-foot (Based on 29,600 acre-feet) 

$19,720,000 

$666 

1. No pipeline will be built in the canyon or on National Forest land. 

2. No access road will be built in the canyon or on National Forest 
land. 

3. The buried pipeline from the Little Bighorn River to Parkman Reservoir 
will not hinder game migration nor interfere with ranching operations 
except during construction. 

4. Recreational boating and fishing would be enhanced with construction 
of Parkman Reservoir. 

Disadvantages 

1. The diversion works in the canyon may create environmental problems. 

2. This alternative i.s energy inefficient and requires expensive pump 
installations plus high annual pumping costs. 
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Alternative III Dry Fork Reservoir, Pipeline to Parkman Area 

This alternative consists of a storage reservoir on Dry Fork of the 
Little Bighorn below Lick Creek. Pumping would be required to lift water 
through West Pass on Dry Fork Ridge. From there, gravity would carry 
water in a buried pipeline to a point near the Parkman Reservoir site where 
the line would converge with the Parkman Reservoir to the Sheridan distri
bution point proposed pipeline route. Note that Parkman Reservoir would not 
be built if this alternative is pursued. 

The stream yields at the Dry Fork Reservoir site were estimated since 
stream gage records are unavailable. Requirements for a minimum stream
flow in Dry Creek could affect reservoir yield. Using a minimum stream
flow of 33 percent of daily average flow yields 17,300 acre-feet. An 
estimate with no minimum flow yields 28,100 acre-feet. The costs per acre
foot of water developed at this site depends on two unknowns: i.e. the 
amount of streamflow in Dry Fork and the amount of minimum flow which will 
be required (if any) below the proposed reservoir site. If the amount of 
streamflow in the Dry Fork exceeds that estimated on a drainage area basis 
or a low minimum flow were allowed the feasibility of this alternative 
would be enhanced. With a yield of 17,300 acre-feet, the annual cost per 
acre-foot of yield for this option is estimated at $594. Cost for the 
28.100 acre-foot scenario is estimated at $365. 

Table IV-4 Cost of Developing Water from the Little Bighorn ,River 

Alternative 
3 

Project Feature Capital Cost O&M Cost Pumping Cost Annual Cost 

(Figure 
IV-3) 

Dry Fork Reservoir 
Dry Fork Access Rd. 
Pipeline to Parkman 
Pipeline Access Rd. 
Pump Facilities 
Powerplants 
Pipeline to Sheridan 

Total 

$34,400,000 
1,800,000 

12,500,000 
2,100,000 

14,800,000 
3,800,000 

13,600,000 
$83,000,000 $3,320,000 

Cost per Acre-foot (Based on 17,3001 acre-feet) 
28,1002 acre-feet 

1 Based upon minimum streamflow of 33% of average daily flow. 

2 Based upon no minimum streamflow. 

Advantages 

o $10,280,000 

$594 1 

$365 2 

1. After initial pumping over West Pass, the flow is gravity flow 
to Sheridan resulting in energy efficiency, opportunity for 
hydropower generation. 

2. No construction in highly scenic Lower Bighorn canyon. 
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3. Possibility of recreational boating and fishing in Dry Fork 
Reservoir. 

4. Buried pipeline does not limit game migration nor split ranches. 

Disadvantages 

1. Reservoir and several miles of pipeline in U. S. Forest. 

2. Access roads required to reservoir. 

3. Available water supply has not been adequately determined. 

4. Electrical power is not available at the reservoir site, there
fore, delivery of power will be required, resulting in costs of 
building a power line across mountainous terrain in Bighorn 
National Forest. 
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MAP ALTERNATIVE III 

Development Alternative III 
Dry Fork Reservoir, pipeline 
to Sheridan through the 
Parkman area. 
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Alternative IV Little Bighorn Tunnel, Canal to Parkman Reservoir 

This alternative utilizes the diversion structure and tunnel described 
in Alternative I, but transports water from the tunnel mouth to Parkman 
Reservoir in a 30 mile lined canal. 

The annual cost per acre-foot of yield for this option is estimated 
to be $407. 

Table IV-5 Cost of Developing Water from the Little Bighorn River 

Alternative 
4 

Project Feature Capital Cost O&M Cost Pumping Cost Annual Cost 

(Figure 
[V-4) 

Parkman Reservoir 
Diversion Structure 
Tunnel 
Canal to Parkman 
Pipeline to Sheridan 
Pump Station 

Total 

$19,500,000 
800,000 

32,400,000 
15,900,000 
16,300,000 

9,940,000 
$94,840,000 $3,742,000 $300,000 

Cost per Acre-foot (Based on 29,600 1 acre-feet) 

$12,040,000 

$407 

Firm yield not determined but CH2M Hill report indicates firm yield would 
exceed 29,600 AF for 1000 cfs diversion. 

Advantages 

1. No pipeline in canyon. 

2. No access road in canyon. 

3. Gravity flow to Parkman Reservoir. 

4. Possibility of recreational boating and fishing in Parkman Reservoir. 

Disadvantages 

1. Diversion limited to period of year when canal water would not freeze. 

2. Canal could require fencing from the public, livestock and game. 

3. Ranches would be split by canal. 

4. Movement of wildlife would be impeded. 
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Alternative V Little Bighorn Diversion, Canyon Pipeline, State line Pipe
line· to Parkman Reservoir 

This alternative uses the same diversion structure in the same location 
as Alternatives I and IV, but the tunnel is eliminated and water is conveyed 
in a buried pipeline down the Little Bighorn canyon to the state line pipe
line route described in Alternative II. 

The annual cost per acre-foot of yield for this option was estimated 
in 1980 by CH M Hill to be $440, but a site inspection by a WWDC engineer 
indicated that these costs may be greatly underestimated. Due to the 
environmental impact anticipated under this alternative, WWDC did not 
attempt to improve on these estimates. 

Table IV-6 Cost of Developing Water from the Little Bighorn River 

Alternative 
5 

Project Feature Capital Cost O&M Cos.!. Pumping Cost Annual Cost 

(Figure 
IV-S) 

Parkman Reservoir $19,500,000 
Pipeline to Parkman 57,000,000 
Pipeline to Sheridan 16,300,000 
Pump Stations 9,940,000 

Total $102,740,000 $4,108,000 $300,000 

Cost per Acre-foot (Based on 29,600 acre-feet) 

1 These costs based upon estimates by CH2M Hill. 

Advantages 

1. Gravity flow to Parkman Reservoir. 

$13,020,000 1 

$440 

2. Buried pipeline from Little Bighorn River to Parkman does not limit 
game migration nor split ranches. 

3. Possibility of recreational boating and fishing in Parkman Reservoir. 

Disadvantages 

1. Pipeline construction down the 3 miles of Little Bighorn canyon would 
be difficult and more costly than projected by CH

2
M Hill. 

2. The proposed canyon diversion, pipeline, and access road construction 
would damage the stream channel. 
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B. Optional Methods of Delivery to Potential Need Centers 

For the purposes of this study, three alternative routes for conveying 
water from the Sheridan distribution point to potential need centers were 
considered. 

Six potential need centers were identified: Sheridan, Buffalo, Gillette, 
Wright/Reno Junction, Midwest/Edgerton, and Casper/North Platte. All routes 
utilize a buried pipeline sized according to projected project yield and 
anticipated need center demand. 

Route A-I to Casper departs from the Sheridan distribution point 
following an existing pipeline right-of-way to the State Highway 196 right
of-way, then along 1-25 through Buffalo and Midwest to Casoer and the 
North Platte River. 

Route A-2 to Gillette and Wright departs from the Sheridan distribu
tion point following an existing pipeline right-of-way to the State Highway 
196 right-of-way, then follows 1-25 to Buffalo. To this point the route is 
identical to that described in Route A-I. The pipeline then runs east along 
1-90 to Gillette, and turns south along State Highway 59 to Wright/Reno 
Junction. 

Route B-1 to Gillette and Wright departs from the Sheridan distribution 
point, skirts the Sheridan city limits on the south side, then follows the 
Burlington Railroad to a point north of Arvada where the pipeline leaves 
the railroad right-of-way and follows U. S. Highway 14 to Gillette. The 
route then turns south and follows Highway 59 to Wright. 

The routes described generally follow established fights-of-way in 
an attempt to minimize environmental impacts. The routes are shown on 
Figure IV-6 and the specifics of the alternative routes are displayed 
in Table IV-7. 

C. Cost Estimates for 5 Alternatives and 3 Optional Routes 

The five development alternatives and the three delivery options were 
selected from an almost unlimited number of possible combinations of 
development alternatives and delivery options. The alternatives and 
options represent technically feasible systems for conveying the design 
flow of water from the Little Bighorn River to points of use. Thus, 
individual system components may be changed in final project design, and 
final cost figures would be adjusted accordingly. 

Construction cost estimates for proposed reservoirs were based on 
the preliminary designs shown on maps accompanying applications for water 
use permits. U. S. Bureau of Reclamation cost curves were used in con
junction with quotations from suppliers, cost figures from the U. S. Soil 
Conservation Service and the Wyoming Highway Department, and bid tabulations 
from other projects to estimate 1981 costs of the five delivery alternatives 
and three distribution options. 

Cost estimates do not include construction of power transmission 
facilities to pump stations or dams. Included in the construction costs 
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FIGURE IV-6 

DELIVERY PIPELINE ROUTE OPTIONS 

Water OevelOj)ment Commission 

STATE OF WYOMING 
AND YEllOWSTONE RIVER 
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TAI~I.I': I v- 7 

LISTING OF DELIVERY PIPELINE OPTIONS 
FEATURES AND SPECIFICS 

Features Routes 
A-I A-2 B-1 

Sheridan-Buffalo 
Length (Miles) 36 36 X 
Diameter (Inches) 36 36 X 
Capacity (cfs) 40 40 X 

Buffalo-Midwest 
Length (Miles) 76 X X 
Diameter (Inches) 36 X X 
Capacity (cfs) 35 X X 

Midwest-Casper 
Length (Miles) 38 X X 
Diameter (Inches) 36 X X 
Capacity (cfs) 35 X X 

Buffalo-Gillette 
Length (Miles) X 68 X 
Diameter (Inches) X 36 X 
Capacity (cfs) X 35 X 

Sheridan-Gillette 
Length (Miles) X X 110 
Diameter (Inches) X X 36 
Capacity (cfs) X X 40 

Gillette-Wright 
Length (Miles) X 40 40 
Diameter (Inches) X 30 30 
Capacity (cfs) X 20 20 
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TABLE IV-8 Cost of Developing Water from the Little Bighorn River 

Alternative Project Feature Capital Cost O&M Cost Pumping Cost Annual Cost 

1 Parkman Reservoir $19,500,000 
(Figure _l __ )Diversion Structure 800,000 

Tunnel 32,400,000 
Pipeline to Parkman 29,300,000 
Pipeline to Sheridan 16,300,000 
Associated facilities 10,940,000 

Total $109,240,000 $4,368,000 $300,000 $l3,830,000 

Cost per Acre-foot (Based on 29,6ooacre-feet) __________ $_4_6 __ 7 ____ __ 

2 Parkman Reservoir $19,500,000 
(Figure 2 )Pipeline to Parkman 29,300,000 

-- Pipeline to Sheridan 16,300,000 
Pump stations and 
Diversion Structures 77,840,000 
Access Road 1,000,000 

Total $143,940,000 $5~756,000 $1,900,000 $19,720,000 

Cost per Acre-foot (Based on 29,600acre-feet) __________ ~$6_6_6 ______ __ 

... 3 Dry Fork Reservoir $34,400,000 
(Figure _3_) Dry Fork Access Rd. 1,800,000 

4 
(Figure 

Pipeline to Parkman 12,500,000 
Pipeline Access Rd. 2,100,000 
Pump Facilities 14,800,000 
Powerplants 3,800,000 
Pipeline to Sheridan 13,600,000 

Total $83 2 000 2000 

Cost per Acre-foot (Based on 

Parkman Reservoir $19 2 500,000 
4 )Diversion Structure __ ~_8~0~0~,~0~0~0~ 

--- Tunnel 32,400,000 
Canal to Parkman 15,900,000 
Pipeline to Sheridan 16,300,000 
Pump Station 9,940,000 

Total $94,840,000 

Cost per Acre-foot (Based on 

5 Parkman Reservoir $19 2500 2 000 
(Figure __ 5_)Pipeline to Parkman 57,000,000 

Pipeline to Sheridan 16,300,000 
Pump Stations 9 2 940 2000 

$3.320,000 ________ 0 __ _ $10,2:30,000 

17,300 kcre-feet) $59L:.
1 

28,100 2 --------~$~3~6~5~2-------

$3,792.000 $300,000 $12,040,000 

29,600~cre-feet) ________ $~4~0~7 ______ _ 

Total $102,740,000 $4,108,000 $300,000 $13,020,000 4 

Cost per Acre-foot (Based on 29 2 600 acre-feet) $440 

Based upon minimum stream flow of 33% of average daily flow. 

Based upon no minimum stream flow. 

Firm yield not determined but CH
2
M Hill report indicates firm yield would 

exceed 29,600 AF for 1000 cfs diversion. 

These costs based upon estimates by CH
2
M Hill are considered too low. 
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TABLE 1\'-9 - SIJMHARY OF DELIVERED \.JATER COSTS VIA ROUTE A-I (Figure 1\'-6) 

Development Alternatiyes 

Water Cost to Buffalo 

Cost per acre-foot of water to Sheridan 
Additional Capital Cost 

Operation and Maintenance Cost 1 

Pumping Cost 2 

Total Annual Cost 3 

Added Annual Cost/acre-foot 4 

Total Annual Cost/acre-foot 4 

Water Cost to Midwest 

Cost per acre-foot of water at Buffalo 
Additional Capital Cost 

Operation and Maintenance Cost 
Pumping Cost 

Total Annual Cost 
Added Annual Cost/acre-footS 
Total Annual Cost/acre-footS 

Water Cost to Casper 

Cost per acre-foot of water at Midwest 
Additional Capital Cost 

Operation and Maintenance Cost 
Pump ing Cos t 

Total Annual Cost 
Added Annual Cost/acre-foot 6 

Total Annual Cost/acre-foot 6 

330 ,000,000 
1,200,000 

546,000 
4,262,000 

$54,400,000 
2,176,000 

609,000 
7,347,000 

$28.900,000 
1.156.000 

340,000 
3,970,000 

_-=---___ -=-2 ___ 3 

209 
676 

400 
1076 

1076 

230 
1306 

400 
1275 

1275 

230 
1505 

226 
591 

591 

436 
1027 

1027 

251 
1278 

10peration and maintenance cost was estimated using 4% of the Capital Costs. 
This cost excludes pumping costs. 

4 

209 
616 

616 

400 
1016 

1016 

230 
1246 

2Pumping Costs were estimated using 1.427¢ cost per kilowatt hour of electricity. 
3Total Annual Costs are the sum of the Capital Costs amortized over 40 years at 8 percent plus the 
annual operation and maintenance costs plus the pumping costs. 

4Based on delivery of 20,400 acre-feet per year for Alternatives 1,2,4, and 5 and delivery of 
18,900 acre-feet per year for Alternative 3. 

sBased on delivery of 18,350 acre-feet per year for Alternatives 1,2,4, and 5 and delivery of 
16,850 acre-feet per year for Alternative 3. 

6Based on delivery of 17,290 acre-feet per year for Alternatives 1,2,4, and 5 and delivery of 
15,790 acre-feet per year for Alternative 3. 

5 

209 
649 

649 

400 
1049 

1049 

230 
1279 
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TABLE IV - 10 - SUMMARY OF DELIVERED WATER COSTS VIA ROUTE A-2 (Figure IV-6) 

Development Alternatives 

2 3 4 5 

Water Cost to Buffalo 

Cost per acre-foot of water to Sheridan $467 $666 $365 $407 $440 
Additional Capital Cost 

$30 , 000 t OOO 
Operation and Maintenance Cost 1 1,200 t OOO 
Pumping Cost 2 585 1 000 

Total Annual Cost 3 ~01,000 
Added Annual Cost/acre-foot 4 211 211 228 211 211 
Total Annual Cost/acre-foot 4 678 877 593 618 651 

Water Cost to Gillette 

Cost per acre-foot of water at Buffalo 678 877 593 618 651 
Additional Capital Cost 

$45 t 600 t OOO 
Operation and Maintenance Cost 1~8241000 
Pumping Cost 390.000 

Total Annual Cost 4 1 398,000 
Added Annual Cost/acre-footS 240 240 261 240 240 
Total Annual Cost/acre-footS 918 1117 854 858 891 

Water Cost to Wright 

Cost per acre-foot of water at Gillette 918 1117 854 858 891 
Additional Capital Cost 

$20,900,000 
Operation and Maintenance Cost 836 t OOO 
Pumping Cost __ 2}9 t OOO 

Total Annual Cost 2,828,000 
Added Annual Cost/acre-foot 6 277 277 325 277 277 
Total Annual Cost/acre-f0ot 6 1195 1394 )172 1135 1168 

10peration and maintenance cost IrlaS estimated using 4% of the Capital Costs. 
This cost excludes pumping costs. 

2pump Costs were estimated using 1.427<;. cost per kilowatt hour of electricity. 
3Total Annual Costs are the sum of the Capital Costs amortized over 40 years 2t 3 percent plus the 
annual operation and maintenance costs plus the pumping costs. 

4Based on delivery of 20,400 acre-feet per year for Alternatives 1,2,4, and 5 and delivery of 18,900 
acre-feet per year for Alternative 3. 

5Based on delivery of 18,350 acre-feet ?er year for Alternatives 1,2,4, and 5 and delivery of 16,850 
acre-feet per year for Alternative 3. 

6 Based on delivery of 10,200 acre-feet )er year for Alternatives 1,2,4, and and delivery of 8,700 
acre-feet per year for Alt~rnative 3. 



TABLE IV - 11 SUMHARY OF DELIVERED WATER COSTS VIA ROUTE B-1 (Figure V-6) 

Development Alternatives 

Water Cost to Gillette 

Cost per acre-foot of water to Sheridan 
Additional Capital Cost 

Operation and Haintenance Cost l 

Pumping Cost 2 

Total Annual Cost 3 

Added Annual Cost/acre-foot 4 

Total Annual Cost/acre-foot 4 

Water Cost to Wright 

Cost per acre-foot to water at Gillette 
Additional Capital Cost 

Operation and Haintenance Cost 
Pumping Cos t 

Total Annual "Cost 
Added Annual Cost/acre-footS 
Total Annual Cost/acre-footS 

$84 J 200!000 
3,368 1 000 
1~2681000 

11~700!000 

$21 1300,000 
852 1 000 
265 1 °00 

2!903!000 

1 2 

$467 $666 

574 574 
1041 1240 

1041 1240 

285 285 
1326 1525 
-~-

IOperation and maintenance cost was estimated using 4% of the Capital Costs. 
This cost excludes pumping costs. 

2Pumping Costs were estimated using 1.427¢ cost per kilowatt hour of electricity. 

3 

$365 

619 
984 

984 

334 
1318 

3Total Annual Costs are the sum of the Capital Costs amortized over 40 years at 8 percent 
plus the annual operation and maintenance costs plus the pumping costs. 

4 

$407 

574 
981 

981 

285 
1266 

5 

$440 

574 ---
1014 

1014 

285 
1299 

4Based on delivery of 20,400 acre-feet per year for Alternatives 1,2,4, and 5 and delivery of 18,900 acre-feet 
per year for Alternative 3. 

5Based on delivery of 10,200 acre-feet per year for Alternatives 1,2,4, and 5 and delivery of 8,700 acre-feet 
per year for Alternative 3. 



were contingency (15%) and engineering (15%) for an indirect cost factor 
of 1.32. For construction outside of existing highway or gas line rights
of-way and in rough terrain, a higher indirect cost factor of 1.50 was 
used. 

Annual costs include operating and maintenance costs estimated at 4 
percent of the capital cost. Capital costs were amortized at 8 percent 
over 40 years. Annual power costs were developed using an energy charge 
of 1.427 cents per kilowatt, the current rate for large power use from 
Sheridan-Johnson REA. For Alternative III (Dry Fork Reservoir Pipeline 
to Parkman Reservoir) the power generated in the elevation drop from West 
Pass to Parkman and from Dry Fork Reservoir to the Li ttle Bighorn w.as 
estimated to equal the power required to pump the water from Dry Fork 
Reservoir over West Pass. 

A summary of estimated construction and annual costs of alternative 
methods of transporting water from the Little Bighorn to the Sheridan 
distribution point is shown in Table IV-8. A tabulation of costs of 
dl'livery from Sheridan to other sites of use is shown in Tables IV-9 
to IV-II. 

Environmental Considerations 

1. Alternative I - Little Bighorn Tunneb Elkhorn Creek-State line 
Pipeline, Parkman Reservoir 

a. Diversion and tunnel - The diversion dam and most of the 
tunnel would be on the Bighorn National Forest, but the tunnel 
outlet would be on private land. The diversion point would not 
be accessible by road. 

b. Pipeline and Pump Stations - The pipeline and access road 
from the tunnel outlet to Parkman would be on private land. Impact 
after the initial construction should be minimal. The pipeline 
from Parkman to Sheridan would follow an existing pipeline. Little 
lasting surface effect would be expected. 

c. Parkman Reservoir - The reservoir would inundate ranch grazing 
iand and county roads. Some deer and small game animal habitat 
would be lost. The possibility would exist for recreational 
boating and fishing on the lake. 

2. Alternative II - State line Little Bighorn Diversion, State line 
Pipeline, Parkman Reservoir 

a. The diversion dam would be constructed on private land near 
the state line and would be accessible by road. 

b. The pi pe 1 inc and acc.css road W()U 1 d bl' Oil P r iva t(' 1 and. 11111><\(' l 

after initial construction should be minimal. The pipt·) till' rrom 
Parkman Reservoir to Sheridan would folluw an existing route. 

c. Parkman Reservoir - The reservoir would inundate ranch grazing 
land and county roads. Some deer and small game animal habitat 
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would be lost. The possibility would exist for recreational 
boating and fishing on the lake. 

3. Alternative III - Dry Fork Reservoir Pipeline to Parkman Area 

a. Dry Fork Reservoir would be in heavily timbered land in the 
Bighorn National Forest. The site is little used for fishing 
but provides limited big game hunting. Construction of an 
access road from Highway 14 would be necessary. The possibility 
exists for recreational boating and fishing in the reservoir. 

b. Pipeline and pump stations - About five miles of the pipeline 
from the proposed reservoir site would be on the national forest, 
the balance on private land. The pipeline route would follow 
the ridges and contours, not the stream channels. The pipeline 
route from Parkman Reservoir to Sheridan would follow the same 
existing pipeline as proposed for Alternative 1 and 2. Impact 
after initial construction should be minimal. 

c. Significant visual impact would result from construction of 
the power transmission line to Dry Fork Reservoir. 

4. Alternative IV Little Bighorn Tunnel, Canal to Parkman Reservoir 

a. Diversion and tunnel - The diversion dam and most of the tunnel 
would be on the Bighorn National Forest, but the tunnel outlet 
would be on private land. The diversion point would not be 
accessible by road. 

b. Canal and pump stations - The 30 mile canal proposed under this 
option could create environmental problems. Capable of containing 
a flow of 1,000 cfs, the canal could impede wildlife migration, 
interfere with ranching operations, and could require fencing to 
protect people and livestock. 

c. Parkman Reservoir - The reservoir would inundate ranch grazing 
land and county roads. Some deer and small game animal habitat 
would be lost. The possibility would exist for recreational boating 
and fishing on the lake. 

5. Alternative V Little Bighorn Diversion, Canyon Pipeline, State line 
Pipeline to Parkman Reservoir 

a. Diversion and Canyon Pipeline. Construction of the diversion 
structure and three miles of canyon pipeline would require an 
access road to the diversion site in addition to the disturbance 
required to bury the pipeline in the steep and mountainous terrain 
of the canyon. 

b. Pipeline. The state line pipeline to Parkman Reservoir would 
be on private land. Surface impact after the construction phase 
should be minimal. 

c. Parkman Reservoir 
land and county roads. 

The reservoir would inundate ranch grazing 
Some deer and small game animal habitat 
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would be lost. The possibility would exist for recreational 
boating and fishing on the lake. 

6. Delivery Options 

The delivery pipelines to need centers in most cases 
utilize existing rights-of-way for pipelines, railroads, or 
highways. Environmental impact would be minimal after the 
construction phase. 

Constraints to Construction 

1. Acquiring water from the Little Bighorn would involve negotiating 
with those who claim legal rights to the water, including existing in
state water rights and filings, the Crow Indian Tribe, and the State of 
Montana. 

2. Approval from the Federal Highway Administration, railroads, 
or owners of existing pipelines would be necessary where the proposed 
pipelines would follow existing rights-of-way. Rights-of-way easements 
on private land are required for much of the project. 

3. An environmental impact statement must be prepared. 

Summary and Exchange Alternative 

Analysis of the five development alternatives indicates that water 
can be developed and delivered to Sheridan at a reasonable cost for 
municipal and industrial purposes. Analysis of delivery options indicates 
that water can be transported from near Sheridan to the 6 need areas. The 
cost of water delivered to these need areas is affected primarily by the 
pumping cost and increases with the distance from the delivery point. 

The demand analysis shows a need for the water from the Little Bighorn 
River. The water of the Little Bighorn River is not compacted nor affected 
by Court decree and therefore is available for development in Wyoming under 
Wyoming water law. There is a documented need, and a feasible development 
plan. Wyoming water law provides for such development and delivery. How
ever, the economics of the project are less clear as are the environmental 
issues and impacts. 

Physical development on the Little Bighorn will be difficult and 
expensive. An alternate development plan would be for Wyoming to forego 
its development potential in the Little Bighorn River and negotiate an 
exchange of water available in the Little Bighorn River for a like amount 
of Montana's compacted water from the Tongue and/or Powder Rivers. This 
exchange could greatly reduce both the construction cost and the pumping 
cost per acre-foot of water developed and delivered. Montana could also 
benefit from this exchange as water Wyoming can use would be left in the 
Little Bighorn River for downstream unidentified development and use. 
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