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EXECUTIVE SUMMARY 

This Executive Summary presents the highlights of the in
vestigations conducted during the Powder River Level I Recon
naissance Study. The study was authorized by the Wyoming Legis
lature and administered by the Wyoming Water Development Commis
sion. 

Study Need, Objectives, Purposes and Scope 

Over the past 30 years, nUMerous water storage permit ap
plications have been filed in the State Engineer's Office. The 
result is an "over-filing" for water storage rights. There are 
storage filings for more than 1,500,000 acre-feet in the Powder 
River Basin in Wyoming, yet less than half of this storage would 
fully develop Wyoming's entitlement under the Yellowstone River 
Compact. 

The objectives of this Level I Reconnaissance Study are to 
(1) formulate a water resources development plan and (2) provide 
the technical support required by the State Engineer and Attor
ney General to resolve the development uncertainties created in 
the Powder River Basin by the number and priority dates of water 
permits and applications. 

The purposes of this study as defined in Enrolled Act 
No. 35, Forty-Sixth Legislature, 1982 Session, are: 

o To examine the potential development for water supply 
from the Powder River Basin for municipal, agricultur
al, and industrial use, 

o To evaluate proposed development sites, and 

o To select a preferred development alternative 
which will he in the hest interests of the State 
of Wyoming. 

The scope of the study was separated into four study phases 
that allowed participation of residents of the hasin, permit 
holders and applicants, and the State Engineer's Office. The 
four phases are: 

Phase I 
Phase II 
Phase III 
Phase IV 

Evaluation of Resources and Constraints 
Formulation of a Comprehensive Plan 
Public Involvement Plan 
Final Report 

-1-



The major emphasis of the study is the development of 
Wyoming's allocation of Powder River water under the terms of 
the Yellowstone River Compact. 

A major effort of these studies was to analyze and evaluate 
the complex water supply/water rights situation in the Basin. 

The goal of the study is to select, in conjunction with the 
~MDC, a preferred development alternative. 

Current and Projected Water Demands 

Present surface water use in the Powder River Basin is 
estimated to he 132,000 ac-ft/yr, of which 97 percent is for 
irrigation. 

water demand projections were made for three assumed levels 
of growth and development: 

Level I 

Level II 

Level III 

Normal growth and development associated with the 
three proposed coal mines and the proposed and 
active uranium mines in the Basin. No increase 
in water use for irrigation. 

Level I growth plus minimum growth and develop
ment associated with the proposed coal gasifica
tion projects. Provision of late-season supple
mental irrigation water to RO percent of irri
gated lands. 

Level I growth plus maximum growth and develop
ment associated ~ith the proposed coal gasifica
tion projects. Provision of late-season supple
mental irrigation water to lno percent of irri
gated lands. 
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The projecteci water demands are summarized below. 

Projected Surface Water Dernand 
Percent 

Level of Increase Over 
Year Growth ac-ft/yr Current Use 

1995 I 132,515 0.4 
II 157,605 14.4 
III 201,045 52.3 

2005 I 132,715 0.6 
II 197,965 50.0 
III 225,010 93.2 

2015 I 133,105 0.9 
II 233,970 69.7 
III 295,480 123.9 

The projected demands include municipal, industrial, irri
gation and livestock use. The estimates are based on published 
information. 

Most of the future surface water demand is for two pur
poses. 

• Supplemental Irrigation Water 
• Water Supply for the Synfuel Industry 

A majority of irrigated lands experience shortages of late
season irrigation water. Streamflows are at their maximum from 
snowmelt runoff in May and June, hut recede to low levels by 
early July. Thus, there is a demand of about 70,000 ac-ft/year 
to provide full-season irrigation to currently irrigated lands. 
storage would be required to meet this demand. Because the unit 
costs of developed water may be beyond the ability of irrigators 
to pay, it is likely that only a small portion of the irrigation 
water demand will be met. 

Water rlemand for synfuel developments in the year 2015 
could he as much as 90,000 ac-ft/yr. Under current economics, 
the future of synfuel development is uncertain, and the demand 
cannot be precisely defined at this time. 

It is concluded that in the near term, available supply 
will meet the demanci with the possible exception of the Town of 
Buffalo. 
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Water Resources 

Streamflows in the Powder River Basin are highly variable 
from year to year. Over the 40-year period of record used in 
these studies (water years 1941-1980), the average annual flow 
of the Powder River at the state line was 351,000 acre-feet. 
The annual streamflow ranged from 79,300 acre-feet for the low
est flow year (1961) to 789,600 acre-feet for the highest flow 
year (1978). 

The rights to the use of the water are established under 
state laws and the provisions of the Yellowstone River Compact 
which divide the waters of the tributaries of the Yellowstone 
River, including the Powder River, between \~oming and Montana. 
Wyoming is entitled to 42 percent of the "unused and unappropri
ated water" as measured at Locate, Montana, near the mouth of 
the Powder River. The unused and unappropriated water was esti
mated by excluding all pre-1950 water rights and their supple
mental water supplies. Wyoming's entitlement under the Yellow
stone River Compact (YRC) is summarized below: 

Average Recorded Flow at Locate, Ht. 

Estimated Average Flows at Locate, Mt. 
excluding all pre-1950 rights and their 
supplemental supplies 

Wyoming's allocation under the YRC (42%) 

Estimated Compact Water Developed 
in Lake DeSmet 

Remaining Compact Water Available 
to Wyoming 

Average 
Annual Flow 

( ac-ft!yr) 

461,200 

372,900 

156,500 

(32,800) 

123,700 

The 123,700 ac-ft/yr of Compact Water Available to vlyoming 
represents the average annual flow. A review of the data for 
the 40-year period of record shows that the water available for 
development ranges from 6,500 to 393,100 ac-ft/yr. 

Operation studies of potential reservoirs in the basin in 
Wyoming were undertaken to formulate a plan for developing the 
surface water resources, particularly the Remaining Compact 
Water Available to Wyoming. 

-4-



The operation studies accounted for new development from 
pre-1950 storage permits (Middle Fork Reservoir and Little Sour 
Dough Reservoir) and the operation of the existing Lake DeSmet. 

Development of the pre-1950 storage rights would result in 
a firm annual yield of 21,500 to 32,000 ac-ft/yr, depending on 
assumed instream flow requirements. 

Lake DeSmet is the principal storage facility in the basin 
with a total capacity of 235,000 acre-feet. Lake DeSmet has 
both pre-Compact and post-Compact water rights. The estimated 
yield of Lake DeSmet is 64,000 ac-ft/yr of which 13,000 ac-ft/yr 
is committed to irrigation water supply. The remaining 51,000 
ac-ft/yr is available for new uses. 

Operations studies of several proposed reservoirs on the 
mainstem and tributaries were undertaken to develop Wyoming's 
Compact allocation (annual average of 123,700 acre-feet). 
Studies of various assumed groupings of reservoirs indicated 
that a usable yield (firm yield) on the order of 35,000 to 
45,000 ac-ft/yr can be developed with an active storage of about 
600,000 acre-feet, depending on the number and location of re
servoirs and instream flow provisions. 

The potential role of groundwater in future water resources 
utilization also was appraised. A review of availa~le litera
ture indicated that a yield on the order of 5,000 to 10,000 ac
ft/yr could be developed for an interim, then standby or partial 
water supply. 

In summary, usable water supplies available for new uses 
include: 

• Use of underutilized portion of Lake DeSmet 
• Development of pre-YRC and post-YRC storage permits 
• Groundwater 

The usahle water supplies available were estimated to range 
from 112,500 to 138,000 ac-ft/yr, as summarized below: 
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Source 

Usable Water Supplies Available (ac-ft/yr) 

Lower Limit~/ upper LiwitE/ 

Existing Development 

1 • Lake DeSmet 51,000 51,000 

New Development 

1. 

2. 

3. 

Little Sour Dough 
and Middle Fork 
Reservoirs 

Compact ~later 
Reservoirs 

Groundwater~/ 

21,500 

35,000 

5,000 

112,500 

32,000 

0/ 45,000-

10,000 

138,000 

~/ Assumes provision of instream flow (33% criteria) for new 
reservoirs. 

~/ Assumes no provision of instream flow for new reservoirs. 

c/ probably available only as an interim supply. 

d/ Develops on the order of 80,000 acre-feet/yr chargeable to 
Wyoming under the Yellowstone River Compact (45,000 acre
feet/year of firm yield plus 35,000 acre-feet/year of 
reservoir evaporation). 

Key Findings 

Two key findings of the Level I Reconnaissance Study are: 

1. There are alternatives to development under strict 
priority of water rights that could offer henefits to 
Wyoming. These alternatives would result in the de
velopment of more cost-effective and better-quality 
water in the Powder River Basin. 

2. The Pumpkin storage application, with its 1962 priori
ty, holos the key position among undeveloped projects 
that are competing for Wyoming's entitlement under the 
Yellowstone River Compact. State Engineer action on 
this application is required to facilitate implementa
tion of other water storage projects. 
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Alternative Storage Development Concepts 

Four storage development concepts were established in 
formulating alternative hasin plans designed to develop 
Wyoming's Compact allocation. The four alternative concepts 
are: 

1. Storage would be developed in accordance with the 
strict priority of water use applications and per
rnits, 

2. Storage would be developed in accordance with the 
strict priority except that a portion of the Pumpkin 
storage aroount indicated in the application is trans
ferred to the Red Fork site, and the remainder of the 
storage amount is abandoned, 

3. Storage to develop Wyoming's Compact allocation would 
be located on the major tributaries of the Powder 
River, and 

4. The major storage facility to develop Wyoming's Com
pact allocation would be located on the mainstem Pow
der River. 

Four alternative basin plans were formulated, corresponding 
to the four development concepts. The alternatives were com
pared and evaluated with respect to firm yields, costs, water 
quality, water demands and environmental considerations. 

In each alternative plan, a facility was included to pro
vide a water supply for the Town of Buffalo. The inclusion of 
this facility is based on a prior Level I study which concluded 
that it is more economical to construct storage in the Clear 
Creek Basin than to divert from Lake DeSmet. The study identi
fied three sites that might be suitable for development. 

Preferred Water Resources Development Plan 

A Preferred Water Resources Development Plan (Preferred 
Plan) has been identified that offers an alternative to water 
development under strict priority of water use applications and 
permits. The plan was not optimized, but is indicative of the 
potential for developing the better-quality water in a cost
effective manner. 

Plan Description 

The Preferred Plan for the Powder River Basin consists of 
four reservoir developments: Buffalo Multipurpose project, En-
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larged Middle Fork Reservoir with Red Fork Diversion, Crazy 
Woman Reservoir, and Mid/Lower Clear Creek Reservoir. The Pre
ferred Plan is shown on Figure 1. 

The basin storage plan would consist of the following stor
age capacities, firm annual yields, and water quality measured 
in concentration of total dissolved solids (TDS): 

Annual Expected 
Active Total Firm Water 

Reservoir Storase Storase b/ yield c/ Quality 
(ac-ft) ( ac-ft) - (ac- ft/yr) (TDS,ppm) 

Buffalo Multipurpose !:;./ 
Enlarged Middle Fork 
with Red Fork 
Diversion 78,600 91,500 37,400 500-1000 

Crazy Woman 63,200 80,000 10,800 500-1500 
Mid/Lower Clear Creek 123,000 170,800 19,200 500-1000 

TOTAL 

a/ 

"E./ 

:=./ 

(3 Reservoir s) 264,800 342,300 67,400 500-1500 

A Level I study was prepared for the Town of Buffalo. The 
study recommended three potential reservoir sites for fur
ther study: Canyon, Tie Hack and Lynx Park. Project pur
poses would likely include municipal, industrial, and agri
cultural water supply and recreation. Further, independent 
studies are being pursued by WWDC. 

Includes minimum pool provisions for fisheries in accord
ance with WG&FD preliminary criteria. 

No provisions for instream flow. 

The total investment cost for the three proposed reservoirs 
is estimated to be $221.3 million, January 1983 price levels. 
The investment cost includes construction costs, land and right
of-way costs, and interest (at 10%) on funds used during con
struction. The estimated annual cost of firm yield, assuming a 
10 percent amortization rate and an allowance for annual opera
tion and maintenance costs, is $346/ac-ft as shown below: 
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Total 
Invest- Annual Annual Unit Cost 

ment Cost Cost Firm of Annual 
Proposed Reservoir Jan 1983 Jan 1983 yield Firm Yield 

($million) ($million) (ac-ft!yr) ($!ac-ft) 

Buffalo Multipurpose ~/ 
Enlarged Middle 

Fork with Red 
Fork Diversion 51 • 5 5.5 37 ,400 147 

Crazy Woman 50.8 5.4 10,800 500 
Mid/Lower Clear Creek 119.0 12.4 19,200 646 

TOTAL ( 3 Reservoirs) 221.3 23.3 67,400 346 

a/ See footnote on previous page. 

The Preferred Plan offers the following advantages to the 
State of Wyoming: 

• Full development of Wyoming's pre-1950 storage per-
mits: Little Sour Dough (1933) and Middle Fork 
(1940). The Little Sour Dough permit is associated 
with the proposed Buffalo Multipurpose Project. In 
the case of the proposed Middle Fork Reservoir, by 
developing this pre-1950 water right, it is not sub
ject to limitations of the Yellowstone River Compact, 
i.e. transfer of water out of the Basin. Therefore, 
the Middle Fork water supply could be utilized for 
uses associated with the coal resources located south 
of Gillette. 

• A cost-effective development of Wyoming's entitlement 
under the Yellowstone River Compact. 

• A dependahle water supply for the principal urban area 
in the Basin, the Town of Buffalo. 

• Development of the better-quality water in the Basin: 
i.e., upper Powder River and Clear Creek. 

• Potential for staged development in the Basin to coin
cide with the growth in water demand. Firm yield of 
individual projects range's from 10,000 to 30,000 ac
ft/yr. 

• Wyoming water law can be followed to accomplish the 
plan components insofar as use of active reservoir 
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capacities, project purposes, and acceptance or rejec
tion of various permit applications. Minimum pools 
will have to be provided in the planned reservoirs 
under junior water rights. The pools would be filled 
during times of surplus water. 

The Preferred Plan may result in the following disadvan
tages to the State of Wyoming: 

• Although the plan possibly can be accomplished within 
Wyoming water law, protests and other legal actions 
are likely. These actions may result from disputes 
over State Engineer's actions on various permits and 
applications or over environmental issues. 

• The plan envisions developing the better-quality water 
in the Basin resulting in a degradation of water 
quality entering Montana. Although the Yellowstone 
River Compact does not specifically address water 
quality issues, there is a potential conflict. 

A preliminary estimate of the seasonal effects of the Pre
ferred Plan on concentration of total dissolved solids (TDS) 
entering Montana is summarized below: 

Condition TOO Seasonal Concentration at Moorhead, Montana 
(ppm) 

Oct.-Dec. Jan.-Mar. Apr.-Jun. Jul.-Sept. 

Existing 1379 1360 975 1237 
Preferred Plan 1292 1414 1565 1443 

Measures to mitigate these effects will be considered as 
planning studies proceed. Such measures may include instream 
flow provisions, variations in operating patterns of proposed 
reservoirs, water treatment, and construction of reservoirs for 
Montana water supply (e.g. Fence Creek and Moorhead). 

The Preferred Plan would provide benefits to numerous pub
lic and private interests. Primary benefits would consist of 
increased water supplies for municipal, industrial, and agricul
tural users. Additional benefits, not quantified during these 
studies, would include enhanced opportunity for water-based 
recreation and fishing. These latter benefits would accrue to 
the people of the State of Wyoming, with the most opportunity 
available to people from the local area. 
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Identification of Priority Projects 

Aside from the Town of Buffalo, there is no immediate need 
for water supply in the Basin. The Buffalo water supply system 
does experience some water rationing by limiting lawn and garden 
irrigation. If the 1950's drought were to be repeated, water 
shortages would be more severe. 

Two priority projects have been identified: 

• Buffalo Multipurpose Project 
• Enlarged Middle Fork Project 

The proposed Buffalo Multipurpose Project, if implemented, 
would provide a long-term, reliable municipal water supply. 

The proposed Enlarged Middle Fork Reservoir was identified 
as a priority project for the following reasons: 

• A portion of the project holds a pre-1950 storage per
mit. Any industrial water developed could be utilized 
outside the Powder River Basin. 

• There are no large storage projects in the southern 
portion of the Powder River Basin. Lake DeSmet is 
available to meet large industrial demands in the 
northern part of the Basin. 

• The proposed project would provide an efficient, cost
effective means of developing the better-quality water 
in the Rasin. 

• The proposed project, with the potential diversion 
from Red Fork, would facilitate a staged development 
in the upper reaches of the watershed. Depending on 
future water needs, the project could be expanded in a 
timely manner to meet future water demands. 

Implementation of Priority Projects 

Implementation of the Buffalo Multipurpose Project and 
Enlarged Middle Fork Project would require about 6 and 10 years, 
respectively. 

A major effort in project implementation is meeting the 
permitting requirements, particularly a water use permit. Both 
projects may include adjustment of water use applications or 
permits. A concerted effort by the State Engineer's Office and 
permit holders and applicants is required. New legislation may 
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be required if it is determined to be desirable, and necessary, 
to transfer storage permits or applications. 

Allocation of yield of all water use applications and per
mits can be considered by the State Engineer, based upon the 
need of the various entities in the Basin, within the framework 
of the existing priority system. 

Additional engineering studies are required for final site 
selection for the Buffalo Multipurpose Project. Both priority 
projects would require Level II studies to establish their tech
nical, economic, and financial feasibility. Early participation 
by the Wyoming Game and Fish Department also is envisioned. 
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FOREWORD 

Authorization 

A Level I Reconnaissance study of potential storage proj
ects in the Powder River Rasin in Wyoming was authorized by 
Enrolled Act No. 35, of the Forty-Sixth Legislature of the State 
of Wyoming, 1982 Session. 

The studies were undertaken by Harza Engineering Company 
and administered by the Wyoming Water Development Commission 
under Contract No. RI0042 dated September H, 1982 and approved 
November 4, 1982. 

Water Development Objective 

The water development objective of the Level I study is to 
identify development projects that would utilize ~~oming's 
entitlement under the Yellowstone River Compact in an economi
cally efficient and socially acceptable manner for the benefit 
of the people of the State of Wyoming. 

Participants 

The Wyoming Water Development Commission administered this 
study. The study was performed by Harza Engineering Company and 
two study subcontractors: Wright Water Engineers and Simons, 
Li & Associates. 

Close coordination with the Wyoming State Engineer's Office 
was maintained throughout the studies. 

Study participants were: 

Wyoming Water Development Commission: 
Evan Green, Project Administrator 

Wyoming State Engineer's Office: 
George Christopulos, State Engineer 
Wayland Anderson, Assistant State Engineer 

Consultants: 

Harza Engineering Company: 
Michael P. Saunders, 
James E. Trawinski, 
Larry B. Buetikofer, 
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Project Manager 
Project Coordinator 
Planning Engineer 



Wright Water Engineers: 
Frank J. Trelease III, 
Phillip S. Lehr, 
Dwight W. Kimsey, 

Simons, Li & Associates 
Thomas Ballestero, 
Michael Ballentine, 
Rebecca Summer, 
Brad Anderson, 

Coordination Efforts 

Vice President 
\\later Engineer 
Hydrologist 

Hydrologist 
Hydraulic Engineer 
Hydrogeologist 
Hydraulic Engineer 

During the course of these studies, efforts were made to 
coordinate with the public, water use permit holders or appli
cants, and the Wyoming Game and Fish Department. 

A Public Scoping Meeting was held in Buffalo, Wyoming on 
November 10, 1982 to assess the interest of the Rasin residents 
and obtain input and viewpoints to the approach, needs, and 
scope of the Level I study. About 20 people were in attendance. 
A report on the Public Scoping Meeting was prepared that summa
rized the comments of the participants. 

A water resource inventory questionnaire was sent in Janua
ry 1983 to all water rights and permit holders and applicants 
from the State Engineer's Office. A meeting with water rights 
and permit holders and applicants, sponsored by the State Engi
neer's Office, was held in Cheyenne on February 17, 1983. 
During the meeting, the scope and objectives, and preliminary 
results of the Level I study were presented. Subsequent to the 
meeting, a summary of the data presented during the meeting was 
mailed to the permit holders and applicants. 

A meeting with water rights and permit holders and appli
cants and a Public Meeting were held in Buffalo, Wyoming on June 
1, 1983. The purpose of the meetings was to obtain comments on 
Draft Report dated March 1983. A total of 20 written comwents 
on the Draft Report were received by WWDC. The written comments 
and responses are presented in Appendix A. 

Coordination was maintained with the Wyoming Game and Fish 
Department regarding criteria for minimum pools and flows for 
the proposed reservoirs in the Basin. The requirements for 
Level II environmental studies were also discussed. 
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Contents of This Report 

This report is presented in two volumes: 

• Volume I - Main Report 
• Volume II - Appendices 

The Main Report includes the findings and results of the 
Level I study and summarizes the investigations and evaluations 
performed. 

Volume II contains five appendices: 

A.. Comments on Draft Report and Responses 
B. Water Demand Projections 
c. water Resources 
D. Water 0uality and Sediment in the Powder River Basin 
E. Environmental and Social Considerations 
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Chapter I 

INTRODUCTION 

The Powder River Basin 

General Description 

The Powder River Basin in Wyoming, as shown on Exhibit 1, 
includes essentially all of Johnson County, and parts of Camp
bell, Natrona, Sheridan, Converse, and Washakie Counties. The 
drainage area in Wyoming is about 9,200 square miles. The main
stem Powder River is formed by the North, Middle, and South 
Forks of the Powder River near Kaycee, Wyoming. These streams 
originate in the Big Horn Mountains and Rattlesnake Hills. Two 
other tributaries, Crazy Woman Creek and Clear Creek, also orig
inate in the Big Horn Mountains and join the mainstem Powder 
Fiver as it flows parallel to the Big Horn Mountains northward 
towards Montana. 

The Little Powder River rises in the hilly region of the 
powder River Basin east of the mainstem Powder River, flows 
north and joins the Powder River in Montana. The Powder River 
flows into the Yellowstone River downstream from Locate, Mon
tana. 

The principal town in the Basin is Buffalo, the county seat 
of Johnson County. There are several other smaller towns in the 
Basin: Arvada, Edgerton, Kaycee, Linch, Midwest, and Sussex. 

Subbasin Delineation nnd Existing Reservoirs 

For the purpose of this study, three subbasins have been 
delineated as shown on Exhibit 2: 

1. Upper Powder River (North Fork, Middle Fork, South 
Pork) 

2. ~"'iddle Powder River and Crazy Woman Creek 
3. Lower Powder River and Clear Creek 

Within the Basin, there are 13 existing reservoirs with a 
total capacity of about 265,000 acre-feet. Regulation by reser
voirs is required because of the extreme seasonal and annual va
riation of runoff in the Basin. Existing reservoirs with stor
age capacities greater than 1,000 acre-feet are listed on Table 
I-I. 
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Tahle I-I 

PRINCIPAL EXISTING RESERVOIRS IN THE POWDER RIVER BASIN 

Name Size Subbasin 
(acre-feet) 

Lake DeSmet 235,000 Clear Creek 
Kearney Lake 6,300 Clear Creek 
willow Park 4,500 Clear Creek 
Wallows Creek 4,500 Crazy Woman 
Dull Knife 4,300 Upper Powder 
Cloud Peak 3,600 Clear Creek 
Lower Salt 2,700 Upper Powder 
Muddy Guard #2 1,900 Crazy Woman 

262,800 

The largest reservoir in the Basin is Lake DeSmet, a nat
ural lake lying between Clear Creek and its tributary, Piney 
Creek. It was developed as a storage reservoir to provide irri
gation water by constructing a diversion from Piney Creek into 
the lake. An enlarged dam and Piney Creek diversion tunnel were 
constructed in 1971, and construction of diversion works from 
Clear Creek into Lake DeSmet and a second enlargement of the dam 
were completed in 1978. The facility is owned and operated by 
Texaco. The estimated yield is 64,000 acre-feet/year of which 
about 13,000 acre-feet/year is committed to providing irrigation 
water. 

The remaining reservoirs are primarily used for irrigation 
water supply. 

Surface Water Quality 

The quality of water varies greatly in the Powder River Ba
sin. Water quality in the Basin is expressed in terms of total 
dissolved solids (TDS) and average annual sediment concentra
tions. The sediment carried in the Powder River has given it 
quite a reputation: "A mile wide and an inch deep -- too thin 
to plow and too thick to drink".l1 

Exhibit 3 presents a schematic diagram showing water quali
ty in the Basin. Detailed information is presented in Appendix 
D. 

1/ Source: "Powder River Storage Development", Wyoming State 
Engineer's Office, water Planning Program, pre
pared by Harza Engineering Company, August 1974. 
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The mainstem of the Powder River transports large quanti
ties of sediment and total dissolved solids. Two major contri
butors to the mainstem salinity loads are the South Fork of the 
Powder River and Salt Creek. About 25 percent of the salinity 
found in the Powder River is derived from Salt Creek. The majo
rity of the salinity in Salt Creek is from oil-well treaters. 
The origin of the salinity in the South Fork waters is the high
ly saline soils. 

Upstream from the confluence of the South Fork and the 
mainstem, the water quality is considered good for most uses. 

Crazy Woman Creek has medium salinity and sediment concen
trations. The sources of these are irrigation return flows and 
gully and hill erosion. 

Clear Cre~k exhibits the best water quality in the basin. 
The sediment and salinity loads are attributable to irrigation 
return flows, livestock and wildlife grazing, and erosion. 

Need for ~ study 

The potential for energy development in the region has 
highlighted the need for future dependable water supplies. In 
1973 the Interdepartmental Water Conference established the 
Powder River Basin as the State of Wyoming's priority for water 
development. 

Over the past 20 years, numerous water storage permit ap
plications have been filed in the State Engineer's Office. 
Aside from the enlargement of Lake DeSmet and the construction 
of several small reservoirs, no water development has occurred. 
The result is an "over-filing" for water storage rights. There 
are storage rights in good standing (permits issued or applica
tions pending) for more than 1,500,000 acre-feet in the Powder 
River Basin in Wyoming, yet less than half of this storage would 
fully develop Wyoming's entitlement under the Yellowstone River 
Compact. Because of the uncertainties, over-filings, and the 
economic situation, Wyoming's entitlement is largely undevel
oped. 

Study Objectives and Purposes 

The objectives of this Level 1 Reconnaissance Study are 
to formulate a water resources development plan for the Wyoming 
Water Development Commission and provide the technical support 
required by the State Engineer and Attorney General to resolve 
the development uncertainties created in the Powder River Basin 
by the number and priority dates of water rights, permits, and 
applications in good standing. 
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The purposes of this study as defined in Enrolled Act No. 
35 are: 

• to examine the potential development for water supply 
from the Powder River Basin for municipal, agricul
tural, and industrial use, 

• to evaluate proposed development sites, and 

• to select a preferred development alternative or al
ternatives which will be in the best interests of the 
state of Wyoming. 

Study Scope 

The scope of a Level I Reconnaissance Study is defined in 
general terms in Enrolled Act No. 44 of the Forty-Sixth Wyoming 
Legislature. 

The Level I Reconnaissance Study of the Powder River Basin 
has been divided into four study phases: 

Phase I: 
Phase II: 
Phase III: 
Phase IV: 

Evaluation of Resources and Constraints 
Formulation of Comprehensive Plan 
Public Involvement 
Final Report 

The Results of Phase I were presented in a report entitled 
"Status Report to the Wyoming Legislature", November 1982. That 
report presented initial findings and discussions on potential 
sources of water, water use and demands, water rights, water de
velopment issues, and potential water supply projects. 

phase II consisted of planning studies, analyses, and eval
uations required to develop a comprehensive water supply plan. 
The results of the Phase II studies are presented in this re
port. 

Phase III included a Public Meeting held on June 1, 1983 in 
Buffalo, Wyoming, to obtain comments and input from interested 
and affected parties. 

This Final Report (Phase IV) includes a water development 
plan for the Powder River Basin, comments and analyses as a re
sult of the input received during Phase III. 

A Level I Reconnaissance Study of municipal water supply 
for Buffalo was undertaken in 1982 hy Western Water Consultants. 
Numerous water supply alternatives were investigated, including 
diversion from Lake DeSmet, and reservoir storage in the Upper 
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Clear Creek Rasin was found to be the most attractive. Three 
potential reservoir sites were identified for further study: 
Canyon, Tie Hack, and Lynx Park (5,000 to 10,000 acre-feet). 
The study would include consideration of various project pur
poses in order to formulate a cost-effective development. The 
scope and schedule of the site selection studies and studies 
of other alternatives are currently under consideration by the 
WWDC. 

Specific data for a selected site, such as storage, yields, 
and costs, are not known at this time and are not included in 
this report. For this report the project is included in the 
tables and exhibits as the "Buffalo Multipurpose Project." 

Prior Studies and Reports 

Planning of large storage projects in the Powder River 
Basin was initiated by the Bureau of Reclamation (USBR). In 
1938, the USBR undertook reconnaissance-level investigations and 
identified the proposed Moorhead Reservoir (located on the 
rnainstem of the Powder River, just downstream from the state 
1 ine) • 

In 1947, as a result of large floods in the Missouri River 
Basin, preconstruction work was accelerated on several projects 
within the Missouri River Rasin, one of which was Moorhead. Pre
construction work on Moorhead consisted of preparation of de
signs; construction of an access road, temporary housing and 
administration facilities: and purchase of right-of-way. After 
preconstruction work was started, considerable concerns were 
raised by local and state interests. In 1949, all work on the 
project was halted. 

Another potential project that was identified over 40 
years ago is the Middle Fork Reservoir located on the Middle 
Fork Powder River west of Kaycee, Wyoming. In 1940, the State 
of Wyoming filed a water permit application for this site. In 
1967, the USBR reported on its site investigations and feasi
bility study. In 1970, the Powder River Reservoir Corporation 
of Kaycee, Wyoming (holders of the water storage permit) pre
pared a feasibility report on the project. Because the proposed 
project would inundate 141 acres of federal lands managed by the 
Bureau of Land Management (BLM), the BLM prepared an Environ
mental Impact statement in 1976. The BLM has recently granted 
right-of-way for the 141 acres. 

In 1974, under the auspices of the Wyoming Water Planning 
Program, a report "Powder River Storage Development" was pre
pared by Harza Engineering Company. The study included a re
connaissance of potential water storage sites in the basin and 
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prefeasibility investigations of four reservoir sites to develop 
Wyoming's share of Powder River water under the Yellowstone 
River Compact. In accordance with guidelines given by the State 
Engineer, that study did not consider storage permit applica
tions. The report indicated that the proposed Lower Clear Creek 
Reservoir was the most attractive from the standpoints of cost
effectiveness and water quality. 

1-6 



Chapter II 

WATER RESOURCES 



Chapter II 

WATER RESOURCES 

This chapter summarizes the water resources of the Powder 
River Basin in Wyoming including considerations of water rights 
and the Yellowstone River Compact. A discussion of the water 
supply analyses performed during these Level I studies is also 
presented. More detailed information is presented in Appendix 
C "water Resources". 

Surface Water 

General 

Surface water supplies in the Powder River Basin are highly 
variable from season to season and from year to year. Stream
flow in the tributaries rising in the Big Horn Mountains (Clear 
Creek, Crazy Woman Creek, and the North, Red, and Middle Forks 
of the Powder River) is derived primarily from snowmelt runoff. 
Runoff from spring and summer precipitation influences stream
flows to a much greater extent in the plains tributaries (Salt 
Creek, South Fork Powder River and small streams shown on Exhib
it I). 

water use in the Powder River Basin depends upon the local 
availability of water and its quality. The rights to the use of 
the water are established under state laws and the provisions of 
the Yellowstone River Compact which divide the waters of the 
tributaries of the Yellowstone River, including the Powder 
River, between the States of Wyoming and Montana. 

The largest consumptive use of water in the Powder River 
Basin of Wyoming is for irrigation. Irrigation water rights 
in good standing cover about 160,000 acres. The second largest 
water consumption is reservoir evaporation from Lake DeSmet and 
several small reservoirs. 

Historical Streamflow Conditions 

The following tabulation presents the average annual stream
flow and water uses of the Powder River Basin in Wyoming. 
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state Line Streamflow Under Natural Conditions 

Man's Depletions of Streamflow in 

Irrigation 
Municipal, Domestic and Stock 
Industrial 
Reservoir Evaporation 

Subtotal 

Depleted Streamflow Leaving Wyoming 

Wyoming 

68,700 
4,500 

100 
9,400 

82,700 

Acre-Feet 
Per Year 

456,500 

(82,700) 

373,800 

The mainstem Powder River accounts for about 94% of the 
streamflow and water uses; the remaining flow and uses occur 
in the Little Powder River. 

Runoff is greatest in May and June and diminishes to ex
treme low flows in the late summer, fall, and winter months. 

Records of streamflows measured at U.S. Geological Survey 
stream gages were utilized to analyze water supplies and storage 
requirements. Correlations of stream gage records were used to 
derive estimates of streamflows for periods of missing records. 
A 40-year period of record from October 1, 1941 through Sep
tember 30, 1980 was selected. This study period includes the 
worst period of drouth recorded (water years 1960 and 1961), 
other low flow years (mid-1950's), and periods of high stream
flows (1949 through 1951 and 1967 through 1980). 

The annual variability of streamflow in the Powder River 
Basin is shown in Exhibit 4 which presents annual strea~flows of 
the Powder River at Sussex, Wyoming and Moorhead, Montana, and 
the streamflows in the lower reaches of Crazy Woman Creek near 
Arvada, Wyoming and Clear Creek near Arvada. 

Groundwater 

General 

Although the emphasis of this study is on surface water, 
the potential role of groundwater in future water resources de
velopment could be important. 

A reconnaissance level evaluation of the potential for 
groundwater development was undertaken. The evaluation is based 
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on a review of available data. The study conclusions are pre
sented below. More information is available in Appendix C 
"Water Resources." 

Study Conclusions 

Floodplain. In general, wells in the floodplain alluvium 
are not extensively utilized because bedrock aquifers are con
sidered to be more dependable sources of water. Along the Pow
der River, water quality is variable, groundwater generally is 
highly mineralized, very hard, and helow acceptable standards 
for domestic use and irrigation. Water from the terraces re
portedly is suitable for many uses. 

Wasatch and Fort Union Formations. Numerous wells have 
been drilled into the Wasatch and Fort Union formations on the 
west side of the Powder River Basin, and some wells are arte
sian. Reported yields generally do not exceed 100 gallons per 
minute. 

In the Fort Union formation, water quality appears to be 
related to the depth to the aquifer. Water in the aquifer above 
500 feet generally has a much higher salt concentration than 
water below 500 feet. Water is used principally for domestic 
and stock purposes and is unsuitable for irrigation. 

water in the Wasatch formation is also used principally 
for stock and domestic purposes, even though the water very 
frequently does not meet the recommended quality standards for 
domestic use. 

Madison Formation. There does exist a significant quantity 
of groundwater in the deeper formations, more specifically, the 
Madison Formation. Essentially the Madison aquifer is divided 
into two sections: (1) that area west of the major Buffalo Deep 
Fault~1 where the aquifer is directly connected to the outcrop 
recharge areas in the foothills of the Big Horn Mountains in the 
western part of the drainage basin, and (2) that area east of 
the Buffalo Deep Fault, where the movement of the fault has 
separated the aquifer from the recharge areas. 

The Madison aquifer west of the fault apparently has a 
continuous source of water recharging the aquifer and the water 
quality is generally good. It appears that there exists water 
available for development that would not damage existing surface 
and groundwater usage. There must be some allowance made for 

II The Buffalo Deep Fault is a deep-seated fault that extends 
from Sheridan to Casper, Wyoming. 
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the effect of groundwater withdrawal on existing spring water 
use. The amount of water available from the Madison aquifer 
west of the fault may be on the order of 5,000 to 10,000 ac
ft/yr. The water should be produced under controlled manage
ment. A complete monitoring program in the. vicinity of the 
producing wells would he required to provide information for 
management decisions. 

The Madison aquifer east of the Buffalo Deep Fault is not 
directly connected to the recharge area and the recharge occurs 
at a much slower rate. The water from the Madison aquifer east 
of the fault must be managed even more prudently. There is 
water available and it can most likely be utilized, but the 
recharge potential should be a critical factor when determining 
requested and approved pumping rates. 

Water Development Potential 

Under Wyoming water law, groundwater uses must be appropri
ated in accordance with the priority system. A new use is sub
ject to curtailment if that use affects the water legally avail
able to a senior groundwater or surface water right. Wyoming 
groundwater law also provides that when a non-preferred use well 
interferes with a preferred use (stock or domestic) well, that 
the non-preferred use well must be shut down or that well must 
supply the stock or domestic water. Because of these provisions 
of the law, and because of other factors such as possible 
interference with surface water supplies, the State Engineer has 
required a testing and monitoring program prior to issuing 
permits for large-scale groundwater development. Such programs 
may be expensive and potential groundwater developers have 
proceeded with caution because of the high costs and because of 
general opposition by land owners. 

It is believed that the deep groundwater has its greatest 
potential for development as an interim water supply in a staged 
development program of Powder River water resources development. 
If the coal resources of the Powder River Basin are developed, 
groundwater could be a component in a water development program. 
Groundwater could be used for partial water supply, standby in
dustrial supply, or converted to municipal or other use. 

Wyoming Water Law 

The Wyoming Constitution declares that all surface water 
and groundwater within the boundaries of the state are the prop
erty of the state. The Constitution provides for the appropria
tion of water for beneficial uses and establishes the office of 
state Engineer and the State Board of Control to supervise such 
appropriations. 
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State statutes establish the procedure for appropriation of 
water for beneficial use. First, an application to appropriate 
surface water must be submitted to the State Engineer for a per
mit to use surface water and construct works. The State Engi
neer may advance the application to permit status, when the ap
plication and required maps meet all requirements, or he may 
reject the application if requirements are not met, or for other 
reasons, such as in the public interest. 

Whenever the State Engineer advances an application to per
mit status by endorsing the application, he also requires that 
actual construction be started within the time set by him in the 
permit. A time for completion of construction of the facility 
is also stipulated on the permit, which cannot exceed a period 
of five years after the approval date of the application. If 
the facility cannot be built during the time initially allowed 
by the State Engineer, a request for extension of time of com
mencement and/or completion may be submitted to the State Engi
neer. This request must be filed before the expiration date of 
the permit, and must be based on a valid need for such an exten
sion of time. Failure to request an extension results in the 
expiration of the permit. The State Engineer evaluates the ex
tension request to determine the diligence in proceeding with 
the project and whether there is a basis or good cause shown for 
the extension request. If the request is satisfactory, addi
tional time is granted. If not, the permit is allowed to ex
pire. 

After the works are completed and proof of beneficial use of 
water is made to the Board of Control, the Board will adjudicate 
the water right. Priority of appropriation is based upon the 
date on which an application £or a permit is received in the 
State Engineer's Office. The State Constitution specifies that 
water shall be distributed among users on the basis of dates of 
priority. 

Although the Wyoming Constitution declares all water in 
Wyoming to be State property subject to appropriation, down
stream states depend upon water originating in Wyoming for their 
uses. Recognizing the possibility of lengthy and costly law
suits to appropriation of water among the states, Wyoming has 
negotiated interstate compacts to divide the uses of water be
tween Wyoming and its downstream neighbors. The Yellowstone 
River Compact provides such apportionment of the water of the 
Powder River Basin between Wyoming and Montana. The Compact 
does not modify state water rights and water law, but it sets 
limits on the total amount of water that can be used in Wyoming 
and in Montana. 
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When considering the water resources available for develop
ment, the physically available supplies in the streams must not 
only be known, but also the legal availability of water must be 
determined considering priority of water rights and the total 
allocation of water under the Yellowstone River Compact. Thus, 
the use of water from a stream is not only restricted to the 
physical supply of the stream, but also the legal limits re
quired for bypasses to meet senior water rights and the terms 
of the Yellowstone River Compact. 

Yellowstone River Compact 

Compact Provisions 

The Yellowstone River Compact provides a basis for dividing 
the waters of the Yellowstone River between the States of Wyo
ming, Montana, and North Dakota. The Yellowstone River Compact 
was negotiated in 1950 and ratified by the three states and the 
Federal Government in 1951. The Compact establishes a commis
sion composed of one representative each from Montana, Wyoming, 
and the U.S. Geological Survey to administer its provisions. 
Article V provides for a division of water on the following 
basis: 

A. Water rights to beneficial uses of the water of the 
Yellowstone system existing as of January 1, 1950, 
shall remain unimpaired by the terms of the Compact. 

B. Of the unused and unappropriated waters of the inter
state tributaries of the Yellowstone River, each of 
the signatory states is allocated sufficient water to 
provide supplemental water supplies to all rights ex
isting as of January 1, 1950. The remaining unused 
and unappropriated water of ~le interstate tributaries 
of the Yellowstone River is allocated to Wyoming and 
Montana as follows: 

Powder River (including the Little Powder River): 
Wyoming ..• 42%, Montana ... 58% 

Clarks Forks of the Yellowstone River: 
Wyoming ... 60%, Montana ... 40% 

Bighorn River (exclusive of the Little Bighorn 
River): 

Wyoming ... 80%, Montana ... 20% 

Tongue River: 
Wyoming •.. 40%, Montana ... 60% 
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c. The quantity of water subject to the percentage allo
cRtions of paragraph B, "shall be determined on an 
annual water-year basis, measured from October 1st of 
any year through September 30 of the succeeding year." 
The quantity to which the percentage factor shall be 
applied through a given date of any water-year shall 
he in acre-feet, equal to the algebraic sum of: 

1. "The total diversions, in acre-feet, above the 
point of meas1lrement, for irrigation, municipal 
and industrial uses in Wyoming and Montana devel
oped after January 1, 1950, during the period 
from October 1st to that given date; 

2. The net change in storage, in acre-feet, in all 
reservoirs in Wyoming and Montana above the point 
of measurement completed subsequent to January 1, 
1950, during the period from October 1st to that 
given date: 

3. The net change in storage, in acre-feet, in ex
i~ting reservoirs in Wyoming and Montana above 
the point of measurement, which is used for irri
gation, municipal, and industrial purposes devel
oped after January 1, 1950, during the period 
October 1st to that given date; 

4. The quantity of water, in acre-feet, that passed 
the point of measurement in the stream during the 
period from October 1 to that given date." 

D. Lands in Montana and North Dakota below Intake, Mon
tana are entitled to beneficial use of the flow of the 
Yellowstone River on a proportionate basis of acreage 
irrigateci. 

E. Existing and future domestic and stock water uses, 
including stock water reservoirs up to a capacity of 
20 acre-feet are exempt from the provisions of the 
Compact. 

F. The Commission is to reexamine the allocations from 
"time to time" considering among other factors: prior
ities of wRter rights, acreage irrigated, acreage ir
rigable under existing works, and potentially irri
gable lands. 
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Other provisions of the compact which affect the division 
and use of Yellowstone River water include: 

1. Article VI -- "Nothing contained in this Compact 
shall be so construed or interpreted as to affect 
adversely any rights to the use of the waters of 
the Yellowstone River and its tributaries owned 
by or for Indians, Indian tribes, and their res
ervations." 

2. The water of a lower signatory State may be 
stored and diverted in an upper State and vice 
versa, and the right to acquire water rights and 
rights-of-way in one State for use of water in 
another is provided (Articles VII, VIII, and IX). 

3. Article X provides: "No water shall be diverted 
from the Yellowstone River Basin without the una
nimous consent of all the signatory States. In 
the event water from another river basin shall 
be imported into the Yellowstone River Basin or 
transferred from one tributary basin to another 
by the United States of America, Montana, North 
Dakota, or Wyoming, or any of them jointly, the 
State having the right to the use of such water 
shall be given proper credit therefor in deter
mining its share of the water apportioned in ac
cordance with Article V herein." 

Wyoming I s Allocation of Powder River Wa.ter 

Article V of the Yellowstone River Compact provides for a 
division of water between Wyoming and Montana. Article V.A 
states that all pre-January 1, 1950 water rights are to be rec
ognized. Article V.B provides that, of the unused and unal
located water, water is to be allocated first to supplement the 
pre-1950 water rights. Of the remaining unused and unappropri
ated water, Wyoming will receive 42 percent of the supply deter
mined by the formula in the Compact based on the stream gage on 
the Powder River at Locate, Montana. It is necessary in water 
supply studies to determine the full uses of pre-1950 water 
rights and the requirements for water to supplement the pre-1950 
rights in order to calculate the remaining unused and unappro
priated water. 

The calculations of the uses and supplements to pre-1950 
water rights were made to provide adjustments to the recorded 
and estimated streamflows in the tributaries and mainstem Powder 
River for use in water supply studies. The calculations con
sidered the recent construction of reservoirs, full use of irri-

11-8 



gation water rights within the constraints of available stream
flows, and the stream depletions resulting from the diversions 
and return flows of pre-1950 direct flow water rights. Supple
mental supplies for pre-1950 irrigation water rights from re
cently constructed reservoirs were accounted for under the terms 
of Article V.B of the Yellowstone River Compact. 

The following tabulation presents the 40-year average 
recorded and estimated streamflows for the study period, the 
lowest annual streamflow of record (1961), and the average 
annual depleted flows after the full use of pre-1950 water 
rights and supplemental supplies to pre-1950 water rights: 

Location 

Mainstem 

Middle Fork Dam Site 
Pumpk in DaP.'l. Site 
Arvada Gage 
Moorhead Gage 

GageE/ Locate, Montana 

Tributaries 

Crazy Woman Creek 
Clear Creek 

1941-1980 
Average 

55 
174 
205 
351 
461 

32 
133 

Annual Flow 
( 1 ,000 ac- ft/yr) 

Drought 
Year 

(1961) 

38 
48 
51 
79 
58 

3 
35 

Unused and 
Unappropriated 

Flows After/ 
Depletiona 

10 
137 
165 
275 
373 

28 
75 

~/ Streamflows remaining after depletion allowance for full 
use of and supplements to pre-1950 water rights. 

£/ Stream gage used for Compact water allocation computations. 

Calculations of Compact water supply assume that most fu
ture water uses in Wyoming will be nearly totally depletive 
in nature (i.e. not a significant amount of additional return 
flows). This assumption appears reasonable because of the high 
costs of water development as well as the locations of ava.ilable 
supplies and proposed reservoirs indicated in permit applica
tions. Most of the usable streamflows (without reservoir regu
lation) have been developed in the upper portions of the Powder 
River Basin: water and land quality restricts uses of water from 
the Powder River below its confluence with the South Fork. 
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Crazy Woman Creek has limited water supplies in its upper 
reaches: developable water is in the lower reaches of the 
stream. Clear Creek is heavily developed with senior irrigation 
water rights and storage water rights in its upper reaches and 
tributaries including the recently enlarged Lake DeSmet which 
appropriates most of the available water in the upper reaches. 
The dependable direct flow in the lower reaches of Clear Creek 
is also fully utilized. 

The total available water supply subject to Compact alloca
tion and under the Article V.B formula is represented by the 
depleted flows of the Powder River at Locate, Montana, an aver
age of 372,900 acre-feet per year for the period of record. 
Wyoming's 42 percent allocation is 156,500 acre-feet per year. 
Wyoming's share of unused and unappropriated water would range 
from 8,200 acre-feet per year in a drought year like 1961 to 
450,100 acre-feet per year in a year of abundant water supply 
such as 1944. 

Lake DeSmet uses a portion of the Wyoming Powder River 
Compact allocation which averages 32,800 acre-feet per year at 
that location for the period of record studied. The remainder 
of the Compact water available for new development is estimated 
to average 123,700 acre-feet per year, and ranges from 6,500 
acre-feet to 393,000 acre-feet per year. 

Water Storage Permit Applications 

Over the past thirty years, there has been a substantial 
number of applications for water storage permits in the Powder 
River Basin, mainly prompted by the potential for mineral devel
opment in the area. Exhibit 5 shows the storage permits issued 
or applications in good standing. Some permits pre-date 1950. 
Under the terms of Yellowstone River Compact (YRC), the uses of 
these pre-1950 rights would not be counted in the 42%/58% Com
pact water allocation. Thus, these water rights are termed 
"pre-Yellowstone River Compact". 

For purposes of this study, potential major reservoirs in 
the Powder River Basin are categorized as follows: 

• Pre-Yellowstone River Compact (Pre-YRC) 
• Post-Yellowstone River Compact (Post-YRC) 

The majority of potential reservoirs, shown on Exhibit 5, 
are classified as Post-YRC. There are two potential reservoirs 
that are classified as Pre-YRC: 

Little Sour Dough 
Middle Fork Reservoir 
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Lake DeSmet has pre- and post-YRC water rights. There are 
several water rights associated with Lake DeSmet, including 
rights that were filed for other damsites which have been trans
ferred into Lake DeSmet. Table 11-1 presents the water rights 
associated with Lake DeSmet. 

Table II-l 

LAKE DeSMET STORAGE WATER RIGHTS 

Priority Date 

8/31/06 
1/12/07 
8/16/39 
4/3/50 
2/2/55 
2/4/55 
2/25/55 
3/8/55 
4/15/57 
4/16/57 
10/14/57 
11/13/63 
2/21/68 

TOTAL 

Active Capacity 
Pre-1950 
Post-1950 

Capacity (acre-feet) 

875 (Moore Reservoir) 
25,000 
11,640 
30,129 
38,960 (Dead Storage) 

8,902 
17,738 

1,304 
36,834 

740 
13,725 
37,340 
11,800 (Lower Clear Creek 

Irrigation District) 
234,987 

196,027 
36,640 

159,387 

Water Rights and Water Supply Situations 

As shown on Exhibit 5, potential reservoir sites are lo
cated on several tributaries and the mainstem Powder River. 
This creates a complicated water supply situation because of 
a) water supply limitations at each site, b) requirements to 
bypass water for senior water rights, and c) limitations of the 
Yellowstone River Compact. A discussion of the water rights and 
water supply situation for each subbasin is presented below. 

Subbasin 1: Upper Powder River 

Potential reservoirs include the Middle Fork Reservoir, 
Pumpkin Reservoir, Red Fork Reservoir, and Morgareidge No.7 
Reservoir. 
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The proposed Middle Fork Reservoir has a 1940 water use 
permit (7548R); and with its 1970 permit (7549R) and a potential 
enlargement of the reservoir (via a transfer or a junior 
permit), it could maximize the development of water at the site. 
Permits have been granted to divert water from the Red Fork to 
the Middle Fork, but would be unnecessary if the Red Fork Dam is 
constructed. 

Pumpkin Dam with its 1962 permit application date has a 
key priority among the undeveloped Post-YRC reservoirs in the 
Powder River Basin. The proposed reservoirs with filings senior 
to Pumpkin are Little Sour Dough, Enlargement of Negro Creek 
Reservoir, and Middle Fork Reservoir. Lake DeSmet also has the 
majority of its rights senior to the Pumpkin filing. If the 
204,200 acre-foot active capacity is maintained for the proposed 
Pumpkin Reservoir, a major portion of the Compact water remain
ing after Lake DeSmet can be controlled by this project. 

The proposed Morgareidge No.7 Reservoir, Permit 7968R, 
has a very junior priority (1978). It probably would not store 
water without purchase of exchange water even without the pro
posed Middle Fork Reservoir. 

Dull Knife Reservoir, already constructed on the North Fork 
of the Powder River, has a 1959 priority for 4,200 acre-feet and 
a 1967 priority for 128 acre-feet. The priorities are probably 
sufficient to ensure that the reservoir would fill and be used 
for its supplemental supply function to pre-1950 irrigation 
water rights on North Fork without interference to other proj
ects. The use of the reservoir is not subject to the percentage 
division of water under the Yellowstone River Compact, because 
it is used to supplement pre-1950 water rights. 

Subbasin 2: Middle Powder River and Crazy Woman Creek 

There are several recently constructed reservoirs and per
mits for supplemental reservoirs for irrigation in the Crazy 
Woman Creek Basin. The Muddy Guard No. 1 and No. 2 Reservoirs 
are existing and have priority dates of 1961 and 1962, respec
tively. These rights are senior to the proposed Sunedco Coal 
Company's Crazy Woman Reservoir which has a 1967 priority date 
for 64,300 acre-feet. The Zezas Irrigation Reservoir for 558 
acre-feet and the Trabing Reservoir for 114 acre-feet are con
structed, but have permits with priorities junior to the pro
posed Crazy Woman Reservoir. In addition, there are enlarge
ments to the South Fork Reservoir for about 97 acre-feet that 
are also junior to the Crazy Woman Reservoir, as well as water 
rights senior to the Crazy Woman Reservoir. However, all of 
these reservoirs are used to supplement pre-1950 water rights, 
and, therefore, are not subject to the percentage division under 
the YRC. 
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The proposed Crazy Woman Reservoir, Permit 7315R, has a 
priority date next after the proposed Pumpkin Reservoir. The 
yield of the reservoir is significantly affected by whether the 
Pumpkin reservoir application is advanced to a permit and con
structed. 

Subbasin 3: Lower Powder River and Clear Creek 

Clear Creek Basin. Lake DeSmet, with the transfer of the 
Camp Comfort right, the Piney Creek diversion in the Texaco 
tunnel, and the Lower Clear Creek Irrigation District's Leiter 
Ditch, dominates the remaining water supply of both piney and 
Clear Creeks at those points of diversion and upstream. 

The proposed Enlargement of Negro Creek Reservoir, Permit 
7n2lR, is in the Crazy Woman Creek drainage, but the primary 
source of water supply would be through an enlargement of the 
Six Mile Ditch from Clear Creek. This proposed project has a 
priority from Clear Creek which is senior to a portion of Lake 
DeSmet Clear Creek supply rights: however, the capacity of 
the supply ctitch and its location above the City of Buffalo 
and other prior water rights create a limited water supply sit
uation. 

The Little Sour Dough permit (7623R) for 1,600 acre-feet 
has a priority date of 1933. The records are currently unclear 
regarding this permit since a permit was granted and the reser
voir was changed in location from its original site to the Mill 
Creek site, and then by Court stipulation, the State Engineer 
Order has apparently been vacated. However, there is no speci
fic recorded State Engineer action to relocate the permit to its 
original location and either leave it in permit status or 
rescind the State Engineer action and reassign it to temporary 
filing status. 

The Lower Clear Creek Irrigation District and the Beulis 
Brothers have connections with Lake DeSmet. The first is the 
contract water supplies for the original Piney Creek storage in 
Lake DeSmet of 25,000 acre-feet. The Moore Reservoir right for 
875 acre-feet has been transferred from Boxelder Creek to Lake 
DeSmet. Water user contracts for about 10,600 acre-feet per 
year are long-term in nature. The LCCID's 11,800 acre-feet of 
capacity from Piney Creek filled by Leiter Ditch has a low firm 
supply, but together with the contracts probably will supplement 
the irrigation on piney Creek and Lower Clear Creek. The agree
ment with the Middle Clear Creek Water Users for release and 
storage in Healy Dam, a fore bay to the Lake DeSmet Clear Creek 
pump and pipeline, should be valuable to those water users. 
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The Love Land and Livestock Company has filed two applica
tions for reservoir storage permits in the Upper South Fork of 
Rock Creek in the Upper Clear Creek drainage. These permits 
are very junior, and considering the available water supplies 
and priorities of Lake DeSmet and of potential projects on Lower 
Clear Creek as well as other priorities in the Powder River Ba
sin, there is little or no water available for either of the 
proposed South Rock Creek or Triangle Park Reservoirs. 

The Cadiz Corporation has applications for three permits 
on Lower Clear Creek including the Tex Ellis, B.C.L., and Lower 
Clear Creek Reservoirs. Tex Ellis is on Buffalo Creek and would 
be filled by pumping from Clear Creek into Buffalo Creek. The 
Tex Ellis Reservoir is junior to Lake DeSmet, the proposed Pump
kin Reservoir, and the proposed Crazy Woman Reservoir. The Tex 
Ellis diversion capacity (1,000 cfs) is sufficient to divert 
most of the Clear Creek water that woulct be legally available 
for the storage permit application. 

The Town of Ruffalo has recently submitted permit applica
tions for potential reservoirs (5,000 to 10,000 ac-ft) for muni
cipal water supply. The proposed reservoirs are: Canyon, South 
Clear Creek, Lynx Park, Tie Tack and Sour Dough Creek, all lo
cated in the Upper Clear Creek Drainage. With the 1982 prior
ity, the reservoirs will have little or no firm yield, if senior 
projects are developed, unless exchange water is purchased, or 
new legislation makes development possible. 

Lower Powder River. There are two projects that have ap
plications for permits on the lower Powder River: Gibbs Reser
voir and Moorhead Reservoir. These reservoirs have a relatively 
junior position in the basin. Studies show that their yield is 
contingent upon the disposition of senior rights. 

The proposed Gibhs Reservoir has an application for 43,200 
acre-feet of active capacity junior to the Tex Ellis applica
tion, but senior to the other lower Clear Creek applications. 
The construction of a dam near Arvada would involve a long dam 
across the Powder River floodplain. The site would probahly 
lend itself better to a much larger capacity as an alternative 
to the downstream Moorhead site. The Gibbs Reservoir would not 
control the remaining flows of Clear Creek as would the Moorhead 
Reservoir. 

An application for the proposect Moorhead Reservoir has 
been filed in Wyoming and Montana by Intake Water Company, a 
subsidiary of Tenneco. The permit application indicates the 
active storage capacity would be divided 42% to Wyoming and 58% 
to Montana. The proposed reservoir is at an extreme downstream 
location and lower elevation in Wyoming making it less desirable 
for water supply because of the pump-back requirements to places 
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of use. On the other hand, the location of the dam is such that 
it will control a large portion of the unused Wyoming Compact 
water. 

The Utah International Fence Creek project, which would 
divert out of the mainstem Powder River downstream from Clear 
Creek, is for a use in Montana. This project is not considered 
to be a Wyoming use nor a demand on water ahead of any of the 
above oescribed projects. Its 1973 priority date is between 
that of the Tex Ellis Reservoir and the Gibbs Reservoir and is 
also senior to the Moorhead application. This project may af
fect the physically available water to the Moorhead project. 
In view of the Compact allocation to Montana and the fact that 
water has to be bypassed at Moorhead to meet Montana's alloca
tion, it is assumed for the Level I study that the Fence Creek 
project wouln not affect any of Wyoming's water supplies. 

Clarks Fork Exchange 

Cadiz Corporation has two applications for storage permits 
and one application for a supply ditch from the Clarks Fork.ll 
They are Badger Basin Reservoir and supply ditch and Clarks 
Reservoir. The total storage capacity of the proposed reser
voirs is 99,700 acre-feet. Cadiz has also petitioned the State 
Engineer for an exchange of water from these reservoirs, or by 
accounting, to Montana for an increase in water on the Powder 
River over the 42~ Yellowstone River Compact allocation for 
storage in Lower Clear Creek Reservoir and subsequent use. 

The Shoshone and Heart Mountain Irrigation Districts have 
applied for a storage reservoir on the Clarks Fork for hydro
electric power generation purposes. The capacity of the reser
voir is 444,331 acre-feet. It is possible that a portion of 
this reservoir could be utilized to provide exchange water to 
Montana that could be credited to water supplies in the Powder 
River Basin. 

Two methods of exchange of water between the Clarks Fork 
and the Powder River have been proposed, an accounting method, 
and an exchange of water releases from a Clarks Fork storage to 
increase Wyoming Powder River water supplies. 

Under the accounting method proposal, Wyoming would seek 
credits for water not developed on the Clarks Fork to be applied 

II Clarks Fork is a tributary of the Yellowstone River. It 
originates in Wyoming and flows into Montana about 150 miles 
west of the Powder River. See the Location Map shown on 
Exhibit 1. 
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for an increased water supply in the Powder River above the 42 
percent Compact allocation. While such a proposal may have 
merits, it appears likely that Montana's position would be that 
lack of development on the Clarks Fork is simply a benefit to 
Montana not requiring any exchange credits. For this method of 
exchange, it is likely that a modification to the Yellowstone 
River Compact would be required. 

On the other hand, construction of reservoirs in Wyoming's 
Clark Fork Basin could provide exchange water. Releases of 
water from Wyoming reservoirs, specifically to meet shortages 
to Montana's Clarks Fork and mainstem Yellowstone River irriga
tion and instream flows, would have merit for actual accounting 
of exchange water credits calculated in acre-feet. These cred
its could be applied as additional quantities of water over 
Wyoming's 42 percent allocation of the Powder River, to increase 
Wyoming's use of Powder River water supplies. 

Water Supply Analysis 

Study Requirements 

The scope of water supply studies was extensive because of 
the water rights and interstate compact issues involved. It was 
necessary not only to analyze the water available to the reser
voir permi ts a.nd appl ications wi th the ir pr ior i ty da tes, but 
also to account for the use by each reservoir of Wyoming's 
Compact allocation. 

It was necessary to run several operation studies of the 
potential storage projects in order to meet the following study 
objectives: 

1. Operations under strict priority of storage rights, 
permits, and applications; site locations; and Compact 
allocations. 

2. Analysis of the operations of various alternative 
reservoir projects selected to operate either within 
the current priorities or under alternative priori
ties, and within Compact allocations. 

3. Operations of selected reservoirs with water exchanged 
from one Yellowstone River Compact tributary to in
crease the developable Powder River water supplies. 

Water Supply Operation and Accounting Model 

A computer model was developed to simulate the complex 
water supply/water rights situation in the Rasin. Water stor
age permit applications present only active and dead storage 
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capacities without reference to reservoir yield. The principal 
results derived frow the operation and accounting model are the 
reservoir yields of each permit application or alternative res
ervoir studied. 

The model incorporates computer programs that were written 
to enable computations of storable water and yield from projects 
in the Powder River Basin by seniority indicated by either pri
ority dates or assignment of alternatives. The model enables 
computation and accounting of the Compact water available to the 
successive projects after each senior project use. Monthly flow 
volumes over the period of record were used in the model. 

For a project, the physical water supply would be defined 
by the gaged or estimated streamflow at the site. The legally 
available water has two facets. First, the downstream require
ments of senior water rights affect legal water availability. 
The second aspect of legally available water is the amount of 
Compact water that is available to the project considering uses 
of Compact water by senior projects. The model accounts for the 
following: 

a) Available water for the period 1941-1980 considering 
senior existing reservoirs and irrigation direct flow 
water rights. 

b) Compact water available to successive projects. 

c) The active capacity of each reservoir. 

d) Reservoir firm yield determined by trial and error. 

e) The annual storage limitation under Board of Control 
regulations: one fill per water year to capacity of 
the storage right with the beginning of the water year 
storage continuing against the right. 

f) Streamflows remaining at the site after project opera
tion. 

g) Remaining Compact water available to the next priority 
project. 

The model can also be operated to meet instream flow re
quirements. The instream flow limiting requirement is entered 
into the computer as that flow quantity to be released from 
storage up to the inflow or the limit. If water is bypassed at 
a dam site because of Compact or senior water right require
ments, this release is counted against the instream flow 
requirement. 
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Yield Analyses 

water supply operation studies were conducted for the for
mulation and evaluation of alternative plans and to assist the 
state Engineer in water rights decisions. The operation and 
accounting studies conducted fall into several categories: 

• Studies to analyze yields with the existing priorities 
indicated by water use permits and applications and 
within Compact constraints. Alternatives to this 
strict priority analysis included the analysis of the 
effects of transferring portions of the storage 
indicated in the 1962 Pumpkin application to upstream 
sites and abandoning the remainder of that storage 
amount and its 1970 enlargement. 

• Studies to test the effects of alternative priorities 
and reservoir sizes on yields, within Compact con
straints. 

• Studies to test the effects of minimum pool provisions 
on yields. 

• Studies of the sensitivity of instream flow provisions 
for selected alternatives. 

• Studies of the effects of Clarks Fork exchange on 
yields for selected alternatives. 

All the water supply studies assumed that four senior proj
ects were constructed and in operation prior to the development 
of Wyoming's Compact entitlement. The four senior projects in
clude the proposed Little Sour Dough Reservoir, full use of Lake 
DeSmet and/or the proposed Enlargement of Negro Reservoir, and 
the proposed Middle Fork Reservoir. 

Reservoir operation studies of the proposed Little Sour 
Dough and Middle Fork Reservoirs indicated a firm annual yield 
of 21,500 to 32,000 acre-feet/year, depending on assumed in
stream flow provisions. 

As mentioned earlier, the estimated firm yield from Lake 
DeSmet is 64,000 ac-ft/yr, of which 13,000 ac-ft/yr is committed 
to irrigation water supply. 

Results of the water supply studies, designed to develop 
~lyoming' s allocation of Powder River water supplies, are sum
marized below. 

Compact Water utilization. Comparing the streamflow nata 
for the Moorhead stream gage at the stateline with the Wyoming 
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allocation, it is apparent that the Compact allocation will 
limit the water development available to Wyoming rather than 
streamflows. As discussed earlier in this chapter under "Wy
oming's Allocation of Powder River Water", the Compact Water 
available for new development is estimated to average 123,700 
acre-feet/year and ranges from 6,500 to 393,000 acre-feet/year. 
Reservoir storage is required to develop the available water as 
a dependable source of supply. Exhibit 6 shows storage-yield 
curves of Wyoming's undeveloped Compact allocation. 

The top curve on Exhibit 6 shows the theoretical, pre
evaporation yield from Wyoming Compact water supply that can 
be obtained from assumed storage capacities at Locate, Montana. 
As shown on Exhibit 6, a very large storage capacity would be 
required to develop all of Wyoming's Compact water supply. 

The water supply studies show that Wyoming cannot develop 
all of its remaining Compact water within the state. The second 
curve on Exhibit 6 shows the theoretical, pre-evaporation yield 
from the water physically available in Wyoming (i.e. at an as
sumed storage site at the stateline). This difference between 
the two top curves is attributed to the periods, particularly 
February and March, when streamflows in the Powder River at Lo
cate, Montana exceed streamflows in the Powder River at Moor
head. Thus, the Compact calculations made at Locate indicate 
that Wyoming is entitled to some water which is originating in 
Montana. This water, unavailable in Wyoming, averages 8,800 
acre-feet per year over the period of record. Most of the un
available water occurs in the years of high streamflow. During 
the critical storage period years, essentially from 1949 through 
1964, there is little unavailable water at Moorhead. Thus, in 
real terms, the effect of the estimation of Compact water supply 
by measuring the water at the mouth of the river near Locate, 
rather than at the Wyoming-Montana stateline at Moorhead, is 
negligible during a drought period. 

The third curve on Exhibit 6 shows pre-evaporation project 
yields, or the gross yield of storage before accounting for 
reservoir evaporation. This curve was derived from the opera
tion studies and represents an average yield from assumed 
groupings of reservoirs located on the Wyoming tributaries and 
the mainstem Powder River. 

The gross yield curve gives the relationship of the remain
ing Compact water use chargeable to Wyoming for various storage 
capacities. The first use of Compact water by Lake DeSmet and/ 
or the Enlargement of Negro Creek Reservoir is added to derive 
the total Compact water use. 
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Usable Yield of Compact Water. The usable yield from res
ervoirs is the gross yield less reservoir evaporation. Reser
voir evaporation was calculated initially on the basis of an 
average reservoir surface area including the provision of only 
the dead pools as indicated in the permit applications. Few of 
the permit applications provide more than a minimal dead pool 
associated with the operation of the outlet works. Therefore, 
for planning purposes, evaporation was estimated assuming an 
average reservoir surface area based on the active storage plus 
the greater of (a) a minimum pool for fisheries or (b) a storage 
allocation equal to the 50-year sediment accumulation. 

A minimum pool for fisheries was allocated on the basis of 
preliminary Wyoming Game and Fish Department (WG&FD) criteria of 
25 percent of the total reservoir capacity. Provision of a 
minimum pool for fisheries would increase the total storage and 
the surface area of the reservoir, but the active capacity of 
the reservoir would remain unchanged. 

The 50-year sediment accumulations were estimated based on 
sediment rating curves and reservoir trap efficiencies. More 
information is presented in Appendix D "Water Quality and Sedi
ment in the Powder River Basin." The provision of storage for 
sediment accumulation would increase the total storage and sur
face area of the reservoir, but the active capacity of the res
ervoir would remain unchanged. 

A storage-yield curve of usable yield (also called firm 
yield) is shown on Exhibit 6. This curve represents the average 
of a series of computer studies that assumed various groupings 
of mainstem and tributary reservoirs. A minimum pool for fish
eries is provided in the tributary reservoirs while the mainstem 
reservoirs include a storage provision for 50-year sediment 
accumulation. 

As discussed earlier in this chapter, the remainder of 
Compact water available for new development averages 123,700 
acre-feet/year (and varies from 6,500 acre-feet to 393,000 acre
feet). Exhibit 6 indicates that a usable yield on the order of 
35,000 to 45,000 acre-feet/year can be developed as a firm water 
supply, depending on the groupings of reservoirs and provision 
of instream flows. The maximum usable water yield that can be 
developed is on the order of 52,000 acre-feet/year, which re
quires a very large storage project on the mainstem Powder 
River. 

Effect of Instream Flows. Four operation studies were con
ducted that utilized two assumed levels of instream flows as 
suggested by WG&FD. The minimum flow criteria utilized were 
based on 10 percent or 33 percent of the average annual depleted 
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flows at a given damsite. The lower value is used to represent 
the requirement for maintaining a warm water fishery below a 
dam site, while the upper value is used for the requirement for 
maintaining a cold water fishery below a dam site. It is to be 
understood that WG&FD has not determined the instream flow re
quirements. Definitive instream flow requirements will be es
tablished during Level II studies. 

The criteria were used as follows: 

• Depleted streamflows at the potential reservoir sites 
were utilized to determine the 10 percent or 33 per
cent flow. 

• The instream flow to be provided would be the lesser 
of the inflow or the percentage of average annual 
flow. 

• The instream flow releases must be provided from 
storage. This criteria stems from the fact that no 
instream flow law exists in Wyoming, and even if one 
did, the instream flow would not be senior to the 
storage water right. 

• Instream flow releases would not constitute a use of 
Wyoming Compact water. The theory is that if there is 
no downstream dam below a given reservoir and an in
stream flow release is made, the water would flow to 
the Compact point and be calculated as available for 
Compact division. If there is a downstream reservoir 
that can recapture the released instream flow, then 
the instream flow should be available for storage and 
use by the downstream reservoir and be counted in the 
Compact use there. 

Use of this criteria in operation studies gave the follow
ing results: 

• providing a 10 percent instream flow resulted in a 5 
percent reduction in usable water yields. 

• Providing a 33 percent instream flow reduced usable 
yields 20 to 26 percent. 

Clarks Fork Exchange Analysis. The effects of Clarks Forks 
Exchange Projects were analyzed. Clarks Fork yields of 100,000 
and 180,000 acre-feet per year were assumed. These yields could 
result from providing 100,000 acre-feet and 230,000 acre-feet of 
Clarks Fork storage for exchange. Instream flow requirements 
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of potential Powder River projects of 0, 10, and 33 percent of 
average annual flow were considered. 

The method utilized was to add the monthly Clarks Fork ex
change quantity provided from storage on Clarks Fork to the Pow
der River Compact quantity for each month, and then run the com
puter simulation with the increased Compact water. 

The results of the analyses are as follows: 

Avera e yield Increase in Powder River Reservoirs (%) 
100,000 ac-ft yr of Exchange 180,000 ac-ft yr of Exchange 

Instrearn Flow Requirement Instrearn Flow Requirement 
0% 10% 33% 0% 10% 33% 

11 9 6 23 18 6 

As shown above, the direct exchange of water from the 
Clarks Fork for increased Wyoming Powder River water supplies 
will result in greater Wyoming Powder River water yields at the 
lower levels of instream flows than for the higher levels of in
stream flows. Analysis of the computer studies indicates that 
the exchange of Clarks Fork water makes more water available for 
storage in the Wyoming Powder River Reservoirs. This however 
creates the necessity to meet the instream flow requirements 
from storage. 

Summary of Usable Water Available for New Uses 

Usable water supplies available for new uses include: 
underutilized supplies in Lake DeSmet, undeveloped pre-YRC and 
post-YRC reservoirs, and undeveloped groundwater. There is a 
total of 112,500 to 138,000 acre-feet/year of water available 
for new uses as summarized in Table 11-2. 

The remainder of this report is concerned with selecting a 
plan that best develops a firm yield using the Post-YRC reser
voirs, operated in conjunction with Lake DeSmet and the Pre-YRC 
reservoirs. 
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Table II-2 

USABLE WATER AVAILABLE FOR NEW USES 

Source 

Existing Development 

1. Lake DeSmet 

New Development 

1. Pre-YRC Reservoirs 

2. Post-YRC Reservoirs 

3. Groundwaterc / 

Firm Annual Yie'ld( ac-ft/yr) 

Lower Limit~/ 

51,000 

21,500 

35,000 

5,000 

112,500 

upper LimitE/ 

51,000 

32,000 

45,OOOd/ 

10,000 

138,000 

~/ Assumes provision of instream flow (33% criteria) for new 
reservoirs. 

£/ Assumes no provision of instream flow for new reservoirs. 

~/ Probably available only as an intermittent supply. 

~/ Would develop on the order of 80,000 acre-feet/year charge
able to Wyoming under the Yellowstone River Compact (45,000 
acre-feet/year in firm yield plus 35,000 acre-feet/year of 
reservoir evaporation). 
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Chapter III 

KEY FINDINGS 

Two key findings of the Level I Reconnaissance Study are: 

• Development of the YRC water in accordance with the 
priority of filings for permits to store water may not 
result in a plan that best serves the interests of the 
State. Alternative plans have been identified which 
could result in the development of more cost-effective 
projects and better quality water. 

• The Pumpkin reservoir permit application, with its 
1962 priority, holds the key position among undevel
oped projects that are competing for Wyoming's enti
tlement under the Yellowstone River Compact. State 
Engineer action on this application is required to 
facilitate implementation of other water storage 
projects. 

Based on a Level I study titled "Municipal Water Supply 
Study for City of Buffalo, lA7yoming," 1982, it was concluded that 
it is more economical over the long term to construct storage in 
the Clear Creek watershed than to pump from Lake DeSmet. 

Alternative Development Concepts 

Four storage development concepts for the Basin were for
mulated and evaluated as described in Chapters VI and VII. The 
yields, costs, and expected water quality of the four alterna
tives are sum~arized below: 
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Average 
Water 

unit Cost Ouality, 
No of Firm Total of Firm in Total 
Reser- Annual Investment Annual Dissolved 

ConceJ2t voirs yield Cost Yield Solids 
(ac-ft/yr)($ million) (S/ac-ft) (ppm) 

1 • Strict 
Priority 4 76,200 477.7 046 1,200 

2. Strict 
Priority 
w/o Pumpkin 
and w/Red 
Fork 6 71,400 494.3 732 900 

3 • Tributary 
Storage 

3 67,200 221.2 345 900 
4. Mainstem 

Storage 2 72,800 94.1 137 1,000 

As shown above, Alternatives 3 and 4 offer a considerable 
advantage over Alternatives 1 and 2 with respect to costs and/or 
water quality. 

Pumpkin Storage Permit Application 

The holders of the Pumpkin permit application apparently 
are not attempting to implement this project. ~ petition was 
filed with the State Engineer's Office to transfer a portion 
(30,900 acre-feet) of the storage amount indicated in the permit 
application upstream to the Red Fork site on the Powder River. 
Additionally, the water rights holders are discussing with the 
holders of the Middle Fork permit (1940 priority) the possibili
ty of transferring a small portion of the storage amount indi
cated in the permit application to an enlargement of the pro
posed Middle Fork Project. The remaining portions of the Pump
kin permit application have been offered to the State of Wy
oming.l.I 

Operation studies were undertaken to assess the effects of 
assumed alternative means of considering the Pumpkin storage 

l/ A recent request on behalf of the current holder of the 
Pumpkin reservoir applications to withdraw the petition to 
transfer 30,900 ac-ft of storage recently has been received 
by the State Engineer. 
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permit application on the oevelopment of Wyoming's Compact allo
cation of Powder River water. The results are summarized in 
Tnble III-I. 

As indicated in Table III-I, the proposed Pumpkin Reservoir 
would have a significant effect on junior reservoirs. Without 
Pumpkin or with the transfers, the yields of Crazy Woman and Tex 
Ellis reservoirs would increase by a factor of two to two and 
one-half. The proposed Gibbs Reservoir would only provide a 
significant yield if Pumpkin were abandoned. Under all condi
tions presented in Table III-I, the proposed Moorhead and B.C.L. 
Reservoirs would have no firm yield. The proposed Clear Creek 
Reservoir would have a small firm yield in all cases without 
Pumpkin Reservoir. 
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Table 111-1 

EFFECTS OF THE PUMPKIN STORAGE PERMIT APPLICATION 
ON THE DEVELOPMENT OF WYOMING'S COMPACT ALLOCATION 

proposed 
Reservoir 

Pumpkin 
Enlargement of 
Middle Fork 

Red Fork 
Crazy Woman 
Tex Ellis 
Gibbs 
Moorhead 
B.C.L. 
Clear Creek 

TOTAL 

Firm Annual Yield (acre-feet/yr) ~/ 

Strict 
Priority 
of Water 
Storage 
Filings 

35,000 

3,700 
7,000 

o 
o 
o 
o 

45,700 

Water Development Scenario 

Transfer 
of a Por
tion of 
the Pumpkin 
Filing to 
Red Fork E/ 

7,800 
9,300 

14,900 
1,600 

o 
o 

7,300 

40,900 

Transfer of 
a portion of 
the Pumpkin 
Filing to 
Red Fork and 
Enlarged Mid
dle Fork E./ 

1,100 
7,600 
9,400 

15,200 
1,600 

o 
o 

6 ,700 

41,600 

Rejec
tion of 
Pumpkin 
Appli
cation 

10,500 
16,100 
13,300 

o 
o 

2,800 

42,700 

a/ Assumes active water storage as given in the permit appli
cations plus an allowance for a minimum pool equal to the 
greater of 50-year sediment deposition or 25% of the total 
storage provided for fisheries and no instream allocation. 

~/ Assumes transfer of 30,900 acre-feet to Red Fork and aban
donment of the remaining portion (245,000 acre-feet) of the 
storage amount indicated in the permit application. 

c/ Assumes transfer of 30,900 acre-feet to Red Fork and 30,900 
acre-feet to Enlarged Middle Fork and abandonment of the 
remaining portions (214,100 acre-feet) of the storage 
amount indicated in the permit application. 
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Chapter IV 

PREFERRED WATER RESOURCES DEVELOPMENT PLAN 

This chapter describes a Preferred Water Resources Develop
ment Plan (Preferred Plan) that offers an attractive alternative 
to water development under strict priority of water use permits 
and applications. The Preferred Plan has been formulated to 
develop the Powder River water without regard to demand. As 
discussed in Chapter V, significant increase in demand, except 
for the Town of Buffalo, is contingent upon industrial develop
ment especially in the coal mining industry. The timing of 
development under any alternative will depend on the demand. 

The Preferred Plan described in this chapter was not opti
mized hut is indicative of the potential for developing projects 
that would yield the better-quality water in a cost-effective 
manner. This chapter also presents the effects of alternative 
minimum pool and flow criteria on project yields, and identifi
cation of priority projects and their implementation schedules. 
The formulation and evaluation of alternative plans are dis
cussed in Chapters VI and VII. 

Plan Description 

The Preferred Plan for the Powder River Basin consists of 
four reservoir developments: 

• Buffalo Multipurpose Project, 

• Enlarged Middle Fork Reservoir with Red Fork Diver
sion, 

• Crazy Woman Reservoir, and 

• Mid/Lower Clear Creek Reservoir. 

The Preferred Plan is shown on Exhibit 7. 
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The Preferred Plan would provide the following firm annual 
yields and water quality measured in concentration of total 
dissolved solids: 

Annual Expected 
Active Total Firm Water 

Reservoir Storage Storage b/ yield c/ Oualit:t: 
(acre-feet) ( acre-feet) (ac-ft/yr) (TDS, ppm) 

Buffalo Multi-
purpose a/ 

Enlarged Middle 
Fork with Red 
Fork Diversion 78,600 91,500 37 ,400 500-1000 

Crazy Woman 63,200 80,000 10,800 500-1500 
Mid/Lower Clear 

Creek 123,000 170,800 lQ,200 500-1000 
TOTAL 

( 3 Reservoirs) 264,800 342,300 67,400 50-1500 

~/ Assumed for future Buffalo water supply, further study of 
potential sites is under consideration by It\1WDC. 

b/ Includes minimum pool provisions for fisheries in accord
an c e wit h ~II7G & F D pre 1 i min a r y c r i t e ria. 

£/ No provisions for instream flow. 

The Preferred Plan develops a pre-1950 storage right (Mid
dle Fork Powder River) and its supplemental irrigation water to 
pre-1950 irrigation rights for a firm yield of 30,700 acre-feet/ 
year. The firm yield of Compact water supplies is 36,700 acre
feet/year. Including reservoir evaporation of 12,200 acre-feet/ 
year, the total yield chargeable against Wyoming's Compact allo
cation is 48,900 acre-feet/year. 

Description of Reservoir Developments 

Buffalo Multipurpose Project. The Buffalo Multipurpose 
project is envisioned to be a reservoir development located in 
the upper reaches of the Clear Creek Basin with a total capacity 
of 5,000 to 10,000 acre-feet. Three potential sites were iden
tified in a Level I study~/ (Canyon, Tie Hack, and Lynx Park). 

1/ Western Water Consultants, "Municipal Water Supply for City 
of Buffalo, Wyoming" Level I Reconnaissance Study for Wy
oming Water Development Commission, 1982. 
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Additional study is required to select the site and consider 
multipurpose development. Project purposes to be considered in
clude water supply for municipal, industrial and irrigation use 
and recreation. 

Enlarged Middle Fork Reservoir with Red Fork Diversion. 
The Enlargerl Middle Fork Reservoir and the diversion from Red 
Fork would be located in the upper reaches of the Powder River 
Basin in the foothills of the Big Horn Mountains. The Middle 
Fork damsite is located on the Middle Fork of the Powder River 
west of Kaycee in Section 33, T43N, R83W. The drainage area 
above the dam is 450 square miles. 

The Enlarged Middle Fork Reservoir Development includes 
the following major features: 

• A zoned earthfill dam with crest' at El. 5050 ft, 
160 feet above the streambed. 

• A gated spillway capable of passing a spillway design 
flood of 93,000 cfs. 

• A 91,500 acre-foot reservoir with a normal maximum 
water surface at El. 5040 ft. 

The dam and reservoir described in this report is similar to 
that presented in a 1970 Feasibility Report. The major differ
ence is that the crest elevation of the dam described in this 
report is 20 feet higher. 

The reservoir storage capacity includes 78,600 ac-ft of ac
tive storage and 12,900 ac-ft for a minimum pool for fisheries 
purposes. An estimated 50-year sediment accumulation of about 
800 ac-ft is not expected to affect project operations. 

The normal maximum surface area of the reservoir is 1,600 
acres. The area to be inundated by the reservoir currently 
consists of 20 percent agricultural land with the remainder 
being rangeland. 

The Red Fork Diversion is presented in three water use per
mits on file in the State Engineer's Office (Nos. 24122, 24123, 
and 24124). The diversion is located in the upper reaches of 
the Red Fork and is located in Sections 20, 21, 28, and 29, 
T44N, R84W. The diversion consists of: 

• Three intake/diversion structures, 

• Three 85-cfs capacity pipelines of 1.2 miles in total 
length, 
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• A 1.5-mile long canal with a maximum discharge capaci
ty of 255 cfs, and 

• A 0.6-mile long pipeline with a discharge capacity of 
255 cfs. 

The intake/diversion structures are located on three tributaries 
of Red Fork: North Fork, South Fork, and Lookout Ridge Draw. 
The water is diverted to Red Gulch Draw, a tributary of Beaver 
Creek (See Exhibit 1), a tributary of the Middle Fork Powder 
River. 

Crazy Woman Reservoir. The Crazy Woman Reservoir would be 
located on the middle reaches of Crazy Woman Creek. The dam 
site is located in Sections 29 and 30, T51N, R79W. The project 
is identified in a water storage permit issued by the State 
Engineer's Office (No. 73l5R). The drainage area above the dam 
site is about ROO square miles. 

The proposed development would include the following major 
features: 

• A zoned earthfill dam with crest at El. 4173 ft, 
100 feet above the streambed. 

• A gated spillway capable of passing a spillway design 
flood of 143,000 cfs. 

• An 80,000 acre-foot capacity reservoir with a normal 
maximum water surface at EI. 4167 ft. 

The reservoir capacity includes 63,200 acre-feet of active 
storage (same as indicated in the Permit) and 16,800 acre-feet 
for a minimum pool for fisheries. The minimum pool corresponds 
to the preliminary estimate provided by WG&FD. An estimated 50-
year sediment accumulation of 10,700 acre-feet may affect the 
minimum pool for fisheries. Sediment deposition quantities and 
patterns would have to be monitored during project operations. 

The normal maximum surface area of the reservoir is 2,200 
acres. The reservoir area is primarily rangeland. 

Mid/Lower Clear Creek Reservoir. The Mid/Lower Clear Creek 
Reservoir would be located in the lower reaches of Clear Creek. 
The dam site is located about 2 1/2 miles upstream from the con
fluence with the Powder River, in Section, 2 and 3, T56N, R77W. 
The dam site was originally identified in the 1974 report en
titled "Powder River Storage Developments." A permit applica
tion has also been filed for this site. 
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The Mid/Lower Clear Creek Reservoir would include the 
following major features: 

• A zoned earthfill dam with crest El. 3546 ft, 126 feet 
above the streambed. 

• A gated spillway capable of passing a spillway design 
flood of 192,000 cfs. 

• A 170,800 acre-ft capacity reservoir with a normal 
maximum water surface at El. 3640. 

The reservoir capacity includes 123,000 ac-ft of active 
storage and 47,800 ac-ft for a minimum pool for fisheries. The 
minimum pool for fisheries is based on a preliminary recommenda
tion from the WG&FD to support a cold/cool water fishery. An 
estimated 50-year sediment accumulation of 11,700 ac-ft is not 
expected to affect project operations. 

The normal maximum surface area of the reservoir is 3,800 
acres. About 10 percent of the reservoir area is currently ir
rigated, the remainder is mostly dry pasture and native hay 
meadows. 

Advantages 

The Preferred Plan offers the following advantages to the 
state of Wyoming: 

• Full development of Wyoming's pre-1950 storage rights: 
in Little Sour Dough (1933) and Middle Fork (1940). 
The Little Sour Dough right is associated with the 
proposed Buffalo Multipurpose Project. In the case 
of the proposed Middle Fork Reservoir, by developing 
this pre-1950 water right, it is not subject to limi
tations of the Yellowstone River Compact, i.e. trans
fer of water out of the basin. Therefore, the Middle 
Fork water supply could be utilized for uses asso
ciated with the development of coal resources located 
south of Gillette. 

• More cost-effective development of Wyoming's entitle
ment under the Yellowstone River Compact. 

• Dependable water supply for the principal urban area 
in the Basin, the Town of Buffalo. 

• Development of the water with the best quality in the 
basin: upper Powder River and Clear Creek. 
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• Potential for staged development in the Basin to co
incide with the growth in water demand. Individual 
projects that range in firm yield from 10,000 to 
30,000 ac-ft/yr. 

• Wyoming water law can be followed to accomp+ish the 
plan components insofar as use of active reservoir 
capacities, project purposes, and acceptance or rejec
tion of various permit applications. Minimum pools 
will have to be provided in the planned reservoirs 
under junior water rights. The pools would be filled 
during times of surplus water. 

Disadvantages 

The Preferred Plan also may entail the following disadvan
tages to the State of Wyoming: 

• Although the Preferred Plan possibly can be accom
plished within Wyoming water law, protests and other 
legal actions are likely. These actions may result 
from disputes over the state Engineer's actions on 
various permits and applications, or over environ
mental issues. 

• The plan envisions developing the better quality water 
in the Basin resulting in a degradation of water qual
ity entering Montana. Although the Yellowstone River 
Compact does not specifically address water quality 
issues, there is a potential conflict. 

Potential Beneficiaries 

The Preferred Plan would provide benefits to numerous pub
lic and private interests. primary benefits would consist of 
increased water supplies for municipal, industrial and agricul
tural users. Additional benefits, not quantified during these 
studies, may include enhanced opportunity for water-based recre
ation and fishing and flood control. These benefits would 
accrue to the people of the State of Wyoming, with the most 
opportunity available to people from the local area. Table IV-l 
summarizes the potential beneficiaries of the Preferred Plan. 

Estimated Costs 

The total investment costs for the three proposed large 
reservoirs are $221.3 million, January 1983 price levels. The 
investment costs include construction costs, land and right-of
way costs, and interest (at 10%) on funds used during construc-
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Storage 
Project 

Buffalo 
Multi
purpose 2./ 

Enlarged 
~·1iddle 
Fork 
Powder 
River 

Cr:-azy 
Woman 

Mid/Lower 
Clear 
Creek 

Table IV-l 

POTENTIAL BENEFICIARIES OF PREFERRED PLAN 

Increased Water Supplies 
Agri

Municipal Industrial cultural 

Town of 
Buffalo 

Town of 
Kaycee 

Small 
Industry 
Buffalo 

Uranium 
~"'iners, 
Coal miners, 
Major Energy 
Companies 
(synfuels) 

Major Energy 
Companies 
(synfuels) 

Major Energy 
Companies 
(synfuels) 
or utilities 
(coal-fired 
steam genera
tion) 

Upper 
Clear 
Creek 

Upper 
Powder 
River 

Lower 
Crazy 
Woman 
Creek 

Water-Based 
Recrea t ion and 
Reservoir Fishery 

Cold-water fish
eries, recreation 
potential asso
ciated with Big 
Horn National 
Forest 

Cold water fish
eries, water
based recreation 

Cold/warm water 
fisheries, water
based recreation 

Cold/cool-water 
fisheries, water
based recreation 

~/ Further study be i ng cons idered by ,.vwDC. 

tion. The estimated annual costs of firm yield, assuming a 10 
percent amortization rate and an allowance for annual operation 
and maintenance costs, is S34fi/ac-ft as shown below: 
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Total 
Investment Annual Annual Unit Cost 

Proposed ment Cost Cost Firm of Annual 
Reservoir Jan. 1983 Jan. 1983 yield Firm yield 

($million) ($million) ( ac-ft/yr) (S/ac-ft) 
Buffalo Multi-

purpose 5::,/ 
Enlarged Middle 

Fork with Red 
Fork Diversion 51.5 5.5 37 ,400 148 

Crazy Woman 50.8 5.4 10,800 500 
Lower Clear Creek 119.0 12.4 19,200 646 

TOTAL ( 3 Reservoirs) 221.3 23.3 67,400 346 

~/ Further study being considered by NWDC. 

Water Rights Considerations 

Buffalo Multipurpose Project 

A Level I study was prepared for the Town of Buffalo. The 
study recommended three potential reservoir sites for further 
study: Canyon, Tie Hack and Lynx Park. Water use applications 
for these proposed reservoirs were submitted to the State 
Engineer's Office in December 1982. Additional studies are 
needed to identify a multipurpose project that develops 5,000 to 
10,000 acre-feet of storage. Project purposes would likely 
include municipal, industrial, and agricultural water supply and 
recreation. 

The Buffalo Multipurpose Project envisions the use of two 
existing senior water rights filings. Little Sour Dough (Permit 
No. 7623R, 1940 priority) and Enlargement of Negro Creek Reser
voir (Permit No. 762lR, 1956 priority).l1 These filings have 
been the subject of hearings, lawsuits, State Engineer Orders, 
etc., throughout their history. Although the permit status of 
these filings is still open to question, it is believed that the 
Town of Buffalo holds the Little Sour Dough Permit and the John
son County Water Users Association holds the Enlargement of Ne
gro Creek Reservoir Permit, with right of first refusal for 
transfer (or abandonment) to the Town of Buffalo. Actual 

l/ This water right yield has a senior position to the majori
ty of Lake DeSmet water rights. Therefore, consumptive use 
of any of the yield associated with the Enlargement of Ne
gro Creek Reservoir would reduce the Lake DeSmet yield ac
cordingly. 

IV-8 



construction of Little Sour Dough Reservoir and the Enlargement 
of the Negro Creek Reservoir apparently are not under considera
tion. Negro Creek Reservoir is located in the Crazy Woman Basin 
but the water supply for the proposed enlargement would origi
nate in the Clear Creek Rasin. 

Once a final site, reservoir size, and attendant yield are 
established during later studies, a petition would have to be 
submitted to the State Engineer's Office to transfer and combine 
the relevant permits and applications. Implementation of the 
project may be contingent upon required legislation to provide a 
legal basis for transferring the water rights to a common site. 

Enlarged Middle Fork with Red Fork Diversion 

The discussion of water rights considerations for this 
project is presented in two parts: 

• Middle Fork Reservoir 

• Enlargement of Middle Fork Reservoir and Red Fork 
Diversion 

Middle Fork Reservoir. The Powder River Reservoir Corpora
tion holds two water storage permits for this project (Permit 
No. 7548R with 1940 priority and Permit No. 7549R with 1970 
priority). Exxon Corporation has an agreement with the permit 
holders to purchase 25,000 acre-feet/year for industrial use 
from the Middle Fork Reservoir. Atlantic Richfield Company has 
an agreement with Exxon to purchase 12,500 acre-feet/year of 
Exxon's supply. 

The firm annual yield of these two permits was estimated 
to be about 31,100 acre-feet/year. If the WG&FD desired minimum 
pool is provided, the yield would be 30,700 acre-feet/year. 
About 25,000 acre-feet/year of yield would be associated with 
the pre-1950 water right (Permit No. 7548R) while the remainder 
is considered associated with the 1970 water right (Permit No. 
7549R), which would provide supplemental supplies to pre-1950 
water rights. Thus the 25,000 acre-feet/year could be trans
ferred outside the basin and would not be subject to the limi
tations of the Yellowstone River Compact. The above uses appear 
to be consistent with planned development and therefore the only 
change required by the State Engineer to facilitate project 
implementation would be granting a permit for the WG&FD minimum 
pool, if this is desired. 

Enlargement of Middle Fork Reservoir and Red Fork Diver
sion. The water rights issues-regarding the enlargement of 
Middle Fork Reservoir ann the Red Fork Diversion may involve the 
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clarification of the Pumpkin application as discussed in Chapter 
III. An alternative, as suggested for the Preferred Plan, is to 
file a new application for the enlargement, and derive the pri
mary yield from the Red Fork Diversion. 

The diversion plans from Red Fork to the Middle Fo~k drain
age assumed three 85 cfs (each) permit filings made by the Pow
der River Reservoir Corporation in 1972 (Permit Nos. 24122, 
24123, and 24124), limited to a maximum of 85 cfs total from the 
diversion system. 

Detailed technical studies and evaluations would be re
quired to refine and optimize the water supply development in 
the Middle Fork and Red Fork reaches. Additionally the effect 
of the proposed project on all existing water users and water 
storage filings would have to be defined. 

The resolution of the Pumpkin application in relation to 
development of the upper Powder River water supplies is the key 
water rights issue. It is anticipated that substantial time, 
effort, and cooperation will be required of the State of Wyoming 
and affected private interests in order to resolve this water 
rights issue along with a decision by the State of Wyoming to 
respond to the offer by the applicants to assign the application 
to the State. 

Crazy Woman Reservoir 

Sunedco Coal Company holds a water storage permit for the 
proposed Crazy Woman Reservoir (Permit No. 73l5R) with a 1967 
priority date. This is a senior position after the proposed 
Buffalo Multipurpose Project (Little Sour Dough and Enlargement 
of Negro Creek Storage permits) and the proposed Enlarged Middle 
Fork with Red Fork Diversion (Middle Fork permits, Pumpkin stor
age applications (or a junior storage permit), and three diver
sion permits). The intended water use is for potential synfuel 
development possibly associated with Sunedco's coal resources in 
the area. The potential plant location is not known (nor is it 
included in DEPAD's Mineral Development Monitoring System) but, 
according to Sunedco, the plant would likely consume 5 to 10 
million tons of coal annually while requiring 12,500 to 25,000 
ac-ft/yr of water. 

The estimated yield of the proposed Crazy Woman Reservoir 
is 10,800 ac-ft/yr. The yield would increase by about 2,300 
ac-ft/yr if all supplemental supplies to pre-1950 water rights 
are not developed in the Upper Crazy Woman watershed (e.g. the 
proposed Doyle Creek project as discussed in Chapter VIII). 
Therefore, a yield of about 13,000 ac-ft/yr is possihle and that 
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would coincide with the lower end of the range of project sizes 
contemplated by Sunedco. 

~id/Lower Clear Creek Reservoir 

There are three applications for storage on lower Clear 
Creek: 

Proposed Reservoir 
Application 

Number Priority Date 

Tex Ellis 
B.C.L. 
Lower Clear Creek 

21 3/138 
22 3/154 
24 2/42 

1972 
1976 
1981 

All applications were made by Cadiz Corporation, but no permits 
have been issued. 

There are additional applications that are senior to some 
of the Lower Clear Creek applications and may influence any 
development after the Crazy Woman Project. They are: 

Proposed Application Priority 
Reservoir A12Erol2riator Number(s) Date 

Fence Creek Utah International 21 1/281 1973 
Gihbs Mr. R.M. Gibbs 21 12/340 & 1974 

21 2/390 
Moorhead Intake Water Company 21 4/384 1974 

No permits have been issued for the above reservoirs. 

The proposed Fence Creek Project is intended to use a por
tion of Montana's entitlement under the Yellowstone River Com
pact. The project envisions diverting and pumping water from 
the Powder River, at a point upstream from the stateline, and 
storing the water in an off-channel reservoir in the Fence Creek 
Valley. The stored water would be conveyed to Montana from the 
reservoir. The sizing of the reservoir and other hydraulic 
structures was basen on the assumption that all senior priority 
storage facilities (Middle Fork, Crazy Woman, Pumpkin, and Tex 
Ellis) were developed. 

Because the intended use is in Montana, the Fence Creek 
project was not specifically analyzed during these Level I 
studies. However, as indicated in Chapter III, under the alter
native scenarios for the resolution of the Pumpkin permit appli
cation, the proposed reservoirs downstream from the Pumpkin site 
(Tex Ellis, Gibbs, Moorhead, etc.) would have an improved water 
yield. The Fence Creek yield should not be adversely affected 
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by transferring a portion of the Pumpkin storage to the upper 
reaches of the Powder River, since the project would use Montana 
Compact water. The proposed Fence Creek Reservoir, because of 
its relative senior position, would reduce the yield of 
Montana's share of the proposed Moorhead Reservoir. 

As indicated above, the water storage filings situation is 
very complex after the Crazy Woman storage permit with its 1967 
priority date. The Tex Ellis applicant holds the senior water 
storage filing in the Lower Clear Creek/Lower Powder River area, 
and therefore merits careful consideration. However, other 
water storage permit applicants in the area may warrant consid
eration in a possible joint-venture project that would develop 
the water supply in a cost-effective manner if found to be in 
the best interests of the state of Wyoming. The Compact water 
available to these potential downstream projects is dependent 
upon the disposition of the Pumpkin filing. Therefore it would 
appear advantageous to delay further consideration of the proj
ects until the resolution of the Pumpkin filing is accom
plished. 

Consideration of Instream Flow Requirements 

The effects of assumed levels of instream flows on project 
yields and unit costs of yields have been evaluated. As dis
cussed in Chapter II, the assumed minimum flow criteria are 0, 
10, and 33 percent of the average annual depleted flows at a 
given dam site. The effects on the three major reservoirs of 
the Preferred Plan are summarized below: 

Assumed Minimum 
Flow Provision 

0% 
10% 
33% 

Firm Annual 
Yield 

(ac-ft/yr) 

67,400 
61,900 
46,800 

unit Cost of 
Firm Annual Yield 

(S/ac-ft) 

346 
372 
498 

Additional data are presented in Chapter VIII. 

Identification of Priority Projects 

Aside from the Town of Buffalo, there is no immediate need 
for water supply in the Basin. The Buffalo water supply system 
does experience some water shortages during the summer requiring 
the City to impose water rationing on the residents by limiting 
lawn and garden irrigation. If the 1950's drought were to be 
repeated, water shortages would be more severe. 
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Two priority projects have been identified: 

• Ruffalo Multipurpose Project 
• Enlarged Middle Fork Project 

The proposed Buffalo Multipurpose Project, if implemented, 
would provide a long-term, reliable municipal water supply. 

The proposed Enlarged Middle Fork Reservoir was identified 
as a priority project for the following reasons: 

• A portion of the project holds a pre-1950 storage 
permit. Any industrial water developed could be 
utilized outside the Powder River Basin. A demand for 
water south of Gillette could be met with this proj
ect. 

• There are no large storage projects in the southern 
portion of the Powder River Basin. Lake DeSmet is 
available to meet large industrial demands in the 
northern part of the hasin. 

• The proposed project would provide an efficient, cost
effective means of developing the better-quality water 
in the hasin. 

• A step in the development of this project may include 
resolving the Pumpkin filing, and thereby clarify the 
position of potential developers with applications 
junior to the Pumpkin filing. 

• The proposed project, with the potential diversion 
from Fed Fork, would facilitate a staged development 
in the upper reaches of the watershed. In this situa
tion, only a portion of the costs need to be initially 
expended. Depending on future water needs, the proj
ect could be expanded in a timely manner to meet fu
ture water demands. 

• The proposed project would not preclude development of 
any potential downstream project: Crazy WOIP.an, Lower 
Clear Creek area, or Moorhead. 

Implementation of Priority Projects 

Implementation of the Buffalo Multipurpose Project and the 
Enlarged Middle Fork Project would require about 6 and 10 years 
respectively, as shown on Exhibits 8 and 9. The major items re
quired for project implementation are briefly discussed below. 
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Buffalo Multipurpose Project 

Water Use Permitting. As indicated earlier in this chap
ter, the status of the Little Sour Dough and Enlarged Negro 
Creek permits is complicated due to the many State Engineer's 
Orders, sales and assignments of filings, and court decisions. 
An early step in project implementation would be addressing 
these issues. Legislation may be required to provide a legal 
basis for transferring the water rights to a common site. 

WG&FD Field Studies. Field studies would be undertaken by 
the Wyoming Game and Fish Department. Their evaluations would 
provide input to analyzing the effects of the proposed reservoir 
on fish and wildlife resources and would indicate the potential 
for using the reservoir for fisheries purposes. They would also 
provide site specific requirements for minimum pools and minimum 
flows. 

Participation of National Forest Service. The proposed 
reservoir may be located within the Big Horn National Forest. 
Therefore early participation of the National Forest Service 
(NFS) is essential. The Bighorn Mountains are a popular recre
ation area, and any proposed reservoir should consider the in
creased need for water-based recreation. 

Land Acquisition and Right-of-Way. This activity comprises 
identification of land ownership and purchasing the land or 
obtaining a construction and/or permanent easement. Experience 
indicates the NFS will require an EIS before granting a special 
use permit in reservoir right-of-way. 

Permitting. Federal, state and local entities require per
mits and approvals for all phases of water project implementa
tion. As shown on Exhibit 8, permitting activities, including a 
water use permit, involve a major effort in project implemen
tation. 

The majority of state permits would be processed through 
the State Engineer's Office: 

• Water rights permit (discussed above) 
• Temporary water rights for construction activity 

Since it is likely that the proposed reservoir would be 
considered a major action with potential impacts to air and 
water quality, aquatic and terrestrial ecology, etc., an Envi
ronmental Impact Statement would be required. This and other 
major federal permits required are listed on Table IV-2. 
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Federal 
Legislation 

F~~PC~/ 
Section 401 

FWPCAa / 
section 
404(h) (1) 

NEP~/ 

NPDES 

Table IV-2 

MAJOR FEDERAL PERMITS REQUIRED FOR 
BUFFALO MULTIPURPOSE PROJECT 

Permitting Requirement 

401 Certificate of 
Water Ouality 

404 Permit 

Environmental Impact 
Statement 

National Pollutant 
Discharge and Elimi
nation System Permit 

Comments 

Permitting authority to 
Wyoming Department of 
Environmental Quality 

Corps of Engineers 

Corps of Engineers may 
be lead agency 

Permitting authority to 
Wyoming Department of 
Environmental Quality 

a/ Federal water Pollution Control Act, 1972. 
~/ National Environmental Policy Act, 1969. 

Permits to cross state highways and county roads are re
quired by the State Highway Department and Board of County Com
missioners, respectively. 

Engineering and Environmental Studies. Initial engineering 
and environmental studies would focus on final site selection. 
The scope and schedule for site selection studies is being con
sidered by the Wyoming Water Development Commission. 

During water use permitting activities, technical support 
would be required. This support would include water yield stud
ies and analyses on effects on other water rights and uses. 

Level II studies would establish the technical, economic 
and financial feasibility of the proposed project. Site map
ping, subsurface exploration, and exploration and testing of 
construction materials would provide the basic data needed for 
project definition. Individual plan components would be opti
mized during these studies. Hydrologic and water supply anal-
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yses would be refined. The costs and benefits, allocation among 
users, financing arrangements, and cash flow analyses would be 
included. 

Level II studies would also include environmental evalua
tions associated with the proposed reservoir. Technical support 
and coordination with the a) WG&FD (regarding site-specific in
stream flow and minimum pools), b) National Forest Service, and 
c) lead agencies involved in permitting would be included. An 
analysis of the impact to the aquatic and terrestrial environ
ment would be undertaken. Possible measures to mitigate adverse 
environmental effects, if any, would be formulated. 

Additionally, during Level II studies, an archaeological 
survey would be undertaken to identify any sites in the project 
area. These sites would be critically analyzed to determine 
their significance and the feasibility of excavation and removal 
to a new location. 

It is anticipated that the Level II study could be under
taken in about nine months. However, assuming that the reser
voir is located in the Big Horn National Forest, an additional 
time period is scheduled to allow for U.S. National Forest Ser
vice input, so that the plan will he compatible with their re
quirements. 

As shown on Exhibit 8, once all permits are issued, land is 
acquired, and project financing is arranged, the project could 
proceed through design and construction. 

Enlarged Middle Fork Project 

Resolution of water Rights. As discussed earlier in Chap
ter III, the most crucial issue in implementation of this proj
ect is the clarification of the Pumpkin permit application. Or 
alternatively, a junior permit application may be filed for ad
ditional storage to regulate the water supply provided by the 
Red Fork Diversion. 

WG&FD Field Studies. Field studies would be undertaken by 
the Wyomin~ Game and Fish Department. An Environmental Impact 
Statement for this project was prepared by the Bureau of Land 
Management (BLM) in 1976, which included data on game and fish. 
This data would be updated during these studies. Recommenda
tions with regard to fisheries would be made. 

Land Acquisition and Right-of-Way. This activity would 
comprise the identification of land ownership and purchasing the 
land or obtaining a construction and/or permanent easement. 
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Permitting. Federal, state and local entities require per
mits and approvals for all phases of water project implementa
tion. As shown on Exhibit 9, permitting requirements, including 
the resolution of the water rights situation, constitute a major 
activity of project implementation. Because this proposed proj
ect is much larger and assumes the development of a water supply 
for a coal conversion facility, the permitting requirements are 
more complex and lengthy than those described for the Buffalo 
Multipurpose Project. 

As discussed above under "Buffalo Multipurpose Project", 
state permits are required for water rights (permanent and tem
porary) and state highway crossings. Additional major State 
permits include: 

• Industrial Development and Siting Act Permit 
• 8asement for State Lands 

Under the Industrial Development Information and Siting Act 
of 1975, as amended by the 1977, 1979, and 1981 Wyoming legisla
tive sessions, a permit is required for constructing and operat
ing an industrial facility, such as a coal conversion plant. 
Also, any components of that facility, e.g. water supply proj
ect, must also be permitted. This permitting is administered by 
the Industrial Siting Administration. 

Because the proposed reservoir would inundate State lands, 
an easement is required. This process is administered by the 
state Land Board. 

The proposed reservoir involves a major action with poten
tial impacts and therefore an Environmental Impact Statement 
(EIS) would be required. The proposed reservoir would inundate 
141 acres of federal lands, and therefore the BLM would be lead 
agency for preparing the EIS. This and other major federal per
mits required are summarized in Table IV-3. 
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Federal 
Legislation 

FWPCA~/ 
Section 401 

FWPCA~/ 
Section 
404(b) (1) 

NEP~/ 

NPDES 

FLPAC/ 

Table IV-3 

MAJOR FEDERAL PERMITS REQUIRED FOR 
ENLARGED MIDDLE FORK RESERVOIR 

Permitting Requirement 

401 Certificate of 
Water Ouality 

404 Permit 

Environmental Impact 
Statement 

National Pollutant 
Discharge and Elimi
nation System Permit 

Right-of-Way for BLM 
lands 

Comments 

Permitting authority to 
Wyoming Department of 
Environmental Quality 

Corps of Engineers 

BLM will be lead agency 

Permitting authority to 
Wyoming Department of 
Environmental Quality 

Bureau of Land Manage
ment (BLM) 

a/ Federal Water Pollution Control Act, 1972. 
b/ National Environmental Policy Act, 1969. 
c/ Federal Land Policy Act 

Engineering and Environmental Studies. A major activity 
would consist of technical support required during clarifica
tion of the water rights issues. This would include hydrologic, 
water supply, and water rights computer analyses. An inventory 
of all water users in the Middle Fork/Red Fork reaches would be 
required. Analyses would be required to demonstrate that cur
rent users are not adversely affected. 

In 1970, a feasibility study was undertaken, and existing 
data on topography, subsurface conditions and borrow material 
characteristics are available for the proposed Middle Fork res
ervoir. Level II studies would be required to update that 
information and document the project feasibility. 
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Level II engineering studies would include: 

• Evaluation of Red Fork diversion (or a separate reser
voir) to maximize water supplies and minimize effects 
on local irrigators. 

• Establishing definite water demands for industrial 
users. 

• Refined hydrologic and water supply analyses. (It 
would be beneficial to reactivate the streamflow gages 
on the Middle Fork Powder River above Kaycee and the 
Red Fork near Barnum.) 

• Consideration of adding hydroelectric power as a proj
ect purpose. 

• Optimization of project components. 

• Economic and financial feasibility. 

• Incorporation of mitigation measures (e.g. provision 
of barriers to prevent upstream migration of undesired 
fish species from the reservoir area). 

Level II studies would include environmental evaluations 
associated with the proposed reservoir. Technical support to 
and coordination with the WG&FD and other agencies associated 
with permitting would be required. The RLM's Environmental Im
pact Statement would be updated. Analyses of the impact to the 
aquatic and terrestrial environment would be undertaken. Possi
ble mitigation measures, if required, would be developed. 

Also during Level II studies, an archaeological survey 
would be required to identify any significant resources in the 
project area. The significance of these resources and the fea
sibility of excavation and relocation would be evaluated. 

It is anticipated that the Level II study could be under
taken in about one year. Additional time would be required to 
incorporate and respond to comments from agencies and interested 
parties and to obtain financing. Then, as shown on Exhibit 9, 
the design and construction could proceed in an orderly 
fashion. 
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Chapter V 

PRESENT AND FUTURE WATER DEMANDS 



Chapter V 

PRESENT AND FUTURE WATER DEMANDS 

Introduction 

Present surface water demands and projected demands to 
2015 are su~marized in this chapter. Groundwater is presently 
utilized in the Powder River Basin for various purposes. How
ever, the demand for groundwater was not specifically addressed 
in this report due to the study emphasis of surface water devel
opment and a resolution of water storage permits and applica
tions. It is anticipated that groundwater will continue to be 
used for rural supplies, supplementing municipal supplies and 
industrial supplies where demand is relatively small and water 
quality requirements are not strict. As indicated in Chapter 
II, a potential, interim groundwater yield is estimated to be 
between 5,000 to 10,000 acre-feet/year. Thus, future large
scale water development in the Powder River Basin will rely on 
surface water as the primary source. 

Within the Powder River Basin, three subbasins (mentioned 
in Chapter I) were evaluated in the water demand analyses. 
These subbasins, shown on Exhibit 2, are: 

1. Upper Powder River 

2. Middle Powder River and Crazy Woman Creek 

3. Lower Powder River and Clear Creek 

The major sectors of water use are municipal, industrial, 
and agricultural (irrigation and livestock). 

The study results are based on review and analysis of 
available reports and data. Consideration was given to past 
projections, planned water uses indicated in the water storage 
permit filings, and federal and state reports on water supply 
for the synfuels industry. More detailed information is pre
sented in Appendix R "Water Demand Projections". 

Present Surface Water Use 

The present surface water diversions within the Powder 
River Basin are estimated to be 132,000 acre-feet/year: of which 
97% is for irrigation. Over one-half of the use is in subbasin 
3 (Lower Powder River and Clear Creek). The water use for all 
sectors of water use and subbasins is presented on Exhibit 10. 
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The present irrigation water demand is as follows: 

Percent of Consumptive Water 
Subbasin Total Use Use Diversion 

(ac-ft/yr) (ac-ft/yr) 

1 29 18,500 37,000 
2 18 11,450 22,900 
3 53 33,750 67,500 

100 63,700 127,400 

The municipal use for water in the Powder River Basin is 
for the towns of Kaycee (100 acre-feet/year) and Buffalo (1,275 
acre- feet/year) • 

The major industrial water use is for the uranium mines 
and crude oil operations near the towns of Kaycee, Midwest and 
Edgerton. Although groundwater is the major source, approxi
mately 100 acre-feet/year of surface water also are utilized. 
The irrigation water use is primarily by the irrigation dis
tricts located in the western portion of the basin. 

water use by livestock is estimated to be as follows: 

Subbasin 

1 
2 
3 

Livestock Water Use 
(ac-ft/yr) 

1,550 
710 
840 

The above values are based on current livestock populations and 
estimated evaporation from stock ponds. 

Projected Surface Water Demand 

Introduction 

The future surface water demand is largely dependent on 
irrigation and industrial needs. For this study, the demand 
projections are based on three assumed levels of growth and 
development: 

Level I - Normal growth and development associated with 
the three proposed coal mines and the proposed 
and active uranium mines in the basin. No in
crease in water use for irrigation. 

Level II - Level I growth plus minimum growth and develop
ment associated with the proposed coal gasifi-
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cation projects. Provision of late~season sup
plemental irrigation water to 80% of irrigated 
lands. 

Level III - Level I growth plus maximum growth and develop
ment associated with the proposed coal gasifi
cation projects. Provision of late-season 
supplemental irrigation water to 100% of 
irrigated lands. 

The demand projections will span a period of 30 years be
ginning in 1985 and ending in the year 2015. It is assumed that 
the current surface water use, identified in the previous 
section, would equal the surface water demand in 1985. 

The projected water demands are limited to demands within 
the Powder River Basin, except one industrial demand outside the 
basin which is associated with a pre-1950 water storage permit. 

Projected Demands 

The projected water demands were estimated to increase from 
less than one percent to 124 percent over current usage, depend
ing on the assumed level of development. The projections are 
detailed in Table V-I, shown graphically on Exhibit 11, and sum
marized below: 

Projected Surface Water Demand 
Level % 

of Increase over 
Year Growth ac-ft/yr Current Use 

1995 I 132,515 0.4 
II 157,605 14.4 
III 201,045 52.3 

2005 I 132,715 0.6 
II 197,965 50.0 
III 225,010 93.2 

2015 I 133,105 0.9 
II 233,970 69.7 
III 295,480 123.9 

The projected demands include municipal, industrial, irrigation 
and livestock uses. The basis for each of these is briefly de
scribed below. 

V-3 



Sub-
Basin Year 

1 1995 

2005 

2015 

2 1995 

2005 

2015 

3 1995 

2005 

2015 

Total 1995 

2005 

2015 

Table V-I 

PROJECTED SURFACE WATER DEMAND 
(acre-feet/yr) 

Level of Muni- Indus- Irri-
Growth cipal trial gation 

I 110 200 37,000 
II 130 200 39,850 
III 160 15,200 43,660 
I 120 200 37,000 
II 170 15,200 42,700 
III 260 30,200 50,320 
I 130 200 37,000 
II 220 15,200 45,540 
III 420 30,200 56,920 

I 85 22,900 
II 85 24,660 
III 85 27,040 
I 85 22,900 
II 85 26,420 
III 85 31,180 
I 85 22,900 
II 85 28,180 
III 85 35,230 

I 1,470 150 67,500 
II 1,690 15,150 72,090 
III 1,940 30,150 79,600 
I 1,n60 150 67,500 
II 2,160 30,150 77,880 
III 2,810 45,150 91,700 
I 2,040 150 67,500 
II 3,260 45,150 83,080 
III 5,220 60,150 103,850 

I 1,580 435 127,400 
II 1,820 15,435 137,200 
III 2,100 45,435 150,300 
I 1,780 435 127,400 
II 2,330 45,435 147,000 
III 3,070 75,435 173,200 
I 2,170 435 127,400 
II 3,480 60,435 156,800 
III 5,640 90,435 196,000 
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Live-
stock Total 

1,550 38,860 
1,580 41,760 
1,600 60,620 
1,550 38,870 
1,605 59,675 
1,650 82,430 
1,550 38,880 
1,630 62,590 
1,700 89,240 

710 23,695 
720 25,465 
740 27,865 
710 23,695 
730 27,235 
7f)O 32,025 
710 23,695 
745 29,010 
780 36,095 

840 69,960 
850 90,380 
870 112,560 
840 70,150 
865 111,055 
895 140,555 
840 70,530 
880 132,370 
925 170,145 

3,100 132,515 
3,150 157,605 
3,210 201,045 
3,100 132,715 
3,200 197,965 
3,305 255,010 
3,100 133,105 
3,255 223,970 
3,405 295,480 



Municipal. The projected demand is for Buffalo and Kaycee. 

For Ruffalo, the future demand was estimated based on the 
following assumptions: 

Level I: 
Level II: 
Level III: 

15 percent increase per decade 
30 percent increase per decade 
60 percent increase per decade 

Level I values were based upon estimates of population growth 
provided by the Buffalo/Johnson County Planning Office and a 
report by lAJestern Water Consultants, Inc. (1982). The Levels II 
and III values are based on the development of one or more coal 
liquefaction plants in the vicinity of Buffalo. 

For Kaycee, the population growth and water demand associ
ated with Level I are related to the existing and proposed ura
nium mines in the area. Levels II and III are based on in
creased energy development in the southern half of Johnson Coun
ty. 

Industrial. The future industrial demand for surface water 
is primarily associated with the coal mining industry. Within 
the basin, three coal mines are currently proposed for develop
ment. They are the Thunderbird Coal Mine (El Paso Natural Gas 
Company), Falcon Coal Mine (Diamond Shamrock), and the Texaco 
Coal Mine. The development of these mines would require about 
235 acre-feet/year and is included under an assumed Level I 
growth. 

The majority of projected water demand for industrial use 
is associated with synthetic fuel development. There are three 
coal gasification/liquefaction plants proposed in the area: 

Proposed Project 

Texaco Coal 
Liquefaction Plant 

Mobil Coal 
Liquefaction Plant 

AReo Coal 
Gasification Plant 

Probable 
Location 

NW of Buffalo 

Near Buffalo 

South of 
Gillette 
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Probable Source 
of Water Supply 

Lake DeSmet 

Clear Creek or 
Crazy Woman Creek 
area 

Proposed Middle 
Fork Reservoir 



The above three plants were identified in the "Mineral Develop
ment Monitoring System" prepared by the Wyoming State Department 
of Economic Planning and Development. An additional synfuels 
plant is proposed by Sunedco Coal Company of Lakewood, Colorado. 
The proposed plant would be associated with the Cordero mine 
located south of Gillette. This proposed plant and attendant 
water demand were identified in the water permit application 
filed in 1967, for the proposed Crazy Woman Reservoir. It is 
possible that this reservoir would be developed for other indus
trial uses within the basin as the water permit holding is sub
ject to the provisions of the Yellowstone River Compact (ex
plained in Chapter II), which prohibit the transfer of water 
out of the Powder River Basin. It should be noted that the 
water storage permit filing for water supply (i.e. Middle Fork 
Reservoir) to the ARCO Gasification Plant (also located outside 
the Powder River Basin) is a pre-Compact water storage permit 
and is not subject to the restrictions of the Yellowstone River 
Compact. 

The estimated annual water demand per plant is 15,000 acre
feet/year for normal production. This estimate includes water 
required for on-site processing and for cooling water for power 
generation required for plant operation. For maximum plant pro
duction, the estimated water usage per plant is 30,000 acre
feet/year. Based on the above assumptions, the projected water 
demand for synfuel development is: 

projected Demand (ac-ft/~r) 
Subbasin 1 Subbasins 2 and 3 Total 

1995 
Level I 0 0 0 
Level II 0 15,000 15,000 
Level III 15,000 30,000 45,000 

2005 
Level I 0 0 0 
Level II 15,000 30,000 45,000 
Level III 30,000 45,000 75,000 

2015 
Level I 0 0 0 
Level II 15,000 45,000 60,000 
Level III 30,000 60,000 90,000 

An additional, small industrial demand is projected for 
Subbasin 1. This additional demand would be for increased pro
duction of crude oil and natural gas and the proposed uranium 
mining operations, located east of Kaycee, Wyoming. 

V-6 



Irrigation. The Level I scenario assumes that ·the irriga
tion demand will remain constant throughout the study duration 
and corresponds with minimal industrial growth. As the indus
trial demand increases, it is expected that there will be a de
crease in the water available for irrigation. This loss will be 
offset, however, by increases in irrigation efficiency. Thus 
for a given water diversion, a greater percentage of the irriga
tion water needs will be satisfied. Corresponding to Level III 
growth, the irrigation water demand is assumed to gradually in
crease to a full-season water supply by 2015. In this scenario, 
it is further assumed that all supplemental irrigable acres 
identified in previous reports will be irrigated. This means 
that 100 percent of the irrigated lands will have a full-season 
water supply. The irrigation water demand for Level II growth 
in 2015 assumes a gradual increase to 80 percent of the full
season water supply. 

Livestock. Within the past decade, there has been a mini
mal increase in livestock production within Wyoming. It is es
timated that increases in crop yields and improved livestock 
feeding and management efficiencies will stimulate a moderate 
increase in livestock production. On this basis, it is assumed 
that the livestock demand, including stock pond evaporation, for 
surface water will remain the same for Level I. A gradual five 
percent increase is assumed in 2015 for Level II. Level III as
sumes a ten percent increase by 2015. 

Evaluation of Demand Projections 

water demand projections have been made that encompass the 
range of possible development scenarios that could arise in the 
Powder River Basin over the next 30 years. The wide range indi
cates the uncertainties and risks involved in making water 
demand projections. A discussion of industrial water demand and 
irrigation water demand is presented below. 

Industrial water Demand. The Wyoming Framework Water Plan 
(1973) indicated a 300% increase in industrial water use for 
Northeastern Wyoming (including the Powder River Basin) by 1980. 
For many reasons, this demand has not yet materialized. 

By 2015, the percent increase in water demand over current 
use is highly dependent upon synfuel development, as indicated 
below: 
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Increase Over Current water Demand ( %) 
Assumed Attributable 
Level of to Synfuel Attributable to 
Growth Development Other Uses Total 

I 0 0.9 0.9 

II 37.9 31.8 09.7 

III 68.2 55.7 123.9 

As indicated above, for assumed Levels II and III, synfuel de
velopment would have a large influence in the development of 
major storage projects in the Basin. 

The implementation of any synfuel project is very difficult 
to predict. Recently, private industry has been at the fore
front of synfuel development. The synfuel project nearest com
pletion in the U.s. is the Union Oil Co. of California's 10,000 
barrel-a-day project on the East Fork of Parachute Creek in 
Colorado's Peceance Basin. The only other synfuel project under 
construction is the Great Northern Plains Coal Gasification 
Plant in North Dakota. 

The current economics of synfuel development are not at
tractive. The world market prices for oil and its derivatives 
are currently at depressed levels and, by some projections, it 
could be well into the 1990's before worldwide oil demand will 
exceed supply. Thus, implementation of potential synfuel proj
ects has been slowed or even cancelled by private developers. 

Three examples of recent project cancellations are: 

• Colony Oil Shale Project in Western Colorado 
• Hampshire Coal Liquefaction Project near Gillette 
• Breckenridge Coal Liquefaction Project in Kentucky 

There is renewed interest in synfuel development by the 
U.S. Synthetic Fuels Corporation, an agency established to 
promote and finance synfuel development. The Synthetic Fuels 
Corporation is considering sponsoring several projects in the 
U.s. A few examples are: 

First Colony Project (peat to methanol), North Carolina 
Four Heavy Oil Projects in New Mexico and California 

The above discussion further evidences the uncertainties 
regarding the future of synthetic fuel developments and the 
attendant water requirements. 
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Irrigation water Demand. There is considerabl~ need for 
late-season irrigation water. However, based on the potential 
irrigation water supply projects discussed later in Chapter 
VIII, the projects do not appear economically attractive to 
irrigators (S125 to S200jac-ft at the head gate). Therefore, 
although a large irrigation need was assumed for the levels of 
growth II and III, this represents a need that probably will not 
be met. 

Requ irements of vJater Storage 
Permit Holders and Applicants 

A water resources inventory questionnaire was sent to water 
storage permit holders and applicants. They were asked to spec
ify the intended use of the developed water and their schedule 
for implementation. The responses essentially indicated: 

• Water primarily would be for uses associated with the 
synfuels industry or as cooling water for thermal 
power plants. 

• Until the resolution of the senior priority permits 
and applications (mainly Pumpkin), project implementa
tion is not contemplated. 
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Chapter VI 

FORMULATION OF ALTERNATIVE PLANS 

The formulation studies were undertaken to identify 
specific alternative plans for further consideration. 

The formulation studies consisted of the following tasks: 

1. Identification of potential reservoir sites, 

2. Comparison and evaluation of individual reservoir 
sites, 

3. Formulation of basin development concepts, and 

4. Identification of alternative basin plans. 

These tasks are described helow. 

Identification of Potential Reservoir Sites 

The Powder River Basin was first studied for reservoir 
development in the early 1900's. Two dam sites identified in 
early studies include Moorhead and Middle Fork Powder River. 
There are numerous water permit applications on file in the 
state Engineer's Office. The 1974 study ("Powder R.iver Storage 
Development") included a reconnaissance of the entire basin, and 
review of available maps and air photos in an effort to identify 
potential reservoir sites. Subsequently, studies have been un
dertaken by energy companies and consultants. A review of the 
above information resulted in the identification of potential 
storage projects as indicated in Table VI-I. 

All potential major storage projects shown in Table VI-l 
have water storage permits or applications in good standing 
except Lower Crazy Woman and Fortification Creek. These sites 
were identified in the 1974 report (ItPowder River Storage Devel
opment"), and were not considered in these studies because: 

1. The projects include pumping water from the Powder 
River which involves high energy costs, rendering the 
projects not cost-effective, 

2. Expected water quality is poor due to large sediment 
and TDS concentrations, and 
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Table VI-l 
POTENrrIAL RESERVOIR SITES 

Permita / Total 
Potential Reservoir Status 

Pre-Yellowstone River compactb / 
1 Little Sour Dough P 
2 Middle Fork Powder River P 

Post-Yellowstone River compactc / 
3 Enlargement of Negro Cr. P 
4 Pumpkin A 

4a Red Fork 
5 Crazy Noman Reservoir 
6 Tex Ellis 

7 Fence Creek Reservoir 
8 Gibbs 

9 tvIoorhead 
10 B.C.L. Reservoir 
11 Norgareidge No. 7 

12 Lower Clear Creek 
13 South Rock Creek 
14 Triangle Park 
15 Little Sour Douah 
16 Camp Comfort 
17 Canyon 
18 South Clear Creek 
19 Lynx Park 
20 Tie Hack 
21 Sour Dough Creek 
22 Lower Crazy Woman 

23 Fortification Creek 

T 
P 
A 

A 
A 

A 
A 
P 

A 
l\ 
A 
A 
A 
A 
A 
1\ 
A 
A 
N 

N 

Storage 
(ac-ft) 

1,600 
41,100 
8,500 

49,600 

13,900 
208,500 
71,700 

280,200 

30,900 
64,300 
46,400 

106,700 
44,SOO 
9,500 

54,000 

564,400 
19,100 

1,200 

231,200 
13,300 

3,000 
1,600 

11,600 
5,000 
5,000 

10,700 
10,000 

4,500 
320,000 

244,000 

Water Source 

Clear Cr. Basin 
t"'iir1dl~ Fork 
Powder R.iver 

Clear Cr. Basin 
Powder River 

Red Fork Pow~er R. 
Crazy Homan Cr. 
Buffalo Cr. & 

C]ear Cr. 
Fence Cr. & Powaer ~. 
Powder R. 

Powder R. 
Clear Cr. 
r·1iddle Fork PO\vder 

R. Casin 
Clear Cr. 
Clear Cr. t.:'.asin 
Clear Cr. Bnsin 
Clear Cr. Rasin 
r.lear Cr. n. . LaSln 
Clear Cr. Basin 
Clear Cr. Basin 
Clear Cr. P.asin 
Clear Cr. Basin 
Clear Cr. Basin 
Crazy \tIloman Cr. 

& Powder R. 

Powder R. & Forti
fication Cr. 

a/ P = Permit issued, A = Application on file, T = Transfer 
petition, N = No application. 

b/ Pre January 1, 1950 Priority Date. 
£/ Post January 1, 1950 Priority Date. 
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3. Water storage permit applications have not.been filed 
in the State Engineer's Office, which further demon
strates the lack of interest in these sites. 

Potential reservoir projects considered in this study are shown 
on Exhibit 5. 

Comparison and Evaluation of Individual 
~servoir SiteS-

Criteria 

A key step in the plan formulation process is the compari
son of the reservoir sites on an individual hasis. Data on the 
proposed projects originate from a wide variety of sources. It 
is important for a Level I Reconnaissance Study to treat all 
proposed reservoirs on an equal, consistent basis to allow for a 
fair comparison, evaluation, and screening. 

Each of the large reservoirs shown on Table VI-I was eval
uated for the following: 

• Active and Total Storage, 
• Reservoir Land Acquisition, 
• Cost, 
• Yield, 
• Unit Costs, 
• Water Quality, 
• Socioeconomic Impacts, 
• Aquatic and Terrestrial Game Impacts, and 
• Ability to Satisfy Wyoming Demand. 

Active and Total Storage. The active storage was obtained 
from the water-storage permit applications. 

The total storage was established for two conditions: 

1. provision of 50-year sediment storage, and 

2. provision of a fisheries pool equal to 25% of the 
total reservoir capacity. 

For the second condition, if the sediment pool was greater than 
25% of the total storage, additional storage for a pool for 
fisheries was not provided. 

During the course of these studies various criteria were 
discussed with representatives of WG&FD. Essentially, each po
tential reservoir and stream must be evaluated on an individual 
basis. It is anticipated that WF&GD will consider the most pro
mising projects during Level II studies. 
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Many operation studies were performed during these studies 
to evaluate the effects of minimum pools and flows for fisher
ies. These studies are presented in Appendix C "Water Re
sources." 

Reservoir Land Acquisition. It was assumed that the land 
would be acquired to the nearest 1/4 section line outside the 
limits of the maximum reservoir elevation. 

Investment and Annual Costs. In estimating preliminary 
costs for projec~omparisons, all potential projects were sized 
using the following criteria: 

• Embankment Dams (side slopes up to 1 vertical to 4 
horizional upstream and 1 vertical to 3 horizontal 
downstream) 

• Sediment storage for 50-year life 

• Spillway capable of passing the Probable Maximum 
Flood 

The embankment slopes indicated above were based on a 
review of dams built in the region, field evaluations and analy
ses of the site foundation and geotechnical conditions. 

A sediment storage of 50 years is consistent with current 
practice so as to provide a long project life. 

The utilization of the PMF for spillway design is consis
tent with current u.s. Corps of Engineers safety criteria~/ 
for large reservoirs (greater than 50,000 acre-feet of storage) 
or high dams (greater than 100 feet). 

One aspect to be studied during Level II evaluations of 
selected reservoirs will be the consideration of using a flood 
less than the PMF for the spillway design. The spillway is a 
major cost item and use of less than the PMF flood will result 
in cost savings. However, before this can be considered, it 
would be necessary to evaluate the risks of and potential dam
ages from dam failure. Therefore, for this Level I study, all 
spillways were sized to pass the PMF. 

The investment costs presented are in January 1983 price 
levels and include an estimated cost of construction and inter
est during construction. The construction costs were estimated 
based on the criteria presented previously and an updating of 
prior estimates using USBR cost indices. The construction cost 

1/ 1972 National Dam Safety Act. 
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estimates included allowances for contingencies (25%).and engi
neering and administration (15%). Interest during construction 
was estimated based on the anticipated duration of project con
struction, a typical S-curve of progress, and an assumed 
interest rate of 10 percent. 

Annual costs were estimated assuming an amortization rate 
of 10 percent and an allowance for annual operation and mainte
nance costs. 

Yield. Annual yields were estimated using the water 
rights/water supply and accounting model described previously 
(and in Appendix C). The yields of the reservoirs assume the 
following: 

• Pre-1950 storage rights are implemented (i.e. Middle 
Fork and Little Sour Dough) 

• Full utilization of Lake DeSmet 

• Full utilization of small reservoirs to supplement 
pre-1950 irrigation rights 

• No other projects with senior rights are implemented. 

Essentially, this provides on-site yields and facilitates com
parison on the basis of unit costs. 

Unit Costs for Storage and Yield. Storage unit costs were 
established by dividing the investment costs by the total reser
voir storage. 

The unit cost per acre-foot of firm yield was obtained by 
dividing the annual cost by the annual firm yield. 

Water 0uality and its Suitability. The expected range of 
water quality at each site, measured in concentration of total 
dissolved solids, is presented on Exhihit 3. 

The classification of water and its suitability for munici
pal, industrial and agricultural use were evaluated at each of 
the reservoir sites. The following criteria were considered 
allowable for surface water supplies in terms of concentration 
of total dissolved solids (TDS): 

• Public water supply (500-750 ppm) 
• Industrial water supply (750-1,500 ppm) 
• Agricultural water supply (750-1,500 ppm) 

Socioeconomic Impacts. Socioeconomic impacts may be nega
tive or positive. The extent of these impacts was assumed to be 

VI-5 



dependent upon the proximity of the proposed reservoirs to popu
lation centers. New reservoir development would likely be" asso
ciated with new industrial facilities which may increase popula
tion in the area. Accompanying the population growth would be 
the increased need for roads, housing, and public services. The 
extent of socioeconomic impacts is also related to the size of 
the proposed development. Large projects m~y have severe impact 
while small projects may have little or no impact. 

Aquatic and Terrestrial Game Impacts. Reservoirs were 
evaluated with respect to any adverse impacts on existing fish 
and wildlif,e, with particular attention to any rare or endan
gered species. Detailed information is presented in ~ppendix 
E. 

Ability to Satisfy Wyoming Demand. This criterion was 
evaluated with respect to the following factors: 

• Geographic location 
• Projected water demands 
• Proposed project purposes identified in the water 

use application 
• Yellowstone River Compact restrictions. 

Matrix Comparison and Evaluation 

A Matrix Evaluation of the individual reservoir sites is 
presented in Exhibit l~. The numerical data were determined ac
cording to the criteria described above. 

For parameters that cannot be readily quantified a rating 
system was utilized: 

Rating 
1 
2 
3 

Severe Impact or Least Suitable 
Moderate Impact or Average Suitability 
Minimum Impact or Most suitable 

These rating criteria are also presented in Exhibit 16, 
where appropriate. 

The ratings for the following parameters are discussed 
below: 

o Water quality 
o Socioeconomic Impacts 
o Aquatic and Terrestrial Game Impacts 
o Ability to Satisfy Wyoming Water Demand 
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~vater Quality. A minimum impact oesignation "3" was 
assigned to waters with TDS concentrations less than the 
criteria listed on page VI-5: a moderate rating designation "2" 
to waters with concentrations within the range listed; and a 
severe designation "111 to waters with concentrations greater 
than those listed. 

Beginning with the reservoir sites in the upper portion of 
the Powder River Basin, the surface water in the Middle Fork 
Powder River would be classified as a calcium-magnesium sulfate 
type with total dissolved solids averaging between 500 and 1,000 
ppm. Concentrations of this magnitude would have a moderate 
impact on ~unicipal use and a minimum impact on industrial and 
agricultural use. The surface water at the Red Fork site is a 
calcium-magnesium sulfate type with total dissolved solid con
centrations averaging less than 500 ppm. Concentrations of this 
magnitude will have a minimum impact on municipal, industrial 
and agricultural use. The Pumpkin, Gibbs and Moorhead reser
voirs on the mainstem of the Powder River would be classified 
as sodium-calcium sulfate types with TDS concentrations greater 
than 2,ono ppm. Thus, the surface water found in the mainstem 
of the Powder River would have severe impacts on municipal, in
dustrial and agricultural use. The Tex Ellis, BCL and Lower 
Clear Creek reservoir sites, which store water from Clear Creek 
ano Buffalo Creek, have surface water classified as calcium
magnesium sulfate type with concentrations less than 500 ppm. 
The concentration of TDS will have a minimum impact on munici
pal, industrial and agricultural uses. 

Crazy '~oman Creek has surface water classified as calcium
magnesium bicarbonate type during high flows with concentrations 
between 500 and 1,000 ppm and calcium-magnesium sulfate during 
low flows with concentrations between 1,000 and 2,000 ppm. Dur
ing the low flow season, the TDS concentrations will have a se
vere impact on municipal use and a moderate impact on industrial 
and agricultural use. The increase in TDS concentration during 
low flow periods in Crazy 1.\70man Creek is due largely to irriga
tion return flows entering the channel. 

Socioeconomic Impacts. The proposed Tex Ellis and Lower 
Clear Creek reservoirs were rated Ill" because they are large de
velopments that would be near two population centers: Buffalo 
and Sheridan. The proposed B.C.L. reservoir is not a large de
velopment and was rated "2". The Gibbs Reservoir may have an 
impact on the population of Arvada but it is not expected to be 
severe. Thus it was rated 11211. The proposed Pumpkin, Middle 
Fork anrl Red Fork reservoirs may increase the industry in the 
area and the population of Kaycee; thus they were rated "2". 
The proposed Crazy Woman Reservoir would probably have a moder-
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ate impact on Buffalo and was rated "2". The construction and 
operation of the proposed Moorhead Reservoir would be in Monta
na. However, the reservoir would inundate significant Wyoming 
lands and was therefore rated "2". 

Aquatic and Terrestrial Game Impacts. At the reconnais
sance level, the wyoming Game and Fish Department (WG&FD) dis
courages any impoundements due to fisheries constraints on 
Class 1 (Nationwide Importance) and Class 2 (Statewide Impor
tance) streams. Middle Fork Powder River is a Class 2 stream, 
as are the Clear Creek reaches located in the Big Horn National 
Forest. Red Fork and Sour Dough Creeks are Class 3 (Local 
Importance) streams. Other considerations include reservoir 
fishery potential, downstream fishery types, and sedimentation 
rates. 

The proposed Middle Fork and Red Fork sites require more 
data and analyses before an evaluation can be made, hence they 
are rated as controversial. The Tex Ellis, Lower Clear Creek 
and Crazy Woman sites are rated as a "2" and Pumpkin, Gibbs, 
BCL, and Moorhead are rated as a "1" based on information pro
vided in Table VIII-l (Chapter VIII). 

In regard to game impacts, all sites are rated as a medium 
("2") impact until further work is completed. It is important 
to recognize that some sites may fall within the severe "1" im
pact due mainly to the possibility of occurrence of bald eagle 
wintering habitat and prairie dog and black footed ferret habi
tats. 

Ability to Satisfy Wyoming Water Demand. Essentially, 
reservoirs in the upper reaches of the Basin have a better 
probability of meeting potential uses in Wyoming than projects 
near the Montana-Wyoming border. Reservoirs located in the 
Lower Powder River and Clear Creek Subbasin were rated "1". The 
Middle Fork Reservoir is located in the upper reaches of the 
Basin and, with is pre-1950 storage permit, can meet out-of
basin demands. This site was rated "3". The Red Fork site, 
located in the upper reaches of the basin, was also rated "3". 
All other sites were rated "2". 

Comparison of Selected Reservoir Sites 

The geographic location and proposed capacities of the 
larger sites facilitate a comparison among several sets of 
sites that can be considered mutually exclusive. For example, 
the Lower Clear Creek drainage cannot support three reservoirs 
the size of Lower Clear Creek, BCL and Tex Ellis. A comparison 
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was made to select the more cost effective sites from. among 
those identified in the following three river reaches: 

• Lower Clear Creek 
• t1ainstem Powder River 
• Middle Fork Powder River 

Lower Clear Creek. Three potential reservoirs are under 
consideration in the Lower Clear Creek reach: 

• Tex Ellis 
• B.C.L. 
• Lower Clear Creek 

The proposed B.C.L. and Lower Creek reservoirs are located on 
Clear Creek. Tex Ellis is located on Buffalo Creek (a tributary 
of Clear Creek) but its water supply is obtained from Clear 
Creek through a pumping plant and pipeline. 

All three projects would have similar water quality, and 
socioeconomic and environmental impacts. Therefore, a compari
son is made on a unit cost basis as follows: 

Unit Cost 
of Firm 

Total Annual 
Proposed Storage Annual Yield Annual Cost yield 
Reservoir (1000 ac-ft) ( ac- ft/yr) ( S mill ion/yr) (S/ac-ft) 

( a) ( b) ( a ) ( b) ( a) ( b) ( a) ( b) 

Tex Ellis 4R.2 61.5 17.7 17.1 11.0 11.5 621 673 

R.C.L 29.3 29.3 9.6 9.6 4.0 4.0 417 417 

Lower Clear 
Creek 238.S 302.4 32.8 30.3 1R.6 1R .9 567 624 

Mid/Lower 
Clear Creek 134.0 164.0 26.9 26.1 10.1 12.0 375 460 

a/ storage for 50-year sediment deposition is provided 
~/ Fisheries pool of 25% of total storage is provided 

The above table shows an additional potential reservoir: 
"Mid/Lower Clear Creek". This would be a reservoir with a res
ervoir storage capacity between that of the proposed B.C.L 
and Lower Clear Creek Reservoirs. The 1974 report "Powder River 
storage Development" indicated that the best site is the pro-
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posed Lower Clear Creek Reservoir with a storage capacity of 
238,500 acre-feet. A water permit application was filed on this 
site in 1981. However subsequent to the 1974 studies, Lake De
Smet was enlarged and attendant improvements were implemented 
in the Clear Creek Drainage. Therefore, under the present water 
supply situation, a 238,500 acre-foot reservoir probably cannot 
be justified. During the 1974 studies, an additional site was 
identified upstream from the proposed Lower Clear Creek site. 
In that study, the upstream site was identified as an alterna
tive to the Lower Clear Creek site and to be considered only if 
the Lower Clear Creek site was judged as non-developable (which 
was not the case). It is anticipated that a smaller reservoir 
could be developed at the upstream site. An additional 
advantage of the upstream site would be that it would be located 
outside the area designated as containing strippable coal 
deposits.~1 This possibility will be investigated during 
Level II studies. 

Thus it is concluded that the most attractive project in 
the lower reaches of Clear Creek would most likely consist of a 
reservoir with a storage greater than the proposed R.C.L. reser
voir but less than that of the proposed Lower Clear Creek Reser
voir. 

Mainstem Powder River 

There are three potential reservoirs on the mainstem 
Powder River: 

• Pumpkin 
• Gibbs 
• Moorhead 

All three reservoirs would provide generally poor water quality, 
require a long embankment, inundate large areas of land, and a 
good portion of the total reservoir storage would have to be 
allocated to sediment storage. A cost comparison of the proj
ects is presented below: 

!I Energy Resources Map of the Powder River Basin, USGS Map 1-
847-A, Compiled by W. R. Keefer and P. W. Schmidt, 1973. 
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Unit Cost 
of Firm 

Total Annual 
Proposed Storage a/ Annual yield Annual Cost Yield 
Reservoir (1000 ac-tt) (1000 ac-ft/yr) ($ million/yr) ($/ac-ft) 

Pumpk in 
Gibbs 
Moorhead 

(\'Vyom ing 
Portion).!2/ 

360.5 
195.0 
211.0 

31.6 
10.8 
35.0 

27.9 
9.4 
4.2 

a/ Includes allowance for 50-year sediment storage. 
~/ Values shown represent Wyoming's 42% share. 

880 
870 
120 

As indicated above, Moorhead is the most cost-efficient project. 
However, this project, being located at the Wyoming-Montana 
border, is generally downstream from many possible areas of 
water use and would require Montana to contribute 58 percent of 
the cost. The project would be of considerable benefit to 
Montana. In addition to providing Montana's share (58~) of the 
water supply, the project would offer the following additional 
benefits to Montana: 

1. The reservoir would mainly inundate Wyoming lands. 

2. Flood control benefits would be provided to downstream 
reaches in Montana. 

3. Sediment-free discharge would provide clear water in 
the river for several miles downstream in Montana.l/ 

Thus, it appears that Moorhead would be a good project com
pared to other mainstem projects. 

Middle Fork and Red Fork Powder River 

Three potential reservoir developments were identified for 
the Middle Fork and Red Fork Powder River area: 

• Middle Fork Powder River Reservoir 
• Enlarged Middle Fork Powder River Reservoir 
• Red Fork Reservoir 

l/ USBR "Reconnaissance Report on Moorhead Unit", October 1969. 
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All projects are located in the upper reaches of the Pow
der River Basin. The Middle Fork Reservoir has a Pre-YRC 
storage permit. The Middle Fork enlargement involves an 
additional 30,900 acre-feet of active storage. The Red Fork 
reservoir was identified in a petition by Exxon to transfer a 
portion of the Pumpkin storage amount (Post-YRC) to this site. 

A unit cost comparison is presente<i below: 
Unit Cost 
of Firm 

Total Annual 
Proposed storage Annual Yield Annual Cost Yield 
Reservoir (1000 ac- ft) ( ac- ft/yr) ($- million/yr) ( S/ac-ft) 

(a) ( b) (a) ( b) ( a ) (h) ( a) ( b) 

Middle Fork 47.6 62.3 31.1 30.5 4.1 4.5 132 148 

Enlarged 
Middle Fork 78.4 103.4 32.2 31.6 4.9 S.4 lS2 171 

Red Fork 30.7 40.1 8.0 7.8 2.3 2.5 281 321 

a/ Storage for SO-year sediment deposition is provided 
£/ Fisheries pool of 2S% of total storage is provided 

As indicated above, the Middle Fork Reservoir is the most 
cost-effective. However all reservoir devAlopment appears to be 
as or more cost-effective than reservoirs in the lower reaches 
of the Basin and the water quality is generally better than that 
in the lower reaches. Therefore it would appear advantageous to 
consider full development in this reach, by combining reservoirs 
and considering a potential diversion from Red Fork to the Mid
dle Fork Powder River. The Red Fork Diversion is a Post-YRC 
permit issued to the Powder River Reservoir Corporation. 
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Full nevelopment scenarios are compared below: 

Unit Cost 
of Firm 

Total Annual 
Proposed Storage Annual yield Annual Cost Yield 
Scenario (1000 ac- ft) ( ac- ft/yr) ($ mill ion/yr) ($/ac- ft) 

(a) ( b) (a) (b) (a) (b) (a) (b) 
Enlarged 
Middle Fork 78.4 103.4 32.2 31.6 4.9 5.4 152 171 

Middle Fork 
& Red Fork 78.3 102.4 39.1 38.3 6.4 7.0 164 183 

Enlarged 
Middle Fork 
& Red Fork 109.1 143.5 40.5 39.8 7.2 7.9 178 198 

Enlarged Mid-
dle Fork with 
Red Fork Di-
version 78.4 103.4 39.7 39.2 5.2 5.7 131 145 

a/ storage for 50-year sediment deposition is provided 
£/ Fisheries pool of 25% of total storage is provided 

As indicated above, the Enlarged Middle Fork Reservoir with 
a diversion from Red Fork results in the most cost-effective 
scheme. Additionally, this scheme offers an opportunity for 
staged development. In this case, the reservoir could be con
structed first and the diversion could be constructed later to 
coincide with growth in water demand. 

Development Concepts 

Four development concepts were identified in cooperation 
with the WWDC and the State Engineer. These concepts cover the 
broad spectrum of potential development under various physical 
and legal assumptions. The concepts are: 

1. Storage developed in accordance with the strict prior
ity of water storage permits and applications. 

2. Storage developed in accordance with the strict prior
ity except a part of the storage amount for Pumpkin 
Reservoir would be transferred to Red Fork and the re
mainder wouln be abandoned. 
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3. Storage to develop unappropriateri YRC water would be 
located on the major tributaries of the Powder River. 

4. The major storage facility to develop unappropriated 
YRC water would be located on the mainstem Powder 
River. 

Identification of Alternative Plans 

One basin plan has been identified for each development 
concept. 

All plans include a development to meet the future munici
pal supplies for Buffalo and development at Middle Fork. De
pending on the development concept, the plans include pre-YRC 
and post-YRC allocations if possible. Inclusion of these de
velopments provides a more complete and realistic basin plan. 

Alternative 1: Strict Priority of Water Storage Permits and 
Applications 

Alternative I includes the implementation of the proposed 
reservoirs in the strict priority of their water storage permit 
application filing dates and in the locations as filed. As 
shown on Exhibit 12, this plan would include the following res
ervoirs: 

Project Name 

la Little Sour Dough 
2a Middle Fork Powder River 

lb 
3 
4 
3a 
5 

Enlargement of Negro Creek Reservoir 
Pumpkin 
Crazy Woman 
Enlargement of Pumpkin 
Tex Ellis 

Post-YRC Subtotal 

Total 

Category Firm yield ~I 
(ac-ft/yr) 

Pre-YRC 
Pre-YRC 

Post-YRC 
Post-YRC 
Post-YRC 
Post-YRC 
Post-YRC 

bl 
30-;500 
30,500 

bl 
31-;600 

3,700 
3,400 
7,000 

45,700 

76,200 

~I Assumes that the larger of a minimum pool for fisheries or 
50-year sediment storage is provided. 

bl Further study needed as potential water supply for Town of 
Buffalo. 
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Under this alternative, the following reservoirs would have no 
or minimal firm yield because of water supply limitations and 
reservoir evaporation during long carry-over periods: 

Gibbs 
Moorhead 
B.C.L 
Morgareidge No. 7 
Lower Clear Creek 
South Rock Creek 
Triangle Park 
other junior applications 

Alternative 2: Strict Priority Except Transfer of a Portion of 
the Pumpkin Storage Amount 

Alternative 2 is similar to Alternative 1 except that a 
portion (30,900 ac-ft) of the Pumpkin storage amount indicated 
in the permit application is transferred to the proposed Red 
Fork Reservoir. The remainder (249,300 ac-ft) was assumed to 
be abandoned. 

A 1982 petition has been made by Exxon to transfer a por
tion of the storage amount to the Red Fork site. It was pre
sumed for consideration of this alternative that the State Engi
neer could consider and grant such a petition. A recent State 
Supreme Court decision concerning the Green River Supply Ditch 
may affect the possibility of the State Engineer granting such 
a petition. 
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As shown on Exhibit 13, the plan would include the follow
ing reservoirs: 

Proj ect Name Category Firm yield al 
(ac-ft/yr) 

la Little Sour Dough 
2 Middle Fork 

Pre-YRC Subtotal 

lb Enlargement of Negro Creek 
3 Red Fork 
4 Crazy Woman 
5 Tex Ellis 
6 Gibbs 
7 Lower Clear Creek 

Post-YRC Subtotal 

Total 

Reservoir 

Pre-YRC 
Pre-YRC 

Post-YRC 
Post-YRC 
Post-YRC 
Post-YRC 
Post-YRC 

bl 
30-;500 
30,500 

bl 
7,800 
9,300 

14,900 
1,600 
7,300 

40,900 

71,400 

~I Assumes that the larger of a minimum pool for fisheries or 
50-year sediment storage is provided. 

bl Further study needed as potential water supply for the Town 
of Buffalo. 

Under this alternative, the following reservoirs would have no 
or minimal firm yield: 

Moorhead 
South Rock Creek 
Trangle Park 
Morgareidge No. 7 
Other junior rights 

Alternative 3: Post-YRC Development ~ Powder River Tributaries 

Alternative 3 includes the implementation of projects that 
were found to be the most attractive from water quality, water 
supply, cost-effectiveness, and environmental standpoints. This 
alternative assumes rejection of the Pumpkin permit application 
and petition for transfering portions thereof. The Red Fork 
Diversion could be constructed and could divert water under its 
existing priority for regulation in an enlargement of the pro
posed Middle Fork project under a current priority date. Crazy 
Woman Creek and Lower Clear Creek projects could be constructed 
under the existing permit and applications for permit. 
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As shown on Exhibit 14, this plan would include the follow
ing reservoirs: 

Project Name 

la Buffalo Multipurpose 
2a Middle Fork Powder River 

Pre-YRC Subtotal 

lb Buffalo Multipurpose 
2b Enlargement of Middle Fork and 

Red Fork Division 
3 Crazy T'voman 
4 Mid/Lower Clear Creek 

Post-YRC Subtotal 

Total 

Ca tegory 

Pre-YRC 
Pre-YRC 

Post-YRC 

Post-YRC 
Post-YRC 
Post-YRC 

Firm yield a/ 
(ac-ft/yr) 

b/ 
30~500 
30,500 

b/ 

6,800 
10,500 
19,400 

36,700 

67,200 

a/ Assumes that the larger of a minimum pool for fisheries or 
50-year sediment storage is provided. 

Q/ Involves combining Little Sour Dough and Enlarged Negro 
Reservoir permits and transferring to a more favorable site. 
Further study is under consideration by WWDC. 

Alternative 4: Post-YRC Development on Mainstem Powder River 

Alternative 4 is similar to Alternative 3 except that the 
proposed Moorhead Project is included in lieu of the proposed 
Crazy Woman and Mid/Lower Clear Creek Reservoirs, as shown on 
Exhibit 15. Moorhead Reservoir was included because it is the 
most cost-effective reservoir on the basis of cost per unit of 
yield. Inclusion of water transportation costs to the areas of 
use might result in the selection of another mainstem reservoir. 
The water rights actions involved in this alternative would in
clude rejection of the Pumpkin application and transfer peti
tion, cancellation of the permit for Crazy Woman, and rejection 
of several applications in favor of Moorhead. Presumably, the 
reasons for cancellation and rejection could include lack of 
diligence, incompleteness or noncompliance with statutes and 
regulations, and findings regarding the public interest. 
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The plan would include the following reservoirs: 

Project Name 

la Buffalo Multipurpose 
2a Middle Fork Reservoir 

Pre-YRC Subtotal 

lb Buffalo Multipurpose 
2b Enlargement of Middle Fork and 

:Red Fork Diversion 
3 Moorhead 

Post-YRC Subtotal 

Total 

Category 

Pre-YRC 
Pre-YRC 

Post-YRC 

Post-YRC 
Post-YRC 

Firm yield 
(ac-ft/yr) 

bl 
30,500 
30,500 

.£1 
8,000 

34,300 

42,300 

72,800 

~I 

al Assumes that the larger of a minimum pool for fisheries or 
50-year sediment storage is provided. 

bl Involves combining Little Sour Dough and Enlarged Negro 
Reservoir permits and transferring to a more favorable site. 
Further study is under consideration by ~MDC. 

VI-IS 



Chapter VII 

EVALUATION OF AL TERNATIVE PLANS 



Chapter VII 

EVALUATION OF ALTERNATIVE PLANS 

The four alternative plans identified in Chapter VI have 
been evaluated on the basis of water yield and cost, environ
mental and socioeconomic impacts, water quality, and water de
mand. An Evaluation Matrix of each alternative is presented 
on Exhibits 17 to 20. The matrices present key parameters for 
each alternative and rating criteria (I to 3) to indicate the 
relative significance of certain aspects, such as socioeconomic 
impacts, that are not readily quantifiable. The rating criteria 
used are as follows: 

Rating 
1 
2 
3 

Severe impact or least suitable 
Moderate impact or average suitability 
Minimum impact or most suitable 

The four alternative plans are presented on Exhibits 12 to 
15, respectively. A tabular summary of the reservoir projects 
associated with each alternative is presented in Table VII-I. 

All alternatives include a small water supply project to 
provide a dependahle water supply for the Town of Buffalo 
(termed Buffalo Multipurpose Project or Little Sour Dough and/or 
Enlargement of Negro Creek Reservoir in the Evaluation Matrices, 
Exhibits 17 to 20). A separate study to define the preferred 
storage development site is under consideration by WWDC. The 
currently available information is included on the exhibits; 
however, because it is incomplete, the project is not included 
in the evaluation of alternative plans. 

The discussion of the evaluation of the alternatives in
cludes the following: 

• water Yield and Costs 
• Archaeological Impacts 
• Instream Flows 
• Socioeconomic Impacts 
• Terrestrial Game Impacts 
• Fisheries Impacts 
• Cumulative Water Quality Impacts 
• water Demand 
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Reservoir 
No. 

I 

2 

3 

4 

5 

6 

7 

Table VII-l 

SUMMARY OF ALTERNATIVES 

Alter- Alter- Alter-
native 1 native 2 b/ native 3 

Buffalo Buffalo Buffalo 
Water a/ Water a/ Water a/ 
Supply- Supply- Supply-

Middle Middle Enlarged 
Fork Fork Middle 

Fork with 
Red Fork 
Diversion 

Pumpkin Red Fork Crazy 
Woman 

Crazy Crazy Mid/Lower 
Woman Woman Clear Creek 

Tex Ellis Tex Ellis 

Gibbs 

Lower Clear 
Creek 

Alter-
native 4 

Buffalo 
Water a/ 
Supply-

Enlarged 
Middle 
Fork with 
Red Fork 
Diversion 

Moorhead 

~/ Buffalo Multipurpose Project, further study is needed. 
Likely project is a 5,000 to 10,000 acre-foot reservoir 
located in the Big Horn National Forest. 

b/ The proposed Moorhead and BCL Reservoirs were originally 
included in the analyses, but they yield no firm water 
supply and therefore were deleted from this alternative. 

Water yields and Costs 

All four alternatives would result in a firm annual yield 
on the order of 70,000 ac-ft/yr including new development of 
both pre- and post-Yellowstone River Compact supplies. The unit 
costs of firm annual yield vary significantly. The yield and 
cost data for each alternative are summarized below: 
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unit Cost 
Alter- Number of Investment Annual of Annual 
native Reservoirs ~/ Cost Firm yield Firm yield 

( S million) (ac-ft/yr) (S/ac-ft) 

1 4 477.7 76,200 646 
2 6 494.3 71,400 732 
3 3 221.2 67,200 345 
4 2 94.1 72,800 137 

~/ Excludes proposed Buffalo Multipurpose Project. 

The alternatives all regulate most of the unused and unap
propriated water identified under the Yellowstone River Compact 
and develop most of the post-YRC yield available at the state 
line as shown below: 

At Locate 

At Wyoming 
State Line 

Alternative 1 
Alternative 2 
Alternative 3 
Alternative 4 

Average 
Annual Unap
propriated 

Water 
(ac-f t/yr) 

123,700 

114,900 

Active 
Storage Firm 

Capacity Annual Yield 
(1,000 ac-ft)(l,OOO ac-ft/yr) 

600 

385 
417 
217 
231 

52 

46 
41 
37 
42 

Percent of 
Maximum 

yield 

100 

8A 
79 
71 
81 

The above data and the additional total cost and unit cost da
ta shown on Exhibits 17-20 indicate some significant cost advan
tages for Alternatives 3 and 4. When considering the location 
of supply and demand, Alternative 3 must be considered more at
tractive. Using simplistic staging assumptions, and computing 
present worth of the investment and costs, Alternatives 3 and 4 
maintain these relative positions; Alternatives 1 and 2 become 
more nearly equal. 

Archaeological Impacts 

Archaeological impacts on a basin-wide basis for all four 
alternatives are considered to be moderate. Only Middle Fork 
Reservoir, which is included in all four alternatives, has been 
studied in detail, while all other sites require archaeological 
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surveys before the significance of any archaeological findings 
can be determined. 

Instream Flows 

Refined instream flow evaluations will not be available un
til further studies are undertaken by WG&FD at selected reser
voirs. A general guide for any potentially affected stream cur
rently supporting trout fisheries should be 33 percent of aver
age flow, according to WG&FD. However, as discussed in Chapters 
II and VIII, no minimum flows were assumed for the initial eval
uation of alternatives because of the probable intent of pending 
legislation. An assumed range of minimum flows were evaluated 
for Alternative 3 and are presented in Chapter VIII. 

Socioeconomic Impacts 

As discussed in Chapter VI, socioeconomic impacts can be 
positive or negative and are related to the size of the develop
ment and its proximity to population centers. 

Alternative 1 

The proposed Middle Fork and Pumpkin reservoirs are ex
pected to have a moderate socioeconomic impact because of the 
probable increase in the industrial activity in the area and 
the population of Kaycee. The proposed Crazy Woman Reservoir is 
expected to have minimal impact. The proposed Tex Ellis Reser
voir would involve a major reservoir facility located about 40 
miles from both Buffalo and Sheridan; it is expected to have a 
severe impact. Overall the basin-wide impact is considered 
moderate. 

Alternative 2 

Socioeconomic impacts of Alternative 2 are parallel to 
that of Alternative 1 except the Pumpkin Reservoir is replaced 
by three reservoirs. The impacts of the proposed Middle Fork, 
Crazy Woman and Tex Ellis Reservoirs would he the same as dis
cussed above under Alternative 1. A severe impact is expected 
from the proposed Lower Clear Creek Reservoir, similar to that 
of Tex Ellis. The proposed Gibbs reservoir would have a moder
ate impact on Arvada. The Red Fork Reservoir is considered to 
have a minimum effect on the socioeconomics of the area. As in 
Alternative 1, the overall socioeconomic impact of Alternative 2 
on the basin is moderate. 
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Alternative 3 

The socioeconomic impacts of Alternative 3 relate to three 
reservoirs. The Middle Fork reservoir, its enlargement, and the 
Red Fork Diversion are expected to have a moderate impact due to 
industrial activity and proximity to Kaycee. As previously dis
cussed, Crazy Woman would have a minimum impact, while Mid/Lower 
Clear Creek is expected to have a severe impact upon the Buffa
lo/Sheridan vicinity. Again, the overall impact on the basin is 
moderate, although with only three sites to consider, the actual 
socioeconomic impact is less in comparison to Alternatives 1 and 
2. 

Alternative 4 

The socioeconomic impacts of Alternative 4 are similar to 
Alternative 3 except that the Crazy Woman and Mid/Lower Clear 
Creek Reservoirs are replaced by Moorhead Reservoir, which is 
considered to have a moderate impact on the area as discussed 
in Chapter VI. Therefore, the basin-wide socioeconomic impact 
is expected to be moderate. 

Terrestrial ~ Impacts 

The impact of the alternative developments upon game re
sources is evaluated to be moderate until further work is under
taken by the Wyoming Game and Fish Department (WG&FD). Some re
servoirs may impact bald eagle wintering habitats and prairie 
dog and black footed ferret habitat. 

Fisheries Impacts 

An evaluation of fisheries impacts and minimum pool con
siderations is based on WG&FD preliminary criteria and recommen
dations. This evaluation is subject to change depending on fu
ture data collection programs. The evaluation of fisheries in
cludes any impacts on any existing species and the suitability 
of the proposed reservoirs for fisheries purposes. 

The Middle Fork and Red Fork Reservoirs require further 
data to determine if the reservoirs would improve or degrade the 
cold water habitat for fisheries and downstream trout habitat. 

Alternative 1 

Alternative 1 includes four proposed reservoirs which 
have been evaluated by the WG&FD, on a very preliminary basis. 
Pumpkin Reservoir is considered to have a severe fisheries im
pact because rare and sensitive fish species could be affected. 
Pumpkin Reservoir is also considered least suitable for fish-
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eries purposes as it would support only marginal cool/warm water 
species. The Crazy Woman and Tex Ellis Reservoirs could possi
bly be managed as cool/warm water habitats and warm water fish
eries below the dams. These reservoirs are considered to be of 
average suitability for fisheries. Further study is required 
for the Middle Fork Reservoir. Overall, presently available in
formation suggests that Alternative 1 is of average suitability 
for fisheries. 

Alternative 2 

Fisheries impact for Alternative 2 is similar to that of 
Alternative I except for the three additional reservoirs in
cluded in lieu of Pumpkin Reservoir. Red Fork, like Middle 
Fork, requires more information before an evaluation of the 
impact upon trout habitats can be made. Lower Clear Creek, 
like Crazy Woman and Tex Ellis, is of average suitability. 
Gibbs Reservoir, like Pumpkin Reservoir, would potentially 
have a severe impact on rare or sensitive fish species and 
is least suitable for fisheries purposes. Basin wide, this 
alternative is of average suitability for fisheries. 

Alternative 3 

The impact of Alternative 3 upon fisheries is also moderate 
based on the average suitability of both Crazy Woman and Mid/
Lower Clear Creek sites. 

Alternative 4 

The impacts of Enlarged Middle Fork Reservoir and its di
version from Red Fork will not be evaluated for fisheries until 
further data are availahle. Moorhead Reservoir was rated "1", 
the same as other mainstem reservoirs. This reservoir could 
adversely impact rare or sensitive fish species and could sup
port only marginal cool/warm water species. 

Water Quality Impacts 

The preliminary analysis of cumulative water quality im
pacts of the water development alternatives for the Powder River 
basin can be divided into two categories: general and specific. 
The general impacts include those from most or all alternatives. 
Specific impacts are those impacts associated with a single al
ternative. 

General Impacts 

The general impacts are a function of the type and nature 
of the water usage. For example, if the annual firm yield at 
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Middlp Fork is withdrawn from the river system, this would re
sult in a 20% reduction of the Powder River flows below Sussex, 
causing a considerable amount of sediment deposition in the 
lower Powder River reaches. For the purposes of this prelimi
nary analysis, it was assumed that most of the water uses will 
be nearly totally depletive in nature, as explained in Chapter 
I I • 

The most significant general impact results from the stor
age of relatively clear water. Assuming that water is stored 
during high flow periods and released during low flow periods, 
the overall average water quality conditions will degrade: 
yearly average concentrations of sediments and dissolved solids 
will increase in the mainstem Powder River. However, reservoir 
releases may be made during low flow periods and the high con
centrations of total dissolved solids will be diluted. Thus, 
although the average water quality parameters are increasing, 
due to evaporation and consumptive use of the better quality 
water, the severe conditions during low-flow periods would im
prove if there are low flow reservoir releases. Low flow re
leases could be a part of a program to support fisheries or 
simply intended for in-channel transmission to downstream diver
sion points. 

Another significant general impact is that since the rela-
tively clear water is being developed and the sediment loading 
mechanisms along the mainstem Powder River remain unchanged, 
there will be a tendency for aggradation (accumulation of sedi
ments) in the mainstem. This is due to the fact that, consider
ing sediment loading from the clear water tributaries is negli-
gible, the constancy of the sediment loading cannot be trans
ported with less water. This impact may have significant 
environmental as well as socioeconomic repercussions. 

Specific Impacts 

Alternative 1. An important impact due to cumulative ef
fects of Alternative 1 is that Crazy Woman, Pumpkin, and Tex 
Ellis Reservoirs would be stripping the water of sediment and 
thus the lower reaches of the Powder River would be in a state 
of degradation. This would result in headcutting of other 
Powder River tributaries. The effect of Middle Fork would be to 
slightly increase deposition below the confluence with the South 
Fork of the Powder River and above Pumpkin Reservoir. 

Alternative 2. Alternative 2 will have less severe ero
sional impacts in the lower Powder River than Alternative 1 in 
the reach above Gibbs Reservoir and below the Pumpkin Creek con
fluence. The mainstem above Pumpkin Creek would still exhibit 
slight aggradation due to the use of clear water from Middle 
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Fork and Red Fork and the constancy of the loading mechanisms. 
Below the confluence with Crazy Woman Creek, the mainstem would 
exhibit slight erosion and below Gibbs Reservoir there would be 
significant erosion. 

Alternative 3. Alternative 3 would produce similar main
stem depositional-problems as Alternative 2. Also, similar 
mainstem erosion due to Crazy Woman Reservoir would occur as 
in Alternative 2. The significant difference in Alternative 3 
over Alternative 2 is that there would only be slight to modest 
mainstem erosion below the Gibbs site, as this site is not in
cluded in this alternative. 

Alternative 4. Alternative 4 would cause the minimum 
amount of sediment-related cumulative impacts in Wyoming. As 
in Alternatives 2 and 3, there will be slight deposition in the 
rnainstem due to the Middle Fork Reservoir. Since Moorhead is 
the only other major reservoir, and it is in Montana, it will 
cause no sediment-related problems in v~oming, except consid
erable sediment would be deposited in the reservoir. 

Comparison of Alternatives 

The effect of each alternative on the concentration of 
total dissolved solids (TDS) at the Wyoming-Montana stateline is 
addressed in Appendix D. Table VII-2 displays the results of 
the TDS studies. As indicated, the average annual TDS 
concentration will increase from 5 percent (Alternative 1) to 28 
percent (Alternative 3) 

Table VII-2 

CONCENTRATION OF TOTAL DISSOLVED SOLIDS AT THE STATELINE 

Alternative 

Existing Conditions 
1 
2 
3 
4 

TDS Concentration 
(ppm) 

1160 
1212 
1393 
1480 
1299 

It might be added that the standard deviation of TDS con
centration at the stateline is 386 ppm, thus all alternatives 
fall within the most common variability of the existing condi
tions. 
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Water Demand 

General 

In the evaluation of the four alternatives, each alterna
tive was analyzed to determine the extent to which it satisfied 
the present and future water demands identified in Appendix B. 
The evaluation consisted of comparing the basin-wide municipal, 
industrial and agricultural water demand versus the water supply 
of each alternative. 

The projection for industrial water demand presented in 
Appendix B is based on published information. As discussed 
in Chapter V, these projected water demands do not necessarily 
coincide with the plans of the permit holders and applicants, 
which may be confidential or undefined at this time. 

within the basin, the largest demand for municipal water 
is concentrated in Buffalo, the principal urban area. The pres
ent demand for industrial water is centered near Kaycee with the 
uranium mining operations, while the majority of the future 
demand is associated with synthetic fuel developments located 
near Lake DeSmet and south of Gillette. For irrigation, the 
largest single user, water demand is generally restricted to the 
upper portions of the Powder River, Crazy Woman and Clear Creek 
drainage basins. 

As indicated in Table VII-3, it appears that Alternative 3 
is most suited to satisfy the present and future water demands 
in the Powder River Basin. The alternatives are evaluated on 
their ahility to meet the projected water demand (by subbasins) 
below. 

Table VII-3 

WATER DEMAND EVALUATION MATRIX 

Alternative Plan 
Subbasin 1 2 3 4 

1 2 2 3 3 
2 2 2 2 1 
3 2 2 3 2 

Total 6" 6" 8" 6" 

Note: Criteria for Evaluating 
Water Demand: 
1. Least suitable 
2. Average suitability 
3. Most suitable 
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Alternative 1 

In Subbasin 1, the Middle Fork Reservoir could provide the 
water needed to satisfy the majority of the industrial growth 
and could also provide water for industry (synthetic fuel devel
opment) south of Gillette due to its pre-1950 water storage per
mit. This reservoir could also satisfy the municipal demand as
sociated with the Town of Kaycee and provide limited quantities 
of supplemental water for irrigation in the upper Powder River 
basin. Pumpkin Reservoir could provide only limited quantities 
of water for irrigation without transferring large quantities 
to the upper portions of the Powder River. Due to its location 
and post-1950 water right, Pumpkin Reservoir could provide small 
amounts of water to the limited industrial growth within the 
subbasin but could not supplement out-of-basin industrial de
mands. 

In Subbasin 2, Crazy Woman Reservoir could provide sup
plemental water for irrigation in the lower Crazy Woman Creek 
drainage, but could not provide water to the upper reaches 
where most of the irrigable lands are located. It must be 
noted, however, that three existing reservoirs located in the 
upper reaches of Crazy Woman Creek do provide large quantities 
of water for irrigation and will continue to do so in the fu
ture. There is no demand for municipal water in this subbasin 
but potential growth in the industrial water demand could be 
met by the proposed Crazy Woman Reservoir. 

In Subbasin 3, the municipal demand would be satisfied by 
the Buffalo Multipurpose Project. This project could also pro
vide limited quantities of water for small industrial growth in 
Buffalo and supplemental irrigation in the upper Clear Creek 
drainage basin. Tex Ellis Reservoir could provide water for 
supplemental irrigation in the lower Clear Creek drainage ba
sin. The majority of the irrigation demand, however, is gen
erally located in the upper reaches of Clear Creek. Also, due 
to the location of Tex Ellis Reservoir, it is unlikely that it 
would provide water to satisfy any portion of the industrial 
demand in the subbasin. It is assumed, however, that Lake De
Smet would satisfy a large portion of the industrial demand in 
this subbasin. 

In terms of meeting the basin water demand, Middle Fork 
Reservoir could satisfy all of the municipal demand and a major
ity of the industrial demand in Subbasin 1. Pumpkin Reservoir 
could satisfy only a small portion of the irrigation demand. In 
Subbasin 2, Crazy Woman Reservoir could provide the majority of 
the water for potential industrial growth and will supplement 
available irrigation water. The Buffalo Multipurpose Project 
could satisfy the municipal demands in Subbasin 3. Tex Ellis 
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Reservoir could only provide for supplemental irrigation in the 
lower Clear Creek drainage basin. Therefore, additional water 
would need to be developed in Subbasins 1 and 3 to meet the 
projected industrial and irrigation demand. 

Alternative 2 

This alternative also includes the Middle Fork, Crazy Woman 
and Tex Ellis Reservoirs. Their ability to meet the projected 
water demands is discussed under Alternative 1 and will not be 
further discussed. 

In Subbasin 1, the significant difference between this al
ternative and Alternative 1 is that Red Fork is included in lieu 
of Pumpkin. Red Fork Reservoir, due to its location, could add 
additional quantities of water for supplemental irrigation in 
the upper reaches of the Powder River. It could also provide 
limited quantities of water for industrial growth within the 
subbasin. No additional reservoirs are located in Subbasin 2, 
however, the firm yield of Crazy Woman Reservoir has been in
creased significantly. Therefore, more water could be available 
to satisfy industrial demands and supplemental irrigation. In 
Subbasin 3, Gibbs, B.C.L. and Lower Clear Creek Reservoirs have 
been added. All these reservoirs could provide supplemental 
irrigation water for the lower Clear Creek drainage basin but, 
as previously stated, the major irrigation demand is located in 
the upper reaches of Clear Creek. It is also unlikely that 
these reservoirs would provide water for industrial growth in 
the subbasin. 

Therefore, with the addition of Red Fork Reservoir and the 
increased firm yield of Crazy Woman Reservoir, this alternative 
appears only marginally better than Alternative 1 in satisfying 
the basin water demand. 

Alternative 3 

In Subbasin 1, this alternative differs from Alternative 2 
in that an enlarged Middle Fork Reservoir with a diversion from 
Red Fork is included in lieu of the Red Fork Reservoir. The to
tal water supply developed would be increased slightly in these 
reaches, compared to Alternative 1. Crazy Woman Reservoir in 
Subbasin 2 would be able to meet the industrial water demand and 
also provide limited water to satisfy the irrigation demand. In 
Subbasin 3, the Buffalo Multipurpose Project would meet the mu
nicipal water demand and provide small quantities of water for 
industry and supplemental irrigation. It is anticipated that 
Lake DeSmet will supply a large portion of the water associated 
with any large industrial demand in this subbasin. In addition, 
this alternative includes the proposed Mid/Lower Clear Creek 
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Reservoir that would provide more water for industry. Thus, 
with the addition of the enlargement of Middle Fork with the Red 
Fork Diversion and the Mid/Lower Clear Creek Reservoirs, this 
alternative better satisfies the water demand in Subbasins 1 and 
3 and equally satisfies the demand in Subbasin 2 (in relation to 
Alternatives 1 and 2). 

Alternative 4 

This alternative differs from Alternative 3 in that Moor
head Reservoir would be implemented in lieu of the Crazy Woman 
and Mid/Lower Clear Creek Reservoirs. In this case, little ef
fect would be felt on the water supply in Subbasin 1. In Sub
basin 2, the supply for industrial water and supplemental ir
rigation would be reduced unless water is pumped from Moorhead 
Reservoir. Likewise, the water availahle in the Clear Creek 
drainage basin would be reduced with the deletion of the Mid/ 
Lower Clear Creek Reservoir. Although the water yield in Moor
head Reservoir is significant, hy virtue of its location, the 
water would have to be transporteo long distances to satisfy 
potential users in Wyoming. 
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Chapter VIII 

ADDITIONAL CONSIDERATIONS 

Throughout these Phase II studies, numerous investigations 
and analyses were undertaken in an effort to formulate and eval
uate alternative plans. Special concerns were identified during 
the Puhlic Scoping Meeting and the meeting with water use permit 
holders and applicants. Additionally, numerous computer anal
yses were performed in order to provide data to the state Engi
neers Office to assist in water rights decisions. The details 
of the studies are presented in the appendices. Selected 
aspects of the studies are summarized in this chapter: 

• Consideration of Minimum Pools and Flows 

• Consideration of Exchange Potential among Yellowstone 
River Tributaries 

• Additional Alternatives 

Consideration of Minimum Pools and Flows 

Current state laws do not require developers of reservoir 
projects to include provisions for minimum flows and pools, al
though in Enrolled Act No. 44, the WWDC is directed to promote 
optimal development including instream flows and recreation. 
However, minimum instream flow is a major legislative and water 
rights issue in Wyoming. Bouse Bill 103 concerning minimum in
strea~ flow was not passed hy the 1982 Legislature, nor was an 
initiative placed on the November 1982 ballot. Minimum instream 
flow hills were considered by the 1983 Legislature but did not 
pass. The Wyoming Legislature is also expected to consider 
minimum instream flow hills during the 1984 session. Under the 
expecten bills, the Wyoming GaITIe and Fish Department (WG&FD) 
could become a potential buyer of water to use it legally as 
instream flow for fisheries. The bills are not expected to af
fect development in the Powder River Basin if all water rights 
are already appropriated And no sale of water rights is fore
seen. However, WG&FD can still require that instream flow re
quirements, in association with state water development proj
ects, are met to mitigate impacts and protect fisheries. 

Coordination with the Wyoming Game and Fish Department 
was maintained during the studies. For Level I Reconnaissance 
studies the WG&FD normally uses the following criteria: 
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• Minimum Flows - 33 percent of mean annual discharge or 
the natural flow, whichever is less. 

• Minimum Pool - generally 20-40 percent of the total 
storage depending on topography and hottom configura
tion. 

Initial evaluations and comparisons of reservoirs (Chapters VI 
and VII) employed the following criteria: 

1. Minimum Flows - none. 

2. Minimum Pool - 25% of total storage or the sediment 
storage for a 50-year accumulation, whichever is 
greater. 

No minimum flow was assumed in light of the probable intent of 
the pending legislation as discussed above. 

It is recognized that public interest groups, federal agen
cies, environmental organizations, and state agencies may have 
considerable influence in the final design of a reservoir and 
its operation. Also, if the State of Wyoming participates in 
a joint-venture with private industry, provisions for minimum 
pools and flows may be included. In light of these possibili
ties, more site-specifiQ criteria were requested from WG&FD. 

preliminary minimum pool estimates were provided by WF&GD 
and are presented on Table VIII-I. site-specific criteria on 
minimum flows cannot be provided by WG&FD until field studies 
are undertaken on selected development sites. 

To evaluate the effects of minimum pools and flows, water 
yield and cost studies of the Preferred Plan were undertaken for 
a range of criteria. Results are presented in Table VIII-2 and 
Exhibit 21. 

Consideration for Exchange Potential Among 
Yellowstone River Tributaries 

Consideration was given to exchanging water among the Yel
lowstone River tributaries. This scenario would involve the 
following: a) a water supply project developed on a Yellowstone 
River tributary in Wyoming and b) water supply project(s) devel
oped in the Powder River Basin. The projects would be operated 
so that the tributary project would supply water to Montana to 
compensate for use of a portion of Montana's Compact allocation 
(of Powder River supplies) in Wyoming. An exchange agreement 
between the YRC signatory states would be required. 
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Table VIII-l 

PRELIMINARY MINIMUM POOL ESTIMATES 
FOR PROPOSED POWDER RIVER RESERVOIRS 

Approx-
imate 

Approx- Percent Probable 
imate of Ca- Reservoir 

Probable 
Stream 
Fishery 
Type Be-

Reservoir Contour* Acre Feet 2acity Fisher~ low Dam 
(ft,msl) 

Middle Fork 4965 12,900 26 cold water trout 

Red Fork 5100 6,685 22 cold water trout 

Tex ~llis 3698 11,500 20 cold/cool warm 
water water 

Lower Clear 3604 47,800 21 cold/cool warm 
Creek water water 

Crazy Woman 4125 15,850 25 cold/warm warm 
water water 

Pumpkin ** marginal warm 
cool/warm water 
water 

Moorhead ** marg inal in 

Gibbs 

* 

** 

cool/warm Montana 
water 

** marginal warm 
cool/warm water 
water 

Mini~um pool estimates are defined by contour rather than 
percent of capacity and will be the same regardless of 
storage capacity of the reservoirs. 

These reservoirs are undesirable for fisheries purposes re
gardless of roinimum pool size. The WG&FD would attempt to 
manage for cool or warm water fisheries commensurate with 
habitat limitations and Department priorities. Twenty per
cent of active storage may be required for a recreation 
pool. 

VI I 1- 3 



Tahle VIII-2 

EFFECTS OF MINIMUM POOLS AND FLOW CRITERIA 

50-Year Sediment Accumulation!::/ WG&FD Minimum Pool Criteria Minimum Pool = 25% of TotaJ Storage 
Firm Unit Cost Firm Unit Cost Firm Unit Cost 

Total Annual Annual of Firm An- Total Annual Annual of Firm An- Total Annual Annual of Firm An-
ProEosed Reservoir~/Storage yield Cost nual Yielrl Storage Yielrl Cost nual Yield Storage yield Cost nual Yield 

ac-ft ac-ft!yr $million S!ac-ft ac-ft ac-ft !yr Smi Ilion S/ac-ft ac-ft ac-ft!yr Smi llion S!ac-ft 

INSTREAM FLOW REQUIREMENTS 0% 

2 Enlarged Middle 
Fork with Red 
Fork Diversion 78,4()0 37,800 5.2 138 91,500 37,400 5.5 147 103,500 37,400 5.7 152 

3 Crazy Woman 73,900 11,800 5.3 449 80,000 10,800 '5.4 500 84,300 10,500 5.5 524 
4 Min/Lower 

Clear Creek 134,000 21,300 10.1 474 170,800 19,200 12.4 646 164,000 19,400 12.0 619 
TOTAL 286,300 70,900 20.6 291 342,300 67,400 23.3 346 351,800 67,300 23.2 345 

<:: 
INSTREAM FLOW REQUIREMENTS 10% 

H 
H 2 Enlargerl Midrlle 
H Fork with Ren I 
~ Fork Diversion 78,400 34,100 5.2 152 ,)1,500 33,700 5.5 163 103,500 33,700 5.7 169 

3 Crazy Woman 73,900 10,300 5.3 515 80,000 9,400 5.4 574 84,300 9,100 5.5 604 
4 Min/Lower 

Clear Creek 134,000 20,900 10.1 483 170,800 18,ROO 12.4 660 164,000 19,300 12.0 622 
TOTAL 286,300 65,300 20.6 3T5 342,300 61,900 23.3 372 351,ROO 62,100 23.2 374 

INSTREAM FLOW REQ!! I RE~1ENTS 33~ 

2 Enlargen MinnIe 
Fork with Rf>,l 
Fork Diversion 78,400 7'>,000 S.2 208 'H,500 74,rOO 5.5 277 Hn, SOO 24,ROn S.7 230 

3 Crazy WomCln 73,900 1 A, 100 S.3 6')4 An,nOn 7,100 S.4 7f,1 R4,300 7,000 S.5 7R6 
4 t'1id / !,pwpr 

Clpi1r Crppk 134,000 17,100 10.1 5 cn ]70,800 14,Q()O 12.4 837 164,000 15,400 12.0 77~ 

TOTAl. 2R6,300 SO,200 20.6 410 347,300 46,AOO 7.3 . 3 4C)R 3SI.800 47,200 21.2 1)C)7 

<1/ IIllfL,ln Mlllt.ipurpose Project is not included. [.'urlher stu,ly i~; und,,)" "onsi,l('r,-ltioll hy vIWIW. 
f,/ ~!o 1',-ovisillrJ for PllniPlum pool for fisher-ies. 



The potential for increasing the yield of the four reser
voirs of the Preferred Plan was investigated. The Clarks Fork 
of the Yellowstone River, located in north-central Wyoming, was 
selected for the evaluation, mainly because there is a water use 
permit application for a Clarks Fork exchange project. 

To evaluate the effects of a Clarks Fork project on reser
voir yield in the Powder River Basin, two Clarks Fork reservoir 
sizes were assumed resulting in the following: 

Assumed Clarks Fork Reservoir 
Project Size Active storage Firm Annual Yield 

Me(1 i urn 
Large 

(acre-feet) (ac-ft/yr) 

100,000 
235,000 

100,000 
130,000 

The water supply/water rights model was used to analyze the 
effects of a Clarks Fork exchange project on yield of Powder 
River reservoirs. The results are as follows: 

Potential 
Reservoir 

Enlarged 
Middle Pork 
wi th Red Fork 
Diversion 

Crazy Woman 

Mid/Lower 
Clear Creek 

TOTAL 

Increase in Firm Annual Yield (ac-ft/yr) 
Medium Reservoir Large Reservoir 

Instream Flow Allowance Instream Flow Allowance 
0% 10% 33% 0% 10% 33% 

1,000 1,000 600 2,400 1,800 600 

100 o o 600 200 200 

4,100 3,400 2,500 8,200 7,400 2,600 

5,100 4,400 3,100 11,200 9,400 3,400 

Thus a Clarks Fork Reservoir could increase Powder River Basin 
storage project yields on the order of 5,000 to 10,000 acre
feet/year. The cost of providing this additional yield with a 
storage project designed solely for that purpose would be about 
$1800/ac-ft, which does not appear to be a cost-effective means 
for increasing Powder River water supply development. However, 
if a project were constructed for the primary purpose of hydro
electric power where flows are released downstream to Montana, 
the additional yield to Powder River developments could be re
alized at little or no cost. 
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Additional Alternatives 

storage development alternatives to the Preferred Plan were 
investigated during these studies as described in Chapters VI 
and VII. 

In addition, the following additional alternatives were 
considered: 

• Consideration of the Proposed Moorhead Reservoir 
• Small Agricultural Projects 

Consideration of the Proposed Moorhead Reservoir 

The proposed Moorhead daro is located on the Powder River 
just downstream from the Wyoming-Montana stateline, as shown 
on Exhibit 5. The possibility of including Moorhead in the Pre
ferred Plan and its effects are discussed below. 

The proposed Moorhead Reservoir was originally identified 
by the u.s. Bureau of Reclamation in the lQ30's. The USBR ini
tiated implementation of the project in 1949 but their efforts 
were halted due to the lack of local and state support. 

A water storage permit application was filed in 1974 by 
Intake Water Company, a subsidiary of Tenneco. A permit has not 
been granted. Intake Water Company envisions a mUltipurpose 
project with an active reservoir storage of 318,700 acre-feet, 
allocated among different uses as follows: 

• 245,000 for industrial use 
• 38,700 for irrigation 
• 35,000 for municipal use 

The water yield would be divided between Montana and Wyoming in 
accordance with the Yellowstone River Compact. 

Intake Water Company has indicated that some of the water 
supply for Wyoming could be utilized in the Belle Fourche River 
Basin, south of Gillette. There are two pending lawsuits that 
will test the constitutionality of Article X of the Yellowstone 
River Compact (YRC) which limits post-YRC development to within
basin use. 

The proposed Moorhead Reservoir would offer the following 
advantages to Wyoming: 

• It is one of most cost-effective storage sites in the 
basin 
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• By virtue of its downstream location, it offers an 
opportunity to develop a good portion of Wyoming's YRC 
entitlement. 

The proposed reservoir would also entail the following 
disadvantages to Wyoming: 

• The expected water quality is poor and would require 
treatment for the majority of contemplated uses. 

• By virture of its location, the water would have to be 
pumped back long distances to some potential Wyoming 
uses. 

• Due to large sediment inflow, any reservoir on the 
lower reaches of the Powder River would require a 
large dead storage allocation, thus increasing the 
reservoir size and cost. 

• The majority of benefits would accrue to Montana: 

increased water supplies 
flood control 
sediment-free water in downstream reaches 
reservoir occupies considerable Wyoming lands 

As indicated above, the proposed Moorhead Reservoir would 
offer both advantages and disadvantages to wyoming, and it was 
considered as a potential project in addition to the projects 
identified in the Preferred Plan. 

Two storage capacities (Wyoming's 42% share) were consid
ered in the operation studies: 

133,000 acre-feet (from permit application) 
200,000 acre-feet (represents maximum development) 

If Moorhead were implemented in addition to the four proj
ects in the Preferred Plan, the annual firm yield of Wyoming's 
allocation would be increased by 3,400 to 11,100 ac-ft/yr as 
shown below: 

Active 
Reservoir 
storage 

(acre- feet) 

133,000 
200,000 

Moorhead Annual Firm Yield (ac-ft/yr) 
Minimum Flow Provision (% of average annual flow) 

0% 10% 33% 

3,400 
7,600 
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There is no provision for a fisheries pool as WG&FD has in
dicated that this reservoir is not desirable for fisheries pur
poses, however a permanent pool may be required for water-based 
recreation. 

The unit cost of Wyoming's firm annual yield from the pro
posed Moorhead project is summarized below: 

Active unit Cost of Firm Yield (S/ac-ft) 
Reservoir Minimum Flow Provision ( % of average annual flow) 
Storage 0% 10% 33% 

( acre- feet) 

133,000 1,235 792 592 
200,000 608 497 410 

The cost data presented above assume a cost-sharing ar
rangement for the project of 42% for Wyoming and 58% for Mon
tana. 

Small Agricultural Projects 

Interest in future water supplies in the Powder River ba
sin has focused on needs for development of the region's coal 
resources. However, the majority of current water use in the 
basin is for irrigated agriculture, primarily for hay produc
tions to provide a winter feed base for livestock. 

A majority of irrigated lands experience shortages of late
season irrigation water. Streamflows are at their maximum from 
snowmelt runoff in May and June, but recede to low levels by 
early July. Without storage, the acreage that can he dependably 
irrigated is limited. To provide late-season irrigation water, 
several small reservoirs have been constructed in the basin, as 
listed on Table VIII-3. 

The proposed reservoirs of the Preferred Plan would provide 
limited water supply for irrigation. The possibility of incor
porating irrigation water supply into the Ruffalo Multipurpose 
Project requires further study. Twenty-three and eight percent 
of the appropriated storage amounts indicated in the water stor
age permits for the proposed Middle Fork Reservoir and proposed 
Crazy Woman Reservoir, respectively, have been identified for 
irrigation use. The Middle Fork Reservoir project has an iden
tified average irrigation water supply of 6,100 acre-feet/year. 
A project located in the lower reaches of Clear Creek would not 
be suitable for providing water supply for irrigation as there 
are not significant downstream lands in Wyoming. 
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Reservoir 

Kearney Lake 

Cloud Peak 

Willow Park 

Muddy Guard 
No. 1 

Muddy Guard 
No. 2 

Hazelton 

Kelly 

Trabing 

Zezas 

Enlarged 
South Fork 

Dull Knife 

Table VIII-3 

EXISTING SMALL RESERVOIRS 
USED FOR IRRIGATION 

Drainage 
Basin 

Total 
Storage Owner 

(acre-feet) 

Piney Creek h,324 Kearney Lake Land and 
Reservoir Company 

Piney Creek 3,570 Rich Creek and Piney 
Creek Reservoir and 
Ditch Company 

Piney Creek 4,457 Willow Park Reservoir 
Company 

Crazy Woman 402 
Creek 

Crazy Woman 1,934 
Creek 

Crazy Woman Cr. 241 

Crazy Woman Cr. 102 

Crazy Woman Cr. 114 

Crazy Woman Cr. 665 

Cra zy "-loman Cr. 241 

North Fork 4,345 
Powder River 

North Fork Irrigation 
District 

North Fork Irrigation 
District 

Purdy Ranches 

Smith Brothers 

Lulu Zezas 

Wallace D. Ramsbottom 

North Fork Powder 
River Water Users 
Association 

During these studies, two potential small reservoirs have 
been identified for developing supplemental water for 
irrigation. They are: 

• Morgareidge No. 7 Reservoir 
• Middle Fork Crazy Woman Creek Project 
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These two projects are discussed below. The projects are 
located in the very upstream reaches of the Powder River Basin, 
as shown on Exhibit 5, and irrigation return flows could be 
further utilized in downstream projects. 

Morgareidge N0.1 Reservoir. The proposed Morgareidge No. 
7 Reservoir (Permit No. 7968R) is located on the Upper South 
Fork of Buffalo Creek, a tributary of the Middle Fork of the 
Powder River. The permit indicates an appropriation of 1,211 
acre-feet of active storage for the purpose of irrigation. 
There are 4,600 acres with irrigation water rights in the 
Buffalo Creek basin downstream from the proposed reservoir. The 
proposed project would provide late-season irrigation water to 
these lands. Preliminary analyses indicate that the reservoir 
would provide a firm yield for irrigation water supply of about 
1,100 acre-feet per year. 

However, the priority date of the water storage right per
mit is 1978, giving it a very junior position in the Basin. In 
the case where several reservoirs would be constructed including 
the proposed Morgareidge No.7 Reservoir, it is likely that the 
latter reservoir would have to pass flows to senior, downstream 
users resulting in little or no yield. 

The proposed reservoir is also upstream from the proposed 
Middle Fork Reservoir. If both the Middle Fork and Morgareidge 
No. 7 Reservoir were constructed, a purchase or exchange agree
ment between the reservoirs would be required to account for the 
upstream depleted flows attributable to operation of the 
proposed Morgareidge No.7 Reservoir. 

The proposed dam would have a crest length of 900 feet with 
a maximum height of ahout 80 feet. The costs of the project 
would be on the order of $2 million resulting in a unit cost of 
firm annual yield of irrigation water of ahout S200/ac-ft. 
Based on these unit costs, it would appear that the proposed 
reservoir would not be economically attractive for supplying 
supplemental irrigation water. 

The current plans of the permit holder are not known as he 
did not respond to the SE~'s water resources inventory question
naire. 

Middle Fork Crazy Woman Creek Project. There is a poten
tial reservoir project located on Doyle Creek in the upper 
reaches of the Crazy Woman Creek Basin in the Big Horn Moun
tains. The project was originally planned by the Soil Conser
vation Service as a Public Law 566 project. The potential proj
ect consists of a 95-foot high dam and a g,OOO acre-foot reser
voir of which 4,400 acre-feet are for active storage for irriga
tion water supply and 4,400 acre-feet are for a recreation pool 
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with a surface area of 1,265 acres. The reservoir would provide 
supplemental irrigation water to about 3,000 acres of land along 
the Middle Fork of Crazy Woman Creek in an average year and 
would result in a depletion of 2,300 acre-feet/year. 

The approximate cost of the project would be about $4 mil
lion and result in a unit cost of firm annual yield of irriga
tion water of about $125/ac-ft. Again, based on these high unit 
costs, the proposed reservoir may not he economically attractive 
for supplying supplemental irrigation water. 

A water storage permit application has not been filed for 
this project. The proposed reservoir is about one mile upstream 
from the proposed Prospector Reservoir which had a water storage 
permit (Permit No. 7492R), but it has been cancelled. The site 
is also upstream from the proposed Crazy Woman Reservoir with 
its 1967 priority. In accordance with State water law, the 
existence of the senior water storage permit would preempt a 
reliable water supply for the proposed SCS project. However, 
the SCS project is designed to provide supplemental irrigation 
water to pre-1950 water rights and therefore, is not subject to 
the limitations of the Yellowstone River Compact regarding 
sharing "unused and unappropriated" water supplies with Montana 
on a percentage basis. 

Recent discussions with the Casper, Wyoming office of the 
SCS have indicated that the SCS is not currently pursuing the 
Middle Fork Crazy Woman Project mainly due to the lack of PL 566 
funds. ~gain, as indicated earlier, private interests are also 
not pursuing this project, and its implementation, under current 
circumstances, appears unlikely. 

Conclusion. Two potential storage projects where the prin
cipal purpose is supplemental irrigation water supply have been 
identified. However, due to the current economics and water 
rights situations, the implementation of these potential proj
ects appears doubtful. 

Late-season water supply may best be provided as a part of 
a mUltipurpose project, as in the proposed Buffalo Multipurpose 
project, Middle Fork Reservoir, and Crazy Woman Reservoir. A 
consideration for including irrigation water supply as a project 
purpose is the ability and willingness to pay of the irrigators. 
These factors need to be investigated during later studies. One 
approach adopted in the financial feasibility analyses of the 
proposed Middle Fork Reservoir Project (undertaken in 1970) was 
to assign a price for industrial water considerably higher than 
that for irrigation water. 
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RECORDED ANNUAL FLOW 
1941 - 1980 



MONTANA 

WYOMING 

Existing Lake De Smet--~ 

Total Storage: 
235,000 Acre - Feet 

Various Water Rights 

Owner: Texaco 

Potential SCS Project
Supplemental Supply 
to Pre - 1950 Water 
Rigt}Js. No Filing. 
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SCALE 0 
I 

10 20 
I 

J-IAR.ZA ENGINEERING COMPANY' SEPTEMBER 1983 

30 40 MILES 
I 

POTENTIAL 
RESERVOIR 

LITTLE SOU R DOUGH 

MIDDLE FORK 
POWDER RIVER 

® ENLARGEMENT OF 
NEGRO CREEK 

o PUMPKIN 

@ RED FORK 

® CRAZY WOMAN 
RESERVOIR 

® TEX ELLIS 

(J) FENCE CREEK 
RESERVOIR 

® GIBBS 

® MOORHEAD 

@) B.C.L. RESERVOIR 

@ MORGAREIDGE No.7 

@ LOWER CLEAR CREEK 

@ SOUTH ROCK CREEK 

@ TRIANGLE PARK 

@ LITTLE SOUR DOUGH 

@ CAMP COMFORT 

@ CANYON 

@ SOUTH CLEAR CREEK 

@ LYNX PARK 

@ TIE TACK 

@ SOURDOUGH CREEK 

PERMIT 
OR FILING 

NUMBER 

7623 R 

7548 R 
7549 R 

7621 R 

184/334 
205/330 

TRANSFER 

7315 R 

21 3/138 

21 2/281 

21 2/340 
21 2/390 

21 4/384 

223/154 

7968 R 

242/42 

244/116 

243/116 

242/206 

245/243 

244/332 

245/332 

246/332 

24 1/333 

242/333 

WATER STORAGE RIGHTS 

APPROPRIATOR 

TOWN OF BUFFALO 

POWDER RIVER 
RESERVOIR 'CORP. 

TOWN OF BUFFALO 

UNIVERSAL 
DEVELOPMENT CORP. 

EXXON 

SUNEDCO COAL 
COMPANY 

CADIZ CORP. 

UTAH 
INTERNATIONAL INC. 

MR. & MRS 
R.M. GIBBS 

INTAKE WATER CO. 

CADIZ CORP. 

R.G. MORGAREIDGE 

CADIZ CORP. 

LOVE LAND & 
CATTLE COMPANY 

LOVE LAND & 
CATTLE COMPANY 

CADIZ CORP. 

CADIZ CORP. 

TOWN OF BUFFALO 

TOWN OF BUFFALO 

TOWN OF BUFFALO 

TOWN OF BUFFALO 

TOWN OF BUFFALO 

TOTAL 
STORAGE 
(Acre-ftJ 

1,600 

41,100 
8,500 

49,600 

13,900 

207,000 
72,000 

279,000 

30,900 

64,300 

46,500 

106,700 

44,800 
9,500 

54,300 

564,400 

19,100 

1,200 

231,200 

13,300 

3,000 

1,600 

11,600 

5,000 

5,000 

10,700 

10,000 

4,500 

WATER SOURCE 

CLEAR CREEK 
DRAINAGE BASIN 

MIDDLE FORK 
POWDER RIVER 

CLEAR CREEK 
DRAINAGE BASIN 

POWDER RIVER 

RED FORK 
POWDER RIVER 

CRAZY WOMAN 
CREEK 

BUFFALO CREEK 
& CLEAR CREEK 

FENCE CREEK & 
POWDER RIVER 

POWDER RIVER 

POWDER RIVER 

CLEAR CREEK 

MIDDLE FORK 
POWDER R. BASIN 

CLEAR CREEK 

CLEAR CREEK 
DRAINAGE BASIN 

CLEAR CREEK 
DRAINAGE BASIN 

CLEAR CR. BASIN 

CLEAR CR. BASIN 

CLEAR CR. BASIN 

CLEAR CR. BASIN 

CLEAR CR. BASIN 

CLEAR CR. BASIN 

CLEAR CR. BASIN 

PRIORITY 
DATE (S) 

10/18/83 

3/07/40 
12/29/70 

9/19/56 

2/13/62 
7/24/70 

7/05/67 

8/21/72 

11/20/73 

6/07/74 
10/15/74 

9/27/74 

3/16/76 

5/12/78 

3/24/81 

8/12/81 

8/12/81 

2/18/82 

5/10/82 

12/8/82 

12/8/82 

12/8/82 

12/8/82 

12/8/82 

EXHIBIT 5 

WYOMING WATER DEVELOPMENT COMMISSION 

POWDER RIVER LEVEL I RECONNAISSANCE STUDY 

POTENTIAL RESERVOIRS 
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33 percent of average annual depleted flows. 
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MONTANA 

WYOMING 

SCALE 0 
I 

10 

I-IAR..ZA ENGINEERING COMPANY· SEPTEMBER 1983 

20 
I 

30 40 MILES 
I 

ACTIVE WG&FO 
POTENTIAL STORAGE FISHER IES POOL 
RESERVOIR (Acre-ft.) (Acre-ft.) 

FIRST PRIORITY PROJECTS 

CD BUFFALO MUL TI- ~ ~ 
PURPOSE PROJECT 

o ENLARGED MIDDLE 78,600 12,900 
FORK WITH 
RED FORK DIVERSION 

SECOND PRIORITY PROJECTS 

® CRAZY WOMAN 63,200 16,800 

o MID/LOWER 123,000 47,800 
CLEAR CREEK 

!..l Further study to define future water supply for 
the Town of Buffalo is under consideration by W W DC. 

EXHIBIT 7 

TOTAL FIRM 
STORAGE ANNUAL YIELD 
(Acre-ft.) (Acre-ft./yr.) 

.!J ~ 

9',500 37,400 

80,000 10,800 

170,800 19,200 

WYOMING WATER DEVELOPMENT COMMISSION 

POWDER RIVER LEVEL I RECONNAISSANCE STUDY 

PREFERRED WATER 
RESOURCES DEVELOPMENT 

PLAN 



MAJOR ITEM 

WATER USE PERMITTING 

FISH AND GAME FJELD STUDIES 

U. S. NATIONAL FOREST SERVICE PARTICIPATION 

LAND ACQUIST!ON AND RIGHT OF WAY 

PERMITTING 

ENGINEERING 

Final Site Selection Studies 

Support During Water Use Permitting 

Level II Feasibility Study 

Design And Contract Documents 

Bid Tendering And Evaluation 

Final Design And Construction 

Construction Management 

CONSTRUCTION 

STARTUP AND TESTING 

LEGEND 

Continuous Activity 

•••• Intermittant Activity 

~ ENGINEERING COMPANY· MARCH 1983 

Drawings 

1 2 

••••••• 

••••• ••••••• 
•••• ••••••• 

-
••••••• 

YEAR 

3 4 5 6 

•• ---
••• •••••• ••••• 

•••• 

WYOMING WATER DEVELOPMENT COMMISSION 

POWDER RIVER LEVEL I RECONNAISSANCE STUDY 

BUFFALO MULTIPURPOSE PROJECT 
IMPLEMENTATION SCHEDULE 
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X 
J: 
to 
-I 
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MAJOR ITEM 

RESOLUTION OF WATER RIGHTS 

FISH AND GAME FIELD STUDIES 

LAND ACQUISITION AND RIGHT OF WAY 

PERMITTING 

ENGINEERING 

Support During Water Right Negotiations 

Level n Feasibility Studies 

Design and Contract Documents 

Bid Tendering and Evaluation 

Final Design and Construction 

Construction Management 

CONSTRUCTION 

STARTUP AND TESTING 

LEGEND 

Continuous Activity 

•••• I nterm ittant Activity 

I--IARZA ENGINEERING COMPANY . MARCH 1983 

Drawings 

1 2 3 

••• 

---_ .. 

4 

••• 

••• 

YEAR 

5 6 7 8 9 10 

---f---- ~------ ----.-r----

.... 
••• 

... ••••• •••• ••• 

••• 

WYOMING WATER DEVELOPMENT COMMISSION 

POWDER RIVER LEVEL I RECONNAISSANCE STUDY 

ENLARGED MIDDLE FORK PROJECT 
IMPLEMENTATION SCHEDULE 



EXHIBIT 10 

PRESENT SURFACE WATER DEMAND 
(ACRE - FEET/YEAR) 

SUB-BASIN MUNICIPAL INDUSTRIAL 

1 100 100 

2 - -
3 1,275 -

TOTAL 1,375 100 

PRESENT ALLOCATION 
OF SURFACE WATER (%) 

1980 

1.1 
0.1 

MUNICIPAL 
INDUSTRIAL 

I--I.ARZA ENGINEERING COMPANY· FEBRUARY 1983 

AGRICUL TURAL 

IRRIGATION LIVESTOCK TOTAL 

37,000 1,550 38,750 

22,900 710 23,610 

67,500 840 69,615 

127,400 3,100 131,975 

96.5 

IRRIGATION 

~ 

2.3 

LIVESTOCK 

WYOMING WATER DEVELOPMENT COMMISSION 

POWDER RIVER LEVEL I RECONNAISSANCE STUDY 

PRESENT SURFACE WATER USE 
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ASSUMED 
LEVEL OF 
GROWTH 

-III 

-II 

~~------~----------~--------~-I 

100~ ____________ ~ ____________ ~ __________ __ 

1985 1995 2005 2015 
YEAR 

I-IAR.ZA ENGINEERING COMPANY· SEPTEMBER 1,983 

1995 

2005 

2015 

EXHIBIT 11 

FUTURE ALLOCATION OF SURFACE WATER (%) 
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WYOMING WATER DEVELOPMENT COMMISSION 

POWDER RIVER LEVEL I RECONNAISSANCE STUDY 

WATER DEMAND PROJECTIONS 
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MONTANA 

WYOMING 

SCALE 0 
I 

10 

J.-IAR..ZA ENGINEERING COMPANY' MARCH 1983 

20 
I 

30 40 MILES 
I 

PERMIT 
POTENTIAL OR FILING 
RESERVOIR NUMBER APPROPRIATOR 

LITTLE SOUR DOUGH 7632 R TOWN OF BUFFALO 

MIDDLE FORK 7548R POWDER RIVER 
POWDER RIVER 7549 R RESERVOI R CORP. 

@ ENLARGEMENT OF 17 1/48 TOWN OF BUFFALO 
NEGRO CREEK 

@ PUMPKIN 184/334 EXXON 

o CRAZY WOMAN 7315 R SUNEDCO COAL 
COMPANY 

® PUMPKIN 205/330 EXXON 
ENLARGEMENT 

® TEX ELLIS 213/38 CADIZ CORP. 

.!.J Further study to define potential water supply for 
the Town of Buffalo is under consideration by W W DC. 

ACTIVE 
STORAGE 
(Acre-ft.) 

.!J 

46,700 

~ 

204,200 

63,200 

71,900 

46,100 

EXHIBIT 12 

TOTAL 
STORAGE 
(Acre-ft.) 

.!.I ..2.l 

62,300 30,500 

~ ~ 

360,500 31,600 

84,300 3,700 

71,900 3,400 

61,500 7,000 

WYOMING WATER DEVELOPMENT COMMISSION 

POWDER RIVER LEVEL I RECONNAISSANCE STUDY 

ALTERNATIVE 1 
STRICT PRIORITY 

OF WATER STORAGE PERMITS 
AND APPLICATIONS 
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MONTANA ----- .-------
WYOMING 

SCALE 0 
I 

10 20 
I 

I--IAR..ZA ENGINEERING COMPANY ' SEPTEMBER 1983 

30 40 MILES 
I 

POTENTIAL 
RESERVOIR 

PERMIT OR 
FILING NUMBER APPROPRIATOR 

eXHIBIT 13 

ACTIVE TOTAL FIRM 
STORAGE STORAGE Ay~~~~L 
(Acre-ft.) (Acre-ft.) (Acre-ft./yr.) 

. - ------.--------

LITTLE SOUR DOUGH 7632 R TOWN OF 
BUFFALO 

MIDDLE FORK 7548 R POWER RIVER 
POWDER RIVER 7549R RESERVOIR 

CORPORATION 

POST - YELLOWSTONE RIVER COMPACT 

~ ENLARGEMENT OF 17 1/48 TOWN OF 
NEGRO CREEK BUFFALO 

® RED FORK PETITION EXXON 

0 CRAZY WOMAN 7315 R SUNE DCa. COAL 
COMPANY 

® TEX ELLIS 21 3/138 CADIZ CORP. 

® GIBBS 21 2/340 MR. & MRS. 
and R.M. GIBBS 

21 2/390 

(2) LOWER CLEAR CREEK 222/42 CADIZ CORP. 

~ Further study to define potential water supply for 
the- Town of Buffalo is under consideration by WW 0 C. 

I 

~ ~ ~ 

46.700 62,300 30,500 

~ ~ ~ 

30,100 40,100 7,800 

63,200 84,300 9,300 

46,100 61,500 14,900 

50,600 195,600 1,600 

226,800 302,400 7,300 

WYOMING WATER DEVELOPMENT COMMISSION 

POWDER RIVER LEVEL I RECONNAISSANCE STUDY 

ALTERNATIVE 2 
STRICT PRIORITY EXCEPT 

TRANSFER A PORTION OF THE 
PUMKIN STORAGE AMOUNT 
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__________ ~M~ONTAN_A __________ __ 

WYOMING 

SCALE 0 
I 

HIllS 

10 

~ ENGINEERING COMPANY· SEPTEMBER 1983 

20 
I 

30 40 MILES 
I 

BUFFALO MULTI· 7632 R TOWN OF 
PURPOSE PROJECT BUFFALO 

MIDDLE FORK 7548 R POWDER RIVER 
POWDER RIVER 7549 R RESERVOIR 

·CORPORATION 

@ BUFFALO MULTI· 17 1/148 TOWN OF 
PURPOSE PROJECT BUFFALO 

@ ENLARGEMENT OF PETITION, EXXON, POWDER 
MIDDLE FORK AND 24 122 R. RESERVOIR 
RED FORK DIVERSION 24 123 .CORPORATION 

24 124 

@ CRAZY WOMAN 7315 R SUNEDCO COAL 
RESERVOIR COMPANY 

@ MID/LOWER VARIOUS CADIZ CADIZ 
CLEAR CREEK CORP. FILINGS CORPORATION 

2.J Further study to define potential water supply for 
the Town of Buffalo is under consideration byWW 0 C. 

46,700 

.:J 

30,900 

63,200 

123,000 

EXHIBIT 14 

62,300 30,500 

~ .:J 

41,200 6,800 

84,300 10,500 

164,000 19,400 

WYOMING WATER DEVELOPMENT COMMISSION 

POWDER RIVER LEVEL I RECONNAISSANCE STUDY 

ALTERNATIVE 3 
POST -YRC DEVELOPMENT 

ON POWDER RIVER TRIBUTARIES 
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__________ ~M~ONTAN_A __________ __ 

WYOMING 

SCALE 0 
I 

10 

I-tAR..ZA ENGINEERING COMPANY' MARCH 1983 

20 , 30 40 MILES 
I 

BUFFALO MUL TIR 
PURPOSE PROJECT 

MIDDLE FORK 
POWDER RIVER 

@ BUFFALO MULTI-
PU RPOSE PROJECT 

@ ENLARGEMENT OF 
MIDDLE FOR K AND 
RED FORK DIVERSION 

@ MOORHEAD 
(WYOMING'S 
42% SHARE) 

7632 R 

7548 R 
7549 R 

17 1/148 

PETITION, 
24122 
24 123 
24 124 

ALL SENIOR 
RIGHTS 

TOWN OF 
BUFFALO 

POWDER RIVER 
RESERVOIR 
CORPORATION 

TOWN OF 
BUFFALO 

EXXON, POWDER 
R. RESERVOIR 
CORPORATION 

INTAKE WATER 
COMPANY 

~ Further study to define potential water supply for 
the Town of Buffalo is under consideration by WW DC. 

ACTIVE 
STORAGE 

46,700 

.Y 

30,900 

200,000 

62,300 

.Y 

41,200 

277,800 

ANNUAL 
YIELD 

30,500 

~ 

8,000 

34,300 

EXHIBIT 15 

WYOMING WATER DEVELOPMENT COMMISSION 

POWDER RIVER·. LEVEL I RECONNAISSANCE STUDY 

ALTERNATIVE 4 
POST-YRC DEVELOPMENT 

ON MAINSTEM POWDER RIVER 



No. 

1 

1a 

2 

3 

4 

5 

6 

7 

8 

9 

9a 

Proposed Reservoir 

Middle Fork 

Enlarged Middle Fork 

Red Fork 

Pumpkin 

Crazy Woman 

Tex E11is.2/ 

Gibbs 

Moorhead 

River 

Middle Fork 
Powder River 

Red Fork 
Powder River 

Powder River 

Crazy Woman 
Creek 

Buffalo Creek 
and Clear Creek 

Powder River 

Powder River 

BCL Clear Creek 

Lower Clear Creek Clear Creek 

Mid/Lower Clear Creek Clear Creek 

Active Storage 
(1000 ac ft) 

46.7 

77.6 

30.1 

204.0 

63.2 

46.1 

50.6 

318.7 
(133.8)Y 

19.1 

226.8 

123.0 

Assumes provision of a 50-year sediment storage. 

Total Storage Reservoir Land 
a/ b/ a/ b/ 

(1000 ac-tt) (1000 acres) 

47.6 62.3 3.8 4 . 1 

78.4 103.5 4.5 5.6 

30.7 40.1 1.3 1.5 

360.S 360.S 23.6 23.6 

73.9 84.3 5.5 5 .9 

48.2 61.S 4.2 4.9 

195.6 195.6 11.5 11.5 

503.9 1 503.9 1 16.0 
(211.6)f (211.6)f 

16.0 

29.3 29.3 2.4 2.4 

238.5 302.4 15 .6 17.4 

134 .0 164.0 7.8 8.7 

Acquistion~/ 
OWnership 

% 

26% Federal 
3% State 

71% Private 

30% Federal 
2% State 

68% Private 

20% Federal 
4% State 

76% Private 

1% Federal 
0% State 

99% Private 

25% Federal 
0% State 

75% Private 

3% Federal 
6% State 

91% Private 

18% Federal 
6% State 

76% Private 

11% Federal 
3% State 

86% Private 

13% Federal 
2% State 

85% Private 

Assumes provision of the greater of 50-year sediment storage or a fisheries pool equal to 25% of total storage. 

Investment Cost 
a/ b/ 

("$ million) 

38.5 42.2 

45.6 50.3 

21. 3 23.5 

271.5 271.5 

49.6 51.7 

99.8 104.8 

88.9 88.9 

93.4 / 93.4 / 
(39.2)f (39.2)f 

37 .2 37.2 

180.7 183.2 

97.5 115.8 

Storage Unit Cost 
a/ bl 
T$/ac-ftT 

809 677 

581 486 

694 586 

753 753 

671 613 

2070 2175 

454 454 

185 185 

1270 1270 

758 606 

728 706 

a/ 
bl 
~/ Assumes provision of storage described in footnote b/ plus a provision of a minimum flow equivalent to the lesser of reservoir inflow 

3.1 

e/ 
i/ s./ 
!!! 

or 33 percent of the average annual flow. -
Rating Criteria 
1. Severe Impact or least suitable 
2. Moderate Impact or average suitability 
3. Minimum Impact or most suitable 
Approximated to the nearest one-quarter of a quarter section of the maximum water surface elevation. 
Represents Wyoming's 42% share. 
Includes pumping plant and pipeline. 
Insufficient data to evaluate. 

J-IARZA ENGINEERING COMPANY· MARCH 1983 

Annual Cost Annual Yield 
a/ b/ 

($ rni11ion/yr) 
a/ bJ cJ 
- (1000 ac-ft/year)-

4.1 4.5 31.1 30.5 20.0 

4.9 5.4 32.2 31.6 21.1 

2.3 2.S 8.0 7.8 2.4 

27.9 27.9 31.6 31.6 26.7 

5.3 5.5 11.8 10.5 7.0 

11.0 11.5 17.7 17.1 10.5 

9.4 9.4 10.8 10.8 6.4 

9.9 1 9.9 / 83 / 83 / 38.0 
(4.2)f (4.2)f (35.0)f (35.0)f (16.0)Y 

4.0 4.0 9.6 9.6 5.4 

18.6 18 .6 32.8 30.3 22.8 

10.1 12.0 26.9 26.1 18.6 

Unit Cost of Yield 
~7 b/ cJ 

($/ac-ft) -

132 148 225 

152 171 2S6 

281 321 1042 

883 883 1045 

449 524 786 

621 673 1065 

870 870 1469 

120 120 263 

417 417 741 

567 624 816 

375 460 645 

Water Quality, 
TDS Range 

(ppm) 

500-1000 

500-1000 

50-S00 

2000-3000 

1000-2000 

50-S00 

2000-3000 

2000-3000 

50-500 

50-500 

50-500 

Water Quality Suitabilityd/ __ 
Industrial Agricultural Municipal 

Use Use Use 

3 3 2 

3 3 2 

3 3 3 

1 1 1 

2 2 1 

3 3 3 

1 1 1 

1 1 1 

3 3 3 

3 3 3 

3 3 3 

Socio-econolll~c 
Impacts_l __ 

2 

2 

3 

2 

2 

1 

2 

2 

2 

1 

1 

Fisherie~/ 
Impacts_ 

1 

2 

2 

1 

1 

2 

2 

2 

Terrestrial 
Game Impacts3.1 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 

2 

EXHIBIT 16 

Ability to 
Meet wyoming 
Water Demanddl 

3 

3 

3 

2 

2 

1 

1 

1 

1 

1 

1 

WYOMING WATER DEVELOPMENT COMMISSION 
POWDER RIVER LEVEL I RECONNAISSANCE STUDY 

EVALUATION MATRIX OF 
POTENTIAL LARGE RESERVOIRS 



Water Rights Considerations 

No. Proposed Reservoir 
Water 

Supply Source 
Priority 

Applicant Permit No. Date Active Storage 
(l000 ac-ft) 

Total 
Investment 

Total Storage£/ Cost 
(1000 ac ft) ($ million) 

la 

2 

Ib 

3a 

4 

3b 

S 

PRE-YELLOWSTONE RIVER COMPACT 

Little Sour Dough~/ 

Middle Fork Powder River 

SUBTOTAL~/ 

POST-YELLOWSTONE RIVER COMPACT 

Enlarge~egt of Negro Creek 
Reservolr_1 

Pumpkin 

Crazy Woman 

Enlargement of Pumpkin 

Tex Ellis (including 
pumping plant and pipeline) 

SUBTOTA~/ 

TOTA~/ 

Clear Creek 
Basin 

Middle Fork 
Powder River 

Clear Creek 
Basin 

Powder River 

Crazy Woman 
Creek 

Powder River 

Clear Creek 
and Buffalo 
Creek 

Buffalo 

Powder 
River 
Reservoir 
Corpora
tion 

Buffalo 

Exxon 

Sunedco 
Coal Co . 

Exxon 

Cadiz 
Corpora
tion 

7623 R 

7548 R 

TF 17 1/48 

TF 18 4/334 

7315 R 

TF 20 5/330 

TF 21 3/138 

10/18/33 

3/07/40 

9/19/56 

2/13/62 

7/05/67 

7/24/70 

8/21/72 

1.64 

46.7 62.3 

46 .7 62.33 

13.9 

204.2 360.5 

63.2 84.3 

71.9 71.9 

46.1 61.5 

385.4 578.2 

432 . 1 640.5 

~/ Evaluation Criteria (For subtotals and totals, weighted averages to the nearest whole number are presented). 
3 - l1inimum impact or most sui table 
2 - Moderate impact or average suitability 
1 - Severe impact or least suitable 

b/ Assumed for future Buffalo Water Supply , study of potential sites is under consideration bv WI'IDC. 
c/ Assumes that the greater of SO-year sediment storage or 2S% of total storage for fisheries is provided. 
d/ Does not include Little Sour Dough and/or Enlargement of Negro Creek Reservoir (see footnote ~/). 
~/ Insufficient data to evaluate. 
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42.2 

42.2 

271. S 

51.7 

7.5 

104.8 

435.5 

477.7 

Annual 
Cost 

($ million) 

4.5 

4.S 

27.9 

S.S 

0.8 

ll . 5 

45.7 

SO.2 

Annual Firm yield 
(1000 ac-ft!yr) 

~/ 

30 . 5 

30. S 

31.6 

3.7 

3.4 

7.0 

45.7 

76 .2 

Unit Costs 
Total 

Storage 
($!ac-ft) 

677 

677 

753 

613 

104 

170 

7S3 

746 

Annual 
Firm Yield 
($/ac-ft) 

148 

148 

883 

1486 

235 

1704 

1000 

646 

Water Quality, 
TDS Range 

(ppm) 

SO-SOO 

SOO- l OOO 

S 0-1000 

so-soo 

2000-3000 

1000-2000 

2000-3000 

50-500 

50-3000 

50-3000 

Water Quality Suitability~/ 
Industrial Agricultural Municipal 

Use Use Use 

3 3 3 

3 3 2 

3 3 2 

3 3 3 

1 1 1 

2 2 1 

1 1 1 

3 3 3 

2 2 2 

2 2 2 

Socio-economic 
Impacts 

~! 

3 

2 

2 

3 

2 

2 

2 

1 

2 

2 

Fisheries 
Impacts 

~! 

2 

,=-/ 

2 

1 

2 

1 

2 

2 

2 

EXHIBIT 17 

Terrestrial 
Game Impacts 

Minimum 
Pools 

Ability to 
Meet Wyoming 
Water Demand 

~! 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

~! ~! 

3 

2 3 

2 3 

3 

1 2 

2 2 

1 2 

2 1 

2 2 

2 2 

WYOMING WATER DEVELOPMENT COMMISSION 
POWDER RIVER LEVEL I RECONNAISSANCE STUDY 

EVALUATION MATRIX OF ALTERNATIVE 1 
STRICT PRIORITY OF WATER 

STORAGE PERMITS AND APPLICATIONS 



Water Rights Considerations 

No. Proposed Reservoir 
Water 

Supply Source 
Priority 

Applicant Permit No . Date Active storaye 
( 1000 ac ft 

Total 
Investment 

Total Storage~1 Cost 
(1000 ac ft) ($ million) 

PRE-YELLOWSTONE RIVER COMPACT 

la Little Sour Dough~1 

2 

Ib 

3 

4 

5 

6 

7 

8 

9 

Middle Fork Powder River 

SUBTOTA01 

POST-YELLOWSTONE RIVER COMPACT 

Enlarge~egt of Negro Creek 
Reservolr- I 

Red Fork 

Crazy Woman 

Tex Ellis (inc+uding 
pumping plant and pipeline) 

Gibbs (including Enlargement) 

Moorhead (Wyoming's Share, 
42%) 

BCL 

Lower Clear Creek 

d/e/ 
SUBTOTAL- -

d/el 
TOTAL- -

Clear 
Creek Basin 

Middle Fork 
Powder River 

Clear 
Creek Basin 

Red Fork of 
Powder River 

Crazy Woma n 
Creek 

Clear Creek 
and Buffalo 
Creek 

Powder River 

Powder River 

Clear Creek 

Clear Creek 

Buffalo 

Powder 
River 
Reservoir 
Corpora
tion 

Buffalo 

Exxon 

Sunedco 
Coal Co. 

Cadiz 
Corp. 

Mr . & 
Mrs. 
Gibbs 

7632 R 

7548 R 

TF 17 1/48 

Petition 
SE-82-19-2 

7315 R 

TF 21 3/138 

10/18/33 

3/07/40 

9/19/56 

2/13/62 

7/05/67 

8/21/72 

TF 21 2/340 6/07/74 
and 

TF 21 2/390 10/15/74 

Intake TF 21 4/384 9/27/74 
Water Co. 

Cadiz TF 22 3/154 
Corp. 
Cadiz 
Corp . 

TF 22 2/42 

3/16/76 

3/24/81 

1.64 

46.7 62.3 

46.7 62.3 

13.9 

30.1 40.1 

63.2 84.3 

46.1 61.5 

50 . 6 195 . 6 

133.8 211 . 6 

19.1 29.3 

226.8 302.4 

416.8 683.9 

463.5 746.2 

~/ Evaluation Criteria (For subtotals and totals, weighted averages to the nearest whole number are presented). 
3 - Minimum impact or most suitable 
2 - Moderate impact or average suitability 
1 - Severe impact or least suitable 

b/ Assumed for future Buffalo Water Supply, study of potential sites is under consideration by \\1WDC. 
c/ Assumes that the greater of 50-year sediment storage or 25% of total storage for fisheries is provided. 
a/ Does not include Little Sour Dough and/or Enlargement of Negro Creek Reservoir (see footnote b/) . 
e/ Does not include Moorhead or BCL, because there is no firm yield from these projects. -
I/ Insufficient data to evaluate. 
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'[2/ 

42.2 

42.2 

23.5 

51.7 

104.8 

88.9 

39.2 

37.2 

183.2 

452.1 

494.3 

Annual 
Cost Annual Firm Yield 

T('$-=m7i71717i~0~nT) (1000 ac ft!yr) 

4.5 30 .5 

4.5 30.5 

2.5 7.8 

5.5 9.3 

1l.5 14 .9 

9 .4 1.6 

4.2 o 

4.0 o 

18.9 7.3 

47.8 40.9 

52.3 71. 4 

Unit 
Total 

Storage 
($!ac-ft) 

677 

677 

586 

613 

1704 

454 

185 

1270 

606 

661 

662 

Costs 
Annual 

Firm Yield 
($/ac-ftl 

~/ 

148 

148 

321 

591 

772 

5,875 

2,589 

732 

Water Quality, 
TDS Range 

(ppm) 

50-500 

500-1000 

50 -1000 

50-500 

50-500 

1000-2000 

50-500 

2000-3000 

2000-3000 

50-500 

50-500 

50-3000 

50-3000 

Water Quality Suitability~1 
Industr~al Agricultural Municipal 

Use Use Use 

3 3 3 

3 3 2 

3 3 3 

3 3 3 

3 3 3 

2 1 3 

3 3 3 

1 1 1 

1 1 1 

3 3 3 

3 3 3 

2 2 2 

2 2 2 

Socio-economic 
Impacts 

~l 

3 

2 

3 

3 

2 

2 

1 

2 

2 

2 

1 

2 

2 

Fisheries 
Impacts 

~l 

2 

!/ 

!./ 

2 

!/ 

2 

2 

1 

1 

1 

2 

2 

2 

EXHIBIT 18 

Terrestrial 
Game Impacts 

Minimum 
Pools 

Ability to 
Meet Wyoming 
Water Demand 

~! 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

~! ~l 

3 

2 3 

2 3 

3 

2 3 

2 2 

2 1 

1 1 

1 1 

2 1 

2 1 

2 2 

2 2 

WYOMING WATER DEVELOPMENT COMMISSION 
POWDER RIVER LEVEL I RECONNAISSANCE STUDY 

EVALUATION MATRIX CF ALTERNATIVE 2 
STRICT PRIORITY EXCEPT TRANSFER OF 

A PORTION OF THE PUMPKIN AMOUNT 



Water 
Storage!::/ No. Proposed Reservoir SupplJ[ Source Water Rights Considerations Active Storage Total 

(l000 ac-ft) (1000 ac-ft) 

PRE-YELLOWSTONE RIVER COMPACT 

la Buffalo Multipurpose project~/ Clear Little Sour Dough Right - ~/ ~/ 
(portion) Creek Basin 7632 R 

2a Middle Fork Powder River Middle Fork Powder River Reservoir 46 . 7 62.3 
Powder River Corporation 1940 Water 

right -

SUBTOTAL~/ 46.7 62.3 

POST-YELLOWSTONE RIVER COMPACT 

lb Buffalo MultipurposeJProject Clear Enlargement of Negro Creek ~/ ~/ 
(portion) Creek Basin Reservoir TF 17 1/148 

2b Enlargement of Middle Fork Middle and Transfer Petitions 30.9 41.2 
with Red Fork Diversion Red Forks and Red Fork Diversions 

Powder River 1,2,&3 : 24122, 24123, 24124 
(11/10/72 ) 

3 Crazy Woman Reservoir Crazy vlomen Sunedco Coal Co. 7315 R 63.2 84.3 
Creek (7/5/67) 

4 Mid/Lower Clear Creek Lower Clear Various Cadiz Corporation 123.0 164.0 
Creek Filings 

SUBTOTA~/ 217 . 1 289,5 

TOTA~/ 263.8 351.8 

~/ Evaluation Criteria (For subtotals and totals, weighted averages to the nearest whole number are presented) . 
3 - Minimum impact or most suitable 
2 - Moderate impact or average suitability 
1 - Severe impact or least suitable 

b/ Assumed for future Buffalo water supply, study of potential sites is under consideration by WWDC. 
c/ Assumes that the greater of 50-year sediment storage or 25% of total storage for fisheries is provided . 
d/ Does not include Buffalo Multipurpose Project (see footnote ~/). 
~/ Insufficient data to evaluate . 
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Total 
Investment 

Cost 
($ million) 

~/ 

42 . 2 

42.2 

~/ 

U.S 

51.7 

115 . 8 

179 . 0 

221. 2 

Unit Costs Water Quality Suitability~/ 
Annual Total Annual Water Quality, Innustrial Agric u ltura l Municipal 

Cost Annual Firm Yield Storage Firm Yield TDS Range Use Use Use 
( $ million) ( 1000 ac-ft!yr) ($!ac-ft) ($/ac-ft) (ppm) 

~/ £/ ~/ ~/ 50-500 3 3 3 

4.5 30.5 677 148 500-1 000 3 3 2 

4.5 30.5 667 148 50-1000 3 3 2 

~/ ~/ £/ E./ 50-500 3 3 3 

1.2 6 . 8 279 176 50-1000 3 3 2 

5.5 10.5 613 524 1000-2000 2 2 1 

12 . 0 19.4 706 619 50-100 3 3 3 

18.7 36.7 618 510 50-2000 3 3 2 

23 . 2 67 . 2 629 345 50-2000 3 3 2 

Socia-economic Fisheries 
Im]2acts 

~7 
Impacts 

~l 

3 2 

2 ~/ 

3 ~/ 

3 2 

2 ~/ 

2 2 

1 2 

2 2 

2 2 

EXHIBIT 19 

Ability to 
Terrestrial Minimum Meet Wyoming 
Game Impacts Pools Water Demand 

~l 

2 

2 

2 

2 

2 

2 

2 

2 

2 

~7 ~l 

~/ 3 

2 3 

2 3 

E/ 3 

2 3 

2 2 

2 1 

2 2 

2 3 

WYOMING WATER DEVELOPMENT COMMISSION 

POWDER RIVER LEVEL I RECONNAISSANCE STUDY 

EVALUATION MATRIX OF ALTE RNATIVE 3 
POST·YRC DEVELOPMENT 

ON POWDER RIVER TRIBUTARIES 



No. 

la 

2a 

1b 

2b 

3 

Proposed Reservoir 

PRE-YELLOWSTONE RIVER COMPACT 

Buffalo Multipurpose 
project£/ 

Middle Fork Powder River 

SUBTOTAI2.1 

POST-YELLOWSTONE RIVER COMPACT 

Buffalo Multipurpose 
Project£/ 

Enlargement of Middle Fork 
with Red Fork Diversion 

Moorhead~1 

SUBTOTAI2.1 

TOTAI2.1 

Water 
Supply Source 

Clear Creek 
Basin 

Middle Fork 
Powder River 

Clear Creek 
Basin 

Middle and 
Red Forks 

Powder River 

Water Rights Considerations 

Little Sour Dough Right 

Powder River Reservoir 
Corporation Rights 

Enlargement of Negro Creek 
Right 

Powder River Reservoir Corp . 
and Other Senior Rights 

All Senior Rights 

Active Storage 
( 1000 ac-ft) 

46.7 

46.7 

30 . 9 

200 . 0 

230.9 

277.6 

Total 
Investment 

Total Storage~1 Cost 
(1000 ac-ft) ($ million) 

62.3 42.2 

62.3 42.2 

41.2 8.1 

277.8 43 . 8 

319.0 51. 9 

381.3 94.1 

~I Evaluation Criteria (For subtotals and totals, weighted averages to the nearest whole number are presented). 
3 - Minimum impact or mos t suitable 
2 - Moderate impact or average suitability 
1 - Severe impact or least suitable 

bl Potential sites are under study. 
cl As~umed for future Buffalo water supply, study of potential sites is under consideration by WWDC. 
dl Does not include Buffalo MUltipurpose Project (see footnote £/) . 
el Represents Wyomings 42% share. 
II Insufficient data to evaluate . 
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Annual 
Cost 

($ million) 

4.5 

4.5 

0.9 

4 .6 

5.5 

10.0 

Annual Firm yield 
(1000 ac-ft/yr) 

30.5 

30.5 

8.0 

34.3 

42 . 3 

72 . 8 

Unit Costs 
Total Annual 

Storage 
($!ac-ft) 

677 

677 

197 

158 

163 

247 

Firm Yield 
($/ac-ft) 

148 

148 

£1 

103 

134 

130 

137 

Water Quality, 
TDS Range 

(ppm) 

50-500 

500-1000 

50-1000 

50-500 

50-1000 

2000-3000 

50-3000 

50-3000 

Water Quality Suitabi1ity~1 
Industrlal Agrlcultural Municipal 

Use Use Use 

3 3 3 

3 3 2 

3 3 2 

3 3 3 

3 3 2 

1 1 1 

2 2 1 

2 2 1 

Socia-economic 
Impacts 

~7 

3 

2 

2 

3 

2 

2 

2 

2 

Fisheries 
Impacts 

~7 

2 

2 

!j 

1 

2 

2 

EXHIBIT 20 

Terrestrial 
Game Impacts 

Minimum 
Pools 

Ability to 
Meet Wyoming 
Water Demand 

~7 

2 

2 

2 

2 

2 

2 

2 

2 

~7 ~7 

£1 3 

2 3 

2 3 

3 

2 3 

1 1 

2 2 

2 2 

WYOMING WATER DEVELOPMENT COMMISSION 
POWDER RIVER LEVEL I RECONNAISSANCE STUDY 

EVALUATION MATRIX OF ALTERNATIVE 4 
POST-YRC DEVELOPMENT 

ON MAINSTEM POWDER RIVER 
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MINIMUM POOL PROVISION 

--- 50 YEAR SEDIMENT ACCUMULATION ONLY 

---WG & FD PRELIMINARY CRITERIA 
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INSTREAM FLOWS ON YIELDS 
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