
 
 

This is a digital document from the collections of the Wyoming Water 
Resources Data System (WRDS) Library. 

 
 

For additional information about this document and the document conversion 
process, please contact WRDS at wrds@uwyo.edu and include the phrase 

“Digital Documents” in your subject heading. 
 

To view other documents please visit the WRDS Library online at: 
http://library.wrds.uwyo.edu 

 
 

Mailing Address: 
Water Resources Data System 

University of Wyoming, Dept 3943 
1000 E University Avenue 

Laramie, WY 82071 

Physical Address: 
Wyoming Hall, Room 249 
 University of Wyoming 

Laramie, WY 82071 

Phone: (307) 766-6651 
Fax: (307) 766-3785 

 
 
 

Funding for WRDS and the creation of this electronic document was 
provided by the Wyoming Water Development Commission 

(http://wwdc.state.wy.us) 
 



AN ECONOMIC ANALYSIS OF SANDSTONE 
DAM AND RESERVOIR 

Final Report 



AN ECONOMIC ANALYSIS OF SANDSTONE 
DAM AND RESERVOIR 

Final Report 

Submitted to the 

wyoming water Development Commission 
Herschler Building, 3rd Floor 

Cheyenne, Wyoming 82002 

Prepared by 

western Research corporation 
512 University Avenue 

Laramie, Wyoming 82070 
(307) 742-8295 

Principal Investigators: 

Gary L. watts 
David S. Brookshire 
Ronald G. Cummings 

January, 1989 



TABLE OF CONTENTS 

Section 

Foreword i 

PART I - FINDINGS AND CONCLUSIONS 

1.0 

2.0 

Introduction 

Project Benefits and Costs ••••.••........•..••••..•...• 

2.1 

2.2 

Industrial Benefits 

Irrigation Benefits 

1 

5 

5 

13 

2.3 Recreation Benefits •••••..••..•.•••..••••.•..•.... 15 

2.4 Municipal water Supply Benefits ............•.•.... 18 

2.5 Flood Control Benefits ............................ 19 

2.6 Hydropower Benefits .••••••••••.................... 19 

2.7 Other Benefits ..•••••.••..•...........•.•.••...... 20 

2.8 Project Costs ••••.••••.•.•.•.....••..•.......•.•.. 21 

3.0 Industrial Development Scenarios ....••.........•....... 26 

3 . 1 Introduction...................................... 26 

3.2 

3.3 

3.4 

3.5 

3.6 

Immediate Industrial Water Use .................... . 

Industrial Water Use 20 Years After Completion .... . 

Industrial Water Use 40 Years After Completion ... . 

Industrial Water Use After 60 Years 

No Industrial water Use .....•.....•............... 

27 

29 

31 

36 

39 

4.0 optimum Timing for Construction ......••.•.•.•.......... 43 

4 . 1 Introduction.... • . • • . . • • • . . • . • . • • • . • . • . • • . . . . . . . . . 43 

4.2 The Costs of Early Construction .•.....•........... 44 

4.3 The Benefits of Early Construction •....•........... 47 



TABLE OF CONTENTS (Cont.) 

section 

4.4 willingness-to-Pay for Early Construction 
of Sandstone ••••••••••.••.••.•••••..••••.......... 52 

5.0 Conclusions............................................ 57 

References for Part I •••••••••••••••••.•.•••••.•.•.•......•. 58 

PART II - SUPPORTING RESEARCH 

6.0 The Value of Sandstone water for Economic Development: 
Economic and Legal Considerations •••••..••.•••...•..... 59 

6.1 overview 59 

6.2 Economic and Legal Trends ......•.•.•......•.•.•... 59 

6.3 Implications for the Sandstone Project .•.••....... 69 

6.4 Concluding Remarks •••.•.••.•.••••••.....•.•....... 72 

Re f erences ..................•••••••••.•..•.............•.... 77 

7.0 Evaluating the Net Benefits of Building Sandstone Dam 
~hen the L7gal and Economic Future of Water Development 
1S Uncerta1n ........•••••.•••••••....•.•............... 80 

7 . 1 Introduction. . . . • . . • • • • . . . . • . . . . • . . . . • . . . . . . . . . . . . 80 

7 . 2 An Overview of the Survey ......................... 83 

7.3 Survey Guidelines 85 

7.4 Administration of the Survey, Sample Design and 
Response Rate ...•.••••••.••....................... 87 

7 . 5 Survey Resul ts .......•••.••..••..•.•.........•.•.. 89 

7.5.1 Background Information .•..•..........•..... 89 

7.5.2 Estimation of Aggregate Benefits ........... 94 

7.5.3 Discussion of Results ....•..•.............. 96 

8.0 Background for Benefit-Cost Analysis ................... 100 

8 . 1 Introduction.... • • . • • • . • . • . . . . • . • . • • • • . . . . • . . . . . .. 100 



TABLE OF CONTENTS ( Cont. ) 

section Page 

8.2 

8.3 

8.4 

8.5 

References 

The Discount Rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Industrial Development 

Irrigation Benefits 

Recreation Benefits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Appendix A: CVM Survey Questionnaire 

102 

105 

113 

115 

117 



LIST OF TABLES 

Part I Tables: 

Table Page 

2-1 water Intensive Industries in the united states 
(1980) .......•.............•..•....•................. 6 

2-2 Economic Profile of a 1,500 Megawatt Coal-Fired 
Electrical Generating Plant •.•..•......•••......•.... 9 

2-3 Economic Profile of a Chemical and Allied Products 
Production Facility .•.•••••••••....••••••..•.•....... 11 

2-4 Economi~ profi~e.of a Coal-To-Synthetic Gas 
Conversl.on Facl.ll.ty................................... 12 

2-5 Economic Costs of Sandstone Dam and Reservoir (1988 
Dollars) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

3-1 Benefit-cost Comparisons for Sandstone Assuming 
Immediate Industrial water Use .....•...•.........•... 28 

3-2 Benefit-cost Comparisons for Sandstone Assuming 
Industrial Water Use 20 Years After Construction 30 

3-3 Benefit-cost Comparisons for Sandstone Assuming 
Construction is Delayed for 20 Years ...•••........... 32 

3-4 Benefit-cost Comparisons for Sandstone Assuming 
Industrial water Use 40 Years After Construction 34 

3-5 Benefit-cost Comparisons for Sandstone Assuming 
Construction is Delayed for 40 Years .......••......•. 35 

3-6 Benefit-cost Comparisons for Sandstone Assuming 
Industrial Water Use 60 Years After Construction 37 

3-7 Benefit-cost Comparisons for Sandstone Assuming 
Construction is Delayed for 60 Years •.•....•......... 38 

3-8 Benefit-cost Comparisons for Sandstone Assuming No 
In-Basin Industrial water Use •.••.•••.••.•.•......... 41 

4-1 Project Net Benefits for Electric Power Generation 
and Two Construction Scenarios ..••••••.••.....•...... 46 

4-2 Project Net Benefits for sy~thetic Fuels Production 
and Two Construction Scenarl.OS .•.•.••••••............ 48 



LIST OF TABLES (Cont.) 

Table 

4-3 Expected Net Benefits for Electric Power Generation 
and Two Construction scenarios ••••.••.••••••••..••... 51 

4-4 Comparison of "Willingness-to-Pay" for Early 
Construction and the Opportunity Cost of Building 
Sandstone Now .•.••••••••••••••••••••••••••........•.. 55 

Part II Tables: 

6-1 water Rights Prices in Selected western States: 
1960s Through 1980s •.••...•.•••••...•.••••..•.•...... 60 

6-2 Expected water Deficits in Selected Western States 71 

6-3 water Rights Prices in Selected Western states: 
199 Os Through 2020 .•••••.•.•.•••.•.••.•••.•......•... 71 

6-4 Number of water Intensive Firms Located in the u.S. 
and in the Western States, 1959 and 1982 •....••..•... 73 

7-1 Reasons for Zero Valuations .•.•••....•.••............ 90 

7-2 Demographic Information ....••••..........•••......... 91 

7-3 Regression Analysis ...•...•••...............••.•..... 95 

7-4 Annual Aggregate Valuation and Discounted Present 
Value for Avoiding Future A ..•.....•.••.............. 97 

7-5 Comparison of the "Willingness to Pay to 
Effectively Build Now" to the "Opportunity Cost of 
Building Now" .......•.•...•..••.....••.••..•.....•... 99 

8-1 Projected Additions to Electric Generating Capacity 
in the united States .....................•..•........ 108 

8-2 Benefits and Costs for Electric Power Generation 
After 20 Years ........•••••...............•.......... 112 

LIST OF FIGURES 

Figure 

1-1 Location of Proposed Sandstone Project ...•.......... 2 

4-1 Alternative Futures Described in Willingness-to-Pay 
Survey .............................................. 54 



FOREWORD 

This report describes the results of an economic analysis of the 

proposed Sandstone Dam and Reservoir. The analysis was conducted 

by western Research Corporation (WRC) of Laramie, Wyoming under 

contract with the Wyoming water Development Commission (WWDC). 

The principal authors of the report are Gary L. Watts, President, 

WRCi Dr. David S. Brookshire, Professor of Economics, University 

of Wyoming; and Dr. Ronald G. Cummings, Chairman, Department of 

Economics, University of New Mexico. Mary Hill of WRC and 

Douglas Redington, UW graduate student in economics, assisted in 

the research effort. 

The report is presented in two parts. 

the findings and conclusions of the 

Part I is an overview of 

study. It reflects a 

consensus of the three authors concerning the potential economic 

contributions the Sandstone Project could make to the state of 

wyoming. Part II describes some of the economic research 

questions that were addressed during the study in more detail. 

In Part II of the report, authors are identified by their 

individual contributions. 
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PART I - FINDINGS AND CONCLUSIONS 



1. 0 INTRODUCTION 

The Wyoming water Development Commission (WWDC) is developing 

plans to build Sandstone Dam and Reservoir on Savery Creek, a 

tributary of the Little Snake River in southeastern Wyoming. The 

location of the proposed reservoir is shown in Figure 1-1. 

Project proponents have been advocating early construction of the 

project for several reasons, which are briefly summarized below. 

First, the project would provide mitigation for the Cheyenne 

stage I and stage II water projects which divert water from the 

headwaters of the Little Snake Drainage into the North Platte 

Drainage for municipal use. When fully operational, the Stage I 

and Stage II projects will have the potential of diverting 

approximately 21,000 acre-feet of water annually out of the 

Little Snake Drainage. These diversions may have some negative 

impacts upon irrigators in the Little Snake Basin that could be 

mi tigated by supplemental irrigation water from the Sandstone 

Project. The reservoir would also minimize impacts to in-basin 

users if the proposed stage III diversion project is implemented 

to use additional Little Snake water to meet the long-term 

municipal and industrial water needs of Wyoming's North Platte 

Drainage. 

Second, the Sandstone Project would stimulate the local economy 

of the Little Snake Basin by providing additional late season 

irrigation water to agricultural users, thus increasing 

agricultural output. The reservoir would also provide recreation 

opportunities for both resident and non-resident anglers and 

boaters. In addition, the project would provide some flood 

control benefits to local residents, and would insure adequate 

municipal water supplies for the towns of Dixon and Baggs. 

The Sandstone Project would also provide a firm annual industrial 

water supply of approximately 20,000 acre-feet as an economic 

1 
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development tool to attract new industry into the area. The 

energy industry has in the past expressed interest in developing 

water supplies in the Little Snake Drainage; that interest may 

materialize into a commitment if energy markets improve. 

Finally, construction of the Sandstone Project may provide an 

element of protection to Wyoming's compact waters in the Little 

Snake Drainage as allocated under the Upper Colorado River 

compact. Currently, approximately 90,000 acre-feet of Wyoming's 

compact waters in the Little Snake Basin flow out of the state 

unused each year. 

On the other hand, opponents of the Sandstone Project have argued 

that the Project is not economically feasible without an 

industrial water user, and in the face of declining state 

revenues, the project should be postponed until such time as 

there is an industrial need for the water. One of the main 

purposes of this study was to assess the economic trade-offs 

inherent in these two views of the Sandstone Project. 

This report is intended to provide the Wyoming Water Development 

Commission, the Legislative Select water Committee, and the 

Wyoming Legislature with information to assist them in their 

decision-making 

ultimately, the 

process 

Wyoming 

concerning 

Legislature 

the 

will 

Sandstone 

be faced 

following question concerning the Sandstone Project: 

Project. 

with the 

Is it in the best interests of the state to build the 
Sandstone Proj ect now, or should a decision on the 
project be delayed until such time as the state's 
revenue picture improves and/or an industrial buyer is 
found for the reservoir's industrial water supply? 

It should be noted at the outset that the results of this study 

cannot provide a definitive answer to the question outlined above 

for two reasons. First, the State of wyoming has faced 
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significant revenue shortfalls in recent years. Thus, a decision 

to build Sandstone may, as a practical matter, mean that less 

money would be available for other state programs. To 

definitively address the question of whether to build Sandstone 

now, it would be necessary to compare economic returns from 

Sandstone with economic returns to other state programs such as 

education or health and human services. Unfortunately, we don't 

know what the economic returns to alternative state programs are, 

and estimating such rates of return is a major task beyond the 

scope of this study. 

Second, the economic viability of the Sandstone Project will 

ul timately be determined by the outcome of future events that 

cannot be predicted with certainty. Although this report 

provides insights into the future economic and institutional 

conditions that will determine economic returns to Sandstone, 

these projections are obviously subject to the whims of reality 

as the future unfolds. 

These cautionary notes aside, we believe the results of the study 

will provide the WWDC, the Legislative Select water Committee, 

and the Wyoming Legislature with useful information to guide 

their decision concerning the future of the Sandstone Project. 

The remainder of Part I of this report consists of four sections. 

section 2.0 describes the potential benefits and costs of the 

project based upon operating plans for the reservoir as developed 

by the WWDC. section 3.0 presents estimates of net benefits 

(benefits minus costs) and benefit-cost ratios for several 

different scenarios concerning industrial water use in the Little 

Snake Basin. The issue of the optimum timing for construction of 

Sandstone is addressed in section 4.0, and section 5.0 summarizes 

the conclusions of the study. 

4 



2.0 PROJECT BENEFITS AND COSTS 

2.1 Industrial Benefits 

The Sandstone Project is designed to deliver a firm annual yield 

of approximately 20,000 acre-feet of water for industrial use. 

Current plans call for delivery of this industrial water at a 

point several miles downstream from the reservoir site near 

Baggs, Wyoming. Delivery directly at the reservoir or through a 

pipeline would also be feasible. Currently, there are no 

industrial commitments for Sandstone's water, so if the project 

is built in the near future, there will likely be a waiting 

period before any industrial benefits are forthcoming. 

Because there are no current commitments for Sandstone's 

industrial water, it is necessary to ask what industrial benefits 

might be forthcoming from the project if an industrial water user 

could be attracted to the area at some point in the future. To 

answer this question, we analyzed the types of industrial 

facilities that might be attracted to the project area and the 

magnitude of benefits that would be forthcoming if a facility did 

locate in the area because of the availability of Sandstone's 

water. 

The largest water-using industrial sectors in the united states 

as of 1980 are identified in Table 2-1. The data in that table 

indicate that by far the largest industrial water-using sector in 

the united States is the electric power generating industry. 

Electric power generation used over 80 percent of all self

supplied industrial water in the country during 1980. Other 

relatively large water users include manufacturers of chemicals 

and allied products, primary metals manufacturers, and paper 

products firms. Although firms processing petroleum and coal 

products used less than two percent of the nation's industrial 

water supplies in 1980, that figure could change in the future if 
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TABLE 2-1 

Water-Intensive Industries 
in the united states 

(1980) 

Daily Use 
(Billions 

Industrial sector of Gallons) 

Electric Power Generation 210.0 

Chemicals and Allied Products 15.3 

Primary Metals 10.8 

Paper and Allied Products 8.6 

Petroleum and Coal Products 3.6 

Food and Kindred Products 2.7 

other Manufacturing 4.0 

TOTALS 255.0 

Percent 

82.4% 

6.0 

4.2 

3.4 

1.4 

1.1 

1.5 

100.0% 

Sources: Solley, W., E. Chase and W. Mann, Estimated Use of 
Water in the united states in 1980, Geological Survey 
Circular 1001, U. s. Department of the Interior, 
Geological Survey. 

Bureau of the Census, 1982 Census of Manufactures-
water Use in Manufacturing, U.s. Department of 
Commerce, March, 1986. 
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the production of synthetic fuels from coal becomes economically 

viable. 

One possible long-term use of Sandstone's industrial water is for 

generating electricity in a coal-fired power plant. Sandstone's 

industrial water supply would be sufficient for a 1,500 megawatt 

coal-fired electrical power plant similar to the Laramie River 

station power plant near Wheatland, Wyoming. There are 

sufficient coal deposits in the area to support such a plant. 

There is a strippable coal bed near Savery, in close proximity to 

the reservoir, as well as large deposits approximately 50 miles 

north of Baggs near Creston Junction. 

The quantity and characteristics of the coal deposits near Savery 

are largely unknown, since the only tests on these coals were 

undertaken by private interests who have not made their 

information public. The coal deposits near Creston Junction, 

however, are known to be of sufficient quantity and quality to 

support long-term electric power generation. In the early 1980s, 

the Tri-state Generation and Transmission Association 

commissioned a study to compare the economic viability of 

additional electric power generation at 19 different sites in 

four western states (Burns and McDonnell, 1980). A site in the 

vicinity of Crescent Junction, using water supplied by pipeline 

from the Little Snake River, was ranked as one of four preferred 

sites out of the 19 under consideration. This ranking took into 

account the development costs of Sandstone Dam and Reservoir, as 

well as the costs of piping water to a mine-mouth power plant. 

Currently, Tri-state and most other electrical utilities in the 

region have excess power generating capacity and do not 

anticipate increasing base load capacity in the near future. The 

exact timing of the need for additional capacity will depend 

partially upon future economic conditions in the region. Given 

present economic conditions, some industry spokesmen believe that 
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it will be 15 to 20 years before new generating capacity is 

needed in the state. This time frame could be shortened, 

however, if domestic energy markets rebound or if improved 

transmission technology makes wheeling power to distant markets 

more cost-effective. 

If a coal-fired power plant were sited in the project area 

because of Sandstone's industrial water supply, several types of 

economic benefits would accrue to the State of Wyoming. These 

benefits include direct income paid to Wyoming residents employed 

at the plant and associated coal production facilities, indirect 

income generated in the state's economy, tax revenues accruing 

to state and local governments, and any payments made to the 

state for industrial water. 

Table 2-2 presents descriptive information for a 1,500 megawatt 

coal-fired electrical generating facility, along with estimates 

of the annual economic benefits that would accrue to the state 

from such a facility. The plant would use 19,000 to 20,000 acre

feet of water annually, burn approximately six million tons of 

coal, and employ approximately 340 permanent workers. The 

economic benefits that would accrue to Wyoming from such a 

facility are valued at approximately $37.3 million annually. 

A manufacturing facility for chemicals, fertilizers or allied 

products also could make use of Sandstone's water. Firms of this 

type are representative of numerous water-intensive manufacturing 

facilities that have been built in the West during the past 30 

years. Since 1959, over 600 new water-intensive manufacturing 

facilities have been built in the western united states. Over 80 

percent of these new facilities were sited in the states of 

Arizona, California and Texas. Interestingly, state water plans 

for each of those three states project severe water deficits by 

the year 2020. Thus, it is not unreasonable to assume that a 

state like Wyoming, with abundant water supplies, might prove 
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Table 2-2 

Economic Profile of a 1,500 Megawatt 
Coal-Fired Electrical Generating Plant 

Item Amount 

Annual Water Use 19,000 - 20,000 Acre-Feet(l) 

Annual Coal Use 6 Million Tons 

Assessed Valuation $80 Million 

Permanent Employment 340 Persons 

Annual Economic Benefits: 

Payroll at Plant $11.0 Million 

Coal Production Payroll 3.8 Million 

Secondary Income 11.8 Million(2) 

Coal Severance Taxes 4.6 Million(3) 

Property Taxes 6.0 Million 

Sales and Use Taxes 0.1 Million 

Total Annual Benefits $37.3 Million 

Source: Missouri Basin Power Project, Wheatland, Wyoming. 
Personal communication with George Barthalomew, October, 
1988. 

Footnotes: 

(1) Assumes average power production of 425-450 megawatts 
on each of three 500 megawatt units. 

(2) Based upon a Wyoming income multiplier of 1.8. 

(3) Based upon 8.5 percent tax rate on coal valued at $9 
per ton. 
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attractive to such industries in the future. Although facilities 

manufacturing chemicals and allied products typically do not have 

water intake requirements as large as coal-fired power plants, 

water is important to their production process and, therefore, 

important in locational decisions. The existence of Union 

Pacific's main line through southern Wyoming is also an important 

locational factor. 

An economic profile of a hypothetical chemical manufacturing 

facility is given in Table 2-3. That table indicates that the 

annual benefits accruing to wyoming from such a facility are 

valued at approximately $34.3 million annually, roughly 

equivalent to that of a 1,500 megawatt coal-fired power plant. 

A third potential use of Sandstone's industrial water is for the 

production of synthetic fuels from coal. Although such synfuels 

production would not be profitable under current economic 

conditions, this situation may change after the turn of the 

century if world-wide oil reserves become depleted and energy 

costs rise significantly. During the energy boom of the 1970s, 

several energy companies studied the possibility of developing 

synthetic fuels facilities in Wyoming, and one group looked 

closely at the feasibility of such a facility at a site north of 

Baggs. It is thus useful to assess the economic benefits that 

would be forthcoming if such a facility were built in the project 

area in the future. 

Table 2-4 presents an economic profile for a coal-to-synthetic 

gas conversion facility using technology similar to that used by 

the Great Plains Gasification Plant in Beulah, North Dakota. The 

facility was sized to a water intake requirement of approximately 

20,000 acre-feet annually. The results in Table 2-4 indicate 

that the annual economic benefits to the state from such a 

facility would be valued at approximately $160 million annually. 
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Table 2-3 

Economic Profile of a Chemical and Allied Products 
Production Facility 

Item 

Annual water Use 

Assessed Valuation 

Permanent Employment 

Annual Economic Benefits: 

Payroll at Plant 

Secondary Income 

Property Taxes 

Sales and Use Taxes 

Total Annual Benefits 

Amount 

2,000 - 20,000 Acre-Feet(1) 

$46.5 Million 

380 Persons 

$17.8 Million 

14.2 Million(2) 

1.5 Million 

0.8 Million 

$34.3 Million 

Source: Based upon actual industry data for Wyoming during 1987-
1988. Sources requested anonymity. 

Footnotes: 

(1) Water usage varies significantly depending upon the 
exact nature of products and production processes. 

(2) Based upon a Wyoming income multiplier of 1.8. 
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Table 2-4 

Economic Profile of a Coal-To-Synthetic 
Gas Conversion Facility 

Item Amount 

Annual water Use 20,000 Acre-Feet 

Annual Coal Use 16.6 Million Tons 

Assessed Valuation $690 Million 

Permanent Employment 2,000 Persons 

Annual Economic Benefits: 

Payroll at Plant $44.4 Million 

Coal Production Payroll 10.5 Million 

Secondary Income 43.9 Million(l) 

Coal Severance Taxes 12.7 Million(2) 

Property Taxes 51.3 Million 

Sales and Use Taxes NA(3) 

Total Annual Benefits $162.8 Million 

Source: Dakota Gasification Companies, Bismark, North Dakota, 
October, 1988. 

Footnotes: 

(1) Based upon a wyoming income multiplier of 1.8. 

(2) Based upon an 8.5 percent tax rate on coal valued at $9 
per ton. 

(3) Sales and use tax payments have not been estimated, but 
would not add significantly to total benefits. 
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In interpreting the economic benefit measures presented in this 

section, it is important to note that they are predicated on the 

assumption that Wyoming will, in the future, be in competition 

with other states in the region to attract water-using 

industries. It is thus appropriate to include as benefit 

measures for wyoming all direct and indirect income as well as 

tax revenues that might otherwise benefit another state. Such 

benefit measures are usually ignored in federal benefit-cost 

analyses. 

2.2 Irrigation Benefits 

The agricultural economy of the Little Snake Basin is based upon 

livestock production; approximately 45 ranchers in the Little 

Snake River water Conservancy District hold water rights to 

irrigate approximately 20,000 acres along Savery Creek and the 

Little Snake River downstream from its confluence with Savery 

Creek. The majority of this land is devoted to the production of 

grass and alfalfa hay for winter livestock feed. 

The Sandstone Project would provide two types of benefits to 

agricultural operators in the Little Snake Basin. First, it 

would provide irrigation water to mitigate, or makeup for, any 

irrigation water depletions caused by Cheyenne's Stage I and II 

diversions. Second, the project would supply additional late 

season irrigation water to area ranchers who are typically water

short during the months of August and September. 

The extent to which the Stage I and II diversions have and/or 

will affect irrigation water availability in the Little Snake 

Drainage is debatable. When fully operational, the two diversion 

systems, high on the headwaters in the Little Snake Basin, will 

have the potential of diverting approximately 21,000 acre-feet of 

water annually from the Little Snake Drainage into the North 

Platte Drainage. Most of the diversions will take the form of 
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early snow melt, however, and will occur in a time frame when 

there is normally sufficient irrigation water available to Little 

Snake area ranchers. 

Some negative effects on local irrigators are possible, however, 

because there will be less snow melt to provide groundwater 

recharge along the Little Snake headwaters. Groundwater recharge 

in early Spring may be a factor in keeping natural springs and 

other perennial inflows in the drainage from drying up later in 

the year. Thus, to the extent that the stage I and II diversions 

affect groundwater recharge, some negative effects may be felt by 

local irrigators. 

Hydrological modeling of this phenomenon is beyond the scope of 

this study, and conversations with two hydrologists indicate that 

such modeling would be difficult due to the lack of stream flow 

data reflecting the full diversion potential of the stage I and 

II projects. Both hydrologists agreed, however, that it is 

unlikely that the Stage I and II projects combined would result 

in the loss of more than 2,000 acre-feet of irrigation water 

annually in the Little Snake Basin under the worst conditions. 

Assuming some irrigation water is lost, there will be negative 

impacts on hay yields and farm income in the Little Snake Basin. 

Analyses of crop budgets and historical data related to crop 

prices and farm productivity indicate that each acre-foot of 

supplemental irrigation water in the Little Snake Drainage 

probably adds $15 to $25 to net farm income. Assuming a $20 farm 

income loss for each acre-foot of irrigation water lost, and a 

worst case scenario of approximately 2,000 acre-feet of 

irrigation water lost annually, the Stage I and II diversions 

could potentially cost area ranchers $40,000 in direct farm net 

income annually. The secondary income losses associated with the 

direct farm income loss would approximate $32,000, for a total 

annual economic loss of $72,000. 
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The Sandstone Project has the potential of mitigating these 

losses by supplying replacement water from reservoir storage. 

Thus, approximately $72,000 annually can be attributed to the 

project as a mitigation benefit. 

In addition to mitigating the effects of the Stage I and II 

diversions, the Sandstone Project would supply additional late

season irrigation water to area ranchers. The reservoir's 

average annual yield for irrigation purposes (assuming 20,000 

acre-feet are reserved for industrial use and 200 acre-feet for 

municipal use) would be approximately 12,000 acre-feet. 

Hydrological studies undertaken by Western Water Consultants 

(SWEC, 1986) indicate that, taking into account return flows, 

reservoir releases of 12,000 acre-feet annually would result in 

about 13,000 acre-feet of water being available for diversion by 

irrigators. 

If we assume that 2,000 acre-feet of this water would go to 

mitigate the effects of the Stage I and II diversions, 

approximately 11,000 acre-feet would be available for additional 

irrigation purposes. Assuming a $20 increase in farm income for 

each acre-foot of additional water yields an annual direct 

irrigation benefit of $220,000 to area ranchers. The secondary 

benefits of this income to the local economy would approximate 

$176,000, for a total annual benefit of $396,000. Overall, the 

combined direct and indirect economic benefits attributable to 

both stage I and II mitigation and supplemental late season 

irrigation water would approximate $468,000 annually. 

2.3 Recreation Benefits 

Sandstone Reservoir would be operated as a cold-water trout 

fishery by the WWDC and the Wyoming Game and Fish Department. 

Construction plans for the project include a boat ramp and 

associated day-use facilities. The reservoir would be operated 
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to provide a minimum fisheries pool of approximately 10,400 acre

feet, and a minimum stream flow of 24 cfs would be maintained on 

Savery Creek downstream from the reservoir. Plans have been made 

to obtain public access to three miles of Savery Creek downstream 

from the reservoir and a public trout fishery would be maintained 

in that section of the creek. 

Based on the above assumptions, the Game and Fish Department 

estimates that the project would generate approximately 9,233 

angling days of use annually at the reservoir site and downstream 

on Savery Creek. The department also estimates that 327 angling 

days of use along Savery Creek would be lost due to inundation, 

for a net increase of 8,906 angling days annually. These 

estimates are based upon the department's judgment and experience 

with other reservoir trout fisheries in southeast and south 

central Wyoming, and we have no reason to doubt their validity. 

To estimate the recreational benefits attributable to Sandstone, 

an economic value must be placed on each day of angling activity. 

The Wyoming Game and Fish Department currently uses survey data 

on fisherman expenditures to estimate the economic benefits of 

fishing activity days. This approach may overestimate economic 

benefits with respect to resident anglers, however, because the 

construction of Sandstone may not result in significant increases 

in the total amount of money spent by Wyoming anglers on fishing 

activities. Instead, the reservoir will probably attract Wyoming 

anglers from other fishing sites, because it provides a more 

convenient or higher quality recreational experience. 

In this context, the appropriate measure of economic benefits for 

resident anglers is their "willingness-to-pay" for fishing at 

Sandstone, above and beyond actual expenditures made on fishing 

trips. A review of 14 willingness-to-pay studies of cold-water 

fishing in the western united States indicates that the median 

value of willingness-to-pay for a trout fishing activity day is 

16 



approximately $18.35 in 1988 dollars (Sorg and Loomis, 1984). 

That figure was used to estimate recreation benefits attributable 

to resident anglers in this study. 

with respect to non-resident anglers, fisherman expenditures are 

an appropriate measure of benefits if they represent revenue 

increases to Wyoming. A review of fishing expenditure studies in 

Colorado, Wyoming and other western states yields expenditure 

estimates ranging from about $20 to over $65 per angling day. 

Allowing for the current lack of infrastructure in the project 

area and the fact that out-of-state anglers may spend some money 

out-of-state before arriving at Sandstone, an expenditure 

estimate of $25 per angling day was used for purposes of 

estimating non-resident recreation benefits. This estimate may 

prove conservative, however, if lodging and eating establishments 

are developed in the area to support destination-oriented non

resident anglers. 

No good data are available upon which to base projections of the 

percentage of non-resident and resident anglers that might make 

use of Sandstone Reservoir. Based upon conversations with 

Wyoming Game and Fish Department personnel, however, it seems 

reasonable to assume a 50-50 split between resident and non

resident usage. Applying the user-day values specified above 

yields an annual benefit estimate of approximately $81,700 for 

resident recreational use. Non-resident fisherman expenditures 

attributable to the reservoir would approximate $111,300 

annually. These expenditures should result in total income 

increases in Wyoming of approximately $50,000 annually, which is 

the appropriate measure of economic benefits (USDC, 1986). 

Overall, we estimate the recreational benefits attributable to 

Sandstone to be on the order of $131,700 annually. 
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2.4 Municipal water Supply Benefits 

The towns of Baggs and Dixon are located along the Little Snake 

River downstream from the proposed reservoir site. Baggs 

currently obtains its municipal water from an infiltration 

gallery in the Little Snake River alluvial aquifer. Dixon's 

water supply is supplied from a direct diversion from the river. 

Both communities have only junior water rights, and have 

experienced water shortages during extended periods of low flows 

in the river. 

Previous studies have identified a long-term need for 

approximately 200 acre-feet of additional municipal water 

annually to meet the needs of the two communities (SWEC, 1986). 

These municipal water needs could be met by the Sandstone 

Project. Alternatively, they could be met by drilling wells into 

the Little Snake River alluvial aquifer. 

The benefits of additional municipal water supplies from the 

Sandstone Project can be measured by the avoided cost of the most 

likely alternative source of supply, which in this case is 

groundwater. Stone and Webster Engineering Corporation studied 

the costs of pumping water from this alluvial aquifer for 

irrigation purposes (SWEC, 1987). Their study concludes that 

water could be pumped from this alluvium for approximately $16.49 

per acre-foot (1987 dollars). Assuming pumping costs for 

municipal purposes would not exceed those for agricultural 

purposes, we estimate the alternative cost of supplying the two 

communities with 200 additional acre-feet of municipal water to 

be approximately $3,300 annually. 

Pumping this amount of water from the alluvial aquifer, however, 

would reduce stream flows in the Little Snake River by an 

estimated 1.12 cfs during low flow periods (SWEC, 1987). Since 

the river below Dixon and Baggs is fully appropriated during the 
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summer irrigation season, some negative impacts upon irrigators 

would result from the municipal wells. We estimate the potential 

cost of this loss to be an additional $2,000 annually, bringing 

the total economic cost of the groundwater alternative to $5,300 

annually. 

since these costs would be avoided by obtaining additional 

municipal water from Sandstone, they serve as an estimate of the 

benefits of Sandstone municipal water. 

2.5 Flood Control Benefits 

The community of Baggs and agricultural lands along the Little 

Snake River are subject to flooding during periods of unusually 

high flows in the river. In 1984, flood damages due to extremely 

high run-off conditions were estimated to exceed $2,000,000 

(SWEC, 1986). Although Sandstone Dam and Reservoir would not be 

operated specifically for flood control purposes, it would 

attenuate flood flows along Savery Creek somewhat, and have some 

minor attenuating effects downstream on the Little Snake River. 

The Sandstone Dam and Reservoir Concept Design Report (SWEe, 

1986) estimates that annual flood damage reduction benefits 

attributable to the project would be approximately $6,100 

annually. 

reasonable. 

We have reviewed this estimate and believe it to be 

2.6 Hydropower Benefits 

Sandstone Dam has been designed to allow for eventual 

installation of hydropower generators if hydropower production 

becomes economically feasible in the future. The facility would 

support a 2,090 KW hydropower installation without interfering 

with flow deliveries for agriculture, industry, or other project 
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uses. The estimated cost of the hydroelectric generators is 

approximately $3.0 million. 

Federal legislation requires public utilities to purchase small

scale hydropower at their "avoided cost" for production of the 

same amount of power. A survey of electrical utilities in 

Wyoming and Colorado indicates that current avoided cost rates 

fall in the range of 1.5 cents to 3.0 cents per kilowatt hour. 

At these rates, hydropower production at the Sandstone site is 

not economically feasible. A break-even analysis indicates that 

avoided costs would have to rise to the range of 4.0 to 5.0 cents 

per kilowatt hour for hydropower production to be feasible at 

Sandstone. For this reason, both hydropower benefits and costs 

have been omitted from the economic analysis described in this 

report. 

2.7 Other Benefits 

Other potential benefits of the Sandstone Project include 

improvements in water quality in the Little Snake River, 

stimulation of the local economy in the Little Snake Basin during 

project construction, and some degree of protection for part of 

Wyoming's compact allocation in the Little Snake Drainage under 

the Upper Colorado River Compact. 

Hydrological studies of the Sandstone Project indicate that it 

could reduce salinity loads in the Little Snake River downstream 

from Baggs (SWEC, 1986). This effect would be a direct 

consequence of diverting 20, 000 acre-feet of industrial water 

annually at Baggs for consumptive use. Although industrial uses 

of Sandstone's water may well reduce salinity loads in the 

Colorado River system, the benefits of these water quality 

improvements would accrue primarily to downstream users, and do 

not directly affect the economic feasibility of the project from 

Wyoming's perspective. Thus, no attempt was made to quantify the 
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economic value of water quality improvements for purposes of this 

study. 

construction of the project also would have a stimulating effect 

on the economy of the Little Snake Basin and other parts of 

Wyoming where construction contractors are located. Although 

these economic effects would be real, it is not appropriate to 

count them as benefits of the Sandstone project. If Sandstone is 

not built, it is realistic to assume that an equivalent amount of 

money would be spent elsewhere in the state, either for the 

construction of other water projects or for other state needs. 

Thus, no attempt was made in this study to attribute construction 

benefits to the Sandstone Project. 

The remaining benefit that the Sandstone Project would provide 

the state is some degree of protection for its compact waters in 

the Little Snake Basin. Currently, approximately 90,000 acre

feet of Wyoming's compact waters under the Upper Colorado River 

Compact flow out of the Little Snake Basin each year unused. As 

water becomes increasingly scarce and valuable in lower-basin 

states such as Arizona and California in the future, and as 

federal permitting procedures for dams and reservoirs become more 

strict, Wyoming may face increasing difficulty in developing its 

compact waters. The extent to which Sandstone could reduce 

uncertainty about Wyoming's future ability to develop its compact 

waters in the Little Snake Basin is discussed in section 4.0 of 

this report. 

2.8 Project Costs 

The costs of the Sandstone Project can be grouped into five 

conceptual categories as described below: 

• planning, permitting and land acquisition costs; 

• environmental costs; 

21 



• construction costs; 

• operations, maintenance and replacement costs (OM&R); and 

• the economic opportunity cost of other investments. 

Estimates of Sandstone costs for the first three cost categories 

described above are given in Table 2-5. The first line item in 

that table indicates that the costs of developing plans and 

specifications for the reservoir, various permitting activities 

and land acquisition are expected to total approximately $5.0 

million. Part of this total reflects the purchase price of 

agricultural rangeland that will be taken out of production at 

the reservoir si te. Conceptually, the economic value of that 

land to the local economy is capitalized in the land purchase 

price, and thus is included in the cost of the project. There 

may be some negative secondary economic effects due to taking 

rangeland out of production in the area, but they are expected to 

be minor. 

The environmental costs of the reservoir lie in three principal 

areas. First, the reservoir would inundate approximately 960 

acres of wildlife habitat, of which approximately 700 acres is 

critical elk winter range. Some elk calving areas would be 

inundated, as would some elk migration corridors from summer 

range in the Medicine Bow National Forest to winter range north 

and south of the proposed project. Parts of the reservoir site 

are also used as summer and winter range for mule deer. 

Negotiations between the Wyoming water Development Commission and 

the Wyoming Game and Fish Commission indicate that the negative 

impacts of the reservoir on big game habitat can be mitigated by 

acquiring additional habitat in the project area at a cost of 

approximately $250,000. 

Sandstone would also inundate about 12 miles of free-flowing 

stream along Savery Creek and its tributaries. The cost of 

mitigating this loss according to u.S. Fish and wildlife Service 

22 



Item 

Table 2-5 

Economic costs of Sandstone 
Dam and Reservoir 

(1988 Dollars) 

Plans, Specifications, Land 
Acquisition 

Environmental Mitigation 

Endangered Species 

wetlands 

Fisheries 

Terrestrial Habitat 

Subtotal 

construction 

construction Engineering and 
Management 

construction Contingency 

Recreational Developments 

Total 

cost 
($ 1,000s) 

$ 5,000 

$350 

150 

250 

1,000 

43,600 

6,700 

8,700 

1,000 

$66,000 

Source: Wyoming Water Development Commission, October, 1988. 
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guidelines is estimated to be approximately $250,000. The 

reservoir would also inundate approximately 340 acres of wet 

meadows, which provide habitat for a variety of non-game species. 

The cost of mitigating this loss is estimated at approximately 

$150,000. 

Finally, 

payment 

the state would have to make a one-time mitigation 

of approximately $350,000 for the protection of 

endangered fish species downstream in the Colorado River system. 

The magnitude of this payment is determined by a recently 

negotiated cooperative agreement between state, federal, and 

environmental interests in the Upper Colorado River Basin. 

For purposes of this study, it was assumed that the mitigation 

payments described above reflect the full economic value of 

environmental resources that will be adversely affected by the 

project. To the extent that there are some environmental costs 

that cannot be adequately mitigated, such as disruption of elk 

migration routes, total project costs may be somewhat higher than 

depicted in this report. Unfortunately, there are no practical 

means available of estimating the magnitude of these costs. 

The direct construction costs of the reservoir are estimated to 

be approximately $43.6 million; construction engineering and 

management on the project are expected to cost approximately $6.7 

million. Allowing for a construction contingency of $8.7 

million, and $1.0 million for a boat ramp and other recreational 

facilities, brings total project costs to approximately $66.0 

million in 1988 dollars. 

It should be noted that this figure is somewhat lower than the 

$70.0 million construction budget that has been cited by the 

WWDC. The difference results from an inflation contingency in 

the $70.0 million budget to allow for uncertainty about 

construction costs in the early 1990s. For purposes of this 
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study, however, project benefits were measured in 1988 dollars, 

so it is appropriate to use the 1988 cost estimate of $66.0 

million to keep benefits and costs on comparable terms. 

In addition to construction costs, the WWDC estimates that normal 

operations and maintenance costs for the reservoir will 

approximate $150,000 annually (1988 dollars) over the project's 

life. In addition, there will be some costs for unanticipated 

repairs and maintenance, as well as replacement of some minor 

equipment items. A $50,000 annual contingency is provided for 

these costs. 

The final cost element associated with the Sandstone Project is 

the opportuni ty cost of money. That is, conceptually, the 

Sandstone Project should be evaluated to determine whether it 

would yield a higher or lower rate of return than alternative 

state investments. Analytically, this evaluation is carried out 

through the choice of a discount rate, which can be viewed as a 

"target" rate of return in a benefit-cost framework. 

As discussed in the introduction to this report, there is no data 

available concerning rates of return to Wyoming's expenditures on 

other state programs such as education, or health and human 

services. Thus, the discount rate for this study was based upon 

the real rate of return (minus inflation) to water development 

funds invested by the wyoming state Treasurer. As of August, 

1988, the state treasurer could invest water development funds at 

approximately 7.9 percent. Subtracting a projected future 

inflation rate of 4.2 percent from this figure yields a real 

(adjusted for inflation) discount rate of 3.7 percent, which was 

used to evaluate the Sandstone Proj ect. (An" inflation free" 

discount rate must be used to evaluate the project because the 

benefit and cost estimates do not reflect future inflation. This 

topic is discussed further in section 8.0 of this report). 
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3. 0 INDUSTRIAL DEVEIDPMEHT SCENARIOS 

3.1 Introduction 

The most important decision the state faces with respect to the 

Sandstone Project is whether to proceed with plans to build the 

project now, without a firm commitment from an industrial water 

user, or to delay the proj ect until a firm commitment can be 

obtained. In this section, we explore the economic implications 

of these two alternatives for a variety of assumptions about the 

timing of industrial water use in the Little Snake Basin. 

We begin by comparing project benefits and costs under the 

assumption that an industrial facility would make use of 

Sandstone's water immediately after construction. Although this 

scenario appears to be unlikely given current economic 

conditions in the state, it does describe an upper bound on 

potential project benefits. We also compare project benefits and 

costs assuming Sandstone's industrial water is not utilized until 

20 years, 40 years, and 60 years into the future. The section 

concludes with an analysis of the project benefits and costs 

under the assumption that no industrial water user is forthcoming 

over the project's life. 

All of the benefits and costs in this section are based upon the 

concept of "present value", meaning that streams of benefits and 

costs over time have been discounted to present (1988) dollars. 

A 3. 7 percent discount rate was used in computing the present 

value of project benefits and costs. For purposes of comparison 

among the various scenarios, a 100-year project life was assumed 

for the dam and reservoir, and a 40-year useful life was assumed 

for industrial facilities. 
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3.2 Immediate Industrial water Use 

This section describes the benefits and costs of the Sandstone 

Proj ect assuming that construction of the dam is completed by 

1992 and industrial use of 20,000 acre-feet of water begins in 

1993. Given the current economic climate in Wyoming, this 

prospect seems unlikely. The region currently has excess 

capacity in the electric power generation industry, and it will 

likely be 15 to 20 years before additional generating capacity is 

needed. Furthermore, the development of synthetic fuels for 

heating and gasoline probably will not take place in the near 

future. Other types of water-intensive industries, such as 

manufacturers of chemicals and allied products, have alternative 

sources of water in the region in the short run. Thus, the 

benefit-cost ratios described in this section are best viewed as 

an upper bound. 

with this caveat, it is apparent that if the state could attract 

an industrial facility to the project area by 1993, project 

benefits would be enormous. Table 3-1 shows that the present 

value of benefits from the project, assuming a 1,500 megawatt 

electric generating plant locates in the project area, would be 

approximately $789 million. Net benefits to the state (benefits 

minus costs) would approximate $710 million, and the benefit-cost 

ratio for the project would be approximately 10 to 1. The 

benefits from a chemical products manufacturing facility would be 

on the same order of magnitude. 

Benefits to the state from a synthetic fuels facility would be 

even greater. Net benefits would approximate $3.3 billion, with 

a benefit-cost ratio of 43 to 1. The magnitude of these benefits 

is a reflection of the magnitude of capital and labor investments 

needed to develop synthetic fuels, along with the sUbstantial 

contribution such an industry would make to the coal industry and 

the tax base in the state. 
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Table 3-1 

Benefit-cost Comparisons for Sandstone 
Assuming Immediate Industrial 

water Use(l) 
($ Millions) 

Industrial Use For: 
Benefit
Cost 

Category 

Project Benefits: 

Industrial 
Irrigation 
Recreation 
Municipal 
Flood Control 

Total 

Project costs: (2) 
Plans and Specs. 
Construction 
Mitigation 
Recreation 
0, M & R 

Total 

Net Benefits: 

Benefit-cost Ratio: 

Footnotes: 

Electric 
Power 

Generation 

$772.4 
12.3 
3.5 
0.1 
0.2 

$788.5 

5.8 
65.8 
1.2 
1.1 
5.3 

$ 79.2 

$709.3 

10.0 

Chemical 
Products 

$710.3 
12.3 
3.5 
0.1 
0.2 

$726.4 

5.8 
65.8 
1.2 
1.1 
5.3 

$ 79.2 

$647.2 

9.2 

Synthetic 
Fuel 

$3,371.3 
12.3 

3.5 
0.1 
0.2 

$3,387.4 

5.8 
65.8 
1.2 
1.1 
5.3 

$ 79.2 

$3,308.2 

42.8 

(1) All benefits and costs discounted to present values in 
1988 dollars using a 3.7 percent discount rate. For 
purposes of comparability with other scenarios, a 
project life of 100 years was assumed, along with a 
useful life of 40 years for industrial facilities. 

(2) Project costs have been adjusted to reflect the 
opportunity cost of expenditures during the construction 
period. These economic costs are higher than actual 
expenditures. 
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For all of the benefit estimates in this section, it was assumed 

that the state would not charge industry for the use of 

Sandstone's water as an economic development incentive. If water 

charges were levied, the benefit-cost ratios would be somewhat 

higher. 

3.3 Industrial water Use 20 Years After Completion 

This scenario describes the benefits and costs attributable to 

Sandstone if the project is built by 1992 and operational by 

1993, but another 20 years elapse before an industrial facility 

locates in the project area. This scenario provides a more 

reasonable representation of the future than the previous 

scenario because electric power producers in the region 

anticipate the need for additional generating capacity in 

approximately that time frame, and at least one study has shown 

the project area to be a preferred development alternative among 

sites in a four-state area. Furthermore, water shortages in some 

western states are expected to become significant in the next 20 

years, placing Wyoming in a more favorable competitive position 

for attracting water-intensive industries (see section 6.0). 

Table 3-2 shows that although benefits to the state from this 

scenario would not be as large as they would be with immediate 

industrial water use, they would still be substantial. Net 

benefits to the state from a 1,500 megawatt electric power 

generating facility still would approximate $310 million, and the 

benefit-cost ratio of the project would be approximately 5 to 1. 

A chemical products manufacturing facility would have benefits on 

the same order of magnitude. 

If we assume that the region's coal resources could be developed 

for synthetic fuels within a 20-year time frame, the project 

benefits would be even greater. Net benefits to the state would 
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Table 3-2 

Benefit-cost comparisons for Sandstone 
Assuming Industrial water Use 20 

Years After Construction(l) 
($ Millions) 

Industrial Use For: 
Benefit
cost 

Category 

Project Benefits: 

Industrial 
Irrigation 
Recreation 
Municipal 
Flood Control 

Total 

Project Costs: (2) 
Plans and Specs. 
Construction 
Mitigation 
Recreation 
0, M & R 

Total 

Net Benefits: 

Benefit-cost Ratio: 

Footnotes: 

Electric 
Power 

Generation 

$373.5 
12.3 
3.5 
0.1 
0.2 

$389.6 

5.8 
65.8 
1.2 
1.1 
5.3 

$ 79.2 

$310.4 

4.9 

Chemical 
Products 

$343.5 
12.3 
3.5 
0.1 
0.2 

$359.6 

5.8 
65.8 
1.2 
1.1 
5.3 

$ 79.2 

$280.4 

4.5 

Synthetic 
Fuel 

$1,630.1 
12.3 
3.5 
0.1 
0.2 

$1,646.2 

5.8 
65.8 
1.2 
1.1 
5.3 

$ 79.2 

$1,567.0 

20.8 

(1) All benefits and costs discounted to present values in 
1988 dollars using a 3.7 percent discount rate. For 
purposes of comparability with other scenarios, a 
project life of 100 years was assumed, along with a 
useful life of 40 years for industrial facilities. 

(2) Project costs have been adjusted to reflect the 
opportunity cost of expenditures during the construction 
period. These economic costs are higher than actual 
expenditures. 
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be on the order of $1.6 billion, and the benefit-cost ratio for 

the project would be about 20 to 1. 

For purposes of comparison, we also computed project benefits and 

costs for this scenario under the assumption that project 

construction is delayed for 20 years until there is a need for 

the industrial water. The results are presented in Table 3-3. 

The primary consequences of delaying construction for 20 years 

are two-fold: 

1) the economic costs of the project would be reduced 

because the state could invest construction funds 

elsewhere for a 20-year period; and 

2) non-industrial benefits would be reduced because the 

state would forego irrigation, recreation, municipal and 

flood control benefits for a 20-year period. 

The overall consequences of delaying construction for 20 years 

can be assessed by comparing the net benefit estimates in Tables 

3-2 and 3-3. For the electric power generation alternative, net 

project benefits would be $310.4 million if the project is built 

now, and $342.9 million if construction is delayed 20 years. 

3.4 Industrial Water Use 40 Years After Completion 

This section describes an analysis of the benefits and costs 

attributable to Sandstone assuming an industrial water user 

locates in the project area 40 years after construction is 

completed. For purposes of this scenario, it was assumed that 

the reservoir would be operated on an interim basis for 40 years 

to bring additional acreage under irrigation in the Little Snake 

Basin. When operated on this basis, the reservoir would have the 

capability of bringing approximately 4,700 acres of new land into 

agricultural production in addition to supplying late-season 

31 



Table 3-3 

Benefit-cost Comparisons for Sandstone 
Assuming Construction is Delayed 

for 20 Years(l) 
($ Millions) 

Industrial Use For: 
Benefit
Cost 

Category 

Project Benefits: 

Industrial 
Irrigation 
Recreation 
Municipal 
Flood Control 

Total 

Project costs: (2) 
Plans and Specs. 
Construction 
Mitigation 
Recreation 
0, M & R 

Total 

Net Benefits: 

Benefit-cost Ratio: 

Footnotes: 

Electric 
Power 

Generation 

$373.5 
5.9 
1.7 

<0.1 
0.1 

$381.2 

2.8 
31.8 
0.6 
0.5 
2.6 

$ 38.3 

$342.9 

10.0 

Chemical 
Products 

$343.5 
5.9 
1.7 

<0.1 
0.1 

$351.2 

2.8 
31.8 
0.6 
0.5 
2.6 

$ 38.3 

$312.9 

9.2 

Synthetic 
Fuel 

$1,630.1 
5.9 
1.7 

<0.1 
0.1 

$1,637.8 

2.8 
31.8 
0.6 
0.5 
2.6 

$ 38.3 

$1,599.5 

42.8 

(1) All benefits and costs discounted to present values in 
1988 dollars using a 3.7 percent discount rate. For 
purposes of comparability with other scenarios, a 
project life of 100 years was assumed, along with a 
useful life of 40 years for industrial facilities. 

(2) Project costs have been adjusted to reflect the present 
value of construction costs incurred 20 years in the 
future. These economic costs are lower than actual 
construction expenditures. 
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supplemental irrigation water. Interviews conducted with 

ranchers in the project area in 1984 indicated an interest in 

developing over 10,000 acres of additional irrigated forage 

production if sufficient water were available (Black & Veatch and 

WRC, 1984). Thus, it does not appear unreasonable to assume that 

4,700 acres might be brought into production for a 40-year period 

if a commitment is made by the state to compensate ranchers by 

"buying back" the industrial water after 40 years of use. For 

purposes of this analysis it was assumed that the buy-back price 

would be equal to $500 per acre (1988 dollars). 

The results of this analysis are presented in Table 3-4. As 

might be anticipated, net benefits to the state for this scenario 

are significantly less than for immediate industrial use or 

industrial use after 20 years even though irrigation benefits are 

larger. Net benefits to the state are still relatively large, 

however, ranging from $117 to $132 million for the chemical 

products and electric power generating options, respectively. If 

we assume that Wyoming's coal will be developed for synthetic 

fuels using Sandstone's water within a 40-year time frame, net 

benefits to the state would be approximately $740 million. 

Benefit-cost ratios 

approximately from 2.5 

facility. 

for the project would range from 

to 10. 3, depending upon the type of 

For this scenario we also computed benefit and cost estimates 

based upon the assumption that project construction is delayed 

for 40 years until there is an industrial water need. The 

results are given in Table 3-5. The overall consequences of 

delaying construction can be assessed by comparing the net 

benefit estimates in Tables 3-4 and 3-5. For the electric power 

generation alternative, net project benefits would be $131.8 

million if the project is built now, and $165.7 million if 

construction is delayed for 40 years. 
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Table 3-4 

Benefit-cost Comparisons for Sandstone 
Assuming Industrial water Use 40 

Years After Construction(l) 
($ Millions) 

Industrial Use For: 
Benefit
cost 

Category 

Project Benefits: 

Industrial 
Irrigation 
Recreation 
Municipal 
Flood Control 

Total 

Project costs: (2) 
Plans and Specs. 
Construction 
Mitigation 
Recreation 
0, M & R 
Ag Buyout 

Total 

Net Benefits: 

Benefit-cost Ratio: 

Footnotes: 

Electric 
Power 

Generation 

$180.6 
27.1 
3.5 
0.1 
0.2 

$211.5 

5.8 
65.8 
1.2 
1.1 
5.3 

.5 
$ 79.7 

$131.8 

2.7 

Chemical 
Products 

$166.1 
27.1 
3.5 
0.1 
0.2 

$197.0 

5.8 
65.8 
1.2 
1.1 
5.3 

.5 
$ 79.7 

$117.3 

2.5 

Synthetic 
Fuel 

$788.3 
27.1 
3.5 
0.1 
0.2 

$819.2 

5.8 
65.8 
1.2 
1.1 
5.3 

.5 
$ 79.7 

$739.5 

10.3 

(1) All benefits and costs discounted to present values in 
1988 dollars using a 3.7 percent discount rate. For 
purposes of comparability with other scenarios, a 
project life of 100 years was assumed, along with a 
useful life of 40 years for industrial facilities. 

(2) Project costs have been adjusted to reflect the 
opportunity cost of expenditures during the construction 
period. These economic costs are higher than actual 
expenditures. 
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Table 3-5 

Benefit-cost Comparisons for Sandstone 
Assuming Construction ~s Delayed 

for 40 Years(l) 
($ Millions) 

Industrial Use For: 
Benefit

Cost 
Category 

Project Benefits: 

Industrial 
Irrigation 
Recreation 
Municipal 
Flood Control 

Total 

Project Costs: (2) 
Plans and Specs. 
Construction 
Mitigation 
Recreation 
0, M & R 

Total 

Net Benefits: 

Benefit-Cost Ratio: 

Footnotes: 

Electric 
Power 

Generation 

$180.6 
2.9 
0.8 

<0.1 
<0.1 

$184.3 

1.4 
15.4 

0.3 
0.3 
1.2 

$ 18.6 

$165.7 

9.9 

Chemical 
Products 

$166.1 
2.9 
0.8 

<0.1 
<0.1 

$169.8 

1.4 
15.4 

0.3 
0.3 
1.2 

$ 18.6 

$151.2 

9.1 

Synthetic 
Fuel 

$788.3 
2.9 
0.8 

<0.1 
<0.1 

$792.0 

1.4 
15.4 
0.3 
0.3 
1.2 

$ 18.6 

$773.4 

42.6 

(1) All benefits and costs discounted to present values in 
1988 dollars using a 3.7 percent discount rate. For 
purposes of comparability with other scenarios, a 
project life of 100 years was assumed, along with a 
useful life of 40 years for industrial facilities. 

(2) Project costs have been adjusted to reflect the present 
value of construction costs incurred 40 years in the 
future. These economic costs are lower than actual 
construction expenditures. 
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3.5 Industrial water Use After 60 Years 

This section describes the benefits and costs attributable to 

Sandstone if an industrial water user locates in the project area 

60 years after project construction. In some ways this scenario 

may be viewed as a "worst case" scenario. Projections of future 

water scarcity described in section 6.0 of this report indicate 

that industrial water will be a scarce and valuable resource in 

the western united states well before the year 2050, and that 

numerous water-intensive firms will be seeking industrial 

locations. Based upon these long-range projections, it appears 

very likely that a water-intensive industrial facility might be 

attracted to the project area within a 60-year time frame. 

The benefits and costs associated with building Sandstone in the 

near future and waiting 60 years for an industrial water user are 

depicted in Table 3-6. The results in that table indicate the 

project is still economically feasible under these assumptions, 

although net benefits to the state are significantly less than 

those for preceding scenarios. A coal-fired electric generating 

facility or chemical products facility would still generate net 

benefits in the range of $34 to $41 million, and the project 

would have a benefit-cost ratio of approximately 1.5. If 

synthetic fuels were developed using Sandstone water within the 

next 60 years, net benefits would be approximately $335 million, 

and the project's benefit-cost ratio would be 5.2 to 1. 

For this scenario, we also computed benefit and cost estimates 

based upon the assumption that project construction is delayed 

for 60 years until there is a need for the industrial water. The 

results are given in Table 3-7. The overall consequences of 

delaying construction can be assessed by comparing the net 

benefit estimates in Tables 3-6 and 3-7. For the electric power 

generating alternative, net benefits would be $41.1 million if 

the project is built now, and $80.2 million if construction is 
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Table 3-6 

Benefit-cost Comparisons for Sandstone 
Assuming Industrial Water Use 60 

Years After Construction(l) 
($ Millions) 

Industrial Use For: 
Benefit
Cost 

Category 

Project Benefits: 

Industrial 
Irrigation 
Recreation 
Municipal 
Flood Control 

Total 

Project Costs: (2) 
Plans and Specs. 
Construction 
Mitigation 
Recreation 
0, M & R 
AG Buyout 

Total 

Net Benefits: 

Benefit-cost Ratio: 

Footnotes: 

Electric 
Power 

Generation 

$ 87.3 
29.5 
3.5 
0.1 
0.2 

$120.6 

5.8 
65.8 
1.2 
1.1 
5.3 
Q.3 

$ 79.5 

$ 41.1 

1.5 

Chemical 
Products 

$ 80.3 
29.5 
3.5 
0.1 
0.2 

$113.6 

5.8 
65.8 
1.2 
1.1 
5.3 
0.3 

$ 79.5 

$ 34.1 

1.4 

Synthetic 
Fuel 

$381.1 
29.5 
3.5 
0.1 
0.2 

$414.4 

5.8 
65.8 
1.2 
1.1 
5.3 
0.3 

$ 79.5 

$334.9 

5.2 

(1) All benefits and costs discounted to present values in 
1988 dollars using a 3.7 percent discount rate. For 
purposes of comparability with other scenarios, a 
project life of 100 years was assumed, along with a 
useful life of 40 years for industrial facilities. 

(2) Project costs have been adjusted to reflect the 
opportunity cost of expenditures during the construction 
period. These economic costs are higher than actual 
expenditures. 
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Table 3-7 

Benefit-Cost comparisons for Sandstone 
Assuming Construction is Delayed 

for 60 Years(l) 
($ Millions) 

Industrial Use For: 
Benefit
Cost 

Category 

Project Benefits: 

Industrial 
Irrigation 
Recreation 
Municipal 
Flood Control 

Total 

project costs: (2) 
Plans and Specs. 
Construction 
Mitigation 
Recreation 
0, M & R 

Total 

Net Benefits: 

Benefit-cost Ratio: 

Footnotes: 

Electric 
Power 

Generation 

$87.3 
1.4 
0.4 

<0.1 
<0.1 

$89.1 

0.7 
7.4 
0.1 
0.1 
0.6 

$ 8.9 

$80.2 

10.0 

Chemical 
Products 

$80.3 
1.4 
0.4 

<0.1 
<0.1 

$82.1 

0.7 
7.4 
0.1 
0.1 
0.6 

$ 8.9 

$73.2 

9.2 

Synthetic 
Fuel 

$381.1 
1.4 
0.4 

<0.1 
<0.1 

$382.9 

0.7 
7.4 
0.1 
0.1 
0.6 

$ 8.9 

$374.0 

43.0 

(1) All benefits and costs discounted to present values in 
1988 dollars using a 3.7 percent discount rate. For 
purposes of comparability with other scenarios, a 
project life of 100 years was assumed, along with a 
useful life of 40 years for industrial facilities. 

(2) Project costs have been adjusted to reflect the present 
value of construction costs incurred 60 years in the 
future. These economic costs are lower than actual 
construction expenditures. 
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delayed for 60 years. For the production of synthetic fuels, net 

benefits would be $334.9 million if the project is built now, and 

$374.0 million if construction is delayed for 60 years. 

For purposes of developing this scenario, it was assumed that 

Sandstone would be managed on an interim basis to maximize 

irrigation benefits, similar to the assumptions employed in 

section 3.5. 

3.6 No Industrial water Use 

since the future cannot be predicted with certainty, it is 

reasonable to ask what benefits and costs would be attributable 

to Sandstone if no industrial water user locates in the project 

area over the life of the facility. In this case, the state 

would be faced with the prospect of maximizing in-basin benefits 

from recreation and agriculture, exploring the possibility of 

exporting Sandstone's industrial water for municipal and 

industrial use in the Platte River Basin, or attempting to lease 

Sandstone's industrial water to out-of-state users. 

Exporting some of Sandstone's water to the Platte River Basin 

could be accomplished in two ways. First, the Cheyenne Stage I 

and II projects could be operated out-of-priority to maximize the 

amount of water diverted into the Platte River Basin. The 

effects of such out-of-priority diversions on in-basin irrigators 

could be mitigated by storage releases from Sandstone. 

Environmental limitations in the form of minimum stream flows in 

the Upper Little Snake tributaries place limits, however, on the 

amount of additional water that could be diverted in this 

fashion. It is estimated that with the Sandstone Dam and 

Reservoir in place, Stage I and II diversions could be increased 

by only 500 acre-feet annually. If we assume that this water has 

a value equal to that of water from the planned Deer Creek Dam 
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and Reservoir, the benefits to the state from this increased 

diversion have a present value of approximately $5.2 million. 

A second alternative for diverting water from the Little Snake 

Basin to the Platte Basin involves construction of a pipeline 

from Baggs to the North Platte River near Rawlins. Although the 

benefits from such a diversion would be significant to the state, 

so would the cost. A pipeline from Baggs to the Platte River 

would cost approximately $96.6 million in 1988 dollars, including 

the capitalized cost of energy for pumping over its useful life. 

Assuming the pipeline were built 20 years after project 

construction, today's economic cost would be $46.7 million and 

the pipeline would generate benefits of $96.8 million, thus 

significantly enhancing the economic viability of the project. 

Another option available to the state would be to lease 

Although there Sandstone's industrial yield to downstream users. 

are many legal and institutional problems associated with 

interstate water leasing, it is of interest to explore the 

economic implications for this alternative if no industrial water 

user is forthcoming in the project area. 

Table 3-8 presents estimates of the benefits and costs associated 

with Sandstone for each of the three alternatives described 

above. The results show that the project is not economically 

feasible for either of the trans-basin diversion options. If the 

project were built in the near future and operated to maximize 

irrigation and Stage I and II diversions, the net economic loss 

to the state over the project's life would be approximately $39 

million. Construction of a pipeline from Baggs to the North 

Platte River would enhance the economic returns to the project 

and allow the state to recapture all but about $13 million of its 

investment. It should be noted, however, that this estimate is 

based upon valuing Sandstone water at the alternative cost of 

Deer Creek water of $392 per acre-foot. If, at some point in the 
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Table 3-8 

Benefit-cost Comparisons for Sandstone 
Assuming No In-Basin Industrial 

Water Use (1) 

Benefit
Cost 

Category 

Project Benefits: 
M & I 
Irrigation 
Recreation 
Municipal (In-Basin) 
Flood Control 

Total 

Project costs: (2) 
Baggs Pipeline 
Plans and Specs. 
Construction 
Mitigation 
Recreation 
0, M & R 

Total 

Net Benefits: 

Benefit-cost Ratio: 

Footnotes: 

($ Millions) 

Maximize 
Stage I & II 

Diversions 

$ 5.2(3) 
31.1 
3.5 
0.1 
0.2 

$40.1 

0.0 
5.8 

65.8 
1.2 
1.1 
5.3 

$79.2 

($39.1) 

0.5 

scenario 

Baggs 
Pipeline 

$ 96.8(4) 
12.3 
3.5 
0.1 
0.2 

$112.9 

46.7 
5.8 

65.8 
1.2 
1.1 
5.3 

$125.9 

($ 13.0) 

0.9 

Leasing 
20,000 a.f. 

Annually 
After 20 

Years 

$61.8(5) 
12.3 

3.5 
0.1 
0.2 

$77.9 

0.0 
5.8 

65.8 
1.2 
1.1 
5.3 

$79.2 

($ 1.3) 

1.0 

(1) All benefits and costs discounted to present values in 
1988 dollars using a 3.7 percent discount rate. For 
purposes of comparability with other scenarios, a 
project life of 100 years was assumed. 

(2) Project costs have 
opportunity cost of 
economic costs may 
expenditures. 

been adjusted to reflect the 
expenditures over time. These 

be higher or lower than actual 

(3) 500 acre-feet annually at $392 per acre-foot. 

(4) 20,000 acre-feet annually at $392 per acre-foot. 

(5) 20,000 acre-feet annually at $250 per acre-foot. 
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future, water scarcity in the Platte River Drainage becomes 

severe, Sandstone water may have a higher value and the Baggs 

pipeline option may become economically feasible. 

The option of leasing Sandstone's water to downstream users would 

approximately equalize project benefits and costs at a lease rate 

of $250 per acre-foot annually. The third column of Table 3-8 

shows the economic implications of building Sandstone in the near 

future, and being able to lease Sandstone's industrial water to 

downstream users beginning at a date 20 years after the project 

is built. A 20-year delay was assumed to provide time to resolve 

institutional barriers to leasing, and to allow water scarcity to 

become more severe in downstream states. Under these 

assumptions, if the water were leased at a value of $250 per 

acre-foot annually, project benefits would only be $1.3 million 

less than project costs, and the project would have a benefit

cost ratio of approximately 1.0. For higher lease fees, project 

benefits would exceed project costs. 
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4.0 OPTIMUM TIMING FOR CONSTRUCTION 

4.1 Introduction 

The scenarios described in the previous section indicate that the 

Sandstone Project would be economically feasible if an industrial 

water user could be attracted to the project area within 60 

years, regardless of whether the project is built now or 

construction is delayed until the industrial water is needed. If 

we assume wyoming's coal resources in the region will eventually 

be developed for synthetic fuels, the time frame over which the 

project is economically feasible is even longer. The remaining 

issue to be addressed is the optimum time frame for building 

Sandstone to maximize benefits to the state. 

Unfortunately, this question is not easily answered. One reason 

is the "distributional" nature of some proj ect benefits. That 

is, the project may be viewed by some as necessary to compensate 

Little Snake Basin residents for out-of-basin diversions by the 

Cheyenne Stage I and Stage II projects. While the magnitude of 

this compensation may be relatively small compared to project 

costs, the element of "fairness" in the distribution of benefits 

transcends normal benefit-cost considerations. This topic has, 

therefore, been left to the discretion of the state's elected 

officials. 

The other element affecting the optimum time to build Sandstone 

is the level of uncertainty surrounding Wyoming's ability to 

permit the dam and reservoir. If we assume that wyoming can 

permit and build Sandstone without hindrance at any time in the 

future, then the scenarios in section 3.0 indicate that net 

benefits from the project would be maximized by waiting until an 

industrial water user is forthcoming. On the other hand, if we 

assume that permitting the project will become increasingly 

difficult as water becomes more scarce in downstream states, and 

43 



as environmental regulations concerning reservoir construction 

become more strict, then a different conclusion may be warranted. 

Wyoming's recent experiences in attempting to permit the Deer 

Creek Dam and Reservoir near Casper illustrate the extent to 

which other states are willing to go to deny neighboring states 

their water projects in an environment of water scarcity. It is 

thus important to explore the implications of uncertainty as they 

relate to the optimum time frame for building Sandstone. 

4.2 The Costs of Early Construction 

Delaying construction of the Sandstone Project until there is a 

need for the industrial water would have three primary 

consequences: 

1) the economic costs of the project would be reduced 

because the state could invest construction funds 

elsewhere for a period of time; 

2) benefits attributable to irrigation, recreation, 

municipal water and flood control would be reduced 

because they would not be forthcoming until there is a 

need for the industrial water; and 

3) the state may face an increased risk of not being able to 

build the project at all given uncertainty about future 

federal permitting regulations and downstream demands on 

the Colorado River. 

In this section we explore the economic trade-offs between 

building the project now and delaying construction until there is 

a need for the industrial water under the assumption that Wyoming 

will be able to build the project with certainty in the future. 
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In section 3.0 of this report, we presented benefit-cost 

comparisons for a number of alternative assumptions about the 

timing of project construction and industrial water use. In 

section 3.3, for example, we showed that if Sandstone is built 

now and a coal-fired power plant locates in the area 20 years 

after construction, the net benefits of the project (benefits 

minus costs) would approximate $310.4 million (Table 3-2). We 

also showed that by delaying construction for 20 years, project 

net benefits would increase to $342.9 million (Table 3-3), an 

increase of $32.5 million. 

This latter figure ($32.5 million) can be interpreted as the 

"opportunity cost" of building the project now rather than 

waiting 20 years until the industrial water is needed under 

conditions of certainty. That is, assuming the project can be 

built 20 years from now, the state would realize $32.5 million in 

additional economic benefits by delaying construction. That is 

an increase of approximately 10 percent over the returns 

associated with building the project now. 

Table 4-1 shows the opportunity cost of building Sandstone now 

for a variety of assumptions concerning the timing of industrial 

water demand for electric power generation. The figures in the 

first column of the table represent the net benefits that would 

accrue to Wyoming if the reservoir is built now and a coal-fired 

power plant is built in the project area at various times in the 

future. The second column reflects the net benefits of the 

project assuming construction of the dam and reservoir is delayed 

to coincide with industrial needs. The figures in the third 

column represent the difference in net benefits between building 

now and building later, and can be interpreted as the economic 

"opportunity cost" of building the project now. 

The results in Table 4-1 indicate that the economic opportunity 

costs of building Sandstone now range from $32.5 to $39.1 
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Timing of 
Industrial 

Demand 

Table 4-1 

Project Net Benefits for Electric 
Power Generation and Two 
Construction scenarios 

($ Millions) 

Net Benefits(l) 

Build 
Now 

Build 
to Meet 

Industrial 
Demand 

Immediately after 
Construction $709.3 $709.3 

After 20 Years 310.4 342.9 

After 40 Years 131.8 165.7 

After 60 Years 41.1 80.2 

Never (-1.3, -39.1)(3) 0.0 

"opportunity 
Cost" of 
Building 

Now(2) 

$ 0.0 

32.5 

33.9 

39.1 

(-1.3, -39.1) (3) 

(1) Net Benefits represent the present value in 1988 dollars of 
project benefits minus project costs. 

(2) The opportunity cost of building the project now represents 
the difference in net benefits between the "build now" and 
"build to meet industrial demand" scenarios. 

(3) Net benefits of the project, assuming there is never an in
basin industrial use, range from -$1.3 million to -$39.1 
million, depending upon whether the industrial water supply 
is leased, exported to the North Platte Drainage, or put to 
agricultural use. 
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million, depending upon the timing of industrial water demand. 

That is, the state could potentially realize additional economic 

returns of this magnitude by delaying construction. Furthermore, 

by delaying construction the state would avoid any potential 

economic losses associated with the project if no industrial 

water user is forthcoming over the project's life. Although the 

opportunity costs in Table 4-1 are for electric power generation, 

the magnitude of these costs is independent of the type of 

industrial facility. This fact is illustrated by the results in 

Table 4-2 for synthetic fuels production. 

The remaining question that must be answered to determine whether 

it would be better to build Sandstone now or delay construction 

is: 

Are there any additional economic benefits to the 

state from building Sandstone now that might offset 

the economic costs depicted in Table 4-1? 

This question is addressed in the following section. 

4.3 The Benefits of Early Construction 

The primary argument for building Sandstone in the near future is 

that early construction would eliminate future uncertainty about 

the state's ability to permit and build the project. At the 

present time, there is surplus water in the Upper Colorado River 

Basin, and therefore less incentive for downstream states to 

institute nuisance lawsuits with respect to Sandstone as Nebraska 

has done with respect to the Deer Creek Project. Furthermore, 

the lower basin states of Arizona and California are not faced 

with immediate water crises, and have taken a hands-off approach 

to the project to date. The State of Wyoming also recently 

signed a cooperative agreement with Colorado, Utah, federal 

agencies, and environmental groups which allows endangered fish 
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Timing of 
Industrial 

Demand 

Table 4-2 

Project Net Benefits for Synthetic 
Fuels Production and Two 
Construction Scenarios 

($ Millions) 

Net Benefits(1) 

Build 
Now 

Build 
to Meet 

Industrial 
Demand 

Immediately after 
Construction $3,308.2 $3,308.2 

After 20 Years 1,567.0 1,599.5 

After 40 Years 739.5 773.4 

After 60 Years 334.9 374.0 

Never (-1.3, -39.1)(3) 0.0 

"Opportunity 
Cost" of 
Building 

Now(2) 

$ 0.0 

32.5 

33.9 

39.1 

(-1.3, -39.1) (3) 

(1) Net Benefits represent the present value in 1988 dollars of 
project benefits minus project costs. 

(2) The opportunity cost of building the project now represents 
the difference in net benefits between the "build now" and 
"build to meet industrial demand" scenarios. 

(3) Net benefits of the project, assuming there is never an in
basin industrial use, range from -$1.3 million to -$39.1 
million, depending upon whether the industrial water supply 
is leased, exported to the North Platte Drainage, or put to 
agricultural use. 
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species considerations with respect to reservoir construction to 

be resolved through mitigation payments. This agreement may 

remove a major environmental hurdle to water projects in 

Wyoming's Little Snake and Green River Basins. The agreement has 

a IS-year life, and mayor may not be renewed. 

These facts, taken in the context of trends toward increasingly 

rigid federal permitting procedures for water projects and the 

probability of severe water shortages in lower basin states in 

the early 21st century, indicate that Wyoming may have a better 

chance of permitting and building Sandstone now than it would 20, 

40 or 60 years in the future. If we assume Wyoming will face 

increasing difficulty in building the project in the future, 

economic benefits will accrue from building the project now. One 

way of looking at this issue is by comparing the economic 

benefits and opportunity costs in Tables 4-1 and 4-2. The data 

in Table 4-1 show that the current value of the Sandstone Project 

to the state is somewhere in the range of $80 million to $709 

million if a coal-fired power plant is sited in the project area 

during the next 60 years. The decision regarding construction of 

the project can be stated as follows: 

• should the state risk losing $80 million to $709 million 

in benefits by delaying construction of the project, or 

• should the state instead forego $32 million to $39 

million of these benefits to build the project now, thus 

insuring the project will be in place when the water is 

needed? 

Another way of analyzing the issue of uncertainty is with a 

hypothetical example. For purposes of this example, we assume 

that wyoming has a 90 percent chance of being able to permit and 

construct Sandstone Reservoir in the near future. Furthermore, 

we assume that the state's chances of doing so decrease by 10 
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percent each decade construction is delayed, until the state has 

only a 30 percent chance of being able to permit and build the 

reservoir 60 years from now. The implications of these 

assumptions for project benefits are depicted in Table 4-3. In 

economic terms, expected net benefits are defined as the 

probability that benefits will be forthcoming times the magnitude 

of those benefits. The first two columns of the Table 4-3 show 

that if the probability of building Sandstone now is .90, then 

the expected benefits from using Sandstone's water for electrical 

power generation are 90 percent of the benefits given in Table 4-

1. 

The next two columns of the table show that if the probability of 

being able to build the project declines over time, the magnitude 

of expected net benefits also declines. The last column of Table 

4-3 shows that for the assumptions used in this example, the 

economic "opportunity cost" to the state of delaying construction 

is in the range of $13 million to $40 million, depending upon the 

timing of industrial water use. 

This example is intended primarily to illustrate a concept, 

rather than argue that construction of the project should be 

undertaken now or delayed. No one really knows exactly what 

Wyoming's chances are of being able to permit and build 

Sandstone, either now or in the future. What the example does 

point out, however, is that the optimum time for building 

Sandstone depends upon what Wyoming legislators and other 

decision makers believe concerning the state's ability to develop 

its water resources in the Little Snake Basin, both now and in 

the future. 

During the course of this study, we undertook extensive research 

concerning the economic and legal considerations that may affect 

Wyoming's water resources in the future. This research is 

described in some detail in section 6.0. Summarizing briefly, 
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Timing of 
Industrial 

Demand 

Immediate 

After 20 
Years 

After 40 
Years 

After 60 
Years 

Never 

Table 4-3 

Expected Net Benefits for Electric 
Power Generation and Two 
Construction Scenarios(l) 

($ Millions) 

Build to Meet 
Build Now Industrial Demand 

Prob- Prob-
ability Expected ability Expected 
of Con- Net of Con- Net 
struction Benefits struction Benefits 

.90 $638.4 .90 $638.4 

.90 279.4 .70 $240.0 

.90 118.6 .50 82.9 

.90 37.0 .30 24.1 

.90 (-1.2, NA 0.0 
-35.2)(3) 

"Oppor-
tunity 
Cost" 
of Delay-
ing Con-
struction(2) 

$ 0.0 

$39.4 

35.7 

12.9 

(-1.2 
-35.2) (1) 

(1) Net Benefits represent the present value in 1988 dollars of 
project benefits minus projects costs. 

(2) The opportunity cost of delaying construction represents the 
difference in expected net benefits between the "build now" 
and "build to meet industrial demand" scenarios. 

(3) Expected net benefits of the project, assuming there is 
never an in-basin industrial use, range from -$1.2 million 
to -$35.2 million, depending upon whether the industrial 
water supply is leased, exported to the North Platte 
Drainage, or put to agricultural use. 
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the authors of this report believe that the following 

generalizations can be made about the future of water development 

in wyoming and other western states: 

1. water is becoming an increasingly scarce and valuable 

commodity in many parts of the West, a trend which can 

be expected to continue into the future. 

2. Wyoming's water resources will become increasingly 

coveted by other states as they exhaust their available 

water supplies. 

3. Environmental permitting 

development projects in 

stringent in the future 

regulations affecting water 

the West will become more 

and more questions will be 

raised regarding the security of Wyoming's interstate 

water compacts. 

4. It will thus become increasingly difficult, as time goes 

by, for Wyoming to develop its water resources to meet 

in-state needs without legal challenges from other 

states. 

4.4 Willingness-to-Pay for Early Construction of Sandstone 

In section 4.3, above, we explored the implications of building 

the Sandstone Project now in terms of "expected benefits". That 

is, we estimated project benefits assuming that there is 

uncertainty about the state's ability to build the project in the 

future. Another way of addressing the same issue is by 

estimating the "willingness-to-pay" of wyoming residents for the 

early construction of Sandstone. Estimates of this type were 

developed during this study through a state-wide mail survey of 

wyoming households. Approximately 900 households received 
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questionnaires, and the response rate to the survey was 46 

percent. 

The survey questionnaire asked respondents to assume that Wyoming 

faces two different futures with respect to the Sandstone 

Project, as described in Figure 4-1. Future A describes 

conditions of uncertainty about the state's ability to build the 

project, while Future B describes the certainty that would exist 

with the project in place. Respondents were then asked how much 

they would be willing to pay (out of their own pockets) to create 

Future B (certainty) as an alternative to Future A (uncertainty). 

Table 4-4 presents a summary of the results of the willingness

to-pay survey. (A complete discussion of survey methods and 

results is given in section 7.0 of this report). The first two 

columns of the table present the discounted present value of 

Wyoming residents' willingness-to-pay to avoid uncertainty 

concerning construction of the Sandstone Project. The 25, 50 and 

75 percent uncertainty levels reflect the structure of the 

willingness-to-pay question. For example, each survey respondent 

was asked: 

• Suppose that under Future A (uncertainty), there is a 

(25, 50 or 75) percent chance that other states or the 

federal government will block the construction of 

Sandstone. What is the maximum amount your household 

would be willing to pay (monthly or annually) into an 

insurance fund to create Future B (the project will be in 

place when needed)? 

Respondents were asked to respond for all three levels of 

uncertainty, and the results are depicted in Table 4-4. They 

show that the discounted present value of willingness-to-pay for 

early construction of the project ranges from $65 million to $87 

million, depending upon the level of uncertainty. 
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Figure 4-1 

Alternative Futures Described in 
Willingness-To-Pay Survey 

If no action is taken 
with respect to Sandstone 
in the next 20 years, the 
state will be faced with 
Future A. 

Future A: 

• There is a chance that 
other states will be 
able to block con
struction of Sandstone 
by initiating law 
suits. 

• There is a chance that 
the federal government 
will not issue a per
mit to build Sandstone 
on environmental 
grounds. 

• Thus, there is con
siderable uncertainty 
concerning wyoming's 
ability to build Sand
stone when all the 
water is needed. 
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By Building Sandstone 
before downstream water 
shortages become severe 
and federal regulations 
become too strict, 
wyoming can create Future 
B as an alternative to 
Future A. 

Future B: 

• There is no chance 
that other states can 
block construction of 
Sandstone with law
suits. 

• The federal government 
will issue the neces
sary construction 
permits. 

• Thus, Wyoming is 
certain that the Sand
stone project will be 
in place when all the 
water is needed. 



Table 4-4 

Comparison of "Willingness-to-pay" 
for Early Construction and 

the opportunity Cost of 
Building Now Adjusted 

for Recreation Benefits 

Willingness-to-Pay for 
Early Construction 

($ Millions) 

Uncertainty Estimated 
Level(!) Benefits (2) 

opportunity Cost of 
Early Construction 
Without Recreation 

Benefits (3) 
Net 

Benefits (4) 

25% $65.3 $36.0 $29.3 

50% 77.0 36.0 41.0 

75% 87.0 36.0 51.0 

(1) The probability that Wyoming will not be able to build 
Sandstone 20 years from now. 

(2) These benefits reflect the estimated willingness-to-pay of 
Wyoming residents to reduce uncertainty about being able to 
build the project. 

(3) This opportunity cost reflects the additional cost of 
building Sandstone now instead of 20 years from now, 
adjusted to remove the influence of recreation benefits 
during the first 20 years of the project. This adjustment 
was made to avoid double counting because the survey 
results indicate that the magnitude of bids is partially 
dependent upon anticipated recreational use of the 
reservoir. 

(4) Net benefits are the difference between 
willingness-to-pay and the opportunity cost 
construction. 

55 

estimated 
of early 



The third column of Table 4-4 shows the estimated opportunity 

cost of early construction of the project. This opportunity cost 

reflects the additional economic costs of building Sandstone now 

instead of 20 years from now. The results in Table 4-4 indicate 

that Wyoming residents are willing to pay more for early 

construction of Sandstone at all uncertainty levels than early 

construction would cost. That is, if we assume there is a 25 to 

75 percent chance of not being able to build the project in 20 

years, and further assume there will be a need for the project's 

industrial water in 20 years, then the net benefits of building 

the project now are in the range of $29 million to $51 million. 
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5.0 CONCLUSIONS 

The results of this study indicate that in all likelihood, 

building Sandstone Dam and Reservoir now would be a viable 

investment for the State of Wyoming. This conclusion can be best 

illustrated by a worst-case scenario under which the state builds 

the project now and offers a free industrial water supply to 

prospective industrial users as an economic development 

incentive. Under these conditions, the state could wait at least 

60 years to attract a coal-fired electrical generating facility 

or a chemical products manufacturing firm and the project would 

still be economically feasible. The state could wait even longer 

for the development of synthetic fuels from coal in the region 

and still have project benefits exceed project costs. 

The question of whether it would be better to wait and build the 

project when there is a definite commitment from an industrial 

water user is more difficult to answer. On one hand, if the 

state is certain that it will be able to permit and build the 

reservoir 20 to 60 years in the future, then the state could 

experience economic savings ranging from $32 to $39 million by 

delaying construction until the industrial water is needed. The 

state might also avoid a potential economic loss if no industrial 

demand for the proj ect water is forthcoming over the next 100 

years. 

On the other hand, if we assume the state will be faced with 

increased difficulty in permitting and building Sandstone as 

water becomes more scarce and valuable in the future and as 

federal permitting procedures become more strict, then it appears 

to be in the state's best interest to build the project now. 

Sandstone's water resources potentially have great value to the 

state, and Wyoming's residents are apparently willing to pay a 

significant amount to reduce the risk of losing control of those 

resources. 
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6.0 THE VALUE OF SANDSTONE WATER FOR ECONOMIC DEVELOPMENT: 

ECONOMIC AND LEGAL CONSIDERATIONS 

by 

Ronald G. Cummings 

6.1 Overview 

This section focuses on two questions which are pertinent to the 

analysis of the Sandstone Project's potential benefits and costs. 

QUESTION 1: As we look to the future, does it seem 
reasonable to believe that heavy water-using firms will 
be interested in Wyoming's water resources in the 
Sandstone area? 

QUESTION 2: with respect to the timing of Sandstone's 
construction, are there economic and legal trends which 
suggest meaningful uncertainties concerning Wyoming's 
ability to construct the project in future years? 

Responses to these questions will be developed in the following 

manner. First, in Section 6.2, we will examine trends related to 

the growing scarcity of water in the western states, including 

changes in the value of water, interstate competition for water, 

and decisions of the u.S. Supreme Court as they relate to 

resolving interstate water conflicts. In section 6.3, we then 

examine the implications of these and other trends for the 

Sandstone Project. Concluding remarks are offered in section 

6.4. 

6.2 Economic and Legal Trends 

Our examination of economic and legal issues begins by examining 

trends in water prices in selected western states between the 

1960s and the 1980s; these data are given in Table 6-1. (We were 
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unable to find data concerning the sales of water rights prior to 

the decade of the 1960s). 

Table 6-1 

water Rights Prices in Selected western states: 
1960s Through 1980s 

$ Per Acre-Foot. 1985 Dollars 
1960s 1970s 1980s 

Arizona NA $ 708 $ 750 

Colorado: 
Southwest $ 913 1,929 2,102 
Big Thompson 310 1,252 3,059 

Nevada 320 255 1,394 

New Mexico 427- 853- 1,000-
2,661 8,871 10,000 

SOURCES: [22, Table 2]; and [11]. 

NA: Not available 

The data in Table 6-1 indicate that the value of water rights in 

Arizona increased from $708 per acre-foot in the 1970s to $750 

per acre-foot in the 1980s. This relatively modest increase may 

be a reflection of the new water supplies available in Arizona 

from the Central Arizona Project (CAP). In Southwestern 

Colorado, and in the Colorado Big-Thompson area, however, prices 

increased from $913 and $310 per acre-foot in the 1960s to over 

$2,000 and $3,000 per acre-foot, respectively, in the 1980s. The 

value of water rights in Nevada remained relatively constant 

during the 1960s and 1970s, but increased more than five-fold 

between the 1970s and 1980s. Prices for water rights in New 

Mexico increased from between $427 per acre-foot and $2,661 per 
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acre-foot (in the Santa Fe area) in the 1960s to between $1,000 

and $10,000 per acre-foot in the 1980s. 

Given the water rights values presented in Table 6-1, water 

resources are clearly valuable in many western states. Thus, we 

would expect western states to have been concerned with the 

protection and expansion of their claims to water resources in 

the past. Interstate conflicts concerning rights to water 

resources and the efforts to resolve these conflicts by the U.S. 

Supreme Court provide indications of that concern. 

In the late 1800s to early 1900s, western states had considerable 

confidence in their ability to control water resources within 

their boundaries--and such control was important for planning and 

economic development in arid western states. Indeed, state 

control of water resources was recognized by Congress in the 

Reclamation Act of 1907: 

"That nothing in this Act shall be construed as 
affecting or intended to affect or to in any way 
interfere with the laws of any state relating to the 
control, appropriation, use, or distribution of 
water ..• the Secretary of the Interior .•. shall proceed 
in conformity with such laws ... nothing herein shall in 
any way affect any right of any State or of the Federal 
Government or of any landowner, appropriator, or user 
of water •.. Provided, that the right to the use of water 
acquired under the provisions of this Act shall be 
appurtenant to the land irrigated, and beneficial use 
shall be the basis, the measure, and the limit of the 
right". [20] 

In most western states, water rights were established by an 

individual putting water to beneficial use, and the priority of 

such rights was governed by the prior appropriation doctrine: 

"first in use, first in right". Prior to 1921, it was generally 

thought that prior appropriation ruled absolutely throughout the 

course of a stream, not withstanding state boundaries. The 
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"absoluteness" of the prior appropriation doctrine was, however, 

modified by the courts in 1921. 

In the early 1900s, Wyoming water users had essentially fully 

appropriated the waters in the Laramie River. Beginning in 1911, 

Colorado initiated plans for a trans-basin transfer of water from 

the Laramie River for the expansion of irrigation. Wyoming 

objected on the basis that such diversions would deny water to 

established users of water from the river, users whose rights (by 

prior appropriation) were senior to the new uses associated with 

the planned Colorado diversion. The Court essentially upheld 

Wyoming's claims based on prior appropriation, holding the 

doctrine as an "eminently just and equitable" rule for allocating 

scarce water resources: 

"The cardinal rule of the doctrine (prior 
appropriation) is that priority of appropriation gives 
superiority of right.... Both states pronounce the 
rule just and reasonable as applied to the natural 
conditions in that region ... its application to such a 
controversy as is here presented cannot be other than 
eminently just and equitable to all concerned." [33, 
at 470, 471] 

While accepting the prior appropriation doctrine as a guiding 

principle for establishing priority claims to water, however, the 

Court moved to modify the principle. The Court, in calculating 

the total available supply of water in the Laramie River, 

accepted Colorado's contention that average annual flows were not 

the appropriate measure for such supplies; rather, it was the 

amount of water which could be available with the construction of 

appropriate facilities for water storage. Wyoming's claim that 

they should not be required to build storage facilities to 

facilitate Colorado's needs for greater water supplies was 

rejected by the Court: 

"The question here is not what one state should do for 
the other, but how each should exercise her relative 

62 



rights in the waters of this interstate stream. Both 
are interested in the stream and both have great need 
for water. Both subscribe to the doctrine of 
appropriation, and by that doctrine rights to water are 
measured by what is reasonably required and applied. 
Both states recognize that conservation within 
practicable limits is essential in order that needless 
waste may be prevented and the largest feasible use may 
be secured ••• We think that doctrine lays on each of 
these states a duty to exercise her right reasonably 
and in a manner calculated to conserve the common 
supply". [33, at 484] 

Thus, in the 1921 Wyoming v. Colorado case, a state's claims to 

water under prior appropriation became reliant upon it's efforts 

to conserve a "common supply", and such efforts may include the 

development of dams and reservoirs. Thus, junior, upstream users 

can impose upon prior appropriators the need to invest in water 

storage facilities. 

A state's security in it's water supplies afforded by prior 

appropriation was further weakened in the 1945 Nebraska v. 

Wyoming decision [13]. Nebraska claimed that Wyoming's uses of 

waters from the North Platte River which were junior in 

appropriation to those in Nebraska were injurious. As a part of 

this case, Colorado's junior uses in the Plate River system were 

also brought into question. In contrast to the position adopted 

in Colorado v. Wyoming, where prior appropriation was seen to be 

"eminently just and equitable to all concerned" [13 at 618], the 

Court held that prior appropriation must be considered within a 

context that includes physical and economic factors. More 

importantly, the Court held that prior appropriation must give 

way in instances where it's recognition would result in harm to 

existing economies. 

"That (claims for the just and equitable results 
realized with the prior appropriation doctrine) does 
not mean that there must be a literal application of 
the priority rule ..• in determining whether one state is 
'using, or threatening to use, more than its equitable 
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share of the benefits of a stream, all the factors 
which create equities in favor of one state or the 
other must be weighted as of the date when the 
controversy is mooted •••• But if an allocation between 
appropriation states is to be just and equitable, 
strict adherence to the priority rule may not be 
possible. For example, the economy of a region may 
have been established on the basis of junior 
appropriations. So far as possible these established 
uses should be protected though strict application of 
the priority rule might jeopardize them ••• But physical 
and climatic conditions, the consumptive use of water 
in the several sections of the river ••• the extent of 
established uses, ••• the practical effect of wasteful 
uses on downstream areas, the damage to upstream areas 
as compared to the benefits to downstream areas if a 
limitation is imposed on the former--these are all 
relevant factors.... They indicate the nature of the 
problem of apportionment and the delicate adjustment of 
interests which must be made." [13, at 618] 

Based on these arguments, Colorado's uses were not reduced: 

"We are satisfied that a reduction in present Colorado 
uses is not warranted. The fact that the same amount 
of water might produce more in lower sections of the 
river is immaterial.... The established economy in 
Colorado's section of the river basin based on existing 
use of the water should be protected." [13 at 621] 

At this point, one might well ask: to what extent does prior 

appropriation of water within a state establish a claim to that 

water? In the early 1900s, senior appropriations were seen as 

establishing meaningful rights to water use--rights which were in 

some sense absolute. Entering the 1980s, such "rights" seem 

seriously diminished. As stated in Colorado v. New Mexico [4], 

the Court seemingly 

" ... will protect only those rights to water that are 
, reasonably required and appl ied' ... 'there must be no 
waste •.• of the 'treasure' of a river.... Only 
diligence and good faith will keep the privilege 
alive' •.•. Thus, wasteful or inefficient uses will not 
be protected.... Similarly, concededly senior water 
rights will be deemed forfeited or substantially 
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diminished (emphasis added) where the rights have not 
been exercised or asserted with reasonable diligence". 
[4, at 184] 

We should note particularly the Court's insistence that a state 

be "diligent" in the protection and development of their water 

resources. In Kansas v. Colorado (206 U.S. 46), the Court noted 

that improvements--economic 

Colorado while Kansas stood 

development--had been made by 

by for over 20 years without 

protest, and that such lack of "diligence" weakened Kansas' later 

complaints about encroachments by Colorado (also see discussion 

in [13, p. 611]). 

As was noted above, by the 1970s and 1980s, water scarcity in the 

western states had increased markedly. Water rights values in 

some states had increased several fold over one or two decades, 

and the specter of huge water deficits hung over many of these 

states. Within this milieu, the Court in 1982, seemingly pushed 

aside the prior appropriation doctrine in Colorado v. New Mexico 

[4], by arguing that if benefits to the junior uses will outweigh 

losses suffered by senior uses, water can be denied to 

established senior uses. In other words, the Court essentially 

looked to a benefit-cost test in weighing junior claims to water 

over established senior rights in another state. 

In this particular case, Colorado had initiated plans to divert 

water from the Vermejo River, a diversion which would 

proportionately reduce water available to users in New Mexico who 

had long been using these waters. The Court's ruling was as 

follows: 

" .•. we have held that ... it is proper to weigh the harms 
and benefits to competing states ... we held water 
rights ... which under state law were senior, had to 
yield to the 'countervailing equities' of an 
established economy •.. even though it was based on 
junior appropriations.... We noted that the rule of 
priority should not be strictly applied where it 'would 
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work more hardship' on the junior user 'than it would 
bestow benefits' on the senior user.... The same 
principle is applicable in balancing the benefits of a 
diversion for proposed uses against the possible harms 
to existing uses". [4, at 186, 187] 

In the earlier Nebraska v. Wyoming decision, the protection of 

"existing economies" was central to the arguments which allowed 

Colorado to violate rights of downstream senior water users. In 

Colorado v. New Mexico, the protection of "existing economies" 

gave way to the benefit-cost test: an "existing economy" 

warrants protection only if the benefits of such protection will 

exceed the costs of denying such protection. 

The uncertainties facing western states in terms of their rights 

to water resources were expanded in still another dimension in 

1982 with the Court's decision in Sporhase v. Nebraska [27]. In 

this case, the state's control over groundwater within it's 

borders was at 

groundwater was 

issue. In Nebraska, 

considered to be 

like most western states, 

"owned" by the state, and 

therefore subject to state control over it's use. In particular, 

Nebraska prohibited the export of groundwater to other states 

unless the importing state had a reciprocal agreement for 

groundwater imports to Nebraska. While recognizing the need for 

state planning and management of groundwater resources, the Court 

rejected the notion that a state can "own" it's groundwater 

resources; such "ownership" was held to be a "legal fiction". 

Further, the Court reasoned that more than 80 percent of water 

supplies are used for agricultural purposes and agricultural 

markets are worldwide, and therefore ruled that a state's 

interference with interstate exports of groundwater would be in 

violation of the Commerce Clause of the u.s. Constitution. 

"In expressly overruling [Greer v. Connecticut, 161 
U.S. 519] three years ago, this Court traced the demise 
of the public ownership theory and definitively recast 
it as 'but a fiction expressive in legal shorthand of 
the importance to its people that a state have power to 
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preserve and regulate the exploitation of an important 
resources (citing Hughes v. Oklahoma) ••• appellee's 
argument is still based on the legal fiction of state 
ownership". [27, at 3461] 

"Appellee ••• (has) convincingly demonstrated the 
desirability of state and local management of 
groundwater. But the states' interests clearly have an 
interstate dimension. Although water is indeed 
essential for human survival, studies indicate that 
over 80% of our water supplies is used for agricultural 
purposes ••. (and) ... agricultural markets supplied by 
irrigated farms are worldwide". [27, at 3462] 

" ..• appellee's claim that Nebraska ground water is not 
an article of commerce goes too far: it would not only 
exempt Nebraska ground water regulation from burden-on
commerce analysis, it would also curtail the 
affirmative power of Congress to implement its own 
policies concerning such regulation.... If Congress 
chooses to legislate in this area under its commerce 
power, its regulation need not be more limited in 
Nebraska than in Texas and states with similar property 
laws." [27, at 3463] 

The notion that groundwater is an article in commerce, and thus 

subject to Commerce Clause protection was later reaffirmed in 

south-Central Timber v. Winnicke [26], and in EI Paso v. Reynolds 

[6]. For example, 

"For a state regulation to be removed from the reach of 
the dormant Commerce Clause, congressional intent must 
be unmistakably clear ... (requiring states to prove that 
Congress affirmatively contemplated a waiver of the 
commerce power) ... "reduces significantly the risk that 
unrepresented interests will be adversely affected by 
restraints on commerce." [26, at 2238] 

The ultimate bastion for the protection of a state's water rights 

may be viewed as the interstate compact--essentially a contract 

allocating water supplies among states. But even with interstate 

compacts, uncertainties exist concerning a state's ability to use 

it's compact waters however it wishes. In the Court's 1983 

decision in Intake Water Company v. Yellowstone River Compact 

[9], the Court held that a state's compact allocation of water 
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was immune to the Commerce Clause--i.e., a state might prohibit 

the interstate export of its compact water supplies--only if the 

language of the Compact approved by Congress explicitly prohibits 

such transfers: 

"Just as Congress may itself enact a law that 
interferes with interstate commerce, it may also give 
its approval to a state law interfering with interstate 
commerce and thereby immunize the law from challenge 
under the Commerce Clause ••• the issue is whether 
Congress in fact approved the state law •••• Congress's 
approval of the Yellowstone River Compact in 1951 may 
be considered the express statement of intent to 
immunize the Compact from attack that the Court found 
lacking in Sporhase." [9, at 296] 

While some legal scholars might seek comfort in the Court's 

decision in the Intake case, others would disagree. It can be 

argued that the persistent movement of the Court toward the 

position that waters apportioned by decree should be used 

wherever the needs and benefits are greatest adds uncertainty to 

the ultimate protection offered by compacts. 

"Under the Court's interpretation of the tenth 
amendment it would seem that compacts create state-held 
proprietary interests not subject to any limitation 
derived from the dormant commerce clause .•• (however, in 
Sporhase, the) ... Court has placed into the matrix a 
countervailing need--the need in our federal system for 
water to flow to its highest economic use in the 
interstate water system. While the argument that 
congressional approval of compacts creates exclusive 
state apportionments of water seems clear on its face, 
there is sufficient uncertainty to suggest that there 
are circumstances in which the protection might not be 
absolute". [21, at 373] 

"My guess is that the Court, in the absence of explicit 
territorial limitations (in a compact) will tend to be 
unfavorably disposed to state restrictions which 
interfere with providing water to expanding population 
centers and it will not construe compacts as placing 
territorial limitations on water use that avoid 
commerce clause scrutiny. The Court will be more 
inclined to solve the population problems than to read 
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the intent of state legislatures into federal law." 
[25] 

6.3 Implications for the Sandstone Project 

The previous section discusses some economic and legal trends 

that suggest a movement by the Court toward the apportionment of 

water on the basis of need, even if that need conflicts with 

prior entitlements. Although this trend has not resulted in the 

reapportionment of waters allocated under interstate compacts to 

date, we cannot be sure that compacts will be immune from such 

trends in the future. 

Of perhaps more immediate relevance to the Sandstone Project, 

however, are other tools that can be brought to bear to 

effectively prevent Wyoming from developing its Upper Colorado 

River Compact waters. These tools derive from a series of 

national environmental concerns that affect a state's ability to 

permit and construct water projects within its boundaries. Of 

particular concern are the National Environmental Protection Act 

(NEPA), the Endangered species Act, and section 404 of the Clean 

water Act. These acts provide individuals, organizations, and 

state and federal agencies with a variety of administrative and 

legal tools that can be used to delay or prevent a state from 

developing its compact waters without confronting the terms of 

the compact directly. 

Wyoming's recent experiences in attempting to permit the Deer 

Creek Dam and Reservoir near Casper illustrate the extent to 

which other states are willing to go to deny neighboring states 

their water development projects in an environment of water 

scarcity. Examples also abound of instances where other states, 

in their efforts to prevent water development, have looked to 

federal permitting procedures as a means of bypassing compact and 

other institutional protections of a state's water resources. 
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After a number of unsuccessful efforts by Texas communities to 

purchase water stored in New Mexico's ute Reservoir [see 14], 

these communities, joined by Oklahoma, are presently in the 

courts seeking these same waters under the claim that New Mexico 

violated permitting procedures in their original construction of 

the ute Reservoir [16]. And North Carolina, in an effort to 

prevent the state of Virginia from developing her waters, rather 

than instituting an equitable apportionment action, challenged 

the issuance by the Corps of Engineers of specific permits needed 

by Virginia to construct the necessary diversion facilities [17, 

and see 23 at pp. 31 and 32]. 

One pertinent question with respect to the Sandstone Project is 

whether downstream states in the Colorado River system will have 

incentives in the future to use such tools to block Wyoming's 

development efforts. Data relevant for this question are given 

in Tables 6-2 and 6-3. Data in Table 6-2 demonstrate that in 

states which have been particularly successful in the past in 

attracting new industry--Arizona, California, and Texas--large 

water deficits are anticipated for future years. Expected water 

deficits in California exceed a million acre-feet per year by the 

turn of the century. Large water deficits are also anticipated 

to exist in Arizona and Texas by the year 2030. Thus, few 

western states, particularly Colorado River Basin states, can be 

expected to have the large quantities of water that will be 

needed to sustain past patterns of economic growth. 

The implication of the water shortages expected in these states 

are apparent. First, if such shortages and high prices in fact 

develop, economic activity in those states will decline 

accordingly, and the ability to attract new industry will 

correspondingly decline. Second, these states may attempt to 

avoid shortages and attendant high prices for water by 

conservation and/or by efforts to "enhance" their existing water 

supplies. Efforts to enhance water supplies are observable in a 
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AZ 

CAL 

COL 

KS 

OK 

TX 

Table 6-2 

Expected water Deficits in Selected Western States 

1990 2000 2010 2020 2030 
(1,000 Acre-Feet) 

60-500 27-434 

1,010 1,130 

2 9 

111 93 76 64 

112 700 

64-800 1,100-2,500 

UT Starts 

Sources: [1], [2], [28], [10], [18], [29], and [30] for the 
listed states, respectively. 

AZ 

CO: 

S.w 
C-BT 

NV 

NM 

Source: 

NA: 

Table 6-3 

Water Rights Prices in Selected Western States: 
1990s through 2020 

1990s 2000 2020 
($ Per Acre-Foot; 1985 dollars) 

(1980s) 
750 784 820 925 

2,102 2,682 3,421 5,605 
3,059 5,978 11,683 NA 

1,394 NA NA NA 

1,000- 1,172- 1,269- 1,743-
10,000 11,267 12,694 16,114 

See Source given in Table 6-1. Estimates for 2000-2040 
are extrapolations from mid- 1980 values based on 
geometric increases during the 1970-86 periods. 

Not available. 
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number of areas. 

central part of 

supplies: 

For example, interstate water transfers are a 

Texas' plans to enhance the state's water 

"The Texas Department of water Resources ••. will 
continue, expand and refine interstate ••• water 
development and water transfer planning ••• " [29, IV-
25] 

The implications of water scarcity in downstream states and the 

associated high prices for water are central to the issues facing 

Wyoming in its considerations of the Sandstone Project: i.e., 

incentives will surely exist for water-short states to obtain 

additional water resources by whatever means possible, and such 

incentives form the SUbstance of the uncertainties facing Wyoming 

in its ability to build Sandstone in the future. 

6.4 concluding Remarks 

At this point, we wish to juxtapose our review of economic and 

legal issues with a look at the future. We begin by considering 

the potential magnitude of economic development opportunities 

offered by water-intensive industries which will be seeking 

locations in the western states over the next several decades. 

Relevant data in this regard are given in Table 6-4. 

The data in Table 6-4 indicate that growth in the number of 

water-intensive firms in western states was almost twice as rapid 

as in the united States as a whole between 1959 and 1982. The 

annual percentage increase in the number of such firms was 3.8 

percent in the western states, and but 2.4 percent in the u.S. 

Over the next four decades, assuming a continuation of past 

trends, the potential exists for a large number of such firms to 

be seeking location in the West--almost 2,000 such firms between 

now and the year 2030. 
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Table 6-4 

Number of Water-Intensive Firms Located in the u.s. 
and in the Western states, 1959 and 1982 

Annual 
Percentage 

Area 1959 1982 Change 

western u.s. 453 1,067 3.8% 

united states 2,365 4,108 2.4% 

Estimated Number of New Water-Intensive Firms which 
will Locate in the Western states Between 1982 and 2030 

1982-
1990 

371 

1991-
2000 

646 

2001-
2010 

942 

2011-
2020 

1,368 

2021-
2030 

1,986 

The discussions above may now be used to directly address the 

questions posed in section 6.1, which are of central importance 

with respect to the Sandstone Project. Our first question 

centered on the issue of whether economic development 

opportunities for the Sandstone's water can be anticipated, and, 

if so, when in the future might such opportunities be realized. 

That such opportunities for development will exist in western 

states is evident; data given in Table 6-4 make clear the 

potential magnitude of new firms which will be seeking location 

in the western states over the next few decades. within this 

same time period, water shortages in the traditional industrial 

western states are expected to become critical (Table 6-2), and 

such shortages can be expected to result in water prices in those 
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states (Table 6-3) which would surely enhance the competitiveness 

of wyoming in attracting new industry. 

The fundamental issue facing Wyoming then centers on the second 

question posed in section 6.1: should the state construct the 

Sandstone Proj ect now, or wait until the opportunities in fact 

arise. That is, are there uncertainties as to the state's 

ability to construct the project in the future which indicate 

that early construction of the project would best serve the 

state's interest? 

section 6.2, above, argues that Wyoming may not be able to rely 

with certainty upon the Upper Colorado River compact to protect 

its water rights in the Little Snake Basin. While that 

conclusion is debatable, it does seem clear that the greatest 

immediate threat to wyoming's ability to develop the project is 

the federal permitting process that governs construction of the 

reservoir. For example, any new reservoirs built in the Colorado 

River Basin must meet provisions of the Endangered Species Act as 

administered by the U.s. Fish and Wildlife Service (USFWS). 

Currently, the USFWS assigns proposed projects in the basin a 

"priority" based upon plans and consultations with various 

states. The Sandstone Project is currently on that priority list 

and is considered by the USFWS in its mitigation plans for 

endangered species in the Colorado River Basin. Furthermore, 

Wyoming recently signed a cooperative agreement with Colorado, 

Utah, federal agencies, and environmental groups which allows 

endangered fish species considerations to be resolved through 

mitigation payments. This agreement has the potential of 

removing a major hurdle to the construction of the Sandstone 

Project. The agreement has a 15-year life and mayor may not be 

renewed. 
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Al though we cannot predict the future with certainty, it can 

certainly be argued that Wyoming may have a window of opportunity 

to build the project now with respect to endangered species 

considerations that may not exist in the future. If the 

cooperative agreement expires before the project is built, and 

the USFWS drops the project from its priority list, the state 

could face considerable uncertainty in permitting the project at 

some point in the future when water is scarce in the Colorado 

River Basin. The same uncertainty exists with respect to other 

aspects of the federal permitting process as dictated by the 

National Environmental Protection Act and section 404 of the 

Clean Water Act. 

The authors of this report can offer no concrete conclusions 

concerning the exact nature and extent of the uncertainty 

surrounding Wyoming's ability to build the Sandstone Project at 

some time in the future. The purpose of this section has been to 

point out that in our opinion, uncertainty does exist with 

respect to these matters, and that uncertainty is an appropriate 

consideration for state decision makers in their deliberations 

over the future of the project. 

In concluding this section, we wish to address one final point. 

One might inquire as to whether early construction of the 

Sandstone Project will, in itself, protect Wyoming's use of its 

compact waters in the Little Snake Basin. The answer depends 

partially upon how the project is operated on an interim basis to 

establish beneficial uses before industrial use takes place. 

Irrigation will consumptively use at least 12, 000 acre-feet of 

water immediately after the project is built, and this figure 

could be larger if additional irrigation is undertaken on an 

interim basis. 

Even after the proj ect is operational, however, Wyoming could 

possibly be faced with challenges to expanded water use in the 
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future. But the point also needs to be made that, without the 

proj ect, Wyoming faces a "double-barreled" threat: the shot of 

one barrel derives from diverting water that might be serving 

established downstream uses; the shot of the second barrel is the 

permitting process required for the construction of the project. 

With the project in place, the state faces but one barrel: the 

impacts of its increased diversions on established downstream 

uses. But particularly for compact waters, the threat of this 

one barrel is weaker (see, e.g., the current case involving New 

Mexico [16]) than the double-barreled threat which must be faced 

in the absence of a developed project. 
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7 • 0 EVAWATING THE NET BENEFITS OF BUILDING SANDSTONE DAM WHEN 

THE LEGAL AND ECONOMIC FUTURE OF WATER DEVELOPMENT IS 

UNCERTAIN 

by 

David S. Brookshire 

7.1 Introduction 

The economic and legal trends affecting the development of water 

resources in Wyoming are discussed in section 6. o. A central 

theme of that section is the uncertainty surrounding Wyoming's 

ability to develop its Upper Colorado Compact water in the 

future. This section focuses on the question of how to evaluate 

the uncertainty Wyoming potentially faces in trying to build 

Sandstone Dam at some later date. Specifically, this section 

will describe the methodology used to obtain a monetary value 

placed by Wyoming citizens on the avoidance of this uncertainty, 

and compare this value to the extra cost associated with building 

Sandstone before the water can be fully utilized. 

Wyoming faces two possible futures with respect to the 

availability of Sandstone water. Future A is the situation where 

there is a chance that other states will prevent construction of 

Sandstone by initiating lawsuits or the federal government will 

not issue a permit to build Sandstone on environmental grounds. 

As time goes on, this uncertainty potentially increases, as was 

discussed in section 6.0. Thus, under Future A there is a risk 

that Wyoming will not be able to build Sandstone when all the 

water is needed. Future B is the situation where, if certain 

actions are taken by the state, there will be no chance that 

other states can block construction of Sandstone and Wyoming can 

be assured that the federal government will issue the necessary 

construction permits. Under Future B, Wyoming citizens can be 

certain that the Sandstone Project will be in place when all the 

water is needed. It is the choice between these two futures and 
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the value that Wyoming citizens place on this choice which are 

the focus of this section. 

In attempting to place a monetary value on the avoidance of the 

risk inherent in Future A, one must recognize that the task is 

substantively different from placing a value on increased 

agricultural production, as a case in point. The shared risk 

falls into a category of goods that are termed "public goods or 

bads". An essential nature of a public good or bad is that 

everyone shares in it, whether the impacts are negative or 

positive. The risk, as represented by Future A, is shared by all 

citizens of Wyoming. Normally, when evaluating the relative 

merits of a project such as Sandstone, the market place provides 

a measure of the value of the goods or output of the project. 

However, in this case there is not a market that we can look to 

for a value associated with avoiding risk. This is in contrast 

to private goods, such as electric power and agricUltural 

products, where market prices are readily available to establish 

the "worth" of the goods in question. Therefore, another 

approach was required for our analysis. 

Over the years, techniques have been developed that enable us to 

estimate the worth of public goods. The motivation for this 

development stems from evaluation problems similar to those being 

addressed in this study. This motivation was formalized by 

President Reagan's Executive Order 12291 (46 Fed. Reg. 13, 193, 

Feb. 17, 1981) requlrlng that federal agencies consider the 

benefits and costs of federal regulations and actions prior to 

their implementation. This approach requires that the analysis 

of public investment projects or regulatory schemes designed to 

protect the health and welfare of the general population fully 

capture all of the relevant benefits and costs. In the case of 

the Sandstone Project, a complete accounting of all of the 

benefits and costs requires an evaluation of avoiding the risk 

associated with Future A. 
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The technique which has been developed for the placement of 

monetary value on public goods is the contingent valuation method 

(CVM). The roots of the CVM, as well as an evaluation of its 

methodological development, can be found in Cummings, Brookshire 

and Schulze1 • The CVM is a device used in a survey setting to 

ask individuals to state valuations of public goods through the 

use of contingent markets. contingent markets carefully define a 

"good" of interest, which in this study is avoidance of the risk 

of not being able to develop Sandstone's waters in the future. 

The various institutional structures of the contingent markets 

are explained to the survey respondent, and the mechanism by 

which the individual pays for various provision levels of the 

"good" (e.g., Future A or Future B) are set forth. The 

contingent markets are highly structured. The alternative 

provision levels of the "good" for which the individual is asked 

to provide a valuation are well defined in terms of time, place 

and characteristics. 

It is recognized that using surveys as a means of obtaining 

monetary values from individuals causes concern in that surveys 

are often associated with opinions and attitudes. The CVM, 

however, does not ask for individual opinions or attitudes. The 

survey is structured so that individuals are asked about their 

contingent choices. That is, given the risk that Wyoming 

confronts in terms of water development, then "how much are you 

(the respondent) willing to pay to reduce or avoid this risk". 

This approach involves hypothetical choices, but this has been 

determined not to be a serious problem if care is taken in 

designing the survey.2 

1 Cummings, R.G., D.S. Brookshire and w.o. Schulze, Valuing 
Environmental Goods: An Assessment of the continaent Valuation 
Method, Rowman and Allenheld, Totowa, N.J., 1986. 

2 D.S. Brookshire and D. Coursey, "Measuring the Value of a 
Public Good: An Empirical Comparison of Elicitation Procedures", 
American Economic Review, Vol. 77, No.4, September, 1987. 
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7.2 An Overview of the Survey 

The contingent valuation survey for the Sandstone Project 

consisted of three major questions. To facilitate responses and 

fulfill the requirements of setting up a contingent market, 

certain information was provided to the respondent. The 

information was provided in the form of informational points, 

which are briefly presented here to provide an overview of the 

survey. The complete survey instrument can be found in Appendix 

A. 

Point #1 - Set the stage by discussing the amount of water that 

wyoming is entitled to through the Upper Colorado River Compact 

agreement, and noted that while some other states have developed 

most of their compact water, Wyoming has not. A map was provided 

to help locate the general area upon which the study is focused. 

Point #2 - Discussed the need for storage facilities if Wyoming 

is going to effectively utilize its Upper Colorado Compact 

waters. That is, without storage facilities, year-round water 

supplies for cities, industrial users, and irrigators will not be 

available. 

Point #3 - Discussed the lack of water storage facilities in the 

Little Snake Drainage (the proposed site of the Sandstone Dam), 

resulting in much of Wyoming's compact water leaving the state 

unused every year. The potential development of the Sandstone Dam 

and Reservoir on Savery Creek was discussed and the survey 

respondent was informed that 32,000 acre-feet would be captured 

annually. The location of the Sandstone Project was identified 

by a second map. 

Point #4 - Provided the respondent with more specific information 

about the valuation problem at hand. That is, Wyoming does not 

need all of the water that Sandstone would capture at this time. 
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However, about 20,000 acre-feet of the water will eventually be 

needed for industrial development. This need probably will not 

occur until the economy of Wyoming recovers and develops further. 

Thus, the respondent was confronted with the notion that there is 

a timing issue associated with development of the Sandstone 

Project. 

Point #5 - continued to build on the timing issue by raising the 

specter that there is uncertainty about Wyoming's ability to 

build the Sandstone Dam in the future when the water will be 

needed. The possibility that other states may attempt to block 

the construction of Sandstone was raised. The current 

controversy associated with the Deer Creek project where Nebraska 

is attempting to block development was offered as an example, and 

the potential problem associated with federal permitting 

procedures was discussed. 

Point #6 - Stated that one option Wyoming has is the early 

construction of Sandstone to avoid future development problems. 

Thus, the respondent was informed that the state would be 

investing in a project now where the output (water) of the 

project would not be fully utilized immediately. 

Point #7 - Carefully defined the choice residents of Wyoming 

face. The two futures discussed above were presented. The 

purpose of point #7 was to carefully present the choice the 

respondent was asked to make in a valuation context. The survey 

text related the choices between Futures A and B as being similar 

to that of purchasing an insurance policy. It was proposed that 

the insurance fund would be used to insure that the Sandstone 

Project would be in place when all of the water is needed. The 

respondent was then asked to consider the following general 

question: 
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"How much would your household be willing to pay into an 

insurance fund to insure Future B (certainty) as an 

alternative to Future A (uncertainty) with respect to the 

Sandstone Project". 

A specific example of the valuation question is as follows: 

"Suppose that under Future A (uncertainty), there is a 25 

percent chance that other states or the federal government 

will block the construction of Sandstone. What is the 

maximum amount your household would be willing to pay 

monthly for the next 20 years into an insurance fund to 

create Future B (the project will be in place when 

needed)?" 

The respondent was asked to circle a listed amount or enter an 

alternative amount. The valuation question was repeated for a 50 

percent chance level as well as a 75 percent chance level. If 

the respondent indicated a zero amount they were asked to answer 

a question detailing their reasons. 

other socioeconomic information was also collected. These 

questions involved information concerning income levels, 

household characteristics, and recreation patterns. 

7.3 Survey Guidelines 

Guidelines for application of the CVM, termed reference operating 

conditions (ROC's), suggest circumstances under which CVM value 

measurements are appropriate. While these are suggested 

guidelines, they do provide guidance in potential applications of 

the CVM. The ROC'S suggested by Cummings, Brookshire and Schulze 

are: 
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(1) Subjects must understand, be familiar with, 

the commodity to be valued; 

(2) Subjects must have had (or be allowed to 

obtain) prior valuation and choice experience 

with respect to consumption levels of the 

commodity; 

(3) There must be little uncertainty; and 

(4) Willingness to pay, not willingness to 

accept, measures are elicited. 

The survey that was designed and administered during this study 

substantially fulfills these requirements. Consider the set of 

events that suggest satisfaction of the first ROC. 

In 1979 the state legislature established the Wyoming Water 

Development Commission (Wyoming Statutes sec. 41-2-112, supp. 

1986). In part, the establishment of the Wyoming Water 

Development Commission (WWDC) was in recognition of two sets of 

circumstances. First, federal support for the development of 

water projects in the western united States was declining. 

Second, Wyoming has a sUbstantial amount of water that is not 

developed and being put to beneficial use. Thus, if Wyoming were 

to have control over future development of its water rights for 

purposes of future economic growth, then Wyoming would have to 

take the initiative in developing these rights. The 

establishment of the WWDC was extensively debated by the state 

legislature and the citizens of Wyoming were faced with a large 

volume of information presented in the press. As such, citizens 

of the state were made aware of the need for water development 

due to the risk of losing the water rights if action to protect 

them was not taken. 

More recently, citizens of the state have been made aware through 

the press that development of water rights is not a straight 

forward matter. For example, Nebraska is currently trying to 
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prevent Wyoming's construction of the Deer Creek Dam in the North 

Platte River Basin. Nebraska claims that Wyoming's proposed dam 

would result in "harmful" ecological and economic impacts on 

Nebraska. Thus, the survey respondents were familiar with the 

risks of not taking action to protect undeveloped water rights in 

Wyoming. 

The second ROC involves the requirement that respondents have 

prior valuation experience. The citizens of Wyoming have 

fulfilled this requirement. In funding the WWDC, sources of 

funds had to be identified for use in the development of water 

rights. Clearly, this required choices to be made concerning the 

priorities of the state. Funding for the WWDC is provided by a 

severance tax on the extraction of surface coal deposits and 

monies are transferred from the state's general fund. While the 

citizens of the state did not individually make these choices, 

the choices were made by their elected representatives. As such, 

it is arguable that in deciding to avoid the risks of not 

pursuing a program, and thus allocating scarce resources to the 

WWDC, a significant amount of choice experience has occurred. 

The third ROC is not relevant to our discussion because the 

choices the respondents are asked to make involve two distinct 

states of the world. That is, either Future A exists or Future B 

exists. Thus, the choices presented in the survey, while 

embodying differing uncertainty levels, are certain alternatives. 

The final ROC involves the guideline that willingness to pay 

measures are utilized. This ROC was followed. 

7 . 4 Administration of the Survey« Sample Design and Response 

Rate 

The CVM questionnaire was mailed to a random sample of 1,086 

Wyoming residents whose names and addresses were drawn from 

87 



telephone books. The initial mailing took place on October 24, 

1988, and was followed up by a second mailing on November 9, 

1988. A third, post card reminder mailing, occurred on November 

21, 1988, and survey responses received through December 8, 1988 

were included in the analysis. 

Of the 1,086 questionnaires mailed, 191 were returned as non

deliverable. This relatively high non-deliverable rate is 

probably due to two factors. First, the only telephone books 

available at the time the survey began were almost one year old. 

Second, Wyoming employment statistics indicate that 1988 was a 

transitional year for the Wyoming work force, with many workers 

dropping off unemployment roles. Many of these workers 

presumably left the state in search of employment elsewhere. 

Of the 895 households that did receive questionnaires, 410 

returned a completed survey for a response rate of 45.8 percent. 

This response rate can be considered good given the relative 

complexity of the issue being addressed and the amount of time 

required to respond. For purposes of analyzing the survey 

results, it was assumed that the 410 households that did respond 

to the survey are representative of all Wyoming households. As 

in any survey, there is a concern with potential non-response 

bias. That is, it is possible that those who did not respond to 

the survey have different values concerning water development 

than those that did respond. In this particular case, however, 

with a 45.8 percent response rate, it appears that even 

sUbstantial non-response bias (if it existed) would not 

materially change the conclusions of the study. 

In the administration of a contingent valuation survey, there is 

also concern regarding the number of zero valuations and the 

reasons why respondents offered zero payment amounts. Table 7-1 

presents the information regarding zero valuations. As can be 

seen from the table, only 12 of the surveys contained protest 
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valuations. The main reason given for zero payments was lack of 

funds. It was thus concluded that protest valuations were not a 

significant problem in evaluating the survey results. 

7.5 Survey Results 

The discussion of the survey results is divided into three 

sUbsections. First, information pertaining to income, age, 

education, length of residency, number of individuals in the 

household and occupation of the respondents is presented, along 

with recreation patterns and prospective plans regarding 

Sandstone Reservoir. Second, the empirical analysis of the 

valuation questions is discussed. Finally, we discuss the 

results in the context of the uncertainty question regarding when 

to build the Sandstone Dam. 

7.5.1 Background Information 

Table 7-2 presents household information pertaining to the survey 

respondents. The mean household income of the respondents is 

$34,756; 18 percent of the households have a retired individual; 

and the average respondent's age is 47. The occupational mix of 

the respondents is quite large, as would be expected given random 

sampling procedures. The average household size is 2.8 persons, 

and the average length of residency is 27 years. Of those who 

answered for the household, 84 percent were males. 

Additional questions asked respondents for information pertaining 

to existing and prospective recreation opportunities and/or 

patterns. Approximately 68 percent are fishermen/women, and 12 

percent have fished in the Little Snake Drainage. In terms of 

potential visitation, 45 percent think that they will visit the 

Sandstone Reservoir if it is built. Of the respondents, 41 

percent thought that Sandstone would provide them with fishing 

opportunities, 10 percent saw the possibility of employment 
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Table 7-1 

Reasons For Zero Valuationsa 

Survey Question 

If you specified a zero ($0.00) 
payment for either Q1, Q2, or 
Q3, which of the following best 
describes your reasons. 

Reasons for 
Zero Valuations 

AcceptedC 

~t:otestb yncertainty 
ReasonLUncertainty Level 25% 50% 75% 

Lack of Funds 44% 47% 47% 

Don't Support water Development 7 7 7 

Environmental Concerns 10 10 10 

Don't Understand Question 25% 

Get Funds Elsewhere 14 15 16 

Unnecessary Project 5 4 4 

Won't Benefit 12 12 11 

Need More Information 33 

critical of Survey 42 

Other 7 4 4 

Total 100% 100% 100% 100% 

nd 

a 

b 

c 

12 151 137 135 

Percentage of respondents who specified zero payment by reason 
given. 

Protest valuations were those that answered: Don't understand 
question; Need more information; Critical of survey; and 
specified zero payment for all three valuation questions. 

Accepted zero valuations for each uncertainty level. 
respondents did not specify zero payment for all 
valuation questions. 

Some 
three 

d Number of respondents in each category. 
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Table 7-2 

Demographic Informationa 

1) Occupation: Professional 21 
(Percent) Teacher 6 

Craftsman 7 
Executive 7 
Self-employed 9 
Technician 10 
Clerical 4 
Student 2 
Housewife 1 
Farmer/Rancher 6 
Retired 18 
Unemployed <1 
Other 9 

2) Age: 46.5 
(Average years) 

3) Sex: Male 84 
(Percent) Female 16 

4) Household Sizeb : 2.8 
(Average number) 

5) Residence in wyomingc : 27 
(Average years) 

6) Educationd : Elementary 4 
(Percent) HS Graduate 18 

Some College 36 
Bachelor's Degree 27 
Advanced Degree 15 

7) Annual Under $10,000 8 
Household $10,000-$14,999 7 
Gross $15,000-$19,999 7 
Income: $20,000-$24,999 13 
(Percent) $25,000-$29,999 10 

$30,000-$34,999 7 
$35,000-$39,999 12 
$40,000-$44,999 8 
$45,000-$49,999 4 
$50,000-$54,999 6 
$55,000-$59,999 5 
$60,000-$64,999 5 
Over $65,000 7 
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8) 

9) 

10) 

11) 

12) 

a 

b 

c 

d 

Table 7-2 

Demographic Information (continued) a 

Fisherman/ Yes 68 
Woman: No 32 
(Percent) 

Have you Yes 12 
fished in No 88 
the Little 
Snake 
drainage?d 
(Percent) 

Do you Yes 45 
think you No 55 
would ever 
visit 
Sandstone 
Reservoir 
if it were 
built? 
(Percent) 

Do you Fishinge Yes 41 
think No 59 
Sandstone Employmentf Yes 10 
would No 90 
provide you Irrigation Waterg Yes 5 
12ersonall~ No 95 
with any of Other Yes 8 
following: No 92 
(Percent) 

Valuation Annual 53 
questions: Monthly 47 
(Percent) 

All information reflects all surveys used for the analysis 
except as qualified in other footnotes. Percentages may not 
add to 100 due to rounding error. 

One survey contained no answer to this question. 

Two households did not answer this question. 

Three households did not answer this question. 
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e 

f 

g 

Table 7-2 

Demographic Information (continued)a 

Seventeen households did not answer this question. 

Thirty-six households did not answer this question. 

Forty-two households did not answer this question. 
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opportunities, while 5 percent expect to receive irrigation 

water. 

While these questions and answers provide insight into the 

characteristics of the respondents and their expectations, their 

real value lies in helping explain the values that were offered. 

For instance, does the size of the bid depend upon the households 

income level, age or prospective visitation plans? 

7.5.2 Estimation of Aggregate Benefits 

We turn now to a discussion of estimating the aggregate value 

that respondents placed on Future B. Our goal was to estimate an 

equation that will allow the determination of aggregate benefits 

for all households in Wyoming regarding the choice of Future B 

over Future A. 

By estimating a regression equation, we explored the extent to 

which the characteristics of the respondents explain their 

offered valuations. Table 7-3 presents the results of the 

analysis. The variables "fisherman/woman", "will visit 

Sandstone", and "income" are statistically significant in 

explaining the valuation of Future B over Future A for the 

various uncertainty levels. The influence of education, age, 

sex, retired or not, whether the valuations were for a monthly or 

annual payment, distance from the proposed project, and length of 

residency, did not significantly explain the valuations offered. 

As such they are not included in the final equation that is 

presented in Table 7-3. The appropriate statistical tests were 

conducted for all variables included in the final equation. 

utilizing the equations, we can estimate mean annual valuation of 

the survey respondents for the three valuation questions. This 

analysis is presented in Table 7-4. For the 25 percent, 50 

percent and 75 percent levels, the mean annual valuations are 
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Table 7-3 

Regression Analysis Results 

(Dependent Variable is WTP Valuation 
for Different Levels of Uncertainty)a 

Independent Variables 

Fisherman/woman 
(yes=l; no=O) 
(.6a)c 

will visit Sandstone 
(yes=l; no=O) 
( .45) 

Income 
($) 
(34,756) 

n 
R2 
F-statistic 

a t-statistics in parentheses. 

25% 

15.14 
(2.17**)b 

43.16 
(6.28***) 

.00029 
(1.94*) 

308 
.14 

24.22*** 

uncertainty 
50% 

16.61 
(2.13**) 

45.55 
(5.94***) 

.00043 
(2.60***) 

308 
.13 

22.13*** 

75% 

56.80 
(6.56***) 

.00079 
(5.25***) 

308 
.11 

38.45*** 

b * significant at 90% level ; ** significant at 95% level; 
*** significant at 99% level. 

c mean value of variable. 
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$40.00, $47.00 and $53. 00. Multiplying by the total number of 

households in wyoming yields an aggregate annual valuation for 

the avoidance of Future A. For avoiding Future A, when there is 

a 25 percent chance that other states will block the construction 

of Sandstone 20 years hence, the aggregate annual value is $6.6 

million. For the 50 percent and 75 percent levels, the aggregate 

annual values are $7.8 million and $8.8 million, respectively. 

Since this is a payment for a 20 year period, the discounted 

present values utilizing a 7.9 percent discount rate are 

calculated. 3 For the 25 percent, 50 percent and 75 percent 

levels, the respective discounted present values are $65.3 

million, $77.0 million and $87.0 million. 

7.5.3 Discussion of Results 

A central purpose in designing and administering the contingent 

valuation study was to gain insight as to how Wyoming residents 

evaluate the legal and economic trends facing the state with 

respect to the Sandstone Project. Specifically, we were 

interested in determining the willingness to pay of residents to 

avoid the risks that Wyoming may face in delaying the project. 

Essentially, the optimum time to build Sandstone can be based 

upon the analysis presented in section 3.0 of this report, if the 

risks facing the state do not exist. That is, if we assume that 

Wyoming could permit and build Sandstone without hindrance at any 

time in the future, then net benefits of the project would be 

maximized by waiting until an industrial water user is 

forthcoming. However, if we assume that permitting the project 

will become increasingly difficult as water becomes more scarce 

in downstream states and as environmental regulations concerning 

reservoir construction become more strict, then a different 

conclusion is possibly warranted. Whether a different conclusion 

3 A 7.9 percent nominal discount rate was used because bids 
were considered to be nominal (including the effects on 
inflation). Discount rates are discussed in section 8.2. 
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Table 7-4 

Annual Aggregate Valuation and Discounted 
Present Value for Avoiding Future A 

Mean Aggregate Discounted 
Household Annual Present 

Uncertainty Valuation Valuationa Valueb 

a 

b 

Level ($) ($ millions) ($ millions) 

25% 40.00 6.6 65.3 

50% 47.00 7.8 77.0 

75% 53.00 8.8 87.0 

Aggregate annual valuation = (mean household valuation) x (# 
of households in Wyoming). The number of households is 
165,624 (U.S. Dept. of Commerce/Bureau of Census 1980 Census 
Data Reports #3 and #5). 

The present discounted value calculation assumes a discount 
rate of 7.9% and a 20-year time frame. 
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is warranted depends not only upon the contingent valuations but 

those valuations relative to the opportunity cost to the state of 

building the project now, rather than later. 

To illustrate this point, consider the information in Table 7-5. 

The first three columns of Table 7-5 present the discounted 

present value of the "willingness to pay to effectively build 

now". The fourth column is the opportunity cost to the state of 

building now, taken from Table 4-4. This opportunity cost 

reflects the additional cost of building Sandstone now instead of 

20 years from now, adjusted to remove the influence of recreation 

benefits during the first 20 years of the project. This 

adjustment was made to avoid double counting because the survey 

results indicate that the magnitude of bids is partially 

dependent upon anticipated recreational use of the reservoir. 

The final three columns represent the net benefits of avoiding 

Future A and thus choosing Future B. The net benefits under both 

industrial development scenarios (i.e., industrial benefits are 

based upon the eventual construction of an industrial facility) 

range from $29.0 to $51.0 million. Thus, based upon the results 

of the contingent value survey and the opportunity cost to the 

state of building Sandstone now, the analysis suggests that given 

the uncertain legal and economic framework, there are positive 

net benefits to building Sandstone in the near future. This 

conclusion is based fundamentally upon the valuation obtained 

from the contingent valuation study. 
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Table 7-5 

Comparison of the "Willingness to Pay to Effectively 
Build Now" to the "opportunity cost of Building Now" 

Type of 
Industrial 

Demand 

Electric 
Power 
Generation 

Synthetic 
Fuels 
Production 

a From 

b From 

($ millions) 

Willingness to 
Pay to Effectively 

"Build Now" by 
Avoiding Future Aa 

25% 50% 75% 

65.3 77.0 87.0 

Table 7-4. 

opportunity 
cost of 

Building 
Nowb 

36.0 

36.0 

the third column of Table 4-4. 
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Net Benefits of 
Avoiding Future 
A and Choosing 

Future B 
25% 50% 75% 

29.3 41.0 51.0 

29.3 41.0 51.0 



8.0 BACKGROUND AND METHODS FOR BENEFIT-COST ANALYSIS 

by 

Gary L. Watts 

8.1 Introduction 

The economic methodology that was used to evaluate the Sandstone 

Project is benefit-cost analysis. Benefit-cost analysis consists 

of comparing the positive aspects (benefits) of a project with 

the negative aspects (costs) of a project, both from a public 

perspective. Benefit-cost analysis can be viewed as a 

straightforward extension of financial feasibility analysis, in 

which revenue is compared with cost for an individual business 

enterprise. Benefit-cost analysis, however, broadens the concept 

of revenue to include all dollar-valued social benefits, and 

broadens the concept of cost to include the dollar value of the 

social cost, if any, associated with a project. In its broadest 

application, benefit-cost analysis can be used to compare all of 

the benefits of a project with its total cost to determine 

whether it is economically efficient from a social perspective. 

The use of benefit-cost analysis to evaluate water projects is 

not a new concept. In 1808, Albert Gallatin, Thomas Jefferson's 

Secretary of the Treasury, stressed the need for comparing the 

benefits and costs of proposed federal waterway improvements. 

Use of the technique for evaluating federal water projects was 

formalized by passage of the Flood Control Act of 1936, which 

stated that the federal government was prepared to undertake 

water and related land resource development investments " ... if 

the benefits to whomsoever they accrue exceed the costs" (U. S . 

Congress, 1936). That same concept still guides federal water 

project evaluations today. 
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Periodically since 1952, the federal government has published 

principles, standards and/or guidelines for the evaluation of 

federal water projects. The currently applicable federal 

standards for water project evaluations are described in Economic 

and Environmental Principles and Guidelines for Water and Related 

Land Resource Implementation Studies (Water Resources Council, 

1983). That document specifies guidelines that must be followed 

by all federal agencies in estimating benefits and costs for 

water related projects. 

Although benefit-cost analysis has clear applicability to the 

evaluation of Wyoming water projects, the federal procedures for 

conducting benefit-cost analyses as described in the Principles 

and Guidelines are not necessarily suited to comprehensive water 

project evaluations at the state level. One reason is that 

federal guidelines call for narrowly defined direct benefit 

estimates that are based primarily upon income and employment 

considerations at the national level (called National Economic 

Development benefits). Other potential project benefits such as 

increases in secondary income, new tax revenues, the employment 

of idle resources, and induced economic development are ignored 

in federal studies because it is assumed that the national 

economy is fully employed. Because federal analysts are required 

to assume that the national economy is fully employed, these 

latter benefit estimates represent economic transfers from one 

area (or state) in the country to another in federal benefit-cost 

studies. 

From Wyoming's perspective, however, the full employment 

assumption makes little sense when the size of the state's labor 

force has decreased significantly in recent years (IPR, 1987). 

Furthermore, increases in secondary income, employment, and tax 

revenues are a benefit to the state even if they do represent a 

transfer of resources from elsewhere in the country. Thus, the 

benefit estimates for a Wyoming water project should include the 
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net additions to direct and indirect income, employment and tax 

revenues generated by a project at the state level. 

Another difference between state and federal project evaluations 

is that the goals and objectives of Wyoming residents and the 

country as a whole may be different. For example, it has long 

been recognized that economic development in the western united 

states was a driving force for u. s. water proj ects during the 

first half of this century (Burness, et al., 1983). In recent 

years, however, the federal government has largely backed away 

from this motivating force for funding federal water projects by 

developing increasingly stringent benefit-cost criteria that make 

it difficult to justify the construction of new projects. From 

the state of Wyoming's perspective, however, the stabilization 

and expansion of the state's economy remains an important 

objective. 

Another relevant consideration is the uncertainty surrounding 

Wyoming's ability to permit and build water projects in the Upper 

Colorado River Basin in the future. The origins of this 

uncertainty are discussed in section 6.0 of this report and point 

out the need to consider the element of uncertainty in project 

planning and evaluation. 

These considerations form the general framework for the benefit

cost analysis of the Sandstone Project described in this report. 

The following sUbsections describe some of the background 

research that is not described in detail in Part I. 

8.2 The Discount Rate 

Discount rates are used in benefit-cost analyses to make 

adjustments to streams of benefits and costs over time. These 

adjustments are necessary to put estimates of benefits and costs 

occurring in different time frames on a comparable basis in terms 
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of the dollar. The concept of a discount rate is somewhat 

analogous to the concept of a rate of return in a private sector 

financial analysis. In a benefit-cost framework, the discount 

rate can be thought of as a "target" rate of return for a 

project. A benefit-cost ratio of greater than one means the 

target rate of return can be achieved. A ratio of less than one 

means that the target rate of return cannot be achieved. The 

choice of a discount rate thus can influence the outcome of the 

economic analysis. 

Economists have several conceptual bases for determining discount 

rates for benefit-cost analyses. Summarizing briefly, many 

economists believe that a discount rate should be determined 

using the opportunity cost of private capital. This approach 

assumes a public project should not be undertaken unless it will 

result in a return on an investment that is at least as great as 

could be obtained in the private sector. 

An alternative approach is to choose a discount rate based upon 

the opportunity cost of funds to state government. This approach 

assumes that if funds were not invested in a water project, they 

would be invested elsewhere to provide economic returns to the 

state. 

A third alternative for determining a discount rate is the social 

time preference approach. This approach argues that the discount 

rate should be determined subj ecti vely. In particular, the 

social time preference approach is often used when analyzing 

projects that have large costs which must be borne by future 

generations, such as the burial of nuclear wastes in containers 

that will eventually disintegrate. In such cases, economists 

often choose a low discount rate to reflect society's concern for 

the health and well-being of future generations. 
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After reviewing these alternatives for determining a discount 

rate for the Sandstone Project, we decided that the discount rate 

should be estimated using the opportunity cost of state funds 

approach. That is, the discount rate should reflect the rate of 

return the state could earn on the cost of the Sandstone Project 

if those funds were otherwise invested by the state. The 

rationale for this approach is twofold. First, this approach 

most accurately reflects one of the choices faced by the state 

wi th respect to Sandstone; i. e., should the state build the 

Sandstone Project now or wait until such time as a firm 

industrial water user is found? Second, although the social time 

preference approach has some conceptual relevance to the problem 

of evaluating Sandstone, there is no objective way of determining 

a discount rate using this approach. Thus, the choice of a 

discount rate using the social time preference approach would 

undoubtedly lead to disagreements over the outcome of the 

economic analysis and obscure some of the important questions of 

interest with respect to the project. 

Because the benefits and costs of the Sandstone Project were 

estimated in current (1988) dollars and not adjusted for future 

inflation, the appropriate discount rate is a "real" discount 

rate. That is, the discount rate should not account for future 

inflation because benefits and costs do not account for 

inflation. One way of projecting the real rate of return on 

state investments in the future is to look at current rates of 

return to Wyoming's water development accounts, and then adjust 

these rates of return to eliminate the effects of inflation. 

According to Wyoming State Treasurer Stan Smith, additions to 

wyoming's pooled investment fund (including water development 

funds) could be invested at 7.9 percent as of August 1988. 

Consumer price inflation in Wyoming has been quite low in recent 

years, averaging less than 2 percent annually (DAFC, 1988). This 

figure is a misleading indicator of the future, however, because 
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it reflects the influence of lower housing costs due to Wyoming's 

declining economy. Wyoming housing costs have been dropping 2 to 

3 percent annually in recent years, but if this trend were 

projected into the future, Wyoming residential property would be 

virtually worthless in 50 years. It is more reasonable to assume 

that the Wyoming housing market will stabilize in the future, and 

thereafter consumer price inflation will more closely parallel 

national trends, which have seen consumer prices growing at a 

rate of 4.2 percent over the past 5 years. (DAFC, 1988). 

Based upon the above rationale, we believe the appropriate 

adj ustment for future inflation is approximately 4.2 percent. 

Subtracting this figure from the 7.9 percent nominal return rate 

gives a projected real rate of return on Wyoming investments of 

approximately 3. 7 percent. That figure was used as a discount 

rate for evaluating the Sandstone Project. 

8.3 Industrial Development 

section 3.0 of this report describes the benefits and costs 

attributable to the Sandstone Project assuming an industrial 

water user locates in the project area 20, 40, and 60 years into 

the future. The results in that section show that the Sandstone 

Project will be economically feasible if an industrial water user 

locates in the project area within the next 60 years, or after an 

even longer time period if area coal reserves are developed for 

synthetic fuels. This conclusion applies regardless of whether 

the project is built now or construction is delayed until there 

is a need for the industrial water. To put these conclusions 

into context, it is useful to review available projections 

concerning the growth of water-intensive industry sectors in the 

Rocky Mountain region. We begin this investigation with a 

discussion of electric power generation. 
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The North American Reliability Council (NARC), which predicts 

electrical supply and demand for the electrical utility industry, 

has prepared near-term power forecasts for the Rocky Mountain 

Power Area (RMPA). The RMPA, which includes Colorado, eastern 

Wyoming, and a portion of South Dakota, is currently experiencing 

excess generating capacity. The NARC notes that, 

"Generating capacity has been installed in the 
RMPA ... surplus to the near-term load requirements 
within that area. (As of 1987). Surplus capacity 
(approximately 1,000 MW) was available in the 1986 
Summer and 1986/87 winter operating seasons. The 
export of surplus generation is limited by the 
transmission capacity to outside areas and the 
marketability of a surplus energy which has been 
affected by lower gas and oil prices in new baseline 
nuclear units recently placed in operation in Arizona 
and California. The surplus base load capacity will be 
available for 5 to 10 years before being absorbed by 
area growth." (NARC, 1988). 

The NARC forecast is consistent with a demand and supply 

assessment recently released by the Colorado Public utilities 

Commission, which indicates a need for additional coal-fired base 

load capacity in Colorado by about 1997 (CPU, 1988). These 

forecasts are somewhat more optimistic, however, than those 

provided by two large electrical suppliers in the region, which 

project the need for additional capacity in 15 to 20 years (WRC, 

1988) . 

These forecasts are in sharp contrast to nationwide projections 

for electrical power generation. Data Resources International 

(DRI) , a leading private forecasting firm headquartered in 

Cambridge, Massachusetts, predicts a sharp rebound of spending 

for new generation and transmission nationally during the 1990s. 

DRI projects that spending for new generating capacity will 

approach $60 billion annually by the year 2000 on a nationwide 

basis (DRI, 1987). 

106 



A leading trade journal for the power industry, Electrical World, 

also projects significant nationwide growth in baseline 

electrical generating capacity over the next 12 years. 

Electrical World I s forecast indicates that approximately 67,000 

MW of new fossil steam generating capacity will be on line by the 

year 2005 (Table 8-1). That capacity is the equivalent of 45 

power plants the size of the Laramie River station near 

Wheatland, Wyoming. 

One of the reasons this accelerated growth in national demand has 

not affected regional forecasts is the limited transmission 

capacity from the Rocky Mountain region to outside areas. 

Nationwide, the electrical power grid is becoming increasingly 

integrated, and investments in new transmission facilities in the 

Rocky Mountain region could significantly reduce the current 

level of excess capacity. 

The prospects for synthetic fuels development in southeastern 

wyoming are, of course, closely tied to world oil prices. Chase 

Econometrics, a private forecasting firm now affiliated with 

Worton Economic Associates, projects an oil price shock in the 

mid 1990s, with spot prices rising to between $30 and $40 a 

barrel in nominal terms (Chase, 1986). The Energy Information 

Administration of the u.s. Department of Energy, projects a 

similar trend, with oil prices in the range of $45 to $82 per 

barrel by the year 2000 (EIA, 1988). The Federal Reserve Bank is 

also projecting significant increases in world oil prices by the 

year 2000. The accuracy of such forecasts is always debatable, 

of course, and no one can predict the future with certainty. 

Based upon the above projections, however, it does appear 

plausible that by the year 2000, oil prices will have risen to a 

level that will stimulate domestic production in the Rocky 

Mountain region. 
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Year 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

Totals 

Table 8-1 

Projected Additions to Electric 
Generating Capacity in 

the united states 
(Megawatts) 

Source 

Fossil Combustion 
steam Turbines 

731 1,046 

3,584 806 

2,030 185 

818 847 

553 1,779 

3,884 2,131 

6,834 2,324 

5,200 1,936 

8,132 2,514 

10,153 2,729 

9,001 3,945 

16,035 1,330 

66,955 21,572 

Source: Electrical World, September, 1987. 
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Non-
utility 

1,823 

1,295 

954 

295 

519 

646 

379 

361 

331 

331 

331 

331 

7,596 



Increasing oil prices would also stimulate Wyoming's coal 

industry, and have positive effects on employment and population 

growth in the region. This economic growth would, in turn, 

significantly increase demand for electrical power generation. 

If world oil prices continue to rise after the year 2000, 

synthetic fuels production may become a reality 20 to 40 years 

into the future. 

The scenario described above suggests that Wyoming's energy 

industry may return to a period of strong economic growth after 

the year 2000. That economic growth could result in significant 

demands on Wyoming's water resources for energy production in the 

next century. In this context it is useful to ask whether 

Wyoming already has developed enough water resources to meet 

future demand for energy production. The state currently has 

unused storage capacity in Buffalo Bill Reservoir and Boysen 

Reservoir in the Big Horn Basin, and in Fontenelle Reservoir in 

the Green River Basin. If these storage projects have the 

capability of providing for all of Wyoming's future needs, it 

could be argued that there is no economic advantage to the state 

in developing additional water resources. 

with respect to Boysen and Buffalo Bill Reservoirs, unused 

storage is not available in areas near large strippable coal 

deposits (HDR, 1988). Although the Big Horn Basin contains 

sUbstantial coal reserves, the deposits are generally in steeply 

dipping beds with heavy overburden that are not amiable to strip 

mining techniques. Given Wyoming's vast deposits of strippable 

coal resources in other parts of the state, it appears unlikely 

that Wyoming's water resources in the Big Horn Basin will be used 

for energy production in the near future. 

Fontenelle Reservoir, located northwest of Green River in 

southwestern Wyoming, does have unused storage capacity that 

could be used to meet future energy development needs. Whether 
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Fontenelle's reserves alone would be sufficient to meet all of 

Wyoming's future needs in the southwestern and south central part 

of the state is largely conjecture. What is apparent, however, 

is that water storage at one geographic location in the state is 

not a perfect sUbstitute for water storage at other locations. 

In making locational decisions, industry takes into account a 

wide variety of factors, including proximity of water-to-coal 

reserves, transportation networks, electrical transmission 

networks, the availability of air quality increments for location 

of industrial facilities, local attitudes towards permitting and 

building of industrial facilities, and other economic and 

environmental factors. Furthermore, these factors are typically 

evaluated for a relatively large number of potential sites in a 

mUlti-state area. 

For these reasons, it does appear that Wyoming's competitive 

advantage in attracting water-intensive industrial facilities in 

the future would be enhanced by water development projects in 

proximity to coal deposits in different parts of the state. For 

this reason, it is also appropriate to attribute economic 

development benefits to potential industrial use of Wyoming's 

water in one part of the state, even though there may be 

unutilized storage in another. 

The industrial benefit categories that were used to evaluate the 

Sandstone Project are as follows: 

• direct income to Wyoming residents who would be employed 

by the industrial facility; 

• indirect income generated by the multiplier effect on 

direct income in the regional economy; and 
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• tax payments that would be made to the state and local 

governments by the industrial facility. 

Conceptually, it is also appropriate to count any direct water 

payments that an industrial water user would make to the state 

for use of Sandstone waters. For purposes of this analysis, 

however, it was assumed that industrial water payments would not 

be required of an industrial facility as an economic development 

incentive. Had an alternative assumption been made, project 

benefits in all scenarios would have been higher, although there 

would be no difference in the comparison of "build now" and 

"delay construction" scenarios. 

This fact can be seen in the benefit-cost estimates in Table 8-2, 

which compares project benefits and costs for two different 

construction scenarios assuming an industrial facility locates in 

the project area 20 years in the future. For purposes of this 

comparison, it was assumed that industrial water charges would be 

$250 per acre-foot annually, resulting in an additional $50.1 

million in benefits for industrial water use (see Tables 3-2 and 

3-3). The difference in net benefits between the "build now" and 

"delay construction" scenarios, however, remains at $32.5 

million, regardless of whether a water charge is levied. 

The estimates of direct labor income and tax payments for each 

industrial facility were based upon actual data for similar 

facilities located in the region (as described in the footnotes 

to Tables 2-2, 2-3 and 2-4). Estimates of indirect income were 

generated using a total income multiplier of 1.8, meaning that 

one dollar of direct income paid for labor generates a total of 

$1.80 of income in the state. This multiplier was taken from a 

study by Gerking (1988), which specifies a range of 1.75 to 2.0 

for Wyoming's income multiplier. The multiplier of 1.8 used in 

this study was chosen in the conservative lower end of that 

range. 
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category 

Benefits: 

Industrial 

Irrigation 

Recreation 

Municipal 

Flood Control 

Total 

costs: 

Net Benefits: 

Table 8-2 

Benefits and costs for 
Electric Power Generation 

After 20 Years 
($ Millions) 

Build Delay 
Now Construction 

$423.6 $423.6 

12.3 5.9 

3.5 1.7 

0.1 < 0.1 

0.2 0.1 

$439.7 $431.3 

$ 79.2 $ 38.3 

$360.5 $393.0 
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Difference 

$ 0.0 

-6.4 

-1.8 

-0.1 

-0.1 

$ -8.4 

$+40.9 

S 32.5 



8.4 Irrigation Benefits 

The value of irrigation benefits attributable to the Sandstone 

Project was estimated by first estimating the amount of 

irrigation water the project would make available at the field to 

ranchers in the Little Snake Basin, and then placing a value on 

this water availability in terms of its impact upon net farm 

income. (Net farm income is defined as the economic return to 

land and water after all other production costs have been taken 

into account). 

Estimates of the value of irrigation water in terms of net farm 

income were compiled and reviewed from three sources. First, a 

comprehensive study of the value of irrigation water in the 

Little Snake Drainage was undertaken in a study prepared for the 

North Platte water Development Joint Powers Board (Black & 
Veatch, 1984). Second, this analysis was revised and updated for 

the estimate of irrigation benefits contained in the WWDC's 

Concept Design Report (SWEC, 1986). Finally, western Research 

Corporation undertook a statistical analysis of crop budgeting 

data for several water projects throughout the state that were 

evaluated by the WWDC over the past six years. The results of 

all of these analyses indicate that the production of forage hay 

crops in Wyoming under conditions similar to those in the Little 

Snake Basin yields a return to irrigation water in the range of 

$15 to $25 per acre-foot. For the purposes of this study, the 

$20 per acre-foot midpoint of this range was used to estimate 

irrigation benefits. Indirect benefits to irrigation were also 

estimated using the 1.8 direct income multiplier described in 

section 8.3 above. 

The magnitude of irrigation benefits attributable to Sandstone 

depends, of course, on the amount of irrigation water made 

available to area ranchers from the project. The current 

operating plan for the reservoir, as described in the Concept 
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Design Report (SWEC, 1986), calls for the provl.sl.on of only 

enough irrigation water to supply area ranchers with 0.5 cfs of 

supplemental water in the months of August and September. 

Meeting this requirement utilizes an average of 12,000 acre-feet 

of storage capacity annually, which translates into approximately 

13,000 acre-feet of water available at the field when return 

flows are taken into account. 

For the first and second industrial development scenarios 

(immediate industrial use and industrial use after 20 years), it 

was assumed that the reservoir would be operated as specified in 

the Concept Design Report. For the remaining industrial 

development scenarios (industrial use after 40 years, 60 years 

and no industrial use), it was assumed that the reservoir would 

be operated to maximize irrigation benefits in the absence of an 

industrial facility. When operated in this fashion, Sandstone 

Dam and Reservoir could provide approximately 26,200 acre-feet of 

irrigation storage annually, an increase of 14,200 acre-feet over 

storage levels with an industrial water supply. This additional 

water could be used in one of two ways to expand agricultural 

production in the basin. First, it could be used to increase 

late season supplemental water supplies to existing irrigated 

lands from 0.5 cfs per 70 acres to 1.0 cfs per 70 acres. This 

increase would provide a full water supply year round to existing 

irrigated lands in the drainage, thus increasing agricultural 

output. 

The additional irrigation water could also be used to bring new 

lands into production, an activity in which several area ranchers 

have expressed interest. For purposes of this study , it was 

assumed that in the absence of an industrial water user, 

Sandstone would be managed to bring approximately 4,700 acres of 

new acreage into production in the Little Snake Basin. The 

estimate of 4,700 new acres of production was based upon an 

average additional storage capacity of 14,200 acre-feet, which, 
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using return flow calculations developed by western water 

Consultants (WWC, 1988), would yield approximately 19,900 acre

feet of irrigation water available at the field after taking into 

account return flows. Valuing this water at $20 per acre-foot 

yields an additional annual benefit of approximately $715,700 in 

irrigation benefits attributable to the project, above and beyond 

the benefits attributable to supplemental late season irrigation 

water. 

If we wish to assume that economic conditions in the future will 

not be favorable for bringing new lands into production in the 

Little Snake Basin, then the additional water could alternatively 

be used to supplement late season supplies on existing acreage. 

The economic benefits of this approach would not be significantly 

different than applying the water to new lands, and any such 

differences would not affect the conclusions of this study. 

8.5 Recreation Benefits 

The methods used to derive estimates of recreation benefits for 

the Sandstone Project are described in section 2.3 of this 

report, and will not be repeated here. During the course of the 

study, however, the project team asked the Wyoming Game and Fish 

Department to evaluate the possibility of operating Sandstone as 

a dedicated recreational facility in the absence of an industrial 

water user. This approach provides an alternative to evaluating 

the reservoir for maximum irrigation benefits in the absence of 

an industrial water user. 

Based upon an initial analysis by the department's fisheries 

staff, it appears that operating Sandstone to maximize recreation 

benefits could result in increasing angler days of activity at 

the reservoir site and on Savery Creek and the Little Snake River 

by 40 to 70 percent (Wyoming Game and Fish, 1988). Although this 

increase would be significant, it would not result in enough 
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additional benefits to offset the opportunity cost of using the 

same amount of water for irrigation purposes. Thus, for purposes 

of the benefit-cost analysis in this study, it was assumed that 

project water would be used for irrigation in the absence of an 

industrial water user. 
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APPENDIX A 

CVM SURVEY QUESTIONNAIRE 



PROTECTING WYOIUHG'S WATER RESOURCES: 

A CITIZEN'S VIEW 

A statewide Survey of an 

Important Issue Facing 

Wyoming Citizens 

This questionnaire should 
be completed by the 

principal wage-earner 
in your household. 

Western Research Corporation 
512 University Avenue 

Laramie, wyoming 82070 



PROTECTING WYOMING'S WATER RESOURCES: A CITIZEN'S VIn 

Our survey consists of only a few questions, but to 
be able to respond you need to understand the following 
seven points. Please spend a few minutes to read and 
reflect on this information. 

POINT '1: WYOMING BAS WATER RIGHTS IN THE UPPER 
COIDRADO RIVER BASIN. 

As a result of the Upper Colorado River compact 
agreement, Wyoming has water rights to about 833,000 
acre-feet of water annually in the Green and Little 
Snake Rivers, which flow south out of Wyoming into the 
Colorado River system (see Map 1). Some of these 
waters--approximately 390,000 acre-feet annually--are 
not being used in Wyoming, primarily because present 
industrial, municipal, and irrigation needs do not 
require their use. 

Other states have developed most of their share of 
Colorado River waters. Since Wyoming has not fully 
utilized its compact waters, Wyoming's water currently 
is flowing downstream to other states, including Arizona 
and California. 

POINT '2: WATER STORAGB FACILITIES ARE NECESSARY IF 
WYOMING IS TO EFFECTIVELY UTILIZE ITS 
COMPACT WATERS. 

Much of Wyoming's unused Upper Colorado compact water 
is snow melt that flows out of the state in late Spring 
and early Summer. To effectively use this water, dams 
and reservoirs must be built. Reservoirs allow 
irrigation water to be stored in the Spring for use by 
farmers and ranchers throughout the growing season. 
Reservoirs also can provide reliable year-round water 
supplies for cities, towns, industrial users and 
recreation. 



NEVADA 

c 
i 
a: 
o .... 
oJ 
C 
U 

D A H o 

• • AU ~AKI 

UTA H 

Map 1 

N G 

LlrnE SNAKE 
RIVER 

! , 
, 
, 
, 

CIIUtll": J -_ ... __ . __ . 

NEW 

C 0 

DIllY'" • 

. r'''--'-' 

. ~I-".""·-··· 
__ J_ .. J 

COLO RAOO RIVER BASIN 



PROTECTING WOKING'S WATER RESOURCES: A CITIZEN'S VIEW 

POINT '3: WYOMING IS STUDYING TIlE POSSIBILITY OF 
DEVELOPING ITS COMPACT WATERS IN TIlE LITTLE 
SNAD DRAINAGE. 

About 90,000 acre-feet of Wyoming's unused Upper 
Colorado River compact waters originate in the Little 
Snake Drainage in southern Wyoming. This drainage is 
located south of Rawlins near the communities of Dixon 
and Baggs (see Map 2). Wyoming d2Aa DQt have reservoir 
storage in the Little Snake Drainage at present. As a 
result, about 90,000 acre-feet of Wyoming's compact 
water is leaving the state unused each year. 

The state is currently studying plans to construct 
Sandstone Dam and Reservoir on Savery Creek which is a 
tributary of the Little Snake River. Examine the map 
and you can see the proposed location of the dam. This 
reservoir would capture 32,000 acre-feet of Wyoming's 
compact water annually for use in Wyoming. 

POINT '4: WYOMING OOES NOT NEED ALL OF SANDSTONE'S 
WATER NOW. 

About 12,000 acre-feet of water from Sandstone 
Reservoir could be used immediately for irrigation by 
farmers and ranchers in the project area. The reservoir 
would also provide recreational opportunities for 
fishermen and boaters. A trout fishery would be 
established in the reservoir and in Savery Creek 
downstream from the reservoir. Both the reservoir and 
creek would be open to public access. About 20,000 
acre-feet of Sandstone's water will not be needed until 
some time in the future when Wyoming's economy improves 
and industrial water users can be attracted to the 
state. 
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PROTECTING WYOMING'S WATER RESOURCES: A CITIZEN'S VIn 

POIH'!' '5: THERE IS UNCERTAIHTY ABOUT WYOMING'S 
ABILITY TO BUILD SANDSTONB IN THE FUTURE 
WHEN ALL THE WATER IS NEEDED. 

Al though there are not severe water shortages in 
other states JlgX, shortages will worsen over the next 
few decades in downstrea. states such as Arizona and 
California. If wyoming waits too long to build 
Sandstone, Wyoming will then be "taking back" water that 
is being used by other states. For this reason, 
downstream states may try to block construction of the 
project by initiating lawsuits or other legal manuevers. 
A similar situation exists now in the North Platte River 
Basin, where Nebraska has filed lawsuits to prevent 
Wyoming's construction of the Deer Creek Dam near 
Casper. Also, future Federal peraitting procedures may 
become so restrictive that it will be impractical for 
Wyoming to develop its water resources in the Little 
Snake Drainage. 

POINT '6: WYOMING CAN AVOID FUTURE UNCERTAINTY BY 
BUILDING SANDSTONE BEFORE ALL THE WATER IS 
HEEDED. 

Al though Wyoming may not need All of Sandstone's 
water in the near future, the state can build the 
project before downstream water shortages become severe 
and federal regulations become too strict. Thus, there 
would be no chance that other states or the federal 
government could block the project in the future. This 
approach would require the state to invest in a dam and 
reservoir that will not be fully utilized at first. 
When the state's future needs for water do increase, 
however, the reservoir would be there. 



PROTECTING WYOMING'S WATER RESOURCES: A CITIZEN'S VIEW 

POIHT '7: WYOMING FACES TWO POSSIBLE PUTURES WITH 
RESPECT TO '.l'BB AVAILABILITY OF SANDSTONE 
WATER. 

In understanding these two futures, we would like you 
to assume that there will be a need for 20,000 acre-feet 
of industrial water annually in the Little Snake 
Drainage 20 years from now. Further, if Sandstone 
waters are lost, there will be no substitute sources of 
water. 

If no action is taken with 
respect to Sandstone in 
the next 20 years, the 
state will be faced with 
Future A. 

FUTURE A: 

• There is a chance that 
other states will be 
able to block construc
tion of Sandstone by 
initiating law suits. 

• There is a chance that 
the federal government 
will not issue a permit 
to build Sandstone on 
environmental grounds. 

• ThUS, there is consider
able uncertainty concern
ing Wyoming's ability to 
build Sandstone when all 
the water is needed. 

By building Sandstone 
before downstream water 
shortages become severe 
and federal regulations 
become too strict, 
Wyoming can create 
Future B as an alterna
tive to Future A. 

Future B: 

• There is no chance 
that other states can 
block construction of 
Sandstone with law
suits. 

• The federal government 
will issue the neces
sary construction 
permits. 

• Thus, Wyoming is 
certain that the 
Sandstone project will 
be in place when all 
the water is needed. 



PROTBClDfG WYOMING'S WATER RESOURCES: A CITIZEN'S VIEW 

Building Sandstone before all the water is needed is 
more or less like buying an insurance policy--insurance 
that the dam and reservoir will be there 20 years from 
now when all the water is needed. We ask you to assume 
that an insurance fund has been established to insure 
that the Sandstone Project will be in place when all the 
water is needed. 

Our question for you, then, is, how much would your 
household be willing to pay into an insurance fund to 
insure Future B (certainty) as an alternative to Future 
A (uncertainty) with respect to the Sandstone Project. 
We would appreciate answers to the following questions. 

Q1. Suppose that under Future A (uncertainty), there 
is a 25 percent chance that other states or the 
federal government will block the construction 
of Sandstone. What is the maximum amount your 
household would be willing to pay annually for 
the next 20 years into an insurance fund to 
create Future 8 (the project will be in place 
when needed)? Please circle an annual amount 
below or write in your own amount in the space 
provided. 

$0 

$20 

$40 

$60 

$80 

$100 

$120 

$140 

Other amount 

$160 

$180 

$200 

$220 

$240 

$260 

$280 

$300 or 
more 



PRO'l'BCTIHG WYOMING'S WATER RESOURCES: A CITIZEIf' S VIEW 

Q2. Suppose that under Future A (uncertainty), there 
is a 50 percent chance that other states or the 
federal government will block the construction 
of Sandstone. What is the maximum amount your 
household would be willing to pay annually for 
the next 20 years into an insurance fund to 
create Future B (the project will be in place 
when needed)? Please circle an annual amount 
below or write in your own amount in the space 
provided. 

$0 

$20 

$40 

$60 

$80 

$100 

$120 

$140 

$160 

$180 

$200 

$220 

$240 

$260 

$280 

$300 or 
more 

other amount ________________________ _ 

Q3. Suppose that under Future A (uncertainty), there 
is a 75 percent chance that other states or the 
federal government will block the construction 
of Sandstone. What is the maximum amount your 
household would be willing to pay annually for 
the next 20 years into an insurance fund to 
create Future B (the project will be in place 
when needed)? Please circle an annual amount 
below or write in your own amount in the space 
provided. 

$0 

$20 

$40 

$60 

$80 

$100 

$120 

$140 

$160 

$180 

$200 

$220 

$240 

$260 

$280 

$300 or 
more 

other amount ________________________ __ 



PROTEC'rIIfG WYOMIIfG'S WATER RESOURCES: A CITIZEIf'S VIEW 

Q4. If you specified a zero ($0.00) payment for 
either QI, Q2 or Ql, which of the following best 
describes your reasons. (Check one) 

Lack of household funds 
Don't support water development 
Environmental concerns 
Don't understand question 
other (specify) 

QS. Please provide us with the following background 
information: 

a. Your occupation: 

b. Are you a fisherman/woman: _____ yes no 

c. Have you ever fished in the Little Snake 
Drainage? 

yes ____ _ no 

d. Do you think you would ever visit Sandstone 
Reservoir if it were built? ____ yes no 

For what purpose: 

e. Do you think Sandstone would provide you 
personally with any of the following: 

Fishing opportunities: 

Employment opportunities: 

Irrigation water: 

other (specify) 

f. Your age? 

g. Male or Female? 

Yes No 



PROTECTING WYOMING'S WATER RESOURCES: A CITIZEN'S VIEW 

h. Number of people in your household? 

i. Number of years a resident of Wyoming? 

j. Educational background: 

________ Elementary school 
________ High school graduate 
________ Some college 
________ Bachelor's degree 
________ Advanced degree 

k. Approximate combined annual gross income of all 
members in the household (check one): 

under $10,000 ___ $10,000-$14,999 ___ $15,000-$19,999 

___ $20,000-$24,999 ___ $25,000-$29,999 ___ $30,000-$34,999 

___ $35,000-$39,999 ___ $40,000-$44,999 ___ $45,000-$49,999 

_$50,000-$54,999 ___ $55,000-$59,999 _$60,000-$64,999 

___ over $65,000 

Additional comments? 

THA.HK YOU VERY MUCH FOR YOUR HELP. PLEASE USE THE 
ENCLOSED POSTAGE PAID ENVELOPE TO MAIL YOUR RESPONSE. 
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