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CHAPTER 1
INTRODUCTION
Purpose of report
The development of the Kirby Dam on the Bighorn River near Kirby,
Wyoming, would create the opportunity for recreation, power production,
economic development, and other related uses of the Bighorn River.
This
potential dam site was among those suggested for study in the Guidebook for
Water Resources Management and Development (WWDC, 1988) as a means of more
fully developing the resources of the river, including the future expansion
of irrigated lands west of the river.
The purpose of this study has been to conduct a preliminary assessment
Principally,
of the technical and economic issues facing site development.
these issues include potential size of the reservoir and embankment, the
costs associated with the relocation of U.S. Highway 20 and the Burlington
Northern Railroad, both of which traverse the western edge of the proposed
reservoir, and the potential direct and indirect benefits associated with
development.
To address these issues, preliminary calculations have been made to
determine the height and size of the embankment and related dam features,
the size of a potential run-of-the-river hydropower plant which would
utilize reservoir releases for downstream irrigation, and a conceptual
layout of the proposed development area. These calculations are described
in this report.
In addition, a preliminary assessment of the fisheries
potential has been made by the Wyoming Game and Fish Department, together
with an assessment of the potential impacts to terrestrial wildlife.
Summary of conclusions
A major purpose of the Level I Study is to determine if any fatal flaws
exist which would preclude further study of the proposed project. It is the
conclusion of this report that no such flaws exist, and that further, more
detailed studies would be justified should the Commission be inclined to
authorize such studies.
The proposed development would entail the construction of an embankment
dam across the Bighorn River upstream of the existing Hanover Diversion Dam
near the Town of Winchester. The embankment would rise about 89 feet above
the existing flood plain, and would be comprised of compacted earth and
roller compacted concrete (RCC). The RCC section, which would be about
1,000 feet long, would serve as the spillway for passage of periodic flood
flows. Controlled releases to meet downstream irrigation water rights would
be made through a steel or pre-stressed concrete cylinder pipe having a
diameter of approximately 10 feet.
These releases would pass through a
small hydroelectric power plant, which would generate an average of about
5,590 kilowatts of power and 39,371,000 kilowatt-hours of energy each year
if the pool elevation is held constant at 4260 feet above sea level.
Power
and energy from this facility would be sold to local energy utilities.
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The reservoir would be operated in a manner to maintain a constant pool
elevation; fluctuations would be minimized in order to enhance the overall
recreational use of the reservoir.
For this report, it has been assumed
that releases from the Boysen Dam would serve as the primary source of water
for the reservoir, and that streamflows from smaller drainages beween Boysen
and Kirby would provide adequate supplies to meet water demands within this
reach.
Development of the site would require a water right to replace
losses caused by lake evaporation and seepage.
Development of the site would include the relocation of about five
miles of u.s. Highway 20 and about 7 miles of the Burlington Northern
Railroad.
These major transportation routes would be moved to the western
side of the reservoir.
Because of grade and alignment restrictions, the
relocation of the railroad poses the greatest constraint to development;
hence, its longer relocation length. However, from examination of the site
and available topographic maps, it appears that both features could be
located within the same general corridor.
If the final reservoir pool elevation is greater than 4,250 feet above
sea level, site development would also require relocation of the Town of
For this report, it has been assumed that the community would be
Kirby.
moved to a new location on the north bank of Sand Draw. The relocation cost
($2,500,000) included in project cost estimates should be sufficient to
cover the related infrastructure construction associated with the move.
If
the final pool elevation is below 4,250, it may be possible to avoid a portion of this cost by moving only those residences and businesses which are
located on the east side of the Burlington Northern tracks.
Environmental mitigation of habitat and Class 1 fisheries losses would
be required for site development. Approximately 4,200 acres of yearlong
white-tailed deer habitat would be impacted, along with an estimated 2,965
In addition, several miles of
acres of crucial winter mule deer habitat.
Class 1 fisheries would be inundated with reservoir development.
The latter impact is of major concern to the Wyoming Fish and Game
Department. Mitigation could occur by providing storage in the reservoir to
meet an instream flow requirement downstream from the Lower Hanover
Diversion Dam.
However, this mitigation measure would result in annual
fluctuations in the pool elevation which, in turn, would have serious
implications to the development's recreation potential.
Development of the dam and reservoir is expected to cost between $62.5
and $93.8 million, depending upon the final pool elevation and embankment
dimensions.
Of the three alternatives evaluated for this report, an estimate of $69.9 million appears to be a reasonable estimate for economic
evaluation. These costs do not include the cost of constructing the
hydropower facility, which is estimated to cost an additional $9.03 million.
Cost estimates have been prepared which include conservative and optimistic
assumptions regarding unit prices for various construction bid items.
The
cost estimates also include multipliers to account for feasibility and permitting studies, project design, land acquisition, and other factors, as
well as 20 percent for contingencies. The net present value of all project
costs, including the hydropower and annual operation and maintenance expenses, is $90.3 million.
- 2 -

Benefits of site development would accrue to the State of Wyoming
through several categories, including sale of power and energy from the
hydropower facilities, reduction of algae in downstream irrigation canals,
and recreational use of the reservoir. Because of variation in the
interpretation of recreational use data, the direct project benefits for
site development could range between $54.5 and $78.9 million.
This benefit
range yields a gap between project costs and benefits ranging between $11.4
and $35.8 million. This gap could be reduced or eliminated by promoting a
planned economic development at the site, such as the construction of retirement housing, vacation condiminiums, or other similar ventures.
The
costs associated with this activity have not been included in the overall
project costs.
Another potential benefit of the reservoir could include a long-term
irrigation project. The project proponents have indicated a desire to utilize the reservoir to reduce the pumping lifts required to provide supplemental irrigation supplies to the Gooseberry Creek watershed as well as to
irrigate new lands (Schuster Flats) in the Fifteenmile Creek watershed. Because of the substantial volume of water required to irrigate these areas
(estimated at 150,000 acre-feet per year), the potential savings in annual
operating costs could be significant. These project benefits would accrue
to an irrigation water delivery system if it is built in the future.
They
can not be considered as benefits of the reservoir alone, and thus were not
considered in this analysis.
Authorization
The preparation of this report was authorized by the Wyoming Water
Development Commission under the terms of Contract No. 9-00946, entitled
"Kirby Dam and Reservoir Level I Reconnaissance Study".
Acknowledgments
The authors gratefully acknowledge the assistance of the Wyoming Water
Development Commission staff in the preparation of this report, and the assistance and cooperation of the Project project proponents. The authors
also wish to acknowledge the assistance and cooperation of the Wyoming Game
and Fish Department for their contribution to this report.
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CHAPTER 2
DESCRIPTION OF PROPOSED SITE
Site physical features
The proposed Kirby Dam would be located on the Bighorn River along the
southern edge of Washakie County near the Town of Winchester and about 200
yards south (upstream) of the existing Hanover Diversion Dam. The reservoir
would extend upstream into Hot Springs County to a point just north of Black
Mountain Road a distance of approximately 8 miles, as shown in Figure 2.1.
The majority of lands within the reservoir area are in private
ownership and are currently used for irrigated agriculture, pasture or
non-irrigated range. The lands to the east of the reservoir comprise the
western foothills of the Big Horn Mountain range. These lands are presently
under study by the Bureau of Land Management as a potential Wilderness Area.
Portions of the Town of Kirby, located about 4 miles south of the proposed
dam site, would be inundated by the reservoir.
Kirby is a small, rural
community having a population of less than 150 people. Winchester, a small
community located about one mile north of the proposed site, would not be
physically impacted by site development.
Although the majority of the reservoir would occupy privately-owned
land, a small portion of the pool would be on state and Federally-owned land
on both sides of the river.
In addition, nearly all of the relocated
railroad and highway (see Chapter 3) would be on lands now managed by the
Bureau of Land Management.
The Kirby Dam would control streamflow and runoff from about 1,400
square miles of area between the dam site and Boysen Dam (south of
Thermopolis), nearly all of which lies in Hot Springs County.
The area is
flanked on the east and southeast by the Big Horn Mountains, on the southwest by the Owl Creek Mountains, and on the west by the Absaroka Mountains.
Precipitation in this area ranges from 8 inches per year at the dam site to
over 40 inches per year in the mountain ranges which flank the basin, but
generally averages about 10 inches per year over the basin. The majority of
this precipitation occurs as snowfall.
Stage-area-storage curves for the site were prepared using USGS
quadrangle maps of the reservoir site. These curves, shown in Figure 2.2,
were used for the various technical analyses used to evaluate the site.
Detailed geologic investigations of the site were not performed for
this study.
Data obtained from the Hanover Irrigation District indicate
that rock formations exist within twenty feet of the ground surface in the
vicinity of the Upper Hanover Diversion Dam. On the basis of these data, it
was assumed that a competent foundation for the site could be developed
without extensive grouting or major excavation treatment.
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Basin hydrology
The Bighorn River originates at the "Wedding of the Waters" in the Wind
River Canyon downstream from Boysen Dam.
From this Bureau of Reclamation
reservoir, the river flows northward through Thermopolis and Worland, and
enters the Yellowtail Reservoir just below the mouth of the Shoshone River.
The river eventually empties into the Yellowstone River east of Billings,
Montana.
Boysen Dam and Reservoir, owned and operated by the Bureau of Reclamation (Reclamation), is the major controlling structure on the river.
The
reservoir collects streamflows and runoff from about 7,700 square miles of
drainage area, and its waters are used for recreation, power production, and
flood control. However, the primary reservoir purpose is to store water for
subsequent downstream irrigation. Releases from the reservoir have averaged
about 1,489 cubic feet per second (cfs) annually since it began operation in
1955. Mean monthly flows recorded by the u.S. Geological Survey at the Wind
River gauging station below Boysen Reservoir are presented in Table 2.1.
Between Boysen Dam and the proposed dam site, major tributaries of the
river include Canyon Creek, Buffalo Creek, Owl Creek, Kirby Creek, and other
smaller streams.
Discharges from these streams generally peak during the
late spring and early summer months and decline over the summer; many of the
streams have no flows during the late summer and fall.
Owl Creek is
extensively used for irrigation, as is Kirby Creek, although to a lesser
extent.
The Anchor Dam and Reservoir, another Reclamation structure, is
located on the South Fork of the Owl Creek, and provides irrigation supplies
to the lower reaches of Owl Creek. Much of the river valley between Boysen
Dam and the proposed reservoir is irrigated with water diverted from the
Bighorn River, Owl Creek or Kirby Creek. Average annual demands modeled by
Leonard Rice Consulting Engineers in their 1979 study of the Wind-Bighorn
River system are presented in Table 2.2.
Table 2.2
Bighorn River demands upstream of Kirby Dam site
Month

acre-feet

January
February
March
April
May
June
July
August
September
October
November
December
Average annual demand
Source:

LRCWE, 1979
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253
226
253
392
9,013
9,673
10,018
9,647
8,598
375
245
253

Demands, in

cfs

4.1
4.1
4.1
6.6
146.6
162.6
162.9
156.9
144.5
6.1
4.1
4.1
68

Table 2.1
Mean monthly flows passing Wind River gauge near Boysen Reservoir, in cfs.
Year

JAN

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

o

o

o

o

o

o

o

o

o

869
1,378
1,769
1,048
2,209
1,838
838
347
899
952
1,802
1,241
1,456
765
1,087
1,093
1,095
1,205
1,838
1,237
965
1,203
1,765
1,607
372
1,010
898
963
1,007
1,839
1,083
1,265
907
1,116

357
891
1,815
964
2,202
685
815
339
918
705
737
1,196
1,109
1,073
1,693
1,871
1,706
1,880
1,063
1,633
1,021
1,714
890
522
1,020
916
926
1,305
1,844
1,120
1,069
939
1,301

356
1,209
1,112
1,083
1,398
605
814
338
1,713
802
753
1,512
792
1,403
1,758
1,948
1,763
1,856
1,911
952
2,026
1,033
1,423
408
954
1,071
1,041
799
1,540
1,612
1,252
1,101
1,763
1,541

1,026
1,584
936
733
1,048
1,005
694
552
1,510
751
1,658
1,619
706
1,225
1,795
1,441
1,456
1,929
1,906
1,211
2,237
1,337
1,886
508
2,050
1,953
1,131
1,159
1,053
1,505
1,047
2,106
1,726

1,794
1,251
1,133
1,745
1,349
952
1,040
860
1,470
940
1,939
1,442
1,011
1,120
1,464
1,221
1,167
2,026
1,952
1,810
2,301
1,600
1,701
1,027
1,222
1,667
1,255
887
1,084
1,742
2,360
1,141
2,127
1,357

1,539
1,244
1,287
3,168
1,086
1,157
1,107
1,022
1,466
3,696
1,877
2,953
1,029
5,220
1,307
1,576
1,166
3,828
3,944
1,617
3,015
2,275
1,553
1,096
1,514
1,608
3,074
1,524
1,087
4,211
2,245
1,213
4,731
1,215

1,565
1,045
1,276
6,099
1,106
1,110
1,114
1,023
1,410
2,848
2,165
7,135
1,123
8,816
1,612
1,950
1,261
4,502
2,604
1,664
2,936
4,316
1,328
1,049
4,287
1,348
3,796
1,262
1,393
5,425
1,735
1,223
4,154
1,110

1,243
1,176
1,332
1,835
955
1,116
1,098
1,003
1,604
1,094
1,460
2,318
1,107
1,906
1,271
1,230
1,033
1,822
2,106
1,538
2,233
2,152
1,256
922
2,077
1,292
1,846
1,201
2,020
2,009
2,153
1,117
1,441
1,184

1,193
1,074
1,798
1,433
1,701
971
850
857
1,435
971
1,208
1,217
792
1,260
1,604
1,230
887
1,684
1,724
2,502
1,359
1,384
1,222
823
1,241
1,038
1,603
1,120
1,859
1,901
1,729
808
1,537
1,279

Mean
Max
Min
Std.dev

1,205
2,209
347
425

1,177
2,202
339
476

1,225
2,026
338
476

1,331
2,237
508
486

1,446
2,360
860
420

2,107
5,220
1,022
1,205

2,553
8,816
1,023
1,975

1,504
2,318
922
437

1,332
2,502
792
389

FEB

1,m

MAR

APR

779

MAY

JUN

JUL

AUG

SEP

OCT

NOV

DEC

ANNUAL

1,136
878
707
1,862
1,945
2,114
810
332
859
1,434
1,248
973
1,940
650
1,217
1,459
1,212
776
1,432
1,546
2,119
1,123
1,308
1,249
406
1,639
778
1,135
1,054
2,846
1,929
1,539
625
1,529

1,155
1,372
1,172
1,833
1,860
2,086
862
310
946
1,121
1,580
1,010
1,973
669
1,584
1,714
1,369
915
1,664
1,653
1,595
1,022
1,162
1,211
306
1,577
834
1,111
1,186
1,842
1,909
1,805
779
1,523

1,140
1,434
1,477
1,465
1,660
2,005
782
345
944
1,460
1,943
1,269
1,901
623
1,429
1,436
1,073
1,179
1,033
1,619
1,039
1,487
1,487
1,636
305
1,274
885
1,115
1,500
1,808
1,055
1,708
847
1,276

1,140
1,186
1,466
1,974
1,601
994
780
760
1,374
1,464
1,409
2,215
922
2,260
1,514
1,431
1,203
2,058
2,056
1,531
1,863
1,697
1,494
779
1,569
1,209
1,581
1,101
1,583
2,213
1,689
1,020
2,006

o

o

o

1,289
2,846
332
550

1,315
2,086
306
461

1,284
2,005
305
417

1,489
2,260
760
430

Irrigation also dominates water use downstream from the proposed
reservoir.
Major diversions are made into the Upper Hanover and Bluff
Canal, the Big Horn Canal, and the Lower Hanover Canal (see Table 2.3).
Water supplies for these canals are provided from direct flow rights stored
in the Boysen Reservoir; consequently, the river flows through the reservoir
site are generally high during the summer and fall months, and decline
slightly during the winter. Below the Lower Hanover diversion, river flows
are generally low during the summer months, as the majority of water has
been diverted. Flows gradually increase below Worland as irrigation returns
enter the river.
Table 2.3
River demands downstream of dam site*
Month

Demands, in acre-feet, for:
Reach 2
Reach 3
Reach 4

January
61
February
56
March
61
April
403
May
22,226
June
22,631
July
23,562
August
23,143
September
21,291
October
416
November
60
December
61
Totals
113,971
Average annual demand

1,184
1,069
1,184
1,166
28,136
27,451
28,366
28,282
27,208
1,205
1,146
1 184
147,581
2

9,844
8,892
9,844
9,551
11,091
11,004
11,371
11,269
10,708
9,870
9,527
9 844
122,815
2

Sum

Total,
in cfs

11,089
10,017
11,089
11,120
61,453
61,086
63,299
62,694
59,207
11,491
10,733
11 089
384,367

180.3
180.4
180.3
186.9
999.4
1,026.6
1,029.5
1,019.6
995.0
186.9
180.4
180.3

2

531.0

Reach Locations:
*
Reach #2
Owl Creek to Gooseberry Creek
Reach #3
Gooseberry Creek to Worland
* Reach #4
Worland to confluence with Nowood River
Note: Although Owl Creek joins the river upstream of the site,
the majority of demands are presumed to occur downstream.
Source:

LRCWE, 1979

Periodic flooding has occurred along the river in the past, although
these floods have not resulted in substantial damages in the vicinity of the
proposed site. Major floods have occurred in Worland and Manderson, both of
which are downstream of the site, and have resulted in economic damages.
Basin economy
The local economy is heavily influenced by agriculture.
Principal
crops include sugar beets, alfalfa, barley, grass hay, corn, oats and wheat.
According to the U.S. Department of Commerce (1982) approximately 78 percent
- 9 -

of the farms in Hot Springs County utilized irrigation practices on a total
of about 29,000 acres of land. In Washakie County, about 81 percent of the
farms irrigate approximately 46,000 acres (WWDC, 1988).
Recreation and tourism are growing in importance to Hot Springs County
and the Big Horn Basin in general. The area offers a variety of
recreational opportunities in fishing and hunting. u.S. Highway 20, which
follows the western edge of the proposed reservoir, is a major route to
Yellowstone National Park.
Hot Springs County is the second largest producer of oil in the Big
Horn Basin, and is the only active producer of coal in the Basin (43,000
tons in 1985). Oil production was estimated as 7,951,000 barrels in 1985
(WWDC, 1988).
Site development goals and objectives
Development of the Kirby Dam and Reservoir has been proposed by the Big
Horn Basin Resource Conservation and Development Project as a multipurpose
facility.
Major project purposes include recreation, hydroelectric power
generation, and irrigation. Associated with development of the reservoir,
the local sponsors intend to promote tourist-oriented commercial development
along the reservoir.
The reservoir would be operated as a "flat-water" lake, and would not
be subject to large fluctuations in water level during the year.
As such,
persons using the reservoir could rely upon a relatively stable water
surface, enhancing the development of shoreline facilities such as marinas,
boat ramps, camp grounds and other related features.
The stable water
surface would also enhance the use of the reservoir during the winter months
for ice fishing, snowmobile use, and other outdoor winter sports.
Development of the facility would provide hydraulic elevation for production of hydroelectric power. The project proponents envision a small
scale facility which would capture the power potential of summer irrigation
flows and lower winter flows.
Initially, this power would be sold to a local utility for use in the region. However, in the longer term, the power
could be used for irrigation purposes.
The project proponents do not envision use of the reservoir to store
irrigation supplies.
Such use would diminish the "flat-water" value of the
lake.
Rather, the primary irrigation use would be to reduce the pumping
lift required to move water to the Gooseberry Creek drainage, and the proposed Schuster Flats area southwest of Worland. The valley of Gooseberry
Creek is heavily irrigated, but water supplies in the drainage are limited.
Consequently, irrigators in the lower end of the valley experience shortages
of water during the late irrigation season.
Numerous plans to construct
storage reservoirs in the upper reaches of Gooseberry Creek or to pump water
from the mainstem of the Bighorn River have been studied for years, but none
of these plans have advanced to construction. Schuster Flats, which lies in
the Fifteenmile Creek drainage to the north of Gooseberry Creek, offers a
substantial area for potential irrigation development.
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Kirby Reservoir could be used to reduce the overall costs for moving
Bighorn River water to these two areas. Water supplies would be procured
from available storage in Boysen Reservoir.
Because the reservoir would
raise the water surface elevation of the river, the pumping lift required to
transmit the water into the irrigation canals would be reduced, which in
turn would reduce the power and energy requirements for the pumping station.
In conversations with the project proponents, the irrigation effort would
entail movement of approximately 150,000 acre-feet per year, with a maximum
average monthly demand of 60,000 acre-feet. The maximum demand, which would
be used to determine the pump sizes, is equivalent to a pumping rate of
438,000 gallons per minute, assuming a constant pumping rate over the month.
It has been assumed for this study that no irrigation supplies would be
stored in the Kirby Reservoir.
If developed, the reservoir would have a
1989 water right. Operation of the dam and reservoir would not impair, reduce or alter deliveries to downstream water users having a priority date
senior to the reservoir.

- 11 -

CHAPTER 3
TECHNICAL ANALYSIS OF ALTERNATIVES
Development alternatives
The major objective of this study has been to determine the largest
stable pool area which could be economically constructed for recreation
development.
Initial consideration was also given to use of the reservoir
for irrigation storage; however, meetings with the project proponents indicated that immediate development of a water delivery system was not desired.
Therefore, analysis of the site for irrigation use was not completed.
The limiting technical aspects of site development are the presence of
U.S. Highway 20 and the Burlington Northern Railroad.
In some areas, the
elevation of the highway is approximately 4225 feet above MSL.
Relocation
of these important transportation facilities would be required with site
development.
In addition to these two features, Black Mountain Road serves
as the primary access route to the ranches and irrigated lands on the east
side of the river valley.
If the pool elevation exceeded elevation 4260
feet, this roadway and bridge would also require relocation. Development of
the site at pool elevations greater than 4250 feet would require relocation
of the Town of Kirby.
Elimination of irrigation storage considerations combined with the site
constraints caused by potential relocations reduced the study to analysis of
three alternatives, each of which are based on pool elevation and embankment
type. These alternatives are defined as follows:
Alternative #1 - An earthen embankment utilizing a conduit service
spillway to meet downstream irrigation demands and a
vegetated earth emergency spillway having a permanent
pool elevation of 4250 feet above mean sea level
(MSL).
Alternative #2 - An embankment dam utilizing a conduit service spillway
to meet downstream irrigation demands and a rollercompacted concrete spillway to release all flows

greater than powerplant, demands. The permanent pool
elevation would be 4260 feet above MSL.

Alternative #3 - An embankment dam utilizing a conduit service spillway
to meet downstream irrigation demands and a rollercompacted concrete spillway to release all flows
greater than powerplant demands. The permanent pool
elevation would be 4250 feet above MSL.
Hydropower generation was considered separately from the overall
analysis; run-of-the-river generating facilities could be added to the
outlet works of the service spillway provided revenues from the sale of
power would outweigh construction costs.
Use of the reservoir as an
afterbay for a pumped storage facility was also considered in the hydropower
analysis, as described later in this report.
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Technical aspects of the development alternatives were analyzed using a
variety of methods and computer models. These methods focused principally
upon the hydrologic and hydraulic aspects of the site, such as the volume
and rate of water entering the reservoir during design flood conditions, the
lake elevations resulting from flooding events, and the lake elevations
resulting from normal operations.
Flood routing studies
Flood routing was performed to evaluate various alternative spillway
types and sizes. The predictive technique used to determine flood peaks and
volumes involved simplistic analytical methods to determine the statistical
parameters of streamflow data from appropriate gauging stations.
Flood
hydrographs for a flood having a recurrence interval of once every 100 years
were evaluated for preliminary sizing of the service spillway and to
The hydrograph
determine the pool elevation resulting from such an event.
resulting from a Probable Maximum Flood was also prepared and used to
determine the height of the embankment.
Flood peaks from the Kirby Dam drainage basin can occur as a result of
runoff from either snowmelt, high-intensity thunderstorms, or thunderstorms
on top of snow pack.
Flood events from the latter two storms are
characterized by a rapid concentration of runoff that results in sharp,
relatively high flood peaks.
Because streamflow data do not exist at the proposed dam site, stream
flow gauging data were sought from hydrologically and meteorologically
similar basins to determine the 100-year peak discharge and hydrograph
volume.
This search was confined to gauging stations within the Bighorn
River Basin in Wyoming.
Stations having streamflow regulated by upstream
reservoirs which controlled more than a third of the contributing area were
not considered in this analysis.
Two stations were selected for study: (a) the Wind River at Riverton,
and (b) Fifteenmile Creek near Worland.
Pertinent statistics of these two
stations are presented in Table 3.1. The flood flow frequency and volume
duration frequency at these two stations were determined from analysis of
peak flow and mean flow data, respectively, using the methods outlined in
Guidelines for Determining Flood Flow Frequency (WRC,
1984).
The
generalized skew parameters for the volume duration analysis were based on
values presented in Hydrologic Frequency Analysis, Volume 3 (COE, 1975).
It is important to note that hydrologic factors and relationships are
different for floods occurring as a result of spring snowmelt than those
resulting from summer, high-intensity thunderstorms.
Where two or more
types of floods are distinct and do not occur predominantly in mutual
combinations, they should not be combined into a single series for frequency
analysis. However, a mixed population was allowed for this study because of
the preliminary nature of the analyses.
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Table 3.1
Gauging stations used for flood flow analysis
Wind River at Riverton
Drainage Area
Years of record
Maximum peak value

Station No. 06228000
2,309 sq. mi.
73
13,300 cfs

Fifteenmi1e Creek at Worland
Drainage Area
Years of record
Maximum peak value

Station No. 06268500
518 sq. mi.
29
4,270 cfs

The peak, I-day, and 3-day mean and standard deviations of the data set
for each gauging station were plotted versus the station drainage area, and
straight-line interpolation was used to determine the appropriate values for
the proposed Kirby Dam Site. The resultant discharges and volumes are shown
in Table 3.2.
Table 3.2
Calculated 100-year peak discharge and volumes
at the Kirby Dam Site.
Value
Peak discharge, cfs
One-day volume, acre-feet
Three-day volume, acre-feet

Without
Boysen

With
Boysen

17,300
17,900
43,900

22,300
27,820
73,660

The values presented in Table 3.2 are based upon a contributing
drainage area of 1,400 square miles.
While this figure represents the
uncontrolled area upstream of the dam, it does not incorporate the effects
of releases from Boysen Reservoir. To compensate for these effects, a value
of 5,000 cfs was assumed as a basef10w release from the dam. Adding this to
the calculated peaks results in a peak discharge of 22,300 cfs. This
compares well to the value of 22,000 cfs used by the Upper Hanover District
for the design of the Hanover Diversion Dam. This value was recommended for
use by Reclamation in a letter to the District's Consulting Engineer
(Reclamation, 1973).
Analysis of the Probable Maximum Flood (PMF) was required to determine
Because of the dam's
the elevation of the crest of the dam embankment.
proximity to Winchester and Worland, it is likely that failure of the dam
and subsequent rapid release of the reservoir waters would cause severe
damages to downstream areas and would likely result in loss of life.
These
factors indicate that the dam would be classified as a High Hazard structure
and would be required to contain the runoff from a PMF event without
overtopping of the embankment.
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Although a PMF event could occur from any type of meteorological event,
the most likely source would be a high-intensity, large area, prolonged
duration thunderstorm on snowpack.
For the Kirby site, three possible
combinations of events were considered, including:
(a)
(b)
(c)

PMF event occurring between the Kirby and Boysen Dams (Option #1)
PMF event upstream of Boysen (Option #2); and
PMF occurring over the entire area above Kirby Dam (Option #3).

Each storm would have a slightly different rainfall depth and duration,
due to the difference in drainage areas and basin lengths.
Techniques for
preparing hydrological models of such events are available, but their
complexity was beyond the scope of this study.
Instead, PMF data prepared
by Reclamation for Boysen Dam were utilized to determine a PMF hydrograph
for the proposed site.
Reclamation presently estimates that a PMF event in the Wind River
Basin upstream of Boysen Dam (excluding the area above Bull Lake Dam) would
result in a peak inflow to the reservoir of 844,500 cfs and a IS-day volume
of 2,820,000 acre-feet; baseflow for this event was estimated at 13,500 cfs.
These and other intermediate time-step values provided by Reclamation were
reduced to approximate values entering Kirby Reservoir by multiplying the
Boysen values by the square root of the ratio of the drainage areas.
This
analysis results in a peak discharge of 359,000 cfs and a IS-day volume of
1,218,140 acre-feet.
Boysen Dam releases during the PMF event were assumed to be 20,000 cfs,
which were added to the calculated peak. This resulted in a total peak
inflow to the proposed reservoir of 379,000 cfs during a PMF event.
Of the three possible storm events, Option #1 was chosen for analysis
in this study.
Use of either of the two remaining options would require
detailed outflow hydrographs of the PMF flood at Boysen.
Reclamation has
not fully completed its analysis of the PMF event at Boysen Dam, and
accepted release rates from the structure could not be provided.
However,
current estimates place the peak outflow at about 160,000 cfs (Reclamation,
1989).
Because this value would be used under Option #2 conditions, it is
clearly less than Option #1 and therefore should not be used. To evaluate
Option #3 requires an outflow hydrograph from Boysen, which is not available
at this time.
Therefore, this option could not be evaluated.
If the
Commission decides to conduct detailed feasibility (Level II) studies of the
site, it is recommended that this Option be given careful consideration.
Hydrographs for the 100-year and PMF storm events were routed through
the reservoir using the SCS computer program DAMS2. This program allows the
rapid evaluation of numerous spillway sizes and materials options.
Evaluations were made for a traditional embankment type dam using a conduit
spillway (ranging from 10 to 15 feet in diameter) to convey flood flows up
to the 100-year storm and a vegetated earth spillway (ranging from 500 to
1,500 feet wide) to pass the rare, infrequent events such as the PMF.
Evaluations were also performed for a concrete, ogee crest spillway which
would be located on the left (west) abutment of the structure, and for a
modified embankment which would contain an RCC section in the middle of the
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embankment, to be used as the primary spillway.
For the three primary alternatives, pertinent results are shown in Table 3.3.
Table 3.3
Flood routing results, selected alternatives
Alternative 1
Pool elevation, feet MSL
Service spillway diameter, feet
100-year peak discharge, cfs
100-year peak elevation, feet MSL
Pool fluctuation, feet
Emergency spillway width, feet
PMF peak discharge, cfs
Maximum pool elevation, feet MSL
Embankment crest elevation, feet MSL
Alternative 2
Pool elevation, feet MSL
Service spillway diameter, feet
100-year peak discharge, cfs
100-year peak elevation, feet MSL
Pool fluctuation, feet
Emergency spillway width, feet
PMF peak discharge, cfs
Maximum pool elevation, feet MSL
Embankment crest elevation, feet MSL
Alternative 3
Pool elevation, feet MSL
Service spillway diameter, feet
100-year peak discharge, cfs
100-year peak elevation, feet MSL
Pool fluctuation, feet
Emergency spillway width, feet
PMF peak discharge, cfs
Maximum pool elevation, feet MSL
Embankment crest elevation, feet MSL

4250

10
2988
4264
14

1000

309,870
4289
4294
4260

none

15,395
4263
3

1000
321,640
4285
4290

4250

none

16,407
4253
3

1000
336,840
4276
4281

Reservoir operations studies
Under most circumstances, reservoir operations studies are performed to
determine the yield of the reservoir and its ability to reliably meet
projected demands.
Because storage for existing or future irrigation needs
was not considered for this study, operations studies were performed to
determine:
(a)
(b)

depletions to the reservoir stemming from evaporation and seepage,
flow duration curves for hydropower analyses.
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The SCS computer program RESOP was used to evaluate the operation of
the reservoir under various assumptions of pool elevation. This program
determines the end-of-month water surface elevation through a water balance
algorithm which accounts for the inflows from the river, inflows from
precipitation, losses due to seepage and evaporation, and outflow demands.
For this analysis, the following assumptions and/or data sets were used:
Inflows - River flows from Boysen Reservoir for the period 1955 through
1987 were used; it was assumed that upstream demands would be
offset by return flows and normal streamflows from
contributing drainages. Precipitation data for the same
period were taken from the climatological station at
Thermopolis.
Losses

- Evaporation data from Boysen Reservoir were used.
rates were assumed to average 0.1 foot per month.

Seepage

Demands - Downstream demands were modeled as constant monthly values,
as taken from Table 2.3 of this report. On occasions when
the inflows were insufficient to meet these demands, it was
assumed that additional releases from Boysen would be made to
makeup any differences. These makeup flows were not included
in the inflow analysis or in the flow duration analysis.
Routing - Routing studies were conducted assuming a full reservoir at
the beginning of the study period.
A summary of the results of the operations studies
Table 3.4.

is

presented

Table 3.4
Summary of reservoir operations studies
Pool
Elevation
MSL
4230
4235
4240
4245
4250
4255
4260
Notes:
a.
b.
c.

Average
loss a
ac-ft

Average
deficib
ac-ft

Average
spill c
ac-ft

6,469
7,762
9,055
10,657
12,236
13,814
15,932

5,154
5,345
5,535
5,798
6,048
6,337
6,648

774,734
773,571
772,408
770,967
769,546
768,127
766,707

Losses include seepage and evaporation.
Deficit represents average annual shortage in meeting
downstream demands.
Spill represents average annual releases from reservoir
in excess of downstream demands.
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The values presented in Table 3.4 presume the only demands on the system are those water-righted demands downstream of the dam (Upper Hanover,
etc.). During the late summer and early fall, irrigation diversions sharply
reduce Bighorn River flows below the Lower Hanover Diversion upstream of
Worland, and the Game and Fish Department has expressed an interest in using
the reservoir to store water which could preserve minimum flows through
Worland.
Although no specific value has been suggested, a value of 200 cfs
has been used in this study. Table 3.5 presents a summary of the reservoir
spills during the months of May through September, based on a permanent pool
elevation of 4260 feet above MSL.
Table 3.5
Summary statistics, May through September flows
below Lower Hanover Canal, in cfs
Month

Average

Maximum

Minimum

May
June
July
August
September

680
1,346
1,705
571
416

8,721
10,596
7,870
4,210
2,769

0
0
0
0
0

Standard
deviation
1,475
2,027
2,236
767
568

From Table 3.5, the average spills (releases greater than irrigation
demands) are greater than 200 cfs. However, in many instances the flows are
much less, dropping to 0 cfs on some occasions.
In 17 of the 34 years
included in the period of study and 58 of the 170 occurrences of the months
of May through September, average flows in at least one of the months are
less than 200 cfs, and the average deficiency (defined as spills less than
200 cfs per month) for the 17 years in which deficiencies occur is about
34,270 acre-feet.
In other words, if an instream flow requirement were to
be supplied by the reservoir, the end-of-month reservoir elevations would be
less than the normal pool elevation about one-third of the time during the
peak recreation period of May through September. This would substantially
reduce the overall benefits of having a "level pool" reservoir.
This issue
is further discussed in Chapter 5 of this report.
Hydropower potential studies
Development of the proposed Kirby Reservoir would create opportunity
for production of hydroelectric power. This power could then be sold to
nearby utilities and the revenues used to offset construction costs of the
reservoir.
Initial investigations included evaluation of the pumped storage
potential of the site. A pumped storage hydropower facility utilizes the
elevation difference between an upper and lower reservoir to produce peaking
power for local utilities.
During off-peak hours, water is pumped from the
lower reservoir to the upper reservoir for reuse the following day.
Study
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of the USGS maps revealed 15 possible sites for an upper reservoir.
However, the storage capacity of these sites was too small to result in an
economically attractive site. Therefore, further evaluation of pumped
storage was discontinued.
Reservoir releases, in terms of downstream demands and excess spills,
could be utilized to generate power at a run-of-the-river facility.
To
analyze this potential, the results of the operations studies were utilized
combined with the following assumptions:
Total flow for power - Reservoir spills plus demands less deficit
Net head for power - Reservoir elevation less tailwater less losses,
assumed as 5 feet.
Annual outage rate - Six percent
Net plant efficiency - 80 percent
Plant flow capacity - 1,500 cfs (maximum)
On the basis of these assumptions, it was further assumed that the
facility would consist of two (2) hydraulic turbines enclosed in a structure
to be located at the downstream end of the service spillway. This spillway
would be used to meet downstream demands as well as to pass minor flood
flows.
Flows in excess of the plant capacity would be diverted around the
turbines, through an energy-dissipating valve, and into the river.
Flow
demands for the Upper Hanover system would be split away from the main body
of discharges on the downstream end of the facility, and remaining flows
would be discharged directly to the river.
Power and energy generated by the facility would be sold to a local
utility, such as Pacific Power and Light.
Interconnection with the PP&L
system could be made in nearby Winchester, about one mile north of the site.
Because the power produced by the site is relatively low, it is expected
that the transmission line voltage would also be low (less than 69 kV), so
that significant environmental impacts of the line could be avoided.
The
power and energy potential of the site is described in Table 3.6.
Table 3.6
Power and energy potential for two reservoir alternatives
Item
Net energy head, feet
Installed capacity, kW
Energy, kWH
Capacity factor

4250

Pool elevation
4260

45
4,570
32,280,000
0.81

55
5,590
39,371,000
0.80

Embankment alternatives
The major cost component of dam construction is the embankment.
For
this study, two embankment alternatives have been considered. It is emphasized that these alternatives assume the local (on- or near-site) availability of suitable materials for construction.
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The first alternative would involve the construction of a zoned
earthfi11 embankment. The inner core would consist of impervious clays
which would restrict the flow of water through the embankment. On the
downstream edge of this core, a chimney drain would be constructed which
would collect water and pass it through the embankment in a safe manner.
The outer shell would be constructed of more pervious materials. An
upstream free draining shell would be used to provide stability during
reservoir drawdown.
The upstream slope has been assumed to be 3.0
horizontal to 1.0 vertical. This slope would be protected from wave action
by placement of riprap.
The downstream slope has been assumed to be 2.5
horizontal to 1.0 vertical, and would be protected from erosion by
vegetative cover.
Further drainage and stability measures would be included with the
construction of a core trench below the embankment. This trench has been
assumed to be 30 feet wide with side slopes of 1.5 horizontal to 1.0
vertical.
The depth of excavation has been assumed as one-third of the
height of the dam along the profile. This trench would be filled with
impervious materials.
Additional foundation treatment has also been
included.
This treatment would consist of removal of organic materials,
unsuitable soils, large rocks and other materials which would reduce the
safety of the embankment.
The spillways for this alternative would consist of a 10-foot diameter
reinforced concrete cylinder pipe conduit, connected to a morning glory
inlet.
Discharges through this conduit would be passed through the
hydropower facility prior to re-entering the river.
Material excavated for
the embankment would be taken from the emergency spillway, located on the
left abutment. This spillway would be seeded after construction.
As an alternative to spillway construction, a portion of the embankment
would be replaced by a roller compacted concrete section. This section
would be 1,000 feet wide and would run the full depth of fill. The upstream
slope has been assumed at 0.5 horizontal to 1.0 vertical and 0.75 horizontal
to 1.0 vertical has been assumed for the downstream slope. It has also been
assumed that the section would be founded on rock.
The approach and exit aprons for the RCC alternatives would
and extend from the RCC spillway to the edge of the embankment.
channel would be excavated to form a smooth transition with the
river channel. Exit channel banks would be protected with riprap
layout plan views of the reservoir and
scour and bank erosion.
are shown in Figures 3.1 and 3.2.

be level
The exit
downstream
to prevent
embankment

Relocation alternatives
Development of the reservoir would require relocation of Highway 20 and
the Burlington Northern Railroad. To assess the costs of these relocations,
preliminary profiles of the two features were prepared and approximate
quantities of excavation and fill determined. The assumptions used for this
analysis are shown in Table 3.7, and preliminary alignments are shown in
Figure 3.3.
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Table 3.7
Assumed sections for roadway and railroad cut and fill
Roadway
Width of section, feet
Maximum profile grade, percent
Cut slopes, H/V
Fill slopes, H/V
Minimum elevation adjacent to reservoir
Railroad
Width of section, feet
Maximum profile grade, percent
Cut slopes, H/V
Fill slopes, H/V
Minimum elevation adjacent to reservoir

60
4

1.5/1.0
2.0/1.0
4268
30
1

1.5/1.0
2.0/1.0
4268

Two route alternatives were considered for the railroad. For the first
alternative, it was assumed that the highway would be located between the
tracks and the reservoir. This alignment would improve direct access to the
reservoir, and would reduce costs of the access by eliminating the need for
a rail crossing.
However, this alignment also moves the track into much
higher ground, requiring deeper cut sections and much higher costs.
As an alternative, it was assumed that the railroad could be relocated
to the same corridor as the highway. This corridor begins near the dam axis
centerline and ends near Kirby.
To fit the railroad within this corridor
would require some additional new trackage beginning in Winchester and
extending south to the axis, and new trackage beginning near Kirby and
extending southward until track elevations are acceptable.
Use of this
alignment would require a track crossing for lake access, either as an "at
grade" crossing or a viaduct.
Major bridges for the railroad and highway would be required at Sand
Draw.
It has been assumed that drainage of the smaller draws would be
accomplished through culverts.
Conclusions
The analyses conducted for this study have not revealed any major
technical issues which would force termination of site development.
Of the
embankment alternatives considered, the use of roller compacted concrete
appears to offer the greatest potential for maximizing overall site
development.
The substantial downstream demands create an excellent
opportunity for hydropower development at the site.
The technical analyses have been based upon a limited amount of
technical data and several broad assumptions; the primary focus of the
report has been to determine rough estimates of costs and benefits.
Therefore, many technical questions remain if further, more refined cost
estimates are desired. Included among these questions are:
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a.

Are the foundation conditions at the site competent to accept the
loads resulting from roller compacted concrete without substantial
settlement?

b.

Will grouting be required in the foundation and abutments to
prevent leakage and subsequent piping failure?

c.

Similar geotechnical questions exist for the highway and railroad
relocation corridors. In addition, because the alignment for each
of these features was determined from large scale USGS topographic
mapping, further field surveys are recommended to more accurately
determine centerline profiles and excavation and fill quantities.

d.

Can the axis alignment be adjusted to allow direct discharge of
powerplant releases into the Hanover Canal, with diversion from
that canal into the river?

e.

Can the complete relocation of the Town of Kirby be avoided?

f.

Are the return flows from Owl Creek and Kirby Creek sufficient to
offset river demands between Boysen and Kirby Dams?

g.

Does the PMF hydrograph developed for this study accurately
predict the magnitude and volume of runoff entering the reservoir?

h.

Can the reservoir sustain instream flow demands below the Lower
Hanover Diversion Dam without major water level fluctuations?

i.

Can the reservoir be effectively integrated with a long-term plan
to divert supplemental irrigation supplies to Gooseberry Creek and
other new irrigation projects?

These and other technical questions should be addressed during Level II
studies for the site. Because of the importance and interdependence of many
of these questions with pending environmental issues, it is recommended that
the initial stages of the Level II Study include an active consultation
program with state and Federal agencies so that the technical analyses can
be coordinated with the environmental studies.
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CHAPTER 4
ECONOMIC ANALYSIS
Project development costs
Reconnaissance-level
cost estimates for the three development
alternatives have been prepared, and are presented in Tables 4.1 through
4.3.
These estimates are based upon unit costs derived in part from cost
estimates prepared for the WWDC Sandstone Project, from the experience of
WWDC staff, and from past HDR estimates for Wyoming and other projects.
Unit costs for each major construction item are presented in the tables.
The cost estimates present "low" and "high" estimates which are based
upon presumptions of the type of soils and foundation conditions to be
encountered.
The following assumptions have been made regarding the "low"
estimates for unit prices.
a.

Foundation excavation ($2.00Icubic yard): No difficult excavating
conditions, such as a preponderance of rock or very high water
tables, will be encountered.

b.

Rock excavation ($lO.OOlcubic yard): No blasting will be
required, and the material can be ripped and removed with a
bulldozer.

c.

Embankment fill ($4.00Icubic yard): Suitable material for the
impervious core is available on site, and excessive haul distances
can be avoided.

Although no range is presented for the roller-compacted concrete cost
estimate (see Tables 4.2 and 4.3), it has been assumed that suitable
materials can be found on site for preparation of a structurally acceptable
mix design.
It has also been assumed that the rock foundation noted by the
Hanover Irrigation District will be competent to accept the loading
conditions presented by the embankment and RCC sections without major
grouting or piling requirements.
"Low" and "high" estimates are also presented for the Burlington
Northern Railroad relocation. The "low" estimate is based upon the
assumption that the railroad can be placed within the same general corridor
as the highway.
It is presumed that the railroad would be offset from the
highway a distance of at least 100 feet towards the reservoir. If this
corridor can be used for the railroad, lower excavation costs, and
consequently lower overall costs, will result. However, the total length of
new track required (34,275 linear feet) has not been changed regardless of
the corridor used.
This length will be needed to match profile elevations
at the start and finish of the relocation.
For land acquisition, it has been assumed that the WWDC would acquire
Fee Title ownership to all lands under the permanent pool elevation, and a
flood storage easement for lands up to the 100-year flood pool elevation.
No allowance has been included for acquisition of land above that elevation.
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Table 4.1
Estimated project costs, alternative no.
ALTERNATIVE DESCRIPTION: Zoned earth embankment
Embankment crest elevation
Permanent pool elevation:
Emergency spillway width:
100-year pool elevation:

Description
Clearing reservoir
Foundation excavation
Rock excavation
Foundation treatment
Embankment fill
Riprap
Foundation drainage
Low level outlet structure
Conduit
Intake structure
Outlet works
Dam instrumentation
Highway relocation
Railroad relocation

4300
4250
1,000
4264
Item cost, in $1000
Low
High

Unit cost,
High
Low

Quantity
2,000
263,850
87,950
240,440
4,393,980
130,480
309,440

$2000
$2
$10
$5
$4
$20
$12

$2,000
$5
$20
$5
$6
$20
$12

/acre
Icy
Icy
/sy
Icy
Icy
Icy

250

$1200

$1,200 /If
LS
LS
LS
LS
LS

Subtotal direct cost

$4,000
$528
$880
$1,202
$15,379
$2,610
$3,713

$4,000
$1,319
$1,759
$1,202
$23,068
$3,914
$3,713

$300
$500
$1,000
$150
$9,487
$10,397

$300
$500
$1,000
$150
$9,487
$16,054

$50,145

$66,468

Care of river

2%

$1,003

$1,329

Mobilization/demobilization

3%

$1,504

$1,994

Engineering:
Feasibility/permitting
Design
Construction management
Subtotal, engineering

2%
5%
3%

$1,003
$2,507
$1,504
$5,015

$1,329
$3,323
$1,994
$6,647

1%
$1,OOO/acre
lacre
EA
LS
lacre

$501
$2,807
$355
$500
$2,500
$420
$7,083

$665
$3,743
$355
$500
$2,500
$420
$8,182

20%

$10,029

$13,294

$74.779

$97.914

Administrative:
General administration
Land acquisition
Flood easements
Relocations
Kirby relocation
Habitat mitigation
Subtotal, administrative

3,743
1,775
10

$750
$200
$50,000

4,200

$100

Contingencies
TOTAL ESTIMATED COST
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Table 4.2
Estimated project costs, alternative no. 2
ALTERNATIVE DESCRIPTION: Combination RCC/earth embankment
Permanent pool elevation:
Embankment crest elevation
Spillway width:
1,000
100-year pool:

Description
Clearing reservoir
Foundation excavation
Rock excavation
Foundation treatment
Embankment fill
Riprap
Foundation drainage
RCC embankment
Low level outlet structure
Conduit
Intake structure
Outlet works
Dam instrumentation
Highway relocation
Railroad relocation

4260
4289
4263
Item cost, in $1000
High
Low

Unit cost,
Low
High

Quantity
2,000
222,945
74,315
215,820
2,654,280
116,250
275,890
150,000

$2000
$2
S10
$5

250

$1200

S4

$20
S12
S50

$2,000
$5
$20
$5
$6
$20
$12
S50

/acre
Icy
Icy
/sy
Icy
Icy
Icy
Icy

$1,200 /If
LS
LS
LS
LS
LS

Subtotal direct cost

$4,000
$446
$743
$1,079
$9,290
S2,325
S3,311
$7,500

$4,000
S1,115
$1,486
$1,079
$13,935
$3,488
$3,311
$7,500

SO
$500
$1,000
$150
$9,487
$10,397

SO
S500
$1,000
S150
$9,487
$16,054

$46,228

$63,104

Care of river

2%

$925

$1,262

Mobilization/demobilization

3%

$1,387

$1,893

Engineering:
Feasibility/permitting
Design
Construction management
Subtotal, engineering

2%
5%
3%

$925
$2,311
$1,387
$4,623

$1,262
$3,155
$1,893
$6,310

1%
$1,000 /acre
/acre
EA
LS
/acre

$462
$3,483
S132
$500
$2,500
$420
$7,497

$462
$4,644
$132
$500
$2,500
$420
$8,658

20%

$9,246

$12,621

$69,905

$93,849

Administrative:
General administration
Land acquisition
Flood easements
Relocations
Kirby relocation
Habitat mitigation
Subtotal, administrative

4,644
660
10

S750
$200
$50,000

4,200

S100

Contingencies
TOTAL ESTIMATED COST
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Table 4.3
Estimated project costs, alternative no. 3
ALTERNATIVE DESCRIPTION: Combination RCC/earth embankment
Permanent pool elevation:
Embankment crest elevation
Spillway width:
1,000
100-year pool:

Description
Clearing reservoir
Foundation excavation
Rock excavation
Foundation treatment
Embankment fill
Riprap
Foundation drainage
RCC embankment
Low level outlet structure
Conduit
Intake structure
Outlet works
Dam instrumentation
Highway relocation
Railroad relocation

4250
4280
4253

Unit cost,
High
Low

Quantity
2,000
178,755
59,585
191,300
2,101,840
102,020
209,680
113,500

$2000
$2
$10
$5

250

$1200

$4

$20
$12
$50

Item cost, in $1000
Low
High

$2,000
$5
$20
$5

/acre
Icy
Icy
/sy
$6 Icy
$20 Icy
$12 Icy
$50 Icy

$1,200 /If
LS
LS
LS
LS
LS

Subtotal direct cost

$4,000
$358
$596
$957
$7,356
$2,040
$2,516
$5,675

$4,000
$894
$1,192
$957
$11,035
$3,061
$2,516
$5,675

$300
$500
$1,000
$150
$9,487
$10,397

$300
$500
$1,000
$150
$9,487
$16,054

$41,332

$56,819

Care of river

2%

$827

$1,136

Mobilization/demobilization

3%

$1,240

$1,705

Engineering:
Feasibility/permitting
Design
Construction management
Subtotal, engineering

2%
5%
3%

$827
$2,067
$1,240
$4,133

$1,136
$2,841
$1,705
$5,682

$413
$76
$500
$2,500
$420
$6,679

$413
$3,693
$76
$500
$2,500
$420
$7,602

$8,266

$11,364

$62,4n

$84,309

Administrative:
General administration
Land acquisition
Flood easements
Relocations
Kirby relocation
Habitat mitigation
Subtotal, administrative

3,693
380
10

$750
$200
$50,000

4,200

$100

1%
$1,000 /acre
/acre
EA
LS
/acre

20%

Contingencies
TOTAL ESTIMATED COST
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$2,nO

A contingency of 20 percent has been added to the subtotal of direct
costs. The purpose of this contingency is to account for construction items
which will be required, but are not included in the line item estimates.
For example, minor road relocations will be needed on the east side of the
reservoir to permit continued access to irrigated fields which are not impacted by reservoir development.
Annual operation and maintenance costs for the dam and reservoir were
calculated assuming a cost equivalent to 0.3 percent of construction cost.
Hydropower benefits
Hydropower development at the proposed Kirby Dam is technically
feasible, and offers an excellent opportunity to offset overall development
costs.
In deriving the costs and benefits for power development, the
following assumptions have been made:
a.

The hydropower facility would be charged with payment of the
direct costs associated with power (i.e., turbines, generators,
powerhouse, transmission line, etc.), and would include a mechanical screen at the intake for removal of algae. Penstock and
intake costs would be assessed to the dam and reservoir.

b.

Overall costs were assumed to be $2,000 per installed kilowatt.

c.

Annual operation and maintenance costs were assumed to be
2 percent of construction costs.

d.

Project power and energy would be sold to Pacific Power and Light
(PP&L) at a combined value of slightly more than 4 cents per
kilowatt-hour in the year 2000. This rate is based upon quoted
avoided costs published by the Wyoming Public Service Commission.

At a pool elevation of 4260, a hydropower facility at Kirby
have a rated capacity of approximately 4,514 kilowatts, resulting
cost of about $9,028,000. The average annual energy production
facility would be 39,371,000 kilowatt-hours per year, yielding a
cash flow of $1,611,000.

Dam would
in a total
from this
first-year

The economic evaluation of the hydropower facility has been made assuming a project life of 50 years. Annual cash flow streams of costs and revenues have been discounted over this life at a rate of 4 percent to result
in the net present value of costs and benefits. A comparison of these values, shown in Table 4.4, indicates that hydropower development is economically feasible.
The long-term value of the annual cash flows will depend entirely upon
the type of contract which is negotiated with the utility and the method of
hydropower project financing.
For this study, it has been assumed that the
contract power and energy rate would not escalate; that is, the price would
remain fixed over the life of the project through a levelized contract rate.
It has also been assumed that hydropower costs would be financed by the WWDC
together with other costs of developing the dam.
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Table 4.4
Hydropower economic analysis (values in $1,000)
Item

Value

Construction cost
Annual operation and maintenance cost
Cost

$ 9,028
3 2 879
$ 12,907

Revenues
Benefit-to-cost ratio
Net benefits to State

$ 34,608

2.68

$ 21,701

The feasibility of hydropower development was also evaluated assuming
that it would be developed by private developers.
Since the passage of the
Public Utility Regulatory Policy Act (PURPA) in 1979, private developers
have played a large role in the development of small scale hydropower. Although some of the tax benefits which made hydropower investment so attractive at that time are no longer available, several private corporations have
remained in the hydropower development business.
For a project like Kirby
Dam, it would reasonable to assume that if adequate return on investment can
be achieved, a private developer would finance the design and construction
of the hydropower facility. As part of the package, the developer would pay
to the State (from annual revenues) a fee for use of state property (the dam
and reservoir). By constructing the hydropower facilities with private financing, the overall project cost to the State can be reduced.
Therefore,
the analysis was performed in order to determine the amount of benefits
which the State might reasonably expect to achieve.
The following assumptions have been made for this evaluation:
a.

The hydropower facility would be financed at an interest rate of
12 percent over a period of 15 years. The private developer would
finance 100 percent of facility costs.

b.

Annual operation and maintenance costs would escalate at a rate of
2 percent per year during each year of project life.

c.

Power and energy from the facility would be sold in the first year
of operation at a rate of 4 cents per kilowatt-hour and would
escalate each year thereafter at a rate of 2 percent per year
through the financial life, and 1 percent per year through the
remaining years of project life.

d.

The private developer would pay to the WWDC 20 percent of net
annual revenues through the financial life, and 80 percent of net
annual revenues thereafter.

The results of this analysis are presented in Table 4.5.
Revenues under this scenario are higher than shown in Table 4.4 because it was assumed
that the annual price of power would escalate through the project life. For
the revenue estimates shown in Table 4.4, power prices were held constant.
The revenues shown for the developer in Table 4.5 are net revenues after repayment of construction and annual operation and maintenance costs.
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Table 4.5
Net present values of hydropower costs and revenues
assuming private financing, iri $1,000
Item

Value

o &MCosts
Total

$ 15,327
5,833
$ 21,160

Revenues:
Gross revenues
Net revenues
State share
Developer share

$ 46,589
25,429
18,547
6,882

Benefit-to-cost ratio

2.20

Development costs

Although the costs for private development are higher (due to higher
interest rates over a shorter time period), the project remains economically
feasible and offers an attractive investment package.
If further economic
studies for the site are made, private development of the hydropower site
should be investigated as a means of reducing overall project costs.
Project development benefits
Kirby Dam and Reservoir has been proposed as an economic development
tool to enhance the tourism and recreation sectors of the Big Horn Basin
economy.
It is envisioned as a highly developed recreation site, with more
shoreline facilities than other reservoirs in the area such as Boysen and
Buffalo Bill.
Proposed shoreline developments include a marina, a golf
course, and various types of housing developments (see Figure 4.1).
Operating plans for the reservoir will minimize reservoir pool fluctuations, thus enhancing the reservoir's aesthetic characteristics and its
productivity as a fishery.
The only other Wyoming reservoir of significant
size that is operated with minimal pool fluctuations is Grayrocks Reservoir
near Wheatland, which has become a productive warm-water fishery of regional
importance.
The Wyoming Game and Fish Department believes that Kirby could
be a highly productive trout fishery in its early years, and then gradually
evolve into a warm-water fishery similar to Grayrocks.
In addition to providing recreation benefits, Kirby would be designed
to produce run-of-the-river hydroelectric power, as discussed above, and
would provide some benefits to downstream irrigators by reducing algae
growth in the Bighorn River downstream from the dam.
Algae buildup
currently causes problems for irrigators along the lower Bighorn by clogging
water delivery systems and reducing canal capacity.
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Kirby also has a long-term potential to supply supplemental irrigation
water or bring new irrigated lands into crop production.
An irrigation water supply has not been proposed as part of the current operating plan, but
the reservoir would provide increased water elevations in the Bighorn River.
The effect of this action would be to reduce the pumping costs for water delivery systems to future irrigation projects on the west bank of the river.
In addition, pumping costs would also be reduced for delivering water to the
Gooseberry Creek irrigators, which presently experience chronic water shortThese project benefits would accrue to an irrigation water delivery
ages.
system if it is built in the future. They can not be considered as benefits
of the reservoir alone, and thus were not considered in this analysis.
Scope of benefits analysis
This Level I economic study of Kirby Dam and Reservoir does not
constitute a comprehensive analysis of all of the project's potential
benefits and costs.
Such a study would require significantly more time and
resources than were made available for this analysis.
This analysis does,
however, describe the major direct and indirect benefits of the project as
well as the circumstances that would have to exist to make the reservoir
economically feasible.
Hopefully, this information will be useful in
deciding whether to recommend the proposed project for further study.
The economic analysis described in this report has been divided into
three parts.
First, estimates are presented of the benefits that would
accrue to the state from so-called "traditional" recreational uses of the
reservoir, such as fishing, boating, camping, and picnicking. These benefit
estimates include both the direct and indirect effects of the project, and
are based upon an analysis of data obtained from the Wyoming Game and Fish
Commission, the Wyoming Recreation Commission, and other secondary sources.
The second part of the study is a break-even analysis for the project,
taking into consideration traditional recreation benefits, benefits attributable to hydropower production, and benefits attributable to algae removal
in the Bighorn River.
The purpose of the break-even analysis is to determine what, if any, additional benefits would need to be forthcoming from the
project to make it economically feasible. The study concludes by describing
some innovative types of recreational developments that could be undertaken
at the reservoir. An example is presented of the level of one such activity
that would be required to make the project payoff.
Before proceeding to a discussion of economic benefits attributable to
Kirby, it should be noted that the proposed reservoir would flood a five to
seven mile stretch of a Class 1 stream fishery along the Bighorn River.
Although the destruction of Class 1 fisheries is generally considered to be
irreplaceable by the Wyoming Game and Fish Department, Kirby may prove an
exception.
The reason is that the reservoir may create additional Class 1
habitat in the Bighorn River downstream from the dam, thus offsetting losses
due to inundation.
The Wyoming Game and Fish Department has not conducted a definitive
study of the effects of Kirby on the Bighorn River downstream from the
proposed dam.
For the purposes of this economical analysis it was assumed
that any stream fishery losses due to inundation would be mitigated by the
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creation of additional Class 1 habitat downstream.
If this assumption
proves unfounded, however, adjustments to this economical analysis would be
necessary.
Traditional recreation benefits
The State of Wyoming operates several state parks at reservoirs across
the state, including Boysen, Buffalo Bill, Glendo, Guernsey, Keyhole, and
Seminoe.
Recreation developments at these parks typically include
campground and picnicking facilities, boat ramps, and other relatively minor
improvements such as recreational vehicle (RV) dump sites. The Wyoming
Recreation Commission surveyed a sample of visitors to all of Wyoming's
state parks during the summer of 1988. As a part of that survey, data were
collected concerning the recreational activities of park visitors. The
results of the activity survey are summarized in Table 4.6, which depicts a
wide variety of outdoor activities that can be pursued with minimal
facilities development.
These activities are referred to as "traditional"
water-based recreational activities in this report.
Table 4.6
Visitor activities and participation rates at Wyoming State Parks
Percent
Participation a

Activity
Relaxing
Sight-seeing
Picnicking
Swimming
Hiking
Shore Fishing
Boating
Nature Study
Boat Fishing
Water Skiing
Sailing
Other
a.

69.3
60.5

51.1
42.1
26.4
22.0
21.8
20.4
19.5
18.5
2.6
8.9

It should be noted that a few smaller state parks are not linked
to water-based recreation, so it would be inappropriate to apply
these exact percentages to Kirby Dam and Reservoir.

Source: State Parks and Wyoming's Economy, Summary Statistics of
the 1988 Visitor Survey, Wyoming Recreation Commission, Cheyenne.
Data from several sources were used to estimate benefits from traditional recreational activities at Kirby.
Two of the principal sources of
data were the Wyoming Game and Fish Department and the Wyoming Recreation
Commission. Because data from these two sources produced distinctly different estimates of project benefits, two scenarios were developed.
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Scenario #1:
This scenario assumes that Kirby's primary recreational attraction would be as a high quality fishery of regional importance to
Wyoming anglers. The Wyoming Game and Fish Department believes that Kirby
Reservoir would support a good rainbow trout fishery in its early years, and
eventually evolve into a quality walleye and perch fishery.
The reservoir
would provide good fisheries habitat, and if operated to minimize water
level fluctuations, could provide a fishery as productive as Grayrocks reservoir near Wheatland, the most productive warm-water fishery in the state
(WGF, 1989). The Game and Fish Department estimates that Kirby Reservoir
has a biological potential to support approximately 5.0 fishermen days per
year per surface acre of water. Assuming a dam crest elevation of 4260 feet
and a reservoir surface area of 4,640 acres, Kirby would have the biological
potential of supporting 23,200 angler days of fishing activity annually.
The Game and Fish Department further estimates that if Kirby were used
at the same level of intensity by resident anglers as Grayrocks Reservoir,
then approximately 13,015 angler days of resident fishing activity could be
anticipated annually. This estimate is based upon recent angling activity
studies at Grayrocks, adjusted to reflect differing population densities
between the Big Horn Basin and eastern Wyoming. The estimate also includes
approximately 1,200 angling days of ice-fishing annually by Wyoming
residents.
Studies of comparable reservoirs with well-developed recreational
facilities indicate that approximately two user days of non-fishing
recreational activities can be anticipated for each day of angling activity
(Reclamation, 1981). Based upon this assumption, approximately 39,045 days
of recreational activity among Wyoming residents can be anticipated at Kirby
annually.
Data supplied by the Wyoming Recreation Commission indicate that
there was 0.597 of a day of nonresident recreational activity at Boysen
reservoir during 1988 for everyone day of resident recreational activity
(WRC, 1988). Applying this same proportion to Kirby Reservoir results in an
estimate of 23,320 nonresident recreational days annually and a total
recreational activity estimate of 62,365 days annually (see Table 4.7).
Table 4.7
Traditional recreational benefits, Scenario #1

Category
Resident angling
Resident other
All nonresident
Totals
Present value a
a.

Annual
Activity
Days

Benefit per
Activity-day

13,010
26,030
23,320
62,360

$25.00
15.00
8.04

Annual
Benefits
$
$

325,250
390,450
187,490
903,190

$19,400,000

Present value calculated using 4 percent discount rate over
50 years.

Source: Resident angling activity was estimated by the Wyoming
Game and Fish Department. Other estimates are by Western
Research Corporation.
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To estimate the economic value of this recreational activity, Wyoming
residents must be treated differently than nonresidents.
For Wyoming
residents, the appropriate value of a recreation day is the "consumer
surplus" or "satisfaction" that Wyoming residents derive from additional
recreational opportunities.
Increases in consumer surplus can result from
additions to the quantity and quality of recreational opportunities in the
state.
A number of economic studies of the consumer surplus associated with
recreational activities have been summarized in Walsh, et al. (1988). As a
generalization, these studies indicate that the value of a fishing day in
the Rocky Mountain region ranges from approximately $10 to $35. The lower
end of this range applies to lower quality fisheries for which there are
numerous substitutes, while the higher figures apply to quality fisheries
with few substitutes. A user day value of $25 was assumed for angling
activity at Kirby Reservoir, in recognition both of its potential high
quality as a fishery and the fact that there are other fisheries available
in the region.
Similar economic studies indicate that the consumer surplus associated
with non-fishing recreational activities generally falls into the range of
$5 to $25 per user day.
A midpoint value of $15 per recreational day was
assigned to resident recreational activity at Kirby.
The appropriate value measure for nonresident recreation is not
consumer surplus (the satisfaction of nonresident anglers), but nonresident
expenditures in the local economy. The statewide visitors survey undertaken
by the Wyoming Recreation Commission during 1988 indicates that nonresident
visitors to Wyoming's state parks spend an average of $32.50 per person per
day in Wyoming during their stay.
This figure cannot,
however, be applied directly to additional
recreational days that nonresidents may spend at Kirby. One reason is that
one component of expenditures are for fixed purchases such as the gasoline
needed to drive across the state and fishing licenses. Thus, to the extent
that nonresidents spend longer in Wyoming, average daily expenditures can be
expected to decline.
Furthermore, construction of Kirby Reservoir may
simply shift the location of some nonresident expenditures from the Cody
area (for example), because of Buffalo Bill Reservoir, to Worland and
Thermopolis because of Kirby.
To the extent that Kirby simply shifts
expenditures from one area to another, there is no net benefit to the state.
Estimating the potential magnitude of additional
expenditures because of Kirby Reservoir is very difficult.
For
this analysis, it was assumed that each nonresident day of
recreational activity at Kirby would result in a net addition of
day in expenditures.

nonresident
purposes of
traditional
$16.25 per

To convert this expenditure figure into an appropriate economic benefit
measure, two adjustments are necessary. First, the "multiplier" effect of
expenditures in the local economy must be estimated. Second, a component
must be subtracted out of nonresident expenditures to reflect money that
flows out of state to pay for goods and services such as gasoline and
fishing tackle, that are sold by local merchants.
These adjustments were
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made using multipliers developed by the University of Wyoming (UW, 1989),
and resulted in an estimated benefit of $8.04 per day in increased income
and tax revenues to Wyoming for each additional day of nonresident
recreational activity.
Applying these "unit-day" values to the recreational activity estimates
described above yields an annual benefit stream of $903,400 for traditional
recreational pursuits. The present value of this benefit stream over a
50-year project life using a four percent discount rate is approximately
$19.4 million, as shown in Table 4.7.
Scenario #2: Scenario 1 is based upon the assumption that Kirby Reservoir's
recreational appeal would be primarily as a fishery, and that other
recreational activity would occur at levels proportional to fishing
activity.
Scenario 2 assumes that Kirby would appeal to nonresident
vacationers as an alternative to more crowded camping facilities in
Yellowstone National Park or as a planned stop on the way to other scenic
attractions in the northwestern part of the state. This recreational
pattern is similar to that for Buffalo Bill Reservoir, which is more heavily
utilized by nonresidents.
Because Kirby would be located near a major
tourist route to Yellowstone National Park, a similar visitation pattern may
evolve.
Table 4.8 presents estimates of recreational use for Boysen and Buffalo
Bill Reservoirs, along with estimates of their surface area and recreational
use per surface acre. The results show that Buffalo Bill Reservoir is more
heavily utilized per surface acre than is Boysen, presumably because of its
smaller size, more scenic setting, and proximity to Yellowstone National
Park.
Scenario 2 assumes that Kirby Reservoir would receive utilization in
a manner similar to Buffalo Bill, although at a somewhat higher activity
rate per surface acre due to its smaller size. Specifically, it was assumed
that Kirby would experience approximately 35 user days of recreational
activity per surface acre annually, or approximately 162,400 total activity
days annually, as shown in Table 4.9. Furthermore, it was assumed that this
activity would be broken down among resident and nonresident recreationists
in the same proportion as utilization at Buffalo Bill; i.e., 55.6 percent
nonresident use and 44.4 percent resident.
The maximum biological potential of Kirby Reservoir is estimated to be
23,200 angler days annually, and it was assumed that these angler days would
accrue to Wyoming resident anglers and be valued at $25 each. The remaining
48,900 days of resident recreational activity was valued at $15 per day. In
addition, a total of 90,300 activity days of nonresident use was valued at
$8.04, for a total annual benefit of $2,039,900. The present value of this
annual stream of benefits discounted over 50 years at a four percent discount rate is approximately $43.8 million (see Table 4.9). This benefit estimate is approximately $24 million higher than the benefit estimate derived
for Scenario 1.
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Table 4.8
Recreational activity for Big Horn Basin reservoirs
Characteristic

Boysen

Reservoir
Buffalo Bill

Surface Area (Acres)

31,000

6,700

4,640

17.0

28.8

35.0

525,800

192,800

162,400

Activity Days per
Surface Acre
Annual Activity Daysa

Kirby
(est.)

a. Activity estimates are for resident and nonresident state
park visitors who either stayed at least one night or indicated
the park was the primary destination of a day trip. Day-stops
by visitors en route to another destination were excluded from
the activity counts.
Source: Data for Boysen and Buffalo Bill reservoirs are from
the 1988 visitors survey by the Wyoming Recreation Commission.
Data for Kirby Reservoir are estimated.
Table 4.9
Traditional recreational benefits, Scenario #2

Category
Resident angling
Resident other
All nonresident
Totals
Present value a

Annual
Activity
Days

Benefit per
Activity-day

23,200
48,900
90,300
162,400

$25.00
15.00
8.04

Annual
Benefits
$

580,000
733,500
726 000
$ 2,039,500
2

$43,800,000

a.

Present value calculated using 4 percent discount rate over
50 years.
Source: Western Research Corporation estimates.

Break-even analysis
The estimated cost of constructing the dam, reservoir, and hydropower
facilities is $90.3 million, in 1989 dollars.
This cost includes both
capital and net present value of annual operation and maintenance costs.
The latter figure was discounted at 4 percent over a fifty year project
life. The total cost is at the low end of the cost range presented earlier,
but is nevertheless a realistic estimate at this time.
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Kirby Reservoir's costs in relationship to estimated project benefits
from recreation, hydropower production, and algae removal are depicted in
Table 4.10.
For Scenario 1, approximately $54.5 million in benefits were
subtracted from this cost figure, to arrive at a remaining cost of $35.8
million. Thus, under Scenario 1 assumptions, approximately $35.8 million in
additional benefits would have to be forthcoming from Kirby to justify the
reservoir on a benefit-cost basis.
Under Scenario 2 assumptions for recreation, the comparable cost differential is approximately $11.4 million in
1989 dollars.
Table 4.10
Benefit-cost comparison for Kirby Dam, in $1,000
Scenario #1

Scenario #2

$69,905
9,028

$69,905
9,028

7,508
3,879
$90,320

7,508
3 2 879
$90,320

Benefits:
Sale of power and energy
Algae removal
Traditional recreation
Present value, all benefits:

$34,608
500
19 2 400
$54,508

$34,608
500
43 2 800
$78,908

Benefit-cost ratio
Benefit gap:

0.603
$35,812

0.874
$11,412

Item
Construction costs:
Reservoir construction
Hydropower facilities
Operation and maintenance costs:
Dam and reservoir
Hydropower facilities
Present value, all costs:

Source:

Western Research Corporation estimates.

In summary, it appears that if Kirby Reservoir's recreational facilities are developed only to the extent necessary for traditional recreational pursuits such as boating, fishing, camping, and picnicking, the
reservoir cannot be fully justified on a benefit-cost basis. Under Scenario
2 assumptions, however, the project's benefit-cost ratio is a respectable
0.87.
Kirby Reservoir's local proponents envision a much higher level of
development for the reservoir than that typically associated with Wyoming
state parks. The relevant question is whether extensive and innovative recreational developments at Kirby could generate an additional $11-36 million
in benefits.
Innovative recreational development possibilities
Recreational developments at Wyoming state parks have traditionally
focussed on outdoor accommodations such as campgrounds, picnicking areas,
boat ramps, and related support facilities.
While these facilities are
heavily utilized at some state parks, it is apparent that this level of
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development at Kirby would not generate sufficient benefits to offset the
project's costs.
Instead, more innovative types of recreational
developments will be needed to attract nonresident visitors.
Although the plans for Kirby include the development of lots for
homesites, summer homes, and the possibility of multifamily housing, such
developments will benefit the Wyoming economy only to the extent that they
attract nonresident dollars into the state. Although some Wyoming residents
may decide to build a home or cottage near Kirby Reservoir, it is reasonable
to assume these same people might build elsewhere in the area without Kirby.
Thus, most resident expenditures for homes at Kirby (and resulting increases
in property values and taxes) probably represent transfers of expenditures,
not new economic growth.
To justify Kirby's cost, it would be necessary to develop recreational
facilities and/or housing to attract nonresidents in greater numbers than
could be expected with traditional outdoor camping and picnicking facilities
alone.
Local proponents of Kirby have presented numerous ideas to the
research team concerning the possibility of recreation and related housing
developments around the reservoir. Examples of such developments include:
a.

resort style condominiums in conjunction with a golf course and
tennis courts to attract visitors interested in a wide variety of
recreational pursuits:

b.

the development of scenic lots for executive homes for wealthy
out-of-staters who are retired or whose jobs are not
geographically limiting;

c.

a water-based theme park to attract tourists (particularly those
with children) traveling to and from Yellowstone Park, and entice
them to extend their stay;

d.

rustic cabins with boat ramps for out-of state vacationers who
enjoy water-based sports but dislike camping;

e.

multifamily housing suitable for retired couples who live in
warmer climates during the winter, but desire summer housing in
the northern Rocky Mountain region in proximity to water-based
recreational opportunities.

An extensive market study of each of these possibilities to determine
the optimum recreational development mix for Kirby Reservoir is beyond the
scope of this Level I study.
Instead, a decision was made to study one of
these possible developments to estimate the number of additional nonresident
visitors that would be needed to make the project economically feasible.
The possibility of developing retirement housing around the reservoir
was selected for further study because Kirby has attributes that may appeal
to retired couples in pursuit of outdoor recreational opportunities.
For
example, a quality reservoir fishery may prove attractive to retirees
because the elderly are (as a group) less suited to the rigors of stream
fishing than the average population.
Furthermore,
the reservoir's
relatively low altitude would not pose a significant impediment to those
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with health problems who must avoid higher elevation areas. Third, the
reservoir's proximity to Hot Springs State Park in Thermopolis would be an
added attraction to entice retirees into the area. Finally, the reservoir's
proximity to the Big Horn and Absaroka Mountains, as well as Yellowstone
National Park, would provide retirees with a variety of travel and
recreational possibilities within a 200-mile radius.
Table 4.10 shows that, depending upon which scenario is used for recreation benefits, Kirby would have to generate between $11.4 (Scenario 2) and
$35.8 million (Scenario 1) in additional benefits to be justified on a
benefit-cost basis.
In terms of annual benefit streams, these figures correspond to $0.53 million and $1.67 million, respectively, over the project's
life. For Scenario 1, approximately $3.37 million in annual nonresident expenditures would be required to generate $1.67 million of benefits to the
Wyoming economy.
There are little data available concerning the living expenditures of
relatively mobile retirees in the northern Rocky Mountain region. Total
living expenditures in the range of $1,500 to $2,000 per month, however do
not appear unreasonable. Assuming living expenditures of $2,000 per month,
approximately 280 units of retirement housing would have to be occupied six
months each year to justify the project, as shown in Table 4.11. At an expenditure of $1,500 per month, approximately 375 such units would have to be
fully occupied on a six-month per year basis.
Table 4.11
Break-even requirements for retirement housing
Monthly
expenditures
per unit

Number of units
needed
(6-mon. Occupancy)

1

$1,500
2,000

375
280

2
2

$1,500
2,000

60
45

Source:

Western Research Corporation estimates

Benefit
Scenario
1

For Scenario 2, an annual benefit stream of only $0.53 million would be
required to justify the project. This benefit stream translates into a need
for only 45 units of retirement housing occupied for six months, assuming
living expenditures of $2,000 per month. At an average living expenditure
level of $1,500 per month, approximately 60 units would need to be occupied
on a six-month per year basis.
In summary, it appears that if a high level of traditional recreational
activity materializes at the reservoir (Scenario 2), only 45 to 60 retirement units would have to be occupied to justify the project in benefit-cost
terms.
At a lower level of traditional recreational use (Scenario 1), 280
to 375 retirement units would have to be occupied to justify the project.
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It should be noted, however, that these occupancy rates assume that no
other lodging facilities for nonresidents would be developed.
If a mix of
housing accommodations were developed at the reservoir, the break-even
occupancy rate for retirement housing would be lower.
For example, resort condominiums might be developed at the reservoir in
conjunction with lower-cost retirement housing accommodations Assuming 50
condominium units were developed and each was occupied an average of 100
nights annually by nonresidents means that an additional 5,000 unit-days of
nonresident use would occur. Assuming a condominium unit-day expenditure
rate of $125 yields an annual expenditure estimate of $625,000. This level
of condominium utilization would reduce the break-even occupancy rate for
retirement housing to a range from 0 to 300 units.
Obviously, many other
housing development combinations are possible.
Finally, it should be noted that the benefit estimates presented in
this section are predicated on the assumption that it would be financially
feasible for a private firm to develop and lease and/or sell housing
accommodations at the reservoir site. Assessing the financial feasibility
of potential housing developments at Kirby Reservoir is beyond the scope of
the Level I study.
Conclusions
Kirby Reservoir has the potential for being a high quality fishery and
providing an excellent array of recreational opportunities for Wyoming
residents and nonresidents. The only other large reservoir in the state
that does not experience significant water drawdowns is Grayrocks Reservoir,
With properly
near Wheatland, which is an outstanding warm-water fishery.
developed recreational facilities, Kirby could potentially provide 60,000 to
160,000 activity days of recreational use annually.
Traditional outdoor recreation activity will not justify a construction
cost of approximately $90.3 million, even when potential benefits attributable to the hydropower production and algae removal are taken into account.
Instead, housing accommodations and associated recreational facilities would
have to be developed to entice more out-of-state visitors.
If property
around the shoreline were developed into a summer retirement community, 45
to 375 such units would need to be occupied six months annually to justify
the project.
Taken at face value, this prospect does not appear unreasonable.
Communities such as Rexburg, Idaho, draw thousands of retirees each summer
due to the availability of relatively low cost housing and outdoor
recreation opportunities. Many questions remain unanswered with respect to
the project, however, including:
a.

What is the market for nonresident lodging accommodations at Kirby
Reservoir, and what are the desirable attributes of such
accommodations?

b.

What mix of innovative recreational developments at the reservoir
would maximize benefits to the state?
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c.

Would it be financially feasible for a private developer to
underwrite developments at the reservoir, regardless of what
benefits to the state might be?

d.

What actual levels of visitation and expenditures by nonresidents
can be anticipated from the developments at Kirby Dam and Reservoir?

e.

To what extent would housing developments around the reservoir
increase congestion and degrade the outdoor experience for certain
groups?

f.

What economic effects will Kirby Reservoir have on future irrigation projects to provide water supplies to the Gooseberry Creek or
Fifteenmile Creek watersheds?

g.

What effects will Kirby Reservoir have on the recreational
potential of the Bighorn River downstream from the reservoir.

These and other questions concerning the Kirby Dam and Reservoir
project are beyond the scope of this Level I feasibility analysis.
They
are, however, among the key questions that should be answered if the project
is authorized for further study.
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CHAPTER 5
POTENTIAL ENVIRONMENTAL ISSUES
Development of the proposed Kirby Dam would face several environmental
issues which should be addressed during detailed feasibility studies. These
issues are based upon consultation with representatives of the Wyoming Game
and Fish Department (WGFD) during the preparation of this Level I report,
combined with experience on similar projects throughout the west.
Federal concerns
Two environmental issues dominate Federal concerns with water resources
projects:
impacts to wetlands, and impacts to threatened or endangered
species.
According to current Federal guidelines, wetlands are defined
according to the presence of three criteria, including hydric soils,
available water supplies, and wetlands vegetation.
During the feasibility
study, work efforts to delineate the wetlands impacted by construction of
the embankment and flooding of the permanent pool would be required. These
efforts would include consultation with the primary Federal agencies which
administer wetlands (Corps of Engineers, EPA, and Fish and Wildlife Service)
supplemented by field studies and inventories.
Field visits to the site revealed the presence of areas which may be
classified as wetlands at the dam, along the channel, and in the upper
reaches of the permanent pool. Although an acreage value was not computed,
it is believed to be relatively small and mitigation options can be prepared
without much cost. This mitigation would most likely occur in the formation
of constructed wetlands areas along the west shore of the pool upstream of
the existing Kirby townsite, and in Freeman Draw on the eastern shore.
According to a preliminary report prepared by the Wyoming Game and Fish
Department, there are no records of black-footed ferrets, peregrine falcons,
or whooping cranes in the vicinity of the project.
If Level II studies are
initiated, field research for prairie dog colonies will be required to
confirm the status of the ferret in the project area.
The Bighorn River upstream of the Hanover Diversion is an important
wintering area for bald eagles. If Level II studies are initiated, surveys
will be required to determine if any roosts are present. If so, appropriate
mitigation procedures will be required by the Fish and Wildlife Service.
The field surveys should also include inventories of existing roosts for
other breeding raptors, such as the American kestrel and the red-tailed
hawk, which are know to exist in the project area.
Mitigation procedures
for impacts to these roosts will most likely by specified by the Fish and
Wildlife Service.
State concerns
Major environmental concerns of the WGFD include the impacts to
waterfowl and terrestrial habitat, as well as the management of the pool for
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fisheries productivity.
In their preliminary report, the WGFD stated that
if properly designed, the reservoir could potentially benefit waterfowl
development but that the alternatives did not afford enough shallow water
zones for optimal habitat. This concern could be mitigated through the
development of new wetlands areas in the upper end of the pool and along the
Freeman Draw. Consultation with the WGFD during the Level II studies should
be made to ensure that adequate wetlands designs which would provide optimal
waterfowl habitat are incorporated with the overall development.
Big game species now using the project area include mule and whitetailed deer, elk, and pronghorn antelope.
Development of the reservoir
would flood or impact approximately 2,695 acres of crucial winter range for
mule deer and 49.1 acres of crucial winter range for antelope. In addition,
about 4,200 acres of yearlong habitat for white-tailed deer, 483 acres for
antelope, and 1,949 acres for mule deer would be impacted. Mitigation for
these impacts would be expected by the WGFD, although it is expected that
the actual acreage values may be reduced somewhat. According to the WGFD,
mitigation for elk habitat losses would not be required.
Habitat losses for other species using the project area would occur.
Important habitat types within the project area include wetlands, as
discussed above, and riparian stands of cottonwood and willow trees.
A
preliminary study of aerial photographs by the WGFD revealed 52 stands
totaling 531 acres. Although the acreage estimate is subject to revision,
Level
II studies should include inventories of this habitat type.
Mitigation of this loss does not pose a major problem.
Perhaps the paramount concern of the Game and Fish Department is the
loss of several miles of the Bighorn River which are presently classified as
a Class 1 fishery.
Class 1 fisheries make up less than 2 percent of a
stream miles in the state, and represent the highest rating a stream fishery
can be given.
The mitigation category for this type of resource is defined
as "irreplaceable".
Under these guidelines, for development to occur the
project would have to result in the creation of an equal amount of Class 1
habitat units in another section of the river which now has a lesser
classification.
Thus, to mitigate the loss of Class 1 stream, releases from Kirby
Reservoir would most likely have to provide for a minimum instream flow
below the Lower Hanover Diversion. This goal could be reached by either
storing the required volume in the reservoir, or by purchasing the required
volume from Reclamation's Boysen Reservoir. The latter option was not
investigated for this Level I study; however, the routing studies performed
as part of the technical evaluation of the site were analyzed to determine
how much fluctuation would occur if a minimum flow demand were imposed on
the reservoir.
This analysis was accomplished by comparing the volumes spilled from
the reservoir in each month of the operation study period to the volume
needed to meet an assumed amount of instream flow demand.
Three demand
amounts were considered, including 200, 300 and 400 cfs, and were assumed to
remain constant throughout the year.
If the amount spilled from the
reservoir was greater than the assumed instream flow demand, no storage was
allocated.
However, in months where the instream flow demand was greater
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than the amount spilled, the difference in volume was assumed to be drawn
from the reservoir.
It was also assumed that the instream flows would have
junior priority to the irrigation diversions downstream from the reservoir.
Thus, all irrigation demands would be met prior to instream flows.
Results
of this analysis are shown in Table 5.1.
Table 5.1
Impact of instream flow on Kirby Reservoir
Instream flow rate, cfs
200
300
400

Item

Average volume required, ac-ft
34,273
89,398
Maximum volume required, ac-ft
Number of months shortage occurs
58
Number of years shortage occurs
17
Average annual volume requirement, ac-ft 17,136
Average annual pool fluctuation, ft
± 4
Maximum pool fluctuation, ft
± 27

48,024
143,490
76
23
32,487
± 7
± 60

65,451
204,188
83
26
50,051
± 12
± 60

The results of this analysis show that imposing a mlnlmum instream flow
requirement on the reservoir would have serious impacts to pool fluctuation.
An instream flow of 200 cfs would result in an average annual fluctuation of
about 4 feet, and a maximum drawdown of nearly 27 feet.
If higher flow
values are assumed, in some years the reservoir would be completely emptied.
This would have serious implications to the economic benefits of the overall
project.
If Level II studies are implemented for the site, it is recommended
that detailed evaluations of the minimum instream flow requirements be
conducted. These evaluations should include an analysis of the available
fisheries habitat in downstream reaches at various flow levels in order to
more accurately determine the required instream flow.
It is quite possible
that the final instream flow requirements would vary throughout the year,
rather than remain constant as assumed here. This could reduce the overall
volume demands on the reservoir and reduce the amount of fluctuation.
It is also recommended that the Level II studies include surveys for
historical and/or archeological sites within the pool area. For the Level I
study, no literature searches were performed to determine the existence of
sites listed on the National Historic Register. However, within the Town of
Kirby is a building, the old jail house, which may be eligible for listing.
If the site is developed, the State Historical Preservation Officer may
require this building to be relocated to higher ground.
Given the
historical importance of the Bighorn River, it is also quite possible that
other sites may exist within the reservoir area which would require
excavation for artifacts prior to filling the pool. The costs associated
with these activities have not been included in the cost estimates presented
in Chapter 4 of this report.
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Local concerns
The primary local concerns regarding the proposed development would
most likely focus on the relocation of farmsteads, ranches, and the Town of
Kirby.
Although relocations do not represent an environmental concern in
the purest sense, they can be a sensitive and at times emotionally volatile
issue which can divide support for project development.
If relocations
become a major issue, the overall development schedule can be prolonged.
Reservoir development would affect only a portion of the Town of Kirby,
but for this study it has been assumed that the entire community would be
relocated, and $2,500,000 was included for this activity in the project cost
estimates. This community is very small, and relocation would affect an
estimated 40 families. The town would be relocated to the north bank of the
Sand Draw arm of the reservoir. The cost estimate should be sufficient to
cover the costs of developing the infrastructure necessary to support the
community, such as streets, sewer, water and power. Access to the new site
would be provided with the construction of the relocated Highway 20.
It is also estimated that ten (10) occupied farmsteads exist within the
projected pool area, and that development would necessitate relocation of
these families.
Research into the value of these sites was not completed
for this study; however, an average cost of $50,000 per relocation was included in the project costs.
Conclusions
Of the many environmental concerns described in this report, the most
serious appears to be the impact to the Class 1 fisheries in the Bighorn
River upstream of the dam site. If Level II studies are authorized for this
reservoir, it is recommended that early consultation efforts with the
Wyoming Game and Fish Department be conducted to firmly establish the
mileage impacted together with possible mitigation measures.
It is also recommended that early consultation efforts be conducted
with Federal agencies to firmly establish possible impacts to wetlands and
endangered species, specifically the bald eagle. During this consultation,
emphasis should be given to identification of specific field studies and
related technical analyses which will support the documentation of impacts.
This documentation will be required for subsequent Federal permits to be
filed prior to construction.
The Level II studies should also identify alternatives which will
minimize the impacts of relocating the Town of Kirby and other residences
impacted by the proposed reservoir.
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