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SUMMARY 

This report presents the results of a feasibility study of installing 

hydroelectric generating facilities at the existing Willwood Dam on the 

Shoshone River in Park County near Powell in north-central Wyoming. The 

work was performed by Stone & Webster Engineering Corp. (SWEC) for the 

Willwood Irrigation District (District) of Willwood, Wyoming. The District 

has an 18-month Federal Energy Regulatory Commission (FERC) Preliminary 

Permit which expires November 30, 1982. 

The studies and investigations leading to this report have included site 

reconnaissance, hydrologic and power studies, proj ect arrangements, 

estimates of costs and benefits, economic analyses 

optimization, a project development schedule, preliminary 

assessments, and meetings with state and federal agencies. 

and project 

environmental 

The Willwood Dam was completed in 1924 by the U. S. Bureau of Reclamation 

(Bureau) to divert irrigation water to about 12,000 acres in the Willwood 

Division of the Shoshone Project. The dam creates a power head of about 40 

ft and passes an average flow downstream of about 675 cfs. An opening in 

the right end of the dam for a future power penstock was incorporated in 

the original construction. The proposed power development will utilize 

this opening for a steel penstock to a single unit power plant with a 

horizontal tube-type kaplan turbine and high speed generator rated at 1,870 

kW. Average annual output will be about 10.9 GWh, about 65 percent of the 

theoretical potential at this site. Transmission will be at 34.5 kV to a 

federal transmission line approximately two miles away. 

With 7 percent escalation, the Total Investment Cost for this project will 

be about $4,590,000, that is, $2,455 /kW with 6 percent Wyoming State loan 

financing. This is based on a scheduled date for on-line commercial 

operation during the second quarter of 1985. 

An economic analysis and project optimization study was carried out based 

on marketing output with the Western Area Power Administration, which has 
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shown a positive interest in the project from the time .of the Joint Agency 

Meeting in Cheyenne on February 17, 1982. Firm capacity has been valued at 

$132/kilowatt-year and energy at 20 mills/kWh. Firm capacity was required 

to be available 90 percent of the time to meet winter and summer peaks. 

The economic study covered a range of capacities, with financing at 6 and 8 

percent and future escalation after 1985 at 5 and 7 percent. The 

conclusion was an optimum installed capacity of 1.87 MW and 6 percent, 

40-year financing for project viability with the early years interest 

deferred. 

The economic analysis has been done with benefit and cost streams for the 

first 10 years of operation, that is, 1985-1995. 

No attempt has been made to assess the effect of "falling water charge" on 

project economics because no positive net benefits are shown in the first 

year, which traditionally has been a requirement for determining this 

charge. 

There are no serious institutional or environmental impediments to 

developing power at Willwood Darn, and the proposed run-of-river reservoir 

operation should meet State Department of Environmental Quality (DEQ) 

concerns regarding reservoir sediment discharges. It is proposed to 

include a sedimentation pond in the Willwood Canal as part of the project 

since run-of-river operation and minimal sluicing will result in the 

reservoir filling-in with sediment and a higher sediment load entering the 

irrigation system. 

The principal conclusion is that the District should proceed to discuss 

with the state a loan for the FERC License Application and future project 

financing. The license preparation work should include a study of the 

effect on Willwood of the future raising of Buffalo Bill Dam. 
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SECTION I 

INTRODUCTION 

Authorization 

In August 1980, the District entered into an agreement with Denver 

Operations Center SWEC authorizing SWEC to carry out engineering services 

for developing hydroelectric power at the existing Willwood Dam. This 

Feasibility Study is one of those services. 

Scope 

This report addresses the basic issues of technical and economic 

feasibility of installing hydroelectric generation at Willwood Dam and what 

the installed capacity should be. It also assesses the environmental 

acceptability of such a development. 

A necessary part of this study has been the analyses of project benefits 

and estimates of project costs. These in turn have been based on project 

layouts, analyses of project financing, and estimates of operating costs. 

An optimum installed capacity has been identified through a benefit-cost 

anaysis over a range of plant capacities. The economic study compares the 

first 10 years of operation with appropriate escalation for power benefits 

and hydro operating costs. 

Background History 

The Willwood Diversion Dam was completed in 1924 by the Bureau as a part of 

the Shoshone Project. The dam was constructed to diver't irrigation water 

to about 12,000 acres in the Willwood Irrigation District. 

one of the four divisions which compose the Shoshone 

The District is 

Project. The 

District, along with the other divisions, participates in a project 

repayment program to the United States government. Since 1950 the Willwood 
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Dam has been operated and maintained by the District- under a contract with 

the Bureau. 

In 1978 the District displayed an interest in developing hydropower at the 

dam when it retained a local professional engineer to investigate the 

possibility of obtaining a Federal Energy Regulatory Commission (FERC) 

Preliminary Permit. This course of action was terminated when it became 

known that Bureau policy was opposed to the development of power facilities 

at their dams by non-federal entities. Early in 1980, Bureau policy 

underwent a change in this regard and Willwood received encouragement to 

pursue development. At that time the Bureau also called attention to its 

own Appraisal Study which reported the apparent feasibility of installing a 

small, 1.5 to 2.5 MW hydro unit at Willwood Dam. Although the Bureau had 

intended to seek funding for continued feasibility studies, it encouraged 

the District to proceed with its own plans for private development. When 

it became clear that the District was going to pursue investigation of the 

project, the Bureau suspended all of its activities related to developing 

hydropower at Willwood Dam. 

SWEC prepared an application for a Feasibility Study Loan from the 

Department of Energy (DOE) under the Program for Small Hydroelectric 

Projects. The application was submitted in November 1980 and approved in 

May 1981 . This loan was never made, however, due to bas ic changes in 

policy regarding federal participation in small hydro development. 

Following the loan application, a Preliminary Permit Application was 

prepared and submitted to FERC in January 1981. However, Continental Hydro 

Corporation of Boston had filed previously, in December 1980, for a 

Preliminary Permit to utilize Willwood Dam. Because of this, the 

District's application had to be resubmitted as a Revised Competing 

Application for Preliminary Permit, Project No. 4060. This revised 

application pointed out that the District was empowered under Wyoming law 

to develop power and hence was entitled to municipal preference under the 

Federal Power Act. A Preliminary Permit was issued to the District for the 

18-month period of June 1, 1981, through November 30, 1982, at which time a 
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License Application will be due if the project is to be pursued and the 

site reserved for the District. 

This Feasibility Study is an important step in the licensing process; much 

of the material in this report will be incorporated into the license 

application. 

Funds for this study were made available to the District through a loan 

from the State of Wyoming, authorized by the 1982 state legis lature, as 

part of an state program promoting water resources development. The 

program, including this study, is administered by the Wyoming Water 

Development Commission. 
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SECTION II 

SITE DESCRIPTION 

General 

The Willwood Diversion Dam is located on the Shoshone River in Park County, 

in north-central Wyoming. It is situated approximately 4 miles upstream of 

Ralston, Wyoming, and about 24 miles downstream of Buffalo Bill Dam. 

Access to the dam site is provided by a paved secondary road which connects 

with U.S. Highway 14A northeast of Cody, Wyoming. The dam and access road 

lie entirely within public lands administered by the Bureau. Willwood Dam 

is solely for irrigation diversion and serves no recreation or flood 

control purpose. 

The dam is situated in the intermountain Bighorn Basin, which forms a part 

of the Wyoming Basin section of the Middle Rocky Mountain Physiographic 

Province. The Bighorn Basin is a large geologic feature in north-central 

Wyoming. The Basin is flanked. on the west by the Beartooth and Absaroka 

Mountains, on the south by the Owl Creek Mountains, and on' the east by the 

Bighorn and Pryor Mountains. Land use in the area consists mainly of 

irrigated farmlands and rangeland. 

The climate of the area is arid to semi-arid, characterized by sparse 

precipitation; comparatively long, cold winters; and short, hot summers. 

The average annual precipitation for the area is about 6.1 inches, of which 

more than 70 percent occurs from May to September. Winds are relatively 

moderate, with the strongest usually occurring during the daylight hours. 

The average annual wind speed is about 10 mph, with extremes ranging from 

calm conditions to gusts approaching 100 mph. Average monthly temperatures 

(degrees F), as measured at Powell, Wyoming, for the period of record from 

1930 to 1975 were: 

Jan 

19.7 

Feb 

26.7 

Mar 

34.2 

April 

45.3 

II-l 

~ 
55.5 

June 

63.9 



July 

71.7 

~ 
69.6 

Existing Facilities 

~ 
58.9 

Oct 

48.2 

Nov 

33.3 

Dec 

24.0 

The Willwood Diversion Dam dam is a concrete gravity type with a structural 

height of 70 ft and a hydraulic height of 42 ft. The total crest length is 

476 ft of which 271-ft is ungated overflow weir sections. The spillway 

capacity is rated at 25,000 cfs. The crest elevation is 4,499.5 ft MSL. 

Three sluiceways, each with a 3.6 ft x 4.5 ft cast iron sluice gate, are 

incorporated near the bottom of the dam. The Willwood Canal Headworks is 

connected to the right abutment of the dam. Flow to the canal is regulated 

by two 5.6 x 7 ft diversion gates. All five g~tes are motor-operated. A 

concrete spillway apron 54 ft long x 318 ft wide abuts the toe of the dam; 

it is flanked on both sides by concrete training walls. 

A 7-ft diameter opening through the dam is located adjacent to the right 

abutment for future hydropower. This was never developed and the power 

opening is closed off at the upstream end by a 9 x 9 ft timber bulkhead. 

This opening would serve the proposed new power plant. 

A through-truss bridge crosses the dam with three spans supported at the 

abutments and two intermediate piers. The bridge supports a single lane 

road and provides access to the sluice gate operators. Unpaved access is 

available to the downstream side of the right abutment where the proposed 

power development would be located. 

The dam is founded mainly on sandstone and partly on shale. It has a 

cutoff wall along the upstream face, and the foundation was grouted. 

Four Bureau general arrangement drawings that show the principal existing 

project features are included in the report as Appendix A. 
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Dam Safety 

The Bureau periodically inspects Willwood Dam under its Safety Evaluation 

of Existing Dams (SEED) program. In October 1981, a team from the Bureau's 

Billings Office carried out an inspection and found no major safety 

defects. This has been recorded in internal Bureau documents, and it is 

unlikely that there will be a formal report issued. 

Concurrent with the safety inspection, a Review of Maintenance Inspection 

was also conducted. This also concluded that the dam and appurtenances 

were in good order. Several repair recommendations were made in the 

examination report. 
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SECTION III 

PAST, PRESENT, AND FUTURE OPERATION 

Past Operating Practice 

The irrigation season in the Willwood area usually starts in April and ends 

in October, with the peak occurring from about mid-July to mid-August. 

During this season the water level in the reservoir is generally maintained 

between dam crest elevation 4,499.5 and elevation 4,500. This is 

accomplished by first adjusting the irrigation intake gates to obtain the 

desired canal flow and then adjusting the sluice gates so that total 

outflow, including dam overflow, balances reservoir inflow. 

During the late October to early April non-irrigation season, the practice 

is to draw down the reservoir about 14 ft. This level is maintained more 

or less by the right sluice gate and controlled by a float operated 

switch. Drawing down the water level behind the dam promotes sluicing of 

the bed load and sediment that has been deposited in the reservoir. 

In May 1968 and April 1969, the District in cooperation with the State Game 

and Fish carried out an extensive reservoir sounding program. No sluicing 

was done during this II-month period; average flow of 680 cfs was very 

close to the long-term average of 675 cfs. Sediment deposition during the 

11 months was 204,000 cu yd and is estimated to have been about 210,000 cu 

yd for a full 12 months. The soundings tend to indicate that the winter 

sluicing maintains the reservoir at a state of about half full of deposited 

bed load and sediment. 

An independent computation based on 20 sand and silt concentration 

measurements and two particle size distribution analyses by the USGS in 

1980 and 1981 concluded that 200,000 cu yd would be deposited in an average 

year for the condition of a half filled-in reservoir. 
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Recent Agreement on Reservoir Operation 

The past practice of sluicing the reservoir has resulted in the periodic 

degradation of downstream water quality and fish kills. This led to an 

agreement on reservoir operation concluded early in 1982 by the District, 

the Bureau, and State Department of Environmental Quality. The most 

significant change in operating practice is the wintertime procedure which 

restricts increas ing downstream turbidi ty due to sluicing to 10 

Nephelometric Turbidity Units (NTU's). 

No NTU measurements are available for correlation with sediment 

concentration, so it is not possible at this time to interpret this 

restriction in a quantitative way. However, it is quite likely that this 

will serious ly restrict sluicing as practiced in the past, resulting in a 

more filled-in reservoir with lower trap efficiency and higher sediment 

content in the irrigation system. 

Proposed Operation 

In the event of the installation of the hydro plant, sluicing by means of 

reservoir drawdown would be in direct conflict with power production. It 

is proposed, therefore, to operate with the water level at dam crest 

elevation all year and to nearly eliminate sluicing so as to maximize plant 

output. It would be worthwhile to maintain a small pool upstream of the 

irrigation and power intakes by means of some limited operation of the 

north sluiceway. This would make it possible to maintain the pool even in 

the non-irrigation season by means of the north sluiceway should the power 

plant be down for maintenance or repairs. 

Operation in the above manner would lead to reservoir filling with sediment 

in a few years. It would be a run-of-river mode of operation with no 

significant difference in turbidity above and below the dam. 

This method of operation will also lead to increased suspended sediment 

entering the irrigation system, since the reservoir sediment trap 

efficiency will be nil. 
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The possibility of correcting this by dredging the reservoir was considered 

but this is not cost-effective because it requires the removal of an annual 

volume of about 200,000 cu yd of material. Since the District uses only 

about 20 percent of the total annual river flow, a better solution to 

improving their water quality would be a sedimentation pond near the head 

end of the Willwood Canal to remove an annual 39,000 cu yd. The 

construction of the pond has been included as a power project cost and the 

cost of removing the sand and silt would be paid from power revenues. This 

pond will do more than compensate for the loss of reservoir trap capability 

since it will remove all of the sand load and the coarser silt load. Pond 

clearing would be in the non-irrigation season, probably by means of bottom 

loaders. 

During the peak irrigation season from about mid-July to mid-August, the 

District surcharges the reservoir about 0.4 ft to increase irrigation canal 

capacity. Economic analyses have shown that it would be economical to 

install flashboards across the dam crest so as not to lose the overflow 

energy due to the present overflow. The cost of the flashboards has been 

included in the power plant costs. 
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SECTION IV 

HYDROLOGY AND POWER 

Hydrology 

A power study has been performed as the first step toward the ultimate 

selection of an optimum installed capacity. This study was based on 

discharge data developed by the Bureau, Billings Regional Office for their 

"Willwood Powerplant Appraisal Report" done during 1979-1980 and issued in 

draft form in August 1980. These data are basic to evaluating the 

potential at the Willwood site since there are no significant stream flow 

records in the Willwood Dam vicinity. The following from page 8 of the 

Bureau report explains the Bureau's method of treating this situation. 

"Flows through Willwood Diversion Dam are dependent upon upstream 

and downstream irrigation demands. These demands are satisfied 

through releases from Buffalo Bill Dam, which is located upstream 

of Willwood Diversion Dam. To determine the average flows past 

Willwood Diversion Dam, an operation study was performed which 

accounted for the distribution of surface w·ater throughout the 

Shoshone River Basin and simulated the regulation of water within 

Buffalo Bill Reservoir." 

The Bureau report concluded that a 1.5 to 2.5 MW plant is feasible with an 

average annual generation of 11.3 to 12.7 GWh. 

The results of the Bureau operation study for the existing state of 

development in the region are tabulated in Table IV-1 and shown in Figure 

IV-1, which is a flow duration curve of the 49 years of developed monthly 

discharges over Willwood Dam. The average discharge for this period is 675 

cfs. The Bureau also investigated possible future levels of development 

which might result in flow changes at Willwood Dam due to increased 

upstream diversions. One future development, which now appears to be quite 

certain, is increasing the storage capacity of the upstream Buffalo Bill 
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Reservoir by raising Buffalo Bill Dam. The 1982 Wyoming State legislature 

appropriated approximately one-half of the estimated cost for this project, 

and in October of 1982 the Reclamation Redevelopment Act, which authorized 

federal funds for this proj ect, was signed by the Chief Executive and 

became a law. With the resulting higher degree of flow regulation, future 

development should utilize the water volumes associated with the 

historically higher flows which exceed turbine capacity, and would be 

spilled over the Willwood dam crest. Accordingly) no reduction has been 

made in energy output or low - flow regimen for the effect of future 

deve lopment on power product ion for this report. On the other hand, no 

attempt has been made to take credit for possible improved future low-flow 

regimen and firm power output resulting from a higher degree of upstream 

regulation. The possible impact of the Buffalo Bill developments on 

Willwood should be investigated in the next stage of work, that is, the 

FERC License Application. 

Power 

Power head is net head, which is assumed as 41.5 ft gross minus 1.5 ft of 

losses, resulting in 40 ft net for this proj ect . A loss of head due to 

increased tailwater levels appears to be of no great significance for power 

estimates at this site, and has been neglected. 

For the existing state of development in the region, the theoretical energy 

potential at the Willwood Dam resulting from an average flow of 675 cfs and 

40 ft net head with an overall average efficiency of about 84.5 percent is 

16.9 GWh/yr. An overall efficiency of 84.5 percent is appropriate for a 

Kaplan-type tube turbine with a speed increaser and high speed generator. 

Ave Annual Output = Qhe 
-6 

x 8760 x 10 ,GWh 

11.81 

-6 = 675 x 40 x 0.845 x 8760 x 10 ,GWh 

11.81 

= 16.9 GWh 
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Where Q = flow in cfs 
h = net head in ft 
e = combined machine efficiency 

This is the maximum theoretical energy which could be produced at Willwood 

Dam with no loss of energy over the spillway. Actual output will, of 

course, be less and would depend on the capacity installed at the site. 

The relationship of energy output and installed capacity has been 

investigated; the results are shown in Figure IV-2. Three cas es were 

studied: one-, two-, and three-unit installations, each over a wide range 

of installed capacity, to determine how output varies with size of 

installation and number of units. 

number affect station output. 

As Figure IV-2 shows, both size and 

Briefly, the assumptions used in this study are (1) efficiency and net head 

as identified previous ly; (2) a maximum machine water capacity of 140 

percent of best efficiency capacity; and (3) a minimum water capacity of 30 

percent of maximum capacity. These assumptions are for typical horizontal 

tUbe-type units with variable pitch blades apd wicket gates. 

The power study utilized the flow duration of Figure IV-I. Since the head 

is essentially constant, energy production is proportional to areas under 

the flow duration curve; it is not necessary to perform sequential 

operation studies to determine long-term average annual output. 

Several conclusions can be drawn from Figure IV-2 which are significant for 

the Willwood site, as follows: 

1. Increasing unit size increases project energy output only up'to a point 

beyond which production falls off. As the unit size is increased, it 

utilizes higher river flows, thereby increasing output, but at the same 

time it looses some output capability with low flows because of the 

machine water capability range. Thus, as capacity increases, there is 

a net energy gain up to a point which depends on the shape of the flow 

duration curve, but beyond this there is a net loss in energy 

production. 
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2. As additional units of equal size are added, the installed capacity 

corresponding to maximum production increases. With more units, the 

ability to use the low flows is enhanced by reducing units 

on-the-line. For example, the minimum plant water capacity for two 1 

MW units is one-half that of a single 2 MW plant, and the maximum 

capability is the same for both. 

3. The overall rate of increase in energy production resulting from a 

combined increase in the size of plant and the number of units declines 

as the output approaches the maximum site potential. That is, there is 

a decreasing rate of return for adding units as the number increases. 

Installed Capacity 

The selection of installed capacity, which in turn is subjected to a 

benefit-cost test, is described in the section on Benefit-Cost Analysis. 

It should suffice to state here that the optimum- installation is a single 

1,870 kW unit. The power study results of Figure IV-2 were used in 

selecting the range of installed capacities to be investigated. 
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1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1931 

1938 

1939 

1940 

1941 

1942 

1943 

1944 

1945 

1946 

1941 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1951 

1958 

35.33 

35.42 

31.59 

19.91 

35.26 

36.18 

21.02 

36.20 

36.02 

36.28 

39.59 

31.611 

19.93 

40.12 

35.11 

36.34 

36.11 

39.51 

31.22 

43.81 

36.48 

35.30 

41.93 

35.46 

36.63 

32.14 

18.93 

26.95 

42.10 

41.65 

FEB 

30.96 

66.10 

66.89 

11.61 

60.13 

31.48 

18.24 

31.36 

31.39 

31.44 

64.59 

10.12 

11.18 

66.15 

36.34 

51.20 

31.25 

69.50 

61.00 

11.41 

18.80 

31.01 

15.19 

61.82 

31.65 

31.61 

11.45 

20.21 

31.81 

61.13 

~ 

28.80 

28.80 

28.69 

19.32 

28.64 

29.20 

19.13 

29.09 

29.15 

24.82 

28.86 

28.95 

19.41 

28.60 

28.80 

29.20 

28.99 

29.14 

28.18 

28.91 

16.14 

28.86 

28.12 

28.82 

28.81 

34.85 

19.51 

23.14 

22.19 

33.09 

APR 

32.61 

43.29 

21.33 

32.51 

22.49 

8.09 

1.39 

10.66 

1.59 

1.61 

25.80 

13.21 

5.61 

9.48 

69.08 

9.81 

1.64 

30.69 

1.34 

21.11 

1.93 

8.39 

18.18 

35.84 

23.96 

6.10 

11.43 

11.30 

8.71 

11.55 

TABLE IV-1 
BUREAU OF RECLAMATION GENERATED SHOSHONE RIVER FLOWS PAST WILLWOOD DAM 

Million Cubic Meters 

19.90 

13.96 

18.54 

33.10 

19.45 

37.86 

22.61 

31.59 

21.02 

34.12 

113.49 

33.12 

19.86 

10.23 

31.44 

15.41 

21.01 

18.44 

16.65 

26.31 

12.61 

22.50 

40.91 

48.14 

18.36 

26.12 

23.93 

26.16 

91.58 

49.33 

59.95 

141.52 

24.80 

354.05 

190.86 

15.68 

52.42 

224.21 

19.05 

265.29 

112.03 

63.83 

23.65 

125.00 

404.01 

95.11 

13.08 

11.45 

189.93 

232.19 

145.22 

20.64 

193.53 

153.21 

66.30 

113.45 

15.90 

206.81 

314.28 

121.12 

51.16 

11.26 

24.33 

111.65 

25.31 

19.92 

150.52 

18.63 

13.11 

118.91 

65.85 

22.11 

24.16 

121.11 

320.92 

98.59 

135.40 

38.32 

189.21 

32.11 

24.15 

248.11 

331.53 

43.82 

26.18 

25.11 

25.00 

43.02 

146.39 

13.90 

25.14 

41.33 

38.63 

11.80 

13.48 

33.32 

18.33 

11.81 

30.35 

15.95 

22.39 

36.15 

50.62 

29.16 

15.98 

35.91 

14.14 

16.21 

16.08 

26.20 

43.44 

11.16 

58.18 

13.11 

14.88 

33.61 

24.04 

15.38 

14.22 

31.29 

33.30 

40.30 

31.02 

20.21 

48.54 

13.58 

42.04 

48.44 

40.83 

14.89 

24.18 

21.66 

198.94 

26.21 

38.99 

28.66 

11.79 

11.82 

30.99 

49.10 

31.36 

104.41 

51.82 

50.82 

44.09 

58.63 

13.12 

54.08 

21.06 

53.29 

OCT 

21.88 

138.16 

16.63 

28.10 

26.11 

9.31 

26.10 

19.43 

19.49 

43.50 

16.64 

21.61 

136.28 

32.42 

21.58 

24.53 

21.51 

68.38 

25.16 

29.84 

42.16 

95.85 

95.82 

28.31 

22.61 

33.91 

9.01 

29.30 

28.50 

36.83 

48.36 

51.11 

29.55 

45.64 

34.99 

33.37 

-34.50 

34.05 

34.12 

51.04 

43.55 

29.13 

65.12 

31.18 

35.69 

33.30 

60.11 

49.12 

51.59 

35.31 

32.00 

69.61 

51.19 

36.11 

33.17 

35.90 

33.18 

48.58 

45.81 

43.95 

DEC 

50.10 

41.51 

36.59 

42.85 

39.14 

25.21 

31.36 

39.22 

39.61 

50.62 

53.30 

36.49 

59.45 

37.19 

40.06 

38.96 

55.15 

48.82 

53.10 

40.16 

31.62 

63.10 

53.14 

40.63 

29.66 

44.40 

33.16 

45.86 

54.10 

40.16 

YEARLY 
TOTAL 

444.69 

125.43 

380.58 

149.53 

545.60 

293.19 

444.93 

540.16 

448.35 

155.13 

610.86 

420.62 

641.93 

558.11 

1,018.06 

503.76 

442.84 

491.45 

119.11 

638.98 

455.18 

140.26 

1,048.01 

582.11 

316.95 

411.14 

245.21 

551.52 

821.96 

550.46 

YEARLY 
AVERAGE 

31.06 

60.45 

31.72 

62.46 

45.41 

24.43 

31.08 

45.06 

31.36 

62.93 

50.91 

35.05 

53.49 

46.51 

69.84 

41.98 

36.90 

41.45 

59.98 

53.25 

31.93 

61.69 

81.33 

48.56 

31.41 

39.16 

20.44 

46.46 

68.50 

45.81 



YEARLY YEARLY 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL AVERAGE 

1959 28.84 22.44 25.62 29.33 22.36 49.88 25.12 24.41 28.18 35.98 37.13 40.00 369.29 30.77 

1960 40.73 37.32 31.28 7.35 29.62 24.63 22.56 30.99 18.96 22.39 25.03 22.11 312.96 26.08 

1961 19.32 11.55 19.66 12.89 11.39 66.89 36.98 41.76 49.47 31.38 39.33 40.93 399.55 33.30 

1962 33.42 21.89 22.88 8.32 31.60 181.05 128.37 14.42 24.66 21.92 38.01 44.23 576.83 48.07 

1963 41.82 51.65 36.97 36.57 76.48 232.88 82.98 25.72 18.03 40.15 31.52 42.93 717 .68 59.81 

1964 41.18 31.33 27 .05 26.87 15.36 195.40 207.66 13.56 60.64 22.55 44.62 44.34 136.56 61.38 

1965 41.95 36.73 26.16 17 .03 11.38 338.58 301.16 35.98 144.48 82.94 56.43 51.09 1,143.91 95.33 

1966 39.53 66.43 31.37 11.01 33.65 71.50 21.92 14.55 20.38 22.61 25.41 33.35 391. 71 32.64 

1967 34.65 21.32 23.31 10.75 10.71 273.53 251.05 17 .73 22.45 18.74 41.69 44.39 170.33 64.19 

1968 43.45 12.41 28.10 15.83 16.31 67.30 85.54 48.25 50.84 44.44 57.21 54.18 584.46 48.70 

1969 42.53 69.22 19.59 8.30 53.66 110.37 24.61 34.64 51.71 28.58 47.69 44.38 535.18 44.60 

1910 21.29 18.49 21.56 17.39 19.96 152.92 104.21 23.39 29.27 17.40 40.94 46.94 513.76 42.81 

1971 41.18 67.96 22.34 4.23 50.40 350.85 245.37 18.21 54.53 123.28 61.00 54.39 1,093.74 91.14 

1972 43.61 74.84 41.09 29.09 16.55 258.76 91.65 16.42 51.31 111.88 58.49 51.30 850.97 70.91 

1913 41.13 69.45 38.05 23.82 32.73 18.01 18.57 30.25 46.71 32.22 21.49 39.72 412.20 34.35 

1974 39.02 54.66 37.75 4.50 20.90 436.59 172.47 13.86 32.28 28.66 38.09 41.21 929.98 17.50 

1915 39.19 61.42 24.43 18.34 10.99 68.87 424.13 17.35 44.44 36.13 25.31 39.39 816.61 68.05 

1976 32.70 72.72 20.84 29.31 37.14 238.04 206.49 16.38 12.68 21.80 45.14 49.16 783.02 65.25 

1917 36.89 66.84 19.11 29.05 35.87 15.50 24.69 13.86 10.43 9.38 22.47 20.80 305.51 25.46 

AVG 35.63 46.71 21.11 18.17 30.12 148.04 105.94 25.17 41.94 39.52 41.47 43.05 602.86 50.24 

Conversions: 1 - MCM = 13.44 ers-mo = 811 AF 
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SECTION V 

PROJECT BENEFITS 

Assumptions 

For the purpose of this report, power benefits are based on the assumed 

marketing of output to the Western Area Power Administration (WAPA). This 

is a reasonable assumption since WAPA has shown a positive interest in this 

project and in the nearby Garland Canal Project, which is under development 

by the Shoshone Irrigation District. WAPA and the Shoshone District have 

recently contracted for Garland's output. The possibility of marketing 

with Willwood Light & Power, the city of Powell, and Pacific Light & Power 

should also be investigated at a later time. 

Several meetings and discussions with WAPA resulted in adopting the 

following technical and economic approach to determining power benefits for 

this project. 

a. < Power would be classed as firm or non-firm energy, with firm 

energy having a capacity and energy value and non-firm energy 

having only an energy value. 

b. The capacity value of firm energy would be the cost of a $1,000 

per kW coal-fired thermal electric plant annualized at 13.2 

percent, which results in $132/kilowatt-year. 

c. The fuel replacement value of all energy would be taken as 15 to 

25 mills/kWh. An average value of 20 mills/kWh was used. 

d. The above early 1982 values could be escalated from 5 to 7 percent 

per year if projected analyses are done. 

e. WAPA' s load exhibits two seasonal peak periods: a < winter peak 

during December and January, and a summer peak in the July-August 
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period. Therefore, December and January flow data would be used 

for determining winter firm capacity; summer firm capacity would 

be determined from July and August flows. 

f. For determining winter and summer firm capacity, a flow with a 90 

percent exceedence should be used. \<lhen log-Pearson Type III and 

Pearson Type III distributions led to questionable results due to 

very large skew coefficients, Q
90 

was determined for winter and 

summer peak periods from graphically fitted flow duration curves. 

These are shown in Figure V-I. 

g. A single unit Kaplan-type turbine is assumed with a combined 

overall efficiency of 84.5 percent. A combined efficiency of 

about 81.1 percent was assumed for computing summer firm output, 

and an average of 84.25 percent was used for winter firm. This 

difference in efficiency is the result of the summer Q
90 

being 

lower than the winter Q90' 

h. Minimum turbine water capacity is 30 percent of the maximum 

capacity. 

Results 

The additional hydrologic study to determine firm summer and winter 

capacity resulted in a Q
90 

of 200 and 375 cfs, respectively. Utilizing the 

information which Allis-Chalmers provided for four of their tube-type units 

and the above assumptions, the following results were obtained: 

Average 1982 
Rated Firm Firm Annual Annual 

Capacity, Summer, Winter, Output, Benefits 
kW kW kW GWh 1,000 $ 

1,280 560 1,100 9.43 298 
1,765 540 1,090 10.74 323 
2,305 1,060 11.44 299 
2,915 1,030 11.61 300 
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These results were the bas is for the benef it curves shown in Figures V - 2, 

V-3, and V-4, which are used in the Benefit-Cost Analysis. The curves 

cover a sufficient range to enable selection of an optimum installed 

capacity_ Figure V-2 was arrived at by escalated 1982 benefits to 1985 at 

a 7 percent rate, comparable to the 7 percent rate used for escalating 

costs for this period. Figures V-3 and V-4 show benefits for 1990 and 1995 

escalated at 5 percent and 7 percent. Data from all three curves served as 

input to the sensitivity analysis for the benefit-cost study. 

The explanation of the abrupt drop in benefits at an installed capacity of 

1.87 MW is that this is the point of maximum summer firm capacity 

benefits. Beyond 1.87 MW, the minimum machine water capacity exceeds 200 

cfs, the summer Q90' and therefore does not meet summer firm capacity 

requirements. The winter firm capacity value applies over the full range 

under study, which is up to 3.0 MW. 
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SECTION VI 

PROJECT ARRANGEMENT 

General 

The principal features of the proposed project are a steel penstock 

connecting the existing reservoir behind Willwood Dam, with a powerhouse at 

the toe of the dam. The 40 ft of powerhead will be developed by a single 

1.87 MW horizontal tube-type unit with average output estimated as 10.92 

GWh/year. This is a close-coupled arrangement founded on the same 

sandstone that supports the dam. Excavation is minimal and the site is 

readily accessible. The entire power installation is located at the right 

end of the dam along the right bank of the river. The arrangement and 

location is shown in Figures VI-1 and VI-2. 

Intake 

The existing 5.6 ft wide x 7:0 ft high opening in the dam, installed for 

the purpose of future power and presently bulkheaded, will be provided with 

a wheel-type motor operated sluice gate. The purpose of the gate is to 

water and unwater the penstock for inspection and maintenance and for 

emergency closure in the event of proper wicket gate failure. Coarse trash 

racks will be installed to insure exclusion of any large solid matter. 

Penstock 

The ~teel penstock leading from the dam to the powerhouse will be 7 ft in 

diameter and about 46 ft long. There will be one approximately 2S-degree 

vertical bend at the powerhouse, and a concrete thrust block will be 

located at this bend. The upper end of the penstock will be grouted into 

the dam along the lower length of the existing power opening in the dam. A 

grout recess was provided in the original construction for this purpose. 

Although the penstock will be almost entirely covered or buried, there is 

an exposed area for a manhole which will provide access between the 

headgate and the turbine. 
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Power Plant 

The powerhouse is located about 20 ft downstream of the toe of the dam. It 

will measure about 32 ft wide x 36 ft long, with heights varying from 20 to 

30 ft. This will be a reinforced concrete structure capable of 

withstanding high flood stages. All access will be through equipment and 

personnel hatches on the roof. 

Principal power plant equipment will include a single horizontal 

propeller-type turbine with adjustable guide vanes and adjustable blades. 

Although calculations indicated that the wicket gates were probably not 

economically justified for power production, they do provide a second means 

of closure deemed necessary to insure the pool can be maintained for its 

main purpose which is irrigation. The slow speed turbine will be coupled 

to a high-speed generator (probably 900 rpm) through a speed increaser. 

Generator output will be about 1,870 kW at full gate turbine operation. 

Turbine guide vanes, blade settings, and speed will be controlled by a 

governor. Accessory installation will include electrical controls and 

protection equipment, but no powerhouse crane. Installation will be by a 

mobile crane through the roof hatches. A draft tube gate will be provided 

for downstream closure to permit unwatering for inspection and maintenance 

below the turbine. There will be a manhole into the draft tube. 

Outdoor electrical equipment will include switchgear, a 4,160 V - 34.5 kV 

three-phase step-up transformer rated 2,000 kVA, and a three-pole nonfused 

disconnect switch. 

Tailrace 

An ups loping tailrace will return the plant discharge to the river. The 

tailrace will be excavated entirely in sandstone on a slope of 3:1 

horizontal to vertical. 

Plant Access 

Access to the plant will be provided by a graded, gravel road from the 

local road crossing the dam down to the river bank below the plant and 
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along the bank to the powerhouse, as shown in Figure V-I. There will be a 

parking area at the powerhouse roof level between the plant and the dam as 

shown in Figure VI-2. 

Transmission 

Transmission will be at 34.5 kV over a three-phase line supported by wood 

poles to a WAPA line of the same voltage slightly less than two miles to 

the northwest. A three-pole fused disconnect switch will be installed at 

the interconnection. 

Sedimentation Pond 

The Shoshone River has a very high annual suspended sediment load. In 

order to keep as much sand and silt as possible out of the canal and 

laterals system, Willwood has used the non- irrigation winter months to 

sluice deposited sediment out of the Willwood Reservoir. This is 

accomplished by opening the three sluices in the bottom of the dam and 

drawing down the head behind the dam about 14 ft. As discussed in the 

section Past, Present and Future Operation, this practice is clearly in 

direct conflict with power production and would have to be suspended if the 

proposed power plant is installed. 

Because - of the very high annual deposit in the reservoir, dredging is 

uneconomical. It is proposed, therefore, to rebuild a length of the main 

canal to act as a sedimentation pond. The new section would be about 90 ft 

(average width) by 2,000 ft long. It would start about 6,500 ft below the 

intake. Initial water depth, before deposition, would be about 16 ft. The 

average depth of deposited sediment in an average year is estimated at 6 ft. 

The estimated annual sand and silt yield is about 39,000 cu yd. The cost 

of this removal has been included in the project annual operating cost. 

Capital cost for the pond has been included in the project estimate. 
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Flash Boards 

As discussed in the section Past, Present and Future Operation, the 

reservoir is surcharged about 0.4 ft during the peak irrigation season. So 

as not to lose this energy, valued at about $13, OOO/year in 1983 and more 

in future years, removable flash boards will be provided. 

The effect on dam stability of increasing reservoir water level by 

approximately 0.5 ft should be investigated during project design. 

Water Rights 

An application for a joint Bureau-District power water right has been filed 

with the State Engineers Office. At this time there remains some 

difficiencies in the application, and the water right issue has not been 

resolved. 

Impact on Dam Safety 

The proposed new development is small in size and located downstream of the 

toe of the dam at the right abutment. Excavation will be modest, starting 

in sandstone about 30 ft downstream of the dam and extending about 60 ft 

farther to the end of the tailrace. Excavation nearest the dam will be 

shallow, sloping to a depth of about 11 ft, some 40 ft from the dam. The 

width of excavation will be about 14 ft. This construction excavation is 

not cons idered to jeopardize the existing dam in any way. 

As noted above, the effect on dam safety of raising the reservoir 0.5 ft 

will be investigated at the time of project design. 
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SECTION VII 

PROJECT COSTS 

Construction Costs 

Order of magnitude construction cost estimates were prepared for three 

installed capacities, 1,300, 1,800, and 2,300 kW, to enable preparation of 

cost curves covering an adequate range for the benefit-cost analysis. 

The following lists the assumptions for these cost estimates: 

1. 40-hour week, 8-hour day contracted labor 

2. Turbine-generator costs are based on verbal quote from a vendor 

(included in Appendix B). The package includes: 

a. Tube Turbine 

b. Speed Increaser 

c. Synchronous Generator 

d. Switchgear 

e. Main Step-up Transformer 

f. Controls & Control Board 

g. Disconnect Switch 

h. Intake Gate and Operator 

i. Adjustable Blades 

An allowance for the cost of wicket gates estimated by SWEC was added 

to the manufacturer's estimate for the cost of the package. 

3. Start construction May 1984 and end construction April 1985 

4. Two miles of transmission line cost is included 

5 . An allowance for indeterminates (AFI) of 25 percent was added to 

all accounts, with the exception of the 10 percent AFI used on the 
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turbine-generator account. These are included in individual 

accounts rather than a bottom-line allowance. 

6. Cast-in-place concrete powerhouse 

7. Escalation of 7 percent per year 

8. Interest during construction at 6 percent and 8 percent per year 

9. Indirect costs based on SWEC letter to Willwood Irrigation 

District (March 1982) which include: 

a. Feasibility Study 

b. Licensing and FERC Approval Assistance 

c. Detailed Engineering and Design 

d. Construction Advice and Inspection 

e. Start-up advisory services and plant manual preparation 

The following items are not included in the estimate: 

o Sales and Use Tax 

o Spare Parts 

o Budget Contingency 

o Land and Land Rights 

Following is a summary of the three estimates. The account number is in 

accordance with the FERC classification of accounts: 

Account Cost - 1 2 000 ~ 
No. Description 1,300 kW 1,800 kW 2,300 kW 

3100 Powerhouse and Yard $ 470 $ 540 $ 630 
3200 Penstock & Related Equipment 130 140 160 
3300 Turbine-Generator Package* 1,310 1,500 1,720 
3400 Accessory Electrical Equipment 200 230 240 
3500 Miscellaneous Power Plant 

Equipment 80 90 100 
3600 Access Road 30 30- 30 
5300 Switchyard & Transmission 180 190 210 

Total Estimated Direct Costs $2,400 $2,720 $3,090 
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Indirects 630 630 630 

Distributable Construction 
Costs 120 140 160 

Client Costs 70 80 90 

Total Estimated Construction 
Costs (July 1982 Dollars) $3,220 $3,570 $3,970 

Escalation to Second Quarter 
1985 @ 7% Per Year 500 540 600 

Interest During Construction 
@ 6% Per Year 260 280 310 

Total Investment (Second 
Quarter 1985) (i = 6%) $3,980 $4,390 $4,880 

Rounded Costs 4,000 4,400 4,900 

Interest During Construction 
@ 8% Per Year 340 370 420 

Total Investment (Second 
Quarter 1985) (i = 8%) $4,060 $4,480 $4,990 

Rounded Costs 4,100 4,500 5,000 

In addition to the above, $150,000 additional investment cost was allowed 

for the cost of a canal sedimentation pond. 

A detail cost estimate for the 1,800 kW installation (close to the optimum 

1,870 MW) is given in Appendix B. 

Annualized Investment Costs 

In order to perform the benefit-cost analysis on an annual basis, Total 

Project Investment Cost is converted to an equivalent annual cost. This is 

done by applying an annual fixed charge rate to the total cost. This 

component of annual costs is considered fixed for the economic life of the 

project, unlike the operating component, which is subject to escalation. 

Annual fixed charges must be adequate to cover interest payments on the 

investment, a s inking fund payment to ret ire the inves tment, insurance 
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payments, taxation and an allowance for interim replacements of equipment 

during the economic life of the proj ect. The state of Wyoming has shown 

sufficient interest in this project as part of its extensive- Water 

Resources Development Program to make the District a loan for this study. 

On the assumption this support from the state will continue, > two interest 

rates have been studied, 6 and 8 percent. For the s inking fund, the 

assumptions are a 40-year period for repayment and a prudent 8 percent 

long-term rate of return for the District's sinking fund. An allowance was 

used for insurance and interim replacements of 0.25 percent and 0.40 

percent, respectively, which follows FERC guidelines. No allowance has 

been made for taxes since the District is exempt from local taxation and as 

an Irrigation District cannot earn federally taxable income. 

Summarizing the above: 

Interest 
Amortization (8% - 40 yrs) 
Insurance 
Interim Replacements 
Taxes 
Annual Fixed Charge Rate 

Annual Operating Costs 

6.000% 
0.386 
0.250 
0.400 
nil 

7.036% 

8.000% 
0.386 
0.250 
0.400 
nil 

9.036% 

Annual operation and maintenance costs (0 & M) and administration and 

general costs (A & G) have been computed for a range of installed 

capacities for use in determining total annual costs for the benefit-cost 

analysis. The basis for these estimates is data accumulated by FERC and 

published in "Hydroelectric Power Evaluation", August 1979. 

have been escalated to mid-1985 at a 7 percent rate. 

These data 

Rated kW 

1,280 
1,765 
2,305 
2,915 

(1) 

1985 

O t · Cost (1) pera l.ng 

$ 36,600 
42,800 
48,300 
55,200 

Includes operation and maintenance, administration, 
and general costs. 
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Total Annual Costs 

Total annual costs are the sum of the annual fixed charges and the annual 

operating costs with the later subj ect to assumed escalation rates. For 

this study, two escalation rates, 5 and 7%, have been assumed. With fixed 

charges held constant and operating costs escalated, the resulting total 

annual costs for 1985, 1990, and 1995 are shown in Figures VlI-1 and VII-2. 
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SECTION VIII 

BENEFIT-COST ANALYSIS 

General 

The purpose of this benefit-cost study is twofold: first, to identify the 

optimum installed capacity, and second, to demonstrate the effect of 

financing and future escalation on the project's economic viability. 

It is important to recognize the need for selecting an optimum project size 

at an early stage in the development of small-scale hydro. These small 

projects require expeditious engineeering and construction to be 

successful. This is necessary to offset their tendency towards higher 

costs per kW than larger proj ects. Hence, the need exists to optimize at 

the earlier feasilbility stage rather than continuing onto further studies 

as with larger projects. It should be realized that this is not merely an 

economic expediency; small-scale hydro, particular ly proj ects at exis ting 

dams such as Willwood, are more straight-forward technically than major 

projects, and hence, are more suitably subject to earlier decisions. 

The need to demonstrate the impacts of project financing arrangements and 

future escalation factors derives from the importance of their effects and 

the element of uncertainty around these factors. In order to assess this, 

sensitivity analyses have been employed over ranges of values for the most 

obvious variables which are interest and escalation rates. 

Assumptions 

The main assumption made for this analysis is that very favorable terms for 

a Wyoming state loan will be available for developing Willwood. As stated 

in the section on Project Costs, the state has shown sufficient interest to 

make a loan to the District for this study and there have been discussions 

regarding a further loan for FERC licensing. State loans for irrigation, 

farming, and land plans now range from 5 to 9 percent. Two rates have been 
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used here, 6 and 8 percent. Repayment has been assumed at the end of 40 

years, which is about the maximum term that the state will consider. 

Escalation has varied greatly over the past decades; at the suggestion of 

both the District and the WAPA, 5 and 7 percent escalation rates have been 

analyzed. Only annual operating costs of hydro were escalated, whereas all 

benefits were subjected to escalation as suggested by WAPA. Hydro, 

therefore, benefits from high escalation rates, so it is prudent not to 

overestimate this factor. 

Benefit-Cost Ratios 

From the benefit and cost curves for 1985, 1990, and 1995 (Figures V-2, 

V-3, V-4, VII-1, and VII-2), Tables VII-1 through VII-4 have been developed 

to determine the benefit-cost ratios for a range of selected installed 

capacities from 1.4 to 2.3 MW. The values in these tables were then used 

to construct the benefit-cost curves shown in Figures VIII-1 through 

VIII-4. In all cases, the benefit-cost ratio increases with time because 

the net effect of escalation is to increase hydro benefits over costs due 

to the large component of fixed hydro cost. These figures serve se·veral 

purposes, from acting as 

demonstrating the effects 

viability. 

Installed Capacity 

guides to 

of interest 

selecting installed 

and escalation rates 

capacity to 

on economic 

The benefit-cost ratios show that all capacities up to 1.87 MW are very 

nearly of equal value. In a case such as this, the decision should be to 

select the largest installation so as to maximize the development of the 

natural resource and power production. Installation beyond 1.87 MW is 

clearly unjustified because of the dramatic reduction in the benefit-cost 

ratios. 

Interest Rate 

Once the decision has been made on an installed capacity of one 1.87 MW 

unit, the effect of the interest rate can be more closely studied. To 
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facilitate this, values from Tables VIII-1 through VIII-4 have been used to 

construct Figures VIII-5 and VIII-6 for a 1.87 MW plant. These two Figures 

compare benefits to costs over the ten-year 1985-1995 time period for 6 and-

8 percent interest rates and 5 and 7 percent escalation rates. They show, 

graphically, the magnitude of the spread between benefits and costs and the 

cross-over dates when net earnings become positive for the different 

economic conditions. 

These two figures demonstrate rather conclusively that the project requires 

6 percent financing for viability. 

Net Benefits 

Ten-year (1985-1995) net benefit tabulations have been made from Figures 

VIII-5 and VIII-6. These are given in Tables VIII-5 through VIII-8 and 

they bear out numerically what the curves demonstrate graphically. The 

project does not show cumulative net benefits within the first 10 years 

with 8 percent financing for either escalation rate. With 6 percent 

financing, the project does show cumulative postive earnings in the fifth 

or sixth year. 

Interest-Deferred Early Years 

The District is an Irrigation District organized under Wyoming statutes and 

authorized to develop electric power. It does not have any other source of 

revenue outside of assessing its shareholders. It is clear then that the 

District cannot operate a power plant with a deficit even for a few early 

years in anticipation of better future economics resulting from escalating 

revenues. Because of this, it is recommended that the first five years of 

a state loan should be interest-deferred. There is precedence for this in 

Wyoming state financial support for development projects. 

It should be pointed out that all benefits computed in this report assume 

average annual production for energy output. This is standard procedure, 

but it can be misleading when cash flow is critical, as in the early years 

for the District. The early years could be "dry", with energy revenue 

below average; this is a further argument for the interest-deferred initial 

period. 
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Falling Water Charge 

A "falling water charge" has traditionally been assessed nonfederal 

entities developing hydropower at federal dams, the rationale being that 

the government developed the head that made the power possible. 

In the past, the assessment has been an annual charge equal to one-half of 

the first year I s net benefits. This, of course, requires positive net 

benefits in the first year, which Willwood does not exhibit. 

The proper way of handling "falling water charge" is not clear at this 

time, and no attempt has been made to include it in this study. 
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TABLE VIII-l 

BENEFIT-COST RATIOS 

i = 6%, n = 40 yr, e = 5% 

THOUSAND DOLLARS 

Plant 1985 1990 1995 
Rating B C B B C B B C B 

MW Thous $ C Thous $ C Thous $ C 
(1) (2) ( 3) (4) (5) (6) (1) (8) (9) (10) 

1.4 315 402 0.933 418 430 1.112 610 461 1.306 

1.6 381 416 0.930 494 445 1.110 631 482 1.309 

1.8 391 430 0.923 501 460 1.102 646 498 1.291 

1.81- 400 436 0.911 510 465 1.091 651 503 1.294 

1.81+ 356 436 0.811 454 465 0.916 519 503 1.151 

2.1 362 452 0.801 462 482 0.959 589 521 1.131 

2.3 366 461 0.184 461 491 0.940 596 536 1.112 



TABLE VIII-2 

BENEFIT-COST RATIOS 

i = 6%, n = 40 yr, e = 1% 

THOUSAND DOLLARS 

Plant 1985 1990 1995 
Rating B C B B C B B C B 

MW Thous $ C Thous $ C Thous $ C 
(1) (2) ( 3) (4) (5) (6) (7) (8) (9) (10) 

1.4 375 402 0.933 525 443 1.185 737 500 1.474 

1.6 381 416 0.930 543 458 1.186 762 517 1.474 

1.8 397 430 0.923 557 474 1.175 781 533 1.465 

1.87- 400 436 0.917 561 479 1.171 786 539 1.458 

1.87+ 356 436 0.817 499 479 1.042 699 539 1.297 

2.1 362 452 0.801 507 496 1.022 111 558 1.274 

2.3 366 467 0.784 513 511 1.004 720 574 1.254 



TABLE VIII-3 

BENEFIT-COST RATIOS 

i = 8%, n = 40 yr, e = 5% 

THOUSAND DOLLARS 

Plant 1985 1990 1995 
Rating B C B B C B B C B 

MW Theus $ C Theus $ C Theus $ C 
(1) (2) ( 3) (4) (5) (6) (1) (8) (9) (10) 

1.4 315 486 0.112 418 515 0.928 610 551 1.101 

1.6 381 504 0.168 494 533 0.921 631 510 1.101 

1.8 391 522 0.161 501 552 0.918 646 589 1.091 

1.81- 400 529 0.156 510 559 0.912 651 596 1.092 

1.81+ 356 529 0.613 454 559 0.812 519 596 0.911 

2.1 362 549 0.659 462 580 0.191 589 618 0.953 

2.3 366 561 0.646 461 598 0.181 596 631 0.936 



TABLE VIII-4 

BENEFIT-COST RATIOS 

i = 8%, n = 40 yr, e = 7% 

THOUSAND DOLLARS 

Plant 1985 1990 1995 
Rating B C B B C B B C B 

MW Thous $ C Thous $ C Thous $ C 
(1) ( 2) ( 3) (4) (5) (6) (7) (8) (9) (10) 

1.4 375 486 0.772 525 528 0.994 737 585 1.260 

1.6 387 504 0.768 543 546 0.995 762 605 1.260 

1.8 397 522 0.761 557 565 0.986 181 625 1.250 

1.87- 400 529 0.756 561 572 0.981 786 632 1.244 

1.87+ 356 529 0.673 499 572 0.872 699 632 1.106 

2.1 362 549 0.659 507 593 0.855 711 655 1.085 

2.3 366 567 0.646 513 612 0.838 720 615 1.067 



TABLE VIII-5 

NET BENEFITS - 1.87 MW PLANT 

i = 6%, n = 40 yr, e = 5% 

THOUSAND DOLLARS 

Net Accumulated 
Year Benefits Costs Benefits Net Benefits 
.u.L (2) (3) (4) (5) 

1985 400 436 -36 -36 

1986 421 441 -20 -56 

1987 442 446 -4 -60 

1988 465 452 13 -47 

1989 487 458 29 -18 

1990 510 464 46 28 

1991 534 471 63 91 

1992 559 477 82 173 

1993 586 485 101 274 

1994 616 493 123 397 

1995 650 502 148 545 



TABLE VIII-6 

NET BENEFITS - 1.87 MW PLANT 

i = 6%, n = 40 yr, e = 7% 

THOUSAND DOLLARS 

Net Accumulated 
Year Benefits Costs Benefits Net Benefits 
i!.L (2) (3) (4) (5) 

1985 400 436 -36 -36 

1986 430 444 -14 -50 

1987 461 452 9 -41 

1988 493 461 32 -9 

1989 526 471 55 46 

1990 560 480 80 126 

1991 599 490 109 235 

1992 640 500 140 375 

1993 681 511 170 545 

1994 727 524 203 748 

1995 786 539 247 995 



TABLE VIII-1 

NET BENEFITS - 1.81 MW PLANT 

i = 8%, n = 40 yr, e = 5% 

THOUSAND DOLLARS 

Net Accumulated 
Year Benefits Costs Benefits Net Benefits 
i!.L (2) ( 3) (4) (5) 

1985 400 529 -129 -129 

1986 421 535 -114 -243 

1981 442 540 -98 -341 

1988 464 546 -82 -423 

1989 486 552 -66 -489 

1990 510 558 -48 -531 

1991 536 565 -29 -566 

1992 561 511 -10 -516 

1993 581 518 9 -561 

1994 611 586 31 -536 

1995 650 595 55 -481 



TABLE VIII-8 

NET BENEFITS - 1.81 MW PLANT 

i = 8%, n = 40 yr, e = 1% 

THOUSAND DOLLARS 

Net Accumulated 
Year Benefits Costs Benefits Net Benefits 
i!..L (2) (3) (4) (5) 

1985 400 529 -129 -129 

1986 429 531 -108 -231 

1981 459 546 -81 -324 

1988 491 555 -64 -388 

1989 523 563 -40 -428 

1990 560 512 -12 -440 

1991 598 582 16 -428 

1992 640 593 41 -381 

1993 685 604 81 -300 

1994 130 611 113 -181 

1995 185 632 153 -34 
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SECTION IX 

ENVIRONMENTAL ASSESSMENT 

General 

The construction of a low-head hydroelectric unit at the Willwood Dam would 

involve a minimum of activity and environmental impacts. The powerhouse 

site, which is downstream of the dam at the right abutment, was previously 

disturbed during the 1920's construction period, with no restoration 

efforts undertaken at that time. Access to the proposed site already 

exists via the paved secondary road and the original unpaved access road at 

the right abutment which extends down to the right bank a short way 

downstream of the dam. Minimal work would be required on the dam itself 

since the original design incorporated an opening for future use in power 

generation. No modifications are proposed which would result in a ponding 

operation with its attendant flow and water level fluctuation, since this 

is not considered to be acceptable from an irrigation view point. Flows 

will be utilized as they are received at the dam after upstream reservoir 

regulation, irrigation diversions and returns. 

In the past, it has been standard practice, to surcharge the reservoir 

water level about 0.4 ft from mid-July to mid-August to increase the canal 

capacity during the peak irrigation demand period. This, of course, means 

spilling at a significant amount of water over the dam, about 260 cfs. If 

power is developed, it is proposed to pass this water through the power 

plant by installing low flash boards on top of the dam during this period. 

This would not change the reservoir water levels from the way the reservoir 

has been operated in the past. 

Specific areas of environmental concern and their impact on the feasibility 

of the proposed project are disucssed in the following sections. 

Aquatic Ecology 

The Shoshone River in the vicinity of the Willwood Dam supports 

self-sustaining populations of brown trout and whitefish. These species, 
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along with stocked populations of rainbow trout, supply a good sport 

fishery in the area. In general, the sport fishing is heavier in the 

reaches below the dam than in the reservoir. No threatened or endangered 

species are known to inhabit this area; however, Yellowstone cutthroat 

trout (Salmo clarkii bourviere), which are listed as a "state-unique 

species," have been collected at the Willwood Dam. 

The reservoir is about 1 mile long with fairly stable water levels during 

most of the year except during drawdown and sluicing when the level can 

drop as much as 13 ft. The reservoir is also used by migratory waterfowl. 

Discussions with the Wyoming Game and Fish Department (WGFD) indicate that 

the major aquatic ecological concerns are sudden increases in sediment 

loads and high hydrogen sulfide (H
2

S) releases (from decaying organic 

matter trapped behind the dam) corresponding with sluicing activities. 

Sluicing usually occurs during low-flow periods (late November), which can 

magnify the adverse impacts of high-sediment loads and increased H
2

S 

releases on downstream fisheries. Sluicing activities have caused problems 

in the past with downstream fish survival and spawning success; WGFD would 

like to have this problem alleviated. 

Willwood Irrigation District (WID), the U.S. Bureau of Reclamation, and the 

Wyoming Department of Environmental Quality have entered into an agreement 

that calls for periodic monitoring of suspended solids at permenant 

sampling locations in the reservoir and in the river downstream of the 

dam. The agreement also includes provisions that the agreement would be 

modified once construction begins on the Willwood Hydroelectric Proj ect. 

If a hydroelectric facility at the Willwood Dam proves feasible and the 

modified agreement calls for sluicing to be discontinued once the unit 

becomes operational, the ecological concerns and adverse impacts of the 

present sluicing activity would be eliminated. 

Based on this review, there appear to be no aquatic ecological fatal flaws 

associated with this proposed project. 
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Terrestrial Ecology 

The available literature on the Willwood Proj ect was evaluated along with 

contacts made with pertinant regulatory agency personnel to determine any 

possible "fatal flaw" features concerning threatened, rare, or endangered 

species. No threatened, 

known to exist in the 

rare, and endangered species, animal or plant, are 

immediate vicinity of the propos ed project area. 

However, certain protected species are known from the Shoshone River area 

between Cody and Powell, Wyoming. 

No new information regarding protected species was found in the Willwood 

literature sources. As noted in the Bureau's draft "Willwood Powerplant 

Appraisal Report" of August 1980, bald eagles use portions of the Shoshone 

River, especially during the winter months. Bob Oakleaf of the \vyoming 

Game and Fish Department (WGFD in Lander) noted that bald eagles do use the 

river even during the spring, summer, and fall months. He could not say if 

the eagles use that portion of the river near the project site. Oakleaf 

also noted that the protected peregrine falcon also utilizes the Shoshone 

River but apparently not in the proposed power plant area. Golden eagles 

are known to nest in the general proj ect area but not in close enough 

proximity to be affected by project activities. 

Terry Killough of the Wyoming Game and Fish Department (in Cody) and 

private ecological consultant Tim Clark of Biota Resources (in Jackson) 

were contacted about black - footed ferrets in the project area. Both doubt 

that ferrets currently occupy the project area due to the lack of known 

terrain conditions necessary for prairie dog colonies, but they could not 

be certain since neither has conducted field work in that particular area. 

Clark noted that southeast of the site towards Meeteetse, his field work 

has turned up many new records of black-footed ferrets in the Big Horn 

Basin. He mentioned that the potential for ferrets might exist in other 

areas related to this project such as access roads or transmission line 

corridors. Wilbur Higgins, Manager of the Willwood Irrigation District, 

was contacted, and he stated that he knows of no prairie dog colonies in 

the project area due to the poor and gravelly condition of the terrain 

which is not conducive to habitation by prairie dogs. 
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The; WGFD referred inquiries about threatened, rare, and endangered plant 

'species to the Nature Conservancy in Cheyenne. Conservancy staff member 

Lisa Engbretson confirmed that no federally-listed or state-listed plant 

species are known from the project area. 

No threatened, rare, and endangered species of animals and plants are known 

to exist in the immediate vicinity of the power plant area, and there 

appears to be no "fatal flaw" elements at the terrestrial ecological level 

to impede project developments. 

\{ater Quality 

The existing water quality of the Shoshone River in the vicinity of the 

Willwood Dam would remain virtually unaffected by the construction of the 

power project. Under present operating conditions, water entering the 

reservoir is diverted for irrigation above the dam, or remains in the river 

and discharges over the dam spillway, or is used to sluice sediment which 

accumulates behind the dam. 

As discussed under Aquatic Ecology, problems associated with high suspended 

sediment loads occurring during sluicing operations and with high H
2

S 

releases have occurred in the past. As previously mentioned, the Willwood 

Irrigation District has entered into an agreement with the USBR and WGFD to 

alleviate these problems. This agreement, which is in effect from January 

15, 1982, through August 31, 1986, calls for periodic monitoring of 

suspended solids concentrations upstream and downstream of the dam. The 

suspended solids readings are to be within 10 NTU's of each other or else 

the position of the sluice gates must be changed to achieve readings within 

this allowable range. 

This agreement does not apply if the hydroelectric project is pursued. At 

such time as construction begins for the power project, the agreement calls 

for modifications to take place to account for the operation of the plant. 

Since a portion of the suspended sediment will be continually passed 

through the turbine, problems associated with sediment buildup and sluicing 

should be less with plant operation as compared to the present situation. 
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The potential for anaerobic conditions developing behind the dam, causing 

the release of high concentrations of H
2

S downstream during sluicing, 

should be minimized with the operation of the power project. The water 

passing through the reservoir to supply the unit should provide an adequate 

source of oxygen to prevent the condition of anaerobic decomposition from 

developing. 

The construction and operation of the Willwood Power Proj ect should not 

adversely affect the water quality of the Shoshone River. 

Social and Economic Characteristics 

The 1980 population in Park County was 21,639, an increase of 21.9 percent 

over 1970. Of this, 11,324 live in the Cody vicinity, including 6,790 in 

the city itself, and 8,930 live in the Powell area, including 5,310 in the 

city of Powell. Areas of growth in Park County have changed from the rural 

farm areas in the 1930' s to the rural non-farm and urban areas in the 

1960's and 1970's. 

The labor force in Park County was 11,101 in October 1981, an increase of 

330 from 10,771 in October 1980 and an increase of 4,001 from 7,100 in 

1970. The unemployment rate varied from 4.2 percent in 1970 to 3.1 percent 

in October 1981. Current unemployment is estimated at 4.5 percent. 

Although irrigated agriculture is the primary industry in the vicinity of 

the project area, oil and natural gas production and tourism are the most 

important employment categories in Park County. Recent developments, 

including the planned closing of the Husky Oil Refinery in Cody, have 

slowed the growth in oil and gas activities. 

Tourism continues to be very important to the economy, with Yellowstone 

National Park on the western border of Park County, the Buffalo Bill 

Reservoir near Cody, the Shoshone National Forest in the northwestern 

section of the county, and Bighorn Lake to the east. 

The construction of the proposed project would have a minimal effect on the 

service and housing infrastructure of the area. The maximum size of the 
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work force is estimated to be 12 to 15 workers. Construction is estimated 

to take about 1 year. No operational work force will be required. 

Noise ---

The effect of noise on the surrounding environment caused by construction 

of the proposed project should be minimal. The nearest inhabited dwelling, 

as identified on USGS topographic maps, is about 0.5 miles from the dam 

site. Some blasting will be necessary in the vicinity of the proposed 

powerhouse, but the sparse population near the dam site minimizes potential 

impacts. 

The effects of noise from blasting, construction equipment, and increased 

truck traffic should not affect the feasiblity of the proposed project 

unless restrictions are imposed to protect rare and endangered species, 

should any be found to be inhabiting the area. 

Historical and Archeological Resources 

The Federal Register of March 18, 1980 and its supplements lists no 

historic or archeological properties within the area. No cultural 

resources surveys have been conducted at the dam location; however, due to 

the existing disturbance within the proposed project area, the probability 

of undiscovered historic or archeological resources is minimal. This 

position is supported by the Wyoming State Historic Preservation Office 

(SHPO), which has recommended a cultural resource clearance for the 

proposed project subject to the following stipulation: 

"If any archeological or historic materials are discovered during 

construction, work in the area must halt immediately and the SHPO must 

be contacted. Work in the area may not resume until the cultural 

materials have been evaluated and adequate measures 

protection have been taken. " 
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Project Development Schedule 

SECTION X 

MANAGEMENT AND 

IMPLEMENTATION PLAN 

A Project Development Schedule has been formulated for the principal 

project activities such as licensing, design, construction, the 

turbine/ generator equipment package, and the state loan program. It is 

shown in Figure X-7. The project on-line date is envisioned as March 31, 

1985. 

The schedule is reasonable with about one year each allowed for design, 

construction, and fabrication and delivery of the turbine/generator 

package. A total of nine months has been allocated to the licensing 

process. 

The legislature normally meets in January and February of each year, so the 

loan appropriations would have to be in early 1983 and 1984 to hold to the 

schedule. The Level III loan in Figure X-1 would be for design and Level 

IV for construction. 

Cash Flow 

Annual cash flow for the above project schedule for a 1.87 MW plant would 

be approximately as follows based on a typical S-curve of expenditures for 

this type of proj ect: 

Expenditures 
Cumulative % Total 

Year x 1,000 $ x 1,000 $ Dollars 

1981 10 10 
1982 65 75 2 
1983 1,770 1,845 40 
1984 2,245 4,090 89 
1985 500 4,590 100 
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Total project investment cost for a single unit 1.87 MW plant on-line on 

March 31, 1985, will be $4.59 million, that is, $2,455/kW. 
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SECTION XI 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

The following can be concluded from this feasibility study: 

1. The existing Willwood Dam is well suited technically to the development 

of a small-scale hydro project. Head, flow, and general features are 

ideal for a horizontal tube-type unit. 

2. There are no significant institutional impediments to such a project. 

3. There are no known serious environmental obstacles to the project. 

4. Past sluicing of reservoir sediment deposition has been of significant 

concern, but proposed year-round run-of-river operation of the power 

plant should satisfy state DEQ requirements in the future. 

5. A sedimentation pond should be installed in the Willwood Canal to 

replace the past reservoir desilting role. 

irrigation water quality as compared to the past. 

This will improve 

6. The most likely power market is the Western Area Power Administration. 

7. Based on marketing with WAPA and hydrology corresponding to the present 

state of development in the region, the optimum plant size is a single 

1.87 MW unit. This would produce about 10.92 GWh/year. 

8. Proj ect viability is dependent on a 6 percent 40-year Wyoming State 

loan with the early year's interest deferred. 

9. A further requirement would be the first five years interest-free to 

insure that the District not operate at a deficit. Deficit operation 

is a risk the District could not undertake. 
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10. The very likely raising of upstream Buffalo Bill Dam will affect the 

hydrology at Willwood Dam. The effects are not known at this time 

and, therefore, not included in this report. It is believed, however, 

that the overall effect could be beneficial to the projcect. 

Recommendations 

It is recommended that: 

1. Discussions should be held with the state regarding a loan for the 

cost of preparing a FERC License Application and for project financing 

through loans authorized by the state legislature. 

2. FERC should be requested to extend the Preliminary Permit period to 

allow for the above discussions and provide time for the preparation 

of a License Application. There are other reasons for delays, 

including the need for USGS measurements for the important 

sedimentation study. 

3. The engineer should be authorized to proceed with the FERC License 

Application as early as possible. 

4. Discussions with the Bureau should be held on the "falling water 

charge" when project financing is more definite. 

5. Discussions with Wyoming DEQ and the Bureau should be held on the 

proposed method of reservoir operation, and a new agreement should be 

negotiated on this subject. 

6. Include in the FERC License Application preparation an analysis of the 

effect of raising Buffalo Bill Dam on Willwood hydrology and power 

output. This should be in consultation with the Bureau and should be 

as up-to-date as possible. 
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APPENDIX A 

Bureau of Reclamation 
General Arrangement Drawings 

Willwood Dam 
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:\'OH.JA " STONE 8: WEBSTER ENGINEERING CORPORATION 

FlLE COpy. BOSTON 

Axel-Johnson Corporation 
666 Howard St. 
San Francisco, CA 94105 

Attention: Mr. John Whiteheaa 

Dear Sir: 

cc: N. K. Whitcomb/DOC Gen. Files 
G. Grinnell 
Clerk/JB# 13742.01 
R. Mascolo 

September 1, 1982 

J. O. No. 13742.01 

WILLWOOD HYDROELECTRIC PROJECT 
COST OF ELECTROMECHANICAL EQUIPMENT PACXAGE 

We are presently engaged in a Feasibility Study tor in:5talling hydrol)ower 
at existlllg Willwood Dam on the Shoshone River near Powell in northwest 
Wyoming. Cur client is the WUlwocd Irrigation Di:str1et, tile operato~ of 
the dam, which is owned by the U.S. (Bureau of Reclamat1on). The District 
has a PERC Preliminary Permit and a state loan tor the'pre8ent study. 

The net power head at Willwood Dam ~ about 40 teet ana average flow about 
675 ets. A flow duration curve is attached. We believe the net loss in 
head due to rising tallwater 1~ small enough to neglect. 

Because ot the nat~ ot the firm and secondary power benef1t~ which we 
have tentatively negotiated with the Qcst likely market, the Western Area 
Power Adm1ni3tration, we have selected a single unit with a m.a%1mum full 
gate generator output. ot about 1.87 MW. Average annual output has been 
estimated as 11.26 Gwll, based on an overall eff1ciencies ot 95. 3S tor the 
high-speed generator,. 98.5S for the sl)eed increa:ser and 90~ for a full 
Kaplan-type turbine giving a combined overall value of 84.4%. Other 
assumptions are that minimum and maximum machine water capacities are 200 
and 66 7 Qf~. The 200 et:s 1.3 important oecawse i t correspond~ to the 
summertime Q90 wbich i~ one criteria tor firm power. We would appreciate 
any comments you migbt care to make regarding these assuml)t1ons. 

We are asking your assistance in estimating cost ot an equipment package 
which would include the full Kaplan turbine, speed increaser, synchronous 
generator, governor and associated controls. This plant requires a 6 foot 
by 7 foot wheel-type head gate instead of a butterfly valve. Please 
include a step-up transformer to 34.5 kV in your estimate. 
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STONE a: WEBSTER ENGINEERING CORPORATION 

FILE COpy. BOSTON 

Mr. J. Whi tehead 
September 1, 1982 
Page Two 

The pricing information requested herein is for estimating purposes only. 
This is not a solicitation for a quotation nor a proposal proffered for 
purchasing or contractural commitment. Any reply based on, or including 
data identified as proprietary will be considered as confidential. 

We very much appreciate your cooperation and attention to this request. 
Anything you can do to expedite this wil~ also be appreciated. Should you 
have any questions, please do not hesitate to call. 

KHW/RM/kc 

Enclosures 

Very truly yours, 

~~/#~~ 
J~~;;~ H. Wood 
Manager - Procurement 
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September 13, 1982 

,.. DC u" ~-' ,. 'I' LJ - I ,...) I~.'.~, ' 
... , ~,-. '. 

·82 SEP 15 

Stone & Webster Engineering Corp 
P.O. Box 5406 
Denver, CO 80217 

Attention: Mrs. Kathleen H. Wood 
Manager - Procurement 

Gentlemen: 

AS 56 

WILLWOOD HYDROELECTRIC PROJECT 

c:C,1 

COST OF ELECTROMECHANICAL EQUIPMENT PACKAGE 

Thank you for your letter of September 1st. The selection and 
assumptions made for the above referenced project appear reason
able based on the information provided. The peak efficiency for 
the full Kaplan turbine may be one or two percentage points 
above the 90% indicated. There should be no problems operating 
down to 200 cfs provided sufficient submergence is available. 

A budget price for an 1850 mm horizontal full Kaplan turbine 
complete with speed increaser, synchronous generator, governor, 
controls, switchgear, transformer and inlet gate would be 
$1,250,000. This does not include installation. A direct drive 
generator may be a viable alternate for this project depending 
on value placed on power output. 

Please do not hesitate to call if you have any further questions. 

Very truly yours, 

AXEL JOHNSON ENGINEERING CORPORATION 

Jonathan Whitehead 
Sales Engineer 

JW:ak 

NOTED K. COWlISHAW SEP 2 L 

NOTED rc H. WOOD ~.,_'-, 1. ~ l'C~) 
.... 1\ ... '-

Axel Johnson 
E:1gineering Corporation 

666 Howard Street Telephone 
San Francisco, CA 94105 B-3 415 777-3800 

Member of 
Telex 330422 The .~xel Johnson Group 



STONE a WEBSTER ENGINEERING CORPORATION 

FILE COpy. BOSTON 

Allis-Chalmers 
Hydro-Turbine Division 
East Berlin Road 
Box 712 
York, PA 17405 

Attention: Mr. William Pentin 

Dear Sir: 

CC: R. J. Conlon/DOC Gen. Files 
G. Grinnell 
General Files/Boston 
Clerk/JB/BK 13742.01 
R. Mascolo 

June 21, 1982 

J. o. No. 13742.01 

WILLWOOD HYDROELECTRIC PROJECT 
PACKAGE UNITS COST DATA 

We are presently engaged in a Feasibility Study for installing hydropower 
at existing Willwood Dam on the Shoshone River near Powell in northwest 
Wyoming. Our client is the Willwood Irrigation District, the operators 
of the dam which is owned by the U.S. (Bureau of Reclamation). The District 
has a" FERC Preliminary Permit and a state loan for the present study. 

One of the purposes of our Feasibility Report is to select an optimum 
installed capacity. Normally, we would optimize after establishing 
feasibility, but ~vith an uncomplicated small project such as this, we 
want to combine and accelerate the study procedures and proceed directly 
to licensing. We are also under a time constraint since the FERC license 
must be filed by November 30, 1982. 

It is in connection with selecting an optimum capacity that we are asking 
your help. We have performed a power study based on the attached flow 
duration CU~le and a net head of 40 feet. The results, \vhich are also 
attached, make it rather clear that a single unit installation is best 
suited to this hydrology. 

We have also done a power benefit study, the results of which are attached 
as Figure IV-I. The abrupt drop in benefits at capacity 1.53 MW is explained 
by the definition of firm energy as energy available 90% of the time. Our 
assumptions regarding machine performance are such that any machine rated 
larger than 1. 53 ~.J' would be available less than 90% of the time and would, 
therefore, produce only secondary energy at a value of 20 mills per kt~. 
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STONE 8: WEBSTER ENGINEERING CORPORATION 

FILE COpy. BOSTON 

Mr. W. Pentin 
June 21, 1982 
Page Two 

Firm energy is given a value of 23.6 mills for capacity value and 20 
mills for energy value for a total of 43.6 mills per kWh. 

Our assumptions regarding machine performance are that rating is at point 
of best efficiency \vhich is 88% overall. Maximum and minimum water capacity 
are 140% and 42% of rated discharge (minimum Q is 30% maximum Q). Overall 
average efficiency is 84.5%. Any comments you have regarding these assumptions 
would be appreciated. Your comments on the possible advantage of adjustable 
vanes would also be appreciated. We have assumed adjustable blades and 
fixed vanes, head gate at the intake and no valve in the powerhouse. 

We are now estimating the powerhouse civil works for four (4) sizes of 
A-C tube type units; 1,500, 1,750, 2,000 and 2,250 mm runner diameter 
covering a capacity range of 1,300 to 2,750 kW. We would very much 
appreciate study level estimating costs for standard A-C package units for 
these four sizes. Please include a 4.16 - 34.5 kV step-up transformer. 
For this stage of work, our electrical engineer perfers to assume a 
synchronous generator although our e~-perience in the West tends to confirm 
your comments as ~o the availCibility of system vars and the suitability 
and advantage of an induction generator. This requires more careful study 
than we can give it now, so we will return to the question at some later 
time. 

We appreciate your cooperation and attention to this request. Should you 
have any questions, please call me. 

RM/kc 

Enclosure 

Very truly yours, 

f~ 
R. Mascolo 
Project Engineer 
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NOTES OF T~LZPEONE CONV~RSAT!ON 

J.O. No. 13742.01 

:opy to: G. K. Grinnell Clerk/JB# 13742~01 

W. E. Shaughnessy R. Mascolo 

K. G. Laurence 

PROJECT A.,;.~D CL!Z~IT: WlltLWOOD IRRIGATION DISTRICT, Willwood Hvdroelectric Project 

COMPANY 

1. Bill Pentin Allis-Chalmers 

2. Dick Mascolo SWEC 

3. 

TL'1E OF O.LL: a. m. OATE:July 14, 1982 !NITI..~TED BY: Pentin ------- -----------------
TOPIC: Packaged Tube Units Costs and Performance 

DISCUSS!ON: 

This call is in response to our inquiry of June 21. The A-C package includes 
intake wheel gate (no butterfly valve), tu~bine' with fixed vanes, adjustable blades., 
speed increaser, synchronous generator, hydraulic power unit for the governor. 
switchgear, controls, protective package, 4.16/34.5 step-up transformer and disconnect 
switch. Performance and costs follow for 4 different size units. Generator and 
speed increaser efficiencies are given as 95% & 98.5%. 

Runner dia. (mm) 1,500 1,750 2,000 2,250 

Turbine kW 1,371 1,866 2,437 3,085 

cfs 461 627 817 1,032 

Generator kW 1,280 1,764 2,304 2,917 

f Runner setting (ft) -2.9 -3.3 -3.7 -4.3 

FOB factory (thous. $) 917 1,055 1,210 1,376 
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