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The Irrigation Hydropower Study Level I1 was prepared for the Shoshone Irrigation District and 
Willwood Irrigation District and funded by the Wyoming Water Development Commission 
(WWDC). The study evaluates the feasibility for development of hydroelectric generating 
facilities within the districts. The study was prepared by A&H Consulting of Lovell, Wyoming 
and their subconsultant, Sunrise Engineering of Afton, Wyoming. The sites which were 
evaluated for potential hydropower development were Iron Creek, Willwood Diversion Dam, 
Deer Creek Drop, Willwood Chute, and Peerless Chute. For maps, drawings, and more detailed 
information about the study, please refer to the study report. 

The study concluded that none of the proposed hydropower facilities were economically 
feasible under current power market conditions. 

The Shoshone Irrigation District is interested in developing the Iron Creek site, and the 
Willwood Irrigation District is interested in developing the other four sites. 

Iron Creek 
The Shoshone Irrigation District diverts water from the Shoshone River at the Corbett Diversion 
Dam located on the Shoshone River southwest of Powell, Wyoming. From the diversion dam 
the water flows north through the Corbett Tunnel roughly parallel to the river for about three 
miles. At Iron creek, the flows exit the Corbett tunnel into Iron Creek Pool. Iron Creek Pool 
was created by blocking the normal Iron Creek Drainage with a small earthen dam. The pool is 
the head of the Garland Canal. At the northeast end of the pool, the Garland Canal head gates 
route the water from the pool into the canal. After the end of irrigation, a valve is opened in the 
side of the pool which allows the flow of Iron Creek to exit below the earth dam and into the 
Shoshone River. At the Iron Creek Pool, the water surface is approximately 70 feet hgher than 
the Shoshone River. The proposed hydropower facility will drop water from the Iron Creek pool 
into the bottom of the Iron Creek drainage, then release the water to the Shoshone River. From 
the pool level down to the existing drainage near the river is about 60 feet. The existing Iron 
Creek drainage will be excavated to provide additional head for generation and additional flow 
capacity in the channel to the river. 

Flow for generation at the Iron Creek site would be water diverted fkom the Shoshone River 
which is not necessary for irrigation. Most of the Corbett Tunnel capacity of 900 cfs is utilized 
for irrigation water during the summer, so most of the flow available for generation is in the late 
fall, winter, and early spring months. Because some water must remain in the river past Corbett 
Dam but the amount of required "maintenance flow" is unknown, hydropower feasibility was 
evaluated using river maintenance flow increments of 100 cubic feet per second (cfs), 200 cfs, 
and 300 cfs. 

Willwood Diversion Dam 
The Willwood Irrigation District operates the Willwood Dam and the Willwood Canal. 
Willwood Dam is an irrigation diversion dam to divert water from the Shoshone River into the 
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Willwood Canal for irrigation. The canal begins at the dam, then flows north and east and 
irrigates lands on the south side of the Shoshone River. Facilities were constructed in the early 
1920s by the then United States Reclamation Service (now USBR). An opening for a 7 ft 
diameter power penstock was built into the dam, but USBR did not construct a hydropower unit 
at the site. The dam is located 4 miles south of Ralston, Wyoming on the Shoshone River. It is a 
concrete gravity type dam with a structural height of 70 feet and a hydraulic height of 
approximately 45 feet. 

The proposed powerplant at Willwood Diversion Dam would utilize river flows which normally 
pass downstream over or through the dam. Most of the flow wluch would be utilized for power 
generation will occur in the late fall, winter, and spring. Flows passing the dam vary from zero 
to thousands of cfs. 

Deer Creek Drop 
This site is located at the Deer Creek Pipe Drop on the Willwood Canal. This drop is a buried 
circular conduit that drops approximately 45 feet in its 3 15 foot length. After exiting the drop, 
the canal flows a short distance before crossing under Deer Creek with an inverted siphon. At 
the Deer Creek Pipe Drop, the canal flow is approximately 80% of the original diversion from 
the Shoshone River. This potential hydropower site would utilize existing irrigation flow in the 
canal to generate power. 

Willwood Chute 
Willwood Chute is a rectangular concrete section approximately 6 feet wide located in the 
Willwood Canal west of Willwood Draw. The chute is 640 feet long and drops 35 feet. At the 
Willwood Chute, the Willwood Canal flow is approximately 72% of the original diversion. This 
potential hydropower site would utilize existing irrigation flow in the canal to generate power. 

Peerless Chute 
Peerless Chute is similar to the Willwood Chute. It is located in the Willwood Canal west of 
Peerless Coulee. Its length is 1,020 feet and it drops 40 feet. At the Peerless Chute the 
Willwood Canal flow is approximately 40% of its original diversion. As with Deer Creek and 
Willwood Chute, this potential hydropower site would utilize existing irrigation flow in the canal 
to generate power. 

CONCEPTUAL DESIGNS 

Each site has the common characteristic that existing structures will be incorporated into the 
design. The existing structures will serve key functions in the operation of the hydro. In the case 
of the Iron Creek site, the existing Corbett Diversion Dam, Corbett Tunnel, and Iron Creek Pool 
will convey the flows essentially to the plant. Willwood Diversion Dam has an opening for a 
power penstock already built through the dam. In the case of the Willwood canal sites, the 
existing drop or chute structures will serve as emergency bypass and overflow functions. A 
diversion will be located at the top of the existing drop or chute, a penstock runs to the bottom of 
the drop, and a powerhouse would be located at the bottom of the drop with a discharge back 
into the existing main canal channel. 
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Historic and estimated hydrology data was evaluated along with the head available at each site to 
determine the appropriate turbine capacity and type. A Francis type turbine is best suited for the 
Iron Creek site. An axial flow or Kaplan type turbine is recommended for the Willwood Dam, 
and axial flow turbines are recommended for all three of the canal sites. 

The generator for each hydro site was sized to balance annual power production with facility 
cost. In other words, the recommended generator is not necessarily the largest possible, but 
rather the smallest that still produces power quantities similar to that of the largest generator. As 
a rule of thumb, optimum generator size generally occurs near the 18 percentile flow range on 
the stream flow duration curve. Each of the generators will be a horizontal mounted unit. 

The unit sizes recommended for the sites in this study are shown in the table below. 

l ~ i l lwood  Dam 1 2.000 kW I 

Iron Creek 100 cfs instream 
Iron Creek 200 cfs instream 
Iron Creek 300 cfs instream 

IDeer Creek Pipe Drop I 780 kW I 

2,000 kW 
1,500 kW 
1,100 kW 

Sites and Generator Sizes 

Willwood Chute 
Peerless Chute 

The power houses will be reinforced concrete structures with a control building on top. Access 
will be through the roof. The concrete power house will contain the turbine, speed increaser, 
generator, and hoist. The control building will house the necessary control equipment. The 
power plants will require a daily visit fiom irrigation district personnel, but normal daily 
operation will be largely automated. 

540 kW 
360 kW 

Rather than construct new transmission line fiom the proposed hydropower sites to existing 
substations, the study recommends a step up transformer near the power house and new power 
lines connecting to existing three phase power distribution lines in the area. In order to interact 
with existing power facilities, the hydro will require considerable investment in switchgear, 
power panels, transformers, meters, and safety equipment. The equipment will insure the hydro 
does not adversely affect the operating characteristics of the existing system by causing power 
surges, voltage drops, frequency fluctuations, etc. The equipment must also isolate the station 
fiom the existing system during maintenance of either facility. In the case of the proposed 
hydropower plants in this study, the units will not operate independently of the grid. When the 
grid goes down, the hydro will also shut down until such time as the grid is restored; then the 
hydropower plant will require manual operation to restart. 
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ESTIMATED COSTS AND POWER GENERATION 

The table below shows estimated costs and estimated annual power produced. The costs include 
equipment, construction, permitting, environmental, right of way legal, interconnection study, 
design, and inspection. The estimates are based on bid tabulations from past projects, 
manufacturer quotes, and the Means Heavy Construction Cost Data. The costs have been 
inflated to represent bidding in the year 2004, and include a 15% construction contingency. The 
estimated power production is based on the unit capacity rating and flow duration curves 
reflecting availability of flow for generation. 

Estimated Installation Cost 

ESTIMATED INSTALLATION COST 

BENEFIT / COST ANALYSIS 

Site 
Iron Creek 

Willwood Dam 

Deer Creek Pipe Drop 

Willwood Chute 

Peerless Chute 

Benefit 1 cost analysis were performed for each site based on 20 and 30 year loan periods, 4% 
energy price escalation rate, 3% inflation rate, and the interest rates shown. The benefit I cost 
analysis used the Tri States Generation and Transmission (Tri States) rate schedule along with 
estimated operation, maintenance, and equipment replacement costs. The 30 year analysis 
produced results similar to the 20 analysis. The tables below show the results for the 20 year 
analysis using 6% and 4% interest rates for a 20 year loan. For the projects to be feasible, they 
must have a benefit 1 cost ratio greater than 1.0 for the given energy rate. 
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Alternative 
100 CFS lnstream Flow 
200 CFS lnstream Flow 
300 CFS lnstream Flow 

Unit Size 
kW* 

2000 
1500 
1000 

2000 

780 

540 

360 

Estimated Annual 
Power Prod. kwh 

7,362,000 
5,139,000 
3,390,000 

7,760,000 

2,523,000 

1,746,000 

1 ,I 51,000 

Estimated 
Cost 

$ 2,981,000 
$ 2,575,000 
$ 2,196,000 

$ 2,900,000 

$ 2,000,000 

$ 1,837,000 

$ 1,643,000 

$ Cost Per 
kwh Produced 

0.40 
0.50 
0.65 

0.37 

0.79 

1.05 

1.43 



BENEFIT COST RATIO FOR VARYING ELECTRICITY RATES 
ShoshoneMlillwood Hydro Feasibility Study 

YR LOAN PERIOD @ 6.0% 

BenefitICost Ratio @ 6.0% 

I BENEFIT COST RATIO FOR VARYING ELECTRICITY RATES 1 

I ShoshoneMlillwood Hydro Feasibility Study 
20 YR LOAN PERIOD @ 4.0% 

I ENERGY RATE $/kwh 

Benewcost Ratio @ 4.0% 

None of the sites are feasible for the current power purchase rates of about 0.015 $/kWh 
indicated by Tri States and Pacific Power. In the 6% loan the power purchase rate will need to 
be in the 2.0$/kWh to 2.5$/kWh range for the Iron Creek and Willwood Dam sites to cash flow. 
The Willwood Canal sites begin to cash flow at the S.O$/kWh range for Deer Creek, the 
6.0$/kWh range for Willwood Chute, and 11 $/kwh for Peerless Chute. 

PERMITTING AND OTHER CRITICAL ISSUES 

There are a number of permitting and other issues which are critical in the development of these 
proposed hydropower sites. All of the proposed hydropower sites utilize land and facilities 
owned by the US Bureau of Reclamation (USBR). Coordination with and approval from USBR 
will be necessary to develop any of these sites. The Federal Energy Regulatory Commission 
(FERC) has authority to regulate all non-federal hydropower projects on navigable waters, 
federal land, and under other certain circumstances. Permits will be necessary from FERC. The 
licensing process with FERC and obtaining approval from USBR will involve environmental 
review of the proposed projects. This review will involve US Fish & Wildlife Service and the 
WY Game & Fish. Environmental requirements can have a significant impact on project 
feasibility for all of the sites. The Iron Creek and Willwood Dam sites will require permits from 
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the US Army Corps of Engineers. Permits will also be necessary from the WY State Engineer's 
Office and the WY Department of Environmental Quality. 

The market for the power is a critical issue and must be determined prior to development of the 
projects. Due to limitations on the power transmission grid, it does not appear currently feasible 
to market power outside of Wyoming. Pacific Power and Tri States Generating and 
Transmission are potential local markets for the power, but agreements and power marketing 
contracts will be necessary. In addition, agreements will be necessary with the owners/operators 
of the local power distribution system prior to making any interconnections of power facilities. 

CONCLUSION 

At current electric rates, the sites in this study are not yet feasible. If alternative funding, such as 
grants, or a higher than published energy price could be negotiated, the Iron Creek site, under 
certain flow conditions, may be feasible. The Willwood Dam has almost identical feasibility to 
the best Iron Creek site alternative and is not burdened with the river in-stream flow issues that 
are yet unsolved at the Iron Creek site. Because of the fishery designations in the Shoshone 
River, fishery issues will likely be a significant environmental concern. Environmental 
permitting andlor mitigation requirements may have significant adverse impact on project 
feasibility for all of the sites. The canal sites have less permitting and licensing effort but are 
burdened by relatively higher infrastructure costs to establish the station and interconnection to 
the electric grid. 

The canal sites will not be feasible until electric rates rise significantly relative to construction 
costs. The most feasible canal site is the Deer Creek Pipe Drop, followed by the Willwood 
Chute, and the Peerless Chute is the least feasible of the canal sites. 
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