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GVID Hydropower Feasibility Study 
Executive Summary 

INTRODUCTION 
Throughout the country, the increasing cost of power has resulted in a heightened interest in 
small hydropower projects. This is the case for the Greybull Valley Irrigation District (GVID), 
as they have several sites that might have hydropower potential. To determine whether or not 
these sites would be suitable for hydropower development, the GVID requested funding from the 
Wyoming Water Development Commission (WWDC) to conduct a feasibility study of this 
potential. 

This report presents the results of that Phase II feasibility study for hydropower generation 
utilizing the GVID's irrigation water supply system. The GVID's reservoirs and drops (the 
potential sites) are located in the area of Meeteetse, Wyoming see Figure ES1, ES2 & ES3. This 
report has been prepared by ECI, an AECOM Company the firm contracted by the WWDC to 
provide engineering services for GVID' s feasibility study. 

PURPOSE AND SCOPE 
The purpose of this study is to identify sites and evaluate the feasibility of using drop structures 
and outlet works on the GVID water supply system to generate hydropower. The feasibility 
determination requires the quantifying of power output at the selected sites and the ability of 
marketing or using this power. The feasibility is based on a comparison of costs versus benefits. 

BACKGROUND 
After the site visit and several meetings with the GVID, the assertion that there were only five 
potential sites that had technical and economic feasibility for small-scale hydropower generation 
was confirmed. Those sites selected for study are the following five: 

Site #1 - Upper Sunshine Reservoir Outlet Works (USSO) 
Site #2 - Lower Sunshine Feeder Canal Drop (LSSD) 
Site #3 - Lower Sunshine Reservoir Outlet Works (LSSO) 
Site #4 - Roach Gulch Reservoir Feeder Canal Drop (RGDC) 
Site #5 - Greybull Dam (Roach Gulch Reservoir) Outlet Works (RGDO) 

WATER SYSTEMS INVENTORY 
GVID typically supplies water to the irrigation system from April through the second week of 
October. The system diverts water from the Greybull River to the Upper Sunshine Reservoir, 
which is then released from the dam outlet through a channel to the Lower Sunshine Reservoir. 
Lower Sunshine Reservoir is also supplied by a diversion from the Wood River. These waters 
are then released back to the Greybull River out of Sunshine Reservoir to flow down to the 
irrigators or Roach Gulch Reservoir as needed. Before Roach Gulch Reservoir was completed in 
2001, the irrigation area was served by releases from Lower Sunshine Reservoir. With the 
ability to use Roach Gulch Reservoir as an afterbay, releases can be made through the upper two 
reservoirs to generate hydropower outside of an irrigation demand. The maximum capacity of 
the supply canals is 900 cfs to Upper Sunshine Reservoir, 600 cfs from Wood River, and 1,000 
cfs to Roach Gulch. The maximum capacity of the stream between the Upper and Lower 
Sunshine Reservoirs is 250 cfs without erosion protection. 
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POWER OUTPUT 

GVID Hydropower Feasibility Study 
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Knowing there is power potential from the preliminary calculation, more accurate power output 
estimations were calculated for each of the five sites over a seven-month period. The months of 
April through October were used for this analysis. The monthly productions were combined to 
determine the annual energy production shown in the Table-ES 1. The production is based on the 
assumption that almost all of the flow in the rivers can be diverted (up to the capacity of the 
feeder canals) to generate energy and then be returned to the rivers. 

The head available at Site # 5, the outlet to Roach Gulch, will be a critical factor. With low 
water levels (a head of around 85 feet) the flows should be restricted to 400 cfs through the outlet 
works. If 500 cfs should be released, then the production of energy would drop to under 2 
million kilowatt hours due to the increase in velocity and the resulting head loss through the 
penstock. If the reservoir would be held full then the head would be higher (Higher Head = HH 
would be around 140 feet) and the power production would increase and the flows would not 
have to be restricted to generate more energy. 

REGIONAL POWER RESOURCES 
The utility in the area of Upper and Lower Sunshine Reservoirs is Pacific Power and Light 
(PP&L). All negotiations for purchasing the power produced by the generators installed at the 
Sunshine Reservoirs would be with PP&L. 

The utility in the area of the Roach Gulch Reservoir is Big Hom Rural Electric Association 
(REA). Big Hom REA has a buy-all/sell-all agreement with Tri State for the power they sell to 
their customers. Tri State operates the 69 kV transmission system in the area. Distribution 
voltages below 69 kV are the responsibility of Big Hom REA. Tri State will dictate the purchase 
agreement for the generated power. Big Hom REA should dictate the interconnection 
requirements, as the hydro projects will generate at 4,160 V. This makes for an interesting set of 
interconnection problems that will take considerable time to resolve during the design phase of 
the Roach Gulch projects. Big Hom REA has stated in discussions that they do not necessarily 
have the expertise to direct the interconnection requirements for the proj ects and would defer to 
Tri State. Since the generation voltage is considerably less than 69 kV and stepping it up to 69 
kV is impractical, Tri State may be reluctant to get involved. However, during the summer 
months, the distribution system in the area is overloaded because of the irrigation pumping 
demands and there is a lack of distribution capacity. The amount of proposed generation would 
help alleviate the problems thus making the projects more attractive to Tri State. 
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Both the Big Hom REA and Tri State Utilities were contacted regarding the proposed projects. 
Big Hom has provided information regarding the distribution systems in the area of the proposed 
projects. 

ENGINEERS OPINION OF PROBABLE COST 
Engineer's Opinion of Probable Costs was prepared for each alterative in November 2002 
dollars. The estimates that were based on quantity takeoffs, supplier's information and general 
cost data are summarized in Table ES2. 

Table ES2: Summar' of Estimated Costs 
.. ... .......<./ ..••••.••.... . ...... Site#.andNa.me> ....•.••....•.. . ..... . 

Costlt~m ... #1 ... USSO #2~LSSD #3~ LSSO#4 -RGDC .. #5 -RGDO 

FinalDesign ......... ... 
$321,400 $367,800 $314,100 $303,800 $309,000 

Perlfiitti*g& LegaI·· $225,000 $257,400 $238,800 $212,700 $216,300 

(;apital(;on~trnctioll $3,214,000 $3,678,000 $3,411,000 $3,038,000 $3,090,000 
. 

Total Project Cost $3,760,000 $4,306,000 $3,991,000 $3,554,000 $3,615,000 
..... . . 

....... 

O&M (per year) $30,000 $30,000 $60,000 $30,000 $60,000 

ADDITIONAL ANALYSIS REQUESTED 
Based on discussions on February 13, 2003 with GVID Board members after the presentation of 
study findings contained in the draft report it was decide that the final report would include: 

• Additional energy production estimates with a higher head at Site #5 - RGDO 
• Economic analysis performed with the increase energy production for Site #5 
• Additional economic analysis for Site #3 - LSSO under the following assumptions: 

o Capacity value at $5/kW instead of the assumed $6/kW 
o The cost of the stream improvement between Upper Sunshine and Lower 

Sunshine Reservoir placed on the construction cost of Site #3 instead of in the 
construction cost of Site #1 - USSO. 

From an internal review the question was asked if the capacity value would be calculated for a 
period of 12 months or just for the 7 months the unit is on line. Without an answer from the 
utilities it was decided to do a sensitivity analysis by calculating the B/C ratio with both capacity 
periods. Results of this additional analysis include the following: 

• Energy production went from 5,996,000 kWhrs to 12,477,280 kWhr at Site # 5 
• The B/C ratio went up from under 1.0 to over 1.3 for Site #5 
• The B/C ratios and other indicators for Site #3 under the new assumptions stay positive 

as shown below in the economic analysis tables. 
• The cost of stream protection raised the Total Project Cost for Site #3 to $4,138,000 
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BENEFITS 
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PP&L was reluctant to provide any information on the price they would pay for the power. They 
stated that the variables involved in calculating a price could not be defined with enough 
certainty to quote a price without a contract at least in negotiation. The variables they mentioned 
included availability, generation capacity, and the power market in the area the plants are to be 
constructed. 

There would be some benefit in the form of a capacity payment; however, the amount of benefit 
could not be determined. Capacity payments are paid by the utility to the developer in lieu of the 
utility building a unit. It saves the utility money by paying less for capacity in their system than 
what it would cost them to build it. Capacity payments in other areas of Wyoming have ranged 
from $8.00 to $12.00 per kilowatt. A conservative value for capacity would be $6.00 per kW. 

Both utilities, Big Hom REA and Tri State, were contacted regarding the proposed projects. Per 
Tri State's request, they were provided with a copy of the original proposal and location maps 
for the Roach Gulch projects. Their stated reason for the request was to review the information 
so they could provide some comments and a possible rate for the power. Since then, repeated 
requests to Tri State for their opinion of the project and purchase price estimates have gone 
unanswered. Based on past experience, purchase price for hydropower typically ranges between 
1 ¢/kWh and 3.5 ¢/kWh. Given that these plants will not have uniform capacity throughout the 
year, it is reasonable to assume that the purchase price will be at the lower end of the scale. 

The potential benefits for the Roach Gulch projects could be better than the conservative 
estimates above. The distribution lines in the Roach Gulch area are heavily loaded and have 
caused problems for the utilities. The types of problems experienced were discussed but could 
include reduced voltage. In discussions with the utilities, they expressed interest in the projects 
as the projects would alleviate some of their loading problems in the area. 

ECONOMIC ANALYSIS 
An economic analysis was performed to determine the feasibility of a hydropower facility at 
each site. The calculations determine the benefit/cost ratio, present value of net benefits, internal 
rate ofretum, and payback period. The project life was assumed to be 30 years, beginning at the 
end of 2005. Project permitting, planning, engineering, and construction were assumed to 
consume three years. Power production was assumed to start in 2006 and continue to the end of 
the 30-year period. The analysis is based on a loan being paid back in 20 years. The actual 
timing of debt service will depend upon the conditions set forth in the financial arrangements. 

The calculation's outputs for five sites with capacity values of$6/kW and $8/kW over 12 months 
is summarized in Table ES3 and ES4 respectively. 
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Table ES3: Economic Analyses for Capacity Value of$6/kW over 12 months 
.. ...... I .•. ... .•.•.. .... Site # and Name 

tEconomicIndicator .... 1- USSO 2 .. LSSD 3 "LSSO 4 .. RGDC 
.... 

~/CRatio 
.:. 

Present Wortliof Net 
Benefits 

.. 

PaybackP~riod, yrs. . ...... . 
.. 

InternalR.ateofReturn 

0.98 

-83,000 

27 

5.5% 

0.37 1.61 0.92 

-2,929,000 2,953,000 -324,000 

11 

12.1% 4.8% 

T able ES4: Economic Analyses for Capacity Value of $8/kW over 12 months 
: .. 

.... Site # and Name .... . . ........ .. .. 
Economic Indicator 1 ~USSO 2~LSSD··· 3-LSSO 14-RGDC 

. ...... . B/CRatio· .. .. ... 
1.16 0.43 1.87 1.06 

IPresentWol1hofNet 646,000 -2,643,000 4,221,000 247,000 
lBenefits .... 

lPaybackP~:riod, yrs. 19 - 9 -
.. ... 

~nternalRate of Return 7.4% - 14.6% 6.4% 

5-RGDO 

0.92 

-361,000 

4.7% 

5;...RGDO 

1.08 

368,000 

21 

6.7% 

Table ES5 summarizes the results with a capacity value of $5/kW and $6/kW over 7 months. 
Then Table ES6 summarizes the results with a capacity value reduced to $5/kW over 12 months. 
Table ES5 and ES6 also contains the results of the economic analysis for Site # 5 with a higher 
head and for Site #3 with the inclusion of stream protection. 

T bl ES5 E a e : conomlC Da o A I vses £ C or apaclry a ue 0 °t V I f $5/kW & $6/kW over 7 mOD th s 
.... .. 

Site # and Name ... . .. . ... 

.. Capacity valuf $5JkW .... $5/kW $6/kW $5/kW $6JkW 
.... 

3-LSSO 
. 

3-LSSO wi Stream 3 -LSSO 5-RGDO 5-RGDO 

Economic Indicator protection w/HH w/HH 

B/CRatio 1.21 1.17 1.25 1.13 1.18 

Present Worth of Net 
998,000 855,000 1,225,000 598,000 811,000 

Be!lefits ... 

Payback Period, yrs. 18 19 17 20 19 

Internal Rate of Return 8.0% 7.6% 8.4% 7.3% 7.8% 
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Table E6S: 

enetits 2,319,000 

aybackPeriod,yrs. 13 

nternalRate of Return 10.8% 

CONCLUSION 

GVID Hydropower Feasibility Study 
Executive Summary 

Value of$S/kW over 12 months 

1.30 

2,176,000 1,358,000 

13 15 

10.3% 9.1% 

Each of the five sites was analyzed for energy values of $0.022/kWhr. As shown above, if 
$8/kW can be obtained for a capacity value over 12 months, four of the sites can provide a B/C 
ratio of approximately 1.0 or higher. The one excluded was Site #2 - LSSD, the drop into Lower 
Sunshine Reservoir. A capacity value of $6/kW over 12 months yielded a B/C ratio greater than 
1.0 for only one site which was Site #3 - LSSO, the unit at the Lower Sunshine Outlet. That is 
unless the future operations of Roach Gulch can develop a higher head situation. If that happens 
the unit at Site #5 - RGDO would join the Site #3 with a B/C ratio of greater than one. 

With a capacity value of only $5/kW over 12 months the B/C for this LSSO unit dropped to 1.48 
from 1.61. With a capacity value of$5/kW over 7 months this B/C continues to drop to 1.21. 

When the cost for improving the reach between the Upper and Lower Sunshine Reservoirs was 
included to the total project cost of Site #3 - LSSO instead of Site #1 - USSO, the B/C ratio 
went to 1.44 with a capacity value of $5/kW over 12 months and 1.17 with a capacity value of 
$5/kW over 7 months. As noted the total project cost for Site #3 with stream protections was 
determined to be $4,138,000. These scenarios indicated that for the worst-case situation the B/C 
for this Site #3 continues to stay positive. It ratio would go up with higher capacity values. 

Per vendor recommendations three of the four potentially feasible sites should be equipped with 
a Francis Turbine. A Kaplan turbine was recommended for the fourth site, Site #4 - RGDC. 
The sizes of the units recommended were 2,300 kW at Site #1, 4,000 kW at Site #3, 1,800 kW at 
Site #4, and 2,300 kW at Site #5. The case of having more head at Site #5 would increase the 
size recommendation for this unit to around 2,800kW. The units to be installed can either be 
horizontal or vertical units and this will be determined in the final. 

The key to the GVID hydropower project was the routing of the Greybull River through the 
Upper and Lower Sunshine reservoirs and then into the Roach Gulch Reservoir. This generates 
the larger flows through each reservoir and facilitates the higher water levels through seven 
months of the year. Larger flows and high heads will produce the most power. 

Connections to the transmission grid will be possible and relatively economical to make. Actual 
knowledge of what the Utilities require for these connections will be determined by during the 
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final design phase. PP&L will require a feasibility study of their own for $10,000 to provide 
answers to specific questions on connections and wheeling requirements and charges. 

The construction of a unit at the Upper and Lower Sunshine Outlet will require demolishing part 
of the existing structure and bifurcation. The initial demolition work can be performed after the 
irrigation season. The rest of the work can be completed after a new bifurcation and by-pass is 
installed. The penstock will connect the existing outlet pipe to the new turbine. The unit at 
RGDO Site #5 will require a new powerhouse as the penstock is already in place and flanged. 
Units at the drop locations were not feasible. 

RECOMMENDATIONS 
Due to the potential feasibility at as many as three sites, it is recommended that GVID proceed 
with the design and construction of the hydropower units at the Upper, Lower and Roach Gulch 
sites. Part of the final design will be the optimization of the unit's size, arrangement, cost, and 
hydropower potential. If the GVID ability to secure funding is limited, it is recommend to 
develop the Upper and Lower hydropower sites first and then look at securing additional funding 
to design and construct the unit at Roach Gulch. The wait will also allow the GVID to collect a 
year of normal flows in and out of Roach Gulch Reservoir. 

This recommendation would also include an application for a FERC preliminary permit at the 
additional sites and further coordination with the utilities to determine the potential price for 
power generated. GVID has a preliminary permit for the Lower Sunshine site. The discussions 
with the power company will need to establish at least the following items: 

• Minimum power production requirements 
• Metering means and methods 
• Facilities to be provided by each party 
• General operating rules and requirements 

• Rates 
• Liabilities and Indemnification 
• Notification procedures 
• Successors and assigns 

An agreement satisfactory to all parties could take over six months to a year. It could be worked 
on while the final design is being prepared. The final engineering could start this year and if 
more than one site is to be designed then the engineering costs would decrease. 

Based on vendor recommendations the turbine type and size of unit for: 

• Site #1 - USSO would a reaction turbine such as Francis Unit with a capacity of around 
2,300 kW to 2,600 kW 

• Site #3 - LSSO would a reaction turbine such as Francis Unit with a capacity of around 
4,000 kW to 4,400 kW or even perhaps two units of a smaller capacity to cover a wider 
range of flows 
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• Site #5 - RGDO would a reaction turbine such as Francis Unit with a capacity of around 
2,800 kW to 3,000 kW or even perhaps two units of a smaller capacity to cover a wider 
range of flows 

It is recommended that a new powerhouse be constructed at each site to house all the equipment. 

It is recommended that the stream protection between the Upper and Lower Sunshine Reservoirs 
be constructed as a series of drops with minimum amounts of riprap. 
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