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INTRODUCTION  
This summary presents the results of a Phase II feasibility study of hydropower generation 
potential utilizing Cheyenne’s water supply system request by City of Cheyenne’s (City) Board 
of Public Utilities (BOPU) and funded by Wyoming Water Development Commission (WWDC).  
The study covers the entire system from the Hog Park reservoir in the hills above Encampment 
to the Pressure Reducing Valves (PRV) in the City (see Figure ES.1).  This summary and the 
report has been prepared by ECI, an AECOM Company the firm contracted by the WWDC to 
provide the engineering services for BOPU’s feasibility level investigation.   

 

PURPOSE AND SCOPE 
The purpose of this study is to address the technical and economic feasibility of installing 
hydropower units at a number of locations in the City’s water supply system. The study evaluates 
the feasibility of using sections of the water supply system to generate hydropower that: 
 

• Require pressure reduction as found at the Sherard WTP PRV site. 
• Require smaller pressure reduction such as that found at the PRV vaults within the City. 
• Have excess head (pressure) associated with drop sites or reservoir outlet works. 

 
The evaluation includes quantification of power output at the selected sites and the ability of 
marketing or using this power by BOPU.  It also assesses the environmental acceptability of such 
a development.  The feasibility is based on a comparison of costs versus benefits.  The costs are 
based on conceptual layouts, operating costs, mitigation requirements, and permitting expenses.  
The benefits are based on an analysis of the area’s power market and new regulations governing 
power purchasing agreements. 
 

BACKGROUND 
The scope of services for the 2001 study required that all the 1980 study sites be examined again 
as well as any other potential pressure reduction sites.  New sites identified, with the help of the 
BOPU staff and careful consideration of locations with sufficient head for generating power, 
increased the number selected for an initial review and reconnaissance level evaluation to 19 
locations and included those at: 
 
 Site  #1 – Hog Park Reservoir Outlet Works 
 Site  #2 – Rob Roy Reservoir Outlet Works 
 Site  #3a – Lake Owen Outlet – Pipeline at Outlet Works 
 Site  #3b – Lake Owen Outlet – Pipeline at Hwy 230 
 Site  #4 – End of Stage I and II Pipelines 
 Site  #5 – Granite Reservoir Outlet Works 
 Site  #6 – Crystal Reservoir Outlet Works 
 Site  #7 – Sherard WTP’s PRV 
 Site  #8 – PRV vaults in the City 
 Site  #9 – Round Top WTP 
 Site #10 – North Crow Dams 
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 Site #11 – South Crow Reservoir Outlet Works 
 
The general locations for these sites are shown on Figure ES.1.  Additional site details are shown 
in the report. 
 

AVAILABLE FLOWS 
The first priority of the BOPU water supply system operations is to satisfy the City’s water 
demands.  It is only with the flows being delivered through the system to meet this municipal 
demand that hydropower would be produced.  The water system operations would not be altered 
to meet a power demand.   
 
Records of average monthly flows and pressures were made available from the BOPU’s 
collected data set.  The records show the average monthly flows in the system range from zero to 
about 50 cfs.  Table 1S summarizes the maximum and minimum discharges as well as the 
discharges exceeded 20 percent and 80 percent of the time at each site. 
 

Table 1S:  Summary of Flows at Each Potential Site 
Site 

 
Maximum Minimum Exceeded % of the time 

(cfs) (cfs) 20 % (cfs) 80 % (cfs) 
Hog Park bypass   50   0   28    12 
Rob Roy bypass   34   0   18    5 
Lake Owen outlets (3a & 3b)   34   0   17    4 
End of Stage I & II   34   0   17    4 
Granite   43   3   14    5 
Sherard   32   4   23    10 
Cleveland PRV   2.6   0.3   1.7    0.6 
North Crow Dams   6   0   2    0 

 
Flows at the remaining PRV sites in the City are less than flows through the Cleveland PRV; 
thus, the feasibility analysis considered the Cleveland PRV as a threshold study of the others.  
The lack of consistent flows from the South Crow Reservoir and Round Top WTP removes these 
sites from further consideration as hydropower production sites.  The piping arrangement at 
Crystal removes that site from further consideration. 
 

POWER OUTPUT 
Based on the power potential from preliminary calculations, more accurate power output 
estimations were performed for the remaining eight sites with a spreadsheet that determined the 
potential power capacity and amount of energy generation at each site.  The annual energy 
generated over the year was the power potential under the flow duration curve.  The spreadsheet 
calculations were based on the power equation being subjugated to flow and turbine operation 
constraints.  The combination of constraint variables, power equation, and flow duration was 
used to determine the energy generated for the amount of time the flows are available.   
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The estimated power output is shown in Table 2S.  
 
Table 2S:  Power and Energy Estimates 

 
Site 

Power Energy 
Max (kW) Min (kW) (kWhr) 

Hog Park 176 68 785,600 
Rob Roy 113 47 373,400 
Lake Owen #3a 18 7 66,200 
Lake Owen #3b 126 52 435,600 
End of Stage I & II 1,411 615 4,997,300 
Granite 53 22 211,900 
Sherard 663 261 3,340,100 
Cleveland PRV 13 5 69,000 

 
An interesting comparison is obtained in noting the difference between this 2002 and the 1980 
study results as provided in Table 3S 
 
 Table 3S:  Comparison of 1980 Study Results to 2002 Study Results 

Location Study 
Date Head (ft) Flows (cfs) Power (kW) Energy 

(kWhr/yr) 
Hog Park 1980 35 - 65 25 - 33 200 637,000 
 2002 80 12 - 28 70 - 180 786,000 
Rob Roy 1980 75 - 120 30 - 35 250 1,938,000 
 2002 90 5 - 18 60 - 120 375,000 
Lake Owen #3a 1980 Site not Studied in 1980  
 2002 23 4 - 17 7 -18 66,200 
Lake Owen #3b 1980 370 33 840 4,959,000 
 2002 120 4 - 17 60 - 120 436,000 
End of Stage I&II 1980 Site not Studied in 1980  
 2002 1,000 4 - 17 650 - 1400 4,997,300 
Granite 1980 70 - 80 33 300 1,895,000 
 2002 45 5 - 14 20 – 60 212,000 
New N Crow 1980 60 - 65 1.5 - 4 20 102,000 
 2002 60 0 - 2 0 - 10 70,000 
Sherard WTP 1980 430 10 - 33 310 - 710 4,200,000 
 2002 430 10 - 23 260 - 780 3,340,100 

 
Reasons for the differences include: 
 

• The flow range of approximately 30 to 35 cfs from Rob Roy through the system to the 
WTP as assumed in the 1980 study has not materialized.  Records show that the flows  
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range up to 33 cfs but are not sustained at that level.  Based on the gage records the 80 
percent exceedance discharge is 5 to 6 cfs and the 20 percent is 17 to 20 cfs. 
 

• Rob Roy power generation is lower in 2002 for the above noted reasons and because log 
records indicate reservoir water elevations that have been lower over the past few years, 
which provides less head and thus develop less energy production. 

 
• Granite Reservoir is not being operated as a pass-through reservoir.  If it had been 

operated in this manner over the past ten years, the water levels would have been higher, 
producing more head, and thus projecting the ability to generate more energy.  The 
combination of less head and less flow reduce the energy production estimated in 1980 
by a factor of five. 

 
• In the 1980 study, the Lake Owen site is the same as the Lake Owen #3b site in the 2002 

study, but because of less flow through the system, the energy generated is reduced.  The 
amount of head assumed available in 1980 is also higher than what the system can 
actually provide.  For energy production, the Lake Owen site in 1980 is similar to the 
energy generated by a unit at the end of the Stage I & II pipelines.  

 

ENGINEERS OPINION OF PROBABLE COST 
Engineer’s Opinion of Probable Costs were prepared for each alterative in November 2002 
dollars.  The estimates were based on quantity takeoffs, supplier’s information and general cost 
data.  A tabulation of the estimated costs is presented in Table 4S.  
 
Operating costs were based on one new person on a part-time basis for each site that is 
developed. That person would work with present BOPU staff to operate the power facilities.  
Maintenance costs were based on normal operation of installed equipment at similar sites.  This 
O&M does not include replacement costs.  It is expected that the equipment would last 30 years. 
 
 
Table 4S: Summary of Estimated Costs  

Cost Item Site # and Name 
Hog Park Rob Roy Lake Owen 3a Lake Owen 3b

Final Design $207,600 $191,000 $153,200 $184,800 

Permitting & Legal $145,320 $133,700 $106,340 $129,360 
Capital Construction $1,640,600 $1,510,000 $1,211,200 $1,460,800 

Total Project Cost $2,429,000 $2,235,000 $1,792,000 $2,162,000 

O&M  $30,000 $30,000 $30,000 $30,000 
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Table 4S: Continued 

Cost Item 

Site # and Name 

End of I & II 
Pipelines Granite 

Sherard w/ 
Reaction 
Turbine 

Sherard w/ 
Pelton Turbine 

Cleveland 
PRV 

Final Design $563,400 $232,000 $201,900 $192,300 $71,800 

Permitting & Legal $788,760 $163,660 $141,330 $133,610 $50,260 
Capital Construction $8,906,630 $1,847,500 $1,595,530 $1,519,730 $566,600 

Total Project Cost $12,920,000 $2,735,000 $2,362,000 $2,250,000 $840,000 

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

ADDITIONAL ANALYSIS REQUESTED 
Based on discussions with BOPU staff members after the presentation of study findings on 
December 5, 2002 the following items were studied.  
 
Smaller Units for Hog Park and Rob Roy 
Since the installation of a larger unit at Hog Park and Rob Roy that would use the flow and head 
range available is not feasible at these sites, the BOPU requested that a smaller unit for these two 
sites be studied.  The smaller units would be used to generate electrical power for use at the 
reservoir outlets.   
 
The unit size required to meet the stand-alone power capacity demand would be 60kW.  The 
savings of a smaller turbine is somewhat offset by the need to install turbine and generator 
protection for load swings.  The result is a reduced total project cost from about $2.4 million to 
about $750,000 for both sites.  The lower cost did not make the two sites economically viable so 
the conclusion is to use the Carbon P&L power supply for these remote sites. 
 
Sherard WTP Independent of Xcel 
The BOPU requested that an option of an independent Sherard WTP be analyzed.  This meant 
that the hydropower unit would be used to supply 800kW on a constant basis and the outside 
supply from Cheyenne P&L would only be used as stand-by.  The cost of providing the 
protection and isolating the generating unit for this option did not raise the total project cost.  The 
economic analysis was performed with the benefits being a reduction in utility bills instead of the 
benefit of hydropower electricity productions sales.  The conclusion was that the total annual 
electrical bill would need to be around $170,000.  Presently the electricity bills for this WTP are 
running around $80,000 to $100,000 per year.  Thus a slight increase in rates would make a 
stand-alone unit feasible.  At this time it is not feasible to install a totally stand-alone 
arrangement. 
 

BENEFITS 
Wyoming House Bill 195 regarding incentives for solar, wind and hydro “fueled” generator 
installations was signed by the Wyoming Governor on February 22, 2001 and took effect on July 
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1, 2001.  The incentive rate filed by Cheyenne Power & Light is $0.03323/kWH. 
 
Carbon P&L is the utility serving the Hog Park, Rob Roy and Lake Owen locations and is a 
member of Tri State Generation and Transmission Association (Tri-State).  For generator 
installation of up to 25kW they would purchase the power for $17.30/MWH (megawatt hour).  
For installations above 25kW a contract would have to be negotiated with Tri-State.   
 
Tri-State has not responded to repeated requests for information regarding power purchase rates 
or their opinion of the projects.  Based on our team’s experience, purchase price for hydropower 
typically ranges between 1¢/kWH and 3.5¢/kWH.   
 
The proposed generator for the Sherard WTP is not large enough to carry the entire plant load.  
Therefore, the benefit of this installation is a reduction of the monthly utility bill.  The water 
treatment plant is on a Secondary General (SG) that rate has published rates of $8.02/kW for 
demand and $0.03581/kWH for energy. 
 

ECONOMIC ANALYSIS 
An economic analysis was performed to determine the feasibility of a hydropower facility at 
each site.  The analysis involved calculating the benefit/cost ratio (B/C), present worth (PW) of 
net benefits, internal rate of return (IRR), and payback period (PB).  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 payback 
period of 20 years.  The actual timing of debt service would depend upon the conditions set forth 
in the financial arrangements.   
 
The four economic indicators were calculated to provide a complete picture of the economic 
performance at each site.  The results of these analyses are summarized in Table 5S.  
 

Table 5S:  Summary of Economic Analysis 
SITE  PW PB IRR 

NAME & # B/C ($x1M) YRS % 
1.1.1 Under Carbon P&L rates of $0.033/kWHr & $5/kW 

Hog Park  #1 0.20 -2,278   
Stand alone Hog Park 0.26 -886   

     
Rob Roy  #2 0.13 -2,309   

Stand alone Rob Roy 0.25 -938   
RR w/1980 production 0.46 -1,428   

RR w/1980 prod. & Indexed costs 0.99 -159   
     

Lake Owen  #3a 0.02 -2,177   
     

Lake Owen  #3b 0.13 -2,260   
     

Lake Owen  #3b w/1980 production 1.28 721 16 8.7 
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Table 5S: Continued 
SITE  PW PB IRR 

NAME & # B/C ($x1M) YRS % 
1.1.2 Under Cheyenne P&L rates of $0.033/kWHr & $12/kW 

End of Stage Pipelines  #4 0.43 -6,927   
ESP  #4 w/o pipeline $ 1.34 1.340 18 9.1 

ESP  #4 w/ $2.1m pipeline  1.00 -24 26 5.7 
     

Granite  #5 0.07 -2,918   
Granite w/1980 production 0.50 -1,564   

Granite w/1980 prod. & Indexed costs 0.99 -12 26 5.6 
     

1.1.3 Under Cheyenne P&L sp rates of $0.035/kWHr & $8/kW 
Sherard WTP  #7 w/RT 1.06 174 23 6.4 
Sherard WTP  #7 w/PT 1.00 13 26 5.8 

Stand alone Sherard WTP 1.04 121 24 6.2 
WTP  #7 w/RT & Indexed costs 1.81 1,323 9 14.8 

Sherand WTP  #7 w/RT and 2% Loan 1.56 1,714 16 6.4 
Sherard WTP  #7 w/RT and replaced 

turbine in 20 years 1.09 295 23 7.7 

     
1.1.4 Under Cheyenne P&L rates of $0.033/kWHr & $12/kW 

Cleveland PRV  #8     0.06 -1.174   
 
The inclusion of other scenarios was performed due to a request of BOPU for comparison 
purposes.  The three stand-alone options shown for Hog Park, Rob Roy, and Sherard WTP were 
added per the request of BOPU.  The determination of economic indicators for the Granite site 
with 1980 production levels and 2002 costs were added to see since it was considered feasible in 
1980 would still be feasible today with those higher 1980 estimated production levels.   
 
A series of sensitivity analyses was performed at the request of the BOPU for their Board 
meeting.  The results of which are summarized in Table 9 and in the Executive Summary.  The 
sensitivity included examining the impact of a lower borrowing loan interest rate and the impact 
of replacing the turbine in 20 years. 
 

CONCLUSION 
Based on the results of this study, the only site that is feasible with 2002 costs and benefits is a 
unit at the Sherard WTP.  It does not make much difference if an Impulse (Pelton) unit or a 
reaction (Francis) unit is installed. The price is about $2.3 million and the B/C is just over 1.0 
with an assumed rate for power purchase by the utilities.  If the unit was purchased and installed 
at 1980 prices the, B/C ratio increases to 1.8.  This suggests that if the unit were installed now 
with the potential of increasing power costs, it would become even more economical.   
 
The use of a lower interest rate increases the B/C to 1.56 and the impact of replacing the turbine 
after 20 years does not harm the B/C ratio and actually increases it from 1.8 to 1.9.  This supports 
the recommendation to develop hydropower at Sherard WTP. 
 
 



 Executive Summary 
 

ES-8 

A generation unit at the end of the Stage I & II pipelines might be feasible if the cost of the 
pipeline is not carried by the hydropower unit.  This site has a B/C ratio of around 1.3 without 
the pipeline cost.  Thus, if the pipeline is replaced, installation of a high-pressure line would 
support the development of a unit at this location. 
 

RECOMMENDATIONS 
Due to the potential feasibility at Sherard WTP Site, it is recommended that BOPU proceed with 
a Level III study of the hydropower potential for this site on the BOPU water supply system.   
 
This recommendation also includes submitting an application for a FERC preliminary permit and 
further coordination with the utilities to determine the potential price for power generated.  The 
unit should be an Impulse turbine like the Pelton recommended by both vendors.  It should be 
housed in a new building located near the existing WTP and connected to the 48-inch diameter 
pipeline near the PRV house.  The connection should be made with a length of 48-inch pipe that 
runs from the PRV house to the WTP. 






