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1.0 EXECUTIVE SUMMARY 
 

The Wyoming Water Development Commission (WWDC) contracted Trihydro Corporation (Trihydro) to provide 

professional services for the Cheyenne Municipal Storage Project Level II Study (Project) on behalf of the City of 

Cheyenne (City), Board of Public Utilities (BOPU).  BOPU uses a complex water system (System) that includes trans-

basin diversions, water-right exchanges, reservoirs, pipelines, and other infrastructure that spans across Albany, 

Carbon, and Laramie counties in southeast Wyoming to supply surface and groundwater to the City.  This Executive 

Summary presents the Project purpose, findings, cost estimates, and recommendations.  More Project details are 

included in the Cheyenne Municipal Storage, Level II Study Phase I Final Summary Report, dated March 2021. 

 

This Level II Study (Study) focuses on the entire water supply system and service population for the City.  When the 

City was initially settled, Crow Creek was the sole water supply source, but the City quickly outgrew this single source.  

The City has since added multiple reservoirs across three different basins and hundreds of miles of pipeline.  The most 

important of these expansion projects being the Cheyenne Stage I and II projects.  The current BOPU water supply 

system consists of eight reservoirs and dams, four groundwater wellfields, various pipelines and diversions, and a 

potable water treatment facility (Figure ES-1).  Approximately 70 percent (%) of the City’s water is supplied by surface 

water, while 30% is supplied by groundwater.   

 

The Stage I and II systems consist of pipelines that collect and convey water from the Little Snake River watershed in 

the Sierra Madre Mountains to Hog Park Reservoir.  This trans-basin diversion system includes a tunnel that conveys 

water across the Continental Divide.  The collection system allows the City to store and use water collected at Rob Roy 

Reservoir located across the valley in the Medicine Bow Mountains that would otherwise flow into Douglas Creek and 

the North Platte River.  Water that is stored there must be accounted for by releasing Stage I/II water collected from the 

Little Snake River watershed.  This exchange accounts for approximately 70% of the City’s surface water supply or 

50% of total supply.  

 

1.1 PROJECT PURPOSE AND SCOPE 
BOPU requested a Level II study to evaluate options to increase the capacity of its water storage and supply system.  

The BOPU supplies potable and non-potable water to an estimated 75,000 people.  Additional surface water storage 

alternatives that were evaluated include raising the existing dams at Granite Springs (Granite), Crystal Lake (Crystal), 

and Rob Roy Reservoirs to increase storage capacity.  Other alternatives that have been recommended for further 

evaluation in past studies include additional pipelines to connect raw water and / or other existing storage facilities to 

BOPU’s potable water treatment plant and dredging of reservoirs to remove accumulated sedimentation.  The City
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expects population and potable water demand to increase in the near term.  Across the border in Colorado, 

municipalities are experiencing high growth and the City is preparing for the possibility that this growth will continue 

to move north into Cheyenne, resulting in accelerated population increases.  This Study updates historic supply, 

population densities and potential growth, per capita patterns, and future zoning that will dictate additional demand on 

BOPU’s water system.  As part of this Study, a model was created to support determining the firm yield of the System, 

evaluating various alternatives, and determining a plan to meet projected demands. 

   

1.2 PROJECT FINDINGS 

1.2.1 PROJECTED DEMAND RESULTS 
Population projections used in the most recent 2013 Water and Wastewater Master Plan (2013 Master Plan) were 

reviewed and updated.  Similar to the 2013 Master Plan approach, high and low population estimates were developed to 

bracket potential future water demands.  These low and high estimates predict 109,222 and 121,199 BOPU customers 

in 2067, respectively.  The updated projected population estimates correspond to an average population growth rate of 

0.87% for the low estimation and 1.18% for the high estimation.  Using the BOPU service population projections in 

2067, translates to a water demand of 20,194 acre-feet (ac-ft) (low) to 27,477 ac-ft (high); an increase of 4,246 ac-ft to 

10,210 ac-ft when compared to current water demands. 

 

TABLE ES-1. DEMAND PROJECTIONS 
 

 

1.2.2 HYDROLOGIC ANALYSIS 
To understand the firm yield or the maximum quantity of water that can be supplied with 100% reliability to meet 

simulated System water demands, the existing BOPU surface water model was updated and converted to the MODSIM 

platform.  The MODSIM model for this Project encompasses Cheyenne’s water system from the collection system in 

Year 
Population 

Demand per 
Capita (gpcd) 

Total System Demand 
(Ac-Ft/year) 

Low High Low High Low + 10% High + 10% 

2018 76,845 77,055 165 178 15,948 17,269 

2027 82,881 84,947 154 167 15,906 19,363 

2037 89,811 94,069 151 164 16,963 22,591 

2067 109,222 121,199 148 160 20,194 27,477 

Notes:       

Ac-Ft/day = Acre-Feet per Day     

gpcd = Gallons per Capita per Day    
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the Little Snake River Basin to the Sherard Water Treatment Plant (WTP) located on the west side of Cheyenne.  Under 

current operations, model System simulations show that the firm yield of the existing water supply system is 

17,200 ac-ft/yr when operated with 4,000 ac-ft of yearly groundwater withdrawal (i.e., 13,200 ac-ft/year of surface 

water and 4,000 ac-ft/year of groundwater).   Figure ES-2 represents annual water supply for the years 1933-2017, 

assuming the current infrastructure.  Thus, it does not show the historic City water usage, but instead how much 

available water supply the City could have had during those years with the current infrastructure.  A simple comparison 

of the System’s current firm yield with the projected demands illustrates that sufficient water supplies do not currently 

exist to ensure a reliable supply throughout the planning period (2017-2067).  

 

1.2.3 WATER SUPPLY RISKS 
The reliable provision of water supplies is the primary function of a water utility.  The City’s water supply system 

consisting of the supply, collection, transmission, storage, treatment, and distribution capacities/throughputs is 

vulnerable to a wide variety of risks and uncertainties including:    

 Local groundwater aquifer safe yield  

 Forest fires 

 Accelerated growth  

 Short- and long-term drought  

 Facility impairments/failures  

 Colorado River Compact curtailment  

 Climate change  

 

In addition to the inability to meet the City’s 50-year growth needs as discussed in previous sections, these risk 

elements were also considered when evaluating alternatives.   

 

1.2.4 PURPOSE AND NEED 
As the City’s population and water demands increase, additional water sources will be required.  Additionally, the 

BOPU’s water supply faces several critical short- and long-term risks and vulnerabilities.  The purpose of this Project is 

to increase the firm yield of BOPU’s System to meet near- and mid-term future demands of the BOPU’s customers in 

the form of system improvements and groundwater/surface water supply expansion, while mitigating the most serious 

vulnerabilities that threaten the System.  Under current operations, model System simulations show that the supply 

system is not only nearing its firm yield capacity, but also relying upon groundwater at an unsustainable rate.  
Additionally, BOPU’s far-flung water supply system spans multiple water basins and mountain ranges.  Remote and 

wide-ranging, this System is vulnerable to a variety of manmade and natural disasters, not the least of which are forest 

fires.  From a facilities standpoint, the 120-year-old Granite and Crystal outlet works are well beyond their intended 

design lives.  Failure at either of these locations would interrupt the BOPU water supply available to meet demand.  
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Lastly, BOPU’s water supplies are vulnerable to Colorado River Compact curtailment, which would affect the 

System’s ability to provide water supplies.   

 

1.2.5 POTENTIAL AND PREFERRED ALTERNATIVES 
Based on a thorough review of the water supply system and discussions with BOPU, an initial list of potential projects 

and storage alternatives was developed that could satisfy the projected water demand and system vulnerabilities 

identified in the Purpose and Need.  A long list of 53 alternatives were identified, evaluated, and screened to determine 

the top alternatives to advance in the Alternatives Analysis.  Two of the top five alternatives are being evaluated by 

BOPU.  These include lowering the groundwater blending ratio to 15% and expanding groundwater supply to 

4,000 ac-ft/year.  Therefore, these alternatives were assumed to be completed before implementing other alternatives 

when modeling and ranking alternatives.  The top three alternatives recommended for further evaluation include: 

 Conveying North Crow Creek Pipeline System at The Wye to Sherard WTP 

 Little Snake River Collection System Optimization 

 Crystal/Granite Outlet Rehabilitation and Bypass Pipeline 

 

1.2.5.1 CONVEYING THE NORTH CROW CREEK PIPELINE SYSTEM AT THE WYE TO 

SHERARD WATER TREATMENT PLANT 

Since the retirement of the Round Top water treatment plant in 2002, there has not been a reliable method to treat and 

convey water from the North Crow Creek pipeline system (including North Crow Creek Reservoir, North Crow Creek 

Diversion Dam, South Crow Creek Intake, and Brush Creek Intake) to the potable distribution system.  BOPU has in 

the past only been able to convey North Crow pipeline system water to Sherard WTP by shutting down withdrawals 

from Crystal Reservoir to reduce pipeline pressures.  However, water quality issues with the North Crow Creek 

pipeline system waters made it difficult to treat these waters at the Sherard WTP (personal communication with BOPU 

staff September 2019).  Therefore, the current practice is to convey these flows from the Wye to the old Round Top site 

where they are used to feed a raw water transmission pipeline that is used to supply Cheyenne Park lakes and from 

which the water is pumped to irrigate the surrounding parks and recreation areas.   

 

The total raw water irrigation demand is approximately 600 to 800 ac-ft/year.  With an average available supply of all 

North Crow Creek pipeline sources (North Crow Creek Reservoir, North Crow Creek Diversion Dam, Brush Creek, 

and South Crow Creek) totaling at around 3,400 ac-ft/year, approximately 2,600-2,800 ac-ft of additional water per 

year is potentially available for potable demand if these flows could be reliably conveyed to the Sherard WTP.  

Additionally, there is about 2,000 ac-ft of storage at Upper North Crow Reservoir that cannot reliably reach the Sherard 
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WTP due to the hydraulic limitations and is not presently being fully utilized.  This additional storage offers its own 

supply reliability benefits including drought, forest fires, pipeline outages, etc.  For these reasons, improved use of the 

North Crow Creek Pipeline System as the most economical means of obtaining additional reliable water supply.   

 

By adding a few additional valves and re-routing existing supply pipelines, water pressures in the system could be 

adjusted so that water from North Crow Creek could be conveyed to the Sherard WTP.  The total project cost using the 

WWDC template is approximately $170,000.  Note that this cost estimate includes the WWDC standard 15% 

contingency.  When evaluating this alternative and considering the current state of alternative development, this 

contingency may more appropriately be considered in the 30% to 50% range.     

 

1.2.5.2 LITTLE SNAKE RIVER COLLECTION SYSTEM OPTIMIZATION 

As water demands increase and reservoir water levels fluctuate more often, additional water supply will be needed to 

meet demands.  A low-cost, environmentally-friendly solution would be to increase supply from the existing collection 

system and use the existing infrastructure.  The Little Snake River Collection system, which is a key component of the 

Stage I/II collection system, consists of intakes and pipelines that collect water from tributaries to the Little Snake 

River.  This collected water is then piped through a tunnel beneath the Continental Divide and stored in Hog Park 

Reservoir.  The collected water that is stored in Hog Park Reservoir is then released to the North Platte River basin by 

way of the Encampment River to provide exchange water for flows the City diverts from Douglas Creek at Rob Roy 

Reservoir.  This allows the City to collect water from Douglas Creek and various other tributaries of the North Platte 

River, which are conveyed by pipeline to Granite and Crystal.  The ability to use this collection system is vital to 

Cheyenne’s water system.  Approximately 50% of the City’s water supply is dependent on the Stage I/II collection 

system.  

 

The Little Snake River Collection system has sluice gates to control flow from each intake along the collection 

pipeline.  When operations commenced for the Stage I/II collection system in the Little Snake River Drainage, the 

intake gates were each fully opened.  Unfortunately, this operational approach resulted in a hydraulic imbalance in the 

collection pipeline, leading to surcharging of the pipeline and resulting in flows exiting the pipeline through manholes 

and lower collectors.  Early investigations of the surcharging issue (Banner Associates, 1990, States West, 1990) 

suggested two solutions. 

 Set the sluice gates at approximately 50% open to restrict inflows to the system 

 Construct a series of surcharging/overflow relief systems including locked manhole lids, overflow piping to safely 

discharge excess flows to streams, and weirs at specific inlets to better regulate collected flows 
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Based on these recommendations, several surcharging relief systems were installed, and all intake gates were set to 

50% open.  This combination of structural safeguards and gate settings has reliably prevented pipeline surcharging, 

allowed the collection system to operate safely, and meet current demands.   

 

Preliminary evaluations and modeling of the Stage I/II hydrology and the Little Snake River Collection system 

hydraulics support that increasing the operational and hydraulic efficiency of the Little Snake River Collection system 

would likely result in an estimated 10 to 20% increase in system diversions.  If the Stage I/II collection system 

increased efficiency by 10% to 20% a calculated firm yield of 1,500 to 2,000 ac-ft could be achieved.   

 

Hydraulic model verification and pipeline operation should continue to be explored in more detail and through 

additional data collection and model evaluation.  To better understand the hydraulics of the Stage I/II collection 

pipeline and refine the existing hydraulic model, installing transducers in Manholes #1, #2, #4, and #5 over a series of 

runoff seasons to collect pressure data is recommended.  System pressure data collected at these locations could then be 

combined with system discharge measurements to improve the accuracy of the hydraulic model.  In addition to 

collecting additional data on the pipeline hydraulics, installing transducers on the larger streams (collection system 

sources) to better understand the timing and magnitude of the runoff hydrographs of System streams is recommended.   

 

Anticipated costs would be approximately $105,260 per installation.  Remote monitoring and control of the five largest 

Type A structure inlets (Rabbit Creek, West Branch, Standard Creek, Deadman, and North Fork of the Little Snake 

River) likely would provide significant pipeline flow control and reduced water supply risk.  A total project cost of 

approximately $526,300 is anticipated to automate the five Type A structures.  As hydrologic and hydraulic 

understanding of the collection pipeline increases, automating additional Type B structures may be warranted.   
 

1.2.5.3 CRYSTAL AND GRANITE OUTLET REHABILITATION AND BYPASS PIPELINE 
Granite and Crystal reservoirs were constructed between approximately 1902 and 1910 and are critical components of 

the City’s System.  Because of their importance and age, their 110-year-old outlet infrastructure represent a notable risk 

to the City’s System.  All water imported by Stage I/ II, and stored water in Granite and Crystal go through Crystal’s 

outlet.  If the Crystal outlet works fail, surface water supply from these sources would halt leaving the City to rely on 

local groundwater and surface water (North and South Crow Creeks) to supply demand.  The safety and state of these 

outlet works is essential to the overall System operation.   The catastrophic nature of this risk to BOPU’s water supply 

in the event of an outlet conduit failure at Crystal Dam differentiates this project from the two previous water supply 

expansion alternatives and elevates it to a significantly more important level.   
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The condition of the outlet works conduits at Crystal and Granite are not well understood but have passed their 

expected design life of 50 to 100 years.  There is concern that a sudden change in flow or pressure, possibly caused by 

closing a gate or valve too quickly, could result in failure of the cast iron outlet pipes.  To reduce risk of potential 

failure, this Project evaluated rehabilitating or replacing the outlet works at both dams.  The rehabilitation or repair will 

not create additional storage but would increase the resiliency of BOPU’s raw water supply system and extend the life 

of the outlet works. 

 

The rehabilitation concepts developed are similar for both Crystal and Granite and include draining the reservoir so 

work can be performed in dry conditions, demolition of the existing inlet structures, slip-lining the cast iron pipes with 

steel pipe, and constructing new inlet structures that include gates and sediment sluicing capability.  To complete 

rehabilitation work at either Granite or Crystal, delivery of Stage I, II, or possibly both would need to be shutdown.  

Additionally, if either Crystal or Granite failed, became inoperable, or the water contaminated from upstream pollutants 

(e.g., forest fire, contaminant spill, algae blooms, etc.), BOPU’s ability to deliver Stage I or II import water would be 

severely compromised.  To provide System flexibility and reduce this risk, construction of a bypass pipeline is 

recommended.  If needed this alternative could be phased over several years with the bypass pipeline construction 

commencing first.  The Outlet Rehabilitation and Bypass Pipeline alternative has an estimated construction cost of 

approximately: 

 $3.0 million for outlet rehabilitation of Crystal 

 $1.6 million for outlet rehabilitation of Granite 

 $4.3 million for design and construction of the bypass pipeline 
 

These top three alternatives should be considered the least environmentally damaging practicable alternatives 

(LEDPA).  These alternatives generally have fewer environmental impacts and lower estimated construction costs per 

ac-ft than other alternatives.  Once these alternatives are implemented, other alternatives such as additional storage may 

rise higher in the ranking.  The lower ranked alternatives should still be considered technically viable and may be 

considered in the future if the top alternatives are determined fatally flawed or for other reasons not progressed.   

 

1.2.6 ECONOMIC ANALYSIS 
An economic analysis was completed for each of the top three alternatives.  The analysis used a benefit-cost analysis to 

determine benefits.  A benefit-cost analysis measures the benefits and costs of a project in terms of its equivalent 

monetary value to determine if the project will be economical and beneficial to the public.  The analysis includes 

analyzing both direct and indirect benefits to develop a benefit-cost analysis for each alternative.   
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The direct economic benefit of additional water and reliability for domestic use to BOPU customers is measured by the 

cost savings of the preferred alternative to an estimated cost for an applicable volume of supply water from a similar 

source like enlargement to an existing reservoir.  Because rehabilitation of the Granite and Crystal outlet works doesn’t 

necessarily provide additional firm yield, the alternative reduces what is perhaps the System’s most significant risk 

element.  Additionally, the bypass pipeline that will be an important element to allow the continued reliable provision 

of water supplies to Sherard WTP during the time when Crystal and Granite are drained for the necessary repairs, offers 

important operational flexibility and risk abatement advantages of its own.  

 

Whereas direct benefits generally accrue to the BOPU customer, indirect benefits accrue to wider sectors of the 

economy and can be measured from the economic multiplier effect due to income increases.  For the water and sewer 

industry, the primary output is clean water, which requires infrastructure (new and rehabilitated), water treatment 

supplies, and labor (operating and maintaining infrastructure).  Because output or clean water is used for households 

(wages and water) and industry (water), increases in water and sewer output has a direct impact on other economic 

sectors.     

1.2.6.1 BENEFIT-COST ANALYSIS 

The benefit-cost ratio is a simple comparative representation of benefits and costs for each alternative.  Projects with a 

benefit-cost ratio greater than one have greater benefits than costs; hence they have positive net benefits.  The higher 

the ratio, the greater the benefits relative to the costs.  The benefit-cost analysis shows that each of these alternatives 

feature high cost-benefit ratios and are recommended to proceed to implementation, including procurement of project 

financing. 

 
TABLE ES-2. BENEFIT-COST COMPARISON 

      
Valve and Outlet Works 

Improvements 
Bypass 
Pipeline 

Cost-Benefit Analysis 

Conveying 
North Crow 

Creek 
Pipeline at 
the Wye to 

Sherard 
WTP 

Little Snake 
River 

Collection 
System 

Optimization 

Crystal Lake 
Reservoir 

Improvements 

Granite 
Springs 

Reservoir 
Improvements 

Alternative 
2A  

Total Present Value Cost  $317,000   $1,011,000   $4,872,000   $2,437,000   $5,883,000  
Total Benefits  
(Direct Benefit + Indirect 
Benefit) $359,013,907 $291,241,309 $672,115,281 $351,720,704 $428,536,519 

Benefit-Cost Ratio 1133:1 288:1 138:1 144:1 73:1 
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A detailed benefit-cost analysis is provided in the Final Summary Report.   

 

1.2.6.2 PROJECT FINANCING 

Existing water system revenues and expenses were reviewed to evaluate whether BOPU can pay for Project 

recommendations, along with the operation, maintenance, and replacement costs.  The water enterprise funds’ historical 

operating revenues, expenses, and income before capital contribution for the last 7 years (fiscal year (FY) 2014 to FY 

2020) were used to identify average increasing or decreasing trends as a percentage change.  The percentage change 

was then applied to the FY 2020 revenues and expenses to project anticipated future water system revenues and 

expenses.  Operating revenue increased an average of 3.63% a year for the past 7 years, operating expenses increased 

an average of 3.55%, non-operating revenue increased an average of 10.90% a year.  These percentages of increase or 

decrease were then applied to the FY 2020 revenues and expenses to predict income out to the year 2025.   

 

BOPU has been revenue short the last 5 out of 7 years and the water enterprise fund expenses have exceeded revenues.  

However, income prior to capital contribution is expected to continue to increase through 2025.  BOPU’s water 

enterprise fund appears capable of funding the Conveying North Crow Creek Pipeline System at the Wye to Sherard 

WTP and Little Snake Collection System Optimization projects in future years.  However, it would not be in BOPU’s 

best interest to use the entire fund.  The BOPU also uses the fund to pay back previous bonds and loans as documented 

in the annual Comprehensive Annual Financial Reports (CAFR).  The Outlet Rehabilitation and Bypass Pipeline 

project will likely require funding from multiple funding agencies or phasing over multiple years to reduce strain on 

any particular funding agency and improve the chances that the project is funded.   

 

1.2.6.3 FINANCING UNDER WWDC GUIDELINES 

WWDC funding is for water-related projects and typically associated with water supply, water rights, storage, and 

transmission.  WWDC funding is typically available as a 67% grant for WWDC eligible components and a 33% loan.  

Statutory guidelines establish a minimum interest rate of 4% for financing plans.  This interest rate is subject to change 

by the Wyoming Legislature.  Statutes allow the WWDC to defer payment of interest for up to 5 years after completion 

of a project.  Repayment may be financed over a maximum period of 50 years; however, the sponsor’s method of  

repayment and the longevity of the sponsor’s existence as a legal entity will be taken into consideration by the WWDC.   

 

Two of the three alternatives can be funded through BOPU’s water enterprise funds.  However, the estimated water 

enterprise fund will not cover the costs of the Outlet Rehabilitation and Bypass Pipeline project.  BOPU could consider 

adjusting the current water revenue structure to pay for any of the proposed projects and is currently completing a rate 

study at the time of this report.  However, if BOPU uses WWDC funding to complete outlet rehabilitation of Granite 



 
 
202103_BOPU_StorageLvl-lIPh-I_ES_RPT.docx 1-13 

and Crystal, and construct the bypass pipeline, plus fund WWDC non-eligible project components and the loan portion 

of WWDC funding through a State Loan and Investment Board (SLIB) grant/loan, the WWDC portion of the loan 

would total approximately $2.9 million.  At an annual rate of 4.0% and a 30-year loan period, annual payments would 

total approximately $168,000.  If the project was broken down into phases starting with the bypass pipeline, the annual 

payments for a 30-year loan period at 4% would total approximately $81,000 per year.   

 

1.3 RECOMMENDATIONS 
Studies to date have concluded that there is no single answer to ensuring the sustainability of the City’s water supply.  

Additional surface water sources, increased storage, increased groundwater supplies, conservation, and innovative use 

on the demand side will need to play a role.  Based on the Project results, continued development of each selected 

alternative is warranted.  All alternatives meet portions of the documented Purpose and Need and are supported by 

BOPU.  Recommended additional efforts for these alternatives include: 

 Piping changes at the Wye and Sherard WTP to facilitate use of North and South Crow Creek basin flows is 

recommended to go to final design.   

 The Little Snake River Collection System Optimization is recommended to collect additional pipeline hydraulic 

data and eventually progress to a pilot installation to test the remote technology.  Data collection at Manholes #1, 

#2, #4, and #5 and larger streams over a series of runoff seasons would refine the hydraulic model and confirm 

system improvement percentage. 

 Granite and Crystal Dam outlet works rehabilitation and bypass pipeline is recommended for additional study to 

gather additional information at Granite and Crystal.  Once the existing infrastructure and its condition are truly 

understood this alternative is recommended for Final Design (Level III).  Final design and construction of the 

bypass pipeline is recommended and will require construction before the outlet works can be rehabilitated.  

Discussion should be held with WWDO as to ways this project can potentially receive funding from the WWDC. 

 Continued coordination with interested or affected agencies to assess potential benefits and impacts, as well as to 

better define permitting and National Environmental Protection Agency (NEPA) requirements and processes.  

 Coordinate with Wyoming Game and Fish Department (WGFD) and Wyoming State Parks regarding Granite and 

Crystal Reservoirs outlet rehabilitation and bypass pipeline construction.   
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