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1.  INTRODUCTION 

1.1  General 

This executive summary briefly presents the findings of the Cottonwood/Grass Creek Storage Project, 

Level II Study.  This study analyzes water storage opportunities in the Cottonwood and Grass Creek 

watersheds.  The study was conducted for the Cottonwood/Grass Creek Watershed Improvement 

District under direction and funding of the Wyoming Water Development Commission (WWDC) by 

States West Water Resources Corporation in association with Leonard Rice Engineers, RJH Consultants, 

Inc., Western EcoSystems Technology, Inc., Watts and Associates, Apex Surveying, and the Office of the 

State Archaeologist. 

 

The Hot Springs Conservation District submitted a request to the Wyoming Water Development 

Commission (WWDC) for a Level I study of the Cottonwood and Grass Creek watersheds.  The Level I 

study was funded and completed in October 2007.  Following this study the Cottonwood/Grass Creek 

Watershed Improvement District was formed and application was made to the WWDC for a Level II 

reservoir feasibility study.  Funding was granted and this study began in June 2008 and is complete in 

September 2010. 

 

1.2  Purpose 

The purpose of this study was to develop conceptual designs with cost estimates and recommendations 

for the Cottonwood/Grass Creek Watershed Improvement District to assist with the determination of 

the feasibility of constructing reservoir facilities in the watershed.  The study was to evaluate the need 

for water storage, review previously identified sites, identify new feasible storage locations, select 

preferred alternative sites, conduct thorough investigations of the preferred alternatives, and present 

detailed alternatives to the WWDC and sponsor.   

 

2.  OVERVIEW 

2.1  General 

Cottonwood and Grass Creek are located on the east slope of the Absaroka Range in the Bighorn basin 

as shown on Figure 2.1-1.  Flows in Cottonwood Creek range from 0 cfs to approximately 50 cfs and can 

peak at 300 cfs during spring runoff.  Flows in Grass Creek range from 0 cfs to approximately 20 cfs and 

can peak at 40 cfs during spring runoff.  The Cottonwood and Grass Creek watershed encompasses 416 

square miles from its headwaters to the confluence with the Bighorn River at Winchester.     

 

Approximately 3,800 acres are irrigated in the Cottonwood and Grass Creek watersheds where mainly 

grass pasture and hay is produced along with some alfalfa.  Production is mainly used to support cattle 

and sheep ranching operations in the watershed.   

 

Currently two reservoirs exist in the watershed.  One active reservoir (Wales Reservoir) is permitted for 

200 AF and one inactive reservoir (Lake Creek Reservoir) is permitted for 1373 AF.  The majority of 

irrigators rely solely on direct flow irrigation.  Diversion flow rates vary by ditch and with irrigation 

demand and available flow in the creek.  Permitted diversions range from 0.2 cfs in the smallest ditch to 

11 cfs in the largest ditch.     

 

2.2  Purpose and Need 

The Cottonwood and Grass Creek watershed is a low precipitation, semi arid environment.  Water is 

precious and sought after in this watershed and mainly used for agriculture irrigation and livestock 

watering.  The purpose of this study is to determine the needs and shortages that exist in the watershed 

and develop potential methods to mitigate these needs and shortages.  The StateMod hydrology model 
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determined irrigation shortages in the watershed and is discussed in detail in report section 4.  Stream 

flows in Cottonwood and Grass typically reduce in July, August, and September and can run dry even in 

normal years during this time.  Water conserving irrigation practices and infrastructure improvements in 

the watershed help stretch the water further, however, in dry years there is no water to divert.  Water 

conserving irrigation practices coupled with water storage could help mitigate the needs and shortages 

in the watershed.   These scenarios were modeled using StateMod and are discussed in detail in report 

Sections 4 and 6.   

 

Since discharge from the Hamilton Dome began, new lands have come under irrigation and have put the 

discharge water to beneficial use.  Currently, the Hamilton Dome oilfield produces approximately 13 cfs 

of discharge water year round.  Much of the irrigated land along Cottonwood Creek is supplied by 

Hamilton Dome discharge water.  If Hamilton Dome discharge water ceases to exist, the downstream 

irrigation shortages would increase substantially and once irrigated lands would likely go out of 

production.  Water storage could help mitigate some of this loss of irrigation water.  Potential storage 

reservoirs are presented in this study to help mitigate these water shortage problems.       

 

3.  SITE RECONNAISSANCE 

3.1 Site Identification 

Potential reservoir sites were identified and evaluated in the Cottonwood and Grass Creek watersheds.  

The sites identified in the Level I study were evaluated.  In addition, new sites were identified based on 

their ability to serve the needs of the watershed.  Sites were identified in both on and off channel 

locations at topographically optimal locations, in locations where water was determined available for 

storage through the StateMod modeling effort, in locations were needs could be met, and in locations 

where environmental impacts could be minimized and environmental improvements could be made.  A 

range of sites were developed.  Multiuse projects that promote not only agriculture but also recreation, 

and environmental benefits were explored.   

 

The 10 sites shortlisted in the Level I study and the new reservoir sites developed in this study are 

shown on Figure 3.1-1.  Tables 3.1-1, 3.1-2 and 3.1-3 display information about each potential reservoir 

site. 

 

4. Watershed Hydrology  

4.1  StateMod Model 

A historic consumptive use analysis and surface water allocation model representation of Cottonwood 

Creek and Grass Creek was developed.  The historical consumptive use analysis defines crop demands, 

and provides estimates of crop shortages.  The surface water allocation model identifies available flow 

and provides information regarding ‘why’ crop demands are shorted.  The following is a brief summary 

of the modeling results for the Level II Study.    

 

4.2  Surface Water Model Results 

Several scenarios of the Cottonwood and Grass Creek surface water model were developed to look at 

current shortages, as well as potential storage projects and/or improvements to irrigation operations in 

the basin.   

 

The following scenarios were simulated: 

• Baseline Scenario: Utilizes the irrigation water requirement for current irrigated acreage divided 

by the maximum efficiency as irrigation demands, and represents current reservoir operations.  

Determines shortages and water availability based on current conditions. 
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Table 3.1-1 - Potential Reservoir Storage Sites Matrix

Site Name Site 1 - Grass Creek Causeway*

Site 2a - Lower Cottonwood Creek 

(Putney Flat)

Site 2b - Middle Cottonwood Creek 

(Putney Flat)

Site 2c, 2d, 2e Lower, Middle and 

Upper South Putney Site 4 - Wales Reservoir Enlargement

Location On Channel Grass Creek On Channel Cottonwood Creek On Channel Cottonwood Creek Off Channel Off Channel

Legal Description S6, T45N, R99W S21, T44N, R99W S20, T44N, R99W S26, 27, 32, 33, 34, T44N, R99W S5, 6, 7, 8, T44N, R97W

Storage Capacity (AF) 5000 2900 10,300 2900, 4200, 5800 7500, 5000, 2500

Surface Area (acres) 125 87 266 88, 135, 166 285, 182

Water Surface Elevation 6279 5960 6,080 5940, 6000, 6100 5193, 5184

Average Annual Yield (AF) 760 1850, 1790, 1480

Irrigated Acres Supplied 854 2866 2866 2866 1842

Uses Ag Irri, Environmental, Recreation Ag Irri., Environmental Ag Irri., Environmental Ag Irri., Environmental, Recreation Ag Irri., Environmental, Recreation

Dam Type Earth embankment Earth embankment Homogeneous earth embankment

Borrow Material Availability unknown Rock avail, fine grain unknown Rock avail, fine grain unknown unknown fine grain avail, no filter and riprap material

Dam Height (ft) 98 100 125 105, 115, 115 74, 65

Crest Elevation (ft) 6294 5975 6095 5950, 6010, 6110 5203, 5194

Crest Length (ft) 1291 850 1200 950, 900, 1350 5860, 5610

Crest Width (ft) 20 20 20 20 19, 17

Freeboard/head on spillway (ft) 15 15 15 10 10

Embankment Volume (1000 CY) 999 691 1650 544, 710, 710 707, 415

Storage Efficiency (CY/AF) 200 238 160 186, 171, 123 141, 166

Design Flood PMF PMF PMF PMF PMF

Peak Flood Flow (cfs) 54000 69000 69000 13163

Flood Volume (AF) 24000 37000 37000 4329

Drainage Area (sq-mi) 47 72 72 3.83

Mean Basin Elevation 5380

Reservoir Supply Grass Creek Cottonwood Creek Cottonwood Creek Enlarge existing canal from 

Cottonwood Ck

Enlarge existing canal from Cottonwood Ck

Outlet Works cut/cover conduit cut/cover conduit cut/cover conduit cut/cover conduit concrete gate tower

Service Spillway Capacity (cfs) 173, 165

Emergency Spillway width (ft) 300 600 600 NA 150

Emergency Spillway Capacity (cfs) 48400 62000 62000 NA 4400

Land Ownership private, State, BLM private, BLM private private, BLM private, State, BLM

Cultural/Archaeological impacts historic road none known historic road historic road none known

Wetlands impacts (ac) 17 0.28 1.5 minimal 23.33

Riparian impacts significant significant significant minimal none

Core Sage Grouse Habitat Yes Yes Yes Yes No

Endangered Species none none none none none

Species of concern may occur in area may occur in area may occur in area may occur in area may occur in area

Big Game impacts - crucial mule deer, elk mule deer mule deer none mule deer

Project Cost ($) $20M, $13.5M

Cost/AF ($/AF) $4000, $5400

Cost/AF Yield ($/AF Yield) $12346, $10000

Cost/CY fill ($/CY) $28.29, $32.53

*Data from Level I report for these sites Unfavorable characteristic

Probable fatal flaw or very unfavorable characteristic



Table 3.1-2 - Potential Reservoir Storage Sites Matrix

Site Name Site 5 - Wagonhound* Site 5a - Wagonhound Bench Site 5b - South Wagonhound Site 7 - Spring Gulch* Site 9 - Lower Grass Creek* Site 10 - LU Cow Camp*

Location On Channel Cottonwood Creek On Channel Cottowood Creek Off Channel On Channel Grass Creek On Channel Grass Creek On Channel Grass Creek

Legal Description S32, T45N, R97W S9, 10 T44N, R98W S12, T44N, R99W S36, T46N, R98W S 5, 6, 7, 8, T45N, R96W S 17, T45N, R100W

Storage Capacity (AF) 3500 1950 7000 25,000 25,000 5,000

Surface Area (acres) 222 95 166 591 686 135

Water Surface Elevation 5098 5440 5660 5,382 4,889 6,786

Average Annual Yield (AF)

Irrigated Acres Supplied 1407 2586 2830 790 790 854

Uses Ag Irri., Environmental, Recreation Ag Irri., Environmental, Recreation Ag Irri., Environmental, Recreation Ag Irri., Environmental, 

Recreation

Ag Irri., Environmental, 

Recreation

Ag Irri., Environmental, 

Recreation

Dam Type

Borrow Material Availability

Dam Height (ft) 61 70 110 127 119 116

Crest Elevation (ft) 5113 5455 5670 5397 4904 6801

Crest Length (ft) 2657 950 950 3768 4454 1161

Crest Width (ft) 20 20 20 20 20 20

Freeboard/head on spillway (ft) 15 15 10 15 15 15

Embankment Volume (1000 CY) 736 488 850 3329 3635 999

Storage Efficiency (CY/AF) 210 250 121 133 145 200

Design Flood PMF PMF PMF PMF PMF PMF

Peak Flood Flow (cfs) 105,000 83,000 100,000 36,000

Flood Volume (AF) 78,000 52,000 72,000 12,000

Drainage Area (sq-mi) 149 100 138 24

Mean Basin Elevation

Reservoir Supply Grass Creek Cottonwood Creek canal from cottonwood ck Grass Creek Grass Creek Grass Creek

Outlet Works cut/cover conduit cut/cover conduit canal/pipeline to cottonwood ck cut/cover conduit cut/cover conduit cut/cover conduit

Service Spillway Capacity (cfs)

Emergency Spillway width (ft) 600 340 410 150

Emergency Spillway Capacity (cfs) 94,000 75,000 90,300 32,750

Land Ownership private, BLM private, BLM private, BLM private, BLM private, BLM private, State, BLM

Cultural/Archaeological impacts near legend rock petroglyphs none known

Wetlands impacts (ac) 3.2 2.5 0 4 3 1

Riparian impacts

Core Sage Grouse Habitat Yes, half within Yes Yes No Yes No

Endangered Species none none none occur in area

Species of concern may occur in area may occur in area may occur in area occur in area

Big Game impacts - crucial mule deer mule deer mule deer mule deer mule deer, antelope mule deer, elk

Project Cost ($)

Cost/AF ($/AF)

Cost/AF Yield ($/AF Yield)

Cost/CY fill ($/CY)

*Data from Level I report for these sites Unfavorable characteristic

Probable fatal flaw or very unfavorable characteristic



Table 3.1-3 - Potential Reservoir Storage Sites Matrix

Site Name Site 10a - Middle Grass Creek Site 10b - Upper Grass Creek Site 11 - Prospect*

Site 12 - Phelps Dam 

Reconstruction*

Site 13 - Lake Creek Reservoir 

Rehabilitation*

Site 13a - Lake Creek/Cottonwood Creek 

Confluence

Location On Channel Grass Creek On Channel Grass Creek On Channel Cottonwood Creek On Channel Grass Creek On Channel Lake Creek On Channel Cottonwood Creek

Legal Description S 10, 11, T45N, R100W S 9, 16, T45N, R100W S 22, 23, 26, 27 T45N, R97W S 6 T45N, R99W S 19, 30 T44N, R100W S 16, 21 T44N, R100W

Storage Capacity (AF) 1,500 1000, 500 10,000 200 1,373 3,400

Surface Area (acres) 56 44, 31 377 14 59 88

Water Surface Elevation 6,520 6635, 6622 4,971 6,287 7,326 6,680

Average Annual Yield (AF) 350, 270

Irrigated Acres Supplied 854 854 1407 854 2950 2950

Uses Ag Irri., Environmental, Recreation Ag Irri., Environmental, Recreation Ag Irri., Environmental, Recreation Ag Irri., Environmental Ag Irri., Environmental

Dam Type Zoned earth

Borrow Material Availability available onsite

Dam Height (ft) 69 86, 73 91 32 45 105

Crest Elevation (ft) 6537 6652, 6639 4986 6292 7331 6690

Crest Length (ft) 900 855, 810 2539 713 640 760

Crest Width (ft) 20 20, 18 20 18 20 20

Freeboard/head on spillway (ft) 17 17 15 5 5 10

Embankment Volume (1000 CY) 338 347, 225 1511 43 850

Storage Efficiency (CY/AF) 225 347, 450 151 215 250

Design Flood PMF PMF PMF PMF PMF

Peak Flood Flow (cfs) 32,100 32,100 123,000 44,000 13,000

Flood Volume (AF) 33,400 33,400 105,000 16,000 2,000

Drainage Area (sq-mi) 28 26.7 197 33 4

Mean Basin Elevation 7,200

Reservoir Supply Grass Creek Grass Creek Cottonwood Creek Grass Creek

Lake Creek Cottonwood Creek

Outlet Works concrete gate tower with overflow cut/cover conduit

Service Spillway Capacity (cfs) 234

Emergency Spillway width (ft) 200 200 500 118

Emergency Spillway Capacity (cfs) 32,424 32,400 111,000

Land Ownership private, State, BLM private private, BLM private, State private? private, State

Cultural/Archaeological impacts prehistoric lithic scatter none known

Wetlands impacts (ac) 2 to 3 minimal 39 1 34 1.13

Riparian impacts potentially moderate potentially moderate

Core Sage Grouse Habitat No No No Yes Yes Yes

Endangered Species none none none none none none

Species of concern may occur in area may occur in area may occur in area may occur in area may occur in area may occur in area

Big Game impacts - crucial mule deer, elk mule deer, elk mule deer mule deer, elk mule deer none

Project Cost ($) 11.15, 9.89

Cost/AF ($/AF) $11150, $19780

Cost/AF Yield ($/AF Yield) $31860, $36630

Cost/CY fill ($/CY) $32.12, $43.91

*Data from Level I report for these sites Unfavorable characteristic

Probable fatal flaw or very unfavorable characteristic
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• Early Season Storage Potential: Utilizes an irrigation demand based on an irrigation water 

requirement that does not start crop growth until May 15th to simulate land owners foregoing 

early season diversions in order to store in the spring.  Determines water availability for storage 

in the early season. 

• Sprinkler Improvements: Utilizes the Early Season irrigation demands and ‘improves’ the farm 

application method of all irrigated acreage from flood application (50 percent efficient) to 

sprinklers (80 percent efficient).  Determines water availability for storage in the early season 

and the shortages seen by the crops in the late summer.  

 

The scenarios were simulated over the 1973 to 2006 period and were simulated with and without the 

Hamilton Dome inflow to reflect the impact of a potential reduction or elimination of water produced 

form the Hamilton Dome oil field.  As the Early Season Storage Potential and Sprinkler Improvement 

scenarios reflect future projects, the simulations excluding Hamilton Dome may be more indicative of 

the hydrologic conditions when the potential projects are implemented.  These scenarios focus on the 

results of the simulations excluding the Hamilton Dome inflow.  The results of each of the simulations 

are summarized over three areas; Cottonwood Creek as a whole, Grass Creek as a whole and 

Cottonwood Creek below Wales Reservoir.  Detailed results are presented in Appendix B.2. 

 

Baseline Scenario 

The basin operates as a water-short system, therefore the model simulation yields information on 

shortages seen at the diversion structures due to a lack of physical or legal flow in the creeks. For the 

Baseline Scenario including Hamilton Dome inflow (aka current hydrologic conditions), shortages on 

Cottonwood Creek are approximately 1,400 acre-feet per year, of which 940 acre-feet occur below 

Wales Reservoir.  With Hamilton Dome water excluded, average annual shortages on Cottonwood Creek 

increase to approximately 5,950 acre-feet per year, of which 3,600 acre-feet occur below Wales 

Reservoir.   

 

The Hamilton Dome inflow cannot be used directly by diversion structures on Grass Creek therefore the 

shortages seen on Grass Creek do not vary between the inclusion or exclusion of Hamilton Dome inflow.  

Grass Creek experiences approximately 2,280 acre-feet of shortages annually on average.   

 

On average there appears to be some available flow in the basin that could be captured for storage.  

Including Hamilton Dome inflow, on average there is approximately 9,000 acre-feet annually available 

for Wales Reservoir and 220 acre-feet annually available for Upper Grass Creek Reservoir.  Excluding 

Hamilton Dome inflow; the average water available at Wales Reservoir decreases to 4,050 acre-feet 

annually.  Note that in several hydrologic dry years and especially with the exclusion of Hamilton Dome 

inflow, the annual available flow at both Grass Creek and Wales Reservoir is zero. 

 

Early Season Storage Potential Scenario 

As the available water in the basin peaks early in the irrigation season, diversion records indicate that 

land owners will typically divert water greater than the irrigation water requirement to wet their land 

and fill the soil moisture reservoir.  The Early Season Storage Potential scenario simulates what the 

water availability for storage would be if the land owners forego these early diversions and the peak 

flow was available to be stored in the potentially enlarged Wales Reservoir or newly constructed Upper 

Grass Creek Reservoir.  Note that because early season (late April through the first half of May) irrigation 

demand is minor, the shortages seen in this scenario did not vary significantly from those in the baseline 

scenario.     
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Foregoing early season diversions (and excluding Hamilton Dome inflow) creates on average 

approximately 250 acre-feet annually of additional water available for storage at Wales Reservoir and 50 

acre-feet annually at Upper Grass Creek Reservoir.  On average, there is approximately 4,300 acre-feet 

annually of water available for Wales Reservoir and 270 acre-feet annually for Upper Grass Creek 

Reservoir. 

 

Sprinkler Improvement Scenario 

Current modeled irrigation system efficiencies, the conveyance efficiency multiplied by the application 

efficiency, range from 38 for flood irrigation to 60 percent for sprinkler irrigation.  The Sprinkler 

Improvement scenario simulates what the impact to shortages and water availability would be if the 

overall irrigation system efficiency was increased due to the replacement of flood irrigation systems 

with sprinklers.  The application efficiency of sprinklers is an improvement over flood application 

efficiency, reducing the losses to diverted water.  For this scenario, the consumptive use analysis was 

revised to reflect all acreage served by sprinklers with 80 percent efficiency.  This sprinkler efficiency 

increases the irrigation system efficiency to 60 percent.   

 

Excluding Hamilton Dome inflow, the shortages on Cottonwood Creek for the Sprinkler Improvement 

Scenario average approximately 3,240 acre-feet per year, of which 1,970 acre-feet occur below Wales 

Reservoir.  Grass Creek experiences approximately 1,260 acre-feet of shortages annually on average.   

 

With the sprinkler improvement scenario there is, on average, approximately 4,600 acre-feet annually of 

water available for Wales Reservoir and 300 acre-feet annually for Upper Grass Creek Reservoir. 

 

4.3  Temporary Stream Gauging 

Temporary stream gauges were deployed in three locations in the watershed to assist with the current 

and any future hydrology modeling efforts by recording stream flow on a 30 minute time interval.  See 

details of this effort in Section 4.2 of the report and Appendix B.1.   

 

5.  Site Alternatives Selection 

As determined in the hydrology modeling effort, exchange potential of late season water between 

Cottonwood Creek and Grass Creek is not feasible due to limited late season flows; therefore, in order 

to meet the purpose and need of the watershed, a reservoir in each watershed needed to be pursued.  

Based on the reservoir sites matrix comparison, technical and environmental considerations, and core 

sage grouse habitat areas, two potential reservoir sites appear to be the least damaging practicable 

alternatives.  From a hydrologic, environmental, and ability to meet the purpose and need standpoint, 

the Upper Grass Creek site and the Wales reservoir enlargement appear to be the most viable options 

for storage in the watershed.  These two sites underwent subsurface geotechnical exploration which 

involved excavating test pits to determine construction material availability and geotechnical borings to 

determine foundation conditions.  From this information, conceptual designs and cost estimates were 

prepared and are briefly presented in the following sections.   

 

6.  PREFERRED RESERVOIR SITES  

6.1  Wales Reservoir Enlargement 

6.1.1  Introduction 

The Wales Reservoir enlargement is located off channel on an unnamed draw on State, BLM and private 

property as shown on Figures 6.1-1 and 6.1-2.  The Wales site is located in Sections 5, 6, 7, and 8, 

Township 44 North, Range 97 West.  The reservoir would be supplied by diversion of flows from 
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Total Cut 49,464 C.Y.

Storage Volumes
Water Elev   Storage(AcreFt)  (C.Y.)    (C.F.)     Area(Acre)
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5175.00      1314.7      2121091.4 57269467.9 93.914
5180.00      1824.2      2943009.7 79461261.8 157.324
5185.00      2682.9      4328424.6 116867464.1 187.736
5190.00      3690.1     5953408.3 160742025.0 216.159
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Cottonwood Creek in Section 1, Township 44 North, Range 98 West.  

5,000 ac-ft) were analyzed for this site 

 

The Wales site could be a multiple-use reservoir.  The reservoir yield could be utilized for irrigation 

supplementary flows, environmental uses, and re

could be achieved with late season 

reservoir to promote flat water recreation and a 

downstream on Cottonwood Creek

access points.  The analysis of the reservoir alternatives is 

 

6.1.2  Purpose and Need 

The purpose of an enlargement of the 

irrigation water to downstream shortages.  

Creek is supplied by Hamilton Dome discharge water.  

the downstream irrigation shortages 

could help to mitigate this loss of irrigation water.  

currently supports approximately 1000 acres of irrigated land

and riparian areas (UAA 2002).  Figure 

Wales reservoir without Hamilton Dome discharge

of storage capacity at the Wales site 

enlargement project could be flat water recreation through 

environmental benefits such as wetland creation at the reservoir site, and wildlife habitat 

improvements.  It could be possible to create 80 acres of wetlands in the upper end of the reservoir

Wildlife habitat improvements could consist of water fowl

ceases to discharge, wetland and riparian areas maintained by the discharge could be preserved.  

the Hamilton Dome continues to discharge, water quality improvements could be possible 

spring natural flow and releasing during low natu

modeling was beyond the scope of this study and 

quality improvements.   
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Cottonwood Creek in Section 1, Township 44 North, Range 98 West.  Two sizes of reservoirs

for this site and preliminary designs and cost estimates were developed.

use reservoir.  The reservoir yield could be utilized for irrigation 

supplementary flows, environmental uses, and recreation.  Benefits to irrigators on Cottonwood Creek

could be achieved with late season supplemental water.  A minimum pool could be maintained in the 

recreation and a reservoir fishery.  Stream fishing improvements 

Cottonwood Creek could also be realized with improved flows and the addition of public 

The analysis of the reservoir alternatives is briefly presented in the following sections.

the Wales reservoir could be to provide supplemental

irrigation water to downstream shortages.  Currently, much of the irrigated land along Cottonwood 

Creek is supplied by Hamilton Dome discharge water.  If Hamilton Dome discharge water ceases to exist

shortages could increase substantially.  Enlargement of storage at Wales 

could help to mitigate this loss of irrigation water.  It is estimated that the Hamilton Dome discharge 

ly 1000 acres of irrigated land and approximately 500 acres

Figure 6.1-3 provides an estimate of StateMod model shortages below 

Wales reservoir without Hamilton Dome discharge.  The figure also shows how 2500, 5000, 

at the Wales site could augment these shortages.  Other goals and objectiv

enlargement project could be flat water recreation through the creation of a minimum pool and 

wetland creation at the reservoir site, and wildlife habitat 

It could be possible to create 80 acres of wetlands in the upper end of the reservoir

Wildlife habitat improvements could consist of water fowl habitat creation.  If the Hamilton

ceases to discharge, wetland and riparian areas maintained by the discharge could be preserved.  

the Hamilton Dome continues to discharge, water quality improvements could be possible 

spring natural flow and releasing during low natural flow times to dilute discharge water.  

modeling was beyond the scope of this study and further study would be required to quantify any water 

Monthly Shortages on Cottonwood Creek below Wales Reservoir

Apr May Jun Jul Aug Sep Oct

Cottonwood Shortages below Wales Reservoir

Excluding Hamilton Dome Inflow

(1973 - 2006)

Est. Current Shortages Maximum Reservoir Size

Size Reservoir Minimum Reservoir Size

reservoirs (2,500 and 

and preliminary designs and cost estimates were developed. 

use reservoir.  The reservoir yield could be utilized for irrigation 

on Cottonwood Creek 

water.  A minimum pool could be maintained in the 

fishery.  Stream fishing improvements 

with improved flows and the addition of public 

in the following sections. 

provide supplemental late season 

Currently, much of the irrigated land along Cottonwood 

water ceases to exist, 

torage at Wales 

It is estimated that the Hamilton Dome discharge 

500 acres of wetland 

shortages below 

2500, 5000, and 7500 AF 

Other goals and objectives of the 

the creation of a minimum pool and 

wetland creation at the reservoir site, and wildlife habitat 

It could be possible to create 80 acres of wetlands in the upper end of the reservoir.  

If the Hamilton Dome 

ceases to discharge, wetland and riparian areas maintained by the discharge could be preserved.  While 

the Hamilton Dome continues to discharge, water quality improvements could be possible by storing 

ral flow times to dilute discharge water.  Water quality 

to quantify any water 
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6.1.3  Geotechnical Conclusions 

Based on evaluation of data collected, it is RJH’s opinion that the proposed embankment and reservoir 

are feasible from a geotechnical standpoint.  Additional geotechnical information will be required to 

advance the design of the dam and reservoir.  The primary geotechnical issues that are expected to 

impact design and construction are: 

• Bedrock is generally shallow except in valley bottoms where surficial soils are up to about 20 

feet deep based on geologic mapping and test pits. 

• Zones of gypsum-infilled fractures in bedrock are present below the proposed dam and at the 

site.  Gypsum is a soluble rock mineral that can significantly impact dam safety and reservoir 

functionality.  Potential impacts to dams and reservoirs where gypsum is present include: 

o Dissolution of foundation materials, which can result in embankment settlement, creation 

of preferential seepage paths through bedrock, alteration of seepage gradients, excessive 

reservoir seepage losses through the foundation, and possibly dam failure. 

o Dissolution of embankment materials derived on-site that contain a proportion of 

gypsiferous materials. 

o Plugging or cementing of coarse grained filter zones from salts precipitated from 

supersaturated seepage. 

o Sulfate attack to grout curtains or concrete hydraulic structures in contact with seepage. 

• Adequate quantities of clayey borrow materials appear to be present within the limits of the 

reservoir for dam construction. 

• An offsite source of sand for filters and rock for riprap and bedding will need to be identified. 

 

6.1.4  Hamilton Dome Discharge Water Quality / Bypass 

Produced water is discharged from the Hamilton Dome in two locations through two WYPDES discharge 

permits.  WY680 discharges on the west end of the Hamilton Dome and WY175 discharges on the east 

end.  The east and west discharges currently produce approximately 5 and 8 cfs respectively.  The east 

discharge flows through the proposed Wales site enlargement prior to reaching Cottonwood Creek.  The 

west discharge reaches Cottonwood Creek 2.3 miles upstream of the existing Wales reservoir diversion.  

The existing Wales reservoir has the ability through existing infrastructure to store both east and west 

discharges in addition to Cottonwood Creek water.    It was initially sought to utilize the Hamilton Dome 

discharge as it is a constant source of flow, however, the discharge water has some undesirable 

constituents contained in it specifically chloride and selenium.  Water quality analysis and modeling was 

beyond the scope of this study, however, the issue of bioaccumulation of selenium in animals would 

need to be addressed prior to storing Hamilton Dome discharge water in an enlarged Wales reservoir.  

High concentrations of selenium in fish and aquatic invertebrates could pose a risk to birds dependant 

on an aquatic food chain, some of which are protected by the Migratory Bird Treaty Act.   

 

The hydrology model indicated ample natural water available in Cottonwood Creek on average while the 

Hamilton Dome continued to produce discharge water.  During drought years, natural inflow is reduced, 

reservoir yield declines, and shortages would still exist.  It could be beneficial to utilize Hamilton Dome 

water during drought years.  However, additional water quality analysis and modeling would be required 

to determine if Hamilton Dome discharge water is suitable for storage in the Wales site enlargement.  

Therefore it was determined to exclude discharge water from the reservoir site at this level of study.     
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6.1.5  Hydropower Potential 

The potential for hydropower was considered for the Wales reservoir enlargement project.  First, 

irrigation releases from the 2500 AF reservoir were evaluated for hydropower potential.  Power sales on 

average for the 6 month period from May through October based on modeled irrigation releases would 

be $2,380.  Peak power sales from irrigation releases during the modeling period (1973-2006) would be 

$4,350.  Plant and switchyard costs were estimated at approximately $1.75 million.  Loan repayment on 

a 50 year loan at 4% is $81,370 per year.  Hydropower based on irrigation releases from the 2500 AF 

Wales site enlargement under these funding parameters is not economically feasible.   

 

Hydropower potential associated with the west Hamilton Dome discharge bypass project was also 

evaluated.  This generated $16,600 in power sales during the 6 month period from November through 

April.  Plant and switchyard costs were estimated at approximately $1.94 million.  Loan repayment on a 

50 year loan at 4% is $90,350 per year.  Hydropower under these funding parameters is likely not 

economically feasible. 

 

6.1.6  Reservoir Alternative Size Comparison 

The reservoir size alternatives analyzed for the Wales site enlargement are compared in Table 6.1-1.  

The 7,500 AF reservoir size has the lower unit cost per acre-foot of storage.  The comparison of the unit 

cost per acre-foot of yield indicates that the 2,500 AF reservoir size has the lower unit cost of the 

alternatives analyzed.  This site would be most economically developed at the 2,500 AF size alternative.   

 

Table 6.1-1 – Unit Costs Comparison 

 
 

6.1.7  Project Financing 

The current financing package offered by the Wyoming Water Development Commission is 67% grant, 

33% loan at 4% interest for a case specific term not to exceed 50 years.  The WWDC has the ability in 

their criteria to grant up to 75% of the total cost for the project.  On storage projects, the WWDC has the 

authority with Wyoming Legislature approval to grant 100% of the project cost but not to exceed public 

benefits as computed by the Commission.  In order to achieve this level of financing the project would 

have to give significant benefit to the State of Wyoming.  Table 6.1-2 presents the 100% grant scenario.  

The assessment per acre and assessment per acre foot of yield are computed based on the costs of 

operation and maintenance only.  The assessment per acre foot of yield is greater than the sponsor’s 

estimated willingness to pay.  Report Section 7.2 discusses the sponsor’s ability and willingness to pay.   

 

Total 

Capacity Est. Cost

Storage 

Unit Cost

Active 

Capacity Est Yield Unit Cost Yield

AF $Mil $/AF AF AF/Yr $/AF Yield

Without Hamilton Dome Discharge

1,430 $10.2 $7,133 1000 950 $10,737

2,500 $12.6 $5,040 1750 1350 $9,333

5,000 $18.1 $3,620 3500 1620 $11,173

7,500 $23.6 $3,147 5250 1800 $13,111

With Hamilton Dome Discharge

1,430 $10.2 $7,133 1000 850 $12,000

2,500 $12.6 $5,040 1750 853 $14,771

5,000 $18.1 $3,620 3500 866 $20,901

7,500 $23.6 $3,147 5250 866 $27,252



 

Table 6.1-2 – Annual assessment

 

6.2  Upper Grass Creek Site 

6.2.1  Introduction 

Site No. 10b Upper Grass Creek is located on Grass Creek on State and private land as shown on 

6.2-1 and 6.2-2.  This site is located in Sections 

reservoir would be supplied by flows in Grass Creek.  

analyzed for this site and preliminary designs and co

 

The Upper Grass Creek site could be a multiple

irrigation supplementary flows, environmental uses, and recreation.  Benefits to irrigators on Grass 

Creek could be achieved with late season supplemental water.  A minimum pool could be maintained in 

the reservoir to promote flat water recreation and a reservoir fishery.  The analysis of the reservoir 

alternatives is presented in detail in the following sections.

 

6.2.2  Purpose and Need 

The purpose of the Upper Grass Creek reservoir 

water to downstream shortages.  Figure 

needs on Grass Creek.  The figure al

Upper Grass Creek site could augment these shortages.  Other goals and objectives of 

be flat water recreation through the creation of a minimum pool and environmental benefits 

wildlife habitat improvements.  Wildlife habitat improvements could consist of water fowl habitat 

creation, water for wildlife, and creation of a fishery in the minimum pool.

 

Figure 6.2-3
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Annual assessment - 100% grant funding scenario 

Grass Creek is located on Grass Creek on State and private land as shown on 

.  This site is located in Sections 9 and 16 Township 45 North, Range 100 West.  The 

reservoir would be supplied by flows in Grass Creek.  Two sizes of reservoirs (1,000 and 500 ac

analyzed for this site and preliminary designs and cost estimates were developed. 

site could be a multiple-use reservoir.  The reservoir yield could be utilized for 

irrigation supplementary flows, environmental uses, and recreation.  Benefits to irrigators on Grass 

ved with late season supplemental water.  A minimum pool could be maintained in 

the reservoir to promote flat water recreation and a reservoir fishery.  The analysis of the reservoir 

alternatives is presented in detail in the following sections. 

The purpose of the Upper Grass Creek reservoir would be to provide supplemental late season irrigation 

Figure 6.2-3 provides an estimate of StateMod model shortages 

also shows how 1000, 750, and 500 AF of storage capacity 

Upper Grass Creek site could augment these shortages.  Other goals and objectives of the pr

be flat water recreation through the creation of a minimum pool and environmental benefits 

wildlife habitat improvements.  Wildlife habitat improvements could consist of water fowl habitat 

, water for wildlife, and creation of a fishery in the minimum pool.     

3 – Average Monthly Shortages on Grass Creek 

Est Yield O&M Assessment Assessment

Sponsor 

Willingness to 

Pay ($10/AF)

AF/Yr $/Yr $/Acre $/AF Yield $/Yr

$36,000 $20 $38 $9,500

$36,000 $20 $27 $13,500

$36,000 $20 $22 $16,200

$36,000 $20 $20 $18,000

Apr May Jun Jul Aug Sep Oct

Grass Creek Shortages 

2006)

Est. Current Shortages Maximum Reservoir Size

Size Reservoir Minimum Reservoir Size

 

Grass Creek is located on Grass Creek on State and private land as shown on Figures 

Township 45 North, Range 100 West.  The 

Two sizes of reservoirs (1,000 and 500 ac-ft) were 

use reservoir.  The reservoir yield could be utilized for 

irrigation supplementary flows, environmental uses, and recreation.  Benefits to irrigators on Grass 

ved with late season supplemental water.  A minimum pool could be maintained in 

the reservoir to promote flat water recreation and a reservoir fishery.  The analysis of the reservoir 

ould be to provide supplemental late season irrigation 

provides an estimate of StateMod model shortages and 

capacity at the 

the project could 

be flat water recreation through the creation of a minimum pool and environmental benefits such as 

wildlife habitat improvements.  Wildlife habitat improvements could consist of water fowl habitat 

 

Sponsor 

Willingness to 

Pay ($10/AF)

Nov Dec



GRASS CREEK RESERVOIR - 1000 AF

DAM CENTERLINE

MAX INUNDATION AREA
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EMERGENCY SPILLWAY
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PRIMARY OUTLET WORKS
INLET STRUCTURE

Upper Grass Creek - 1000 AF - HWL 6635'
Top of dam elevation: 6652
Top of dam width: 20
Out slope ratio: 3.00
Interior slope ratio: 3.00

Earthwork Volumes
Total fill:  347,065 C.Y.

Storage Volumes
Water Elev   Storage(AcreFt)  (C.Y.)    (C.F.)     Area(Acre)
6579.00       0.02334         37.6      1016.5     0.047
6588.00      7.98389          12880.7   347778.1   2.018
6597.00      36.66534        59153.4   1597142.2  4.743
6606.00      116.82609      188479.4  5088944.5  15.114
6615.00      293.20080        473030.6  12771826.9 24.271
6624.00      545.01654       879293.4  23740920.6 32.176
6633.00      876.92145        1414766.6 38198698.3 41.855
6642.00      1291.89908       2084263.9 56275124.0 50.657
6651.00      1815.28285       2928656.3 79073720.9 67.327
6652.00      1883.11356       3038089.9 82028426.9 68.612



0+00
1+00

2+00
3+00

4+00
5+00

6+00
7+00

8+00
9+00

10+00
11+00

MAX INUNDATION AREA

ENERGY DISSIPATION STRUCTURE
OUTFALL ELEV = 6566'

BORING GC101

BORING GC102

DAM CENTERLINE

CONCRETE GATE TOWER

PRIMARY OUTLET WORKS
INLET STRUCTURE

EMERGENCY SPILLWAY

GRASS CREEK RESERVOIR - 500 AF

Upper Grass Creek - 500 AF - HWL 6622'
Top of dam elevation: 6639
Top of dam width: 18
Out slope ratio: 3.00
Interior slope ratio: 3.00

Earthwork Volumes
Total fill:  225,238 C.Y.

Storage Volumes
Water Elev   Storage(AcreFt)   (C.Y.)    (C.F.)     Area(Acre)
6577.00      0.01417            22.9            617.3      0.044
6584.00      3.68613            5947.0        160567.7   1.404
6591.00      19.64414          31692.5      855698.6   3.236
6598.00      49.84857          80422.4      2171403.7  5.805
6605.00      114.86199        185310.7    5003388.5  14.685
6612.00      242.14810        390665.6    10547971.3 22.143
6619.00      418.12799        674579.8    18213655.3 28.360
6626.00      637.77422        1028942.4  27781444.9 35.042
6633.00      908.71502        1466060.2  39583626.3 42.595
6639.00      1181.14897      1905587.0  51450849.0 48.293
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6.2.3  Geotechnical Summary 

Based on evaluation of data collected, it is RJH’s opinion that the proposed embankment and reservoir 

are technically feasible from a geotechnical standpoint.  However, the geotechnical conditions will 

complicate design and concepts to manage seepage will be expensive.  Significant additional 

geotechnical information will be required to advance the design and evaluate the subsurface conditions.  

The primary geotechnical conditions that are expected to impact design and construction are: 

• Alluvium was mostly sand, gravel, and cobbles with silt and clay seams and extends to depths of 

at least 95 feet in the valley bottom.  The frequency of cobbles and the size of cobbles increased 

below about 45 feet and boulders are also likely below about 45 feet.  

• Bedrock was interbedded sandstone and mudstone with occasional coal seams and was 

intensely weathered and fractured to decomposed on the right abutment to at least 24 feet 

below top of bedrock.  Bedrock in the valley bottom was intensely weathered and fractured for 

about 5 feet below the top of bedrock.  There are also several zones where the computed 

hydraulic conductivity is on the order of 1 x 10-4 cm/s, which is high.  These zones will likely need 

to be grouted to provide effective seepage control. 

• Coal seams were identified, which could convey large quantities of seepage and also have low 

strength. 

• Riprap materials may be available from sandstone bedrock if quarried, but excavation depth to 

suitable sandstone could be deep.   

• Core materials should be available within fine grained alluvial materials identified at the 

upstream end of reservoir and claystone bedrock that was identified upstream of the reservoir.   

• Embankment shell materials are available within reservoir limits. 

• Riprap bedding materials are likely available with screening the coarse grained alluvial materials 

within the reservoir limits. 

• Filter materials are likely available with screening the coarse grained alluvial materials within the 

reservoir limits. 

• Seepage management for the embankment and reservoir will be difficult and expensive 

because:   

o The thick valley alluvium will likely have high seepage losses if not cut off. 

o A seepage cutoff through alluvium below the dam to a currently undefined depth to 

increase the seepage path and provide adequate seepage stability (avoid piping) is needed. 

o The preferred seepage control would be a cutoff that extends about 5 feet into slightly 

weathered and fractured bedrock, however; it is possible that a grout curtain could be 

required along the entire length of the embankment to manage seepage. 

o Any seepage control through alluvium will be complicated and expensive because of the 

significant thickness of alluvium and presence of cobbles and boulders.   

o An alternative seepage control method would be a low permeability liner (blanket) that 

would cover all areas below the water level and be connected with low permeability fill in 

the embankment.  However, in areas where fractural bedrock or coarse grained alluvial 

materials are present, foundation treatment would be required to prevent erosion of the 

blanket into the formation. 
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6.2.4  Reservoir Alternative Size Comparison 

The reservoir size alternatives analyzed for the Upper Grass Creek site are compared in Table 6.2-1.  The 

1,000 AF reservoir size has the lower unit cost per acre-foot of storage and per acre-foot of yield.  This 

site would be most economically developed at the 1,000 AF size alternative.   

 

Table 6.2-1 – Unit Costs Comparison 

Total Capacity Est. Cost Storage Unit Cost Active Capacity Est Yield Unit Cost Yield

AF $Mil $/AF AF AF/Yr $/AF Yield

500 $9.9 $19,780 350 270 $36,630

750 $10.5 $14,000 525 310 $33,870

1,000 $11.2 $11,150 700 350 $31,860  
 

6.2.5  Project Financing 

Assuming a 67% WWDC grant and 33% loan at 4% for 50 years, the annual repayment would be as 

shown in Table 6.2-2.  The assessment per acre is applied to the 850 irrigated acres downstream of the 

reservoir site on Grass Creek.  The sponsor’s willingness to pay is estimated to be $10 per acre foot, see 

additional discussion in report Section 7.2.  The sponsor willingness to pay does not generate enough 

revenue to cover the costs of operation and maintenance. 

 

Table 6.2-2 – Annual Repayment and Assessment 

 
 

This site at the 1000 AF size is below the WWDC dam and reservoir program storage capacity criteria of 

2000 AF for new dams.  If it were to be considered under the dam and reservoir program, the WWDC 

dam and reservoir program funding criteria states “the WWDC may recommend a loan/grant mix based 

on the sponsor’s ability to pay a portion of the project costs and all of the operation, maintenance, and 

replacement costs.”  Table 6.2-3 presents the 100% grant scenario.  The assessment per acre and 

assessment per acre foot of yield are computed based on the costs of operation and maintenance only.  

The assessment per acre foot of yield is greater than the sponsor’s estimated willingness to pay.     

 

Table 6.2-3 – Annual assessment - 100% grant funding scenario 

 
 

  

Total 

Capacity Est. Cost

Loan 

Amount

Annual Loan 

Repayment O&M Assessment Assessment

Sponsor 

Willingness to 

Pay ($10/AF)

AF $Mil $Mil $/Yr $/Yr $/Acre $/AF Yield $/Yr

500 $9.9 $3.3 $152,088 $36,000 $221 $697 $2,700

750 $10.5 $3.5 $161,777 $36,000 $233 $638 $3,100

1,000 $11.2 $3.7 $171,465 $36,000 $244 $593 $3,500

Total 

Capacity Est Yield O&M Assessment Assessment

Sponsor 

Willingness to 

Pay ($10/AF)

AF AF/Yr $/Yr $/Acre $/AF Yield $/Yr

500 270 $36,000 $42 $133 $2,700

750 310 $36,000 $42 $116 $3,100

1,000 350 $36,000 $42 $103 $3,500
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7.  ECONOMIC ANALYSIS 

7.1  Project Benefits 

The following is a brief summary of economic analyses conducted for the Wales and Upper Grass Creek 

sites.  Detailed analysis can be found in Section 7 of the report. 

 

Total Irrigation Benefits 

Table 7.1-1 presents total annual irrigation benefit estimates for the projects.   

 

Table 7.1-1:  Total Annual Irrigation Benefit Estimates (dollars) 

 
Reservoir 

 
Current Conditions 

W/O Hamilton Dome 

Water 
W/O Hamilton 
With Sprinklers 

Wales – 5000 AF $169,600             $303,500             $482,600 

Wales – 2500 AF $169,600 $253,000 $402,100 

Grass Creek   $65,800   $65,800 $103,900 

     Totals $243,500  $377,400 $603,100 

 

Other Project Benefits 

Reservoir Recreation 

The Wales Reservoir enlargement has the potential to provide flat-water recreation in an area of the 

state with few smaller recreational reservoirs.  Recreational activity at the reservoir would not pump a 

significant amount of new money into the state economy, but would increase the well being of its 

recreational users.  In economic jargon, this increase in well being is called consumer surplus because 

consumers are not required to pay for it directly.  Projecting recreational usage and multiplying by an 

average value of consumer surplus associated with each visit can thus provide an estimate of the 

economic benefits of Wales Reservoir recreation.  

 

This value projects to an annual recreational benefit of $282,800 and $178,100 for the 5,000 acre-foot 

and 2,500 acre-foot Wales reservoir respectively.  The present value of this annual stream of benefits is 

$6.08 million and $3.83 million respectively using a 4 percent discount rate and a 50- year project life.  

The present value of flat water recreation benefits for the Grass Creek reservoir was estimated at $0.91 

million. 

 

Stream Fishing 

The Wyoming Game and Fish Department currently lists Cottonwood Creek as a Class 4 trout fishery.  

Factors limiting the fishery include water quality problems associated with Hamilton Dome production 

water and little public access.  The Wales Reservoir project could potentially affect these issues.   

Bypassing Hamilton Dome production water and storing only natural flow to fill the reservoir could 

improve water quality downstream of the reservoir.  Also, public access would be allowed at the 

reservoir site as a stipulation of state funding, and this access may include partial access to the stream.  

Benefits associated with the stream outlet immediately below the reservoir are included in the reservoir 

recreation benefits described above.   Any additional benefits will depend upon a fisheries assessment 

by the Wyoming Game and Fish Department and the willingness of landowners downstream of the 

reservoir to allow public access. The magnitude of any stream fishing benefits thus depends upon the 

resolution of these issues. 

  



12 
 

Wetlands  

Roughly 80 acres of wetlands would be created in the vicinity of Wales Reservoir, and the reservoir itself 

would provide waterfowl habitat.  The present value of these benefits is estimated at $125,600.         

 

Subirrigation and Riparian Habitat  

Roughly 500 acres of subirrigated pasture below Wales Reservoir, including riparian habitat, will be at 

risk as Hamilton Dome production water inevitably decreases over time.  This land is currently grazed at 

a more intense level than will be possible in the future without releases of storage water.  The benefits 

of preserving this subirrigated habitat can be estimated by comparing the productivity of subirrigated 

and dryland grazing in the area.  The total annual benefit of preserving this subirrigated pasture is 

$136,800.  The present value of this stream of benefits is $2.9 million, when discounted over 50 years 

using a four percent discount rate. 

 

Water Quality 

Development plans for the Wales site involve an inlet bypass for Hamilton Dome production water and 

storage of only higher quality natural flow water.  This arrangement will allow better quality storage 

water to be released to dilute production water flow in the Creek and thus improve water quality.  

Preliminary estimates indicate that TDS and chlorides could be reduced by up to 50 percent at times 

immediately below the reservoir site.  The primary beneficiaries of this water quality improvement 

would be irrigators downstream of the reservoir.  Studies have shown that chlorides in irrigation water 

can adversely affect crop yields and may affect the way irrigation water is managed.   

 

An informal survey of irrigators in the area indicates that they generally do not manage production 

irrigation water differently than natural flow water under current conditions.  As a result, the benefits of 

improved water quality below the reservoir, if any, would only be reflected in yield increases.  Although 

there is literature on the relationship between salinity and crop yields in certain situations, water quality 

modeling data for this project are not available in enough detail to allow projections of yield changes, if 

any, or associated economic benefits. 

 

7.2  Benefit-Cost Ratios 

A summary of quantifiable project benefits is presented in Table 7.2-1. 

 

Table 7.2-1:  Present Value of Quantifiable Benefits ($ millions) 

 
Reservoir 

 
Current Conditions 

W/O Hamilton Dome 

Water 
W/O Hamilton 
With Sprinklers 

Wales – 5000 AF $9.85 $15.63 $19.48 

Wales – 2500 AF $7.60 $12.30 $15.50 

Grass Creek $2.32 $2.32  $3.14 

 

The associated benefit-cost ratios are presented in Table 7.2-2. 

 

Table 7-3:  Benefit-Cost Ratios 

 
Reservoir 

 
Current Conditions 

W/O Hamilton Dome 

Water 
W/O Hamilton 
With Sprinklers 

Wales – 5000 AF 0.54 0.86 0.91 

Wales – 2500 AF 0.60 0.98 0.98 

Grass Creek 0.21 0.21 0.26 
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The results in Table 7.2-2 indicate that the largest benefit-cost ratios are associated with the Wales site 

after Hamilton Dome production water declines.  The addition of sprinklers would increase the benefit 

cost ratio, although the WWDC does not fund on-farm irrigation systems.  Although the largest benefit-

cost ratio is slightly less than unity, some potential project benefits remain un-quantified for the Wales 

site.  Additional study of the Wales site may allow a better understanding of the benefits associated with 

water quality and stream fishery improvements. 

 

8.  SUMMARY 

8.1  Wales Reservoir Enlargement 

The Wales site enlargement could be a multipurpose facility located off channel on an unnamed 

drainage above approximately 1842 acres of irrigated land.  This is approximately 62% of the irrigated 

land on Cottonwood Creek.  The reservoir is sited to capture higher elevation runoff and discharge to 

meet late season irrigation shortages on Cottonwood Creek.  Wetland impacts at this site could be 

significant depending on the size pursued and if the wetlands within the high water line of the existing 

reservoir are considered jurisdictional.  Any impacts to wetlands would need to be mitigated.  There are 

no riparian impacts at this site.  This site is within crucial winter range for mule deer which would likely 

require mitigation.  Borrow materials suitable for construction of a homogeneous earth embankment 

are likely available on site, however, filter material and suitable riprap will have to be imported.  Zones 

of gypsum-infilled fractures in the bedrock foundation present seepage concerns and will require 

significant grouting.  This site is most efficient in the 5000 AF and 7500 AF size based on project cost per 

acre foot and per cubic yard of fill.  However, the site is most efficient in the 2500 AF size based on 

project cost per acre foot of yield.   

 

This site appears to be technically feasible.  Economically the site is not feasible with the current funding 

package of 67% grant, 33% loan.  The WWDC may recommend a loan/grant mix based on the sponsor’s 

ability to pay a portion of the project costs and all of the operation, maintenance, and replacement 

costs.  The WWDC has the authority with Wyoming Legislature approval to grant 100% of the project 

cost but not to exceed public benefits.  When indirect benefits and benefits to the State are taken into 

consideration, the benefit cost ratio is close to one.  A case could be made for 100% grant funding.  Even 

with 100% grant, the project sponsor’s estimated willingness to pay will likely not cover operation and 

maintenance costs.  Further consideration of indirect benefits not quantified in this study which include 

water quality improvements and potential improvement of stream fishery could be warranted and may 

achieve a benefit cost ratio of one or greater.  Water quality modeling and analysis could be warranted 

to show potential improvements to the watershed.  If it could be shown with further analysis that 

Hamilton Dome discharge water is suitable to store, then project costs could be reduced approximately 

$650,000 and dry year yield would increase.  This site is recommended for further study. 

 

8.2  Upper Grass Creek Site 

The Upper Grass Creek site could be a multipurpose facility located on Grass Creek above all of the 

irrigated land (approximately 854 acres) on Grass Creek.  The reservoir is well sited to capture higher 

elevation runoff and discharge to meet late season irrigation shortages on Grass Creek.  Wetland 

impacts at this site appear to be minimal, however, any impacts would need to be mitigated.  Riparian 

impacts may require mitigation.  This site is within crucial winter range for mule deer and elk which 

would likely require mitigation.  Access around the site requires approximately 5.5 miles of road 

improvement.  Borrow materials suitable for construction of a zoned earth embankment are likely 

available on site, however, suitable riprap may be difficult to obtain.  The thickness of alluvium and 

presence of cobbles and boulders in the valley bottom presents a significant obstacle in the design of a 
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safe, efficient dam.    In addition to seepage through the alluvium, seepage may also be an issue in the 

weathered bedrock and coal seems present, which would likely require grouting.  This site is most 

efficient based on project cost per acre foot, per acre foot of yield, and per cubic yard of fill in the 1000 

AF size.  The benefit cost ratio for this site including indirect benefits to the economy and flat water 

recreation is 0.22 for current irrigation methods and 0.29 with sprinkler improvements.  The small size 

of the reservoir (<2,000 AF) and the relatively low benefit cost ratio will likely preclude any improved 

funding scenarios from the WWDC.  The sponsor’s estimated willingness to pay will likely not cover 

operation and maintenance costs.  This site appears to be technically feasible, however, there is 

significant cost associated with seepage cutoff.  The relatively high loan payment associated 

with the 67% grant and 33% loan funding package compared to the sponsor’s estimated 

willingness to pay for storage water in addition to a limited water supply likely make this 

project not feasible.  This site is not recommended for further study.   
 

   

 




