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UPPER GREEN RIVER STORAGE PROJECT 
 

EXECUTIVE SUMMARY 
 
 
This February 2007 report summarizes the results of a Level II Study for the Upper 
Green River Storage Project. The study was authorized by the Wyoming legislature and 
administered by the Wyoming Water Development Commission (WWDC). This report 
was prepared by Kleinfelder, Inc. (Kleinfelder) in association with the following 
subconsultants: 
 

• TST, Inc. of Denver (TST) 
• Leonard Rice Engineers, Inc. (LRE) 
• Western Archeological Services (WAS) 

 
STUDY PURPOSE AND OBJECTIVES 
 
This study was conducted for the Upper Green River Basin above Fontenelle Reservoir.  
The investigations focused on the stream reaches where irrigators had potential 
shortages during dry years. The following streams in the study area and their tributaries 
were evaluated in detail: 
 

• Beaver Creek • Horse Creek • Cottonwood Creek 
• North Piney Creek • Middle Piney Creek • South Piney Creek 

 
The major objectives for this Level II evaluation included:  
 

• Update estimates of water shortages and formulate initial assessments of need 
that meet the requirements of environmental compliance laws under which any 
proposed project will have to be reviewed and permitted. 

• Identify sub-basin areas where needs can be grouped for purposes of developing 
and evaluating alternatives that satisfy the needs. 

• Identify and refine possible alternatives within each sub-basin including areas 
that were identified and evaluated in previous reports, as appropriate. 

• Present appropriate planning level design concepts of the four preferred 
alternative(s) with a description of the corresponding project “footprint”, and 
operation plan that can be used to support the preparation of environmental 
compliance documents and permit applications, and a cost estimate that is 
suitable for funding approval through the WWDC project authorization process. 

 
INITIAL SHORTAGES MODELING 
 
A StateMod model was developed as part of this study in order to refine previously 
estimated water shortages.  A monthly time step was evaluated for the extended period 
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of 1971 to 2003.  Variable irrigation demands were estimated with a consumptive use 
(CU) model. Available water supplies were allocated by priority using a generic water 
allocation model. The model network developed for the spreadsheet-based Upper 
Green River Basin Planning Model (August 2000) was used as the basis for this study.  
 
Results of the StateMod analysis of the Upper Green River basin above Fontenelle 
Reservoir for the 1971 to 2003 study period indicated demands of approximately 
713,000 acre-feet per year in the basin. On average, these demands are shorted 
approximately 120,000 acre-feet, or 17 percent.  
 
Estimated average-year irrigation shortages and legally available flows were used to 
identify and evaluate general areas within the basin where reservoir sites could 
potentially reduce or eliminate estimated shortages.  These general areas were then 
evaluated to identify specific reservoir sites within a sub-basin. Additional model 
simulations were performed to further evaluate the potential ability of a reservoir to 
mitigate identified shortages. 
 
RESERVOIR SITE SCREENING 
 
The StateMod model studies identified nine general areas (stream subbasins) with 
significant water needs (shortage > 1000 acre-feet) and surplus legally available flows 
that if stored in a new reservoir, would mitigate a significant portion of the identified 
shortages.  These subbasins were then evaluated to identify candidate locations and 
sizes for reservoirs that would provide the maximum ability to mitigate shortages.  Once 
candidate reservoir sites were identified, they were placed in a priority order according 
to: 
 

1. The amount of average annual water shortage (identified as irrigated 
acreages that did not have a dependable water supply), from the 
highest to the lowest predicted, and 

2. The amount of legally available flow from the highest to the lowest 
predicted. 

 
The top four candidate reservoir sites selected using the criteria outlined above are 
located primarily on private land in Sublette County, Wyoming.  They include:   

 
• Lower Willow Creek Reservoir 

• Mickelson Creek Reservoir  

• Horse Pasture Draw Reservoir 

• Cow Gulch Reservoir  

The sites listed above were different from sites identified in previous studies.  This is 
due in large part to the expanded shortage analysis conducted as a part of this study. 
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SHORTAGES SIMULATION WITH PROPOSED RESERVOIRS 
 
The baseline model simulations with no storage reservoirs indicate shortages on the 
tributaries that are typically due to either insufficient physical flows or sufficient flows but 
no storage to carry water over from wet years to satisfy irrigation shortages during 
subsequent dry years.  Additional model simulations were conducted to estimate the 
ability of the preferred reservoirs to reduce the baseline level of irrigation shortages. 
Area-capacity curves were included to represent modeled surface areas and associated 
evaporation losses. The evaporation losses assigned to each reservoir were estimated 
based on monthly net evaporation rates developed for the Upper Green River Planning 
model.  
 
To ensure that simulated operation of the reservoirs will not injure vested water right 
holders in the basin, each reservoir was assigned a storage right with a priority junior to 
all other modeled irrigation rights. The storage rights were set equal to the proposed 
capacity of the reservoir with the right to fill and refill under the junior storage right 
throughout the year. The operating release rules were assigned priorities junior to the 
most junior direct flow water right attributed to the irrigation node so that storage 
releases are only made to meet irrigation demands remaining after all of the nodes 
direct flow water rights are exercised. The results of the simulations are summarized 
below. 
 

Reduction of Irrigation Shortages with Candidate Sites 
 

Reservoir Site Storage 
Volume, ac-ft 

Shortages without 
Reservoir, ac-ft 

Shortages with 
Reservoir, ac-ft 

Shortages 
Reduction, % 

Lower Willow 
Creek 23,190 49,777 43,834 12 

Mickelson  
Creek 7,300 27,233 21,398 21 

Horse Pasture 
Draw 5,710 11,078 5,926 47 

Cow  
Gulch 13,330 5,860 3,067 48 

 
The final analysis included simultaneous operation of all four proposed reservoir sites to 
store and release water to downstream irrigation nodes. The model results from this run 
were the same as the output for the first four runs, which indicates that tributaries are 
controlled by native physical flows. 
 
SITE SPECIFIC INVESTIGATIONS 
 
Engineering, environmental, cultural resource, and land ownership evaluations were 
completed for each reservoir site.  The key investigations and findings are discussed 
below. 
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Geotechnical/Geological Investigations - The engineering geology of the four proposed 
reservoir sites was interpreted through an integrated compilation of data, observations 
and analyses, including a review of literature and mapping from previous studies 
conducted in the region, photogeologic analyses of site imagery, GIS analyses of 
elevation and terrain data, and a limited reconnaissance to each of the four sites.  
Subsurface explorations were not within the scope of this investigation, therefore 
projections regarding subsurface conditions for the dam and reservoir sites are based 
upon our engineering geology interpretations and limited site reconnaissance 
observations.  
 
Seismic Hazard Evaluations - We inventoried the faults and fault sections based on the 
USGS Quaternary Fault database within the 62-mile radius of a proposed dam site as 
recommended by Federal Energy Regulatory Commission (FERC) and classified those 
according to most recent movement along any of the given faults’ traces.  The distances 
to the proposed dam sites were queried using GIS and are tabulated on the Quaternary 
Earthquake Fault maps.  
 
For the characterization of historic seismicity in the region, we inventoried the recorded 
historical earthquakes greater than a magnitude 3 within 62 miles of the dam sites from 
the USGS database, and tabulated those on the Earthquake Magnitudes maps.  USGS 
probabilistic peak horizontal acceleration (PHA) values interpolated from mapped grid 
points, estimated by Frankel, et al, were used to calculate probabilistic analysis of Peak 
Horizontal Accelerations for each of the dam sites.  Because of the potential for loss of 
life downstream in the event of a failure, the dams will likely be considered a “High 
Hazard Structure”, and additional studies should be conducted to evaluate the 
Operating Base Earthquake (OBE) and the Maximum Credible Earthquake (MCE) for 
each site.   
 
Hydrology/Hydraulic Investigations – An inflow design flood (IDF) was computed for 
each location based on rainfall data obtained from Hydrometeorological Report (HMR) 
No. 49 and unit hydrograph procedures as outlined in Reclamation’s publication Flood 
Hydrology Manual.  All dams were considered to be high hazard structures, and thus 
the spillways were sized to accommodate flood routing of the 100 percent probable 
maximum precipitation (PMP) IDF with a minimum residual freeboard of 1.5 feet.  The 
IDF is summarized in the following table. 
 

Summary of Inflow Design Flood (IDF) Analyses 
 

Reservoir Basin Area 
(mi2) 

HMR-49 
Rainfall 

Depth (in) 
Event Type 

IDF Peak 
Discharge 

(cfs) 

IDF Runoff 
Volume (ac-

ft) 
Lower Willow 41.8 7.3 Thunderstorm 55,400 11,960 

Mickelson Creek 1.26 9.6 Thunderstorm 8,070 550 
Horse Pasture 7.68 8.8 Thunderstorm 23,740 2,910 

Cow Gulch 7.74 8.8 Thunderstorm 18,650 2,900 
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The spillway sizes required for each dam to meet the minimum freeboard constraint are 
summarized in the table below 
 

Summary of Emergency Spillway Crest Widths 
 

Reservoir Spillway 
Width (ft) 

Spillway 
Crest El (ft 
– NGVD) 

Dam 
Crest El. 

(ft – 
NGVD) 

IDF Max. 
El. (ft – 
NGVD) 

Peak 
Spillway 

Discharge 
(cfs) 

Minimum 
Freeboard 

(ft) 

Lower  
Willow 200 7400 7410 7408.3 14,700 1.7 

Mickelson 
Creek 25 7795 7800 7797.8 360 2.2 

Horse 
Pasture 25 7635 7645 7641.7 1,350 3.3 

Cow  
Gulch 20(1) 7640 7650 7643.8 560 6.2 

 
The outlet works were sized to provide emergency drawdown capacity to lower the top 
25 percent of the hydraulic height (defined as the normal pool elevation minus the outlet 
works invert elevation) in 30 days or less, in accordance with the Reclamation 
publication ACER TM No. 3.  The required outlet works pipe diameter at each location 
necessary to meet the above drawdown requirements is presented in the following 
table.   
 

Summary of Outlet Works Pipe Diameter Requirements 
 

Reservoir  Normal 
Pool El. 

75% 
Hydraulic. 
Height El. 

Volume to 
Evacuate 

(ac-ft) 
Design 

Discharge (cfs) 
Required 

Outlet Pipe 
Diameter (in) 

Lower  
Willow 7400 7385 12,105 200 42 

Mickelson 
Creek 7795 7776.25 3,150 55 24 

Horse  
Pasture 7635 7623.75 2,835 50 24 

Cow  
Gulch 7640 7622.5 7,079 120 30 

 
All reservoirs will be fed by diversions from adjacent creeks except for Lower Willow.  
The water supply modeling did not provide sufficient detail to size diversion canals, and 
thus 75 cfs was selected as a suitable diversion capacity.  That capacity allows the 
diversion of about 4,500 ac-ft per month, and would typically allow the filling of a totally 
empty reservoir in less than 50 days, assuming sufficient streamflows were available.  
USGS quadrangle maps were used to locate diversion points that would provide 
sufficient slope and elevation for gravity delivery.  The typical diversion dam installation 
would consist of a concrete sill constructed in the stream to create a headwater pool, 
with a turnout with dual 30-inch slide gates for delivery to the supply canal.   
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Environmental Evaluations - A reconnaissance level environmental screening of the four 
most promising reservoir sites identified in this study was conducted and evaluated in a 
matrix array.  The important resources most likely to be affected by construction of 
dams include: 1) wetlands 2) streams and rivers with pool and riffle complexes, 3) 
federally endangered and threatened species, 4) federal candidate species and other 
state and federal Bureau of Land Management (BLM) or U.S. Forest Service) sensitive 
plants and animals, 5) riparian habitat, 6) big game winter / yearlong range and 7) 
cultural resources. The effects of each project on these environmental resources were 
evaluated because they often present considerable obstacles to project permitting or 
require extensive mitigation. These resources can present fatal flaws if the proposed 
project is determined to jeopardize the survival of an endangered species, if rare, un-
mitigatable wetlands such as bogs or fens will be impacted or if burial grounds or sacred 
sites will be disturbed. Even in the absence of a fatal flaw, the seven listed resources 
can present daunting technical and budgetary challenges when mitigating their losses. 
 
An impact evaluation matrix that displays the universe of alternatives along the Y-axis 
with impacted resource categories arrayed along the X-axis was developed and is 
presented below.  The matrix was used to compare the relative magnitude of biological 
impacts between the various reservoir options. Each impacted (or benefited) resource 
was weighted based on a scale of 1 to 3. High value resources (endangered species or 
threatened sensitive species, or fen wetlands for example) were assigned the highest 
weighting value (3). Other resources, such as sensitive aquatic species, Class I 
fisheries, emergent wetlands, riparian ecosystems, crucial big game winter range were 
assigned lower weights.   
 
Based on the extent of potential benefits or impacts, each resource category was 
ranked from 1 through 3. Those resources impacted the least, or perhaps benefited by, 
a particular proposed alternative were rated lowest (1). Those that would be impacted 
the most were assigned a high rating.  No field investigations or surveys were 
conducted within the scope of this Level 1 study. 
 
Relative impacts were determined by multiplying the weight of the impacted resource by 
the impact ranking.  Therefore, if very high value resources were greatly impacted, a 
maximum score of 9 was assigned (3 X 3 = 9). Note: Weighting Factors are shown in 
parentheses within each resource category.  
 
The following resource categories were evaluated in the matrix: 

 

• Threatened and Endangered Species 
• Wetlands (data obtained from the National Wetlands Inventory (NWI) 

Maps) 
• Riparian areas (data obtained from NWI maps and color infrared 

aerial photography)   
• Aquatic Resources and Fisheries (data obtained from the Wyoming 

Game & Fish (WG&F)) 
• Crucial big game winter/ yearlong range (data obtained from the 

WG&F) 
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Environmental Impact Analysis Matrix 

 

Reservoir 
 

T&E 
Species  

(3) 

Wetlands 
& Pool-
Riffle 

Systems 
 (2) 

Riparian 
Areas 
(1.5) 

Terrestrial Wildlife & 
Aquatic Life / Fishery 

(1.5) 
 

Ter.     Aqu. 

Score 

Lower Willow 
Creek 1(3)=3 4(2)=8 4(1.5)=6.0 3.0 4.0 (7/2)1.5=5.25 22.25 

Mickelson 
Creek 1(3)=3 1(2)=2 1(1.5)=1.5 3.0 2.0 (5/2)1.5=3.75 10.25 

Horse 
Pasture Draw 1(3)=3 0.5(2)=1 1(1.5)=1.5 3.0 2.0 (5/2)1.5=3.75 9.25 

Cow 
Gulch 1(3)=3 3(2)=6 1(1.5)=1.5 1.5 2.5 (4/2)1.5=3.0 13.50 

 
The table above shows that of the four alternatives determined to be most feasible, 
Lower Willow Creek had the greatest environmental impact and Horse Pasture Draw 
the least.    
 
All of the river reaches that would be impacted by the proposed dams or diversions are 
classified 2AB by the Wyoming DEQ.   
 
Cultural Resources Investigations - A Class I data review of the four most feasible 
reservoir sites was conducted as part of this study: The objectives of a Class I cultural 
resource data review is to identify cultural properties in the project area using existing 
previously documented information.  Very little previous inventory has been conducted 
in many of the sections proposed for the project and no eligible sites are located in any 
of the proposed reservoir areas.   
 
Information concerning cultural affiliation/historical themes of known sites near the 
proposed reservoir locations is not readily available given the lack of previous work in 
these areas. Because of the limited previously conducted inventory in the study area, 
predictions of site placement and density are difficult.  Before the project progresses to 
permitting, a Class III intensive field survey is recommended to locate and record all 
historic properties in the study area.   
 
Land Ownership - Land ownership records for the four most feasible reservoir sites 
(Lower Willow Creek, Mickelson Creek, Cow Gulch, and Horse Pasture Draw) were 
obtained from the Sublette County Clerk.  Ownership was then plotted on maps 
showing the reservoir outline and location of the embankment.  With the exception of 
Horse Pasture Draw and Cow Gulch, all of the reservoir sites are located entirely on 
private land.  No state or federal lands would be impacted at the Mickelson Creek or 
Lower Willow Creek sites.  Horse Pasture Draw Reservoir would have the greatest 
impact to state and federal lands. The proposed reservoir would inundate private lands 
and both state and U.S. Forest Service land.  Further, the water supply canal would 
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cross U.S. Forest Service and BLM lands.  Minimal impacts to public lands would occur 
at the proposed Cow Gulch Reservoir.  The north supply canal from Middle Beaver 
Creek to the proposed Cow Gulch site would cross land owned by the State of 
Wyoming. 
 
Permitting - All of the alternatives investigated will trigger the regulatory provisions of 
Section 404 of the federal Clean Water Act (CWA).  The reservoir evaluation and 
feasibility studies have considered the constraints of federal regulations (404 b.1 
guidelines) promulgated by the EPA that direct the issuance of 404 permits by the 
Corps. The 404b.1 guidelines are very specific relative to selection of a preferred 
project. In the current view of the Corps, only the “least environmentally damaging 
practicable alternative” (the LEDPA) can be permitted.  In the context of the LEDPA, the 
environmental resources that weigh most strongly in the Corps decision are impacts to 
wetlands and perennial streams. Every other impacted environmental resource is 
secondary in importance. There are numer 
ous other state and federal permitting issues that will need to be addressed as the sites 
move toward final designs, and those are listed and discussed in the main report. 
 
CONCEPTUAL DESIGNS AND COSTS 
 
We have completed the planning level evaluations of the four candidate reservoir sites.  
No geotechnical site investigations were conducted as part of this study. Geologic 
conditions at the sites were evaluated based on information and mapping from previous 
studies conducted in the region, a photogeologic analyses of site imagery, GIS analyses 
of elevation and terrain data, and a limited reconnaissance to each of the four sites. In 
addition, site evaluations included regional seismotechtonic assessment to identify 
potential seismic load sources and level of seismic loading, hydrologic and hydraulic 
analyses to estimate the IDF for spillway and outlet works sizing, environmental 
investigations, cultural resources evaluations and consideration of land ownership 
issues. Finally, we have developed preliminary designs and estimated construction 
costs for each of the four candidate sites. The properties of the proposed reservoir sites 
are summarized in the following table. 
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Summary of Reservoir Properties 
 

Location 

Reservoir Site 

Tow
nship 

R
ange 

Section 

Storage 
Volume, 

(ac-ft) 

Dam 
Height, 

(ft) 

Dam 
Length, 

(ft) 
Land 

Ownership 

Lower Willow 
Creek 35N 110W 13,14,23,24,

25,26 23,190 70 3000 Private 

Mickelson 
Creek 32N 114W 10,11,14,15 7,300 65 3300 Private 

Horse Pasture 
Draw 24N 113W 5,8,9,46,17,

20,21 5,710 55 2500 
State, 

Federal, 
Private 

35N 112W 4,5,6 
36N 112W 31,32,33 
35N 113W 1,2,3 

Cow 
Gulch 

36N 113W 36 

13,330 80 1500 Private, 
Public 

 
Total project cost estimates for four candidate sites were developed in accordance with 
the WWDC standard format. This format includes all costs associated with the project, 
including construction, contingencies, engineering, mitigation, permitting, land 
acquisition and legal expenses. The estimated total project costs for Lower Willow 
Creek, Mickelson Creek, Horse Pasture and Cow Gulch reservoirs are summarized in 
the table below. 
 

Estimated Project Cost 
 

Reservoir Site Total Project Cost Cost per acre-ft 

Lower Willow Creek $45,088,648 $1,945 

Mickelson Creek $31,944,709 $4,376 

Horse Pasture Draw $20,614,612 $3,611 

Cow Gulch $19,516,115 $1,464 

 
 
RECOMMENDED FUTURE WORK ACTIVITIES 
 
Engineering Evaluations and Investigations - The general location of each dam has 
been established as part of the current studies.  However, it is possible that further 
refinement will be required to establish a dam axis for feasibility design at each reservoir 
site selected for further evaluation.  Once a feasibility design level dam axis location is 
identified, the following investigations, analyses, and evaluations should be performed: 
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• Dams/foundations borings and test pits 
• Construction materials test pits 
• Diversion dams and canals borings 
• Laboratory testing, (index properties, particle-size distribution, compaction, shear 

strength, and permeability) 
• Stability and seepage analyses 
• Spillway and outlet works design 
• Design of diversion dams and supply canals 
• Survey control 
• Site access evaluations 
• Cost estimates refinement 
• Project schedule refinement 

 
After completion of additional investigations and analyses, we recommend preparing a 
memorandum summarizing proposed configuration of each project, establishing general 
criteria for the final designs and providing budget recommendations for the final design 
and construction of the projects. Several key issues to be considered in preparation of 
the memorandum include: 
 

• Functional requirements of the reservoir 
• Expected operations of the reservoir 
• Final location of the dam 
• Configuration of the reservoir and appurtenant structures, including the outlet 

works and emergency spillway 
• Sources for embankment materials 
• Potential benefits for conducting additional investigations  
• Need for instrumentation and monitoring  
• Permits requirements 
• Criteria for hydrologic, hydraulic, seismic, geotechnical and structural designs 
• Criteria and constraints for construction 

 
Other Evaluations - Finally, additional analyses and evaluations would be necessary to 
further refine subsequent phases of the project and specific facility locations, including: 
 

• Water resources evaluations 
• Economic evaluations 
• Environmental studies 
• Class III archaeological investigations 
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