
 
 

This is a digital document from the collections of the Wyoming Water 
Resources Data System (WRDS) Library. 

 
 

For additional information about this document and the document conversion 
process, please contact WRDS at wrds@uwyo.edu and include the phrase 

“Digital Documents” in your subject heading. 
 

To view other documents please visit the WRDS Library online at: 
http://library.wrds.uwyo.edu 

 
 

Mailing Address: 
Water Resources Data System 

University of Wyoming, Dept 3943 
1000 E University Avenue 

Laramie, WY 82071 

Physical Address: 
Wyoming Hall, Room 249 
 University of Wyoming 

Laramie, WY 82071 

Phone: (307) 766-6651 
Fax: (307) 766-3785 

 
 
 

Funding for WRDS and the creation of this electronic document was 
provided by the Wyoming Water Development Commission 

(http://wwdc.state.wy.us) 
 



 

 

WENCK File #2822-07 
March 2017 

 

 

 

 

 

 

Prepared by: 
 
WENCK Associates, Inc. 
7000 Yellowtail Road, Ste 230 
Cheyenne, WY 82009 
Phone: 307-634-7848 
 

 

 
:In Association With: 
 

HDR 
Cheyenne, WY 
Western EcoSystems Technology, Inc. 
Cheyenne, WY 
Fugro Geospatial, Inc. 
Rapid City, SD 

 

Prepared for:

Wyoming Water 
Development Commission

6920 Yellowtail Road
Cheyenne, WY 82009

Big Sandy Reservoir Enlargement  
Level II, Phase I Study Executive 
Summary of the Final Report 



Big Sandy Reservoir Enlargement 
Level II, Phase I Study Executive 
Summary of the Final Report 

March 2017 

This document is released under the authority of Victor E. Anderson, P.E. on March 31, 
2017. 

Victor E. Anderson, P.E. 
Principal 

TA.T WENCK 
~. ~ M-ffi•l3t.jifW 

Responsive partner. Exceptional ourcomes. 



1 
 

 Introduction 

In June 2011, the Wyoming Water Development Commission (WWDC) contracted with the 
team led by States West Water Resources (now Wenck Associates) to perform the Big Sandy 
Reservoir Enlargement, Level II, Phase I Study.  This study was developed under the direction 
of the Wyoming Water Development Office (WWDO).  Team members included: Western 
EcoSystems Technology, Inc.; Watts and Associates, Inc.; the Office of the Wyoming State 
Archaeologist and FUGRO Geospatial Inc. 
 
Historically, the EVIDD has not been able to meet crop irrigation demands during drought and 
dry cycles and has been unable to start irrigation deliveries by April 1.  An enlargement to 
the Big Sandy Reservoir would ensure more consistent delivery of project water supply and 
provide more carryover storage for more consistent and earlier spring start-up. This in turn 
provides drought resilience, mitigates hydrologic deficiency, eases operations during high flow 
events by protecting the structure and downstream features, as well as ultimately reduces 
operation, maintenance, and replacement costs.  The purpose of this study was to evaluate 
the feasibility of enlarging Big Sandy Reservoir, estimate the amount of additional water made 
available through conservation, determine the optimal enlargement size, and determine 
environmental impacts associated with an enlargement.  
 
1.1 BACKGROUND 
 

Big Sandy Reservoir is located in northern Sweetwater and in southern Sublette counties, in 
the Green River Basin, approximately 10 miles north of the Town of Farson, Wyoming. The 
Big Sandy Reservoir is a facility owned by the U.S. Department of the Interior, Bureau of 
Reclamation (Reclamation) and is maintained and operated by the Eden Valley Irrigation and 
Drainage District (EVIDD).  Big Sandy Reservoir was constructed as part of the Eden Project 
(Project) under the authority of Reclamation.  Construction on the Reservoir began in 1941.  
Construction ceased in 1942 because of World War II.  Following re-authorization, 
construction resumed in 1950 with the completion of the Dam and Reservoir occurring in 
1952. 
 
The Eden Project includes the Big Sandy Dam and Reservoir, Eden Dam and Reservoir, Little 
Sandy Canal, Means Canal, Eden Canal, the Westside and Farson laterals and numerous other 
small delivery ditches and canal (Figure 1-1).  The Project furnishes irrigation water to a 
maximum of 17,010 acres of land (16,877 assessed acres).  Predominant crops within the 
Project include:  alfalfa and grass hay, wheat, barley, oats and pasture.  In addition to 
irrigation, other amenities within the Project provide public recreational benefits including 
camping, boating, fishing and picnicking areas.   
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Figure 1-1: Eden Project 

Big Sandy Dam is an on-channel structure located on the Big Sandy River.  The dam is a 
zoned, earth fill dam, 85 feet high with a reservoir storage capacity of 39,700 acre-feet.  The 
crest length of the dam is approximately 2,350 feet.  An 8,300 foot long earthfill dike, with a 
maximum height of 18 feet was constructed to the north of the dam along the eastern rim of 
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the reservoir.  An uncontrolled side channel spillway is located on the south side of the dam 
and has a capacity of 7,350 cubic feet per second (cfs). The elevation of the spillway is 6,757.5 
feet above sea level.  The outlet works consist of a concrete conduit through the base of the 
dam and is controlled by two high pressure slide gates.  The outlet works have a flow capacity 
of 620 cfs, discharging to the Means Canal.  A diversion in the Means Canal near the reservoir 
outlet allows water to be diverted from the canal into Big Sandy River.  A second controlled 
outlet discharges to the Big Sandy Feeder Canal for irrigation deliveries and to deliver water 
to Eden Reservoir.   
 
Eden Dam and Reservoir is an off-channel facility comprised of a series of irregular dikes to 
create a 14,421 acre-foot reservoir.  The outlet consists of a concrete lined tunnel controlled 
by constant head orifice gates.  The spillway is integral to the outlet works and contains an 
uncontrolled concrete overflow structure.  Water from Little Sandy Creek is supplied to the 
reservoir by the Little Sandy Feeder Canal.  Eden Dam was originally constructed in 1907.   
 
In 2009, a legislative appropriation was utilized by the WWDC to enter into a Technical Service 
Agreement (TSA) with Reclamation to conduct a Level I reconnaissance analysis of the basin’s 
hydrology and its ability to support an enlargement of the Big Sandy Reservoir.  As part of 
this analysis, a bathymetric survey of the reservoir was conducted to determine the volume 
of the existing reservoir and the storage volume lost to sedimentation.  The conclusions of 
this analysis indicated that the basin hydrology could support an enlargement of 
approximately 11,000 acre-feet and that approximately 1,700 acre-feet of capacity has been 
lost to sedimentation. 
 
1.2 CURRENT OPERATION 
With adequate water conditions, the irrigation season begins on April 1 and shuts down on 
September 15.  The amount of irrigation water required in EVIDD is based on the total 
allowable acreage irrigated in the District.  The Eden Project limited the amount of land that 
could be irrigated to a maximum of 17,010 acres.  Following the Colorado River Salinity 
Control Project and water conservation efforts, much of the irrigated land within the Project 
was converted from flood irrigation to center pivot or sprinkler irrigation.  The EVIDD 
estimates approximately 12,000 acres (70%) of the irrigated land is irrigated by sprinklers 
and the remaining 5,000 acres (30%) is irrigated by flood irrigation methods.  Information 
from the EVIDD indicates 2.25 acre-feet/acre of water is required to irrigate lands served by 
a sprinkler and 3.0 acre-feet/acre is required for flood irrigated lands.  Based on irrigation 
practices, and assuming all 17,010 acres of land is irrigated, the total annual water storage 
demand was calculated to be 59,075 acre-feet at the reservoir. 
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 Water Demand Projections 

2.1 HYDROLOGIC MODEL 
A spreadsheet model was developed to determine the potential benefits of an enlargement of 
Big Sandy Reservoir.  The intent of the model was to predict how much additional water could 
be captured if the reservoir were enlarged and how additional storage could provide irrigation 
water during drought periods.  The primary assumption of the model was that the additional 
water would be provided from flows that have historically spilled, and would be contained and 
stored with an enlargement.  By modeling the capture of excess spring runoff, the model 
estimated how additional storage would increase the reservoir yield and allow greater 
flexibility in predicting and controlling reservoir volumes throughout the years.  This would 
determine if the enlargement could satisfy the major objective of being able to irrigate earlier 
in the season by providing more carry-over storage, provide enough water to meet the 
irrigation demand throughout the irrigation season and improve the operation of the irrigation 
system. For purposes of this model, a study period from June 1989 to December 2010 was 
selected, which is the same as the period used in the Level I study conducted by Reclamation. 
 
Data used in the model consists of flow data from USGS stream gages on Big Sandy River 
and Little Sandy Creek, historic daily reservoir elevations, area capacity table, spillway 
hydraulics, and evaporation losses. 
 
The model was used to develop calculated reservoir releases.  The releases were determined 
by calculating the volume of water supplied from Big Sandy River, subtracting evaporation 
losses, and adding the resulting supply volume to the stored volume each day.  If the supply 
flow was greater than the evaporation loss, an increase in storage volume should be expected.  
The difference between the expected supply flow that increases the storage volume was 
compared to the historical volumes.  This difference indicates the amount of water being 
released from the reservoir.  When the historic water levels exceeded the spillway elevation, 
the volume of water spilled was calculated with the hydraulic equations developed for this 
specific spillway.  The spilled water volume was then subtracted from the calculated release 
values.  It was assumed the results of this calculation would be the volume of water 
contributing to the irrigation system.  Imposing these results on the model, the calculated 
water level was compared with the historic water level data, and the results indicate a close 
relationship, or calibration, to the historical data. 
 
The model includes an automatic calculation to determine the volume of water spilling, and is 
based on the difference in water levels above the spillway elevation of 6757.5 feet.  Simulating 
an enlargement to the reservoir was done by adjusting the spillway elevation in the model.  
Various reservoir raises were modeled to determine the amount of raise required to eliminate 
most spills.   
 
2.1.1 Water Demand 
The model assumes that irrigation begins April 1 and ends September 15.  Assuming a 2.25 
acre-feet/acre demand is required for 70% of the acreage (lands irrigated by sprinklers) and 
3.0 acre-feet/acre demand is required on the remaining 30% (lands flood irrigated), the total 
annual irrigation demand was estimated to be 59,075 acre-feet at the reservoir which includes 
30% loss for seepage and delivery.  To determine the daily irrigation demand, the calculated 
historical releases were used to develop a demand pattern to simulate varying demands each 
month.  This curve was then applied as a percentage to the total required quantity to 
determine the daily demand for each given month throughout the season.  Table 2-1 below 
displays these calculations: 
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Table 2-1: Calculated Daily Irrigation Demand 

 
Percent of Total 
Demand

Monthly Total 
(Acre-Feet)

Daily Demand 
(Acre-Feet) 

April 8.00% 4,726 157.53
May 11.00% 6,498 209.62
June 30.00% 17,723 590.75
July 24.00% 14,178 457.35
August 20.00% 11,815 381.13
September 7.00% 4,135 137.84

 
The data described above was used as inputs to the model, and the raised spillway elevation 
was determined by setting the spillway elevation high enough to capture the additional water 
made available from the conservation efforts without spilling. 
 
2.1.2 Model Results 
The model results indicate Big Sandy Reservoir spilled 10 out of 22 years, and the total volume 
spilled during the period of record was 106,534 acre-feet, or an average of 4,842 acre-feet 
annually.  The model indicates a five foot raise of the reservoir operating pool is optimal and 
would capture most of the historic spills.  Based on Reclamation’s 2010 survey and area 
capacity chart, a five foot raise results in 12,944 acre-feet of additional storage.  A 12,944 
acre-feet enlargement would capture 64,593 acre-feet of the historic spilled volume, or an 
average of 2,936 acre-feet annually, as shown in Table 2-2.  This additional storage produces 
significant improvements in how the system could be operated to better suit the EVIDD. It 
should be noted; large volumes of water were historically released through the outlet works 
during spill events that were not identified in the spilled amount since there is no 
measurement device on the outlet works.  This indicates more storable flows are available 
than what the model determined.  With an enlargement, some of the wet year spills could be 
minimized and stored.  
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Table 2-2: Big Sandy Reservoir Historic Spill Volumes 

Year 
Total Spill     

(Acre-Feet) 
Captured Spill 
(Acre-Feet)* 

1989 0 0 
1990 0 0 
1991 4,158 4,158 
1992 0 0 
1993 0 0 
1994 624 624 
1995 23,899 12,944 
1996 535 535 
1997 21,414 12,944 
1998 2,495 2,495 
1999 35,462 12,944 
2000 0 0 
2001 0 0 
2002 0 0 
2003 0 0 
2004 0 0 
2005 12,068 12,068 
2006 624 624 
2007 0 0 
2008 0 0 
2009 5,257 5,257 
2010 0 0 

Total Spilled 106,534 AF 64,593 
Annual Average 4,842 AF 2,936 

     *Based on a 12,944 acre-feet enlargement 
 
Comparing the amount of water released in the model to the historical releases, it was evident 
that historic wet year releases far exceed the model releases, and most other years the 
historic releases were less than the model releases.  Figure 2-1 show the comparison of 
modeled releases to historic releases during the irrigation season.   
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Figure 2-1: Annual releases from Big Sandy Reservoir 

One of the EVIDD’s desired outcomes was to provide more carry-over storage through the 
winter to allow earlier and more reliable irrigation start-up.  To quantify how the enlargement 
could influence this, a comparison of storage volume at the end of March is shown in Figure 
2-2. On average, the increase in storage on March 31 is approximately 8,300 acre-feet, 
annually.   
 

 

Figure 2-2: March end of month contents 

The modeled results indicate in most years, reservoir volumes are greater.  This would offer 
more confidence and ability to start irrigation deliveries earlier and more frequently than 
offered before. 
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 Review of Water Rights 

Water is supplied to Eden Reservoir and Big Sandy Reservoir from Little Sandy Creek and Big 
Sandy River and the surface (beneficial use) is upon irrigated lands as defined by each water 
right on file with the Wyoming State Engineer’s Office.  A summary of these permits is shown 
in Table 3-1.  These permitted water rights serve both original water supply as well as 
supplemental supply to the Eden Project from the reservoirs. 

Table 3-1: Summary of direct flow water rights 

Priority 
Date 

Permit 
No. Ditch Permitted Use Acres 

Flow 
(CFS) Comments 

11/24/1903 5718 Eden Number 1 
Domestic, 
Irrigation 8007.64 114.29   

12/30/1905 16814 Eden Number 1 
Domestic, 
Irrigation, Stock     

Secondary Supply 
stored in Eden Valley 
Irrigation and Land 
Company No. 1 
Reservoir (818R) 
(17,009.26 acres 
served) 

11/24/1903 5718 Means Canal 
Domestic, 
Irrigation, Stock 9044.62 129.01 

POD change from 
Eden No. 1 Canal 

4/24/1952 21403 Means Canal 

Domestic, 
Irrigation, 
Stock, Municipal     

Secondary Supply 
stored in Big Sandy 
Reservoir (947R) 
(17,009.26 acres 
served) 

11/8/1937 18979 
Little Sandy 
Intake Canal Res. Supply   219 

Secondary Supply 
stored in Eden Valley 
Irrigation and Land 
Company No. 1 
Reservoir (818R) 
(17,009.26 acres 
served) 

Source:  Tabulations of Adjudicated Surface Water Rights for Water District #4, October 1999 
 
A summary of reservoir permits for Big Sandy Reservoir and Eden Valley Irrigation and Land 
Company No. 1 Reservoir (Eden Reservoir) are shown in Table 3-2.  If Big Sandy Reservoir 
is to be enlarged, a current day storage permit will be required to enlarge the storage in the 
Big Sandy Reservoir. 
 
Table 3-2: Summary of storage water rights 

Priority 
Date 

Permit 
No. Facility 

Capacity 
(acre-feet) 

12/30/1905 818 R 
Eden Irrigation & Land Co. 
No. 1 Reservoir 18,489.93 

11/9/1906 927R Big Sandy Reservoir 39,700 
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 Environmental and Permitting 

4.1 PERMITTING CONSIDERATIONS 
 
4.1.1 U.S. Army Corps of Engineers 
Final jurisdictional status of the project wetlands was determined by the Corps, as stated in 
a letter dated May 18, 2015 from the U.S. Army Corps of Engineers (Corps).  The Corps 
determined the ordinary high water mark (OHWM) at Big Sandy Reservoir to be at an 
elevation of 6,755.5 feet.  The Corps also determined 182 acres of wetlands are adjacent to 
Big Sandy Reservoir and 154 acres of wetlands are adjacent to the Big Sandy River, a 
navigable water.  Therefore, 336 acres of wetland, the reservoir pool up to the OHWM, and 
the Big Sandy River channel are all waters of the United States.  
 
The WWDC and Reclamation are proposing to complete the enlargement of Big Sandy 
Reservoir by conducting all construction activities to result in only minor discharges of dredged 
or fill material into waters of the United States, therefore falling within Corps Nationwide 
Permit 18 criteria. However, if the design changes, the provisions of section 404 of the Clean 
Water Act may be triggered.  In that case, further coordination with the Corps is required.  
 
4.2 ENVIRONMENTAL IMPACT EVALUATION 
 
4.2.1  Wetlands 
Big Sandy Reservoir is in an arid west landscape.  The surrounding land cover is sagebrush 
steppe. The Big Sandy River flows into the reservoir from the north and out to the south. At 
the time of the aquatic resources inventory, the reservoir was at low capacity, exposing large 
areas of bare ground between wetlands and open water. Most of the reservoir limits were 
defined by cut banks and sagebrush. In general, wetlands occurred on broad flat meadows 
adjacent to the reservoir or as narrow fringes along the reservoir margins. The wetlands did 
not appear to be natural features, but rather were likely formed and sustained by periodic 
reservoir inundation. 
 
Twenty-seven sample points were used to document wetlands and uplands within the survey 
area. Based on the sample points, 12 wetlands were delineated (Figure 4-1). Wetlands were 
numbered geographically and by type; therefore, some wetland IDs have multiple polygons. 
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Figure 4-1: Wetlands 

 
The twelve wetlands identified in the survey totaled 335.73 acres in size. Most (181.90 acres) 
of the wetlands occur along the reservoir margins. These wetlands include 161.91 acres of 
palustrine emergent (PEM) and 19.99 acres of palustrine scrub-shrub (PSS). These wetlands 
likely established after the reservoir was constructed and were sustained by fluctuating 
reservoir levels. These wetlands appear to be marginal, low quality wetlands. Other mixed 
community wetlands (153.83 acres) occur along the Big Sandy River inflow. These are higher 
quality wetlands associated with the Big Sandy River riparian corridor.  Table 4-1 presents 
the total wetland acreage by type. 
 
Table 4-1: Wetland Size by Type 

Wetland Type Acres 
PEM 161.91 
PSS 19.99 

PEM/SS 153.83 
Total 335.73 
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Any loss of the existing marginal wetlands due to inundation, will likely be offset by 
development of new wetlands and enhancement of existing. 
 
To examine this possibility, Western EcoSystems Technology, Inc. (WEST) analyzed how 
operation of the existing reservoir, which has allowed wetlands along the perimeter of the 
reservoir to persist, would relate to operation of the expanded reservoir. A detailed analysis 
of the length of inundation as well as the depth of water for existing wetlands under normal 
high-water conditions was prepared. It was determined that existing wetlands were inundated 
at some point in 14 years over the 21-year period of record. The maximum length of 
inundation of these wetlands in any given year was 211 days, while the average length of 
inundation was 53 days. However, if the seven years that wetlands were never inundated are 
removed, the mean length of inundation was 79 days during years that inundation occurred.  
 
A literature review was conducted to determine the inundation duration tolerances of the 
dominant plant species found in wetlands at the Big Sandy Reservoir site. Dominant plant 
species found within the project area wetlands are provided in the data sheets presented in 
Appendix B of the final report.  Based on the literature review, most species appear tolerant 
of flooding for all or most of the growing season, particularly willows and sedges. Many grass 
species, especially Kentucky bluegrass and tufted hairgrass, are likely to decline. Existing 
wetlands at Big Sandy Reservoir between 6,754 and 6,758 feet have persisted despite an 
average of up to 79 days of inundation per year, including an average of 20 days per year 
under >3 feet of water.  Based on analysis of existing wetlands in relation to past high-water 
levels and a review of the literature, all of the wetlands around the reservoir are likely to 
persist.  No loss of PSS wetlands is expected.  PEM wetlands also would likely persist, although 
some changes in species composition would likely occur (e.g., change from grass-dominated 
to sedge-dominated species). 
 
Based on this analysis, it is likely that wetlands would form both within and above the new 
normal high-water line of the expanded reservoir, as they would likely be subjected to similar 
inundation regimes as existing wetlands. These areas are currently uplands dominated by big 
sagebrush and rabbitbrush. 
 
4.2.2  Sage Grouse 
WEST prepared an evaluation of the effect the proposed Big Sandy Reservoir enlargement 
would have on greater sage-grouse.  The enlargement would raise the existing NHWL from 
6757.5 feet to 6762.5 feet, which would increase the surface area inundated from 2,420.25 
to 2,919.32 acres. Of the new area inundated (499 acres), 266 acres are currently 
undisturbed uplands dominated primarily by big sagebrush. 
 
The entire Big Sandy Reservoir is located within a greater sage-grouse Core Population Area, 
which required that impacts to greater sage-grouse caused by enlarging the reservoir be 
evaluated. A Density and Disturbance Calculation Tool (DDCT) analysis conducted for 
enlarging Big Sandy Reservoir (Appendix C) showed that the project would be in full 
compliance with the Governor’s Executive Order 2011-5, as the total proposed and existing 
disturbance of 2,540.75 acres would be 2.91% of the 87,091.14 acres included in the DDCT 
analysis area, well below the threshold of 5% disturbance. Of this disturbance, however, 
enlarging Big Sandy Reservoir would only account for 266 acres, or 0.3% of the DDCT analysis 
area. 
 
The DDCT analysis assumed that the 266 acres of sagebrush-dominated uplands around the 
perimeter of the existing reservoir would be permanently lost once the reservoir is enlarged 
(i.e., this area would become devoid of all vegetation).  However, current operation of the Big 
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Sandy Reservoir has not resulted in creation of large areas devoid of vegetation around the 
perimeter of the reservoir. Instead, wetlands occupy much of this area. As described in the 
wetland section above, it is likely that new wetlands would form both within and above the 
new normal high-water line of the expanded reservoir, as they would likely be subjected to 
similar inundation regimes as existing wetlands. These areas are currently uplands dominated 
by big sagebrush and rabbitbrush.  If these uplands convert to wetlands, then there will be 
no loss of habitat for greater sage-grouse, as sagebrush uplands would be converted to wet 
meadow type habitats, which are beneficial to sage-grouse.  
 
4.2.3 Water Quality Analysis 
A water quality analysis was performed to estimate water quality changes (specifically total 
suspended solids (TSS) and total dissolved solids (TDS) before and after the proposed 
enlargement.  TDS are solids in water that can pass through a filter.  Salinity is the primary 
concern in the Green River and Colorado River basins.  Salinity affects agricultural, municipal, 
and industrial water users. 
 
The analysis found that the in-reservoir TSS concentrations are predicted to be reduced by 
approximately 25% after the enlargement. The additional hydraulic residence time allows for 
more settling in the reservoir. The analysis also found the TDS concentration is predicted to 
be reduced by approximately 8.5% after the enlargement.  
 
4.3 LANDOWNERSHIP 
The inundation area of Big Sandy Reservoir is predominately on public land.  Two portions of 
the inundation area cover private land.  These lands (111 acres) are inundated by the existing 
normal high-water level as well as the proposed high water level under an enlargement 
(additional 99 acres).  The private party was identified as the Dunton Sheep Company by the 
Sublette County MapServer.  Communication with the Dunton Sheep Company representative 
indicated they would entertain a potential land exchange to allow Reclamation or the State of 
Wyoming to own these inundated properties.  If an exchange occurs the State of Wyoming 
could assess EVIDD an additional approximate five cents per District acre to compensate for 
the lost grazing revenue on state land. 
 
Figure 4-2 shows 
the parcels of private 
property inundated 
by the Reservoir 
enlargement. 
 

 

Figure 4-2: Landownership around Big Sandy Reservoir 
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 Hydropower Evaluation 

A reconnaissance level hydropower feasibility analysis was conducted at the Big Sandy Dam 
site.  This analysis included a review of historical reservoir releases, turbine design flow 
development, turbine head development, turbine selection, power output estimates, 
transmission schemes, and cost estimates.  
 
A flow duration curve was developed based on the historic releases, and a turbine design flow 
was selected.  For purposes of this analysis, the 30 percent exceedance level represents a 
generally held industry standard which would result in an estimate in the range of the optimal 
installed capacity per dollar of capital investment.  Based on the 30 percent exceedance level 
the turbine design flow was selected to be 250 cfs.  

The maximum gross head available for power generation is the difference between the 
maximum water surface elevation and the tailwater elevation.  During the irrigation season, 
water surface elevations can vary significantly.  During the irrigation season, the average 
water surface elevation at an enlarged Big Sandy Reservoir was estimated to be 6751.9 feet.  
With a tailwater elevation of 6698.5 feet, the average gross head available for power 
generation is 53.4 feet.   
 
With a design flow of 250 cfs and 53.4 feet of head, either a Francis or Kaplan type turbine 
should be selected. For this analysis, a Francis type turbine was selected with an assumed 
overall plant efficiency of 80 percent.  Based on the design head and flow, the capacity of the 
hydropower plant was estimated using the power and is approximately 900 kilowatts (kW).  

 
Energy generation over the course of the irrigation season was modeled and based on daily 
reservoir releases and the power formula.  The results provide an estimate of daily energy 
generation. The daily energy generation was summed over the course of the irrigation season 
and estimated to be 2,000,000 kilowatt-hours (kWh) annually.   

Conceptual level cost estimates for the Big Sandy Dam site were developed and based on 
Reclamation’s construction cost index, recent manufacturer quotes on similar sized units, and 
from past experience on recent hydropower projects. The reconnaissance level cost estimate 
to develop a hydropower facility at Big Sandy Dam was $7.25 million.  
 
The power market is another factor when determining the feasibility of developing 
hydropower.  Big Sandy Dam is in Bridger Valley Electric Association’s (BVEA) service area. 
BVEA would be a likely purchaser of hydropower generated at the project site. A review of 
BVEA’s tariff’s indicate the current avoided cost is $0.0196 per kilowatt-hour. The avoided 
cost is typically the rate at which an electric utility or cooperative would purchase energy.  
The anticipated annual revenue from selling 2,000,000 kWh to BVEA at a rate of $0.0196 
would be approximately $39,200. The revenue would likely be less than annual operation and 
maintenance costs, and is a limiting factor in the development of hydropower at Big Sandy 
Dam.  Based on typical loan terms provided by the Office of State Lands and Investment, the 
annual payment for a $7,250,000, 30-year loan at a 4% interest rate would be $376,574.  To 
receive a positive net cash flow in the first year of operation, an avoided cost of $0.19 per 
kilowatt-hour would be required. This is significantly higher than current market rates. 
 
In conclusion, hydropower development on irrigation systems in Wyoming is marginal at best 
and given the extensive infrastructure costs along with the power market’s avoided cost rates, 
developing a hydropower project at Big Sandy Dam was determined to not be feasible under 
the scenarios described above. 
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 EVIDD Delivery System 

A site visit and meeting were conducted on July 13, 2013 to review deficiencies with the 
existing delivery systems.  The purpose of the site visit and meeting was to determine 
deficiencies or issues from EVIDD’s perspective.  The results of this site visit and meeting 
indicate the system operates adequately, but desired improvements would improve the 
efficiency of the system.   
 
Some of the major issues identified are: difficult to operate Eden Reservoir releases, difficult 
to measure flow from Eden Reservoir, and water level control in the canals below Eden 
Reservoir.   

This site visit also consisted of a tour of the main canals and structures.  The existing check 
structures are sufficient to deliver water to laterals and turnouts; however, many of these 
structures are old and need repair.  There is also a strong desire by the EVIDD to automate 
these structures to provide proper water levels as they are replaced.   
  
The EVIDD identified several key priorities to improve their irrigation system.  A description 
of the highest priority repairs are listed below: 
 

Ranking #1 – minimize seepage below the Pacific Creek Siphon.  Approximately 600 
lineal feet of canal, below the Pacific Creek siphon is concrete lined and is in poor 
condition and failing.  This portion should be replaced as well as concrete line an 
additional 2,800 feet to the E-8 Lateral. 

Ranking #2 – Repair damaged and failing pipe on the upper end of the Westside 
Lateral. 

Ranking #3 – Install measurement and SCADA monitoring below Eden Reservoir. 

Ranking #4 – Provide flow measurement and SCADA monitoring below Big Sandy 
Reservoir with monitoring stations at the Big Sandy Reservoir control house and main 
office. 

The EVIDD also identified additional, less critical, improvements to be made: 
 

 Systematically replace all check structures with automated level control structures, 
including SCADA monitoring and control.   As these structures are repaired or replaced, 
overshot type gates should be installed to control the upstream water levels and 
overflow additional water as necessary for downstream demands.   

 
 Outlet flume and bypass to Big Sandy River – The existing structure is in poor condition 

and needs rehabilitation.  The concrete structure should be replaced.  The EVIDD feels 
that the existing gates could be refurbished and reused.  Flow measurement should 
also be incorporated. 

 
 Piped Laterals – The EVIDD would like to incorporate SCADA control and monitoring 

at all piped laterals, both existing and future projects. 
 

 Big Sandy Feeder Canal – repair and replace the six existing drop structures between 
Big Sandy Reservoir and Eden Reservoir. Based on replacement costs provided by 
Reclamation, the total cost would be approximately $1,000,000.   
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 Topographic Survey 

7.1 LIDAR SURVEYING 
To assist in topographic mapping, LiDAR surveying was requested by the WWDO.  FUGRO 
Geospatial, Inc. was contracted to provide LiDAR surveying and aerial imagery mapping.  Base 
station and control point surveying was provided by Reclamation.  This mapping was 
performed via airplane and was intended to provide an accuracy of 30cm Horizontal RMSE 
and a 9cm Vertical RMSE.  The survey was used to produce a topographic map containing 
one-foot contour intervals for areas above the reservoir water levels as present during the 
survey.  Reclamation combined the recent LiDAR mapping with their 2010 bathymetric survey 
data to produce complete mapping of the entire area. In further discussions with Reclamation, 
bathymetric survey was unable to be completed in shallow areas of the reservoir due to 
inaccessibility.  Therefore, the transition zones between the LiDAR and bathymetric surveys 
should be used with caution.  Figure 7-1 provides an example of the topographic mapping.  
The extent of the survey included Big Sandy Reservoir, Eden Reservoir, Big Sandy Feeder 
Canal, Little Sandy Feeder Canal and upstream and downstream portions of each reservoir. 
The point files and complete survey can be found on the working files DVD.   
 

 
Figure 7-1: Topographic Mapping of Big Sandy Reservoir and Surrounding Area 



16 
 

 Economic Analysis 

This section describes the direct and indirect economic benefits that would accrue to area 
residents, the regional economy, and the State of Wyoming from additional storage in the 
project study area. The analysis in the section concentrates ultimately on the Benefit to Cost 
(B:C) ratio of the Big Sandy Reservoir Enlargement.  It should be noted that in addition to 
the enlarged storage, more carry-over storage through the winter to allow earlier and more 
reliable irrigation start-up is also expected.  Due to the difficulty in determining the economic 
value of this benefit, it was not calculated, but would be sure to have a positive impact.  
 
8.1 DIRECT IRRIGATION BENEFITS 
Direct irrigation benefits would accrue to local irrigators through a dam raise/reservoir 
enlargement as additional supplemental water supply would be available on existing irrigated 
acreage. As stated, the enlargement of Big Sandy Reservoir would have an average annual 
yield of 2,936 acre-feet.  
 
Applying the conveyance efficiency and on-farm application efficiency, an overall efficiency of 
50.4% can be expected from the Big Sandy system. Applying this efficiency to the average 
annual yield of 2,936 acre-feet, results in 1,480 acre-feet of useable water at the crop through 
the enlargement of Big Sandy Reservoir. 
 
8.1.1 Anticipated Increased Agricultural Production 
Wyoming Agricultural Statistics publications between 2003 and 2014 were consulted to 
evaluate the cropping patterns and ratios for this area of the State, known as the South-
Central Region. In 2014, approximately 59.5% of the crops reported in the County were 
Alfalfa Hay while 40.5% were reported as being Other Hay1.  
 
Crop-water production functions for alfalfa and other hay from the Upper Green River Basin 
were obtained for the Farson and Seedskadee areas and used to project crop production 
increases. The production functions were developed for the Upper Green River Basin within a 
report developed for the WWDC2. The estimates presented in that report indicate that for 
every additional inch of evapotranspiration (ET) water available to the crops, an additional 
0.142 tons/acre of alfalfa and 0.126 tons/acre of other hay can be generated. Estimating the 
additional crop production which would result from an enlargement to Big Sandy Reservoir 
yields an increase of 1,516 tons of alfalfa and 915 tons of other hay production every year. 
 
8.1.2 Valuation of Increased Crop Production 
The annual value of production increases was estimated using average crop prices in Wyoming 
from 2010-2014, as reported in Wyoming Agricultural Statistics.1 The average price for alfalfa 
was reported to be $156.20 per ton, and the average price for hay was reported to be $139.80 
per ton. Applying these average prices to the production estimates derived above results in a 
total value of $364,716 annually. 
 

                                                            
1 Wyoming Agricultural Statistics Service. 2015. Wyoming Agricultural Statistics. 
2 Pochop, L. and Burman, R. 1987. Development of Evapotranspiration Crop Coefficients, Climatological Data, and 
Evapotranspiration Models for the Upper Green River. WWDC Publication #87-06 

 



17 
 

 
8.1.3 Marginal Increase in Production Costs 
Marginal unit production cost estimates for alfalfa were developed as part of a previous study 
prepared for the Torrington, Wyoming Region1. Those unit production cost estimates were 
updated to current (2016) dollars using a farm production cost index published in the current 
issue of Wyoming Agricultural Statistics. Those costs are $33.44 per ton of alfalfa and hay. 
The total marginal cost increase associated with the project is calculated by multiplying the 
unit marginal production cost estimates by the amount of increased production, resulting in 
a marginal increase of $81,293.  
 
8.1.4 Total Irrigation Benefits 
Subtracting the marginal increase in production costs from the production value increases, 
yields an estimated annual net benefit of $283,423 for the Big Sandy Enlargement project. 
The present value of annual irrigation benefits would be $6.10 million for the project, 
assuming a 50-year project life and a four percent discount rate. 
 
8.2 INDIRECT IRRIGATION BENEFITS 
Indirect benefits often referred to as secondary benefits, stem from the multiplier effect of 
new sources of income in a regional economy. In the present case, the availability of additional 
irrigation water would allow irrigators to increase crop production, thus increasing their 
income. Much of that increased income would be spent in the region, causing income to grow 
in other sectors of the local economy. This indirect income growth would also be a benefit 
attributable to the project.  
 
Taking the annual direct irrigation benefit of $283,423 for the Big Sandy Enlargement and 
multiplying it by an indirect multiplier of 1.63, results in a total indirect irrigation benefit 
estimate of $461,980 annually. The present value of that benefit would be $9.94 million when 
discounted over a 50-year time frame using a four percent discount rate. 
 
8.3 RESERVOIR RECREATION BENEFITS 
An enlargement at the Big Sandy Reservoir would result in a reservoir with a maximum 
surface area of 2,919 acres, a surface area increase of 499 acres. Although detailed studies 
have not been conducted, the enlargement has the potential to provide additional flat-water 
recreational opportunities in the summer and ice fishing in the winter. 
 
For the purpose of this analysis, a usage rate of 10 activity days per acre per year has been 
used for purposes of benefit estimation. Using an increased average surface area of 499 acres, 
this equates to an added 4,990 activity days per year at the site. 
 
The value of these visitor days was estimated from numerous studies at other recreational 
facilities. Assuming two fishing days for each boating/water skiing day implies an average 
activity day value of $65.18. Multiplying 4,990 activity days/year by $65.18/activity day, 
results in an annual recreational benefit estimate of $325,248 annually. The present value of 
that annual stream of benefits would be $7.0 million for the enlargement of Big Sandy 
Reservoir using a four percent discount rate and a 50-year project life. 
   
8.4 TOTAL BENEFITS 
The total benefits of the Big Sandy Enlargement can be summarized as follows: 

                                                            
1 Watts, Gary L. and David Brookshire. 2000. An Economic Analysis of Impacts to Nebraska and Wyoming from 
post-1945 Changes in North Platte River Basin Water Use. Report to the Wyoming Attorney General. February 
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Table 8-1: Benefits of Big Sandy Enlargement 

Summary of Benefits 
Benefit Type Annual Benefit Present Value of Benefit 
Direct Irrigation $      283,423         $   6,095,118 
Indirect Irrigation $      461,980         $   9,935,042 
Recreation $      325,248         $   6,994,580 
Total $   1,070,651         $   23,024,740  

 

8.5 COSTS – BIG SANDY DAM RAISE 
The estimated 2016 construction cost developed by Reclamation for the dam raise at Big 
Sandy Reservoir is $8.4 million. This cost estimate includes raising the spillway crest, 
installing a filter diaphragm, installing a filter trench in the left abutment, installing a cement-
bentonite cutoff wall in the dike, and removing and replacing six drop structures on the Big 
Sandy Feeder Canal.  
 
8.6 BENEFIT – COST RATIO 
The estimated present value of direct and indirect irrigation benefits and flat-water recreation 
benefits would be $23.02 million for the Big Sandy Reservoir Enlargement. When compared 
to an estimated construction cost of $8.4 million for the required enhancements, the benefit-
cost ratio for the overall project is 2.74. 
 
8.7 ABILITY TO PAY 
During spring of 2016, an application was submitted to WWDC for funding the dam 
enlargement and associated modifications (including Big Sandy Feeder Canal reconstruction) 
through the Upper Colorado River Basin Fund Memorandum of Agreement (MOA).    The MOA 
provides funding through a percentage of collected hydropower revenues generated by 
Colorado River Storage Projects (CRSP) for participating projects within the Upper Colorado 
River Basin.  The application was approved by the WWDC at their June 2017 meeting.  
Reclamation reviewed the application and approved the project near the beginning of 2017 
for FY 2018 funding in the amount of $7,002,000.  The application was submitted prior to 
Reclamation’s 30% designs being complete.  With the current estimate for construction being 
$8,400,000, an amendment to the funding was requested and will likely be approved by 
Reclamation.  With the MOA funding approval, the Big Sandy Reservoir Enlargement Project 
will be completed through an agreement between Reclamation and EVIDD.  
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 Results and Conclusions 

Hydrologic Model 
Based on the results of modeling, raising the spillway elevation approximately five feet 
appears to provide desirable benefits of additional water availability and additional carry-over 
water to allow more reliability in early season releases.  A five foot raise would result in a 
12,944 acre-foot enlargement and would increase the average annual yield by 2,936 ac-ft, or 
8.4% of the current yield.  It is recommended to enlarge the reservoir by five feet.  The water 
made available from the conservation efforts could be stored within the enlargement and 
utilized to firm up the Eden Project by ensuring more consistent delivery of project water 
supply and providing more carryover storage for more consistent and earlier spring startup. 
This in turn provides drought resilience, mitigates hydrologic deficiency, eases operations 
during high flow events by protecting the structure and downstream features, as well as 
ultimately reduces operation, maintenance, and replacement costs. 
 
Wetlands 
The aquatic resources inventory identified twelve wetlands that totaled 335.73 acres in size. 
Most (181.90 acres) of the wetlands occur along the reservoir margins. These wetlands 
include 161.91 acres of PEM and 19.99 acres of PSS and likely established after the reservoir 
was constructed and were sustained by fluctuating reservoir levels.  These appeared to be 
marginal, low quality wetlands.  Other mixed community wetlands (153.83 acres) occur along 
the Big Sandy River inflow. These are higher quality wetlands associated with the Big Sandy 
River riparian corridor.   
 
Based on the analysis of existing wetlands in relation to past high-water levels and a review 
of the literature, all of the wetlands around the reservoir are likely to persist.  No loss of PSS 
wetlands is expected.  PEM wetlands also would likely persist, although some changes in 
species composition would likely occur (e.g., change from grass-dominated to sedge-
dominated species).  Furthermore, some PEM wetlands may change to higher value PSS 
wetlands. 
 
Based on this analysis, it is likely that new wetlands would form both within and above the 
new normal high-water line of the expanded reservoir, as they would likely be subjected to 
similar inundation regimes as existing wetlands. These areas are currently uplands dominated 
by big sagebrush and rabbitbrush.  
 
Sage Grouse 
The DDCT sage-grouse analysis conducted for enlarging Big Sandy Reservoir showed that the 
project would be in full compliance with the Governor’s EO, as the total proposed and existing 
disturbance of 2,541 acres would be 2.91% of the DDCT analysis area, well below the 
threshold of 5% disturbance. Of this disturbance, however, enlarging Big Sandy Reservoir 
would only account for 266 acres, or 0.3% of the DDCT analysis area.  It is likely the inundated 
uplands would convert to wetlands, and there would be no loss of habitat for greater sage-
grouse, as sagebrush uplands would be converted to wet meadow type habitats, which are 
also beneficial to sage-grouse. 
 
Water Quality 
The water quality analysis concluded on average, the in-reservoir TSS concentrations would 
be reduced by approximately 25% and in-reservoir TDS concentrations would be reduced 
approximately 8.5% after the enlargement of the reservoir. 
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Economics 
The estimated present value of direct and indirect irrigation benefits and flat-water recreation 
benefits would be $23.02 million for the Big Sandy Reservoir Enlargement. When compared 
to an estimated construction cost of $8.4 million for the required enhancements, the benefit-
cost ratio for the overall project is 2.74. 
 
In early 2017 Reclamation approved the Big Sandy Reservoir Enlargement Project and 
provided funding through the Upper Colorado River Basin Fund Memorandum of Agreement 
for FY2018 in the amount of $7,002,000 for the design and construction of the enlargement. 
The application was submitted prior to Reclamation’s 30% designs being complete.  With 
the current estimate for construction being $8,400,000, an amendment to the funding was 
requested and will likely be approved by Reclamation.  With the MOA funding approval, the 
Big Sandy Reservoir Enlargement Project will be completed through an agreement between 
Reclamation and EVIDD.  

The results of this study did not identify any fatal flaws associated with a five foot raise of 
the water surface elevation of Big Sandy Reservoir.  




