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PROJECT INCEPTION 

The 2000 State of Wyoming Legislature provided the funding for a study of possible water 
storage facilities in the Green River Basin. The main emphasis of the project was to focus on a 
process known as Aquifer Storage and Recovery (ASR). This process involves injecting "Tater 
into deep aquifers or allowing infiltration into shallow aquifers through off-channel ponding 
during high flow periods. Water users can then reclaim water during times of need, by pumping 
from the deep aquifers or utilizing return flows from the shallow aquifers. 

A secondary purpose of this study was to investigate possible surface storage sites within the 
basin, and determine which of these could be most viably permitted and constructed. Conceptual 
plans were then developed for the most promising storage sites and are presented within the 
report. 

The recently completed basin plan identified only agricultural water use as frequently short. To 
address this need, a group from the WWDC, the Wyoming State Engineer's Office, and 
representatives from the Green River Basin Advisory Group limited the scope of work for this 
project to focus on providing supplemental irrigation water supplies for those areas within the 
basin with the greatest amount of identified need. 

GREEN RIvER BASIN DESCRIPTION 

The Green River Basin comprises the tributaries of the Green River in Wyoming, the Little Snake 
River Basin and the Great Divide Basin. The basin study area includes approximately 25,000 
square miles within southwest Wyoming and includes practically all of Sweetwater County, much 
of Sublette County, and portions of Carbon, Lincoln, Uinta, Fremont, and Teton Counties. 

As headwaters of the Colorado River, Wyoming's use of Green River water has been governed by 
the Upper Colorado River Compact for over 50 years. Current interpretation of the Compact 
provides that Wyoming's total allocation of Green River surface water is 833,000 acre-feet per 
year. Given that Wyoming's estimated current depletions total approximately 601,000 acre-feet, 
there remains the potential for use of an additional 232,000 acre-feet, most of which could be 
harnessed during spring run-off. 

PREVIOUS STUDIES 

The Green River Basin Water Planning Process prepared by States West for the WWDC provided 
a review and summary of previous studies, compiled potential locations, and ranked them 
according to a number of pre-screening criteria. This report takes the screening process one step 
further in providing a feasibility analysis of Aquifer Storage and Recovery (ASR), and of specific 
potential storage locations within the basin. 
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AQUIFER STORAGE AND RECOVERY (ASR) 

While groundwater storage and recovery systems have been operational for many decades, 
interest in ASR has intensified recently, as it has been proven to be a vital link between surface 
water and groundwater resources in areas where there are large imbalances in timing of water 
supplies and water demands. ASR offers a means for balancing supply and demand through the 
coordinated use of surface and groundwater resources (conjunctive use). 

The concept works as follows: surplus surface water is collected, treated where necessary, and 
stored (delivered to wells under pressure or by gravity or recharged to the aquifer through basins 
and canals). The stored water accumulates in the aquifer. Later (sometimes months, sometimes 
years), when surface supplies are inadequate to meet demands, water is recovered from aquifer 
storage. 

A related application involves diverting surface water (or groundwater in hydrologic connection 
to the surface source) to an off-channel recharge site, for temporary storage in the subsurface. 
The return flows from this recharge site are delayed, thus augmenting surface water flows 
sometime after the initial diversion takes place. 

There are a number of benefits to ASR over conventional surface storage, including: 

• Reduced land requirements; 

• Evaporation losses, which can be significant in surface storage, are reduced; 

• Water recovered from storage typically requires little or no treatment; 

• Avoided expense and environmental consequences of large dam construction. 

While ASR presents a number of potential benefits, the success of ASR is highly site-dependent. 
And there are many instances where, because of technical limitations, ASR may not work. 

GROUND WATER STORAGE ASSESSMENT 

Ground water use in the Green River Basin is not extensive, and water level data is quite limited. 
A survey of USGS water level information indicates that almost all wells with water level records 
are shallow (less than 100 feet deep) and most water level fluctuations are under 20 feet over a 
three to twenty year period. 

Based on available information, there is no evidence of major ground water mining or dewatering, 
and hence, no specific areas within the basin have been identified as suitable targets for ASR using 
wells at this time. 
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SURFACE WATER STORAGE ALTERNATIVES 

The Surface Water Availability Model developed as part of the Green River Basin Water Planning 
Process indicates some areas with late-dry-season water shortages, including irrigated lands along 
the East and West Fork of the New Fork River, Cottonwood Creek, Horse Creek, and North, 
Middle and South Piney Creeks. 

Diversion of excess stream flows to infiltration basins penetrating a portion of the alluvial aquifer 
and located a strategic distance away from the channel would allow for delayed return flows to 
the channel that could be strategically timed to coincide with late season water shortages. The 
feasibility of this "alluvial aquifer recharge" method depends upon a lateral extent of alluvial floor 
adjacent to the channel that is adequate to provide for the requisite delayed return. 

Through the use of a computer model, this study focused upon establishing the potential benefits 
of developing this type of water banking strategy in the water short areas of the Upper Green 
drainage. The actual feasibility of such projects, and assessment of the particular geologic 
characteristics and aquifer properties in these localized areas would need to be further 
investigated. 

AQUIFER RECHARGE FACILITY CONCEPTUAL COST ESTIMATE 

Table 1 identifies the sizing, performance and estimated costs associated with a typical alluvial 
aquifer recharge facility. 

Table 1. Sizing, Performance, and Conceptual-Level Costs 
for an ADuvial Aquifer Recbarge Facility 

Facility Estimated Remarks Conceptual-
Capaeity Level Cost 

(Sl~OOO) 

Diversion Structure 50 cfs peak capacity Assumes 100 feet wide, $500 
for 1 month/yr concrete/gated structure, for 

diversion of 50 cfs peak flow. 

Conveyance Canal 50 cfs peak capacity Trapezoidal, bottom width = 7 ~ top $400 
for 1 month/yr width = 15 ft., length = 2,000 ft 

Infiltration Basins Infiltration rate of 1 120 acres total basin area $500 
(including land ft/day for peak month 
acquisition) of 1,700 af 

Permitting/Design na 30% of Construction Costs $420 

Contingency na 20% of Construction Costs $280 

Total Facility Cost $2,100 
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The above facility is estimated to offset shortages averaging about 1,300 acre-feet per year. On 
this basis, the development costs are estimated to be approximately $1,600 per acre-foot of yield. 
Operation and maintenance costs associated with this facility were not factored into the analysis. 

PRELIMINARY RESERVOIR SUMMARY 

The Green River Basin Water Planning Process document proposed thirty-five potential reservoir 
sites based on information contained in previous water supply studies. This report reduced this 
list to twelve locations that would serve as the initial selection for further study. (See Figure 1) 
The criteria used for ranking and selection is included in the full report. 

The properties of these twelve proposed dam sites are summarized in the Tables 2 and 3. The 
tables are organized in a manner for easy comparison between the twelve sites. For more detailed 
information, the individual field investigation reports for the environmental, geotechnical, and 
archeological reports are also available in the full report appendices. 

Figure 1 Preliminary Selection Location Map 

SECONDARY SCREENING 

The properties indicated in the previous section served as the basis for the final rankings and 
secondary site screening. A set of guidelines was established to afford fair and consistent scoring. 
The experience of the selection team provided a weighting basis for each category. The weighting 
factors express the importance of each category to the overall permitting and construction. The 
team included the technical staff of States West, Hollingsworth Associates, Purcell Consulting, 
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and Western EcoSystems Technology, Inc. The final scores were submitted to the WWDC for 
their approval and were also presented to the Basin Advisory Group. 

The original intent was to pursue the top five scoring alternatives as the final task of this project. 
However, only the top five projects were considered permittable - a definite irrigation need exists 
for the water, minimal acres of wetlands would be destroyed, and the geotechnical report found 
no major complications. These five sites, Sand Hill, McNinch Wash, East Fork Gorge, East Fork, 
and Viva Naughton Enlargement were thus chosen for continued investigation. 

ADDITIONAL ALTERNATIVE SITES 

During the field visits and analysis for the short list of five reservoirs, potential fatal flaws were 
detected at three of the five sites. Two alternative reservoir sites were located that would serve 
the same area as the unsuitable dams on the list. 

The first alternative dam site, Church Reservoir, is located approximately 1 mile north of the East 
Fork Gorge Reservoir Site and would have water delivered from the East Fork River. This site 
would serve the same users as the East Fork Gorge and East Fork River sites, both deemed 
inefficient and costly as well as damaging environmentally. 

The other alternative location is located about a mile up a western tributary of Viva Naughton 
Reservoir. An off-channel basin with the ability to deliver water to the Hams Fork was selected. 
This site is currently named Dempsey Basin and would be an alternative to the Viva Naughton 
Reservoir Enlargement. 

RESERVOIR CONCEPTUAL COST ESTIMATES 

Conceptual level cost estimates were developed for the seven final sites analyzed. The cost 
estimates include the major items involved in the construction of the dams, canals, and 
appurtenances. These items include excavation, embankment, spillways, outlet works, diversion 
dams, supply canals, environmental investigations, other mitigation, grouting, and access roads. 
To the construction total estimated costs were added contingencies, engineering, permitting, 
acquisition of rights-of-way, and inflation Costs were developed for 2001 and inflated to 2005. 
The conceptual cost estimates are summarized for the seven sites in Table 4. The estimates 
include unit costs per acre-foot of storage. 
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Table2. Reservoir Properties 
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14 Sand Hill (off ch) 36 30 113 14,100· 60,000 14,129 14,100· BlM 
45 Sander's Ranch (leckie Ranch) 17 30 104 25,000 25,000 21,000 Private 

2 Fontenelle Creek Narrows 3 24 114 45,000 45,000 4,500 Private/BlM 

30 East Fork 10 31 106 25,000 75,000 4,242 1,700 State of Wyoming 

32 East Fork Gorge 12 31 106 20,000 75,000 4,242 1,900 BlM 
10 McNinch Wash (off ch) 10 30 113 5,600· 40,000 2,025 5,600· Private 

17 Snider Basin 11 29 115 4,300· 40,000 14,129 4,300· Forest Service 
83 Boulder lake Enl, 11 33 108 40,000 150,000 40,000 Private/Forest Service 

18 South Cottonwood 12 32 115 6,000· 25,000 2,757 6,000· Forest Service 
37 Silver/Spring Creeks 11 32 107 10,000 35,000 10,000 Private 

12 North Piney Creek 24 31 115 5,600· 40,000 3,052 5,600· Forest Service 
84 Viva Naughton Enlargement 14 23 117 148,000 2,661 38,000·· Private 

• From ARIX Report, 1983 

** Estimated from data presented in Greenhorne and OlMara, Inc., 1984 

*** WIRSOS storable flows are based on water rights throughout the basin. 
The Boyle model storable flows are based on diversion records and historic use. 



Table 3. Reservoir Properties 
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14 Sand Hill (offch) 14,100 4.7 Bald Eagle none Big Piney milkvetch SSF WYL WYL WIN 

21,0001 377.21 
4S Sander's Ranch (Leckie Ranch) IS0,000 440.0 none Colorado cutthroat trout none SSF SSF, WYL WYL,PAR WYL 

2 Fontenelle Creek Narrows 4,SOO 101.6 none Colorado cutthroat trout Tufted twinpod SSF SSF, WYL WIN YRL 

30 East Fork 1,700 9.S none Colorado cutthroat trout Black & purple sedge Pink agoseris SSF SSF SSF, WIN SSF 

32 East Fork Gorge 1,900 1.1 none Colorado cutthroat trout Black & purple sedge Pink agoseris SSF SSF OUT SSF 

SSF, 

10 McNinch Wash (offch) S,600 2.6 Bald Eagle none Big Piney milkvetch WYL WIN WYL WIN 

4,300/ Payson's bladderpod Payson's milkvetch PAR, WIN, 

17 Snider Basin 44,000 46.6/140.8 none Colorado cutthroat trout Robbins milkvetch OUT SSF WYL SSF 

83 Boulder Lake Enl. 12S,000 44.0 none none none SSF SSF, PAR SSF, WYL SSF 

6,000/ SSF,PAR, 

18 South Cottonwood 82,000 34.1/ 127.7 Bald Eagle Colorado cutthroat trout Payson's milkvetch OUT SSF WIN SSF 

37 Silver/Spring Creeks 17,000 IS0.0 Bald Eagle none none SSF SSF OUT OUT 

S,600/ Canada Boreal draba Payson's bladderpod SSF,PAR, 
12 North Piney Creek 49,000 94.6/204.7 Lynx Colorado cutthroat trout Payson's milkvetch OUT SSF WIN SSF 

Bald Eagle 
Whooping Crucial 

84 Viva Naughton Enlargement 39,S02 S29.0 Crane none none SSF SSF SSF WIN 

SSF Spring-Summer-Fall 

• - For several potential reservoir locations, multiple dam heights are possible. WIN Winter 

The environmental study will assess the impact of both elevations. WYL Winter/Yearlong 
PAR Parturition 
OUT None 



Table 4. Conceptual Cost Estimates 
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Mobilization 1000000 500 000 t.ooo,OOO 750 000 500 000 1000000 1000000 
Excavation 1000000 720000 1650,000 1200000 600 000 1600000 1600000 
Embankment 6250000 1,750 000 5500,000 5,000000 3,000,000 8,750,000 8,750,000 
Principal Spillway 1000000 1 750-,-000 1500000 1,000 000 500,000 3,500,000 500000 
Emergency Spillway - 500 000 500,000 - - 2,500000 -
Outlet Works 2000000 1500000 2000000 2000000 1,500,000 3,000,000 2500000 
Diversion Dam 1000000 - - 500 000 500,000 - 1000000 
Canal 1125000 - - 1 800,000 1500000 - 3750000 
Environmental Mitigation 500000 1,000 000 1000000 300000 500 000 6,000000 500000 
Other Mitigation - Roads Fencing etc. 500000 250,000 250000 150 000 150000 500000 100000 
Grouting 750000 500,000 750000 750 000 500 000 750000 750000 
Access Roads - 150,000 250,000 50,000 150,000 50,000 100,000 

Estimated Construction Cost Sub-Total #1: 15,125,000 8,620,000 14,400,000 13,500,000 9,400,000 27,650,000 20,550,000 
Engineering Costs: 1,512,500 862,000 1,440,000 1,350,000 940,000 2,765,000 2,055,000 

Subtotal #2: 16,637,500 9,482,000 15,840,000 14,850,000 10,340,000 30,415,000 22,605,000 
Contingency = Subtotal #2 x 15%: 2,495,625 1,422,300 2,376,000 2,227,500 1,551,000 4,562,250 3,390,750 

Construction Cost Total: 19,133,125 10,904,300 18,216,000 17,On,5oo 11,891,000 34,977,250 25,995,750 
Preparation of Final Design: 1,913,313 1,090,430 1,821,600 1,707,750 1,189,100 3,497,725 2,599,575 

Permitting: 500,000 750,000 750,000 500,000 500,000 1,000,000 750,000 
Legal Fees: 

Acquisition of Access and Rights-of-Way: 750,000 300,000 250,000 300,000 500,000 500,000 500,000 

Year 2001 Estimated Project Cost Total: 22,296,438 13,044,730 21,037,600 19,585,250 14,080,100 39,974,975 29,845,325 
Use: 22,500,000 13,000,000 21,000,000 19,500,000 14,000,000 40,000,000 30,000,000 

Year 2005 Estimated Project Cost Total: $27,400,000 $15,900,000 $25,600,000 $23,800,000 $17,100,000 $48,700,000 $36,500,000 
(Assumed 5% Annual Inflation) 

Yield (acre-feet) 14,100 1,700 1,900 5,600 9,900 39,502 40,000 
Unit Cost (2001 $'slacre-foot) $1,596 $7,647 $11,053 $3,482 $1,414 $1,013 $750 



SUMMARY 

Based on available information, there is no evidence of major ground water mining or dewatering. 
Accordingly, storage in deep aquifers in the Green River Basin as a means for maintaining or 
restoring ground water levels does not appear warranted at present. 

Similarly, storage of water for supplementing irrigation needs does not appear warranted at 
present. Surface water to be stored must inevitably be treated prior to storage. At a minimum, a 
high level of filtration is usually needed to prevent rapid plugging of the ASR wells during 
recharge cycles. Also, well injection rates are rarely as high as the recovery rates from these same 
\Yells. More often, injection rates are on the order of 50 percent of the recovery rates. Moreover, 
well yields and water quality are marginal or inadequate for supplying irrigation needs in most 
areas of the basin. Throughout the entire study area, only one original supply ground water 
permit supplied actively irrigated lands. Given these facts, the number of wells needed for an ASR 
system designed to supplement and/or replace a surface water supply would be large. 

Water banking via off-channel recharge could prove to be a valuable and effective method of 
reducing or eliminating late season water shortages for several reaches in the Upper Green River 
Basin during dry years. An estimated development cost for typical alluvial aquifer recharge 
facilities, not including operation and maintenance costs, is approximately $1,600 per acre-foot of 
yield. 

Results presented herein demonstrate potential benefits only. Applicability of water banking 
strategies in any of these areas is contingent upon suitable aquifer properties, suitable timing and 
availability of water for recharge, favorable economics, and an institutional framework that allows 
for favorable accounting for gains and losses that result from the storage operations. 

Surface Storage Sites 

The East Fork Gorge and East Fork River sites are inefficient and costly as well as -damaging 
environmentally, and the large area of wetlands affected by the enlargement of Viva Naughton 
Reservoir presented a potential fatal flaw in permitting this alternative. Hence, the final analysis 
of the surface storage alternatives resulted in three sites that are considered permittable and have 
unit water costs below $2,000 per acre-foot. These include: 

Sand Hill Reservoir 

This project could yield 14,100 acre-feet of water. The estimated cost in year 2001 dollars is 
$22,500,000 which when inflated to 2005 dollars would be $27,400,000. Based on the WWDC 
standard conditions for a new project of sixty percent grant and forty percent loan at 7 y.. percent 
interest, the annual cost to the sponsors would be approximately $885,000 for a per-acre-foot 
cost of$63 in 2005 dollars. 
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If the funding package were returned to the seventy-five percent grant and twenty-five percent 
loan at 4 percent interest, the annual cost to the sponsors would be approximately $396,000 for a 
per-acre-foot cost of $28 in 2005 dollars. 

Church Reservoir 

This project could yield 9,900 acre-feet of water. The estimated cost in year 2001 dollars is 
$14,000,000 which when inflated to 2005 dollars would be $17,000,000. Based on the WWDC 
standard conditions for a new project of sixty percent grant and forty percent loan at 7 Y4 percent 
interest, the annual cost to the sponsors would be approximately $550,000 for a per-acre-foot 
cost of $56 in 2005 dollars. 

If the funding package were returned to the seventy-five percent grant and twenty-five percent 
loan at 4 percent interest, the annual cost to the sponsors would be approximately $246,000 for a 
per-acre-foot cost of$25 in 2005 dollars. 

Dempsey Basin Reservoir 

This project could yield 40,000 acre-feet of water. The estimated cost in year 2001 dollars is 
$26,600,000 which when inflated to 2005 dollars would be $32,300,000. Based on the WWDC 
standard conditions for a new project of sixty percent grant and forty percent loan at 7 Y4 percent 
interest, the annual cost to the sponsors would be approximately $1,040,000 for a per-acre-foot 
cost of $26 in 2005 dollars. 

If the funding package were returned to the seventy-five percent grant and twenty-five percent 
load at 4 percent interest, the annual cost to the sponsors would be approximately $465,000 for a 
per-acre-foot cost of$12 in 2005 dollars. 

RECOMMENDATIONS 

The costs associated with treating, storing, and recovering stored water to supplement surface 
water irrigation supplies are likely to be prohibitively high relative to the costs of alternative forms 
of storage. It is concluded that storage of surplus water in deep aquifers to supplement irrigation 
needs in the Green River Basin is not warranted at this time. 

It is important that residents, policy-makers, regulators, planners, and other decision-makers be 
provided with reliable information on the economics of ASR, or alternatives such as alluvial 
aquifer recharge, in order to make well-informed comparisons with surface storage alternatives. 
Likewise, it is important to understand and address the numerous institutional considerations 
outlined in Section 2.5 of the Final Report from the outset of project implementation. 
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Surface Storage Sites 

Three reservoir sites were identified as having potential for development. Of the three sites, one 
site, Sand Hill, has previously been investigated. Preliminary geotechnical investigations were 
conducted including limited drilling. The other two sites, Church Reservoir and Dempsey Basin 
Reservoir, have not been investigated. 

If sufficient interest is expressed by the potential sponsors, the reservoir projects should be 
elevated to Level II status. Better project cost estimates are needed, which will be dependent on 
acquiring exploratory drilling of the two unexplored sites as well as more detailed information on 
the other aspects of the projects. 
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