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Executive Summary 
 
Owl Creek Irrigation District Storage, Level II Study 

 
 Prepared for Wyoming Water Development Commission 

 
1.0 Introduction 
1.1 Purpose and Scope 

The primary purposes of the Owl Creek Irrigation District Storage Study, Level II are 
to: 

 Assess the source of apparent losses in or around Anchor Reservoir, evaluate 
concepts to mitigate those losses, and examine the feasibility of expanding 
existing storage in Anchor Reservoir by raising internal dikes. 

 Evaluate alternative storage sites identified in the Owl Creek Master Plan Level I 
and provide conceptual designs and cost estimates for selected preferred 
alternative(s) that serve the estimated supplemental irrigation needs of the 
District. 

 Perform a flow conveyance analysis to address the potential to route South Fork 
Owl Creek flows to North Fork Owl Creek in conjunction with alternate storage 
described above.   

The scope of this study addresses each of the above primary purposes, and is fully 
responsive to the Scope of Services in Exhibit “A” of the Consultant Contract for 
Services. 

1.2 Authorization and Responsibility 
This project was authorized by Consultant Contract for Services No. 05SC0292679 
effective July 1, 2005, as modified by Amendment No. 1 effective November 14, 
2006 and Amendment No. 2 effective November 8, 2007, between the Wyoming 
Water Development Commission (WWDC) and Short Elliott Hendrickson Inc. 
(SEH). The official contractual representative for the WWDC was Lawrence M. 
Besson, Director of the Wyoming Water Development Office (WWDO).  Ron Vore 
served as the WWDC Project Manager and primary point of contact for SEH on both 
technical and administrative matters. 

SEH’s Project Manager for this study was Douglas M. Yadon, Wyoming PE No. 
4650, and all engineering work on the project was performed under his responsible 
charge.  Except as described herein, the work for this project was performed by 
Mr. Yadon and other selected SEH staff including Alan C. Jewell, PE, William R. 
Kelly, PE, Aaron S. Ritter, EIT, Christopher Wichmann, Tom Stanfill and Amber 
Leyba.  Anderson Consulting Engineers, Inc. (ACE) of Fort Collins, Colorado 
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performed the hydrology and water rights task and assisted in the needs assessment.  
The work by ACE was led by Jay Schug. Mr. Patrick Plumley, Wyoming PG No. 
3387 supervised the geologic aspects of the project, including alternative storage site 
reconnaissance and exploration. Consultation on site geology during a dam site 
reconnaissance was provided by W. Roger Hail, PG of Fort Collins, Colorado.  
Finally, Joe Campbell, President of the Owl Creek Irrigation District and Anthony 
Martinez, Anchor Reservoir Dam Tender provided invaluable assistance and 
information throughout the project.   Personal artifacts and information on Anchor 
Reservoir from W. Roger Hail and Mr. Willard Wilson also proved invaluable. 

1.3 Overview of Study and Key Issues 
The location of the study area is shown on Figure ES-1. The study area lies directly 
west of Thermopolis, Wyoming and lies within Hot Springs County and the Wind 
River Indian Reservation.  The study area boundary comprises the drainage area of 
Owl Creek and its two main tributaries, North and South Forks Owl Creek.  Owl 
Creek drains to the Bighorn River just north of Thermopolis at the eastern end of the 
study area.  Anchor Reservoir lies on South Fork Owl Creek above most of the 
irrigated lands and serves as the only significant storage within the basin. 

1.3.1 Anchor Reservoir 
Anchor Reservoir was originally conceived as early as 1934 (Bureau of Reclamation, 
1950)1.  Initial studies for the project were conducted in 1940 (Bureau of 
Reclamation, 1971) and various studies were conducted in the years following.  
Anchor Dam was finally constructed by the Bureau of Reclamation between 1957 
and 1960 with an intended design capacity of 17,400 acre-feet (Bureau of 
Reclamation, 1971).  It is a thin concrete arch dam having a structural height of 208 
feet and 69,350 cubic yards of concrete were used in its construction.  The crest of 
the service spillway is at elevation 6451.  

Sinkholes. Sinkhole #1 was identified in the reservoir area as early as 1952, and 
numerous sinkholes have developed since first filling. In 1958, a 300-foot diameter 
circular crack in the reservoir area was discovered 700 feet upstream of the right 
abutment.  In 1961, during first filling of the reservoir, this area collapsed, forming 
Sinkhole #3 (Figure ES-2).  Sinkhole #3 is believed to be the largest sinkhole formed 
in the reservoir.  An estimated 90,000 cubic yards of material and 880 acre-feet of 
water over a 26-hour period were consumed by the sinkhole.  In one particular half-
hour period, the estimated inflow to this sinkhole was estimated to be 2,210 cubic 
feet per second (cfs).  Maximum vertical displacement was measured as 70 feet.  
Later that year, an inverted, graded filter was constructed in an attempt to plug the 
leak.  About 45,000 cubic yards of compacted rock, cobbles, gravel, sand, and 
compacted earth was placed in the sinkhole.  Additional attempts to plug the hole 
were conducted in 1962, when 70 bales of hay, 26,000 cubic yards of soil via dozer, 
and 5,175 cubic yards of material via blasting were placed in the hole.  Later that 
year, a dike was constructed around the sinkhole to allow storage to elevation 6375.  
By 1964, a total of 65,000 cubic yards of material had been placed or sluiced into 
Sinkhole #3.  In 1975, isolation dikes having a crest elevation of 6415 and a volume 
of 55,000 cubic yards were constructed to isolate the Waste Rock Area (described 
below) from the reservoir.  In 1978, one of these dikes was overtopped and breached, 
and later reconstructed with a spillway capacity of 75 cfs and a crest elevation of 

                                                      
1 Note that references to all citations in this Executive Summary may be found in Section 8.0 of the accompanying Final 
Report. 
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6412.8 (Bureau of Reclamation, 2003). In excess of 50 other sinkholes have 
reportedly been cataloged (Jarvis, 2002). 

Isolation Dikes. Leaks were confirmed in the waste rock area (Figure ES-2) in 1963 
and large reservoir losses were noted.  Various efforts were made to plug numerous 
leaks in this area, and sometime before or during 1967 a dike was constructed to 
elevation 6387 to isolate the numerous leaks in the waste rock area.  Numerous 
additional sinkholes formed in 1974, and in 1975 isolation dikes having a crest 
elevation of 6415 and a volume of 55,000 cubic yards were constructed to isolate 
Sinkhole #3 and the Waste Rock Area from the reservoir. 

Reservoir Operations Restrictions.  On March 30, 1992, Contract 1-07-60-W0701 
was signed between the Bureau and the Owl Creek Irrigation District and amended in 
1993 (Nelson Engineering, 2004) that placed operation restrictions on the reservoir 
and turned maintenance operations over to the District.  To prevent damage to the 
waste rock isolation dikes and to minimize sinkholes, the reservoir is operated to not 
exceed elevation 6415, and the Bureau must be notified anytime the reservoir 
elevation exceeds 6400 feet (Bureau of Reclamation, 2003).  A notch in the dikes 
begins spilling at elevation 6412.8 feet, where storage capacity is reported as 7,572 
acre-feet (Bureau of Reclamation, 2003).  Under the “Sinkhole Maintenance” clause, 
the contract states: 

“The District may make repairs to the sinkholes and dikes.  Repairs that the 
District chooses not to accomplish shall be made solely at the discretion of 
Reclamation.  The cost of any discretionary repairs, determined necessary by 
Reclamation, shall be paid by the United States.” 

Level I Study Seepage Mitigation Alternatives. The precursor to this study, the 
Owl Creek Master Plan Level I, summarizes various technologies that were utilized 
by the Bureau of Reclamation in the 1960s and 1970s to determine the nature of the 
seepage and also to attempt to repair the reservoir.  The Level I Study also examined 
alternatives for lining Anchor Reservoir and concluded that full restoration of storage 
(i.e., to original capacity) in Anchor Reservoir would be too costly compared to 
constructing alternate storage downstream. The Level I Study identified various 
potential incremental strategies for restoring storage in Anchor Reservoir that became 
the basis for the goals of this study. 

Magnitude of Reservoir Losses.  The Level I Study examined gage records for 
USGS gages (now Wyoming SEO) above and below Anchor Reservoir (as illustrated 
on Figure ES-3) and estimated the following apparent losses between the gages (after 
accounting for evaporation): 

 1960-1969: 9402 ac-ft / yr 

 1970-1984: 7809 ac-ft / yr 

 1991-2002: 6101 ac-ft / yr 

Canyon Loss Evaluation. Losses were evaluated in the canyon below Anchor 
Reservoir using a WWDC gage installed specifically for this Level II Study directly 
below Anchor Dam (Figure ES-3).  Flows from this gage were calibrated and directly 
compared to the downstream (SFOC) gage to analyze losses specific to the canyon. 

Water Balance Model.  A computerized daily water balance model was developed 
to not only quantify the reservoir losses, but also to assess their potential location and 
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characteristics to the degree practicable.  By comparing storage, inflow, outflow, 
evaporation, runoff from ungaged basins and other factors on a daily basis for the 
period of record, a more accurate picture of the nature of losses in Anchor Reservoir 
has been developed.  Specifically, the relation of losses at Anchor relative to 
elevation and time has been developed.  Losses have been modeled as a series of 
sinkholes or leaks obeying the orifice equation with a specific start date, elevation 
and exponential time decay; and as seepage at the reservoir. 

Reservoir Field Reconnaissance.  To supplement the above water balance model, a 
field investigation was conducted using drogues during high reservoir pool in an 
attempt to pinpoint any large and potentially repairable losses occurring in Anchor 
Reservoir and to confirm to the extent possible conclusions of the Water Balance 
Model.  Reconnaissance of the reservoir bottom during empty reservoir conditions 
was conducted to confirm identified seepage areas and also to identify other visible 
seepage areas. 

Evaluation of Seepage Mitigation Measures and Internal Isolation Dike Raises. 
In conjunction with the evaluation of potential seepage mitigation strategies, both 10-
foot and 20-foot potential raises to the existing internal isolation dikes were 
evaluated.  For purposes of this analysis, it was assumed that the dikes could be 
raised using an upstream raise technique and locally available borrow.  It was further 
assumed that no special filtering zones are required to prevent internal piping within 
the dikes and that the existing dikes and their foundations are safe from piping and 
dissolution at the higher reservoir heads.  A geologic and geotechnical subsurface 
sampling and testing program would be needed to confirm these potentially 
optimistic assumptions.   

1.3.2 Alternate Storage Sites 
The study included an evaluation of surface water availability and shortages; the 
selection of a target reservoir storage capacity based on water availability and 
shortages; the evaluation of six reservoir sites from the Level I Study relative to their 
ability to provide the necessary capacity; and the selection of preferred alternatives 
that represent the best of the six alternatives.  Permitting considerations; conceptual 
design; and estimated costs and economic analyses of the preferred sites are also 
addressed.  The study area, including major drainage basins, the six Level I sites, the 
locations of irrigated lands, and classes of land ownership is shown on Figure ES-4.  
A close-up of the six alternative sites evaluated is shown in Figure ES-5. 

Surface Water Availability and Shortages. The primary quantifiable need for 
storage in the Owl Creek watershed is to provide supplemental irrigation supply to 
address to the degree possible existing shortages known to be experienced during 
normal and dry years by the Owl Creek Irrigation District in the Upper and Middle 
Areas.  Once shortages are quantified, a determination must be made of how much, if 
any, physically and legally available flows there are within the basin that can be 
stored at a given reservoir/storage location for beneficial use in addressing the 
identified irrigation shortages. 

The evaluation of flows available for potential storage projects and of irrigation 
shortages within the Owl Creek watershed was based upon results of the Wyoming 
Water Development Commission (WWDC) basin planning model developed for the 
Wind/Bighorn River watershed (BRS, et al., 2003).   
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Reservoir Capacity and Yield. Reservoir capacity was established at the alternative 
sites based on either physical site limitations or estimated needs and water available 
for storage.  Estimated need is identified as “irrigation shortage” for either “normal 
years” (six years out of a ten year period) or “dry years” (two years out of a ten year 
period) and was determined from the basin planning model. 

Site Evaluation and Screening.  A process was developed to screen the selected 
alternatives from the Owl Creek Master Plan Level I into a manageable few for 
further analysis and ultimately to the most effective and feasible alternative(s) which 
best serves the needs of the project and upon which an application for follow-on 
study and eventual funding can be based. The process involves a multidisciplined 
approach that utilized three screening and analysis steps. A key collection, 
evaluation, analysis and presentation tool that was utilized throughout the process is 
presented in Table ES-1.  This table summarizes the pertinent data utilized in the 
screening process. 

Site Location Relative to Need.  All six of the alternate sites carried forward from 
the Level I study are located within an approximately seven mile reach extending 
along North Fork Owl Creek from about six miles above the confluence with South 
Fork Owl Creek to about a mile below the confluence (see Figure ES-5).  Four of the 
sites (2, 5, 8 and 18) are located on North Fork Owl Creek.  Site 17 is located 
immediately above the confluence of the North and South Forks to capture flows 
from both streams.  Site 1 is an offstream site located just adjacent to the confluence 
to the north.  As described further below, all of these sites can serve all of the 
irrigated lands in the Middle Area of the District below the confluence of the North 
and South Forks of Owl Creek (Figure ES-5).  Because Anchor Reservoir is proposed 
to continue to operate if alternate storage is built, some greater flow than at present is 
expected to be available for South Fork irrigators and/or storage in an alternate North 
Fork reservoir because there will be less lost at Anchor. 

Transbasin Diversion and Available Supply. Because all but Site 17 of the 
alternative sites described above lie on North Fork Owl Creek, and the majority of 
the storable basin yield lies on South Fork Owl Creek, a diversion from South Fork to 
North Fork Owl Creek is required, depending on the storage capacity needed.  An 
evaluation of the potential for diverting South Fork flows to the North Fork either 
above or below Anchor Reservoir was conducted (diversion below Anchor Reservoir 
is shown on Figure ES-5).  

Site Geologic and Geotechnical Conditions.  A detailed geologic reconnaissance 
was conducted at five of the six alternate sites brought forward for further 
consideration from the Level I study.  (Site 8 was not included in the reconnaissance 
as legal access could not be acquired.)  This effort involved review of available aerial 
photography, ground observation, reconnaissance-level geologic mapping, and 
photographing of key and typical conditions and exposures.  Potential earthquake 
effects at the sites were preliminarily evaluated in a seismotectonic study of the Owl 
Creek basin. 

Conceptual Designs and Cost Estimates.  A conceptual design was prepared for 
each of the dam and reservoir sites selected from the site screening (Sites 1, 2 and 18) 
that form the basis of the selected alternatives.  Estimation of construction costs for 
each of the major project components (i.e., dam, spillway and outlet works, canals), 
miscellaneous items (e.g., mobilization, clearing, fencing, etc.), and known 
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interferences from existing infrastructure such as road relocation were prepared.  
Indirect costs (e.g., construction engineering and contingency) were then added as a 
percentage of the construction cost estimate. 

Economic Analyses.  Order-of-magnitude economics and potential funding scenarios 
for the selected surface water storage project alternative sites identified were 
prepared.  The economic analyses are based on the direct and indirect benefits of 
using stored water for supplemental irrigation of existing irrigated lands.  The 
funding scenarios assume WWDC grant/loan funding of an eligible local project 
sponsor in accordance with the contract scope of work.  The economic and financing 
analyses address the following key elements:  

 Benefits associated with the alternative projects; 

 The ability-to-pay of local irrigators based on anticipated revenue from increased 
water yield; 

 The minimum cost of water to irrigators under current WWDC guidelines; and 

 The sponsor’s ability-to-pay under different grant/loan scenarios. 

2.0 Conclusions and Recommendations 
Summary conclusions and recommendations are presented below for the analyses of 
Anchor Reservoir, alternate storage site evaluation both within Anchor Reservoir and 
for six sites below Anchor Reservoir, and an analysis of flow conveyance diversions 
between the South and North Forks Owl Creek. 

2.1 Conclusions 
2.1.1 Anchor Dam and Reservoir Operations Analysis 

The following major conclusions were established regarding the current operations at 
Anchor Reservoir: 

 There appear to be no significant losses occurring in the canyon below Anchor 
Dam based on a comparison of readings for a gage installed as part of this project 
immediately below Anchor Dam and an existing gage at the mouth of the 
canyon.  Results indicate that the stream in this reach is a slightly gaining stream 
(6 percent of flow).  For purposes of evaluating Anchor Reservoir, this stream 
section was assumed to have no net gain or loss. 

 A reservoir water balance model was created to evaluate losses at Anchor 
Reservoir.  Model fit statistics indicate the model is a good predictor of losses at 
Anchor based on the following data inputs: gage data above and below Anchor, 
and storage volume in Anchor.  Model results indicated the following: 

• Actual losses in Anchor Reservoir are more than indicated by a direct 
comparison of gage records above and below Anchor (after accounting for 
evaporation from Anchor Reservoir) due to significant inflows from ungaged 
basins above Anchor.  Estimated average actual historic losses in Anchor 
Reservoir (and the ungaged basin above) are 12,500 ac-ft/year. 

• Anchor loss rates appear to have diminished significantly over its history, but 
the rate of decay has slowed since 1980.  This “healing” of Anchor Reservoir 
may be due to man-made repairs, sedimentation in the reservoir, and/or 
natural plugging of leaks. 
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• New breakthroughs (significant increases in loss rates) have occurred 
periodically in Anchor Reservoir according to the model.  The most recent 
significant breakthrough occurred as recently as 1995, and new 
breakthroughs appear to be unpredictable, making Anchor Reservoir storage 
unreliable. 

• Twenty-five (25) percent of the modeled losses are due to “Base Losses.”  
Base losses are predicted by the model as 4.8 cfs or the inflow to Anchor 
Reservoir, whichever is less.  These losses are believed to be due to one of 
three causes: losses in ungaged basins above Anchor, model/measurement 
errors, and/or seepage into reservoir sediments in Anchor during periods of 
no or minimal storage in Anchor Reservoir. 

• Approximately 70 percent of these losses are due to Sinkhole/Leak Zone 
losses, which are modeled using the orifice equation (related to head in the 
reservoir). A series of 16 Sinkholes/Leak Zones were modeled, each with a 
specific start date, orifice elevation, orifice size and characteristic, and “half-
life” to model apparent decay.  69 percent of these losses are attributable to 
five elevation zones. 

 A drogue evaluation was conducted in Anchor Reservoir during a relatively high 
reservoir pool elevation.  (Drogues are devices designed to float with the current 
at a specific depth to locate leaks.)  The devices found three leaks that were 
confirmed by later visual reconnaissance of the floor of the reservoir when it was 
essentially empty.  One of the devices found an additional apparent leak that 
appears to be hidden within a talus slope and could not be confirmed visually. 

 Another three apparent leaks were found during the empty-reservoir 
reconnaissance that were not located by the drogues (probably due to high winds 
and Anchor Dam outlet currents affecting the drogue performance during the 
study period). 

 The six leaks that could be seen visually appear to account for only a small 
portion of current losses in Anchor Reservoir.   

 An evaluation of the gage data above and below Anchor indicated that potential 
inaccuracies in the gage readings are unlikely to be a significant cause of the 
apparent losses. 

 Potential mitigation alternatives were developed to address localized openings in 
the reservoir floor found during field reconnaissance and leakage characterized in 
the model as Base Losses.  However, reliable economic analysis of the 
effectiveness of these measures was not possible, primarily due to the 
unpredictability of new breakthroughs in Anchor Reservoir that could occur and 
result in new losses exceeding any gains made by the repairs. 

2.1.2 Water Storage Site Evaluation and Analysis 
2.1.2.1 Anchor Reservoir 

The feasibility of raising the internal dikes within Anchor Reservoir was examined.  
The following conclusions were reached: 

 Raising the internal pool level in Anchor is problematic because there is no 
carryover storage possible at Anchor due to the high loss rates, and raising pool 
levels could increase the development of new breakthroughs that significantly 
increase loss rates.   
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 Dike raises of 10-feet and 20-feet were examined.  Due to the existing high loss 
rates, the effective capacity gained is significantly less than the theoretical 
capacity gained at 1 to 3 month holding periods.  The effective capacity gained 
diminishes rapidly with storage duration. 

 Based on post-1980 records of actual pool levels and an analysis of South Fork 
Owl Creek inflows to Anchor Reservoir, it appears that inflows are only 
sufficient to utilize this capacity in wet-normal and/or wet years, when extra 
storage is less valuable.  Since this extra storage cannot be carried over to the 
following year, its benefits are very limited (see Figure ES-6). 

 The economics of the raises cannot be estimated reliably due to the above factors 
and the unpredictability of breakthroughs at Anchor, but it is known that a per 
acre-foot cost comparison of additional storage in Anchor would compare very 
poorly relative to providing storage in the alternate storage sites downstream. 

2.1.2.2 Alternate Storage Sites 
Six alternate storage sites identified by the Level I Study were evaluated.  The results 
of those evaluations are summarized as follows: 

 Reservoir Capacity.  Based on the irrigation shortage and available flow results 
of the Wind River/Bighorn Basin Plan Model, an estimated maximum reservoir 
capacity of 25,000 acre-feet was selected to provide firm yields sufficient to meet 
all shortages in the Middle Area of the District for two back to back dry years 
preceded by a normal year. 

 Model Reliability.  Review of the basin model indicates that it may be over-
predicting shortages, and that a smaller reservoir capacity may be adequate.  As 
described later, a framework for constructing a more sophisticated model to 
resolve these uncertainties is recommended. 

 Site Screening.  The six alternate storage sites were screened to two alternatives, 
with a “backup plan” for each.  Specifically, Site 1, with a maximum physically 
practicable capacity of 9,000 ac-ft, is the preferred alternative if the 
recommended refined modeling described later indicates this capacity will 
adequately serve the District’s needs.  If the modeling indicates a higher capacity 
than 9,000 acre-feet is required, then the larger capacity (up to 25,000 acre-feet 
or more) Site 2 is the preferred alternative.  Site 18 serves as backup to either 
alternative, and Site 2 serves as backup to Site 1. 

Alternative 
Selected 

Site 
Target Storage Capacity 

Range (ac-ft) Backup Plan 

1 1 9,000 or less Site 2 or 18 

2 2 9,001 – 25,000 Site 18 

 

 Conceptual Design.  Zoned earthfill dams with earthen cut emergency spillways 
and concrete service spillways in the abutments (except Site 1, which does not 
require a service spillway) are the selected design configurations for Sites 1, 2 
and 18. 
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 Environmental/Permitting.  The primary environmental considerations in the 
Owl Creek watershed in relation to permitting of dam and reservoir sites include: 
wetlands, sage grouse leks, and crucial big game habitat.  This is not to say that 
other considerations are not important or may not significantly influence the 
ability to permit a project.  It is considered most likely that permitting of a dam 
and reservoir site would require that a full EIS process be followed under the lead 
of either the BLM or the COE, or possibly under their joint lead. 

 Cost Estimates.  The estimated costs for development of alternate storage vary 
substantially depending mainly on the size and overall efficiency of the dam and 
reservoir site.  The total project cost of the three sites that form the selected 
alternatives range from about $14,900,000 for the 9,000 acre-feet capacity Site 1, 
$43,300,000 for the 25,000 acre-feet capacity Site 2 to $77,900,000 for the 
25,000 acre-feet capacity Site 18.  The estimated costs per acre-foot of storage on 
a capital cost basis for the six projects studied in more detail range from about 
$1,700 to $3,200. (See Table ES-2)  Annual costs per acre-foot of yield are 
provided in Table ES-3. 

 Economic Analyses.  Under the most favorable assumption of a 90 percent grant 
and the WWDC’s standard loan terms for the remainder of the cost, the estimated 
sponsor’s ability to pay (as a percentage of the sponsor’s annual payment 
obligation) ranges from 16 percent for Site 18 to 66 percent for Site 1.  The 
ability to pay percentages assuming 67 percent grant for the same projects are 
estimated as 5 percent and 20 percent. (See Tables ES-4A, B and C). 

2.2 Recommendations 
The recommendations discussed in more detail in the final report are summarized 
below: 

2.2.1 Anchor Reservoir 
 Operations.  Present operations should continue as-is, as long as alternate 

storage is not available downstream.  The continuing high loss rates in Anchor 
Reservoir do not allow carryover storage to be held year-to-year.  If one of the 
selected alternate storage sites (Site 1, 2, or 18) is built downstream, an exchange 
should be considered if/as appropriate such that the alternate site serves all users 
in the Middle Area of the District to the maximum extent possible and short-term 
storage in Anchor Reservoir is utilized to serve shortages on South Fork Owl 
Creek in the Upper Area of the District that can not be served by the alternate 
storage site.  It is recommended that Anchor reservoir operations otherwise 
remain unchanged, except as described above. 

 Large Scale Mitigation Alternatives for Identified Losses.  Not enough 
information is available about the Base Losses and the apparent “Rockfall Area” 
losses to economically justify any mitigation alternatives identified in this study.  
Economic justification of these losses would require loss rates and their exact 
sources to be known, sophisticated reservoir modeling, and some reliable 
estimate of future losses in Anchor Reservoir, plus additional design analyses, 
none of which are available within the scope of this study.  Acquiring this 
information would require a substantial effort at high cost that still may not 
generate the information required.  Thus, further consideration of these 
mitigation options cannot be justified and are not recommended. 
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 Small Scale Mitigation Alternatives for Identified Losses.  Two conceptual 
low-cost mitigation alternatives were identified for visually observable leak areas 
in Anchor Reservoir.  Although these measures would very likely marginally 
decrease losses if implemented, it is estimated that the decreases would be so 
small as to not be measurable.  Thus, the value of even these low-cost mitigation 
measures would likely remain unknown.  As a result, implementation of these 
measures is not recommended.  

2.2.2 Alternate Storage 
If the District requests and WWDC agrees to further pursue further study of alternate 
storage downstream of Anchor Reservoir, then the following recommendations are 
offered: 

 Based on the results of existing modeling of available flows and irrigation 
shortages and careful evaluation of those results during this study, more detailed 
study of the potential for development of surface water storage in the Owl Creek 
watershed is justified and recommended.  The study should include, but not be 
limited to, more detailed hydrologic, water rights and reservoir operations 
modeling using the StateMod or an equivalently robust model to support 
refinement of the existing irrigation needs, available flows in the watershed, and 
opportunities to most efficiently utilize Anchor Reservoir and recommended 
alternate storage. 

 If, based on the results of the modeling described above, a storage capacity of 
9,000 ac-ft or less can be shown to satisfy shortages in the Middle Area of the 
District, then it is recommended that Site 1 become the preferred site and 
subsurface geotechnical and geologic studies be conducted if permission to 
access the site can be obtained. 

 If, based on the model, a storage capacity of more than 9,000 ac-ft is required, 
then it is recommended that Site 2 become the preferred site and subsurface 
geotechnical and geologic studies be conducted if permission to access the site 
can be obtained. 

 If the subsurface studies indicate that Site 1 or Site 2 is infeasible, then Site 2/18 
and Site 18 should be considered as backup alternatives, respectively. 

2.2.3 Transbasin Diversion 
If Sites 2 or 18 are constructed as alternate storage downstream as described above, 
the South Fork to North Fork Owl Creek Diversion below Anchor Reservoir is the 
recommended transbasin diversion alternative. 

. 
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USGS 7.5-minute Topographic Quadrangle Arapahoe Ranch Arapahoe Ranch Embar Embar Arapahoe Ranch Embar

Tributary (Onstream) or Supply (Offstream) North Fork Owl North Fork Owl North Fork Owl North Fork Owl North and South 
Fork Owl North Fork Owl

Onstream / Offstream Offstream Onstream Onstream Onstream Onstream Onstream

Above Middle 
District

Above Middle 
District

Above Middle 
District

Above Middle 
District

Above Middle 
District

Above Middle 
District

2.7 104.4 100.9 92.7 305.2 98.5
100.9 0.0 0.0 0.0 0.0 0.0

10 85 84 80 159 82
1.2 54.3 52.4 48.0 165.0 51.1

3,850 3,850 3,850 3,850 3,850 3,850
10,200 10,200 10,200 10,200 10,200 10,200

9,560 19,750 19,750 9,560 19,750 19,750
2,960 2,960 2,960 2,960 2,960 2,960

9,000 25,000 25,000 9,500 25,000 25,000
363 650 597 316 902 490

5,408 5,465 5,536 5,779 5,416 5,733
25 38 42 30 28 51

Assumed Present Assumed Assumed Present Present
Not expected Not expected Not expected Possible Present Not expected

Far Far Far Close Moderate Far
Shallow Moderate Moderate Moderate Deep Moderate

Favorable Favorable Favorable Unfavorable Unfavorable Favorable
Low Low Moderate Potentially High Moderate Potentially High

Not apparent Not apparent Present Present Not apparent Not apparent

Favorable Favorable Adequate Marginal Adequate Marginal
Favorable Favorable Adequate Marginal Adequate Marginal

Big Game Habitat - Crucial
Mule Deer 0 542 649 301 489 528
Antelope 381 268 128 0 36 0

Sage Grouse Leks x x x x
T&E Species (BFF-Black-footed ferret) BFF(?) BFF(?) BFF(?) BFF(?)
Riparian Habitat x x x x x
NWI Wetlands (acres - direct impact) 0 33 4 12 108 15
Aquatic Habitat (feet of channel - direct impact) 0 22,500 22,100 10,100 23,100 19,900
WDEQ Stream Classification 2C 2C 2C 2AB & 2C 2C
WGFD Stream Classification IV IV IV IV IV

0 0 0 0 3 0
0.0 0.0 0.0 0.0 4.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 1.8 0.0
0 0 0 0 447 0

0 743 648 202 508 257
2 0 0 0 0 230

129 4 6 128 0 68
251 0 0 0 478 0

Zoned Earthfill Zoned Earthfill Zoned Earthfill Zoned Earthfill Zoned Earthfill Zoned Earthfill

2 2 2 1 1 1
5 10 10 10 15 10

5,413 5,475 5,546 5,789 5,431 5,743
2,189 5,036 6,146 1,118 4,124 3,322

30 30 20 30 30 30
83 115 131 99 91 168
161 647 699 400 1,130 1,135
787 2,752 2,823 1,706 4,095 5,544
11 9 9 6 6 5

2 1 1 1 1 1
Cut/cover 
conduit

Cut/cover 
conduit

Cut/cover 
conduit

Cut/cover 
conduit Cut/cover conduit Cut/cover 

conduit
5,330 5,360 5,415 5,690 5,340 5,575

Site Environmental Conditions

Number of Outlets

Crest Width (feet)

Outlet Elevation (feet)

Crest Elevation (feet)
Freeboard/Head over Spillway (feet)
Number of Dams

Reservoir Characteristics & Operation

Dam

Surface Area (acres)

Direct Runoff to Reservoir

Proposed Type

Residences/Ranches
Infrastructure/Utilities Conflicts

Pipelines (miles)
Improved Unpaved Road (miles)
Highway/Paved Road (miles)

Estimated Peak Discharge (thousand cfs)

Demand

Storage Efficiency (ac-ft/1000cy)
Outlet Works

Service Spillway

Proposed Type

Site Geology

Infrastructure and Ownership

Dry Year Shortages (ac-ft)

Dam Characteristics & Hydraulic Structures

Estimated PMF Flood Characteristics

Estimated Runoff Volume (thousand acre-feet)

Total Crest Length (feet)

Water Surface Elevation

Normal Year Shortages (ac-ft)

Tribal

Private

Adverse Structure Impacts

Total Embankment Volume (thousand cy)
Foundation Excavation (thousand cy)
Maximum Dam Height (feet)

Average Water Depth (feet)

Land Ownership (acres owned)
Irrigated Lands (acres)
Powerlines (miles)

State
Federal

Site Name

Target Capacity (acre-feet)
Normal High Water

Locational Information

Location Relative to Demand

Basin Characteristics & Hydrology
Drainage Areas (square miles)

Diversion to Reservoir

Valley Stress Relief Features

Landslides/Slope Instability
Anticipated Reservoir Seepage
Bedding Dip at Damsite

Relative apparent quality
Relative apparent availability

Supply
Normal Year Available Flow (ac-ft)
Dry Year Available Flow (ac-ft)

Borrow

Geology

Expected Relative Foundation Cutoff Depths
Relative Proximity to Karst Units
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Site Name

Integrated Outlet 
Works

Unregulated 
Concrete

Unregulated 
Concrete

Unregulated 
Concrete

Unregulated 
Concrete

Unregulated 
Concrete

1,000 8,500 8,300 7,900 15,800 8,200
24 71 69 66 72 68

Cut Channel Cut Channel Cut Channel Cut Channel Cut Channel Cut Channel

8,200 76,300 74,800 71,200 142,600 73,800
190 630 620 590 650 610

2,000 1,800 2,500 1,800 2,000 2,500
9.2 4.6 5.2 10.4 3.7 6.7

Length (miles) 1.9 1.2 1.2 0.0 0.0 1.2
Terrain Favorable Favorable Favorable None None Favorable

Length (miles) 1.6 0.0 0.0 0.0 0.0 0.0
Terrain Favorable None None None None None

$14,934,220 $43,278,971 $44,550,133 $25,854,775 $68,001,085 $77,891,701
 $              18.98  $              15.73  $              15.78  $              15.15  $               16.61  $             14.05 
 $              1,659  $              1,731  $              1,782  $              2,722  $               2,720  $             3,116 

Excellent or more than adequate
Favorable or adequate
Potential fatal flaw or unfavorable value
Probable fatal flaw or very unfavorable value

Total Project Cost per cubic yard of fill

Costing
Total Project Cost

Total Project Cost per ac-ft of storage

Design Capacity (cfs)

Proposed Type

Approximate Width (feet)
Design Capacity (cfs)

Proposed Type

Approximate Width (feet)

South Fork to North Fork or North Fork to 
Reservoir Supply Diversion

Approximate Length (feet)

Supply and Delivery Facilities

Emergency Spillway

Height Efficiency (feet/thousand ac-ft)

Storage Delivery Channel
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Site

Storage 
Capacity 

(ac-ft)
Total Project 

Cost
Cost/Acre-ft 

Storage
1 9,000 14,900,000 $1,656
2 25,000 43,300,000 $1,732
5 25,000 44,600,000 $1,784
8 9,500 25,900,000 $2,726
17 25,000 68,000,000 $2,720
18 25,000 77,900,000 $3,116

Table ES-2
Alternative Projects Cost Summary

 
 
 
 

With 67 
Percent 
Grant      

($/ac-ft)

With 75 
Percent 
Grant       

($/ac-ft)

With 90 
Percent 
Grant       

($/ac-ft)
Site 1 5,500 $38 $29 $11
Site 2 10,200 $59 $45 $18
Site 18 10,200 $106 $80 $32

1 The "assumed yield" is the estimated dry-year yield as presented in Table 5.7-1.

Assumed 
Yield1        

(ac-ft)

Annual Cost Per Acre-Foot Yield

Table ES-3
Annual Yield Cost by Alternative Storage Site

Alternative

 



Alternative

Level III 
Project Cost  
($ Millions)

Sponsor's 
Share of 

Project Costs 
($ Millions)

Sponsor's 
Annual 

Payment    
($)

Sponsor's 
Maximum 

Ability to Pay  
($)

Sponsor's 
Percentage 

Ability to Pay  
(%)

Site 1 13.5 4.45 207,105 41,570 20.1
Site 2 39.1 12.90 600,591 53,025 8.8
Site 18 70.3 23.21 1,080,394 53,025 4.9

Alternative

Level III 
Project Cost  
($ Millions)

Sponsor's 
Share of 

Project Costs 
($ Millions)

Sponsor's 
Annual 

Payment    
($)

Sponsor's 
Maximum 

Ability to Pay  
($)

Sponsor's 
Percentage 

Ability to Pay  
(%)

Site 1 13.5 3.37 156,897 41,570 26.5
Site 2 39.1 9.77 454,993 53,025 11.7
Site 18 70.3 17.58 818,481 53,025 6.5

Alternative

Level III 
Project Cost  
($ Millions)

Sponsor's 
Share of 

Project Costs 
($ Millions)

Sponsor's 
Annual 

Payment    
($)

Sponsor's 
Maximum 

Ability to Pay  
($)

Sponsor's 
Percentage 

Ability to Pay  
(%)

Site 1 13.5 1.35 62,759 41,570 66.2
Site 2 39.1 3.91 181,997 53,025 29.1
Site 18 70.3 7.03 327,392 53,025 16.2

Table ES-4C

Table ES-4A

Table ES-4B
Summary of Ability to Pay for Project Alternatives - 75 % Grant / 25% Loan

Summary of Ability to Pay for Project Alternatives - 67 % Grant / 33% Loan

Summary of Ability to Pay for Project Alternatives - 90 % Grant / 10% Loan
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Figure ES-2
Aerial View of Anchor Dam, Looking Southeast, August 4, 1967.

Photo courtesy Willard Wilson.
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Figure ES-6
Anchor Reservoir Maximum Pool Elevations for Dry, Normal and Wet Years*
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