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Introduction 
PROJECT DESCRIPTION 

The Church Reservoir Project began with the 1999 River Basin Planning Process for the Green 
River Basin. This work identified potential locations for surface water storage throughout the 
basin in addition to river reaches that experience water shortages. In an unrelated project to the 
planning process, the 2000 Wyoming Legislature provided funding to investigate storage projects 
within the Green and Wind River Basins for the purpose of developing Wyoming's non
appropriated water. The Green River Ground Water Recharge and Alternate Storage Project 
(GRASP) initiated this objective by taking an in-depth look at all previously studied reservoir 
locations and a few additional sites using the planning process data. From a selection process 
based on water need and ability to construct, the final report identified and ranked 13 potential 
reservoir locations in the Green River basin. One of the most promising locations was an off'
channel reservoir located in section 6 of township 31 north and range 105 west on the Church 
Homestead just east of Boulder, Wyoming (figure 1). Since this site had not been investigated to 
any detail, the Wyoming Water Development Commission authorized this study to determine its 
feasibility. Figure 2 illustrates the overall system project map. 
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Figure 1 - Church Reservoir Location Map. Figure 2 - Church Reservoir Project Map. 

ALTERNATIVE ANALYSIS 

In addition to Church Reservoir, the GRASP Report identified two other surface storage 
alternatives to provide additional irrigation water for the East Fork River irrigators. The first 
proposed dam site is located at the East Fork Gorge Site. The reservoir would be located on the 
mainstem of the East Fork River at a narrowing of the valley and would have a maximum feasible 
storage of only 1,900 acre-feet. The second alternative, the East Fork River Site, is located 
approximately 2.5 miles downstream from the gorge site and has a maximum capacity of 1,700 
acre-feet. The sites inundate 1.1 and 9.5 acres of wetlands respectively. These acreages were 
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obtained from the US Fish and Wildlife National Wetlands Inventory and were confirmed by an 
on-site visit by Western EcoSystems Technology. Additional attributes and conceptual plans for 
the sites can be found in the GRASP Report. With these dams located on the mainstem of the 
river, their costs were greatly increased due to the extensive outlet works, principal and 
emergency spillways which would be required. Table 1 contains the conceptual costs as 
presented in the GRASP report. These costs are for the maximum feasible reservoir size. 
Reduction of size due to limited yield or diminished demand remains for future analysis. As the 
table shows, Church Reservoir is by far the most economical alternative and is the only one that 
can provide enough storage to meet the estimated 4,200 acre-feet of irrigation demand as stated 
in the GRASP Report. 

Table 1 - Conceptual Costs for East Fork Alternatives. 

Mobilization 
Excavation 
Embankment 
Principal Spillwav 
E mer g en c y Sp ill way 
Outlet W orks 
Diversion Dam 
Can a 1 
Environmental Mitigation 
o th e r Mitigation - Roads, Fencing, etc. 
G r 0 uti n g 
Access R 0 ads 

Estimated Construction Cost Sub-Total #1: 
Engineering Costs: 

Subtotal #2: 
Contingency = Subtotal #2 x 15% 

Con struction Cost Total: 
Preparation of Final Design: 

Perm itting: 
LegalFees: 

Acquisition of Access and Rights-of-Way: 

Year 2001 Estim ated Project Cost Total: 
Use: 

Year2005 Estimated ProjectCostTotal: 
(A ssum ed 5% A nnual Inflation) 

Yield (acre-feet) 
Unit Cost (2001 $'s/acre-foot) 

tzj 

~ 
"r1 

~ 

500,000 
720,000 

1,750,000 
1,750,000 

500,000 
1,500,000 

1,000,000 
250,000 
500,000 
150,000 

8,620,000 
862,000 

9,482,000 
1,422,300 

10,904,300 
1,090,430 

750,000 

300,000 

13,044,730 
13,000,000 

$15,900,000 

I ,700 
$7,647 

Investigation and Design 
HYDROLOGY 

," 

t]j 
I}l 

.;;j 
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"~ 
1,000,000 
1,650,000 
5,500,000 
1,500,000 

500,000 
2,000,000 

1,000,000 
250,000 
750,000 
250,000 

14,400,000 
1,440,000 

15,840,000 
2,376,000 

18,216,000 
1,821,600 

750,000 

250,000 

21,037,600 
21,000,000 

$25,600,000 

1 ,900 
$ 1 1 ,053 

i 
::>" 

~ 

I. 
.... 

500,000 
600,000 

3,000,000 
500,000 

1,500,000 
500,000 

1,500,000 
500,000 
150,000 
500,000 
150,000 

9,400,000 
940,000 

10,340,000 
1,551,000 

11,891,000 
1,189,100 

500,000 

500,000 

14,080,100 
14,000,000 

$17,100,000 

9,900 
$ 1 ,4 1 4 

This project called for the construction and use of a water rights model to determine available 
water and potential reservoir benefits in conjunction with existing water rights. The Wyoming 
State Engineer's Wyoming Integrated River System Operating Study (WIRSOS) was the 
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modeling software employed. The initial runoff data was obtained from existing gage data and 
statistically created for those tributaries without existing gage information. The created data 
includes Jim Creek which is the tributary that serves as Church Reservoir's source. The model 
demonstrated a definite need and benefit for additional storage in the basin. 

ENVIRONMENTAL AND CULTURAL INVESTIGATIONS 

Reconnaissance level field investigations were conducted for environmental and cultural 
resources. The field investigations were conducted to identify items which could impact project 
feasibility and project costs. The cultural survey concluded that the Church Reservoir site has a 
very low potential for cultural resources. The survey of wetlands impacted at the reservoir site 
indicated that from 10 to 15 acres of relatively low value wetlands would be inundated. 

GEOTECHNICAL INVESTIGATION AND DAM TYPE 

A preliminary geotechnical engineering study of the Church Lake Site, Green River Basin, 
Wyoming was considered. The study was conducted for the purposes of evaluating the dam 
foundation conditions and the available borrow materials and to provide a geotechnical 
engineering basis for the preliminary dam design. A field exploration program consisting of 
excavating sixteen test pits by backhoe was conducted to obtain information on subsurface 
conditions. Material samples obtained during the field exploration were tested in the laboratory to 
determine the classification and engineering characteristics of the foundation soils and potential 
embankment materials. 

The dam foundation conditions on the right abutment and the right side of the valley bottom 
consisted of 0 to 1.5 feet of topsoil, 0 to 2 feet of silty sand, and 0.5 to 1.5 feet of weathered 
granite overlying granite. The subsoil conditions on the left side of the valley and on the left 
abutment consisted of 6 inches to 2 feet of topsoil overlying clean to silty and clayey sands for the 
depth explored, 14 feet. The subsoil conditions beneath the upstream shell consisted of 1 foot of 
topsoil, 2 to 4 feet of silty sand and 2 to 4.5 feet of silty sand and gravel overlying at least 6 feet 
of sand and gravel. The dam foundation conditions at the selected site are suitable for the 
construction of the proposed zoned earth embankment dam with the provisions that the depth 
required for a seepage cutoff on the left side of the valley and the left abutment has not been 
determined. If an economical cutoff cannot be constructed, the cost of the foundation treatment 
maybe high. 

The Church Lake Site is most suitable for a zoned earth embankment. The site is relatively wide, 
800 feet for a dam height of 80 feet. The materials required for a zoned earth dam including clay 
core material, sand and gravels for drainage, silty sands for the shells, and rock for riprap are 
readily available at the site. Preliminary cost estimates for roller compacted concrete (RCC) dam 
at the site indicated a higher cost by nearly 50%. In addition, the unknown depth to bedrock on 
the left abutment leaves the suitability of the site for a RCC dam in doubt. Consequently, the 
preliminary design of the dam was based on a zoned earth embankment. 

4 



FOUNDATION TREATMENT 

The right abutment (figure 3) has shallow or surface bedrock as determined by the test pits. The 
treatment of those areas would involve removal of weathered and fractured bedrock and 
excavation of a keyway trench. The keyway trench would be excavated approximately two feet 
into the competent bedrock. 

The bedrock deepens in the valley bottom from approximately 5 feet at the right side of the valley 
to in excess of 14 feet at the left side of the valley. In this area, the dam foundation would be 
excavated to the sands overlying the bedrock. A keyway trench would be excavated through the 
sands and two feet into the bedrock. 

Figure 3 - Right Abutment. Figure 4 - Left Abutment. 

The depth to bedrock on the left abutment (figure 4) is unknown. Test pits 14 feet deep indicated 
silty sands overlying silty sands and gravels. Cobble and large rock fragments cover a majority of 
the abutment surface. For purposes of analysis, it was assumed that the depth of dam foundation 
excavation would be 5 feet. A keyway trench would be excavated two feet in to bedrock or to a 
maximum depth of 20 feet. 

The permeability of the bedrock is unknown, and it was assumed that the foundation bedrock 
would require pressure grouting. It was assumed that double rows of grout holes on ten foot 
spacing would be required. The holes would be drilled to a depth equal to the dam height. 

DAM SECTION 

The dam section would have a minimum 12 foot wide top width, 3: 1 upstream slope, and 2.5: 1 
downstream slope. The core would be constructed of clay soils from the reservoir area. The core 
would have 0.5: 1 slopes or flatter. The outer shells would be composed of the clean silty sand 
and gravels from the reservoir bottom. An inclined chimney drain and blanket drain would be 
composed of washed and screened sands and gravel from the reservoir area. 
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Riprap for the upstream face would be produced from excavation for the spillway on the right 
abutment. The approximate two foot thick layer would be placed on the largest gradation shell 
material from the borrow areas. 

SPILLWAY 

The reservoir, being off-channel, would not spill on a regular basis. The owners would have 
control of the supply canal and should not continue to divert water if the reservoir is full. The 
potential for spilling would involve a storm on the reservoir drainage area when the reservoir is 
full. 

The spillway would be excavated through the right abutment which is surface shallow bedrock. 
The excavated rock would be utilized as riprap on the face of the dam. The design PMP-flood is 
approximately 1,300 cfs and would require a 20 foot wide spillway to pass the flow. The spillway 
would incorporate a crest at the elevation of the normal maximum water level. Any discharge 
would pass down the rock slope back to the drainage. 

OUTLET WORKS 

The outlet works would be constructed on the shallow bedrock on the right side of the valley. 
The capacity of the outlet works would be determined by two criteria. The first criteria would be 
to discharge the storage water for irrigation at rates sufficient for the irrigators' use. It was 
assumed that the reservoir yield would be released over a period of 45 days. The second criteria 
involves State Engineer's criteria for safe evacuation of the reservoir storage in case of 
emergency. For this criteria, it was assumed that the storage should be evacuated in 30 days. The 
required capacity of the outlet works for the alternative dam sizes are as follows. 

Storage Irrigation Release Evacuation Release Outlet Works Capacity 
(acre-ft) (cfs) (cfs) (cfs) 

5,000 63 95 95 
6,000 75 113 113 
7,000 89 134 134 
8,000 101 152 152 
9,000 114 171 171 
10,000 126 189 189 

The outlet works would incorporate a cube-type intake structure incorporating trash racks. The 
structure would incorporate stop log slots for emergency shut-off. A pressure conduit would 
conduct water from the intake structure to the valve chamber. This conduit would be a welded 
steel conduit encased in concrete. The valve chamber would be located near the center of the 
dam. The valve chamber would incorporate regulating valves and isolation valves to cover the 
range of discharges expected. High pressure slide gates would be used to regulate larger flows. 
An energy dissipation valve would be used to regulate smaller flows. 

6 



Downstream of the valve chamber, the valves would discharge to a non-pressure conduit to an 
energy dissipation structure at the downstream toe of the dam. The non-pressure conduit would 
be a cast in-place concrete conduit that is rectangular in shape. An access walkway would be 
co~structed above the conduit. A control building would be constructed at the downstream end 
of the conduit to house equipment and control gear. 

At the downstream end of the non-pressure conduit, an energy dissipation structure would be 
constructed. The drainage at the discharge location has shallow bedrock which would be suitable 
for a plunge pool type energy dissipation system. 

FLOW MEASUREMENT 

Downstream of the energy dissipation structure, a parshall measuring flume would be installed. 
The flume would be constructed of concrete and would incorporate a stilling well and gage house. 
The discharge channel is relatively narrow at the proposed location and the structure would fit 
well. 

DISCHARGE CHANNEL 

The existing natural drainage would be used for routing reservoir releases to the areas of use. 
The drainage possesses a rock lined ephemeral streambed that runs to the confluence with Pocket 
Creek. The additional flow produced from the reservoir would initially result in minor erosion 
followed by the stabilization of the creek bed. 

WATER SUPPLY SYSTEM 

The water supply system would consist of a diversion dam on Jim Creek (figure 5) and an 
approximate 4,600 foot long diversion canal (figure 6). Jim Creek is relatively narrow and would 
require a diversion dam approximately 50 feet wide. A sheet pile diversion dam three feet high 
would be sufficient to divert the water. A headgate would be constructed to control the flows to 
the canal. A low flow gate and pipe would be used to make downstream releases for irrigation 
and maintenance flows. A parshall flume would be constructed on the canal below the headgate 
with a gage shelter and recorder. 

-
Figure 5 - Diversion Dam Location. Figure 6 - Upper Supply Canal Area. 
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The canal would be constructed following the contours at an approximate slope of 0.002 ft/ft. 
The canal would be trapezoidal with an approximate top width of20 feet, bottom width of 4 feet, 
and 4 feet deep to carry a maximum flow of 150 cfs with a half foot of freeboard. The canal 
would be constructed using balanced cut and fill methods. The discharge into the reservoir would 
require erosion protection. Riprap produced by the construction of the dam and canal would be 
used for that purpose. 

PERMITTING 

Like all water development projects, Church Reservoir will face significant environmental 
permitting issues. By far, the most significant environmental permit to be secured is a Section 404 
Dredge and Fill permit from the u.S. Army Corps of Engineers, Omaha District. Typically, the 
process of obtaining-a Section 404 permit for new storage projects can take a minimum of several 
years from initiation of the National Environmental Policy Act (NEP A) process. 

MITIGATION 

The major mitigation issue would be approximately 10 to 15 acres of low value wetlands 
inundated by the reservoir. The assumption was made that a similar acreage of land that would be 
irrigated by the reservoir would be developed as wetlands. Several areas below the reservoir 
along the drainage should be suitable. The construction of the canal would require removal of a 
significant number of trees which may have to be mitigated. 

ACCESS ROADS 

The access to the dam and reservoir would be from the west and would involve upgrading 
approximately 3 miles of primitive road. Access to the dam and outlet works would involve 
construction of the road on the ridge on the west side of the reservoir. Access to the supply canal 
and diversion structure would involve a road across the dam. The access road would follow the 
ridge on the southeast side of the reservoir to the canal. The access road would follow the canal 
to the diversion site. This access road would be approximately 2 miles in length. 

ELECTRIC POWER 

Minimal power would be required at the site providing no automation or SCADA system is 
installed. A propane generator would be provided to supply temporary lighting and maintenance 
power in the access tunnel of the outlet works. If a SCADA system is to be included, renewable 
energy sources such as solar panels and wind generators would be employed to provide full-time 
power to the system in addition to the propane generator. 

LAND OWNERSHIP 

The dam would be located on both private and BLM lands. The reservoir would be located on 
private, State, and BLM lands. The supply canal and diversion dam would be located on BLM 
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lands. The discharge channel from the reservoir would be located on BLM and State lands. 
Figure 8 shows the land ownership map for the dam area. 

TOWNSHIP 32 NORTH 
RANGE 106 WEST 
SECTION 36 

STATE OF I 

WYOMING : UNITED STATES 
BUREAU OF LAND 
MANAGEMENT 

TOWNSHIP 32 NORTH 
RANCE 105 WEST 
SECTION 31 

TOWNSHIP 31 NORTH 
RANCE 105 WEST 
SECTION 6 

Figure 8 - Land Ownership Map. 

Costs and Recommendations 
COST ESTIMATES 

Total project cost estimates were developed for the range of reservoirs from 5,000 acre-ft to 
10,000 acre-ft. The cost estimates were done in accordance with the WWDC standard format. 
This format includes all project costs associated with the project including construction, 
contingencies, engineering, mitigation, permitting, land acquisition, and legal. The estimated total 
project costs for the reservoir sizes are as follows: 

Storage Total Cost 50% Loan 25% Loan 
(acre-ft) 

5,000 $6,800,000 $3,400,000 $1,700,000 
6,000 $7,500,000 $3,750,000 $1,875,000 
7,000 $8,250,000 $4,125,000 $2,062,500 
8,000 $9,000,000 $4,500,000 $2,250,000 
9,000 $9,750,000 $4,875,000 $2,437,500 
10,000 $10,500,000 $5,250,000 $2,625,000 

The detailed cost estimates are attached in appendix D of the final report. 
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RESERVOIR SIZE OPTIMIZATION 

To help determine the optimum size of the reservoir, the costs per acre-foot of yield was 
compared to the costs for reservoirs from 5,000 acre-feet to 10,000 acre-feet of storage. The 
results are as follows: 

Storage 90% Yield Estimated Cost Cost/Acre-Foot 
(acre-ft) (acre-ft) ($/acre-ft) 

5,000 4,100 $6,800,000 $1,659 
6,000 4,250 $7,500,000 $1,765 
7,000 4,450 $8,250,000 $1,854 
8,000 4,500 $9,000,000 $2,000 
9,000. 4,550 $9,750,000 $2,143 
10,000 

-

4,575 $10,500,000 $2,295 

PROJECT FINANCING 

The WWDC standard financing package involves 50% grant and 50% loan at a 6% interest rate. 
The commission can offer packages up to 75% grant and 25% loan with as little as a 4% interest 
rate. The loan term can extend up to 50 years. The following table shows the annual payments 
required for the range of reservoir sizes for the 50% grant and the 75% grant packages. The 
loans are assumed to be 50 years in length with 6% and 4% interest rates. 

Storage 50% Grant 75% Grant 75% Grant 
(acre-ft) 6% Interest, 50 years 6% Interest, 50 years 4 % Interest, 50 years 

5,000 $215,711 $107,855 $79,135 
6,000 $237,916 $118,958 $87,282 
7,000 $261,708 $130,854 $96,010 
8,000 $285,499 $142,750 $104,738 
9,000 $309,291 $154,645 $113,466 
10,000 $333,083 $166,541 $122,194 

RESERVOIR SIZE 

The yield to capacity analysis shows minimal increase in yield for capacities over 6,000 acre-ft. 
However, the approach of using Church Reservoir for only supplemental water demonstrates 
reduced shortages for capacities up to 8,000 acre-ft. Above a capacity of 8,000 acre-ft, the water 
supply from Jim Creek is inadequate. Combining these two analysis with the cost, the additional 
drought protection between a 6,000 acre-ft and a 8,000 acre-ft capacity results in an additional 
cost of $1.5 million. Whether this additional cost is justified depends on the participation in the 
project and the potential fmancing available. Provided extremely favorable fmancing terms are 
offered and all potential irrigators participate, the larger reservoir should be built. If only a 
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portion of the irrigators are going to participate, the smaller reservoir should still satisfy their 
needs at a lower investment. 

PROPOSED WORK 

Additional work is needed to complete the investigation of the Church Reservoir site. Although 
this report provides a large portion of the required information, a few areas of concern need to be 
addressed prior to advancement of the project to a design level. 

• The hydrologic data used for Jim Creek in the model was obtained through a statistical 
process. Stream gages need to be installed on Jim Creek and the East Fork River to verify the 
synthesized data used in this project. Since the important information comes during spring 
runoff, the gages must be installed prior to onset of winter. 

• Information on the left abutment was not collected. A permit from the BLM needs to be 
acquired and test pits dug to identify near surface conditions. 

• Funds were not available to conduct a drilling program at the dam site. In order to determine 
depth and quality -6fbedrock for the dam foundation, a program of drilling must be completed. 

• This project provided only site visits from the Wyoming State Archaeologist's Office and the 
wetlands expert. A full archaeological class 3 investigation and wetlands mapping were not 
part of this project. To fully determine environmental conditions and prepare for a potential 
environmental assessment or environmental impact statement, these items must be completed. 

• For the project to progress, WWDC requires a sponsor. The benefactors of the dam must 
organize into an irrigation district or watershed improvement district to qualify for WWDC 
assistance. If this can be accomplished, a request to WWDC can be made to fund the 
remaining investigation of the site and assist in the final design and construction if the project 
continues. Information and assistance on forming districts is offered by the WWDC. 
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