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1.0

Introduction:

In June, 2010, the Wyoming Water Development Commission (WWDC) contracted with the
team led by States West Water Resources (now Wenck Associates) to perform the Shell
Valley Storage Project, Level II Study. This study was performed on behalf of the Shell
Valley Watershed Improvement District. Team members included: RJH Consultants, Inc.;
Leonard Rice Engineers, Inc.; Western EcoSystems Technology, Inc.; Watts and Associates,
Inc.; and the Office of the Wyoming State Archaeologist.
In March, 2013, the report detailing the project findings was completed. The report
presented the Upper Leavitt site, an enlargement of the existing Leavitt Reservoir, as the
preferred alternative. At the direction of the Wyoming Water Development Office, the
project team continued with more intensive investigations of the site. These investigations
included completion of the StateMod hydrological model, in-depth geotechnical explorations
and analysis, wetland delineation, and revised preliminary designs and cost estimates.
Figure 1 shows the components of the proposed project.
In addition to expanded analysis of the Upper Leavitt site, additional work was completed at
the Coyote Draw site. Should a “fatal flaw” be found at the Upper Leavitt site, Coyote Draw
was considered to be the most likely replacement preferred alternative. This work consisted
of primarily environmental investigations. A wetland delineation and a Greater Sage-Grouse
Density and Disturbance Calculation Tool Analysis were completed. Subsequent
communications with the Bureau of Land Management (BLM) Office in Cody indicate that
Coyote Draw would not be a viable option for a reservoir. The site is located within a BLM
Area of Critical Environment Concern (ACEC) for paleontological resources and WWDC
interests would be secondary to paleontological concerns in the area.
During this second phase of the project, ARCADIS, Inc. was added to the project team to
perform cultural and paleontological duties, and Miller Geotechnical performed a peer review
of the geotechnical work.
This report presents the results of the expanded investigations at the Upper Leavitt site.

June, 2015
Y:\1-Technical\2822 WWDC\2822-04 Shell Valley\Phase II\Report\Phase II Executive Summary.docx

1

Figure 1: Proposed Project Component Maps
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2.0

SUMMARY OF RESULTS

2.1

Geotechnical

On-site field geotechnical investigations of the enlarged Leavitt reservoir were completed,
as discussed in Chapter 2 of the Project Report. A total of 25 test pits were excavated and
6 boreholes drilled in order to determine relevant characteristics and suitability of the
potential dam foundation and potential dam fill materials. The mudstone bedrock located
within a large portion of the proposed dam footprint did not exhibit expected characteristics,
leading to extensive laboratory testing. A recommended dam cross section was a product
of the resulting geotechnical analyses.
The embankment design consists of:
 Embankment Geometry:
 Crest width = 19 feet.
 Upstream and downstream face slopes = 2.5H:1V.
 Upstream Stability Berm = 60-foot-wide and consisting of 23.5 feet of upstream
shell material over 12 feet of low permeability fill.
 Downstream Stability Berm = 160-foot-wide and consisting of 14 feet of
downstream shell material over 12 feet of low permeability fill.
- Smaller stability berms could be feasible where the foundation consists of
sandstone.
 Low permeability core = 10 feet wide at the top with side slopes of 0.5H:1V.
 Internal Drainage System (downstream of core:
 Chimney drain = 6-foot-wide.
 Blanket Drain = 3-foot-thick.
 Foundation Treatment:
 Left abutment:
- Removal of surficial materials below the embankment footprint.
- Excavation a 20-foot-wide core trench a minimum of 5 feet into bedrock.
- Construction of a barrier wall through the Unit V upper sandstone a minimum
of 5 feet into the Unit V lower mudstone.
 Maximum embankment foundation with sandstone foundation:
- Removal of reservoir sediment, alluvium, and top 5 feet of weathered bedrock
below the embankment footprint.
- Excavation of a 20-foot-wide core trench through the Unit V upper sandstone
and a minimum of 5 feet into the Unit V lower mudstone.
 Maximum embankment foundation with mudstone foundation:
- Removal of reservoir sediment, alluvium, and top 10 feet of weathered
bedrock below the embankment footprint.
- Excavation of a 20-foot-wide core trench a minimum of an additional 10 feet
into bedrock.
- Possible construction of a grout curtain or narrow cutoff trench below portions
of the core trench to reduce seepage through sandstone layers in the
foundation.
 Right abutment:
- Re-grading of the cliff to a 2H:1V slope.
- Excavation of a 20-foot-wide core trench a minimum of 5 feet into bedrock.
Additionally, potential seepage on the eastern side of the reservoir was examined. This side
of the reservoir basin contains layers of high hydraulic conductivity sandstone interlayered
with layers of low hydraulic conductivity mudstone. The existing reservoir has experienced
significant seepage through this area. Potential seepage for the proposed reservoir could be
as high as 100 acre-feet per year. Therefore, four potential seepage control measures,
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listed in Chapter 3 of the Project Report, were noted for future consideration. These
measures include a compacted clay blanket, a graded sand filter, a barrier wall, and
sandstone excavation with clay blanket.
2.2

Hydrological Analysis

A historic consumptive use analysis and a surface water allocation model representation of
the Shell Valley watershed was developed by Leonard Rice Engineers in 2011. Wenck
Associates (Wenck) refined and updated this model through 2013. This modeling platform
used for the consumptive use analysis was StateCU and the water allocation model used
was StateMod. In addition, data management tools StateDMI and TSTool were used to
develop input files and analyze model results. The historic consumptive use analysis defines
the crop demand and irrigation water requirement. The surface water allocation model
identifies available flow, estimates shortages, and simulates proposed ‘what if’ scenarios
and proposed water development projects in the watershed.
2.2.1

Surface Water Model Results

Several scenarios of the Shell Valley surface water model were developed to identify current
shortages and to evaluate potential storage projects in the watershed. Four scenarios under
the following configurations and conditions were simulated:


Baseline Scenarios (no reservoir enlargement)
o Actual Irrigated Acreage Scenario – currently irrigated acreage.
o Permitted Acreage Scenario – all water permitted acreage is set to be
irrigated.
 Enlarged Leavitt Reservoir Scenarios
o Actual Irrigated Acreage Scenario – currently irrigated acreage.
o Permitted Acreage Scenario – all water permitted acreage is set to be
irrigated.
The scenarios were simulated over the 1971 to 2013 period. Summarized results can be
found in the following sections.
2.2.2

Baseline Scenario – Shortages and Water Availability

The basin operates as a water-short system; therefore the model simulation develops
information on shortages seen at the diversion structures due to a lack of physically or
legally available flow in the creeks. For the Baseline Scenario, which is based on existing
conditions (no enlargement of Leavitt Reservoir); shortages for specific ditches and areas in
the watershed are as shown in Table 1. It should be noted that each ditch was modeled
explicitly, and the shortage areas are the sum of the shortages for individual ditches.
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Table 1: Baseline Scenario Average and Maximum Annual Shortages (AF)
Actual Irrigated
Permitted Acreage
Acreage Scenario
Scenario
Area
Average
Maximum Average
Maximum
Beaver Creek Below Leavitt Res.
70
550
634
1,832
Shell Creek Below Beaver Creek
382
908
553
1,245
Freese Ditch
64
1,083
361
2,328
Trapper Creek
646
2,042
909
2,573
Beaver Creek Above Leavitt Res.
285
1,826
1,603
4,984
Whaley Ditch
1,143
4,748
1,222
4,788
Shell Canal
4,305
18,746
5,831
21,609
Shell Creek Above Trapper Creek
70
603
165
898
Total
Note:






6,965

30,506

11,277

40,257

“Beaver Creek Below Leavitt Res.” includes Loveland Ditch, Beaver Ditch, Pense Ditch, Arthur Mason
Ditch, Anderson Ditch, Williams Ditch, Kenyon Ditch, and Trone and Hurt Ditch.
“Beaver Creek Above Leavitt Res.” includes Tolen Ditch, Calvin Ditch, Trout Ditch, Bernie Ditch, Matthews
Ditch, St. Jermain Ditch, Aggregate South Beaver Creek ditches, London Ditch, and Davis Ditch.
“Shell Creek Below Beaver Creek” includes Linn Ditch, Dunshee Ditch, Denney Ditch, Cropsey Ditch, Red
Bluff Ditch, Odessa Ditch, Barnett Pipeline, Spring Creek Ditch, Flitner Ranch Pipeline, and Porter Canal.
“Trapper Creek” includes Brown and Saban Ditch, Hatten Ditch, High Line Ditch, Crain Jenks Ditch, Jenks
& Nathan Ditches, and Cull No 1 Ditch.
“Shell Creek Above Trapper Creek” includes Kershner Ditch, Fletcher Ditch, Fender Ditch, and Boylan Ditch
(on White Creek).

Physically and legally available flow at the proposed diversion location for the Leavitt
Reservoir enlargement was evaluated, as shown in Figure 2. The proposed diversion
location is below the Tolen diversion and above the Trone and Hurt diversion on Beaver
Creek.
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Figure 2: Available Flow at Proposed Leavitt Reservoir Diversion
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2.2.3

8 Out of 10 Year Firm Yield

The proposed reservoir would have a total capacity of 6,604 acre-feet with a minimum pool
of 1,500 acre-feet, 643 acre-feet of logistics storage, minimum pool, etc., and would supply
4,461 acre-feet of supplemental irrigation water storage. Surface water area at the
operational high water line would be approximately 193 acres; at the minimum pool, the
surface water area would be approximately 95 acres.
The “8 out of 10 year” firm yield of a reservoir is determined by iteratively adjusting the
specified release amount until the reservoir goes dry in 20 percent of the years in the
modeling period (i.e. the specific amount of water a reservoir will be able to release in 80%
of the modeled years). The firm yield is a function of the available flow and capacity of the
reservoir and is not based on irrigation shortages or actual demands. In the actual irrigated
acreage scenario, the enlarged Leavitt Reservoir could provide an 8 out of 10 year firm yield
of 4,240 acre-feet from the enlargement irrigation account, which is its capacity less
evaporation (i.e. the enlarged Leavitt Reservoir could release and re-fill its capacity in 8 out
of 10 years). In this scenario the original reservoir account is set to empty every year. If
the original reservoir account is operated based on the historic demand of the ditches it
serves and not emptied every year, the enlargement irrigation account could release and refill its capacity in 8.6 out of 10 years. In the permitted acreage scenario, the enlarged
Leavitt Reservoir can provide an 8 out of 10 year firm yield of 2,680 acre-feet from the
enlargement irrigation account. If the original reservoir account is operated based on the
historic demand of the ditches it serves and not emptied every year, the permitted scenario
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8 out of 10 year firm yield of the enlargement irrigation account goes up slightly to 3,800
acre-feet. A conservative yield of 3600 acre-feet per year was utilized in the economic
analysis. This assumption would increase the dependability of the yield.

2.2.4

Leavitt Reservoir Enlargement Scenarios

The scenarios were simulated over the 1971 to 2013 period. The modeled scenarios
simulated conditions for the potential reservoir enlargement. This included ditches that
could be directly served by the reservoir as well as potential exchange agreements.
Summarized results can be found in the following table. The years from 2000 to 2007 were
dramatically drier than the previous modeled years. This dry period was isolated in the
model to reflect the reservoir enlargement performance in the dry years.
Table 3: Total Service Area Shortage Reduction Summary
Actual Irrigated Acreage Scenario
All Modeled
Years
Baseline Annual Average Shortages (AF)
6,489
W/Leavitt Enlargement Annual Average Shortages (AF)
3,816
Reduction in Annual Average Shortages (AF)
Reduction in Annual Shortages (%)

Dry
Years
16,376
12,022

2,673
41%

4,354
27%

All Modeled
Years
10,212
7,091

Dry
Years
22,830
19,155

3,121
31%

3,675
16%

Permitted Acreage Scenario

Baseline Annual Average Shortages (AF)
W/Leavitt Enlargement Annual Average Shortages (AF)
Reduction in Annual Average Shortages (AF)
Reduction in Annual Shortages (%)
(Dry Years = 2000-2007)

The model identified the shortages on the Shell Canal from approximately 52% to 62% of
the total shortages. Discussions with the Shell Canal owners indicates that the irrigators
would probably not be interested in purchasing sufficient storage water to eliminate all of
the late season shortages. Consequently, the reduction of shortages on the other service
area irrigators could be significantly increased. The actual percentage shortage reductions
could be much higher than indicated in the table.
When the storage water delivered to the shell Canal is limited to probable actual demands
of 2000 acre-feet, and the shortage reduction is limited to the 8 out of 10 year yield of
3,600 acre-feet, the shortage reductions are as shown in Table 4.
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Table 4: Total Service Area Shortage Reduction Summary
Actual Irrigated Acreage Scenario
All Modeled
Years
Baseline Annual Average Shortages (AF)
3,800
W/Leavitt Enlargement Annual Average Shortages (AF)
200
Reduction in Annual Average Shortages (AF)
Reduction in Annual Shortages (%)

Dry
Years
7,790
4,190

3,600
95%

3,600
46%

All Modeled
Years
6,106
2,506

Dry
Years
9,426
5,826

3,600
59%

3,600
38%

Permitted Acreage Scenario

Baseline Annual Average Shortages (AF)
W/Leavitt Enlargement Annual Average Shortages (AF)
Reduction in Annual Average Shortages (AF)
Reduction in Annual Shortages (%)
(Dry Years = 2000-2007)

2.3
2.3.1

Environmental Investigation
Aquatic Resources Assessment

A wetland delineation was completed for the dam and reservoir area. Wetland impacts will
result from direct project construction (e.g. dam construction and increased inundation
area.) Impacts were calculated based on the proposed OHWL and assumed all existing
fringe features (which will be behind the proposed dam) will be lost. The total area of
impact resulting from the reservoir expansion is 20.30 acres. This includes 18.02 acres of
PEM, 1.93 acres of PSS, and 0.35 acres of mixed community (overflow channel).
2.3.2

Fishery Impacts

The trout fishery in Beaver Creek could be improved with the project. The relocation of the
diversion to the Enlarged Leavitt Reservoir approximately 2 miles downstream of the
existing diversion could enhance the creek. The existing diversion completely dewaters the
creek in the fall and trout populations are minimal. The proposed enlarged reservoir would
have a dedicated recreation pool of approximately 1,500 acre-feet with 95 surface acres. At
reservoir operational high water level, the reservoir would contain approximately 6,604
acre-feet with 193 surface acres. The potential for a sport fishery should be very favorable.
2.3.3

Sage Grouse Habitat Impacts

The proposed Upper Leavitt dam, reservoir, proposed wetlands, transfer pipeline, and
majority of the supply pipeline would be located outside of the Greater Sage Grouse Core
Population Area (core area). The impacts from these items would be minimal, however, and
should not have a significant negative impact on the project’s viability.
2.3.4

Paleontological Assessment

The proposed dam and reservoir would be partially located in the Cloverly Formation.
Several known “vertebrate localities” occur in the project region, including some within the
Cloverly Formation. As such, an internal Environmental Assessment was conducted by the
Bureau of Land Management (BLM) Cody office as a prerequisite for the geotechnical
investigations. The BLM issued a Finding of No Significant Impact for the investigations. A
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monitoring stipulation was included in the clearance to perform the excavations and drilling.
No paleontological resources were uncovered during the geotechnical work.
2.3.5

Cultural Assessment

Numerous prehistoric and historic sites have been found in the region of the proposed Upper
Leavitt project. As such, an internal Environmental Assessment was conducted by the
Bureau of Land Management (BLM) Cody office as a prerequisite for the geotechnical
investigation. The BLM issued a Finding of No Significant Impact for the investigations. A
monitoring stipulation was included in the clearance to perform the excavations and drilling.
No paleontological resources were uncovered during the geotechnical work
2.4
Preliminary Designs
Preliminary designs were developed for a zoned earthen embankment dam with related out
works and spillway, a water supply system, a water transfer system, and wetland mitigation
areas. The proposed dam and reservoir is shown in Figure 3.
The dam foundation excavation would vary according to bedrock conditions and would
include removal of rack in certain areas. The entire dam would have a cut-off trench
excavated into bedrock.
The dam embankment would consist of a compacted impermeable core, sandier shells, an
internal granular drain, riprap protection on the upstream face, and stability berms. Total
fill into the dam would be approximately 1.4 million cubic yards.
The primary components of the outlet works would be a gated inlet structure, a pipeline of
varying diameters, a control building with valves to regulate the outflow of water, and a
stilling pool for discharge. The capacity of the outlet works would be approximately 125
cubic feet per second when the reservoir is at its operation high water level of 4845 and 100
cubic feet per second at its minimum operating pool level of 4810.
The emergency spillway would consist of a simple excavated open channel with a concrete
crest to maintain the shape of the spillway as well as to serve as a cut-off well.
The reservoir would be supplied with water through a diversion structure on Beaver Creek
and a supply pipeline. The minimum capacity of the system would be 75 cubic feet per
second. The recommended alternative would consist of a concrete diversion structure and a
pipeline of 42-inch gravity pipe and 36-inch pressure pipe. The pipeline would be valved
near the reservoir so that water would be delivered to one or more of the following areas:
north wetland; rim wetland; and/or reservoir directly.
The transfer pipeline system would deliver water from Beaver Creek to Shell Creek, Whaley
Ditch, and/or Shell Canal. The system would consist of a concrete diversion structure on
Beaver Creek, a 36- and 24-inch pressure pipeline, and outfalls at the desired locations.
Potential mitigation wetlands were identified in three locations: the north wetlands, above
the reservoir; the rim wetlands, between the reservoir and Bear Creek Road; and the
downstream wetlands, located between the proposed dam and the existing dam. The north
wetlands and rim wetlands would receive water from the reservoir supply system and would
remove sediment before discharge to the reservoir. The downstream wetlands would
receive water from the embankment drains or the reservoir outlet works.
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Figure 3: Proposed Dam and Reservoir Plan (Aerial View):
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2.5

Updated Cost Estimate and Economic Analysis

The cost estimate for the proposed project was updated to reflect changes in design. The
total estimated cost for the project would be $39.8 million as shown in Table 5. Utilizing the
proposed reservoir enlargement of 5,961 acre-feet, the overall unit cost of the reservoir
would be approximately $6700 per acre-foot.
The economic analysis for the proposed project was also updated. Total benefits from the
project would be $60.8 million. The resulting benefit/cost ratio would be 1.53.
3.0
RECOMMENDATIONS
Based upon the results of this Phase II work, it is recommended that the proposed project
progress to the permitting and final design phases.
Permitting tasks included in the recommended work include:
 NEPA Liaison and Coordination
 Draft EIS Scope and NEPA Contractor Selection
 Preparation of BLM Right-of-Way Application
 Preparation of USCOE Section 404 Permit Application
 Preparation of Mitigation and Monitoring Plan
 Preparation of BLM ROD
 Preparation of USCOE 404(b)(1) Showing Document
 USFWS Coordination
 NHPA Section 106 Coordination
 WDEQ Section 401 Permitting
 Wyoming State Engineer’s Office Permitting
Final Design task would include:




Geotechnical investigations including additional borings and test pits to further
characterize subsurface characteristics;
Preparation of final designs; and
Preparation of construction contract documents, including drawings and
specifications.
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Table 5: Leavitt Reservoir Enlargement Cost Estimate
Total Capacity – 6604 Acre-Feet
Item
Unit Quantity
Unit Cost
Dam
Mobilization
LS
--$1,500,000.00
Control of Water
LS
--$250,000.00
Stripping
AC
50
$1,300.00
Soil Excavation
CY
300,000
$1.00
Rock Excavation
CY
55,000
$3.50
Cliff Excavation
CY
140,000
$7.50
Low Permeability Fill
CY
550,000
$3.00
Upstream Shell
CY
375,000
$4.25
Downstream Shell
CY
375,000
$2.50
Filter and Drain Material
CY
90,000
$30.00
Riprap
CY
30,000
$50.00
Aggregate Base
CY
4,000
$35.00
Barrier Wall
CY
125,000
$30.00
Outlet Works
LS
--$3,500,000.00
Spillway
LS
--$100,000.00
Reservoir and Wetland Supply Pipeline
Diversion and Headgate
LS
--$350,000.00
42" Gravity Pipeline
LF
4,014
$130.00
36" Pressure Pipeline
LF
5,657
$200.00
Sediment Ejectors
EA
1
$50,000.00
Air-Vac Valves
EA
1
$30,000.00
Pipeline Outfalls
EA
3
$75,000.00
Beaver Creek to Shell Canal Transfer Pipeline
Diversion and Headgate
LS
--$350,000.00
36" Pressure Pipeline
LF
20,000
$175.00
24" Pressure Pipeline
LF
2,300
$120.00
Sediment Ejectors
EA
2
$50,000.00
Outlets
EA
3
$50,000.00
Access Road Construction
LF
2,500
$150.00
Recreational Facilities
LS
--$400,000.00
Wetland Mitigation
AC
30
$35,000.00
Cultural Mitigation
LS
--$250,000.00
Estimated Construction Cost
10% Engineering
Sub-Total
15% Contingencies
Total Estimated Construction Cost
Preparation of Final Designs and Specifications
Permitting
Legal Fees
Acquisition of Access and Rights of Way
Total Project Cost
Use
$39.8 M
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Total Item Cost
$1,500,000.00
$250,000.00
$65,000.00
$300,000.00
$192,500.00
$1,050,000.00
$1,650,000.00
$1,593,750.00
$937,500.00
$2,700,000.00
$1,500,000.00
$140,000.00
$3,750,000.00
$3,500,000.00
$100,000.00
$350,000.00
$521,820.00
$1,131,400.00
$50,000.00
$30,000.00
$225,000.00
$350,000.00
$3,500,000.00
$276,000.00
$100,000.00
$150,000.00
$375,000.00
$400,000.00
$1,050,000.00
$250,000.00
$27,987,970.00
$2,798,797.00
$30,786,767.00
$4,618,015.00
$35,404,782.00
$2,225,000.00
$1,500,000.00
$100,000.00
$500,000.00
$39,729,782.00
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