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SECTION 1 – INTRODUCTION 
 
Construction of Viva Naughton Dam was completed in 1960.  The reservoir was enlarged in 
1967 and 1990.  The reservoir currently stores 45,465 acre-feet of water. 
 
The primary purpose of the reservoir is to store water for use in the Naughton Power Plant 
(owned by PacifiCorp) located south of Kemmerer.  There is some storage available for 
irrigation users.  However, the storage available to irrigation users is not guaranteed, as it is only 
available if the reservoir fills during spring runoff. 
 
1.1 PROJECT HISTORY 
Water shortages are well documented on Hams Fork River.  A Level II, Phase I project was 
completed by ECI Consultants in 2004.  This report considered several alternatives for providing 
additional storage to users in the Hams Fork Basin.  Alternatives considered in that study 
included a number of different storage and transmission options.  Following an initial screening 
of 37 alternative concepts, three preferred alternatives were carried forward for conceptual 
design and cost estimating, as follows: 
 

1. Raise the existing Viva Naughton Dam so that the reservoir could store an additional 
40,000 acre-feet. 

2. Construct a new 40,000 acre-foot reservoir on Dempsey Basin. 
3. Construct a new 40,000 acre-foot reservoir on Willow Creek. 

 
The conceptual design of these three alternatives was to be completed as part of a Level II, Phase 
II project.  The Wyoming Water Development Commission (WWDC) contracted with Gannett 
Fleming, Incorporated in 2005 to complete this project.  Gannett Fleming made several 
recommendations as a part of this project: 
 

1. The size of the enlargement should be reduced to 24,180 acre-feet.  This enlargement 
would allow the Naughton Power Plant to expand.  It would also provide water for future 
growth in the Kemmerer/Diamondville area and help satisfy irrigation shortages in the 
area. 

2. The Willow Creek site contained a fatal flaw due to the presence of a large underground 
coal mine in the vicinity of the project.  The Willow Creek site was eliminated from 
further consideration. 

 
Subsurface core drilling and test pit exploration at the Viva Naughton and Dempsey Basin sites 
that was scheduled for the project was postponed until a BLM Temporary Use Permit could be 
secured.  In the meantime, Gannett Fleming issued an interim Level II, Phase II report in March 
2007. 
 
In June 2007, WWDC executed a contract with States West Water Resources Corporation to 
complete the Level II, Phase II project.  States West collaborated with RJH Consultants, 
Incorporated; Crank Companies, Incorporated; and WEST, Incorporated to complete the project.  
This report is the product of that project. 
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In 2008, States West identified an alternative site located approximately 1.0 miles upstream of 
the original Dempsey Basin site (hereinafter referred to as the Lower Dempsey Basin site).  
States West’s contract with WWDC was amended to include preliminary exploration of the 
Upper Dempsey Basin site. 
 
1.2 SCOPE 
The scope of the current project is summarized as follows: 
 

1. Complete the geotechnical investigation (including surface geological conditions, 
subsurface core drilling, and test pit exploration) for both the Viva Naughton and 
Dempsey Basin sites. 

2. Complete conceptual level design and cost estimates for both the Viva Naughton and 
Dempsey Basin sites. 

3. Identify and map suitable sites for wetland mitigation.  Analyze environmental concerns 
to assess potential mitigation requirements. 

 
1.3 PROJECT LOCATION 
Viva Naughton Dam is located on the Hams Fork River approximately 15 miles northwest of 
Kemmerer, Wyoming.  The general location within the State of Wyoming is shown on Figure 
1.01.  A USGS topographical quad map of the area is shown on Figure 1.02. 
 
Lower Dempsey Basin Dam and Upper Dempsey Basin Dam would be located on Dempsey 
Creek, which is a tributary to Viva Naughton Reservoir.  The centerlines of both of these 
proposed dams (shown in relation to Viva Naughton Reservoir) are shown on Figure 1.02. 
 

 
 
Figure 1.01 
Project Location Map 

 

Project 
Location 
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Figure 1.02 
USGS Topographical Map 

 
1.4 STORAGE PERMIT HISTORY 
The original storage permit (P6418R) for Viva Naughton Reservoir has a priority date of August 
1, 1957.  This permit allows PacifiCorp to store 42,393 acre-feet water for industrial use.  An 
enlargement permit (P7476R) with a priority date of August 20, 1971 allows an additional 
27,252 acre-feet to be stored in Viva Naughton for industrial and irrigation uses.  Currently, 
3,072 acre-feet of this permit is being utilized for storage, meaning that 24,180 acre-feet is still 
available for storage.  A second enlargement permit (P7599R) with a priority date of August 20, 
1973 also exists that would allow Viva Naughton to store an additional 12,250 acre-feet of water 
for industrial use.  This permit is not currently being utilized. 
 
1.5 RESERVOIR STORAGE VOLUME 
The Level II, Phase II interim report issued by Gannett Fleming made several recommendations 
regarding the appropriate storage volume for an enlarged Viva Naughton Reservoir or a new 
Dempsey Basin Reservoir.  This report concluded that an active storage volume of 24,180 acre-
feet would meet the needs of all users.  This volume would utilize the remainder of 1971 right 
(P7476R) of 27,252 acre-feet, of which 3,072 acre-feet are already available in the existing 
storage capacity of the reservoir.  Fully utilized the 1971 water right would be allocated as 
follows: 
 

1. A volume of 10,250 acre-feet would be available to PacifiCorp to meet the supply needs 
of future expansion at the Naughton Power Plant.  A minimum reserve pool storage of 
16,000 acre-feet in Viva Naughton Reservoir was also included in the modeling. 

Existing Viva 
Naughton Dam 

Viva Naughton 
Reservoir 

Proposed Lower 
Dempsey Basin Dam 

Proposed Upper 
Dempsey Basin Dam 
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2. A volume of 4,750 acre-feet would provide firm future supply to the municipalities of 
Kemmerer/Diamondville, Opal, and Granger/Little America.  Demands for these 
municipalities were projected to the year 2050. 

3. The remaining 12,252 acre-feet would be allocated for irrigation supplemental supply.  
This supply would reduce serious shortages of currently irrigated acreages to 12 percent 
of the time in future years (i.e. 88 percent reliability). 

 
Since 3,072 acre-feet of the 1971 water right can already be stored in the Viva Naughton 
Reservoir, the capacity increase or a new Dempsey Basin Reservoir capacity needs to be 24,180 
acre-feet, and this can be constructed without obtaining additional water rights.  
 
1.5.1 Kemmerer Reservoir Storage Right 
Kemmerer Reservoir is located immediately downstream of Viva Naughton Reservoir on the 
Hams Fork River near the Town of Kemmerer.  The Town owns the storage rights to Kemmerer 
Reservoir.  The storage permit for Kemmerer Reservoir (P5302R) has a priority date of May 24, 
1935 and allows the Town to store 1,058 acre-feet of water for municipal use. 
 
The outlet works pipe for Kemmerer Reservoir does not have adequate capacity to deliver flows 
that are required by downstream users.  Consequently, the reservoir must be kept full so that 
flows can be delivered to downstream users using the spillway.  The storage in Kemmerer 
Reservoir is essentially unavailable.  A significantly enlarged outlet works would be required to 
utilize the storage.  In addition, the reservoir is a very valuable recreation reservoir.  Utilizing the 
storage would eliminate that use. 
 
Transferring the water storage rights from Kemmerer Reservoir to an enlarged Viva Naughton 
Reservoir or new Dempsey Basin Reservoir would have several significant benefits to the Town 
of Kemmerer: 
 

1. The storage right could be fully utilized by the Town.  The municipalities would not 
require the full 4,750 acre-feet of storage as previously determined.  This requirement 
would be reduced by the 1,058 acre-feet that would be available from the Kemmerer 
Reservoir storage right, which would then release an additional 1,058 acre-feet of storage 
for irrigators. 

2. This right would be a virtually firm supply since it would be senior to all storage rights in 
Viva Naughton Reservoir. 

3. Transferring the water storage right from Kemmerer Reservoir could allow for the 
transfer of Kemmerer Reservoir to the Wyoming Game and Fish.  This ownership 
transfer would relieve the Town of liability and costs associated with the reservoir.  The 
Wyoming Game and Fish could continue to operate Kemmerer Reservoir as a recreation 
facility.  The reservoir would be guaranteed to have a stable water surface and would 
maximize recreation usage.  In addition, Kemmerer’s portion of the financial 
requirements for the project could be significantly reduced. 

 
1.5.2 Recommended Storage Volume 
The minimum active storage volume analyzed in this report is 24,180 acre-feet, which would be 
entirely active storage.  A 25,238 acre-foot storage level should also be considered.  This storage 
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level would include both the remainder of the 1971 right (24,180 acre-feet) and the storage right 
from Kemmerer Reservoir (1,058 acre-feet).  Alternatives incorporating a 10,000 acre-foot 
recreational/power pool were also analyzed.   A short term increase of normal high water level at 
Viva Naughton Reservoir was also investigated.  The investigation considered a short term, three 
foot water level raise which would store 4,535 acre-feet.  
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SECTION 2 – VIVA NAUGHTON RESERVOIR ENLARGEMENT 
 
This section of the report presents the results of the analysis of the Viva Naughton Reservoir 
enlargement.  The items discussed include: 
 

 Reservoir storage volume 
 Geological and geotechnical investigations 
 Geotechnical evaluations 
 Conceptual embankment design 
 Conceptual principal spillway design 
 Conceptual outlet works modification design 
 Conceptual emergency spillway design 
 Wetland and riparian mitigation investigation 
 Historic trail effect investigation 
 Fishery impact investigation 
 Conceptual cost estimate 

 
2.1 RESERVOIR STORAGE VOLUME 
Enlarging Viva Naughton Reservoir by 24,180 acre-feet would require the dam be raised by 
approximately 13 feet.  Enlarging the reservoir by 25,238 acre-feet would require the dam be 
raised by approximately 14 feet.  Table 2.01 details reservoir elevations for various capacities.  
Conceptual designs and cost estimates will be developed for the 24,180 acre-foot level. 

 
Table 2.01 
Viva Naughton Reservoir Elevations for Various Capacities 
 

Enlargement Size 0 acre-feet 
(existing reservoir) 24,180 acre-feet 25,238 acre-feet 

NHWL Elevation 
(Emergency Spillway Invert) 7,242 feet 7,255 feet 7,256 feet 

Top of Dam Elevation 7,249 feet 7,265 feet 7,266 feet 
Freeboard 7 feet 10 feet 10 feet 

 
Table 2.01 also illustrates that the freeboard height at the dam would be increased by 3 feet for 
the proposed enlargements.  The additional freeboard will allow for more flood control storage. 
 
2.2 GEOLOGICAL AND GEOTECHNICAL INVESTIGATIONS 
Geological and geotechnical investigations included review of published and unpublished 
geotechnical and geological data at and near the dam and reservoir, photogeologic interpretation 
and field geologic mapping, subsurface investigations in the area of the proposed emergency 
spillway, laboratory testing, and engineering evaluations to develop a preliminary interpretation 
of the subsurface conditions that are likely to impact emergency spillway construction and 
raising the embankment. 
 
2.2.1 Field Investigations 
Field investigations in the area of the proposed emergency spillway consisted of geologic field 
mapping, drilling one exploratory borehole, and excavating four test pits.  Borehole and test pit 
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locations are shown on Figure 2.01 and summarized in Table 2.02.  Final borehole and test pit 
logs are presented in Appendices A.2 and B, respectively.  Rock core descriptors are defined in 
Appendix A.1.  Field boring and test pit logs and photographs are presented in the Engineering 
Geologic Investigations Technical Memorandum in Appendix H.  The final boring and test pit 
logs include appropriate modifications to the field logs based on the laboratory test results. 
 

Table 2.02 
Summary of Boreholes and Test Pits 
 

Borehole or 
Test Pit ID 

General 
Location 

Approximate 
Ground Surface
Elevation1 (feet) 

Approximate 
Depth to 
Bedrock (feet) 

Total Depth of 
Boring/Test Pit
(feet) 

Borehole 

B-104 Emergency 
Spillway 7,315 3.0 55.0 

Test Pits 

VNTP-1 Emergency 
Spillway 7,240 2.7 10.0 

VNTP-2 Emergency 
Spillway 7,322 1.8 8.3 

VNTP-3 Emergency 
Spillway 7,308 1.7 9.0 

VNTP-4 Emergency 
Spillway 7,284 3.2 8.3 

1. Ground surface elevations are based on interpretation of site-specific topography produced by Crank 
Companies, Incorporated. 

 
2.2.2 Laboratory Testing 
Laboratory tests were performed on representative samples of materials recovered from the 
boring and test pits.  Test results are presented in Appendix C and are summarized in Table 2.03. 
 
2.2.3 Regional Geology 
The dam and reservoir site are located along the southern portion of the Overthrust Belt, which is 
an area of complex structural folding and faulting that includes a series of overthrust sheets 
bounded by thrust faults.  The dam and reservoir site are underlain by the Wasatch formation.  
The Wasatch formation is an Eocene aged (33 to 55 million years old), which is a relatively 
young bedrock unit.  Bedrock within the right abutment is generally covered with a thin (less 
than 3-foot thick) layer of colluvium.  Thicker deposits of alluvium exist within the valley 
bottom. 
 
Within the dam and reservoir site, the Wasatch formation locally includes a subunit known as the 
Tunp Member that intertongues with other members of the Wasatch and Green River formations.  
The Tunp Member is described as a red, conglomeratic, sandy mudstone that contains angular to 
well rounded, pebble- to boulder-sized clasts.  The clasts are generally matrix supported, 
unsorted, and not oriented along bedding planes.  The Tunp Member probably originated as 
mudflow and debris flows and from gravity sliding (McGrew and Casilliano, 1975). 
 



2.02)

2.01



 

 

Table 2.03 
Summary of Viva Naughton Laboratory Test Results 
 

Borehole or 
Test Pit ID 

Sample 
ID 

Sample 
Depth 
Interval 
(feet) 

General 
Description 

Natural 
Moisture 
Content 
(percent) 

Dry Unit 
Weight 
(pcf) 

Atterberg Limits Gradation 

Liquid 
Limit 
(percent) 

Plasticity 
Index 
(percent) 

Percent 
Gravel 
(+No. 4) 

Percent 
Sand 
(-No. 4 to 
+No. 200) 

Percent 
Fines 
(-No. 200) 

Mudstone 
VNTP-4 Bulk-1 3.2-8.3 Mudstone (CL)   43.5 31.9 1.3 10.6 88.1 
Claystone 
B-104 Core-2 31.4-32.0 Claystone 16.4 115.1 47.6 32.9 0.0 3.3 96.7 
B-104 Core-2 36.1-37.5 Claystone 12.5 124.3      
B-104 Core-3 46.0-46.6 Claystone 12.5 126.4 33.1 23.7 0.1 10.6 89.3 
Conglomerate Mudstone 

B-104 Core-1 15.4-16.5 Conglomerate 
Mudstone 18.9 113.7 46.8 33.6 0.9 7.3 91.8 

 
 

Borehole or 
Test Pit ID 

Sample 
ID 

Compaction Test Results Shear Strength Test Results 

Standard 
Proctor 
Test Method 

Optimum 
Moisture 
Content 
(percent) 

Maximum 
Dry Density 
(pcf) 

Effective 
Strength 

Total 
Strength Peak Unconfined 

Compressive 
Strength (ksf) ˜’ (deg) c’ (psf) ˜ T (deg) cT (psf) 

Mudstone 
VNTP-4 Bulk-1 A 18.1 109.0 26(1) 180(1) 14(1) 428(1)  
Claystone 
B-104 Core-2        4.2 
B-104 Core-2        17.0 
B-104 Core-3        15.1 
Conglomerate Mudstone 
B-104 Core-1        6.3 
1. Consolidated undrained tests were performed on three samples remolded between 95 and 96 percent of standard Proctor maximum dry density at between 

optimum and +2 percent moisture content with the following confining pressures: 3,000, 1,500, and 500 psf. 
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The bedding within the Wasatch formation and Green River formation is generally flat to gently 
dipping (less than 10 degrees) over the area.  The Eocene age rocks (Wasatch and Green River 
formations) conceal thrust faults and folds in older Cretaceous and Paleozoic rocks.  In other 
words, the bedrock sequence underlying the dam sites has not been subjected to overthrust 
faulting and folding. 
 
2.2.4 Dam and Reservoir Subsurface Conditions 
Based on the data collected from the geologic mapping and subsurface investigations, bedrock is 
not exposed at the surface within the areas of the spillway cut or the enlarged dam foundation.  
Bedrock is covered by colluvial soils in the abutment slopes and by alluvial soils in the valley 
bottom.  The geologic map developed for the Viva Naughton dam and spillway is provided on 
Figure 2.01.  The interpreted geologic conditions in the vicinity of the dam site are presented on 
the geologic map and the cross section is presented on Figure 2.02. 
 
2.2.4.1 Dam Site Surficial Soils and Bedrock 
No subsurface exploration was performed at the site of the Viva Naughton embankment 
enlargement.  From descriptions provided by Gannett Fleming (2007), the dam site consists of a 
dense gravelly soil overlying the Wasatch formation. 
 
2.2.4.2 Emergency Spillway Surficial Soils 
Soils within the spillway alignment consist of approximately 2 to 3 feet of sandy clay and silty 
clay.  This clayey material consisted primarily of fines and was stiff to very stiff, dry to moist, 
and contained occasional limestone rock fragments up to 6 inches in size. 
 
2.2.4.3 Emergency Spillway Bedrock 
Bedrock within the spillway alignment consists of conglomeritic mudstone and mudstones 
(claystone, siltstone, and silty mudstone). 
 
The conglomeritic mudstone consists mostly of fines with less than 35 percent gravel, less than 
25 percent sand, and limestone fragments up to 10 inches in size.  The texture of this unit 
suggests the material is likely an ancient mudflow deposit.  The conglomeritic mudstone is 
intensely weathered to fresh, unfractured to slightly fractured, slightly moist to moist, and H-6 to 
H-7.  Fractures are slightly open, stepped to slightly rough, and clean.  Core recovery ranged 
from 36 to 100 percent with an average of 68 percent.  RQD values ranged from 0 to 100 with an 
average of 51.  One tested sample had a natural moisture content of 18.9 percent, a dry unit 
weight of 113.7 pcf, a liquid limit of 47 percent, a plasticity index of 34 percent, and an 
unconfined compressive strength of 6.3 ksf.  Based on field observations the conglomeratic 
mudstone material has weak bedrock properties that would likely be slightly to moderately 
resistant to erosion. 
 
The mudstones are red and consist mostly of fines of low to high plasticity with less than 15 
percent sand with soil-like properties.  The mudstones are intensely weathered to fresh, 
unfractured, moist, and H-7.  Fractures were tight, rough, and clean.  Core recovery ranged from 
52 to 100 percent and averaged 82 percent.  RQD values ranged from 46 to 100 with an average 
of 79.  Natural moisture contents ranged from 12.5 to 16.4 percent with an average of 13.8 
percent and dry unit weights ranged from 115.1 to 126.4 pcf with an average of 121.9 pcf.   



2.02
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Liquid limits ranged from 33 to 48 percent with an average of 41 and plasticity indices ranged 
from 24 to 33 with an average of 30.  Unconfined compressive strengths ranged from 4.2 to 15.1 
ksf with an average of 12.1 ksf.  When a 5-foot section of core was held at both ends and 
suspended off the ground, the center of the core section would deflect several inches under its 
own weight without fracturing.  During drilling, this mudstone was squeezing into and closing 
off the hole as the drill rods were raised above the bottom of the hole. 
 
2.2.4.4 Seismicity 
There are no known active or potentially active faults within the dam and reservoir site; the 
closest one to the site is approximately 6 miles to the west.  The maximum credible earthquake at 
the Viva Naughton site has a magnitude of 7.2.  We used the USGS “Earthquake Ground Motion 
Parameter Java Application” to develop a relationship between peak bedrock acceleration and 
frequency of exceedance.  The State of Wyoming does not specify an earthquake return interval 
for design of embankment dams.  Based on published criteria in adjacent states, we selected a 
return interval of 5,000 years for this conceptual evaluation.  The peak bedrock acceleration for a 
return frequency of 5,000 years is approximately 0.59g. 
 
2.3 GEOTECHNICAL EVALUATIONS 
We evaluated the collected geotechnical information; evaluated geologic hazards; developed 
material properties of the foundation for the emergency spillway, the existing dam material, and 
the materials that would be used to raise the dam; performed static slope stability for the raised 
dam and proposed emergency spillway excavation; and seismic deformation for the raised dam 
to support development of the raised embankment section and proposed emergency spillway 
excavation.  The analyses performed and the results of these analyses are presented in the 
following sections.  Calculations and supporting documentation is in Appendices D, E, and F. 
 
2.3.1 Raised Dam Concept 
It is our opinion that the dam should be raised from elevation 7,249 feet to elevation 7,265 feet 
using a downstream raise concept.  The alternative was selected primarily because an upstream 
raise concept or a center raise concept would require significant lowering and possibly draining 
the reservoir to perform the construction. 
 
The existing dam includes a central clay core with a vertical downstream face and a 0.5H:1V 
upstream slope.  The top of the existing core is at about elevation 7,244 feet and is estimated to 
be 14 feet thick.  The core extends through the alluvial gravels to the top of the Wasatch 
formation.  The core consists of a mixture of clay, silt, and sand and a chimney drain is located 
immediately downstream of the core.  The chimney drain is 10 feet wide between elevation 
7,240 feet and elevation 7,223 feet and 11 feet wide between elevation 7,223 feet and the bottom 
of the core trench.  The chimney drain outlet is a 100-foot wide, 4-foot thick pervious blanket 
that was placed in the original stream channel.  The upstream shell consists of clayey and silty 
gravel.  The shells are supported on dense alluvial gravels and low permeability conglomerate.  
The upstream slope of the dam is at 2H:1V above elevation 7,240 feet and at 2.5H:1V below 
elevation 7,240 feet.  The downstream shell also consists of clayey and silty gravel.  The 
downstream slope of the dam is at 2H:1V above elevation 7,210 feet, and at 2.5H:1V below 
elevation 7,210 feet. 
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The configuration of the existing dam and the downstream raise concept is presented on Figure 
2.03.  The following modifications would be made to the existing dam to accommodate the raise: 
 

 The top of the existing dam would be removed to elevation 7,240 feet, which would 
require a cut of 9 feet.  This should expose competent core materials and result in a core 
width of about 16 feet. 

 The core above elevation 7,240 feet would be 16 feet wide and have an upstream and 
downstream slope of 1H:1V.  The core would terminate at elevation 7,256 feet, which is 
9 feet below the dam crest.  

 The chimney drain would continue to be 10 feet wide and continue immediately 
downstream of the core.  

 The slope of the upstream shell would remain at 2H:1V.  We have assumed that a 
material similar to the existing upstream shell would be used for the raised dam.  

 The crest would be 25 feet wide at elevation 7,265 feet. 
 Additional fill would be placed above the downstream slope to accomplish the raise.  The 

final downstream slope of the raised dam would be at 3H:1V.  We have assumed that the 
material used for the downstream shell would be the material excavated from the new 
emergency spillway. 

 
2.3.2 Static Slope Stability of Raised Embankment 
RJH performed preliminary two-dimensional slope stability analyses to confirm that the 
proposed external geometry of the embankment would have an appropriate slope stability factor 
of safety.  We used the computer program Slope/W to compute factors of safety. 
 
Based on information obtained during the subsurface exploration and provided by Gannett 
Fleming (2007), the subsurface profile was modeled as a layer of dense gravel overlying 
mudstone bedrock.  Based on information provided by ECI (2004) and Gannett Fleming (2007), 
the existing embankment was modeled as having a central clay core and cutoff, a downstream 
chimney drain, and upstream and downstream shells consisting of clayey gravel and silty gravel.  
We assumed that much of the borrow material for the enlargement would come from claystone 
excavated from the spillway alignment, and thus the enlargement fill was conservatively 
modeled as a clayey soil. 
 
Material properties used in the stability analyses are presented in Table 2.04.  Figure 2.04 
presents the peak drained strength envelope. 
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Table 2.04 
Material Properties Used for Static Slope Stability Analyses 
 

Material Unit Weight (pcf) Peak Drained 
Strength1 

Peak Undrained 
Strength1 

Residual 
Strength 

Moist Saturated ˜’ (deg) c’ (psf) ˜ t’ (deg) ct’ (psf) ˜ r’ (deg) cr’ (psf) 
Existing core and 
enlargement fill 129 132 See note #2. 15 450 - - - - 

Drain 119 125 35 0 - - - - - - - - 
Existing shell 139 142 36 0 - - - - - - - - 
Foundation soil 140 143 38 0 - - - - - - - - 
Bedrock 138 140 28 0 0 4,000 17 0 
1. Peak strengths are based on those obtained at 5 percent strain. 
2. See bilinear strength envelope on Figure 2.04. 

 
The shear strength of weak mudstone can vary significantly based on the degree of strain that has 
occurred between the time of deposition and the time of failure.  The maximum shear strength, 
which is referred to as peak strength, occurs at very small displacements.  Upon further 
displacement, the strength is reduced to the critical state or fully softened strength.  As 
displacement increases significantly, the strength reduces to the lower bound residual strength.  
Residual strengths represent the lowest strength of the material and once movement or a 
progressive failure through the foundation has been initiated, stability will be controlled by the 
residual strength. 
 
The Wyoming State Engineer does not specify minimum required safety factors for different 
loading conditions.  Therefore, we selected required safety factors based on criteria published by 
other regulatory agencies for dams such as USBR, USACE, and other states.  The factor of 
safety used to design embankments when residual strength is considered is generally about 1.0 to 
1.1 because the residual strength represents a lower bound strength. 
 
RJH performed static slope stability analyses for the following key loading conditions: 
 

 End of construction.  We assumed that the enlargement would be constructed without 
significant lowering from the existing reservoir elevation of 7,240 feet (ECI, 2004). 

 Steady state seepage from the normal water surface elevation (elevation 7,255 feet). 
 Rapid drawdown. 
 Steady state seepage from the normal water surface elevation with residual bedrock 

strength. 
 Rapid drawdown with residual bedrock strength. 

 
For the rapid drawdown condition, the location of the piezometric surface through the upstream 
shell was estimated using procedures as recommended by Engineering Manual 1110-2-1902 
(1970) as shown in Appendix D. 
 
For an enlargement to elevation 7,265 feet, a 3H:1V downstream slope is required to provide 
adequate stability.  The computed safety factors and minimum requirements are presented in 
Table 2.05.  Computer outputs from Slope/W and other supporting documentation are presented 
in Appendix D. 
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Table 2.05 
Slope Stability Safety Factors 
 

Loading Condition 

Computed Safety Factors 
Minimum Required
Safety Factor 

Existing 
Upstream 
Slope 

3H:1V 
Downstream 
Slope 

End of Construction 1.54 1.40 1.3 
Steady State Seepage 1.48 1.75 1.5 
Rapid Drawdown 1.19 N/A 1.2 
Steady State Seepage – 
Residual Bedrock 1.42 1.50 >1.0 

Rapid Drawdown – 
Residual Bedrock 1.15 N/A >1.0 

 
2.3.3 Seismic Deformation 
RJH performed a preliminary seismic deformation analysis to estimate the permanent crest 
deformation resulting from the design earthquake ground motion of 0.59g.  We performed the 
analyses using the empirical procedures presented by Makdisi and Seed (1977).  We computed 
the possible seismic deformation for a reasonable range of possible embankment-fill shear wave 
velocities and a generalized response spectrum for the site.  We developed equivalent values by 
assuming that the enlarged embankment cross section would be approximately 50 percent clayey 
fill and 50 percent clayey gravel fill.  The computed range of possible seismic deformations for 
the raised Viva Naughton embankment ranged from approximately 0.4 to 5.2 feet.  Seismic 
deformation calculations and supporting material are presented in Appendix E. 
 
2.3.4 Static Slope Stability of the Emergency Spillway Cut 
RJH performed two-dimensional static slope stability analyses on a maximum cut section to 
develop a preliminary design for the emergency spillway cutslopes.  The thin layer of colluvial 
soil was neglected during modeling procedures.  The spillway was modeled as a 300-foot wide 
cut at the elevation of the normal water surface (elevation 7,255 feet).  Analyses were performed 
using both peak drained and residual bedrock strengths (Table 2.04) and two different 
piezometric surfaces: 
 

 Normal Pool Piezometric Surface – This piezometric surface was at the elevation of the 
normal water surface (elevation 7,255 feet) within the spillway cut and extended upward 
into the hillside at approximately a 5 percent slope. 

 Post-Flood Piezometric Surface – This piezometric surface saturated the lower 10 feet of 
the cutslope and rejoined the Normal Pool Piezometric Surface farther within the hillside.   

 
Based on our analyses, a slope of 4H:1V would be required to provide adequate stability of the 
spillway excavation slope.  Calculated safety factors are provided in Table 2.06. 
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Table 2.06 
Safety Factors for 4H:1V Spillway Cut Slope 
 
Analyzed Scenario Safety Factor 
Peak Bedrock Strength, Normal Pool Piezometric Surface 2.02 
Residual Bedrock Strength, Normal Pool Piezometric Surface 1.16 
Peak Bedrock Strength, Post-Flood Piezometric Surface 1.86 
Residual Bedrock Strength, Post-Flood Piezometric Surface 1.06 

 
Although adequate slope stability can be achieved with a 4H:1V slope, long-term deformations 
could be excessive and additional finite-element deformation analyses and slope stability 
analyses will need to be completed once additional subsurface information is available. 
 
We also performed jar slake tests (Walkinshaw and Santi, 1996) to estimate the durability of the 
mudstone within the spillway alignment.  The following samples were tested: 
 

1. B-104: 14.6 – 14.8 feet 
2. B-104: 44.75 – 45.0 feet 
3. B-104: 52.75 – 53.0 feet 

 
Jar slake tests consist of submersing an oven-dried piece of rock in water and observing the 
reaction.  The three tested samples began degrading immediately upon submersion.  Within an 
hour, Samples 1, 2, and 3 (see above) had degraded to mud, flakes, and flakes (Santi, 1998), 
respectively.  
 
We then used empirical relationships between the mudstone durability and its plasticity index to 
estimate stable cutslope angles.  The proposed cutslope of 4H:1V matches well with the 
empirical data.  Details of the spillway stability analyses and jar slake tests are presented in 
Appendix F. 
 
2.4 CONCEPTUAL EMBANKMENT DESIGN 
A plan of the embankment and spillway excavation for a dam with a crest at elevation 7,265 feet 
is presented on Figure 2.01.   
 
A representative maximum embankment cross section is shown on Figure 2.03.  The existing 
2H:1V upstream slope is continued up to elevation 7,265 feet.  The crest is 25 feet wide and the 
downstream slope is at 3H:1V.  The existing top widths of the central core and chimney drain are 
continued upward at a 1H:1V slope to elevation 7,256 feet.  Although not shown, the existing 3-
foot thick layer of riprap slope protection would be continued up the upstream slope to the 
embankment crest. 
 
Foundation preparation within the abutments would consist of excavating a 25-foot wide cutoff 
trench below the centerline of the dam that would extend at least 10 feet into bedrock.  The area 
below the remainder of the embankment would be excavated to firm soil or weathered bedrock. 
 
Based on data from the borings and general properties of the mudstone foundation, it is likely 
that only localized foundation grouting would be required below the areas of new dam to provide 
adequate seepage stability.  We have included an allowance for some localized grouting in the 
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cost opinion, but have not included a complete grout curtain in this conceptual design, because it 
is our opinion that a continuous grout curtain below the enlarged dam is not required. 
 
A chimney drain that is connected to the existing chimney drain would be included in the 
embankment to manage seepage through the embankment and provide protection against internal 
erosion in the event of differential settlement of the dam that could lead to cracking of the 
upstream clayey dam materials.  The chimney drain would be 10 feet wide to match the width of 
the existing chimney drain.  The chimney drain would consist primarily of sand.  Seepage 
collected in the existing drainage system would be discharged to the downstream toe of the 
enlarged embankment using PVC pipes. 
 
Upstream slope protection would consist of riprap above bedding.  The riprap slope protection 
was included from the enlarged crest to top of the existing riprap slope protection.  For this phase 
of design, we selected a combined thickness of riprap and bedding of 3 feet to match the 
thickness of the existing slope protection. 
 
2.5 CONCEPTUAL PRINCIPAL SPILLWAY DESIGN 
The existing principal spillway would be removed to accommodate the downstream raise of the 
embankment.  As shown in Figure 2.05, the new principal spillway would be located further west 
in order to found the structure on solid material.  The new structure would be similar in function 
and capacity as the existing structure.  Photographs of the old structure are shown in Figures 2.06 
and 2.07.  Figure 2.06 shows a photograph of the existing spillway chute; Figure 2.07 shows a 
photograph of the existing spillway gates. 
 
The width of spillway would be approximately 30 feet.  Even though the width of the new 
spillway would be the same as the existing spillway, the capacity of the new spillway would be 
increased because the proposed enlargement has 3 feet more freeboard. 
 
The structure would also incorporate two 10-foot high control gates to allow for reservoir 
management and control of normal flood events without activating the emergency spillway.  A 
hydraulic jump stilling basin would be required for energy dissipation.  The spillway, including 
the gate structure, chute, and stilling basin, would be approximately 750 feet in length. 
 
2.6 CONCEPTUAL OUTLET WORKS MODIFICATION DESIGN 
The enlargement of Viva Naughton Reservoir would require modifications to the outlet works.  
As shown on Figure 2.05, the toe of the enlarged embankment would inundate the existing outlet 
works control building.  This structure (and the existing control valves within the structure) 
would have to be moved beyond the limits of the enlarged dam toe as shown.  The design of the 
new control building would be similar to that of the existing control building.  A photograph of 
the existing control building is shown in Figure 2.08. 
 
The existing 66-inch diameter outlet pipe would also have to be extended by approximately 175 
feet.  The current diameter of the outlet pipe is sufficient to discharge increased outlet flows. 
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Figure 2.06 
Viva Naughton Reservoir: Existing Spillway Chute 
 

 
Figure 2.07 
Viva Naughton Reservoir: Existing Spillway Gates 
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Figure 2.08 
Viva Naughton Reservoir: Existing Outlet Works Control Building 
 

 
Figure 2.09 
Viva Naughton Reservoir: Existing Hydropower Building 
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The existing valve structure on the north side of the dam crest would have to be raised by 
approximately 16 feet.  A walkway would be required to access the raised structure.  A new 
valve structure building would also be constructed. 
 
The existing hydropower building is located just beyond the limits of the enlarged dam toe.  This 
building would not be affected by the enlarged dam toe and would continue to operate as normal.  
A photograph of the existing hydropower building is shown in Figure 2.09. 
 
2.7 CONCEPTUAL EMERGENCY SPILLWAY DESIGN 
The existing emergency spillway would be abandoned and the raised embankment extended 
across to the west.  The proposed spillway would be located as shown on Figure 2.10. 
 
The design of the new emergency spillway would be similar to that of the existing emergency 
spillway.  A photograph of the existing emergency spillway can be found in Figure 2.11; a 
photograph of the area where the proposed emergency spillway would be located can be found in 
Figure 2.12. 
 
Since Viva Naughton Dam is classified as a high hazard dam, the Wyoming State Engineer’s 
Office would require that the emergency spillway be designed to pass the PMF safely.  The 
width of the spillway would remain at 300 feet.  The emergency spillway would be excavated to 
elevation 7,255 feet, which would be the normal high water level.  The top of dam elevation 
would be located at elevation 7,265 feet to pass the required flows safely.  Even though the width 
of the new spillway would be the same as the existing spillway, the capacity of the new spillway 
would be increased because the proposed enlargement has 3 feet more freeboard.  A fuse dike 
approximately 3 feet high would also be constructed to prevent wave action from eroding the 
spillway.   
 
2.8 WETLAND AND RIPARIAN MITIGATION INVESTIGATION 
A wetland and riparian mitigation investigation was conducted to determine the feasibility of 
mitigating wetland and riparian losses associated with a Viva Naughton Reservoir enlargement.  
The area investigated was on lands owned by PacifiCorp upstream of Viva Naughton Reservoir.  
This section describes the investigation and results. 
 
2.8.1 Impacted Wetlands 
The impacted wetlands for a 24,180 acre-foot enlargement were determined.  The normal high 
water level of the enlargement is shown on Figure 2.13.  This enlargement would impact 
approximately 175 acres of wetlands that must be mitigated.  The minimum ratios for mitigation 
of wetlands as established by the Corps of Engineers (COE) are presented in Table 2.07. 
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Figure 2.11 
Viva Naughton Reservoir: Existing Emergency Spillway 

 

 
Figure 2.12 
Viva Naughton Reservoir: Proposed Emergency Spillway Location 
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Table 2.07 
Wetland Mitigation Ratios 
 
Type of Wetland Mitigation Ratio 
Restoration (Reestablishment) 1.5:1 
Restoration (Rehabilitation) 1.5:1 
Enhancement 4:1 
Establishment 2:1 
Protection/Maintenance 10:1 
 

Based on these ratios, the mitigation requirement for establishment of new wetlands would be 
2:1 for a mitigation requirement of 350 acres. 
 
2.8.2 Investigation Area 
The lands owned by PacifiCorp upstream of the reservoir were investigated.  The property is 
shown on Figure 2.14.  The total area upstream of the normal high water level of the enlargement 
on PacifiCorp property was approximately 312 acres.  The primary focus was on the irrigated 
lands on the property. 
 
2.8.3 Methods 
Typically, wetlands are identified (delineated) using a standard three-parameter approach in 
accordance with the criteria and procedures outlined in the 1987 U.S. Army Corps of Engineers 
Wetlands Delineation Manual (Environmental Laboratory, 1987).  The objective of this 
investigation was to identify areas that are not currently classified as wetlands and that could be 
converted to mitigation wetlands.  These areas would be classified as upland areas.  
Consequently, the focus was to identify appropriate upland areas.  In order to expedite the 
estimation of upland acreage within the potential mitigation area, a reconnaissance level 
approach of identifying upland habitat was utilized rather than performing actual wetland 
delineation in accordance with the U.S. Army Corps of Engineers Manual. 
 
The three wetland parameters that are required to be absent for classification as upland are 
hydrophytic vegetation, hydric soils, and hydrology.  The entire potential mitigation area is 
situated on the 100-year floodplain of the Hams Fork and is composed primarily of irrigated hay 
meadows.  As such, hydrology for wetland habitat is likely present throughout much of the 
project area.  Assuming the presence of wetland hydrology, an emphasis was placed on the 
absence of hydrophytic vegetation in order to identify upland habitat.  The primary indicator 
species utilized for identification of upland habitat was smooth brome (Bromus inermis).  
Random soil pits were excavated in areas dominated by smooth brome to determine 
presence/absence of hydric soils, and these pits typically revealed non-hydric soils.  Common 
vegetation observed in areas not composed of smooth brome included Nebraska sedge (Carex 
nebrascensis), beaked sedge (C. rostrata), timothy (Phleum pretense), Baltic rush (Juncus 
balticus), redwool plantain (Plantago eriopoda), sandbar willow (Salix exigua), and other willow 
species (Salix Spp.).  Based on random sample points, these areas typically featured hydric soils 
and were excluded from inclusion in the upland mapping. 
 
Mapping of potential upland habitat was conducted on October 11 and 12, 2007.  Upland habitat 
boundaries were surveyed in the field using Trimble GeoXT global positioning system (GPS) 
units using sub-meter accuracy.  GPS files were processed in the office and upland acreage  





 

STATES WEST WATER RESOURCES CORPORATION 
Viva Naughton Level II, Phase II Report  29 
January 2013 

calculations were generated using ArcView GIS software.  Additionally, a figure depicting 
upland habitat within the PacifiCorp potential mitigation area was created (Figure 2.14). 
 
2.8.4 Results 
Approximately 29.34 acres of upland habitat were mapped as shown on Figure 2.14 within the 
100-year floodplain of the Hams Fork on PacifiCorp lands.  The majority of this habitat was 
located throughout the large tracts of irrigated hay fields on the east side of the river; however, 
several uplands suitable for mitigation purposes were also mapped on the west side of the river.  
Uplands were limited in this area as most of the irrigated hayfields met the definition of wetland 
based on presence of hydrophytic vegetation, hydric soils, and wetland hydrology.  The irrigated 
lands that were targeted for this study could possibly be enhanced.  However, the COE ratio for 
enhancement is 4:1, which would require 700 acres of mitigation. 
 
2.8.5 Critical Moose Habitat Impacts 
The area that would be inundated by a reservoir raise at Viva Naughton Reservoir is included in 
an area classified as critical moose habitat.  The area is composed primarily of wetland and 
riparian areas.  These impacts would have to be mitigated. 
 
Moose habitat mitigation would require creation of conditions where appropriate species, 
primarily willow, would thrive.  The mitigation would require excavating upland areas to within 
1 to 2 feet of the water table to create the correct conditions.  Previous riparian mitigation, such 
as at High Savery Reservoir, has involved a ratio of 3:1.  These mitigation areas would have to 
be located outside of existing critical moose habitat. 
 
The total area inundated by the reservoir enlargement would be approximately 425 acres, of 
which approximately 175 acres are wetlands.  Consequently, 250 acres of riparian habitat would 
have to be mitigated at a ratio of at least 3:1.  It was assumed that a total of 750 acres of riparian 
habitat establishment would be required. 
 
2.8.6 Potential Wetland, Riparian, and Moose Habitat Mitigation 
As discussed previously in this section, approximately 350 acres of wetland mitigation and 750 
acres of moose habitat mitigation would have to be created to offset the effects of enlarging Viva 
Naughton Reservoir.  Most of the irrigated lands upstream of the reservoir, as shown in Figure 
2.15, are currently classified as wetlands.  It would be expected that some portion of these 
wetlands have been created by long-term irrigation. 
 
The wetland classification of irrigated lands can be changed by not irrigating the land for 3 years 
and monitoring vegetation and groundwater levels.  If the groundwater levels are lowered 
sufficiently, wetland species cannot survive and these areas could return to upland classification.  
These areas could then be developed for wetland mitigation and moose habitat mitigation.  The 
potential mitigation areas would then have to be excavated to the new groundwater conditions.  
Mere resumption of land irrigation has not satisfied the mitigation criteria; the COE criteria 
require mitigation wetlands that are naturally supported by groundwater levels, not those created 
by irrigation. 
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We conducted an investigation at two locations upstream on Viva Naughton Reservoir to 
determine the feasibility of developing mitigation areas.  These locations (Location A and 
Location B) are shown on Figure 2.15. 
 
Location A is located approximately 6,500 feet (1.2 miles) upstream of the current reservoir.  
Our site investigation indicated that the irrigated lands on the west side of the Hams Fork (Area 
I) would have minimal potential for developing mitigation areas.  The lower elevations of the 
irrigated lands are probably connected to the groundwater levels established by the Hams Fork 
and, as such, would still be classified as wetlands even when the irrigation water supply is 
interrupted.  Upper elevations of irrigated lands located on the east side of the river (Area II) 
have the potential to have lower groundwater levels once irrigation water supply is interrupted.  
The upper elevations of the irrigated lands may experience lowered groundwater tables and may 
change designation from wetland to upland.  These areas would have to be excavated to establish 
proper groundwater levels for wetland establishment.  The major issue of concern is whether the 
groundwater levels would drop excessively, which would render excavation of wetlands and 
riparian areas impractical.  Topographical maps show that there is over 60 feet of elevation 
difference across the irrigated field, which means that the groundwater levels could drop 
substantially once irrigation water supply is interrupted.  The potential for creation of wetlands 
and riparian areas in this area is minimal. 
 
Location B is located approximately 18,000 feet (3.4 miles) upstream of the current reservoir.  
Upper elevations of irrigated lands on the northeast side of the Hams Fork (Area III) have the 
potential to have lower groundwater levels once irrigation water supply is interrupted.  The 
concern again would be whether the groundwater levels would drop excessively to make wetland 
and riparian construction impractical.  We expect some of these areas could probably be 
developed. 
 
2.8.7 Potential for Wetland and Riparian Mitigation 
This investigation did not result in the identification of adequate potential mitigation areas 
upstream of the reservoir.  The mitigation estimates of 350 acres of wetland establishment and 
750 acres of riparian establishment are far in excess of identified potential sites.  The potential to 
mitigate the impacts of the enlarged reservoir inundation does not appear feasible upstream of 
the reservoir. 
 
Downstream of the reservoir, most of the potential mitigation sites are similarly located. The 
potential sites would involve currently irrigated lands and require the same processes. To 
develop comparable cost estimates for comparison to other alternatives, the assumption was 
made that the necessary acreage could be located and developed. 
 
2.9 HISTORIC TRAIL EFFECT INVESTIGATION 
Enlarging Viva Naughton Reservoir would impact the Dempsey-Hockaday Trail.  The portion of 
the trail that would be inundated by the enlargement of Viva Naughton Reservoir by 24,180 acre-
feet is shown on Figure 2.16.  The length of trail inundated would be approximately 0.85 mile.  
Potential mitigation for the historic trail impacts are discussed in Chapter 8 – Historical Trail 
Mitigation. 
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2.10 FISHERY IMPACT INVESTIGATION 
Enlargement of Viva Naughton Reservoir by 24,180 acre-feet would inundate approximately 1.3 
stream miles of the Hams Fork River.  The Hams Fork in this reach is classified as a Class 3 
fishery, which is considered important trout waters and a fishery of regional importance.  These 
impacts would have to be mitigated. 
 
The mitigation should be accomplished by improvement of the Hams Fork flows below the 
reservoir.  The effects of the reservoir enlargement on the Hams Fork streamflows are 
summarized in Chapter 6 – Hams Fork Streamflow Impacts. 
 
2.11 GREATER SAGE-GROUSE IMPACTS 
In an effort to prevent listing of greater sage-grouse, the Wyoming Governor’s office developed 
a map of greater sage-grouse Core Population Areas (Version 3). The Core Population Areas 
include areas with the highest densities of breeding greater sage-grouse in the state, as well as 
identified areas important for connectivity between populations. The Core Population Areas 
include roughly 25% of the state but contain 83.1% of the greater sage-grouse population.  On 
June 2, 2011, Governor Mead issued Greater Sage-Grouse Executive Order (EO) 2011-5, which 
states that new development or land uses within Core Population Areas should be authorized or 
conducted only when it can be demonstrated that the activity will not cause declines in greater 
sage-grouse populations.   
 
The EO included a method for use in determining compliance with the EO for new projects, 
referred to as the Density and Disturbance Calculation Tool (DDCT).  The DDCT is used to 
determine if the proposed new disturbance, combined with existing and permitted disturbances in 
the area, are below 5% of the DDCT area and result in an average of <1 disruptive activity 
(defined as oil and gas wells and mines) per 640 acres within the area affected by the project.  
Based on scientific literature, it is assumed that as long as the maximum disturbance is <5% of 
the DDCT area and the density of disruptive activities is <1 per 640 acres, the proposed activity 
should not result in declines in greater sage-grouse populations provided that other general and 
specific stipulations are followed. 
 
To determine the DDCT analysis area, a 4-mile buffer was placed around Viva Naughton 
Reservoir within the Core Population Area to determine which occupied leks may be affected by 
the project.  Five occupied leks were located within the 4-mile boundary as identified from the 
piaa_occlekper110210 shapefile. Next, a 4-mile buffer was placed around the perimeter of each 
of the affected occupied leks.  The 4-mile buffer of Viva Naughton and the 4-mile buffer of the 
affected occupied leks were merged to create the DDCT analysis area for the proposed Viva 
Naughton enlargement.  For this analysis we assumed that the entire area within the Core 
Population Area boundary was suitable sage-grouse habitat. Following the above steps resulted 
in a DDCT analysis area of approximately 66,358. 
 
The total area inundated by the new disturbance caused by the reservoir enlargement would be 
approximately 425 acres.  We classified all land area within the maximum high water line of the 
proposed reservoirs as being disturbed. Once the DDCT area was defined, the acreage of existing 
surface disturbance was digitized using ArcGIS Version 10 on 2009 True Color National 
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Agricultural Imagery Program (NAIP) aerial imagery at a scale of 1:5,000.  Because there were 
some very large disturbances within the DDCT analysis area, namely the existing Viva Naughton 
and Kemmerer Reservoirs as well as extensive irrigated hayfields located upstream of Viva 
Naughton Reservoir, only those disturbances were initially digitized to determine if the 5% 
disturbance threshold was exceeded.  The Wyoming Game and Fish Department (WGFD) was 
contacted to determine if the hayfields upstream of Viva Naughton Reservoir were used by sage-
grouse and could therefore be classified as suitable habitat rather than disturbance.  The local 
WGFD biologist (Jeff Short) indicated that he did not have sufficient information to determine if 
these hayfields were used by sage-grouse.  Therefore, a 275 meter wide perimeter of the 
hayfields adjacent to habitats containing sagebrush was considered suitable habitat following the 
WGFD DDCT manual.  Those portions of the hayfields greater than 275 meters from a 
sagebrush edge were considered unsuitable habitat (i.e., classified as disturbance).  
 
New disturbance associated with the enlargement of Viva Naughton would be approximately 425 
acres.  The existing surface disturbances in the DDCT area initially examined included the 
existing Viva Naughton and Kemmerer Reservoirs as well as extensive irrigated hayfields 
located along the Hamsfork River upstream of Viva Naughton.  The total existing disturbance 
was 3,832.51 acres, which represents 5.78% of the DDCT analysis area.  The combined existing 
and proposed disturbance was approximately 4,257.51 acres, which represents 6.42% of the 
DDCT analysis area.  These percentages are above the 5% disturbance threshold and are also 
absolute minimum percentages, as other forms of disturbance including highways and numerous 
roads were not digitized and added to the existing disturbance acreage. 
 
Based on results of this DDCT analysis, the enlargement of Viva Naughton Reservoir would not 
be in compliance with the Governor’s EO because total surface disturbance is greater than 5%. 
Even without the new disturbance, the area of existing disturbance in the DDCT analysis area 
(5.78%) is already above the 5% threshold.   
 
2.12 CONCEPTUAL COST ESTIMATE 
Based on the conceptual design presented above, a conceptual cost estimate has been prepared 
for the 24,180 acre-foot enlargement size.  The cost estimate includes costs for construction 
components, construction engineering, preparation of final design plans and specifications, 
permitting and mitigation, legal fees, and acquisition of access and right-of-way.  Construction 
costs were calculated using 2012 material and labor costs and are presented in the standard 
format used by the WWDC.  The conceptual cost estimate for constructing the Viva Naughton 
enlargement is presented in Table 2.08. 
 
Based on an assumed spillway width of 300 feet, the volume of excavated materials would be 
anticipated to approach 1,200,000 cubic yards.  Therefore, the estimated volume of excavation of 
the mudstone would be approximately 1.2 times the volume of fill placement.  Most of the 
excavated material would be suitable for placement on the dam enlargement.  
 
There is an alluvial terrace deposit located downstream of the right abutment (Figure 2.01) that 
may be a potential source of drain material.  Based on test pits conducted in this unit for the 
Dempsey Basin investigation, this deposit likely consists of 8 to 10 feet of granular material.  
This material would need to be screened and processed to produce products suitable for filter 
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materials.  It is possible that some of the larger gravel and smaller cobbles could also be used as 
a source of riprap bedding. 
 
It may be possible to obtain riprap from the Fossil Butte Member of the Green River formation, 
which caps the Hams Fork Plateau to the south of the Dempsey Basin site.  The limestone from 
this member is likely the best suited for use as riprap.  The presence of the plateau suggests that 
the rock is resistant to erosion, although no quantitative data is available. 
 
The potential construction cost for the wetland and riparian mitigation could be extremely 
expensive.  As previously discussed, sufficient potential mitigation sites have not been identified.  
Assuming that mitigation sites could be located, typical costs to create wetlands vary from 
$20,000 to $50,000 per acre.  The variation in cost depends upon the volume of earthwork 
necessary to create the hydrological conditions necessary for wetland growth.  Typical costs to 
create riparian growth vary from $10,000 to $30,000 per acre.  These ranges of costs were 
utilized to estimate the potential costs.  The costs of cultural mitigation of the historic trail 
inundation have been estimated in Chapter 8. 
 
The total project cost would be approximately $72.3 million in 2012 costs.  Quantity estimates 
for construction materials are presented in Appendix G. 
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Table 2.08 
Conceptual Cost Estimate 
Viva Naughton Reservoir Enlargement – 24,180 Acre-Feet 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $2,750,000 $2,750,000 
Embankment         

Dam Site Preparation CY 31,000 $2.75 $85,250 
Existing Crest Excavation CY 21,500 $3.50 $75,250 
Downstream Slope Excavation CY 23,500 $3.50 $82,250 
Furnish and Place Core Fill CY 29,500 $5.50 $162,250 
Furnish and Place Filter and Blanket Drain CY 18,500 $55 $1,017,500 
Furnish and Place Embankment Fill CY 980,000 $3.50 $3,430,000 
Furnish and Place Upstream Riprap and Bedding CY 12,000 $67 $804,000 
Spillway Excavation CY 1,200,000 $2.75 $3,300,000 
Grouting LF 4,500 $85 $382,500 
Dewatering LS - - $110,000 $110,000 
Instrumentation LS - - $60,000 $60,000 

Emergency Spillway         
Concrete Crest CY 500 $425 $212,500 
Fuse Dike CY 1,000 $53 $53,000 

Principal Spillway         
Demolition LS - - $105,000 $105,000 
Excavation CY 50,000 $6.25 $312,500 
Crest Structure LS - - $1,525,000 $1,525,000 
Chute LF 500 $3,050 $1,525,000 
Stilling Basin LS - - $775,000 $775,000 
Channel LF 100 $800 $80,000 

Outlet Works Modifications         
Raise Crest Valve House LS - - $105,000 $105,000 
Valve House Demolition LS - - $52,500 $52,500 
Outlet Pipe Extension LF 150 $2,150 $322,500 
Concrete Building LS - - $110,000 $110,000 
Remove and Relocate Valves and Appurtenances LS - - $54,000 $54,000 
Hydropower Building LS - - $80,000 $80,000 
Walkway LS - - $27,000 $27,000 

Road Relocation LS - - $1,050,000 $1,050,000 
Recreational Facilities Mitigation LS - - $265,000 $265,000 
Wetland Mitigation Ac 350 $42,500 $14,875,000 
Riparian Mitigation Ac 750 $21,000 $15,750,000 
Historical Trail Mitigation LS - - $800,000 $800,000 
Subtotal $50,338,000 
10% Engineering $5,033,800 
Subtotal $55,371,800 
15% Contingency $8,305,770 
Construction Cost Total $63,677,570 
Final Design and Specification Preparation $2,750,000 
Permitting $3,250,000 
Legal Fees $525,000 
Acquisition of Access and Rights of Way $2,000,000 
2012 Total Project Cost $72,202,570 
USE $72,300,000 
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2.13 OPERATION AND MAINTENANCE COSTS  
The operation and maintenance costs for the enlargement of Viva Naughton Reservoir should not 
be increased over that presently expended; however, the operation and maintenance of the 
mitigation wetlands and riparian areas would require additional costs.  The mitigation of cultural 
impacts could also increase operation and maintenance costs.  Based on the extent of the 
potential mitigation responsibilities, it has been estimated that the 2012 operation and 
maintenance costs could be $60,000.  These costs would increase with inflation which was 
assumed to be 3 percent.   
 

2.14 TOTAL ESTIMATED ANNUAL COST AND LIFE CYCLE COSTS 
The total annual costs for 2012 thru 2042 in five year increments are presented in Table 2.09.  
The annualized cost for the construction of the system was based on a loan interest rate of 4 
percent and a 30-year term.  The annual payment will remain the same over time; however, 
operation and maintenance costs for this system can be expected to increase with inflation.  
Similar to the life cycle costs, the total annual payment was calculated using two different 
methods.  First, the total annual payment was calculated for the entire project costs.  Second, the 
total annual payment was calculated assuming that WWDC would provide a standard 67 percent 
grant.  The annual costs were then converted to 2012 costs using a 3 percent inflation rate. 
 

Table 2.09 
Total Annual Costs 
Viva Naughton Reservoir Enlargement – $72.3M 

Year 

Operation & 
Maintenace 
Costs (3% 
Inflation) 

Annualized Loan Costs
(4% - 30 years) Total Annualized Costs 2012 Present Worth 

(3% Inflation) 

No Grant 
67% 
Grant No Grant 

67% 
Grant No Grant 

67% 
Grant 

2012 $60,000 $4,182,000 $1,394,000 $4,242,000 $1,454,000 $4,242,000 $1,454,000 
2017 $70,000 $4,182,000 $1,394,000 $4,252,000 $1,464,000 $3,668,000 $1,263,000 
2022 $81,000 $4,182,000 $1,394,000 $4,263,000 $1,475,000 $3,172,000 $1,098,000 
2027 $94,000 $4,182,000 $1,394,000 $4,276,000 $1,488,000 $2,745,000 $955,000 
2032 $109,000 $4,182,000 $1,394,000 $4,291,000 $1,503,000 $2,376,000 $832,000 
2037 $126,000 $4,182,000 $1,394,000 $4,308,000 $1,520,000 $2,058,000 $726,000 
2042 $146,000 $4,182,000 $1,394,000 $4,328,000 $1,540,000 $1,783,000 $634,000 

 
 

The 2012 life cycle costs for the Viva Naughton Reservoir enlargement are presented in Table 
2.10.  The life cycle costs were determined for a period of 30 years at present worth.  This time 
frame is the same as the development of annual costs. The operation and maintenance life cycle 
costs were determined from the present worth value over 30 years.  Life cycle costs were 
calculated using two different methods.  First, life cycle costs were calculated for the entire 
project cost.  Second, life cycle costs were calculated assuming that WWDC would provide a 
standard 67 percent grant.  
 

Table 2.10 
2012 life Cycle Costs 
Viva Naughton Reservoir Enlargement 

Item 24,180 
AF Item 24,180 

AF 
Construction Costs (No Grant) $72.3 M Construction Costs (With 67 Percent Grant) $24.1 M 
Operation and Maintenance $1.8 M Operation and Maintenance $1.8 M 
2012 Life Cycle Costs (No Grant) $74.1 M 2012 Life Cycle Costs (With 67 Percent Grant) $25.9 M 
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SECTION 3 – VIVA NAUGHTON RESERVOIR SHORT TERM STORAGE 
INCREASE 
 
This section investigated the potential for a short term increase of normal high water level at 
Viva Naughton Reservoir.  The issues investigated included the effects on wetlands, dam 
embankment modifications, emergency spillway modifications, greater sage-grouse effects, and 
historic trail effects.  The investigation considered a short term, three foot water level raise which 
would store 4,535 acre-feet.  
 
3.1 WETLAND SHORT TERM IMPACTS 
 
This section investigates the potential impacts of short term inundation of wetlands at Viva 
Naughton Reservoir.  An increase in normal high water level (NHWL) of three feet would store 
an additional 4,535 acre-feet.  This increase would raise the NHWL from 7242 feet to 7245 feet.  
At the maximum three foot increase of water level, a total of 83.7 acres of mapped wetlands 
would be inundated as shown in Figures 3.1 and 3.2.   
 
The high-water elevation associated with an approximate 3-foot raise of Viva Naughton Dam 
were reviewed in relation to wetland maps prepared from a delineation of the area previously 
conducted.  Based on this evaluation, wetland impacts would be limited to palustrine emergent 
wetlands (i.e. wetlands with herbaceous plants only), as no palustrine scrub-shrub wetlands are 
present within this inundation area.  It is also likely that many of these wetlands would not be 
impacted by raising the dam assuming that inundation periods would not be for substantial 
periods during the growing season.  The length of time that the water levels would have been 
increased was estimated using the hydrological model developed in previous work.  The model 
indicates that the increased storage pool would have been filled approximately 75% of the years.  
The average fill date would be June 1.  The estimated average reservoir levels and inundated 
wetlands would be: 
 

Table 3.1 
Viva Naughton Reservoir Levels and Inundated Wetlands 

 
Date Reservoir Level Additional Wetlands Inundated 
June 1 7245 83.7 acres 
July 1 7243.3 35.6 acres 
Aug 1 7241.9 0 acres 

 
The results indicate that 35.6 acres of wetlands would be inundated for 30 days, and zero acres of 
wetlands would be inundated for 60 days.  
 
The short term increase of normal high water level could have the long term effect of increasing 
the wetlands acreages as shown on Figure 3.3.  The water level increase could increase the 
wetland acreage by an estimated 36.8 acres.  These areas were mapped as upland species and 
currently are used primarily for hay production. 
 
The conclusions are that short term inundation should not negatively impact the existing 
wetlands and could have the indirect benefit of creating additional acreages of wetlands.  



Copyright:© 2011 National Geographic Society, i-cubed

Elevation

7248

7245

7242
CreatedWetlands

Upland Area

Sample Points

Figure 3.1
Viva Naughton Upstream

Wetland Locationsµ
0 500 1,000250 Feet



Source: Esri, i-cubed, USDA, USGS, AEX, GeoEye, Getmapping, Aerogrid,
IGN, IGP, and the GIS User Community

Legend

Elevation

7245

7242

Wetlands
Figure 3.2

Viva Naughton 
Short Term Wetland Impacts

83.67 Acres
µ

0 0.5 10.25 Miles



Source: Esri, i-cubed, USDA, USGS, AEX, GeoEye, Getmapping, Aerogrid,
IGN, IGP, and the GIS User Community

Legend

Elevation

7248

7245

7242
CreatedWetlands

Figure 3.3
Viva Naughton Potential Created Wetland 

36.83 Acresµ
0 500 1,000250 Feet



 

STATES WEST WATER RESOURCES CORPORATION 
Viva Naughton Level II, Phase II Report  42 
January 2013 

3.2 DAM EMBANKMENT EFFECTS 
 
The proposed three foot increase in normal high water level was reviewed by RJH consultants, 
geotechnical specialists for the project.  The results of preliminary static slope stability and 
seismic deformation analyses performed to evaluate the feasibility of raising the maximum 
normal pool elevation of Viva Naughton Reservoir from Elevation (El.) 7242 to El. 7245.  Their 
conclusions and recommendations follow. 
 
Slope stability analyses were performed in 2008 to evaluate a raise of Viva Naughton Dam to El. 
7265 (RJH, 2008).  The static slope stability of existing conditions were not modeled as part of 
the 2008 study.  The slope stability results for a dam raise (RJH, 2008) are provided in Section 
5.1.     
 
A simplified seismic deformation analysis was also performed in 2008 for the increased 
embankment height.  The 2008 analysis did not include local response spectra with multiple 
damping curves and therefore was very conservative.  The seismic deformation analysis was 
revised as part of this study using the same simplified method with the existing crest elevation; 
however, multiple damping ratio curves were used to reduce some of the uncertainty with the 
analysis. 
 
3.2.1 Slope Stability Analysis 
 
3.2.1.1 Embankment Geometry 
 
The existing dam geometry was based on information provided when the original work was 
completed by RJH (RJH, 2008).  The embankment has a crest width of 24 feet at El. 7249, with a 
total embankment height of 69 feet.  The embankment is composed of a low permeability core 
with clay, silt, and sand that is approximately 14 feet wide at the top (El. 7244).  The top of 
existing core is about 1 foot lower than the proposed raised normal reservoir pool elevation.  The 
upstream slope of the core is at 0.5 horizontal to 1.0 vertical (0.5H:1V) and the downstream 
slope is vertical.  There is a chimney drain immediately downstream of the core that is 11 feet 
wide below El. 7223 and 10 feet wide from El. 7223 to El. 7240.  The upstream shell consists of 
clayey and silty gravel and is 2H:1V above El. 7240 and 2.5H:1V below El. 7240.  The 
downstream shell also consists of clayey and silty gravel and is 2H:1V above El. 7210 and 
2.5H:1V below El. 7210.   
 
3.2.1.2 Material Properties 
 
The material properties developed for the dam raise evaluation (RJH, 2008) were used in this 
study.  The material properties are summarized in Table 3.2. 
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TABLE 3.2 
MATERIAL PROPERTIES 
 

Material 
 

Unit Weight 
(pcf) 

Drained Strength 
 

Undrained 
Strength 
 

Residual 
Strength 
 

Moist 
 

Saturated 
 

Ф’ 
(deg) 

c’ 
(psf) 

Ф 
(deg) 

C 
(psf) 

Фr 
(deg) 

cr 
(psf) 

Core 129 132 
Ф’1 = 36, c’ = 0 
Ф’2 = 23 
Normal =1,000 psf 

15 450 - - 

Drain 119 125 35 0 - - - - 
Shell 139 142 36 0 - - - - 
Foundation 
Soil 140 143 38 0 - - - - 

Bedrock 138 140 28 0 0 4,000 17 0 
 
3.2.1.3 Loading Conditions 
 
The following loading conditions were analyzed: 

 Existing normal pool, steady state seepage, peak bedrock strength 

 Existing normal pool, steady state seepage, residual bedrock strength 

 Raised pool, steady state seepage, peak bedrock strength 

 Raised pool, steady state seepage, residual bedrock strength 

 Raised pool, rapid drawdown, peak bedrock strength 

 Raised pool, rapid drawdown, residual bedrock strength 
 
3.2.2 Seismic Deformation Analysis 
 
The seismic deformation analysis was performed following the simplified procedure for 
estimating earthquake-induced deformations in dams and embankments by Makdisi and Seed 
(1977).  This procedure includes: 

 Developing the yield acceleration at multiple elevations of the embankment using 
stability modeling. 

 Developing standard acceleration response spectra for the site.  The spectra were 
developed using DEQAS-R, a computer program developed by the U.S. Army Corp of 
Engineers to generate standard acceleration response spectra and effective peak ground 
accelerations for seismic design.   

 Calculating the maximum crest acceleration and natural period of the embankment.  
Calculations used estimated shear wave velocities and shear moduli of the embankment 
materials developed from published values for similar materials. 
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 Estimating vertical deformation of the embankment crest using inputs developed in the 
previous steps and empirical relationships developed by Makdisi and Seed (1977).   

 
3.2.3 Results 
 
3.2.3.1 Results of Stability Analyses 
 
The results of the stability analyses are summarized in Table 3.3. 
 
TABLE 3.3 
STABILITY ANALYSIS RESULTS 
 

Loading Condition 

Calculated Factor of Safety Minimum 
Recommended 
Factor of 
Safety(2) 

Existing 
Conditions 

Raised 
Pool 

Dam 
Raise 
(2008)(1) 

Downstream Steady State Seepage with Peak 
Bedrock Strength 1.56 1.56 1.75 1.5 

Downstream Steady State Seepage with 
Residual Bedrock Strength 1.22 1.20 1.50 1.0 

Upstream Steady State Seepage with Peak 
Bedrock Strength - 1.79 1.48 1.5 

Upstream Steady State Seepage with Residual 
Bedrock Strength(4) - 1.88 1.79 1.0 

Upstream Rapid Drawdown with Peak Bedrock 
Strength - 1.24 1.19 1.3 

Upstream Rapid Drawdown with Residual 
Bedrock Strength - 1.52 1.15 1.0 

Notes:  
1. Results for the dam raise are from RJH (2008). 
2. Minimum required factor of safety according to the US Army Corps of Engineers, EM 1110-2-1902, 2003. 
3. “-“ means does not apply. 
4. Failure surface forced through bedrock, not critical failure surface. 
 
3.2.3.2 Results of Seismic Deformation Analysis 
 
Based on the results of the seismic deformation analysis, the estimated crest deformation is 
predicted to vary from 0.2 to 4.0 feet.  The analysis was performed for both the clay core 
material and the clayey silty gravel shell material.  The wide range of estimated deformation 
values is a reflection of the uncertainty of the shear wave velocity of the embankment materials. 
 
3.2.4 Conclusions 
 
Based on the results of our analyses, RJH offers the following conclusion: 

 Raising the reservoir has a negligible impact on the computed static slope stability of the 
embankment. 

 Raising the pool elevation to El. 7245 will raise the water about 1 foot above the top of 
the core, possibly causing water to flow over the core.  The flow over the core could also 
overwhelm the capacity of the chimney drain. 



 

STATES WEST WATER RESOURCES CORPORATION 
Viva Naughton Level II, Phase II Report  45 
January 2013 

 The maximum predicted seismic deformation is about 4 feet.  The residual freeboard after 
a seismic event could be zero feet. 

 
3.2.5 Recommendations 
 
RJH recommends the following based on the above stability analyses and our experience as 
geotechnical and dam engineers: 

 Complete a subsurface investigation to accomplish the following: 

o Collect samples of the shell material and perform grain size analyses, strength testing, 
and permeability testing.   

o Collect samples of the foundation bedrock and perform laboratory strength testing to 
establish residual strength.  

o Confirm the elevation of the top of the core in multiple locations.   

o Measure the shear wave velocities of the core and shell materials. 

 Reevaluate the stability of the embankment with strength properties developed from the 
results of the subsurface investigation. 

 Evaluate and design a method to extend the core to a higher elevation.  These could 
include a concrete or soil-bentonite cutoff wall. 

 Re-evaluate the seismic deformation with site-specific shear wave velocity data and a 
more rigorous analysis method. 

 
The existing embankment would be adequate for storing the additional three feet of storage.  
However, the remaining freeboard is insufficient to contain the probable maximum flood or 
normal wave action.  The proposed solution is the construction of a parapet wall along the 
reservoir side of the dam crest.  
 
The proposed design of the parapet wall is shown on Figure 3.4.  The top of the wall would be 
set at elevation 7253 feet, four feet above the existing crest.  The parapet wall would be 
connected to the existing dam core to prevent piping.  The total length of the parapet wall would 
be approximately 3,000 feet as shown on Figure 3.5. 
 
The retaining walls of the principal spillway as well as the walkway, gate operators and stems, 
electrical control panels, and conduits would have to be raised to the same level as the parapet 
wall as shown on Figure 3.6. 
 
3.3 EMERGENCY SPILLWAY 
 
The existing emergency spillway is an unlined 250 feet wide excavation on the right (west) 
abutment.  A fuse plug dike was installed previously to raise the reservoir level approximately 
two feet.   
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The emergency spillway would be modified to store the additional three feet of water and to 
safely pass the PMF.  An enlarged fuse plug is not recommended because of the potential for 
spillway releases that could exceed the inflow flood.  The recommended emergency spillway 
would incorporate a concrete crest as shown on Figure 3.5.  This crest would require that the 
spillway width be increased from 250 feet to 400 feet to safely pass the PMF.  The side slopes of 
the enlarged spillway excavation would be 3:1.   
 
3.4 GREATER SAGE GROUSE EFFECTS 
 
New disturbance associated with the proposed three foot short term water level raise would be 
approximately 65 acres.  The additional disturbance areas would be within a core sage grouse 
habitat population, and the effects of the additional inundation would occur in June and July.  
The previous section determined the existing surface disturbances in the DDCT area to be 
approximately 5,713.74 acres, which represents 8.61% of the DDCT analysis area and included 
the existing Viva Naughton and Kemmerer Reservoirs as well as extensive irrigated hayfields 
located along the Hamsfork River upstream of Viva Naughton.  The combined existing and 
proposed disturbance was approximately 5,778.74 acres, which represents approximately 8.7% 
of the DDCT analysis area.  The additional disturbance caused by the proposed three foot short 
term water level raise is fairly insignificant and would occur in June and July only and would 
more than likely not cause any permanent removal of sage grouse habitat; however, even without 
the new disturbance, the area of existing disturbance in the DDCT analysis area (8.61%) is 
already substantially above the 5% threshold.  The proposed three foot short term water level 
raise would more than likely not cause the permanent removal of sage grouse habitat, and would 
primarily inundate the wetland and riparian area north of Viva Naughton.   
 
3.5 HISTORIC TRAIL EFFECTS 
 
The Dempsey-Hockaday Trail in the vicinity of Viva Naughton Reservoir is shown on Figure 
3.7.  The potential short term three foot water level raise would inundate approximately 500 feet 
of “contributing segment” in Dempsey Creek.  The increased water level would parallel the 
contributing segment for approximately 2,500 feet. 









Source: Esri, i-cubed, USDA, USGS, AEX, GeoEye, Getmapping, Aerogrid, IGN, IGP, and the GIS User
Community
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3.6 COST ESTIMATE 
 
The cost estimate associated with a three foot water level raise was developed.  The detailed cost 
estimate is shown in Table 3.4.  The approximate total project cost has been estimated to be 
$5.5M.  The additional developed storage would be 4,535 acre-feet for a unit cost of $1,213 per 
acre-foot.  
 
Table 3.4 
Conceptual Cost Estimate 
Three Foot Water Level Raise 
 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $200,000 $200,000 
Parapet Wall Excavation/Fill CY 20,000 $10 $200,000 
Parapet Wall CY 4,500 $500 $2,250,000 
Emergency Spillway Excavation CY 120,000 $3 $360,000 
Emergency Spillway Crest & Slab CY 1000 $500 $500,000 
Principal Spillway Raise CY 50 $2000 $100,000 
          
Subtotal $3,610,000 
10% Engineering $361,000 
Subtotal $3,971,000 
15% Contingency $595,650 
Construction Cost Total $4,566,650 
Final Design and Specification Preparation $250,000 
Permitting $500,000 
Legal Fees $50,000 
Acquisition of Access and Rights of Way $100,000 
2012 Total Project Cost  $5,466,650 
USE $5,500,000 
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SECTION 4 – LOWER DEMPSEY BASIN RESERVOIR WATER DELIVERY 
ALTERNATIVES 
 
Alternative water delivery systems for the Lower Dempsey Basin Reservoir were analyzed.  The 
alternatives analyzed included: 
 

1. Canal system 
2. Pumping system 
3. Pump/turbine combination unit system 

 
A preliminary design was completed for each alternative.  Cost estimates were developed for a 
range of sizes for each alternative.  Each alternative is discussed in the following sections.  The 
general location of the each alternative is shown on Figure 4.01. 
 
4.1 ALTERNATIVE 1: CANAL SYSTEM 
This alternative would involve a river diversion and canal system to deliver water to the Lower 
Dempsey Basin Reservoir by gravity.  Previous hydrological modeling estimated that a canal 
capacity of at least 350 cfs would be required to fill the reservoir.  A range of canal sizes from 
250 cfs to 500 cfs was analyzed and would take 24 to 48 days to fill if the entire design flow was 
available the entire time.  
 
The reliability of the canal system is of major concern.  The canal route would be prone to 
collect snow due to the location and orientation.  The potential snow removal task could be 
daunting in large snow years.  If the canal is not opened by the time the diversion is in priority 
and water is available, significant yield to the reservoir could be lost.   
 
4.1.1 Preliminary Design 
A preferred route was identified and would incorporate a diversion structure, the canal, various 
canal structures, and a reservoir outlet.  The plan view and general details of a 500 cfs capacity 
canal system are shown on Figures 4.01 and 4.02.  The canal would be approximately 6 miles 
long.  The preliminary design shown on the figures was developed for a design flow of 500 cfs.  
As indicated on Figure 4.02, the typical canal section would have a 10-foot bottom width, 2:1 
side slopes, a 10-foot depth, and a slope of approximately 0.06 percent. 
 
The diversion structure would be located on a reach of river that is straight and near the west side 
of the valley.  The structure would consist of a 100-foot wide gated overflow section utilizing 
Obermeyer gates.  This type of structure would be designed to pond water only when the 
diversion would be operating.  During the remainder of the year, the gates would be lowered to 
stream level.  The gates would need to be 6-foot high in order to divert the required flow.  A 
solid crest constructed of roller compacted concrete (RCC) or grouted riprap would extend 
across the valley a sufficient distance to force all diverted flows to the structure.  A headgate 
structure would be constructed to divert the flows into the canal.  Overflow gates would be used 
to decant water from the upper level to minimize sediment entry to the canal.  A radial gate 
would be utilized to control flow to the canal. 
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Downstream of the diversion structure, a measuring flume would be constructed to measure 
canal flows.  An overflow structure would also be incorporated to prevent excess flows from 
overtopping the canal. 
 
An inverted siphon would be required to cross Wilkinson Creek.  The canal intersects numerous 
smaller drainages that will require drainage structures.  One canal drop structure was 
incorporated in the design.  Approximately 3 miles of canal are located in geological formations 
where seepage losses could be significant.  These areas would be lined with clay soils available 
in the reservoir area.  A drop structure would be constructed where the canal enters the reservoir. 
 
Conceptual designs for the diversion structure, headgate structure, measuring flume, overflow 
structures, inverted siphon, drainage structures, and drop structure can be found in Appendix I. 
 
4.1.2 Conceptual Cost Estimates 
Cost estimates based on the preliminary designs that were developed for the 250 cfs and 500 cfs 
systems are shown on Tables 4.01 and 4.02.  A graphical presentation of the data is shown on 
Figure 4.03.  The cost estimates were developed based on 2012 costs.  As indicated, the 
estimated total project costs (2012) range from $14.0 million to $18.7 million for the system size 
range. 
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Table 4.01 
Conceptual Cost Estimate 
Alternative 1: Canal System (250 cfs Capacity)  

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $475,000 $475,000 
Canal Earthwork CY 600,000 $5.50 $3,300,000 
Reclamation Ac 130 $1,600 $208,000 
24" Culverts LF 4,000 $150 $600,000 
4' Culverts LF 400 $125 $50,000 
6' Siphon Pipe LF 800 $625 $500,000 
6' Fittings Ea 4 $6,250 $25,000 
Concrete CY 150 $525 $78,750 
Diversion Dam LS - - $975,000 $975,000 
Canal Drop Structure LS - - $160,000 $160,000 
Reservoir Drop Structure LS - - $375,000 $375,000 
Canal Lining LF 15,000 $160 $2,400,000 
Wasteway LS - - $80,000 $80,000 
Wetland Mitigation Ac 10 $26,000 $260,000 
Riprap CY 8,000 $80 $640,000 
Flume LS - - $133,000 $133,000 
          
Subtotal $10,259,750 
10% Engineering $1,025,975 
Subtotal $11,285,725 
15% Contingency $1,692,859 
Construction Cost Total $12,978,584 
Final Design and Specification Preparation $525,000 
Permitting $265,000 
Legal Fees $106,000 
Acquisition of Access and Rights of Way $100,000 
2012 Total Project Cost $13,974,584 
USE $14,000,000 
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Table 4.02 
Conceptual Cost Estimate 
Alternative 1: Canal System (500 cfs Capacity)  
 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $700,000 $700,000 
Canal Earthwork CY 900,000 $5.50 $4,950,000 
Reclamation Ac 130 $1,600 $208,000 
24" Culverts LF 4,000 $150 $600,000 
4' Culverts LF 400 $125 $50,000 
8' Siphon Pipe LF 800 $1,050 $840,000 
8' Fittings Ea 4 $10,500 $42,000 
Concrete CY 200 $525 $105,000 
Diversion Dam LS - - $1,050,000 $1,050,000 
Canal Drop Structure LS - - $220,000 $220,000 
Reservoir Drop Structure LS - - $430,000 $430,000 
Canal Lining LF 15,000 $225 $3,375,000 
Wasteway LS - - $106,000 $106,000 
Wetland Mitigation Ac 10 $26,000 $260,000 
Riprap CY 10,000 $80 $800,000 
Flume LS - - $160,000 $160,000 
          
Subtotal $13,896,000 
10% Engineering $1,389,600 
Subtotal $15,285,600 
15% Contingency $2,292,840 
Construction Cost Total $17,578,440 
Final Design and Specification Preparation $650,000 
Permitting $265,000 
Legal Fees $106,000 
Acquisition of Access and Rights of Way $100,000 
2012 Total Project Cost $18,699,440 
USE $18,700,000 
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Figure 4.03 
Conceptual Cost Estimate 
Alternative 1: Canal System 

 
4.1.3 Operation and Maintenance Costs 
Operation and maintenance costs were estimated for the canal system.  The 2012 estimated 
operation and maintenance costs for the canal system are shown in Table 4.03.  The costs were 
based on four specific items: snow removal, day-to-day operation, routine maintenance, and 
structure maintenance. 
 

Table 4.03 
2012 Operation and Maintenance Costs  
Alternative 1: Canal System 
 

Item 250 cfs 
Capacity 

500 cfs 
Capacity 

Snow Removal $75,000 $100,000 
Day to Day Operation $40,000 $35,000 
Routine Maintenance $25,000 $25,000 
Structure Maintenance $10,000 $15,000 
Total 2012 O&M Costs $150,000 $175,000 

 
The first item would be for removing snow from the ditch in the spring to allow diversion to 
commence.  The location of the canal would tend to promote significant snow accumulation in 
the canal.  The system must be ready for operation by June 1 in average years.  It was estimated 
that three large excavators would require 30 days to open the canal. 
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The second item would involve the day-to-day operation of the canal during the reservoir filling.  
It was assumed that two people at half time would be required to ensure safe and efficient 
operation of the system. 
 
The third item would be routine maintenance of the canal system after canal operation is 
complete for the year.  It was assumed that two weeks would be needed for this work.  The work 
would include both personnel and equipment. 
 
The fourth item would be a structure maintenance sinking fund for the diversion structure and 
other structures on the system.  It was assumed that 0.5 percent of the structure construction costs 
would be required for this item. 
 
The total annual costs for 2012 thru 2042 in five year increments are presented in Tables 4.04 
and 4.05.  The annualized cost for the construction of the system was based on a loan interest 
rate of 4 percent and a 30-year term.  The annual payment will remain the same over time; 
however, operation and maintenance costs for this system were estimated to increase with 
inflation at an annual rate of 3%.  Similar to the life cycle costs; the total annual payment was 
calculated using two different methods.  First, the total annual payment was calculated for the 
entire project cost.  Second, the total annual payment was calculated assuming that WWDC 
would provide a standard 67 percent grant. 
 

Table 4.04 
Total Annual Costs 
Canal System-250 cfs Capacity-$14.0M 

Year 

Operation 
& 
Maintenace 
Costs 

Loan Annualized 
Costs 
(4% - 30 years) 

Total Annualized 
Costs 

2012 Present Worth 
(3% Inflation) 

No 
Grant 

67% 
Grant No Grant 

67% 
Grant 

No 
Grant 

67% 
Grant 

2012 $150,000 $810,000 $267,000 $960,000 $417,000 $960,000 $417,000 
2017 $174,000 $810,000 $267,000 $984,000 $441,000 $848,808 $380,411 
2022 $202,000 $810,000 $267,000 $1,012,000 $469,000 $753,019 $348,978 
2027 $234,000 $810,000 $267,000 $1,044,000 $501,000 $670,102 $321,572 
2032 $271,000 $810,000 $267,000 $1,081,000 $538,000 $598,528 $297,880 
2037 $314,000 $810,000 $267,000 $1,124,000 $581,000 $536,834 $277,491 
2042 $364,000 $810,000 $267,000 $1,174,000 $631,000 $483,673 $259,964 
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Table 4.05 
Total Annual Costs 
Canal System-500 cfs Capacity-$18.7M 

Year 

Operation 
& 
Maintenace 
Costs 

Loan Annualized 
Costs 
(4% - 30 years) 

Total Annualized 
Costs 

2012 Present Worth 
(3% Inflation) 

No Grant 
67% 
Grant No Grant 

67% 
Grant No Grant 

67% 
Grant 

2012 $175,000 $1,082,000 $357,000 $1,257,000 $532,000 $1,257,000 $532,000 
2017 $203,000 $1,082,000 $357,000 $1,285,000 $560,000 $1,108,454 $483,062 
2022 $235,000 $1,082,000 $357,000 $1,317,000 $592,000 $979,967 $440,501 
2027 $273,000 $1,082,000 $357,000 $1,355,000 $630,000 $869,720 $404,372 
2032 $316,000 $1,082,000 $357,000 $1,398,000 $673,000 $774,045 $372,627 
2037 $366,000 $1,082,000 $357,000 $1,448,000 $723,000 $691,579 $345,312 
2042 $425,000 $1,082,000 $357,000 $1,507,000 $782,000 $620,864 $322,174 

 
 
4.1.4 Life Cycle and Total Estimated Annual Cost 
The 2012 life cycle costs for the canal system are presented in Table 4.06.  The life cycle costs 
were determined for a period of 30 years.  This time frame is the same as the development of 
annual costs.  The life cycle costs assume that operation and maintenance costs will inflate by 3 
percent per year.  They also assume that there will be a 10 percent return on capital.  Life cycle 
costs were calculated using two different methods.  First, life cycle costs were calculated for the 
entire project cost.  Second, life cycle costs were calculated assuming that WWDC would 
provide a standard 67 percent grant. 
 

Table 4.06 
2012 Life Cycle Costs 
Canal System 

Item 250 cfs 500 cfs Item 250 cfs 500 cfs 
Construction Costs            
(No Grant) $14.0 M $18.7 M Construction Costs                

(With 67 Percent Grant) $4.6 M $6.2 M 

Operation & 
Maintenance $2.0 M $2.4 M Operation & Maintenance $2.0 M $2.4 M 

2012 Life Cycle Costs      
(No Grant) $16.0 M $21.1 M 2012 Life Cycle Costs         

(With 67 Percent Grant) $6.6 M $8.6 M 

 
4.2 ALTERNATIVE 2: PUMPING SYSTEM 
This system would involve pumping water from Viva Naughton Reservoir to Lower Dempsey 
Basin Reservoir as shown on Figure 4.01.  This arrangement would allow delivery of water at a 
more uniform rate over a longer period of time than a canal would.  Storage water from Viva 
Naughton Reservoir could be stored out of priority in Lower Dempsey Basin Reservoir. This 
would allow storage of Viva Naughton Reservoir in Lower Dempsey Basin Reservoir over a 
longer period of time.  Water pumped to Lower Dempsey Basin Reservoir would be exchanged 
for Viva Naughton Reservoir storage rights.  
 
Figure 4.04 shows the number of days required to deliver water to Lower Dempsey Basin 
Reservoir for various pumping rates.  The fill days required are shown for a maximum delivery 
volume of 24,180 acre-foot and an average annual delivery volume of 14,000 acre-foot.  The 



 

STATES WEST WATER RESOURCES CORPORATION 
Viva Naughton Level II, Phase II Report  61 
January 2013 

total average annual yield of 14,000 acre-foot was determined from the operation model 
developed in previous studies and includes all project demands.  The yield was the combined 
demands for industrial, irrigation, and municipal.  The maximum fill times for the 24,180 acre-
foot volume range from 163 days at a 75 cfs pumping rate to 41 days at a 300 cfs pumping rate. 
 
The optimum size pumping capacity would be the smallest capacity that would reliably fill the 
reservoir.  Based on this period the optimum size pump station would be approximately 150 cfs.  
A range of pump station sizes were analyzed, but the 150 cfs pump station was used for 
developing total project costs for the reservoir alternatives.  If the pump station were to be 
operated only during off-peak hours, the number of days to fill the reservoir would be three times 
as many.  
 

 
 
4.2.1 Preliminary Design 
This alternative would involve construction of an intake/pump station on Viva Naughton 
Reservoir and a pipeline from the pump station to Lower Dempsey Basin Reservoir.  The outlet 
works at Lower Dempsey Basin Dam would also have to be modified to accommodate the pump 
system.  A plan view of the system can be seen on Figure 4.05.  Conceptual drawings of the 
other components can be found in Appendix I. 
 
4.2.1.1 Intake/Pump Station 
The intake/pump station would be located at the confluence of Dempsey Creek and Viva 
Naughton reservoir as shown on Figure 4.05.  The example intake/pump station would have a 
pump rate of 150 cfs.  The lake intake would be set at a low elevation of 7,220 feet, the lowest 
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elevation to draw from at the location of the intake, which corresponds to an approximate storage 
of 19,000 acre-feet in Viva Naughton Reservoir.  The normal high water level of Viva Naughton 
is 7,242 feet, which corresponds to a storage of 45,184 acre-feet.  The finish floor elevation of 
the intake and pump station would be at 7,250 feet, which is the maximum high water level for 
Viva Naughton.  The channel of Dempsey Creek would probably have to be dredged to elevation 
7,220 feet to remove accumulated sediment. 
 
The intake would incorporate an inclined trash rack to exclude larger debris from the pump 
station.  The trash rack would be designed to minimize velocity through the racks and minimize 
potential plugging.  The racks would be manually cleared as required.  Sluice gates would be 
installed on the pump station sump to allow for dewatering of the sump. 
 
The pump sump would be approximately 30 feet deep and would incorporate multiple vertical 
turbine pumps.  The combination of pumps would deliver the design flows while providing for a 
standby pump.  The pumps would include variable frequency drives to match pumping rates and 
heads.  The pumps would discharge to a common header pipe that would connect the pipeline to 
Lower Dempsey Basin Reservoir.  The station horsepower for a 75 cfs capacity would be 
approximately 900 hp; a 150 cfs capacity station would require approximately 1,800 hp; and a 
300 cfs capacity station would require approximately 3,600 hp.  The electric power for the 
station was assumed to be available at the existing dam approximately 4 miles away.  A building 
would enclose the pumps, discharge piping, and electrical and control gear. 
 
4.2.1.2 Pipeline 
A pipeline approximately 4,500 feet long would connect the pump station discharge line to the 
Lower Dempsey Basin Reservoir outlet works.  The plan view of the pipeline is shown on Figure 
4.05.  The pipeline would be routed along Dempsey Creek and would require a crossing of 
Dempsey Creek/Viva Naughton Reservoir.  The creek crossing is required due to the optimum 
location of the pump station on the south shore of Viva Naughton Reservoir. The optimum pipe 
sizes would be 48-inch for a 75 cfs capacity pump station, 66-inch for a 150 cfs capacity pump 
station, and 84-inch for a 300 cfs capacity pump station.  The pipeline would be constructed of 
high density polyethylene pipe (HDPE) or steel pipe.  The pipeline would incorporate air-
vacuum valves, blow-off valves, and isolation valves. 
 
4.2.1.3 Lower Dempsey Basin Inlet/Outlet Works 
The outlet works for the Lower Dempsey Basin Reservoir would be modified from the diversion 
ditch alternative to incorporate the capability to serve as both inlet and outlet for the reservoir.  
The basic outlet works was designed to discharge to Dempsey Creek.  Modifications to the outlet 
works would include enlargement of the conduit, modifications of the outlet works control 
structure, and modification to the multi-level intake.  Each alternative pump station size would 
require additional outlet works costs. 
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4.2.2 Conceptual Cost Estimates 
Cost estimates based on the preliminary designs that were developed for the 75 cfs, 150 cfs, and 
300 cfs systems are shown on Tables 4.07 to 4.09.  A graphical presentation of the data is shown 
on Figure 4.06.  The cost estimates were developed based on 2012 costs.  As indicated, the 
estimated total project costs (2012) range from $11.4 million to $25.5 million for the system size 
range. 
 

Table 4.07 
Conceptual Cost Estimate 
Alternative 2: Pumping System (75 cfs Capacity, 900 HP) 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $425,000 $425,000 
Pump Station LS - - $3,000,000 $3,000,000 
48" Pipeline LF 5,000 $475 $2,375,000 
Pipeline Appurtenances LS - - $210,000 $210,000 
Reservoir Outlet Works Mod. LS - - $265,000 $265,000 
Water Crossings LF 400 $1,575 $630,000 
Dredging LS - - $535,000 $535,000 
Access Road LF 5,000 $42 $210,000 
Power Lines Mile 4 $100,000 $400,000 
Switchyard LS - - $105,000 $105,000 
          
Subtotal $8,155,000 
10% Engineering $815,500 
Subtotal $8,970,500 
15% Contingency $1,345,575 
Construction Cost Total $10,316,075 
Final Design and Specification Preparation $800,000 
Permitting $110,000 
Legal Fees $55,000 
Acquisition of Access and Rights of Way $25,000 
2012 Total Project Cost $11,306,075 
      USE $11,400,000 
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Table 4.08 
Conceptual Cost Estimate 
Alternative 2: Pumping System (150 cfs Capacity, 1800 HP) 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $635,000 $635,000 
Pump Station LS - - $5,350,000 $5,350,000 
66" Pipeline LF 5,000 $525 $2,625,000 
Pipeline Appurtenances LS - - $265,000 $265,000 
Reservoir Outlet Works Mod. LS - - $550,000 $550,000 
Water Crossings LF 400 $2,100 $840,000 
Dredging LS - - $535,000 $535,000 
Access Road LF 5,000 $42 $210,000 
Power Lines Mile 4 $100,000 $400,000 
Switchyard LS - - $210,000 $210,000 
          
Subtotal $11,620,000 
10% Engineering $1,162,000 
Subtotal $12,782,000 
15% Contingency $1,917,300 
Construction Cost Total $14,699,300 
Final Design and Specification Preparation $900,000 
Permitting $110,000 
Legal Fees $55,000 
Acquisition of Access and Rights of Way $25,000 
2012 Total Project Cost $15,789,300 
      USE $15,800,000 
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Table 4.09 
Conceptual Cost Estimate 
Alternative 2: Pumping System (300 cfs Capacity, 3600 HP) 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $950,000 $950,000 
Pump Station LS - - $9,650,000 $9,650,000 
84" Pipeline LF 5,000 $785 $3,925,000 
Pipeline Appurtenances LS - - $315,000 $315,000 
Reservoir Outlet Works Mod. LS - - $1,650,000 $1,650,000 
Water Crossings LF 400 $2,750 $1,100,000 
Dredging LS - - $535,000 $535,000 
Access Road LF 5,000 $42 $210,000 
Power Lines Mile 4 $100,000 $400,000 
Switchyard LS - - $440,000 $440,000 
          
Subtotal $19,175,000 
10% Engineering $1,917,500 
Subtotal $21,092,500 
15% Contingency $3,163,875 
Construction Cost Total $24,256,375 
Final Design and Specification Preparation $1,000,000 
Permitting $110,000 
Legal Fees $55,000 
Acquisition of Access and Rights of Way $25,000 
2012 Total Project Cost $25,446,375 
      USE $25,500,000 
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4.2.3 Power, Operation, and Maintenance Costs 
Yearly power, operation, and maintenance costs were developed for the pumping system.  The 
2012 estimated operation and maintenance costs for the pumping system are shown in Table 
4.10.  The costs were based on pumping an average annual delivery volume of 14,000 acre-feet.  
The costs were based on electrical power costs, operational personnel costs, and maintenance 
costs. 
 

Table 4.10 
2012 Power, Operation, and Maintenance Costs  
Alternative 2: Pumping System 

Item 75 cfs 
Capacity 

150 cfs 
Capacity 

300 cfs 
Capacity 

Power Costs $63,000 $73,000 $94,000 
Day to Day Operation $24,000 $20,000 $12,000 
Structure Maintenance $28,000 $38,000 $61,000 
Total 2012 O&M 
Costs $115,000 $131,000 $167,000 

 
The electrical power costs were determined based on the retail prices on file with the Public 
Service Commission.  These costs include basic charges, demand charges, load charges, and 
power costs.  For comparison purposes only, it was assumed that electrical power costs should be 
based on retail prices in spite of the potential that PacifiCorp would own and operate the system. 
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Operational costs were estimated based on two-person crews working two hours per day when 
the pump station is in operation.  The part time service was based on the probable availability of 
PacifiCorp personnel experienced in pump station operation. 
 
Structure maintenance sinking funds were based on 0.25 percent of the construction cost of the 
system.  This fund would pay for routine maintenance of the pumping systems. 
 
4.2.4 Total Estimated Annual and Life Cycle Cost 
The total annual costs for 2012 through 2042 for each system size are presented in Tables 4.11, 
4.12 and 4.13.  The annualized cost for each construction of the system was based on a loan 
interest rate of 4 percent and a 30-year term.  The annual payment would remain the same over 
time; however, operation and maintenance costs for this system could be expected to increase 
with inflation.  Similar to the life cycle costs, the total annual payment was calculated using two 
different methods.  First, the total annual payment was calculated for the entire project cost.  
Second, the total annual payment was calculated assuming that WWDC would provide a 
standard 67 percent grant.  
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Table 4.11 
Total 2012 Project Costs 
Alternate 2: Pump Station - 75 cfs System - 900 HP Pumps - $11.4 M 

Year 
Pumping Costs Total 

Power 
Cost per 
Year 

Operation & 
Maintenace 
Costs 
(3% 
Inflation) 

Loan Annualized 
Costs 
(4% - 30 years) 

Total Annual Costs 2012 Present Worth 
(3% Inflation) 

kWh/yr ¢/kWh 
(3%/yr) No Grant 

67% 
Grant No Grant 

67% 
Grant No Grant 

67% 
Grant 

2012 1.62 M 3.9 $63,180 $52,000 $660,000 $220,000 $775,180 $335,180 $775,180 $335,180 
2017 1.62 M 4.5 $72,900 $60,282 $660,000 $220,000 $793,182 $353,182 $684,207 $304,659 
2022 1.62 M 5.2 $84,240 $69,884 $660,000 $220,000 $814,124 $374,124 $605,781 $278,382 
2027 1.62 M 6.1 $98,820 $81,014 $660,000 $220,000 $839,834 $399,834 $539,056 $256,638 
2032 1.62 M 7.0 $113,400 $93,918 $660,000 $220,000 $867,318 $427,318 $480,217 $236,597 
2037 1.62 M 8.2 $132,840 $108,876 $660,000 $220,000 $901,716 $461,716 $430,669 $220,520 
2042 1.62 M 9.5 $153,900 $126,218 $660,000 $220,000 $940,118 $500,118 $387,316 $206,042 

 
Table 4.12 
Total 2012 Project Costs 
Alternate 2: Pump Station - 150 cfs System - 1800 HP Pumps - $15.8 M 

Year 
Pumping Costs Total 

Power 
Cost per 
Year 

Operation & 
Maintenace 
Costs 
(3% 
Inflation) 

Loan Annualized 
Costs 
(4% - 30 years) 

Total Annual Costs 2012 Present Worth 
(3% Inflation) 

kWh/yr ¢/kWh 
(3%/yr) No Grant 

67% 
Grant No Grant 

67% 
Grant No Grant 

67% 
Grant 

2012 1.62 M 4.5 $72,900 $58,000 $914,000 $300,000 $1,044,900 $430,900 $1,044,900 $430,900 

2017 1.62 M 5.2 $84,240 $67,238 $914,000 $300,000 $1,065,478 $451,478 $919,092 $389,449 
2022 1.62 M 6.0 $97,200 $77,947 $914,000 $300,000 $1,089,147 $475,147 $810,424 $353,552 
2027 1.62 M 7.0 $113,400 $90,362 $914,000 $300,000 $1,117,762 $503,762 $717,447 $323,345 
2032 1.62 M 8.1 $131,220 $104,754 $914,000 $300,000 $1,149,974 $535,974 $636,718 $296,758 
2037 1.62 M 9.4 $152,280 $121,439 $914,000 $300,000 $1,187,719 $573,719 $567,267 $274,014 
2042 1.62 M 10.9 $176,580 $140,781 $914,000 $300,000 $1,231,361 $617,361 $507,305 $254,345 

 
Table 4.13 
Total 2012 Project Costs 
Alternate 2: Pump Station - 300 cfs System – 3600 HP Pumps - $25.5 M 

Year 
Pumping Costs Total 

Power 
Cost per 
Year 

Operation & 
Maintenace 
Costs 
(3% 
Inflation) 

Loan Annualized 
Costs 
(4% - 30 years) 

Total Annual Costs 2012 Present Worth 
(3% Inflation) 

kWh/yr ¢/kWh 
(3%/yr) No Grant 

67% 
Grant No Grant 

67% 
Grant No Grant 

67% 
Grant 

2012 1.62 M 5.8 $93,960 $73,000 $1,475,000 $490,000 $1,641,960 $656,960 $1,641,960 $656,960 
2017 1.62 M 6.7 $108,540 $84,627 $1,475,000 $490,000 $1,668,167 $683,167 $1,438,978 $589,307 
2022 1.62 M 7.8 $126,360 $98,106 $1,475,000 $490,000 $1,699,466 $714,466 $1,264,556 $531,627 
2027 1.62 M 9.0 $145,800 $113,732 $1,475,000 $490,000 $1,734,532 $749,532 $1,113,326 $481,094 
2032 1.62 M 10.5 $170,100 $131,846 $1,475,000 $490,000 $1,776,946 $791,946 $983,860 $438,485 
2037 1.62 M 12.1 $196,020 $152,846 $1,475,000 $490,000 $1,823,866 $838,866 $871,097 $400,651 
2042 1.62 M 14.1 $228,420 $177,190 $1,475,000 $490,000 $1,880,610 $895,610 $774,787 $368,980 

 
The 2012 life cycle costs for Alternative 2 are presented in Table 4.14.  The life cycle costs were 
determined for a period of 30 years.  This time frame is the same as the development of annual 
costs.  The life cycle costs assume that power, operation, and maintenance costs will inflate by 3 
percent per year.  They also assume that there will be a 10 percent return on capital.  Life cycle 
costs were calculated using two different methods.  First, life cycle costs were calculated for the 
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entire project cost.  Second, life cycle costs were calculated assuming that WWDC would 
provide a standard 67 percent grant. 
 

Table 4.14 
2012 Life Cycle Costs 
Alternative 2: Pumping System 

Item 75 cfs 
Capacity 

150 cfs 
Capacity 

300 cfs 
Capacity Item 75 cfs 

Capacity 
150 cfs 
Capacity 

300 cfs 
Capacity 

Construction Costs 
(No Grant) $11.4 M $15.8 M $25.5 M Construction Costs 

(With 67 Percent Grant) $3.8 M $5.2 M $8.4 M 

Operation and 
Maintenance $3.0 M $3.4 M $4.3 M Operation and 

Maintenance $3.0 M $3.4 M $4.3 M 

2012 Life Cycle Costs 
(With 67 Percent Grant) $14.4 M $19.2 M $29.8 M 2012 Life Cycle Costs 

(With 67 Percent Grant) $6.8 M $8.6 M $12.7 M 

 
4.3 ALTERNATIVE 3: PUMPED STORAGE SYSTEM USING REVERSIBLE PUMPS/TURBINES 
This alternative would involve utilizing Viva Naughton Reservoir and Lower Dempsey Basin 
Reservoir for a pumped storage system.  Lower Dempsey Basin Reservoir would incorporate a 
power/recreation pool to operate effectively. 
 
This alternative system would operate on a year round basis, but the operation would vary with 
the time of year.  During the spring runoff period, the station would primarily operate in the 
pumping mode.  In an average runoff year, approximately 14,000 acre-feet would be delivered to 
Lower Dempsey Basin Reservoir.  The maximum delivery in a year would be 24,180 acre-feet if 
Lower Dempsey Basin Reservoir is at minimum pool and adequate runoff is available.  During 
late summer, the station would primarily operate in the power generation mode.  Most reservoir 
demands would occur in this time period. 
 
During the rest of the year, the station would operate in a pumped storage mode.  Water would 
be pumped to the Lower Dempsey Basin Reservoir during the off-peak hours of 11:00 PM to 
7:00 AM.  Water would be released from Lower Dempsey Basin Reservoir to generate power 
during the peak demand hours.  The power production could be timed to correspond with 
demands.  The output of the hydropower generator can be adjusted on short time frames. 
 
The minimum size of system necessary to reliably fill the reservoir alternatives was determined 
to be 150 cfs.  A range of system sizes were analyzed to determine the relative economic impacts 
of larger pump/turbine systems.  A 150 cfs pump/turbine system was used to develop reservoir 
cost estimates.  
 
4.3.1 Preliminary Design 
The location of the intake/reversible pump/turbine alternative is the same as for Alternative 2.  A 
plan view of the system can be seen on Figure 4.05.  Conceptual drawings of the other 
components can be found in Appendix I. 
 
The reversible pump/turbines would be located in a dry well.  Multiple units would be required 
to ensure that the Lower Dempsey Basin Reservoir could be filled when water was available.  
The pump/turbine units would connect to the pipeline to Lower Dempsey Basin Reservoir. 
 



 

STATES WEST WATER RESOURCES CORPORATION 
Viva Naughton Level II, Phase II Report  71 
January 2013 

The pump station in Alternative 2 was sized for optimum reservoir filing, whereas Alternative 3 
investigated a larger system to determine if it would be more economical with revenue 
generation. The pump/turbine system for a 150 cfs capacity would result in a maximum 1800 
horsepower pump capacity and a 1000 kW turbine capacity.  Similarly, the 300 cfs capacity 
would have 3600 horsepower pump capacity and 2000 kW turbine capacity.  The 500 cfs 
capacity would have 6000 horsepower pump capacity and 3300 kW turbine capacity.  
 
4.3.2 Conceptual Cost Estimates 
Cost estimates based on the preliminary designs that were developed for the 150 cfs, 300 cfs, and 
500 cfs systems are shown on Tables 4.15 to 4.17.  A graphical presentation of the data is shown 
on Figure 4.07.  The cost estimates were developed based on 2012.  As indicated, the estimated 
total project costs (2012) range from $19.0 million to $42.8 million for the system size range. 
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Table 4.15 
Conceptual Cost Estimate 
Alternative 3: Pumped Storage System Using Reversible Pumps/Turbines - 1800 HP/1000 kW (150 cfs 
Capacity) 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $650,000 $650,000 
Pump/Turbine Station LS - - $7,350,000 $7,350,000 
66" Pipeline LF 5,000 $600 $3,000,000 
Pipeline Appurtenances LS - - $220,000 $220,000 
Reservoir Outlet Works Mod. LS - - $535,000 $535,000 
Water Crossings LF 400 $2,200 $880,000 
Dredging LS - - $525,000 $525,000 
Access Road LF 5,000 $50 $250,000 
Power Lines Mile 4 $100,000 $400,000 
Switchyard LS - - $310,000 $310,000 
          
Subtotal $14,120,000 
10% Engineering $1,412,000 
Subtotal $15,532,000 
15% Contingency $2,329,800 
Construction Cost Total $17,861,800 
Final Design and Specification Preparation $1,375,000 
Permitting $110,000 
Legal Fees $55,000 
Acquisition of Access and Rights of Way $25,000 
2012 Total Project Cost $19,426,800 
USE $19,500,000 
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Table 4.16 
Conceptual Cost Estimate 
Alternative 3: Pumped Storage System Using Reversible Pumps/Turbines – 3600 HP/2000 kW (300 cfs 
Capacity) 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $1,000,000 $1,000,000 
Pump/Turbine Station LS - - $11,000,000 $11,000,000 
84" Pipeline LF 5,000 $825 $4,125,000 
Pipeline Appurtenances LS - - $330,000 $330,000 
Reservoir Outlet Works Mod. LS - - $1,600,000 $1,600,000 
Water Crossings LF 400 $2,650 $1,060,000 
Dredging LS - - $1,100,000 $1,100,000 
Access Road LF 5,000 $50 $250,000 
Power Lines Mile 4 $100,000 $400,000 
Switchyard LS - - $515,000 $515,000 
          
Subtotal $21,380,000 
10% Engineering $2,138,000 
Subtotal $23,518,000 
15% Contingency $3,527,700 
Construction Cost Total $27,045,700 
Final Design and Specification Preparation $1,500,000 
Permitting $110,000 
Legal Fees $55,000 
Acquisition of Access and Rights of Way $25,000 
2012 Total Project Cost $28,735,700 
USE $28,800,000 
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Table 4.17 
Conceptual Cost Estimate 
Alternative 3: Pumped Storage System Using Reversible Pumps/Turbines – 6000 HP/ 3300 kW (500 cfs 
Capacity) 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $1,500,000 $1,500,000 
Pump/Turbine Station LS - - $17,250,000 $17,250,000 
96" Pipeline LF 5,000 $1,100 $5,500,000 
Pipeline Appurtenances LS - - $450,000 $450,000 
Reservoir Outlet Works Mod. LS - - $3,250,000 $3,250,000 
Water Crossings LF 400 $3,200 $1,280,000 
Dredging LS - - $2,125,000 $2,125,000 
Access Road LF 5,000 $50 $250,000 
Power Lines Mile 4 $100,000 $400,000 
Switchyard LS - - $775,000 $775,000 
          
Subtotal $32,780,000 
10% Engineering $3,278,000 
Subtotal $36,058,000 
15% Contingency $5,408,700 
Construction Cost Total $41,466,700 
Final Design and Specification Preparation $2,000,000 
Permitting $110,000 
Legal Fees $55,000 
Acquisition of Access and Rights of Way $25,000 
2012 Total Project Cost $43,656,700 
USE $43,700,000 
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4.3.3 Power Costs and Hydropower Revenue 
The operation of this alternative as pumped storage would involve analysis of both power costs 
and hydropower revenue.  Power costs were estimated based on retail rates for off-peak usage.  
Because the system would both use and produce power, no basic charges, load size charges, 
demand charges, or reactive power charges were imposed.  Total power costs were determined 
by total kilowatt-hour usage and the energy charge. 
 
The hydropower revenues were determined utilizing the avoided rates on file with the Public 
Service Commission.  Because the power would be delivered in a controllable and reliable basis, 
the power was assumed to be firm.  Power revenues were based on the total kilowatt-hours 
produced, firm power rates, and the firm capacity price. The avoided rates on file did not extend 
to 2042.  The rates were extended assuming an inflation rate of 3%. 
 
The retail power rates and avoided power rates are not completely applicable if PacifiCorp is the 
owner and operator of the system.  The value of the generated power in the high demand periods 
would probably be greater than that represented by the avoided rates.  The methods used to 
estimate power costs and hydropower revenue for this study are conservative.  The benefits of 
the system are probably greater than presented in this section.  Total power costs and 
hydropower revenue are presented in Tables 4.19 through 4.21. 
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4.3.4 Operation and Maintenance Costs 
Yearly operation and maintenance costs were developed for the reversible pump/turbine systems.  
The 2012 estimated operation and maintenance costs for the pumped storage system are shown 
in Table 4.18.  The costs were based on operational personnel costs and maintenance costs. 
 

Table 4.18 
2012 Operation and Maintenance Costs  
Alternative 3: Pumped Storage System Using Reversible Pumps/Turbines 
 

Item 150 cfs 
Capacity 

300 cfs 
Capacity 

500 cfs 
Capacity 

Day to Day Operation $73,000 $73,000 $73,000 
Structure Maintenance $48,750 $72,000 $109,250 
Total 2012 O&M Costs $121,750 $145,000 $182,250 

 
Operational costs were estimated based on two-person crews working two hours per day.  The 
part time service was based on the probable availability of PacifiCorp personnel experienced in 
pump station operation. 
 
Structure maintenance sinking funds were based on 0.25 percent of the construction cost of the 
system.  This fund would pay for routine maintenance of the pumping systems. 
 
4.3.5 Total Estimated Annual and Life Cycle Cost 
The total annual costs for 2012 through 2042 are presented in Tables 4.19 through 4.21.  The 
annualized cost for the construction of the system was based on a loan interest rate of 4 percent 
and a 30-year term.  The annual payment will remain relatively the same over time; however, 
operation and maintenance costs for this system can be expected to increase with inflation.   
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Table 4.19 
Pumped Storage Total 2012 Project Costs - $19.5 M 
Alternative 3: Pump/Turbine Station - 150 cfs System - 1800 HP/1000kW  

Year 
Pumping Costs Generation Revenue 

Net Energy 
Revenue/Yr 

Operation & 
Maintenance 
Costs 

Loan Annualized 
Costs 
(4% - 30 years) 

Total Annual Costs 

kWh/Yr ¢/kWh 
(3%/yr)  Cost/Yr kWh/Yr ¢/kWh Energy 

Revenue/Yr 
Capacity 
Revenue/Yr 

Total 
Revenue/Yr No Grant 67% 

Grant No Grant 67% 
Grant 

2012 4.48 M 2.81 $125,888 2.56 M 3.26 $83,456 $24,120 $107,576 -$18,312 $121,750 $1,128,000 $372,240 $1,268,062 $512,302 
2017 4.48 M 3.26 $146,048 2.56 M 6.05 $154,880 $105,480 $260,360 $114,312 $141,142 $1,128,000 $372,240 $1,154,830 $399,070 
2022 4.48 M 3.78 $169,344 2.56 M 6.74 $172,544 $115,080 $287,624 $118,280 $163,622 $1,128,000 $372,240 $1,173,342 $417,582 
2027 4.48 M 4.38 $196,224 2.56 M 7.42 $189,952 $125,760 $315,712 $119,488 $189,683 $1,128,000 $372,240 $1,198,195 $442,435 
2032 4.48 M 5.08 $227,584 2.56 M 8.20 $209,920 $137,280 $347,200 $119,616 $219,894 $1,128,000 $372,240 $1,228,278 $472,518 
2037 4.48 M 5.88 $263,424 2.56 M 9.51 $243,456 $145,800 $389,256 $125,832 $254,917 $1,128,000 $372,240 $1,257,085 $501,325 
2042 4.48 M 6.82 $305,536 2.56 M 11.02 $282,112 $168,960 $451,072 $145,536 $295,519 $1,128,000 $372,240 $1,277,983 $522,223 

 
Table 4.20 
Pumped Storage Total 2012 Project Costs - $28.8 M 
Alternative 3: Pump/Turbine Station - 300 cfs System - 3600 HP/2000kW  

Year 
Pumping Costs Generation Revenue 

Net Energy 
Revenue/Yr 

Operation & 
Maintenance 
Costs 

Loan Annualized 
Costs 
(4% - 30 years) 

Total Annual Costs 

kWh/Yr ¢/kWh 
(3%/yr)  Cost/Yr kWh/Yr ¢/kWh Energy 

Revenue/Yr 
Capacity 
Revenue/Yr 

Total 
Revenue/Yr No Grant 67% 

Grant No Grant 67% 
Grant 

2012 8.96 M 2.81 $251,776 5.12 M 3.26 $166,912 $48,240 $215,152 -$36,624 $145,000 $1,666,000 $549,780 $1,847,624 $731,404 
2017 8.96 M 3.26 $292,096 5.12 M 6.05 $309,760 $210,960 $520,720 $228,624 $168,095 $1,666,000 $549,780 $1,605,471 $489,251 
2022 8.96 M 3.78 $338,688 5.12 M 6.74 $345,088 $230,160 $575,248 $236,560 $194,868 $1,666,000 $549,780 $1,624,308 $508,088 
2027 8.96 M 4.38 $392,448 5.12 M 7.42 $379,904 $251,520 $631,424 $238,976 $225,905 $1,666,000 $549,780 $1,652,929 $536,709 
2032 8.96 M 5.08 $455,168 5.12 M 8.20 $419,840 $274,560 $694,400 $239,232 $261,886 $1,666,000 $549,780 $1,688,654 $572,434 
2037 8.96 M 5.88 $526,848 5.12 M 9.51 $486,912 $291,600 $778,512 $251,664 $303,598 $1,666,000 $549,780 $1,717,934 $601,714 
2042 8.96 M 6.82 $611,072 5.12 M 11.02 $564,224 $337,920 $902,144 $291,072 $351,953 $1,666,000 $549,780 $1,726,881 $610,661 
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Table 4.21 
Pumped Storage Total 2012 Project Costs - $43.7 M 
Alternative 3: Pump/Turbine Station - 500 cfs System - 6000 HP/3300kW 

Year 
Pumping Costs Generation Revenue 

Net Energy 
Revenue/Yr 

Operation & 
Maintenance 
Costs 

Loan Annualized 
Costs 
(4% - 30 years) 

Total Annual Costs 

kWh/Yr ¢/kWh 
(3%/yr)  Cost/Yr kWh/Yr ¢/kWh Energy 

Revenue/Yr 
Capacity 
Revenue/Yr 

Total 
Revenue/Yr No Grant 67% 

Grant No Grant 67% 
Grant 

2012 14.92 M 2.81 $419,252 8.52 M 3.26 $277,752 $79,596 $357,348 -$61,904 $182,250 $2,527,000 $833,910 $2,771,154 $1,078,064 
2017 14.92 M 3.26 $486,392 8.52 M 6.05 $515,460 $348,084 $863,544 $377,152 $211,278 $2,527,000 $833,910 $2,361,126 $668,036 
2022 14.92 M 3.78 $563,976 8.52 M 6.74 $574,248 $379,764 $954,012 $390,036 $244,929 $2,527,000 $833,910 $2,381,893 $688,803 
2027 14.92 M 4.38 $653,496 8.52 M 7.42 $632,184 $415,008 $1,047,192 $393,696 $283,940 $2,527,000 $833,910 $2,417,244 $724,154 
2032 14.92 M 5.08 $757,936 8.52 M 8.20 $698,640 $453,024 $1,151,664 $393,728 $329,164 $2,527,000 $833,910 $2,462,436 $769,346 
2037 14.92 M 5.88 $877,296 8.52 M 9.51 $810,252 $481,140 $1,291,392 $414,096 $381,591 $2,527,000 $833,910 $2,494,495 $801,405 
2042 14.92 M 6.82 $1,017,544 8.52 M 11.02 $938,904 $557,568 $1,496,472 $478,928 $442,369 $2,527,000 $833,910 $2,490,441 $797,351 
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Similar to the life cycle costs, the total annual payment was calculated using two different 
methods.  First, the total annual payment was calculated for the entire project cost.  Second, the 
total annual payment was calculated assuming that WWDC would provide a standard 67 percent 
grant. 
 
The 2012 life cycle costs for Alternative 3 are presented in Table 4.22.  The life cycle costs were 
determined for a period of 30 years.  This time frame is the same as the development of annual 
costs.  The life cycle costs assume that power, operation, and maintenance costs would inflate by 
3 percent per year.  Life cycle costs were calculated using two different methods.  First, life cycle 
costs were calculated for the entire project cost.  Second, life cycle costs were calculated 
assuming that WWDC would provide a standard 67 percent grant. 
 

Table 4.22 
2012 Life Cycle Costs 
Alternative 3: Pumped Storage System Using Reversible Pumps/Turbines 
 

Item 150 cfs 
Capacity 

300 cfs 
Capacity 

500 cfs 
Capacity 

Construction Costs $19.5 M $28.8 M $43.7 M 
Operation and Maintenance $3.1 M  $3.6 M $4.6 M 
Energy Revenue -$1.6 M -$3.2 M -$5.3 M 
2012 Life Cycle Costs $21.0 M $29.2 M $43.0 M 

Item 150 cfs 
Capacity 

300 cfs 
Capacity 

500 cfs 
Capacity 

Construction Costs 
(With 67 Percent Grant) 

$6.4 M $9.5 M $14.4 M 

Operation and Maintenance $3.1 M $3.6 M $4.6 M 
Energy Revenue -$1.6 M -$3.2 M -$5.3 M 
2012 Life Cycle Costs 
(With 67 Percent Grant) 

$7.9 M $9.9 M $13.7 M 

 
4.3.6 Avoided Rates 
The analysis of the pumped/storage system indicates issues which could not be addressed in this 
study.  The avoided rates on file with the Public Service Commission increase at a rate 
substantially lower than the assumed rate of inflation of retail power.  This relationship causes 
the analysis to indicate that the financial feasibility of the installation decreases with time.  
 
The capability of the pumped/storage system to deliver power at times and rates needed by the 
system should increase the value of the generated power.  Based on the increased retail costs for 
peak time usage, the revenue rates should be higher and increase similar to the retail rates.  A 
2012 hydropower revenue rate of 10 cents per kWh increased at 3 percent per year could be a 
more realistic value of the power.  The annual costs for the 150 cfs system were revised to reflect 
the higher revenue rates in Table 4.23.  This analysis indicates that the value of the 
pumped/storage system could be substantially more favorable.  
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Table 4.23 
Pumped Storage Total 2012 Project Costs - $19.5 M - Revised Avoided Rates 
Alternative 3: Pump/Turbine Station - 150 cfs System - 1800 HP/1000kW  

Year 
Pumping Costs Generation Revenue Operation & 

Maintenance 
Costs 

Net 
Revenue/Yr 

Loan Annualized 
Costs 
(4% - 30 years) 

Total Annual Costs 

kWh/Yr ¢/kWh 
(3%/yr)  Cost/Yr kWh/Yr ¢/kWh 

(3%/Yr) 
Energy 
Revenue/Yr No Grant 

67% 
Grant No Grant 

67% 
Grant 

2012 4.48 M 2.81 $125,888 2.56 M 10.00 $256,000 $120,000 $10,112 $1,128,000 $372,240 $1,117,888 $362,128 
2017 4.48 M 3.26 $146,048 2.56 M 11.59 $296,704 $139,113 $11,543 $1,128,000 $372,240 $1,116,457 $360,697 
2022 4.48 M 3.78 $169,344 2.56 M 13.44 $344,064 $161,270 $13,450 $1,128,000 $372,240 $1,114,550 $358,790 
2027 4.48 M 4.38 $196,224 2.56 M 15.58 $398,848 $186,956 $15,668 $1,128,000 $372,240 $1,112,332 $356,572 
2032 4.48 M 5.08 $227,584 2.56 M 18.06 $462,336 $216,733 $18,019 $1,128,000 $372,240 $1,109,981 $354,221 
2037 4.48 M 5.88 $263,424 2.56 M 20.94 $536,064 $251,253 $21,387 $1,128,000 $372,240 $1,106,613 $350,853 
2042 4.48 M 6.82 $305,536 2.56 M 24.27 $621,312 $291,271 $24,505 $1,128,000 $372,240 $1,103,495 $347,735 
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4.4 ALTERNATIVE DELIVERY SYSTEM COMPARISONS 
The 2012 life cycle costs for all the alternatives are presented in Table 4.24.  The life cycle costs 
assume that power, operation, and maintenance costs will inflate by 3 percent per year.  Life 
cycle costs were calculated using two different methods.  First, life cycle costs were calculated 
for the entire project cost.  Second, life cycle costs were calculated assuming that WWDC would 
provide a standard 67 percent grant. 
 
 The following trends and conclusions can be drawn from the information in this section. 
 

1. The probable optimum size of Alternative 1: Canal System would be approximately 350 
cfs.  This size would be required to fill the reservoir on a dependable basis.  The annual 
costs increase with time because of the high operation and maintenance costs.  This 
alternative does not have a high dependability due to the difficulties of snow removal to 
open the canal. 

 
2. The probable optimum size of Alternative 2: Pumping System would be approximately 

150 cfs.  This size range would require 50 days to deliver the average fill of 14,000 acre-
feet and 81 days to deliver the maximum fill of 24,180 acre-feet.  The annual costs 
increase with the system size and time so the smallest system that can reliably deliver the 
water would be optimum.  The 150 cfs system was used for economic comparisons. 

 
3. The probable optimum size of Alternative 3: Pumped Storage System Using Reversible 

Pumps/Turbines would also be approximately 150 cfs.  The annual costs indicate larger 
sizes of systems are more costly.  The potential value of the pumped storage to 
PacifiCorp may be higher than that determined by utilizing filed avoided rates.  The 
generation capacity could be available nearly instantaneously to help meet peak demand 
periods.  The 150 cfs system was used for economic analysis of the reservoirs. 

 
4. The life cycle costs for the study period do not heavily favor any of the alternatives.  

Based on the potential benefits of revenue generation for the pumped storage alternative, 
we recommend pursuing Alternative 3: Pumped Storage System Using Reversible 
Pumps/Turbines.  The optimum project size would be the 150 cfs system.  Alternative 3 
requires that the power/recreation pool be incorporated into the dam design. 
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Table 4.24 
2012 Life Cycle Costs 
All Alternatives 
 

Alternative Capacity
(cfs) 

Construction 
Cost 
(No Grant) 

Operation 
and 
Maintenance 

Energy Cost/ 
Revenue 

Total Life 
Cycle Costs 

Alternative #1: 
Canal System 

250 $14.0 M $2.0 M $0 $16.0 M 
500 $18.7 M $2.4 M $0 $21.1 M 

Alternative #2: 
Pumping System 

75 $11.4 M $1.4 M $1.6 M $14.4 M 
150 $15.8 M $1.5 M $1.9 M $19.2 M  
300 $25.2 M $1.9 M $2.4 M $29.8 M 

Alternative #3: 
Pumped Storage System Using 
Reversible Pumps/Turbines 

150 $19.5 M $3.1 M $ -1.6 M $21.0 M 
300 $28.8 M $3.6 M $ -3.2 M $29.2 M 
500 $43.7 M $4.7 M $ -4.3 M $44.1 M 

 

Alternative Capacity
(cfs) 

Construction 
Cost (67% 
Grant) 

Operation 
and 
Maintenance 

Energy Cost/ 
Revenue 

Total Life 
Cycle Costs 

Alternative #1: 
Canal System 

250 $4.6 M $2.0 M $0 $6.6 M 
500 $6.2 M $2.4 M $0 $8.6 M 

Alternative #2: 
Pumping System 

75 $3.8 M $1.4 M $1.6 M $6.8 M 
150 $5.2 M $1.5 M $1.9 M $8.6 M 
300 $8.4 M $1.9 M $2.4 M $12.7 M 

Alternative #3: 
Pumped Storage System Using 
Reversible Pumps/Turbines 

150 $6.4 M $3.1 M $ -1.6 M $7.9 M 
300 $9.5 M $3.6 M $ -3.2 M $9.6 M 
500 $14.4 M $4.7 M $ -4.3 M $14.8 M 
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Table 4.25 
2012 Payment 
All Alternatives 
 

Alternative Capacity
(cfs) 

Construction 
Loan 
Payment 
(No Grant) 

Operation 
and 
Maintenance 

Energy 
Revenue/Cost 

Total 2012 
Payment 

Alternative #1: 
Canal System 

250 $810,000 $150,000 $0 $960,000 
500 $1,082,000 $175,000 $0 $1,257,000 

Alternative #2: 
Pumping System 

75 $660,000 $115,000 $0 $775,000 
150 $914,000 $131,000 $0 $1,045,000 
300 $1,475,000 $167,000 $0 $1,642,000 

Alternative #3: 
Pumped Storage System Using 
Reversible Pumps/Turbines 

150 $1,128,000 $120,000 $18,000 $1,266,000 
300 $1,666,000 $139,000 $37,000 $1,842,000 
500 $2,527,000 $180,000 $62,000 $2,769,000 

 

Alternative Capacity
(cfs) 

Construction 
Loan 
Payment 
(67% Grant) 

Operation 
and 
Maintenance 

Energy 
Revenue 

Total 2012 
Payment 

Alternative #1: 
Canal System 

250 $267,000 $150,000 $0 $417,000 
500 $357,000 $175,000 $0 $532,000 

Alternative #2: 
Pumping System 

75 $220,000 $115,000 $0 $335,000 
150 $300,000 $131,000 $0 $431,000 
300 $490,000 $167,000 $0 $657,000 

Alternative #3: 
Pumped Storage System Using 
Reversible Pumps/Turbines 

150 $372,000 $120,000 $18,000 $510,000 
300 $550,000 $139,000 $37,000 $726,000 
500 $834,000 $180,000 $62,000 $1,076,000 
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SECTION 5 – LOWER DEMPSEY BASIN RESERVOIR 
 
This section of the report presents the results of the analysis of the Lower Dempsey Basin 
Reservoir.  The items discussed include: 
 

 Reservoir storage volume 
 Geological and geotechnical investigations 
 Geotechnical evaluations 
 Conceptual embankment design 
 Flood hydrology and operating levels 
 Conceptual outlet works and primary spillway design 
 Conceptual emergency spillway design 
 Viva Naughton emergency spillway modification design 
 Wetland and riparian mitigation investigation 
 Historic trail effect investigation 
 Fishery impact investigation 
 Greater Sage Grouse Impacts 
 Sensitive Species, Riparian Areas and Big Game Habitat 
 Conceptual cost estimates 

 
5.1 RESERVOIR STORAGE VOLUME 
The minimum storage volume previously considered for Lower Dempsey Basin Reservoir was 
24,180 acre-feet, which would be entirely active storage meaning that the reservoir could be 
drained.  However, Lower Dempsey Basin Reservoir would be significantly enhanced with a 
minimum pool.  From a recreation standpoint, a recreation pool would be desirable to maintain a 
minimum fishery pool and minimize yearly water fluctuations.  An adequate recreation pool 
usually comprises 25 to 30 percent of the total reservoir storage.  On this basis, a minimum pool 
of 10,000 acre-feet would be desirable. 
 
The feasibility of hydropower generation is dependent on the existence of a power pool at Lower 
Dempsey Basin Reservoir.  Without a significant minimum pool, the head available to generate 
power would not be adequate.  From October 1 to June 1, the reservoir level could be quite low 
without the minimum pool.  A power/recreation pool of 10,000 acre-feet would furnish adequate 
head for a hydropower unit and minimize head fluctuations. 
 
A capacity curve for Lower Dempsey Basin Reservoir is shown on Figure 5.01.  This figure 
shows that a reservoir with a 24,180 acre-foot capacity would have a NHWL elevation of 7,315 
feet.  A capacity of 25,238 acre-feet (which would incorporate the storage right from Kemmerer 
Reservoir) can be attained by setting the NHWL elevation at 7,316 feet.  A capacity of 35,238 
acre-feet (which would incorporate both the storage right from Kemmerer Reservoir and a 
10,000 acre-foot power/recreation pool) can be attained by setting the NHWL elevation at 7,327 
feet.  Table 5.01 details reservoir elevations for various capacities.  Conceptual designs and cost 
estimates will be developed for the 24,180 acre-foot and 35,238 acre-foot capacities. 
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Table 5.01 
Lower Dempsey Reservoir Elevations for Various Capacities 
 
Reservoir Size 24,180 acre-feet 25,238 acre-feet 35,238 acre-feet 
NHWL Elevation 7,315 feet 7,316 feet 7,327 feet 
Spillway Invert Elevation 7,317 feet 7,318 feet 7,329 feet 
Top of Dam Elevation 7,323 feet 7,324 feet 7,335 feet 
Freeboard 8 feet 8 feet 8 feet 

 
5.2 GEOLOGICAL AND GEOTECHNICAL INVESTIGATIONS 
Geological and geotechnical investigations included review of published and unpublished 
geotechnical and geological data at and near the dam and reservoir, photogeologic interpretation 
and field geologic mapping, subsurface investigations, laboratory testing and engineering 
evaluations to develop a preliminary interpretation of the subsurface conditions that are likely to 
impact dam and reservoir design and construction. 
 
Two alignment locations were reviewed for potential embankment sites as generally shown on 
Figure 5.02.  The original alignment considered was used for the field evaluation consisting of 
completed boreholes and test pits.  The alternate location is approximately 600 feet downstream 
and was selected because it is located along a narrower part of the valley, which would allow for 
less required material for construction. 
 
5.2.1 Field Investigations 
Field investigations consisted of geologic field mapping, drilling three exploratory boreholes, 
and excavating sixteen test pits.  Subsurface explorations were impeded by restrictions that 
prevented crossing the Dempsey-Hockaday Trail, the limited areas where boreholes and test pits 
could be located, and the requirements for access to the dam site area. 
 
Borehole locations are shown on Figure 5.03 and are summarized in Table 5.02.  Final borehole 
logs are presented in Appendix A.2 and rock core descriptors are defined in Appendix A.1.  Field 
boring logs and photographs are presented in the Engineering Geologic Investigations Technical 
Memorandum in Appendix H.  The final boring logs include appropriate modifications to the 
field logs based on the laboratory test results.   
 

Table 5.02 
Summary of Boreholes 
 

Borehole ID General Location 
Approximate 
Ground Surface
Elevation1 (feet) 

Approximate 
Depth to 
Bedrock (feet) 

Total Depth 
of Boring (feet) 

B-101 Right Abutment 7,318 5 70 
B-102 Valley Bottom 7,255 13 70 
B-103 Left Abutment; Landslide 7,278 14.2 16.5 
1. Ground surface elevations are based on interpretation of site-specific topography produced by Crank 

Companies, Incorporated. 
 
Test pit locations are shown on Figure 5.03 and are summarized in Table 5.03.  Final test pit logs 
are presented in Appendix B.  Field test pit logs and photographs are presented in the 
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Engineering Geologic Investigations Technical Memorandum in Appendix H.  The final test pit 
logs include appropriate modifications to the field logs based on the laboratory test results. 
 

Table 5.03 
Summary of Test Pits 
 

Test Pit ID General Location 
Approximate 
Ground Surface
Elevation1 (feet) 

Approximate 
Depth to 
Bedrock (feet) 

Total Depth 
of Test Pit (feet) 

DBTP-1 Left Abutment 7,334 2.9 6.5 
DBTP-2 Left Abutment; Landslide 7,312 1.2 9.7 
DBTP-3 Left Abutment; Landslide 7,290 N/A 13 
DBTP-4 Left Abutment; Landslide 7,271 N/A 12 
DBTP-5 Left Abutment; Landslide 7,261 N/A 9 
DBTP-6 Valley Bottom 7,255 N/A 11 
DBTP-7 Valley Bottom 7,257 N/A 10.9 
DBTP-8 Left Abutment 7,267 4 8 
DBTP-9 Left Abutment 7,302 1 7.5 
DBTP-10 Left Abutment 7,278 3.6 7 
DBTP-11 Potential Borrow Area 7,332 N/A 9.5 
DBTP-12 Potential Borrow Area 7,312 N/A 8 
DBTP-13 Right Abutment; Spillway 7,329 6 10.2 
DBTP-14 Right Abutment 7,320 2.8 9.7 
DBTP-15 Right Abutment; Spillway 7,309 N/A 9.5 
DBTP-16 Right Abutment; Spillway 7,309 6.2 9.5 
1. Ground surface elevations are based on interpretation of site-specific topography produced by Crank 

Companies, Incorporated. 
 
5.2.2 Laboratory Testing 
Laboratory tests were performed on representative samples of rock recovered from the borings 
and test pits.  Test results are presented in Appendix C and are summarized in Table 5.04. 
 
5.2.3 Regional Geology 
The dam and reservoir site are located along the southern portion of the Overthrust Belt, which is 
an area of complex structural folding and faulting that includes a series of overthrust sheets 
bounded by thrust faults.  The dam and reservoir site are underlain by the Wasatch formation.  
The Wasatch Formation is Eocene aged (33 to 55 million years old), which is a relatively young 
bedrock unit.  Bedrock is generally covered with a thin (less than 6-feet thick) layer of alluvium 
or colluvium. 
 
Within the dam and reservoir site, the Wasatch formation locally includes a subunit known as the 
Tunp Member that intertongues with other members of the Wasatch and Green River formations.  
The Tunp Member is described as a red, conglomeratic, sandy mudstone that contains angular to 
well rounded, pebble- to boulder-sized clasts.  The clasts are generally matrix supported, 
unsorted, and not oriented along bedding planes.  The Tunp Member probably originated as 
mudflow and debris flows and from gravity sliding (McGrew and Casilliano, 1975). 
 
 



 

 

Table 5.04 
Summary of Dempsey Basin Laboratory Test Results 
 

Borehole or 
Test Pit ID 

Sample 
ID 

Sample 
Depth 
Interval 
(feet) 

General 
Description 

Natural 
Moisture 
Content 
(percent) 

Dry Unit 
Weight 
(pcf) 

Atterberg Limits Gradation 

Liquid 
Limit 
(percent) 

Plasticity 
Index 
(percent) 

Percent 
Gravel 
(+No. 4) 

Percent 
Sand 
(-No. 4 to 
+No. 200) 

Percent 
Fines 
(-No. 200) 

Mudstone 
B-101 Core-1 21.2-22.0 Mudstone 9.1 133.1 28.4 14.1 0.9 32.0 67.1 
B-101 Core-2 28.8-30.0 Silty Mudstone 10.1 130.3 34.2 23.4 0.6 7.3 92.1 
B-101 Core-3 40.6-41.5 Mudstone 13.8 123.5      
B-101 Core-4 59.2-60.0 Mudstone 10.2 132.3      
B-102 Core-3 45.0-46.4 Silty Mudstone 7.0 139.6 28.4 15.2 0.6 35.4 64.0 
B-102 Core-4 62.4-63.4 Silty Mudstone 11.9 129.2      
DBTP-8 Bulk-1 4.0-8.0 Mudstone (CL)   47.7 34.7 0.0 5.4 94.6 
Siltstone 
B-102 Core-1 20.0-20.7 Siltstone 7.8 136.6 39.7 27.9 0.0 36.4 63.6 
B-102 Core-2 36.9-37.8 Siltstone 11.9 126.1 28.4 15.2 0.6 35.4 64.0 
 

Borehole or 
Test Pit ID 

Sample 
ID 

Compaction Test Results Shear Strength Test Results 

Standard 
Proctor 
Test Method 

Optimum 
Moisture 
Content 
(percent) 

Maximum 
Dry Density 
(pcf) 

Effective 
Strength 

Total 
Strength 

Peak 
Unconfined 
Compressive 
Strength (ksf) ˜’ (deg) c’ (psf) ˜ T (deg) cT 

(psf) 
Mudstone   
B-101 Core-1        8.4 
B-101 Core-2        18.8 
B-101 Core-3        14.3 
B-101 Core-4        14.8 
B-102 Core-3        116.9 
B-102 Core-4        39.9 

DBTP-8 Bulk-1 A 16.7 112.6 20(1) 0(1) 20(2)

11.5(3) 
0(2)

0(3)  

Siltstone   
B-102 Core-1         
B-102 Core-2         
1. Consolidated undrained tests were performed on three samples remolded between 95 and 96 percent of standard Proctor maximum dry density at between 

optimum and +2 percent moisture content with the following confining pressures: 8,000, 4,000, and 1,500 psf. 
2. Shear strength for consolidation stresses between 0 and 2,330 psf. 
3. Shear strength for consolidation stresses greater than 2,330 psf. 
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The cap rock in the higher plateau (Hams Fork Plateau) located west and southwest of the 
Dempsey Basin dam site is mapped as the Fossil Butte Member of the Green River formation 
(Eocene).  The Fossil Butte Member is exposed as a resistant bluff characterized as a tan to 
brown and gray sequence of limestone, marlstone, and siltstone that is up to 200 feet thick 
(M’Gonigle and Dover, 2004). 
 
The bedding within the Wasatch formation and Green River formation is generally flat to gently 
dipping (less than 10 degrees) over the area.  The Eocene age rocks (Wasatch and Green River 
formations) conceal thrust faults and folds in older Cretaceous and Paleozoic rocks.  In other 
words, the bedrock sequence underlying the dam sites has not been subjected to overthrust 
faulting and folding. 
 
5.2.4 Dam and Reservoir Subsurface Conditions 
Based on the data collected from the geologic mapping of the dam and reservoir area and 
subsurface investigations along the original dam alignment, bedrock is not exposed at the surface 
within the dam foundation area.  Bedrock is covered by colluvial soils and local landslide 
deposits in the abutment slopes and by alluvial soils in the valley bottom.  Both the original and 
alternative dam alignments are located in the same geologic unit and in our opinion, the 
subsurface conditions along the alternative alignment should be similar to those encountered 
along the original alignment.  The geologic map developed for the Dempsey Basin dam, 
reservoir and diversion canal is provided on Figure 5.04.  The interpreted geologic conditions in 
the vicinity of the dam site are presented on the geologic map and cross sections are presented on 
Figures 5.05, 5.06, and 5.07. 
 
5.2.4.1 Dam Site Surficial Soils 
Surficial soils at the dam and reservoir site consist predominantly of silty clay, clay, and sandy 
clay.  This soil is composed mostly of fines (silt and clay) with less than 15 percent sand and less 
than 20 percent rock fragments with a maximum particle size of 6 inches.  The soil is 
approximately 1 to 14 feet thick and is generally thicker in the valley bottom and lower 
abutments than higher on the abutments.  These deposits were soft to hard and dry to wet.  SPT 
N-values ranged from 11 to 52 with a mean value of 28. 
 
An active landslide that is approximately 280 feet long (measured from head to toe) and 240 feet 
wide exists in the left abutment of the original dam alignment footprint area (Figure 5.04).  
Based on data from field investigations the landslide debris is predominately very stiff to hard, 
silty and sandy clay with broken rock fragments up to several inches in diameter.  Bedrock 
consisting of mudstone was encountered below the landslide debris at a depth of 14.25 feet in 
Boring B-103.  Based on the exploration data and mapping, the depth of the landslide is inferred 
to range up to 20 feet (plus or minus 5 feet). 
 
The head of the landslide occurs near the same elevation as the base of a sandstone bed.  A subtle 
line of seeps and a series of landslides occur immediately downstream of the dam site.  The 
general sizes of these landslides are similar to the landslide described above.  Old landslides also 
exist in the left abutment of the alternative dam alignment footprint area.  The subsurface 
conditions, seep line, and slide occurrence suggest that precipitation that infiltrates as  
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groundwater recharge into the sandstone unit likely becomes perched on the low permeability 
claystone unit.  Many of these landslides would become inundated upon reservoir filling. 
 
Larger, older landslide deposits exist along the right abutment of Dempsey Basin.  These 
landslides are generally higher than the proposed reservoir level, and are not expected to become 
inundated by the reservoir. 
 
5.2.4.2 Dam Site Bedrock 
Bedrock at the dam site consists predominantly of mudstone and siltstone with occasional beds 
of sandstone and conglomeritic sandstone. 
 
The mudstone consisted mostly of fines with less than 35 percent sand and trace gravel-sized 
particles.  The mudstone is intensely weathered to fresh, unfractured to intensely fractured, 
slightly moist to moist, and H-6 to H-7.  The initial 7.7 to 11.1 feet of bedrock is intensely 
weathered and intensely to moderately fractured and the bedrock has properties that are more 
similar to a stiff clay soil than rock.  Below these depths, the rock is less fractured and begins to 
exhibit more rock-like properties.  Fractures were discontinuous, smooth to stepped, tight to 
slightly open, and clean to very thinly infilled.  Core recovery ranged from 86 to 100 percent 
with an average of 98 percent.  RQD values ranged from 70 to 100 with an average of 85.  
Natural moisture contents ranged from 7.0 to 13.8 percent with an average of 10.4 percent and 
dry unit weights ranged from 123.5 to 139.6 pcf with an average of 131.3 pcf.  Liquid limits 
ranged from 28 to 48 with an average of 36 and plasticity indices ranged from 14 to 35 with an 
average of 24.  Unconfined compressive strengths ranged from 8.4 to 116.9 ksf with an average 
of 35.5 ksf. 
 
The siltstone consisted mostly of fines with less than 40 percent sand and trace gravel-sized 
particles.  The siltstone was intensely weathered to fresh, unfractured to moderately fractured, 
slightly moist to wet, and H-7.  Fractures were discontinuous, slightly rough to rough, slightly 
open, and clean to very thinly infilled.  Core recovery ranged from 74 to 100 percent with an 
average of 96 percent.  RQD values ranged from 62 to 100 with an average of 90.  Natural 
moisture contents ranged from 7.8 to 11.9 percent with an average of 9.9 percent and dry unit 
weights ranged from 126.1 to 136.6 pcf with an average of 131.3 pcf.  Liquid limits ranged from 
28 to 40 with an average of 34 and plasticity indices ranged from 15 to 28 with an average of 22.  
Unconfined compressive strengths ranged from 14.4 to 39.2 ksf with an average of 26.8 ksf. 
 
A 1-foot thick sandstone bed was observed in the right abutment (B-101) approximately 64 feet 
below the ground surface (elevation 7,254 feet based on Figure 5.06).  This sandstone consists of 
fine to medium grained subangular to subrounded sand with 10 to 30 percent non-plastic fines.  
The sandstone is slightly weathered to fresh, moderately fractured, moist, and H-6.  Fractures are 
rough, slightly open, and clean. 
 
Sandstone and conglomeritic sandstone was encountered within test pits DBTP-2 and DBTP-9 in 
the left abutment.  This conglomeritic sandstone was 4 to 5 feet thick and was encountered 
approximately 1 foot below the ground surface (elevation 7,301 feet to elevation 7,311 feet based 
on Figure 5.06).  This rock consists of weakly cemented medium to coarse grained sand and fine 
to medium grained rounded gravel with a maximum particle size of 2 inches.  Sandstone was 



 

STATES WEST WATER RESOURCES CORPORATION 
Viva Naughton Level II, Phase II Report  97 
January 2013 

encountered below the conglomeritic sandstone in test pit DBTP-2.  This rock consists of 
uncemented to very weakly cemented fine sand and exceeds 5 feet thick. 
 
5.2.4.3 Right Abutment Spillway 
Cobbles with silt and sand are present in the right abutment spillway alignment.  This deposit is 
dense and consists of subangular to subrounded limestone clasts with a maximum particle size of 
8 inches. 
 
The toe of an apparent large ancient landslide complex is situated southwest (above) of the right 
dam abutment.  The areal extent of the landslide complex is shown on Figure 5.04.  The 
landslide complex is approximately 2,000 feet long (from head to toe) and up to 1,200 feet wide.  
The surface morphology of the landslide is marked by disrupted topography characterized by a 
steep eroded slope at the head of the slide mass (inferred to be a head scarp) and multiple bench-
like features in the head and main body of the slide mass inferred to be slump blocks.  The lower 
portion of the slide complex appears to be a zone of accumulation of displaced material.  The 
inferred scarps are eroded and there is no surface evidence that the bulk of the slide mass has 
been active in historic times (last several hundred years).  However, one smaller active slide (less 
than 300 feet long) has developed along the perimeter of the slide.  The geomorphology of the 
slide complex suggests that the main body of the slide may be deep, possibly up to hundreds of 
feet.  Additional investigations are required to prove or disprove this opinion. 
 
A test pit excavated in the toe area of the landslide (DBTP16) encountered intensely sheared, 
wet, bedrock material.  Based on the size of the landslide complex and the presence of intensely 
sheared bedrock material in the test pit, it is likely that the landslide complex consists 
predominantly of bedrock material that has been subjected to slumping and translational 
movement.  Excavations in or near the toe of this landslide could result in activation of this 
landslide complex.  Additional investigations are required to understand the general properties of 
this landslide complex. 
 
5.2.4.4 Possible Borrow Areas 
Potential areas for borrow materials include the overburden soils and claystone bedrock in the 
reservoir basin and granular soils in alluvial terrace deposits above the left abutment of the dam.  
Only minimal explorations could be performed to evaluate possible borrow materials because of 
permit and access restrictions.  Soils in the terrace deposits above the left abutment consist of 
approximately 3 feet of silty clay overlying a granular terrace deposit to depths of at least 8 to 10 
feet.  The terrace deposit consists of 50 to 70 percent fine to coarse grained sand with less than 
30 percent cobbles and 10 to 40 percent gravel.  This soil was dense, moist, uncemented to 
weakly cemented, and difficult to excavate.  Maximum particle sizes were approximately 12 to 
15 inches. 
 
Clayey deposits in the reservoir basin could not be investigated; however, based on the geologic 
mapping completed, we anticipate that the materials in the reservoir basin would be similar to 
those encountered at the dam site. 
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5.2.4.5 Seismicity 
There are no known active or potentially active faults within the dam and reservoir site; the 
closest one to the site is approximately 6 miles to the west.  The maximum credible earthquake at 
the Dempsey Basin site has a magnitude of 7.2.  We used the USGS Earthquake Ground Motion 
Parameter Java Application to develop a relationship between peak bedrock acceleration and 
frequency of exceedance.  The State of Wyoming does not specify an earthquake return interval 
for design of embankment dams.  Based on published criteria in adjacent states, we selected a 
return interval of 5,000 years for this conceptual evaluation.  The peak bedrock acceleration for a 
return frequency of 5,000 years is approximately 0.59g. 
 
5.3 GEOTECHNICAL EVALUATIONS 
We evaluated the collected geotechnical information; evaluated geologic hazards; developed 
material properties of the foundation and proposed embankment materials; and performed static 
slope stability, seismic deformation, and landslide-induced waves analyses to support 
development of the conceptual embankment design.  The analyses performed and the results of 
these analyses are presented in the following sections.  Calculations and supporting 
documentation are in Appendices D, E, and F. 
 
5.3.1 Dam Type 
Selection of a dam type and configuration was based on the following primary items: 
 

 Dam site geology and foundation conditions. 
 Availability and types of construction materials in and near the reservoir basin. 
 Economics of dam construction methods. 
 Performance of similar dam types. 

 
In our opinion, a practical dam type for the foundation conditions at the site would be an earthfill 
dam.  The predominant type of material available for use in embankment construction would be 
clayey materials from the surficial soils and from the weathered mudstone bedrock.  For this 
evaluation, we selected a homogenous dam constructed of clayey materials with a chimney and 
blanket drain to collect and manage seepage.  We evaluated two embankment sizes along the 
alternate alignment that correspond to reservoir storage volumes of 24,180 acre-feet and 35,238 
ac-feet. 
 
5.3.2 Dam Location 
Based on the data collected from the investigations, RJH concluded that the general geology in 
the general vicinity of the dam site was relatively consistent.  Therefore, we evaluated alternative 
dam alignment locations based on surface topography.  We identified a topographically preferred 
dam alignment location that is about 600 feet downstream from the original alignment that was 
considered in the previous evaluation and that was used for the field evaluations.  The alternate 
dam alignment and general dam configuration is shown on Figure 5.02.  The revised alignment 
reduces the embankment volume from the previous location by about 40 percent. 
 
5.3.3 Static Slope Stability 
RJH performed preliminary two-dimensional slope stability analyses to identify the required 
external geometry of the embankment along the alternate alignment.  We used the computer 
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program Slope/W to compute factors of safety.  Stability analyses were performed based on 
preliminary embankment elevations of 7,340 feet and 7,325 feet, which are 5 and 2 feet, 
respectively, higher than the current configuration.  The stability analyses were not revised to 
reflect the slightly lower dam heights because in our opinion, the smaller embankments would 
likely have a slightly higher factor of safety and it would not be possible to steepen the slopes. 
 
Based on data from the field investigations, the subsurface profile was modeled as a 15-foot 
thick layer of clayey soil overlying mudstone bedrock.  Material properties were developed for 
the anticipated embankment materials and foundation materials based on data from the field 
investigations, laboratory tests, published correlations between material types and index 
properties to strength, and our experience with similar materials.  The material properties used 
for our preliminary analyses are presented in Table 5.05.  Backup calculations are in Appendix 
D. 
 

Table 5.05 
Material Properties Used for Static Slope Stability Analyses 
 

Material Unit Weight (pcf) Peak Drained 
Strength(1) 

Peak Undrained 
Strength(1,2) 

Residual 
Strength 

Moist Saturated ˜’ (deg) c’ (psf) ˜ t’ (deg) ct’ (psf) ˜ r’ (deg) cr’ (psf) 

Embankment fill 131.4 133.4 20 0 20(3)

11.5(4) 
0(3)

0(4) - - - - 

Drain 115 127 34 0 - - - - - - - - 

Foundation soil 131.4 133.4 20 0 20(3)

11.5(4) 
0(3)

0(4) - - - - 

Bedrock - - 145 31(4) 0 0 10,700 20 0 
1. Peak strengths are based on those obtained at 5 percent strain. 
2. Shear strength for consolidation stresses between 0 and 2,330 psf. 
3. Shear strength for consolidation stresses greater than 2,330 psf. 
4. Corresponds to the fully softened strength for the bedrock. 

 
The shear strength of weak mudstone can vary significantly based on the degree of strain that has 
occurred between the time of deposition and the time of failure.  The maximum shear strength, 
which is referred to as peak strength occurs at very small displacements.  Upon further 
displacement, the strength is reduced to the critical state or fully softened strength.  As 
displacement increases significantly, the strength reduces to the lower bound residual strength.  
Residual strengths represent the lowest strength of the material and once movement or a 
progressive failure through the foundation has been initiated, stability will be controlled by the 
residual strength. 
 
The Wyoming State Engineer does not specify minimum required safety factors for different 
loading conditions.  Therefore, we selected required safety factors based on criteria published by 
other regulatory agencies for dams such as USBR, USACE, and other states.  The factor of 
safety used to design embankments when residual strength is considered are generally 
recommended to be about 1.0 to 1.1, because the residual strength represents a lower bound 
strength. 
 
RJH performed static slope stability analyses for the following key loading conditions: 
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 End of construction. 
 Steady state seepage from the normal water surface elevation (5 feet lower than the 

respective crest elevation). 
 Rapid drawdown. 
 Steady state seepage from the normal water surface elevation with residual bedrock 

strength. 
 Rapid drawdown with residual bedrock strength. 

 
For both crest elevations (elevation 7,335 feet and elevation 7,323 feet), a 4H:1V upstream slope 
and a 4.25H:1V downstream slope were required to obtain satisfactory safety factors.  The 
computed safety factors and minimum recommended safety factor are presented in Table 5.06.  
Computer outputs from Slope/W and other supporting documentation are presented in Appendix 
D. 
 

Table 5.06 
Slope Stability Safety Factors 
 

Loading Condition 

Computed Safety Factors Minimum
Required 
Safety 
Factor 

Crest Elevation = 7,340 feet Crest Elevation = 7,325 feet 
4H:1V 
Upstream 
Slope 

4.25H:1V 
Downstream 
Slope 

4H:1V 
Upstream 
Slope 

4.25H:1V 
Downstream 
Slope 

End of Construction 1.34 1.39 1.40 1.48 1.3 
Steady State Seepage 1.54 1.56 1.54 1.57 1.5 
Rapid Drawdown 1.34 N/A 1.40 N/A 1.2 
Steady State Seepage – 
Residual Bedrock 2.00 1.55 1.75 1.58 >1 

Rapid Drawdown – 
Residual Bedrock 1.17 N/A 1.20 N/A >1 

 
5.3.4 Seismic Deformation 
RJH performed a preliminary seismic deformation analysis to estimate the permanent crest 
deformation resulting from the design earthquake ground motion of 0.59g.  We performed the 
analyses using the empirical procedures presented by Makdisi and Seed (1977).  We computed 
the possible seismic deformation for a reasonable range of possible embankment fill shear wave 
velocities and a generalized response spectrum for the site.  The computed range of possible 
seismic deformations for the dam could range from approximately 1.5 to 15.5 feet.  The 
computed seismic deformation for the dam using “average” material properties are in the range 
of 4.5 to 5 feet.  Seismic deformation calculations and supporting material are presented in 
Appendix E.  Seismic deformation analyses were performed based on preliminary embankment 
elevations of 7,340 feet and 7,325 feet, which are 5 and 2 feet, respectively, higher than the 
current configuration.  The seismic deformation analyses were not revised to reflect the slightly 
lower dam crest because, in our opinion, this change would not significantly impact our 
conclusions at this stage of the project development. 
 
5.3.5 Landslide-Induced Waves 
A large active or potentially active landslide exists along the north (left) reservoir rim, the toe of 
which would become inundated by construction of the dam and filling of the reservoir.  The 
stability of this landslide will likely be lowered because of saturation, changes in pore pressures 
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associated with reservoir fluctuations.  RJH used the procedures presented by Wieczorek et al. 
(2003) to estimate the expected height of waves that would be induced if the landslide failed 
catastrophically.  We concluded that landslide-induced waves would not overtop the 
embankment (wave heights would not exceed 5 feet) as long as the velocity of the landslide 
failure was less than approximately 16 feet per second.  Details of this calculation are presented 
in Appendix F. 
 
5.4 CONCEPTUAL EMBANKMENT DESIGN 
A plan of the embankment and reservoir for a dam with a crest at elevation 7,335 feet is 
presented on Figure 5.02.  As the alternate alignment shown is farther downstream than the 
current site-specific topography completed, a USGS Quadrangle was used as a base map.  The 
USGS Quadrangle topography is generally approximately 10 feet lower than the site-specific 
topography by Crank Companies, Inc.  This topographic discrepancy needs to be resolved in 
future stages of project design. 
 
A representative maximum embankment cross section for the alternate alignment is shown on 
Figure 5.08.  The crest for the larger dam (elevation 7,335 feet) should be 23 feet wide and the 
crest for the smaller dam (elevation 7,323 feet) should be 20 feet wide.  For either crest 
elevation, the embankment would have a 4H:1V upstream slope and 4.25H:1V downstream 
slope.  The embankment would consist of homogenous low-permeability clayey fill. 
 
Foundation preparation would consist of excavating a 20-foot wide cutoff trench below the 
centerline of the dam that would extend at least 10 feet into bedrock.  The area below the 
remainder of the embankment would be excavated to firm soil or weathered bedrock.  Although 
significant consolidation of the surficial soils would occur from the weight of the dam, removal 
of the soils to bedrock beyond the core trench should not be required.  The landslide in the left 
abutment would be completely removed to native materials below the footprint of the dam. 
 
Based on data from the borings and general properties of the mudstone foundation, it is likely 
that only localized foundation grouting would be required for this dam to provide adequate 
seepage stability.  Localized grouting may be required in the abutments if there are any high 
angle fractures associated with stress relief as the valley was formed.  The foundation mudstone 
is a relatively soft rock that exhibits properties more like a stiff soil and it is probable as the 
embankment is constructed and the loads on the bedrock increase, the bedrock will consolidate 
and lower angle fractures will close.  We have included an allowance for some localized grouting 
in the cost opinion, but have not included a complete grout curtain in this conceptual design, 
because it is our opinion that a continuous grout curtain below the dam is not required. 
 
A permeable sandstone bed is exposed along the left reservoir rim above about elevation 7,295 
feet.  The bottom of this bed is about 27 and 40 feet below normal pool elevation for the two 
reservoir sizes under consideration.  To mitigate possible high seepage losses and provide 
adequate seepage stability in the abutment, a grout curtain would be constructed below the 
centerline of the dam in the area where this bed penetrates the dam abutment.  The grout curtain 
would consist of vertical or angled grout holes spaced at about 10 feet on center from the bottom 
the core trench to elevation 7,290 feet.  We have extended this grout curtain an additional 50 feet 
beyond the end of the dam to increase the seepage length and reduce overall seepage losses.   



4.02

5.08



 

STATES WEST WATER RESOURCES CORPORATION 
Viva Naughton Level II, Phase II Report  103 
January 2013 

Reservoir seepage losses through this unit could be significant if the unit has a high hydraulic 
conductivity, is continuous, and daylights in adjacent basins.  Additional investigations are 
required to characterize this unit and possible seepage losses.  Seepage losses through this unit 
could be mitigated by additional grouting or construction of a clay blanket over the unit. 
 
A chimney drain that is connected to a blanket drain would be included in the embankment to 
manage seepage through the embankment and provide protection against internal erosion in the 
event of differential settlement of the dam that could lead to cracking of the upstream clayey dam 
materials.  The chimney drain would be 6 feet wide, primarily for constructability reasons, and 
the blanket drain would be 4 feet thick.  The chimney drain would consist primarily of sand and 
it is likely that the blanket drain would consist of a layer of fine gravel with a layer of sand above 
and below the gravel.  Seepage collected in the chimney and blanket would be discharged to the 
downstream toe of the embankment using PVC pipes. 
 
Upstream slope protection would consist of riprap above bedding.  The riprap slope protection 
was included from the crest to the toe of the embankment.  If during future phases of design 
there is a requirement to maintain a permanent dead pool, the limits of the slope protection could 
likely be raised to extend to only several feet below the permanent dead pool.  For this phase of 
design, we selected a combined thickness of riprap and bedding of 3 feet. 
 
The Viva Naughton Reservoir service spillway crest is at elevation 7,242 feet.  Based on the 
available USGS topography, it is possible that the Viva Naughton Reservoir pool may encroach 
on the toe of the embankment.  Encroachment of the normal reservoir pool onto the toe of the 
dam is not desired for the following reasons: a) ponded water at the toe could restrict the flow 
from the blanket drains and could increase the phreatic surface and pore pressures in the 
downstream slope of the embankment, b) cycles of wetting/saturation and draining of the 
embankment slope could adversely impact slope stability and c) ponded water at the toe of the 
dam will restrict inspection and evaluation of the seepage stability along the toe of the dam.  
However, it is our opinion that infrequent encroachment of the Viva Naughton Reservoir pool 
during storm events would not have a significant impact on the dam. 
 
An earthen berm located about 50 feet downstream of the toe of the dam is included in the 
conceptual design to retain the Viva Naughton Reservoir from encroaching on the toe of the dam 
as shown on Figure 5.02.  The berm will have a crest at elevation 7,250 feet, which is 5 feet 
above the crest of the Viva Naughton Spillway.  The berm will be constructed with clayey soils 
and have upstream and downstream slopes at 3H:1V and a crest width of 15 feet.  Other 
alternatives to address possible inundation of the toe of the dam from Viva Naughton Reservoir 
should be evaluated. 
 
5.5 FLOOD HYDROLOGY AND OPERATING LEVELS 
Flood hydrology was completed for the Lower Dempsey Basin so that conceptual designs of the 
outlet works and spillways could be completed.  Precipitation values taken from maps produced 
by the National Weather Service were routed through the reservoir basin using HEC-HMS.  
Lower Dempsey Basin has a drainage area of 17.9 square miles.  This small drainage area helps 
limit the intensity of many of the larger floods.  Table 5.07 details flood flows for the Lower 
Dempsey Basin. 
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Table 5.07 
Lower Dempsey Basin Reservoir Flood Flows 
 
Occurrence 
Interval [years] 

Flood Flow 
[cfs] 

10 932 
100 2,093 
500 2,954 
PMF 34,415 

 
The Wyoming State Engineer’s Office would classify Lower Dempsey Basin Dam as a high 
hazard dam as there would be a threat to life and property if the dam were to fail.  Precipitous 
failure of Lower Dempsey Dam would release water at such a high rate and volume that the 
spillway at Viva Naughton would have to be enlarged.  The failure flows passed through Viva 
Naughton would be devastating to the Hams Fork Valley.  Therefore, Lower Dempsey Basin 
Dam must be designed to pass the PMF safely. 
 
Flood hydrology calculations were then used to determine the operating levels for Lower 
Dempsey Basin Reservoir.  Operating levels for the reservoir were presented in Table 5.01.  The 
invert elevation of the emergency spillway allows Lower Dempsey Reservoir to store the 500-
year flood without the emergency spillway being activated.  Furthermore, the top of dam 
elevation provides at least 1 foot of freeboard during the PMF, whereas the State Safety of Dams 
requires no freeboard at the PMF.  
 
5.6 CONCEPTUAL OUTLET WORKS AND PRIMARY SPILLWAY DESIGN 
The outlet works and principal spillway would be a combined structure.  This structure would 
consist of a low-level intake, inclined intake, intake junction, 66-inch steel outlet works pipe, and 
outlet works building.  A plan view of the outlet works is shown on Figure 5.09; a profile view is 
shown on Figure 5.10.  As previously mentioned, the outlet works would be able to pass the 
routed 500-year flood. 
 
5.6.1 Low-Level Intake 
The low-level intake should be designed to be used only in situations where the reservoir must be 
emptied.  A 72-inch by 72-inch self-contained sluice gate would be located as shown on Figure 
5.11.  This sluice gate would be controlled via the SCADA system.  Trash racks protecting the 
low-level intake would be designed to minimize velocities to reduce debris plugging.  Water 
discharged from the low-level intake would empty into the intake junction. 
 
5.6.2 Inclined Intake 
The inclined intake would be located on the left abutment as shown on Figure 5.09.  An inclined 
intake was chosen for the design because the soft foundation material could not support the 
weight of a traditional tower intake structure.  Use of an inclined intake structure would allow 
the weight of the structure to be distributed across a larger foundation. 
 
The inclined intake would have four 60-inch by 60-inch sluice gates located at different 
elevations to allow water to be discharged at different temperatures and water quality, as shown 
in Figure 5.10.  The elevation of these sluice gates would be determined by permitting 
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authorities.  Trash racks would protect each sluice gate.  The sluice gates would be controlled via 
the SCADA system.  The gates could be automated to maintain the desired reservoir level.  The 
inclined intake would have an approximate slope of 6.5H:1V.  Water discharged from the 
inclined intake would empty into the intake junction. 
 
5.6.3 Intake Junction 
Figure 5.12 details the intake junction.  The purpose of the intake junction would be to take 
water discharged from the low-level and inclined intakes and route them through the outlet 
works piping.  A 66-inch butterfly valve would be located at the inlet to the 66-inch outlet works 
pipe.  A second 66-inch butterfly valve, referred to as an emergency release valve, would open 
into the pipeline tunnel.  This valve would only be operated in cases where rapid reservoir draw 
down is necessary to avoid a catastrophic event.  Only the valve on the outlet works pipe would 
be operated via the SCADA system.  The emergency release valve would be key operated from 
the gate house. Future phases of design should consider sediment build up at the proposed intake 
location. 
 
5.6.4 Outlet Works Pipe and Tunnel 
A 66-inch steel outlet works pipe contained in an access conduit would travel through the core of 
the dam as shown in Figure 5.10.  A concrete access tunnel would allow personnel to maintain 
the pipe as needed.  The tunnel would also allow personnel access to the intake junction and 
valves. 
 
The outlet works pipe would have the capacity to release high flow at low head to serve the 
requirements of both the irrigators and the pump storage system.  The pipe would be able to pass 
180 cfs with a reservoir depth of 10 feet.  The pipe would also allow the outlet works to pass the 
routed 500-year flood without activating the emergency spillway. 
 
The total length of the pipe would be approximately 700 feet for the 35,238 acre-foot capacity.  
Pipe length would be approximately 50 feet shorter for the 24,180 acre-foot capacity. 
 
5.6.5 Gate House and Control Buildings 
A gate house building would be located at the top of the inclined intake.  This building would 
house the SCADA controls.  The SCADA controls would be responsible for operating all valves 
and gates on the dam site with the exception of the emergency release valve.  Access to the 
inclined intake would also be provided through the gate house for maintenance personnel. 
 
A control building would be located on the downstream end of the outlet works.  This building 
would serve to provide an emergency bypass to Dempsey Creek.  It would also house a flow 
meter so that released flows could be measured. 
 
5.7 CONCEPTUAL EMERGENCY SPILLWAY DESIGN 
The emergency spillway will only be utilized in flood events that exceed the 500-year return 
interval.  Based on the data collected from the investigations, RJH concluded that a spillway 
located on the right abutment would require excavation of portions of an existing landslide and 
water discharged through the spillway would flow over the toe of the existing landslide.  The 
depth of the landslide is unknown and could be up to several hundred feet.  The combination of  
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excavation of portions of the landslide and introduction of water into the landslide could 
reactivate the landslide. 
 
Existing landslides or other geologic flaws were not identified along the alignment of the 
proposed spillway on the left abutment.  Therefore, a spillway located on the left abutment, from 
a geological and geotechnical standpoint, would be more feasible than a spillway on the right 
abutment.  A plan view of the spillway is shown on Figure 5.09. 
 
The spillway would have a width of 100 feet and have side slopes of 3H:1V as shown in Figure 
5.11.  The invert elevation of the spillway would be located 2 feet above the NHWL.  The top of 
dam elevation provides at least 1 foot of freeboard during the PMF.  Table 5.08 details the flows 
and water elevations for the PMF. 
 

Figure 5.08 
PMF Flows and Water Elevation 
 
Capacity 24,180 ac-ft 35,238 ac-ft 
Spillway Invert Elevation 7,317 ft 7,329 ft 
PMF Inflow 34,415 cfs 34,415 cfs 
PMF Outflow 3,064 cfs 1,785 cfs 
Maximum PMF Elevation 7,320.9 ft 7,331.2 ft 

 
Water would flow through the emergency spillway at a velocity of approximately 8 feet per 
second.  A concrete cutoff wall would be installed in the emergency spillway to help reduce 
erosion should the emergency spillway be activated. 
 
The emergency spillway would have a slope of 2 percent after the concrete cutoff wall as shown 
in Figure 5.09.  This slope is necessary so that any spillway flows would not affect the structural 
integrity of the dam.  This area of the spillway would be lined with riprap to help prevent 
erosion. 
 
5.7.1 Static Slope Stability 
RJH performed preliminary two-dimensional slope stability analyses to identify the required 
excavation slopes for the spillway.  We used the computer program Slope/W to compute factors 
of safety. 
 
The subsurface profile was modeled as mudstone bedrock.  Material properties used are the same 
properties developed for the embankment stability analyses.  We only analyzed steady state 
seepage conditions with fully softened and residual bedrock, because these would be the 
controlling load conditions.  In our opinion, rapid drawdown is not a load condition that could be 
experienced in the spillway excavation because of the short duration of the flood and relative 
permeability of the slope materials.  Alluvial materials that may be present at the top of the 
excavation were not included in the stability analysis because, based on available geologic data, 
the alluvial soils are expected to be relatively small compared to the total excavation height and 
the strength of the alluvial materials is anticipated to be greater than the residual strength of the 
bedrock.  Therefore, neglecting the presence of alluvial materials is a conservative geometry 
configuration.  The computed safety factors for a 3H:1V slope and the minimum recommended 
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safety factor are presented in Table 5.09.  Computer outputs from Slope/W and other supporting 
documentation are presented in Appendix D. 
 

Table 5.09 
Slope Stability Safety Factors 
 

Loading Condition 
Computed 
Safety 
Factors 

Minimum
Required 
Safety 
Factor 

Steady State Seepage 1.93 1.5 
Steady State Seepage – 
Residual Bedrock 1.17 >1 

 
5.7.2 Spillway Geotechnical Design 
The side slopes of the spillway excavation should be at 3H:1V.  The excavated slopes are 
assumed to consist of mudstone bedrock.  The mudstone could have the potential to swell if the 
moisture content is increased or due to removal of the overburden materials.  If the mudstone 
swells, it could impact the invert elevation of the spillway crest.  Swelling properties of the 
mudstone should be evaluated in future phases of design. 
 
The mudstone bedrock is a highly erodible material and we anticipate that significant erosion of 
the spillway channel will occur when the spillway operates.  Erosion of the spillway should be 
evaluated in future phases of design. 
 
5.8 VIVA NAUGHTON EMERGENCY SPILLWAY ENLARGEMENT DESIGN 
The existing emergency spillway at Viva Naughton Reservoir does not have sufficient capacity 
to pass flood flows created by a dam failure at Lower Dempsey Basin Reservoir.  While the 
potential for failure is extremely low, the potential failure of Viva Naughton would be 
devastating.  It is recommended that the spillway at Viva Naughton be enlarged to handle a 
potential failure. 
 
It was assumed that Lower Dempsey Basin Reservoir would fail at full capacity while Viva 
Naughton Reservoir was also at full capacity.  The peak outflow from a failed dam can be 
estimated, but a major factor in the emergency spillway requirement would be the storage 
volume released from Lower Dempsey Basin Reservoir and the flood storage available in Viva 
Naughton Reservoir. 
 
The peak outflow from a Lower Dempsey Basin Reservoir dam failure could be as high as 
150,000 cfs.  The flood storage available in Viva Naughton Reservoir is approximately 13,000 
acre-feet.  To pass this event through Viva Naughton Reservoir safely, a total emergency 
spillway width of 800 feet would be required.  The maximum flow through the emergency 
spillway would be approximately 75,000 cfs.  The spillway would be extended approximately 
500 feet to the west of the existing spillway as shown on Figure 5.13.  A concrete cutoff wall 
would be constructed to prevent severe erosion of the spillway if ever operated.  A small 
washout dike would be constructed to limit wave erosion and improve capacity. 
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This enlargement of the emergency spillway would be sufficient to pass the PMF flows tributarty 
to Viva Naughton Reservoir.  The current spillway does not have sufficient capacity.  As shown 
in Table 5.10, the estimated construction cost for the spillway enlargement is $1.5 million. 
 

Table 5.10 
Conceptual Cost Estimate 
Enlarged Viva Naughton Spillway 
 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $100,000 $100,000 
Excavation and Waste CY 200,000 $4.00 $800,000 
Concrete Crest CY 1,500 $300 $450,000 
Washout Dike CY 2,000 $50 $100,000 
Revegetation Ac 50 $1,000 $50,000 
          
Estimated Construction Cost $1,500,000 

 
A potential alternative to widening the existing spillway would be to construct a concrete 
labyrinth-type spillway within the existing spillway.  While the discharge over the existing 
spillway crest occurs in a straight line so that the flow length equals the waterway width, as 
shown in Figure 5.14, a labyrinth spillway “folds” the crest, thereby increasing the flow length 
without requiring as wide of a waterway.  Constructing a labyrinth spillway would remove the 
requirement of earth excavation created by simply widening the existing spillway.  As shown in 
Table 5.11, the estimated construction cost for the spillway modification to a labyrinth spillway 
is $ 2.0 million. 
 

Table 5.11 
Conceptual Cost Estimate 
Labyrinth Viva Naughton Spillway 
 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $100,000 $100,000 
Excavation and Waste CY 40,000 $4 $160,000 
Concrete Slab CY 3,000 $400 $1,200,000 
Concrete Crest CY 750 $500 $375,000 
Riprap CY 3,000 $60 $180,000 
          
Estimated Construction Cost $2,015,000 

 
The widening of the spillway would be the preferred alternative due to cost and lower 
maintenance costs.  This preferred alternative was utilized for economic analysis.  
 
5.9 WETLAND AND RIPARIAN MITIGATION INVESTIGATION 
Wetland delineation for the Lower Dempsey Basin Reservoir was performed for the Level II, 
Phase II Report issued by Gannett Fleming.  The delineation was done for a reservoir storage 
volume of 24,180 acre-feet.  These wetlands along with the wetlands delineated for the 
enlargement of Viva Naughton Reservoir include the new alignment of Lower Dempsey Dam.  
This section summarizes the work done and identifies potential wetland mitigation areas. 
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Wetland Delineation 
There is one off-channel wetland within the dam footprint of an old oxbow of Dempsey Creek.  
This wetland is dominated by willow (FACW+) and Baltic rush (FACW+).  Drainage patterns 
were present and the soil had a low chroma with gleying.  Numerous small fringe wetlands occur 
within the Dempsey Creek channel at the site of the dam footprint.  These fringes are generally 
dominated by creeping spikerush (OBL).  Drift lines and sediment deposits were present and the 
soils had low chromas and gleying. 
 
A total of 128 wetland polygons were delineated within the reservoir inundation area.  Most of 
these are within the floodplain of Dempsey Creek or its tributaries.  Wetland types include scrub-
shrub wetlands dominated by willow with an understory of beaked sedge and tufted hairgrass 
and wet meadow wetlands.  A few of the wet meadow wetlands, especially those in depressions, 
were dominated by creeping spikerush.  Most, however, were dominated by various 
combinations of tufted hairgrass, Nebraska sedge, or Baltic rush.  Drift lines and sediment 
deposits, as well as standing water and saturated soils in some locations, were present along all 
drainages.  Drainage patterns were present in off-channel wetlands.  Soils tended to be clayey 
away from the drainages with low chromas and iron concretions.  Soils in the channels tended to 
be sandy clays with iron concretions or black streaking. 
 
5.9.1 Wetland Impacts 
The total area of wetlands within the reservoir inundation area for the 24,180 acre-foot reservoir 
size is 19 acres.  The estimated wetland impact for a reservoir size of 35,238 acre-feet is 21 
acres.  Based on the standard Corps of Engineers ratio of 2:1, wetland mitigation requirements 
would be between 38 and 42 acres. 
 
5.9.2 Wetland Mitigation Alternatives 
The first preference for wetland mitigation would be within the Dempsey Creek drainage.  The 
best opportunities would be located on the upstream tributaries as shown on Figure 5.15.  The 
reservoir size shown on the figure is the 35,238 acre-feet with a normal high water level of 7,327 
feet.  The wetlands could be created with selective borrow to be utilized in the dam.  The 
wetlands would be supplied with water from the tributaries and from the reservoir when at 
normal high water level.  The wetlands could be similar to the reservoir rim wetland at High 
Savery Reservoir.  The more detailed preliminary design of the wetlands would require more 
accurate mapping and geotechnical investigation.  There would appear to be adjacent areas 
available for mitigation. 
 
5.10 HISTORIC TRAIL EFFECT INVESTIGATION 
The Lower Dempsey Basin Reservoir would impact the Dempsey-Hockaday Trail.  The portions 
of the trail that would be inundated or severely affected by the construction of the Lower 
Dempsey Basin Reservoir are shown on Figure 5.16.  Approximately 3.7 miles of trail would be 
affected by a 24,180 acre-foot reservoir, and approximately 3.8 miles of trail would be affected 
by a 35,238 acre-foot reservoir.  The potential mitigation for historic trail impacts is discussed in 
Section 8 – Historic Trail Mitigation in this report.  The assumptions for development of 
mitigation costs for this alternative are discussed in Section 8.  
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5.11 FISHERY IMPACT INVESTIGATION 
Dempsey Creek is an ephemeral stream.  The stream normally flows in spring runoff and during 
rainstorms.  The stream supports no fishery. 
 
5.12 GREATER SAGE-GROUSE IMPACTS 
 
In an effort to prevent listing of greater sage-grouse, the Wyoming Governor’s office developed 
a map of greater sage-grouse Core Population Areas (Version 3). The Core Population Areas 
include areas with the highest densities of breeding greater sage-grouse in the state, as well as 
identified areas important for connectivity between populations. The Core Population Areas 
include roughly 25% of the state but contain 83.1% of the greater sage-grouse population.  On 
June 2, 2011, Governor Mead issued Greater Sage-Grouse Executive Order (EO) 2011-5, which 
states that new development or land uses within Core Population Areas should be authorized or 
conducted only when it can be demonstrated that the activity will not cause declines in greater 
sage-grouse populations.   
 
The EO included a method for use in determining compliance with the EO for new projects, 
referred to as the Density and Disturbance Calculation Tool (DDCT).  The DDCT is used to 
determine if the proposed new disturbance, combined with existing and permitted disturbances in 
the area, are below 5% of the DDCT area and result in an average of <1 disruptive activity 
(defined as oil and gas wells and mines) per 640 acres within the area affected by the project.  
Based on scientific literature, it is assumed that as long as the maximum disturbance is <5% of 
the DDCT area and the density of disruptive activities is <1 per 640 acres, the proposed activity 
should not result in declines in greater sage-grouse populations provided that other general and 
specific stipulations are followed. 
 
To determine the DDCT analysis area, a 4-mile buffer was placed around Lower Dempsey 
Reservoir within the Core Population Area to determine which occupied leks may be affected by 
the project.  Five occupied leks were located within the 4-mile boundary as identified from the 
piaa_occlekper110210 shapefile (Figure 5.17). Next, a 4-mile buffer was placed around the 
perimeter of each of the affected occupied leks.  The 4-mile buffer of Lower Dempsey Reservoir 
and the 4-mile buffer of the affected occupied leks were merged to create the DDCT analysis 
area for the proposed Lower Dempsey Basin Reservoirs (Figure 5.17).  For the Dempsey Basin 
Reservoir analysis we assumed that the entire area within the Core Population Area boundary 
was suitable sage-grouse habitat. Following the above steps resulted in a DDCT analysis area of 
66,358.15 acres for the lower reservoir (Figure 5.17). 
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Figure 5.17 Proposed and existing disturbance within the DDCT analysis area for Lower Dempsey Reservoir 

 
Shapefiles of the dam and inundation pool of the proposed reservoir was used to determine total 
area of the new disturbance.  We classified all land area within the maximum high water line of 
the proposed reservoir as being disturbed. Once the DDCT area was defined, the acreage of 
existing surface disturbance was digitized using ArcGIS Version 10 on 2009 True Color 
National Agricultural Imagery Program (NAIP) aerial imagery at a scale of 1:5,000.  Because 
there were some very large disturbances within the DDCT analysis area of each reservoir, 
namely the existing Viva Naughton and Kemmerer Reservoirs as well as extensive irrigated 
hayfields located upstream of Viva Naughton Reservoir, only those disturbances were initially 
digitized to determine if the 5% disturbance threshold was exceeded.  The Wyoming Game and 
Fish Department (WGFD) was contacted to determine if the hayfields upstream of Viva 
Naughton Reservoir were used by sage-grouse and could therefore be classified as suitable 
habitat rather than disturbance.  The local WGFD biologist (Jeff Short) indicated that he did not 
have sufficient information to determine if these hayfields were used by sage-grouse.  Therefore, 
a 275meter wide perimeter of the hayfields adjacent to habitats containing sagebrush was 
considered suitable habitat following the WGFD DDCT manual.  Those portions of the hayfields 
greater than 275 meters from a sagebrush edge were considered unsuitable habitat (i.e., classified 
as disturbance). 
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New disturbance associated with the proposed Lower Dempsey Reservoir would be 1,270.91 
acres (Table 5.12).  The existing surface disturbances in the DDCT area initially examined 
included the existing Viva Naughton and Kemmerer Reservoirs as well as extensive irrigated 
hayfields located along the Hamsfork River upstream of Viva Naughton (Figure 5.17).  The total 
existing disturbance was 3,832.51 acres for the Lower Dempsey Basin Reservoir, which 
represents 5.78% of the DDCT analysis area.  The combined existing and proposed disturbance 
was 5,103.42 acres for the lower reservoir, which represents 7.69% of the DDCT analysis area 
(Table 5.12).  These percentages are above the 5% disturbance threshold and are also absolute 
minimum percentages, as other forms of disturbance including highways and numerous roads 
were not digitized and added to the existing disturbance acreage. 
 

Table 5.12 
Types and acres of disturbance within the Lower Dempsey Reservoir Density and Disturbance 
Calculation Tool analysis area 

 
Disturbance type Acres 
Proposed Disturbance 
     Lower Dempsey Reservoir 1,270.91 
Existing Disturbance 
     Existing Reservoirs 1,558.17 
     Croplands 2,274.34 
Total disturbance 5,103.42 
Total area in DDCT 66,358.15 
% disturbance in DDCT 7.69% 

 
Based on results of this DDCT analysis, the Lower Dempsey Basin Reservoir would not be in 
compliance with the Governor’s EO because total surface disturbance (7.69%) is greater than 
5%. Even without the new disturbance, the area of existing disturbance in the DDCT analysis 
area (5.78%) is already above the 5% threshold.   
 
5.13 SENSITIVE SPECIES, RIPARIAN AREAS, AND BIG GAME HABITAT 
This section looks at biological criteria including threatened, endangered and sensitive wildlife 
and plants; migratory birds; and big game habitats for the reservoir.  The detailed report and 
images are included in Appendix A. 
 
Previously documented occurrences of federally listed species and other species of concern 
within the project area were determined through searching the Wyoming Natural Diversity 
Database (WNDD) maintained by the University of Wyoming.  The WNDD computer search 
included species of concern within their standard one township buffer around the township(s) the 
site is in.  To obtain information on big game habitats associated with each site, digital big game 
herd unit maps were obtained from the Wyoming Game and Fish Department (WGFD) and 
overlaid on a map of the proposed reservoir.  In addition, potential habitat for sensitive species 
and raptor nesting habitat was assessed during site visits in October 2005 and August 2006.  
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Woody Riparian Areas 
There are no extensive woody riparian areas within the Dempsey Reservoir inundation area.  
However, there are several stream reaches that have stands of willow along them, as well as a 
few off-channel willow-dominated areas.  In general, impacts to woody riparian areas would be 
relatively minor, but mitigation of these impacts may be required.  
 
Listed or other Sensitive Species 
Federally listed species that may occur in or near the project area include whooping crane, 
Canada lynx, black-footed ferret, and Ute’s ladies tresses orchid.  Whooping cranes in this area 
are from the Grays Lake, Idaho sandhill crane cross-fostering project, which has not been active 
for several years, and whooping cranes from this effort are considered to be a non-essential, 
experimental population.  There is no whooping crane habitat within the reservoir inundation 
area as it is composed primarily of sagebrush steppe.  There is no suitable Canada lynx habitat on 
site, as this species occurs in alpine and subalpine forests.  It is unlikely black-footed ferrets 
occur in this area, as no prairie dog towns are present in the project area.  Ute’s ladies tresses 
orchid could potentially occur along Dempsey Creek and associated wetlands.  There are no 
records of Canada lynx, black-footed ferret, or Ute’s ladies tresses in or near the project area. 
Construction of the Dempsey Dam and Reservoir is not likely to impact any federally-listed 
species.  
 
Several BLM sensitive species and other species tracked by the WNDD as species of concern 
may occur in or near the reservoir site (see Appendix A).  However, the only records of sensitive 
species within or near the project area are all birds, of which 16 species have been documented.  
Many of these species occupy habitats that don’t occur within the reservoir inundation area, such 
as Viva Naughton Reservoir and the Hams Fork River.  Prior to constructing the reservoir, 
surveys for sensitive wildlife and plant species would likely be required, especially for species 
classified as sensitive by the BLM.  If any sensitive species are found, mitigation measures 
would likely be required.  
 
Migratory Birds 
No raptor nests were observed during the site visits, and there is very little raptor nesting habitat 
within or near the reservoir inundation area.  Surveys would likely be required for raptor nests 
prior to construction activities.  
 
Big Game 
The entire project area is classified as spring-summer-fall habitat for pronghorn, mule deer, and 
elk, in which mitigation is not required.  The reservoir inundation area is within winter and 
winter/yearlong range for moose.  The reservoir inundation area, however, is not within any area 
designated as crucial winter range for big game, although portions of the supply canal are within 
the Hams Fork river riparian corridor, which is designated as moose crucial winter range.  The 
WGFD may require that impacts to crucial winter range be mitigated.  
 
5.14 PROJECT COST ESTIMATES 
Based on the conceptual designs presented above, conceptual cost estimates have been prepared 
for Lower Dempsey Basin Reservoir for capacities of 24,180 acre-feet and 35,238 acre-feet.  The 
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detailed cost estimates are shown on Tables 5.13 and 5.14.  The 24,180 acre-foot reservoir would 
not incorporate a power pool or a recreation pool, so the delivery system was assumed to be the 
pump station alternative.  The 35,238 acre-foot reservoir would incorporate a 10,000 acre-foot 
power and recreation pool, so the delivery system was assumed to be the pumped storage 
alternative.  Outlet works cost estimates are generalized and do not included necessary 
modifications for a pumped supply.  The costs listed below include outlet works modifications 
under the delivery system line item.  The cost estimates for the pump station and pump/turbine 
stations were developed in Section 4.  The capacity for both the pump station and pump/turbine 
station was assumed to be 150 cfs.  This capacity was shown in Section 4 to be optimum for the 
alternatives.  The cost estimates include costs for construction components, construction 
engineering, preparation of final design plans and specifications, permitting and mitigation, legal 
fees, and acquisition of access and right-of-way.  Construction costs were calculated using 2012 
material and labor costs and are presented in the standard format used by the WWDC. 
 
Based on the general geologic conditions identified, the reservoir basin below normal reservoir 
pool elevation is expected to contain several times the volume of surficial clay and weathered 
claystone needed to construct the embankment, even if borrow areas avoid pre-existing 
landslides and the Dempsey-Hockaday Trail. 
 
Based on the limited work completed, it appears that the alluvial terrace deposits would provide 
a suitable source for filter materials.  This material would need to be screened and processed to 
produce products suitable for filter materials.  It is possible that some of the larger gravel and 
smaller cobbles could also be used as a source of riprap bedding.  The volume of alluvial terrace 
deposits is extensive and well in excess of the volume required to construct the embankment.  
Some material suitable for use as filter drain materials may also be available from the 
conglomeritic sandstone bed in the left abutment.  However, this bed will likely not be able to 
provide all of the needed drain material. 
 
It may be possible to obtain riprap from the Fossil Butte Member of the Green River formation, 
which caps the Hams Fork Plateau to the south of the site.  The limestone from this member is 
likely the best suited for use as riprap.  The presence of the plateau suggests that the rock is 
resistant to erosion, although no quantitative data is available. 
 
The total project cost would be approximately $55.5 million in 2012 costs for the 24,180 acre-
foot reservoir.  The total project cost would be approximately $67.3 million in 2012 costs for the 
35,238 acre-foot reservoir.  Quantity estimates for construction materials and borrow sources are 
presented in Appendix G. 
 



 

STATES WEST WATER RESOURCES CORPORATION 
Viva Naughton Level II, Phase II Report  123 
January 2013 

Table 5.13 
Conceptual Cost Estimate 
Lower Dempsey Basin Reservoir – 24,180 Acre-Feet Capacity 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $2,000,000 $2,000,000 
Embankment         
  Dam Site Preparation CY 50,000 $2.25 $112,500 
  Stream Diversion LS - - $110,000 $110,000 
  Landslide Removal CY 89,000 $2.75 $244,750 
  Core Trench Soil Excavation CY 40,000 $5.50 $220,000 
  Core Trench Rock Excavation CY 20,000 $17 $340,000 
  Grouting LF 6,000 $80 $480,000 
  Furnish and Place Embankment Fill CY 1,500,000 $3.25 $4,875,000 
  Furnish and Place Filter and Blanket Drain CY 75,000 $55 $4,125,000 
  Furnish and Place Upstream Riprap and Bedding CY 40,000 $67 $2,680,000 
  Downstream Berm CY 8,000 $3.50 $28,000 
  Dewatering LS - - $105,000 $105,000 
  Instrumentation LS - - $125,000 $125,000 
Outlet Works LS - - $5,150,000 $5,150,000 
Spillway LS - - $1,250,000 $1,250,000 
Streamgage Ea 3 $60,000 $180,000 
Access Roads Mi 2 $115,000 $230,000 
Wetland Mitigation Ac 40 $26,000 $1,040,000 
Historical Trail Mitigation LS - - $2,400,000 $2,400,000 
Viva Naughton Emergency Spillway Modification LS - - $1,500,000 $1,500,000 
Delivery System - Alt 2 - 150 cfs LS - - $11,620,000 $11,620,000 
            
Subtotal $38,815,250 
10% Engineering $3,881,525 
Subtotal $42,696,775 
15% Contingency $6,404,516 
Construction Cost Total $49,101,291 
Final Design and Specification Preparation $2,750,000 
Permitting $1,750,000 
Legal Fees $120,000 
Acquisition of Access and Rights of Way $1,700,000 
2012 Total Project Cost $55,421,291 
USE $55,500,000 
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Table 5.14 
Conceptual Cost Estimate 
Lower Dempsey Basin Reservoir – 35,238 Acre-Feet Capacity 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $2,225,000 $2,225,000 
Embankment         
  Dam Site Preparation CY 74,000 $2.25 $166,500 
  Stream Diversion LS - - $110,000 $110,000 
  Landslide Removal CY 89,000 $2.75 $244,750 
  Core Trench Soil Excavation CY 47,000 $5.50 $258,500 
  Core Trench Rock Excavation CY 25,000 $17 $425,000 
  Grouting LF 12,500 $80 $1,000,000 
  Furnish and Place Embankment Fill CY 2,400,000 $3.25 $7,800,000 
  Furnish and Place Filter and Blanket Drain CY 110,000 $55 $6,050,000 
  Furnish and Place Upstream Riprap and Bedding CY 58,000 $67 $3,886,000 
  Downstream Berm CY 8,000 $3.50 $28,000 
  Dewatering LS - - $105,000 $105,000 
  Instrumentation LS - - $125,000 $125,000 
Outlet Works LS - - $5,150,000 $5,150,000 
Spillway LS - - $1,250,000 $1,250,000 
Streamgage Ea 3 $60,000 $180,000 
Access Roads Mi 2 $115,000 $230,000 
Wetland Mitigation Ac 40 $26,000 $1,040,000 
Historical Trail Mitigation LS - - $2,400,000 $2,400,000 
Viva Naughton Emergency Spillway Modification LS - - $1,750,000 $1,750,000 
Delivery System - Alt 3 - 150 cfs LS - - $14,120,000 $14,120,000 
            
Subtotal $48,543,750 
10% Engineering $4,854,375 
Subtotal $53,398,125 
15% Contingency $8,009,719 
Construction Cost Total $61,407,844 
Final Design and Specification Preparation $2,500,000 
Permitting $1,500,000 
Legal Fees $100,000 
Acquisition of Access and Rights of Way $1,700,000 
2012 Total Project Cost $67,207,844 
USE $67,300,000 

 
 

5.15 TOTAL ESTIMATED ANNUAL AND LIFE CYCLE COST 
Operation and maintenance costs were developed as a combination of the delivery system costs 
developed in Section 3 and dam and reservoir costs.  The reservoir operation and maintenance 
costs were estimated based on the assumption that PacifiCorp would operate the facility.  This 
would be logical in view of the current operation of Viva Naughton Dam and Reservoir.  
 
The total annual costs for 2012 through 2042 are presented in Tables 5.16 and 5.17.  The 
annualized cost for the construction of the reservoir was based on a loan interest rate of 4 percent 
and a 30-year term.  The annual payment will remain relatively the same over time; however, 
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operation and maintenance costs for this system can be expected to increase with inflation.  
Similar to the life cycle costs, the total annual payment was calculated using two different 
methods.  First, the total annual payment was calculated for the entire project cost.  Second, the 
total annual payment was calculated assuming that WWDC would provide a standard 67 percent 
grant. 
  

Table 5.15 
2012 Operation and Maintenance Costs 
Lower Dempsey Reservoir 
 

Item 24,180 
AF 

35,238 
AF 

Deliver System Day to Day Operation $16,000 $73,000 
Delivery System Maintenance $42,000 $47,000 
Dam Day to Day Operation $52,000 $52,000 
Dam Maintenance $60,000 $78,000 
Total 2012 O&M Costs $170,000 $250,000 

 
 
Table 5.16 
Total 2012 Project Costs – 24,180 AF – 150 cfs Pumping Station - $55.5 M 
Lower Dempsey Reservoir 

Year Pumping 
Cost/Yr 

Hydropower 
Revenue 

Operation & 
Maintenance 
Costs 

Loan Payment 
(4% - 30 Yrs. Annual Costs 2012 Present Worth 

(3% Inflation) 

No Grant 67% 
Grant No Grant 67% 

Grant No Grant 67% 
Grant 

2012 $73,000 $0 $170,000 $3,210,000 $1,059,300 $3,453,000 $1,302,300 $3,453,000 $1,302,300 
2017 $84,627 $0 $197,077 $3,210,000 $1,059,300 $3,491,704 $1,341,004 $3,011,978 $1,156,763 
2022 $98,106 $0 $228,466 $3,210,000 $1,059,300 $3,536,572 $1,385,872 $2,631,528 $1,031,213 
2027 $113,732 $0 $264,854 $3,210,000 $1,059,300 $3,588,586 $1,437,886 $2,303,370 $922,922 
2032 $131,846 $0 $307,039 $3,210,000 $1,059,300 $3,648,885 $1,498,185 $2,020,315 $829,515 
2037 $152,846 $0 $355,942 $3,210,000 $1,059,300 $3,718,788 $1,568,088 $1,776,130 $748,935 
2042 $177,190 $0 $412,635 $3,210,000 $1,059,300 $3,799,825 $1,649,125 $1,565,478 $679,418 

 
 
Table 5.17 
Total 2012 Project Costs – 35,238 AF – 150 cfs Pumped Storage - $67.3 M 
Lower Dempsey Reservoir 

Year Pumping 
Cost/Yr 

Hydropower 
Revenue 

Operation & 
Maintenance 
Costs 

Loan Payment 
(4% - 30 Yrs. Annual Costs 2012 Present Worth 

(3% Inflation) 

No Grant 67% 
Grant No Grant 67% 

Grant No Grant 67% 
Grant 

2012 $125,888 $107,576 $250,000 $3,890,000 $1,283,700 $4,158,312 $1,552,012 $4,158,312 $1,552,012 
2017 $146,048 $260,360 $289,819 $3,890,000 $1,283,700 $4,065,507 $1,459,207 $3,506,947 $1,258,726 
2022 $169,344 $287,624 $335,979 $3,890,000 $1,283,700 $4,107,699 $1,501,399 $3,056,498 $1,117,176 
2027 $196,224 $315,712 $389,492 $3,890,000 $1,283,700 $4,160,004 $1,553,704 $2,670,140 $997,260 
2032 $227,584 $347,200 $451,528 $3,890,000 $1,283,700 $4,221,912 $1,615,612 $2,337,588 $894,532 
2037 $263,424 $389,256 $523,444 $3,890,000 $1,283,700 $4,287,612 $1,681,312 $2,047,807 $803,012 
2042 $305,536 $451,072 $606,816 $3,890,000 $1,283,700 $4,351,280 $1,744,980 $1,792,671 $718,909 
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The 2012 life cycle costs for the proposed Lower Dempsey Reservoirs are presented in Table 
5.18.  The life cycle costs were determined for a period of 30 years.  This time frame is the same 
as the development of annual costs.  The life cycle costs assume that power, operation, and 
maintenance costs would inflate by 3 percent per year.  Life cycle costs were calculated using 
two different methods.  First, life cycle costs were calculated for the entire project cost.  Second, 
life cycle costs were calculated assuming that WWDC would provide a standard 67 percent 
grant. 
 

Table 5.18 
2012 Life Cycle Costs 
Lower Dempsey Reservoir 
 
Item 24180 AF 35238 AF 
Construction Costs $55.5 M $67.3 M 
Operation and Maintenance $4.4 M $6.5 M 
Energy Revenue/Cost $1.9 M $ -1.6 M 
2012 Life Cycle Costs $61.8 M $75.4 M 
   
Item 24180 AF 35238 AF 
Construction Costs 
(With 67 Percent Grant) 

$18.3 M $22.2 M 

Operation and Maintenance $4.4 M $6.5 M 
Energy Revenue/Cost $1.9 M $ -1.6 M 
2012 Life Cycle Costs 
(With 67 Percent Grant) 

$24.6 M $27.1 M 
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SECTION 6 – UPPER DEMPSEY BASIN RESERVOIR 
 
Upper Dempsey Basin Reservoir, as shown in Figure 6.01, was previously identified in the 
Green River Groundwater Recharge and Alternate Storage, Level I Project (States West, 2001).  
The site was not pursued in subsequent studies due to the difficulties of delivering water through 
a canal.  This study has demonstrated that pumped storage could be a project benefit.  Table 6.01 
illustrates the advantages and disadvantages the upper storage site has in comparison to the lower 
site. 
 

Table 6.01 
Advantages and Disadvantages of Upper Dempsey Basin Reservoir 
 
Advantages Disadvantages 
1. The upper site would be more efficient 

in that the embankment quantity 
would be less than the lower site for 
the equivalent amount of storage. 

2. The upper reservoir is located at a 
higher elevation.  Power generation 
revenues would increase. 

3. The upper site would be upstream of 
identified landslides. 

4. Viva Naughton Reservoir would not 
inundate the dam foundation and toe 
at the upper site. 

5. The impacts on wetlands would be 
reduced from 21 acres to 
approximately 15 acres. 

6. The impacts on the historic trails 
would be reduced from 3.8 miles to 
approximately 2.7 miles. 

7. The dam would be located entirely on 
one property whose landowner has 
been receptive to the project. 

8. Approximately 1 mile of Dempsey 
Creek could be developed with 
instream flows and riparian/wetland 
habitat. 

1. The pipeline from the pump/turbine 
station to the reservoir would be 
increased by approximately 1 mile. 

2. The upper reservoir is located at a 
higher elevation.  Pumping heads to 
the reservoir would be higher, 
resulting in higher electricity costs. 

 

 
This section of the report presents the results of the analysis of the Upper Dempsey Basin 
Reservoir.  The items discussed include: 
 

 Reservoir storage volume 
 Geological and geotechnical investigations 
 Geotechnical evaluations 
 Conceptual embankment design 
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 Flood hydrology and operating levels 
 Conceptual outlet works and primary spillway design 
 Conceptual emergency spillway design 
 Viva Naughton emergency spillway modification design 
 Wetland and riparian mitigation investigation 
 Historic trail effect investigation 
 Fishery impact investigation 
 Greater Sage Grouse Impacts 
 Sensitive Species, Riparian Areas, and Big Game Habitat 
 Conceptual cost estimates 

 
6.1 Reservoir Storage Volume 
The minimum storage volume that should be considered for Upper Dempsey Basin Reservoir is 
24,180 acre-feet, which would be entirely active storage meaning that the reservoir could be 
drained.  However, Upper Dempsey Basin Reservoir would be significantly enhanced with a 
minimum pool.  From a recreation standpoint, a recreation pool would be desirable to maintain a 
minimum fishery pool and minimize yearly water fluctuations.  An adequate recreation pool 
usually comprises 25 to 30 percent of the total reservoir storage.  On this basis, a minimum pool 
of 10,000 acre-feet would be desirable. 
 
The feasibility of hydropower generation is dependent on the existence of a power pool at Upper 
Dempsey Basin Reservoir.  Without a significant minimum pool, the head available to generate 
power would not be adequate.  From October 1 to June 1, the reservoir level could be quite low 
without the minimum pool.  A power/recreation pool of 10,000 acre-feet would furnish adequate 
head for a hydropower unit and minimize head fluctuations. 
 
A capacity curve for Upper Dempsey Basin Reservoir is shown on Figure 6.02.  This figure 
shows that a reservoir with a 24,180 acre-foot capacity would have a NHWL elevation of 7,347 
feet.  A capacity of 25,238 acre-feet (which would incorporate the storage right from Kemmerer 
Reservoir) can be attained by setting the NHWL elevation at 7,348 feet.  A capacity of 35,238 
acre-feet (which would incorporate both the storage right from Kemmerer Reservoir and a 
10,000 acre-foot power/recreation pool) can be attained by setting the NHWL elevation at 7,357 
feet.  Table 6.02 details reservoir elevations for various capacities. 
 

Table 6.02 
Upper Dempsey Basin Reservoir Elevations for Various Capacities 
 
Reservoir Size 24,180 acre-feet 25,238 acre-feet 35,238 acre-feet 
NHWL Elevation 7,347 feet 7,348 feet 7,357 feet 
Top of Dam Elevation 7,355 feet 7,356 feet 7,365 feet 
Freeboard 8 feet 8 feet 8 feet 

 
6.2 GEOLOGICAL AND GEOTECHNICAL INVESTIGATIONS 
Geological and geotechnical investigations included subsurface investigations, laboratory testing, 
and engineering evaluations to develop a preliminary interpretation of the subsurface conditions 
that are likely to impact dam and reservoir design and construction.  A review of published and 
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unpublished geotechnical and geological data, photogeologic interpretation and field geologic 
mapping was previously performed during evaluation of the Lower Dempsey site; some of this 
information is also relevant to the Upper Dempsey site because the sites are about a mile apart. 
 
6.2.1 Field Investigations 
Field investigations consisted of drilling seven exploratory boreholes and excavating sixteen test 
pits.  Subsurface explorations could not be located within 100 feet of the Dempsey-Hockaday 
Trail. 
 
Borehole locations are shown on Figure 6.03 and are summarized in Table 6.03.  Final borehole 
logs are presented in Appendix A.2 and rock core descriptors are defined in Appendix A.1.  The 
final boring logs include appropriate modifications to the field logs based on the laboratory test 
results.   
 

Table 6.03 
Summary of Boreholes 
 

Borehole ID General Location 
Approximate 
Ground Surface 
Elevation(1) (feet) 

Approximate 
Depth to 
Bedrock (feet) 

Total Depth 
of Boring (feet) 

B-101(2) 
Right Abutment 7,319.5 

NE 15.0 
B-101A(2) 12.0 50.0 
B-101B(2) 12.0 25.0 
B-102 Valley Bottom 7,311.2 4.0 70.0 
B-103 7,269.3 14.0 90.0 
B-104(3) Left Abutment 7,331.0 7.5 40.0 
B-104A(3) 7.5 70.0 
2. Ground surface elevations are based on interpretation of site-specific topography produced by Crank Companies, Incorporated. 
3. Boring B-101, B-101A, and B-101B were located within 5 feet of the surveyed location.  Borings B-101A and B-101B were drilled 

because of complications with drilling and limited recovery in the borings so that a relatively continuous sampled profile to the total 
depth of 50 feet could be obtained. 

4. Borings B-104 and B-104A were located within 5 feet of the surveyed location.  Boring B-104 was washed out and enlarged after 
drilling to a depth of 40 feet so B-104A was drilled to obtain a continuous sampled profile to the total depth of 70 feet. 

5. Not encountered. 
 
Test pit locations are shown on Figure 6.03 and are summarized in Table 6.04.  Final test pit logs 
are presented in Appendix B.  The final test pit logs include appropriate modifications to the 
field logs based on the laboratory test results. 
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Table 6.04 
Summary of Test Pits 
 

Test Pit ID General Location 
Approximate 
Ground Surface 
Elevation(1) (feet) 

Approximate 
Depth to 
Bedrock (feet) 

Total Depth 
of Test Pit (feet) 

TP-101 Valley Bottom 7270.6 9.0 9.5 
TP-102 Left Abutment 7281.1 NE(2) 10.0 
TP-103 Left Abutment 7299.5 NE(2) 12.0 
TP-104 Left Abutment 7298.9 NE(2) 11..5 
TP-105 Valley Bottom 7275.6 NE(2) 13.0 
TP-106 Valley Bottom 7271.9 9.0 11.0 
TP-107 Right Abutment 7263.8 4.0 7.0 
TP-108 Right Abutment 7341.2 0.25 6.0 
TP-109 Right Abutment 7324.3 0.5 6.0 
TP-110 Right Abutment 7329.0 1.0 8.0 
TP-111 Right Abutment 7295.9 5.0 7.0 
TP-112 Valley Bottom 7274.3 7.0 10.0 
TP-113 Valley Bottom 7291.0 NE(2) 10.0 
TP-114 Valley Bottom 7293.6 NE(2) 11.5 
TP-115 Valley Bottom 7275.1 8.0 10.0 
TP-116 Valley Bottom 7275.4 11.5 12.0 
TP-117 Valley Bottom 7313.0 8.5 9.5 
TP-118 Valley Bottom 7326.1 8.5 9.0 
2. Ground surface elevations are based on interpretation of site-specific topography produced by Crank Companies, Incorporated. 
3. Not encountered. 

 
Additional information about the field investigations is presented in Appendix A.1. 
 
6.2.2 Laboratory Testing 
Laboratory tests were performed on representative samples of soil and rock recovered from the 
borings and test pits.  Test results are presented in Appendix C and are summarized in Table 
6.05. 
 
6.2.3 Regional Geology 
The dam and reservoir site are located along the southern portion of the Overthrust Belt, which is 
an area of complex structural folding and faulting that includes a series of overthrust sheets 
bounded by thrust faults.  An overthrust sheet is an area of rock that generally has been displaced 
several miles and has been thrust over the top of the adjacent landscape by low-angle faulting.  
The dam and reservoir site are underlain by the Wasatch formation.  The Wasatch Formation is 
Eocene aged (33 to 55 million years old), which is a relatively young bedrock unit.  Bedrock is 
generally covered by surficial soils (alluvium or colluvium) up to about 14 feet thick. 
 
Within the dam and reservoir site, the Wasatch formation locally includes a subunit known as the 
Tunp Member that intertongues with other members of the Wasatch and Green River formations.  
The Tunp Member is described as a red, conglomeratic, sandy mudstone that contains angular to 
well rounded, pebble- to boulder-sized clasts.  The clasts are generally matrix supported, 
unsorted, and not oriented along bedding planes.  The Tunp Member probably originated as 
mudflow and debris flows and from gravity sliding (McGrew and Casilliano, 1975). 
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The cap rock in the higher plateau (Hams Fork Plateau) located west and southwest of the 
Dempsey Basin dam site is mapped as the Fossil Butte Member of the Green River formation 
(Eocene).  The Fossil Butte Member is exposed as a resistant bluff characterized as a tan to 
brown and gray sequence of limestone, marlstone, and siltstone that is up to 200 feet thick 
(M’Gonigle and Dover, 2004). 
 
The bedding within the Wasatch formation and Green River formation is generally flat to gently 
dipping (less than 10 degrees) over the area.  The Eocene age rocks (Wasatch and Green River 
formations) conceal thrust faults and folds in older Cretaceous and Paleozoic rocks.  In other 
words, the bedrock sequence underlying the dam sites has not been subjected to overthrust 
faulting and folding. 
 



 

 

Table 6.05 
Summary of Dempsey Basin Laboratory Test Results 

 

Boring/Test 
Pit ID 
 

Sample ID 
 

Sample 
Depth 
Interval 
(ft) 

General 
Description 
 

Approx. 
Elevation 
at Top of 
Sample 
(ft) 

Natural 
Moisture 
Content 
(%) 

Dry Unit 
Weight 
(pcf) 

Atterberg Limits Gradation Hydrometer 
Standard Proctor 
Compaction Test Results Shear Strength Test Results Dispersion 

Liquid 
Limit, LL 
(%) 

Plasticity 
Index, PI 
(%) 

% 
Cobbles 
(-12 in. to 
+3 in.) 

%% 
Gravel 
(-3 in. to 
+ No. 4) 

% Sand 
(- No. 4 
to + No. 
300) 

% Files 
(- No. 
200) 

% Clay Sized 
Particles 
(-0.005 mm) 

Optimum 
Moisture 
Content 
(%) 

Maximum 
Dry 
Density 
(pcf) 

Effective Strength(4) Total Strength(4) Peak 
Unconfined 
Compressive 
Strength 
(ksf) 

Crumb 
Dispersion 
USBR 
Method 
Grade(7)(8) 

φ' 
(deg.) 

C’ 
(psf) 

φT 
(deg.) 

cT 
(psf) 

Alluvium - Fan Deposit 
Mixed sample 
1(1) -- -- Fat Clay --     52 38   0.0 8.8 91.2 57.5 17.9 107.2 44(5)            

17(6) 
0(5)              
392(6) 17 280   1 

TP-103 B-2 3.0-4.0 Fat Clay 7296.5     54 40   0.0 7.5 
92.5(9), 
92.8(10) 60.7               3 

TP-104 B-1 1.0-2.0 Lean Clay 7297.9     48 34   0.0 10.5 89.5                 2 
TP-113 B-1 1.5-2.0 Fat Clay 7289.5     57 42       89.2                 2 
Alluvium - Valley Bottom 

B-103 CA-3 
10.33-
10.67 

Lean Clay 
with Gravel 7259.0 17.7 110.2                       0.7 2 

Mixed Sample 
2(2) -- -- 

Clay and 
Clayey Sand --     27 15   1.3 44.9 53.8   12.8 119.6 

33 0 16 680 

 3 
Mixed sample 
3(3) -- -- 

Clay and 
Clayey Sand --     29 16   1.2 30.4 68.4   13.7 116.9  4 

TP-102 B-2 6.0 Lean Clay 7275.1                            2 
TP-115 B-1 2.0 Clayey Sand 7273.1                            4 
TP-116 B-1 3.0 Lean Clay 7272.4                            3 
Alluvium - Terrace Deposit 

TP-117 Bulk -- 
Sand and 
Gravel --         11 66 21.8 1.2          

TP-117 BU-1 2.0-7.0 
Sand and 
Gravel 7311.0           64.9 27.4 7.7          

TP-118 BU-2 3.0-7.0 
Sand and 
Gravel 7323.1           61.6 31.5 6.9          

Colluvium 
B-104 CA-1 2.67-3.0 Lean Clay 7328.3 9.2 122.5                             4 
Mudstone 
B-101A Run 5 33.8-35.0 Mudstone 7315.7 12.7 119.5 43 25       96.7               7.4   

B-102 
Core 1, 
Run 2 14.0-15.0 Mudstone 7297.2 15.4 118.2 48 31       99.6               3.5 2 

B-102   21.7-22.7 Mudstone 7289.5 10.9 126.3                           13.3   
B-103   31.5-32.5 Mudstone 7237.8 11.7 126.6 55 39       94.7               13.0   
B-103   40.6-41.6 Mudstone 7228.7 15.3 120.2                           15.4   
TP-112 B-2 8.0-10.0 Mudstone 7266.3                                 2 
Sandy Mudstone 

B-102   27.7-28.7 
Sandy 
Mudstone 7283.5 6.9 138.7 31 19       84.0               42.1   

B-104 
Run 5, 
Core 3 30.0-31.0 

Sandy 
Mudstone 7301.0 8.3 133.9 25 13       72.6               22.1   

Siltstone 
B-103   18.8-19.8 Siltstone 7250.5 9.9 129.9 40 26       96.2               16.1   
B-104 Core 1 15.0-16.0 Siltstone 7316 12.1 122.2 35 21       89.4               5.2 1 

B-104 
Run 3, 
Core 2 22.3-23.6 Siltstone  7308.7 8.1 135.8                           33.3   

Sandy Siltstone 

B-101A 
Run 3, 
Core 1 29.0-30.0 

Sandy 
Siltstone 7320.5 8.5 136.7 30 19       82.6               29.3   

Notes: 
1. Mixed Sample 1 consisted of a blend of the following two samples: TP 104, BU1 - 9 to 11.5 feet and TP 103 - BU1, 2 to 4 feet. 
2. Mixed Sample 2 consisted of a blend of the following two samples:  TP 101, BU1 - 3 to 7 feet and TP 112, BU1 - 2 to 4 feet. 
3. Mixed Sample 3 consisted of a blend of the following two samples:  TP 106, BU1 - 1 to 5 feet and TP 115, BU2 - 4 to 5 feet. 
4. Consolidated undrained triaxial tests were performed on three samples remolded to 95 to 97 percent of standard Proctor density at optimum to +2 percent moisture content with the following consolidation stresses:  1,000, 3,000, and 6,000 psf. 
5. Shear strength for effective normal stresses less than 594 psf. 
6. Shear strength for effective normal stresses greater than 594 psf. 
7. Per the USBR crumb dispersion test method the dispersive grade reported corresponds to the reading taken at 60 minutes. 
8. Grades for the crumb dispersion test are defined as follows:  Grade 1 - Non-Dispersive, Grade 2 = Intermediate, Grades 3 and 4 = Dispersive. 
9. Based on hydrometer test (ASTM D 422). 
10. Based on percent passing No. 200 sieve (ASTM D 1140). 
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6.2.4 Dam and Reservoir Subsurface Conditions 
Based on the data collected from the geologic mapping of the dam and reservoir area and 
subsurface investigations, bedrock is not exposed at the surface within the dam foundation area.  
Bedrock is covered by colluvial soils on the abutment slopes and by alluvial soils in the valley 
bottom.  The interpreted surficial geologic conditions in the vicinity of the proposed dam and 
reservoir are presented on the geologic map on Figure 6.04, and a geologic profile along the dam 
axis is presented on Figure 6.05. 
 
6.2.4.1 Dam Site Surficial Soils 
Alluvial and colluvial soils were encountered at the dam site in the borings listed in Table 6.03.  
Soils at the dam site ranged from 4 to 14 feet thick and consisted predominantly of fine grained 
deposits (fat clay, lean clay, lean clay with sand, lean clay with gravel, gravelly lean clay, and 
silt), with an isolated coarse grained deposit (silty gravel with sand) in the right abutment.  The 
fine grained deposits were composed mostly of low to high plastic fines with less than 35 percent 
sand and less than 30 percent gravel and were soft to hard and dry to wet.  California sampler 
blowcounts in the fine grained surficial soils ranged from 7 to 34 blows per foot and averaged 19 
blows per foot.  One California sampler location in lean clay encountered refusal (50 blows) after 
8 inches of penetration.  The silty gravel with sand in the right abutment consisted mostly of 
gravel with 15 to 35 percent sand and 15 to 35 percent fines and was dense and slightly moist.  
California sampler blowcounts in the silty gravel with sand ranged from 45 to 80 blows per foot 
and averaged 67 blows per foot. 
 
6.2.4.2 Dam Site Bedrock 
Bedrock at the dam site consisted predominantly of interbedded mudstone, siltstone, and silty 
sandstone with occasional beds of clayey sandstone, sandy siltstone, and sandy mudstone.  Based 
on the lengths of material recovered by rock coring, bedrock at the dam site consists of about 56 
percent mudstone, 15 percent siltstone, 12 percent silty sandstone, 7 percent clayey sandstone, 5 
percent sandy siltstone, and 5 percent sandy mudstone.  These different rock units could not be 
correlated between borings. 
 
The mudstone consisted mostly of fines with less than 10 percent sand.  The mudstone was 
slightly to intensely weathered, slightly to very intensely fractured, and dry to moist.  Mudstone 
hardness was predominantly H7 and occasionally H6.  Fractures were smooth to rough, tight to 
open, and clean to very thinly infilled.  Core recovery ranged from 76 to 100 percent with an 
average of 99 percent.  RQD values ranged from 40 to 100 with an average of 91.  RQD values 
were greater than 70 except for two intervals: 1) 6 to 10 feet deep (El. 7305.2 to El. 7301.2) in B-
102, and 2) 20 to 25 feet deep (El. 7249.3 to El. 7244.3) in B-103.  Natural moisture contents 
ranged from 10.9 to 15.4 percent with an average of 13.2 percent and dry unit weights ranged 
from 118.2 to 126.6 pcf with an average of 122.2 pcf.  Liquid limits ranged from about 43 to 55 
with an average of 49 and plasticity indices ranged from about 25 to 39 with an average of 32.  
Unconfined compressive strengths ranged from 3.5 to 15.4 ksf with an average of 10.5 ksf.   
 
The siltstone consisted mostly of fines with less than 11 percent sand.  Sandy siltstone was 
similar to siltstone but contained up to 20 percent sand.  The siltstone and sandy siltstone were  
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slightly to intensely weathered, slightly to moderately fractured, and dry to moist.  Siltstone and 
sandy siltstone hardness was predominantly H7 and occasionally H6.  Fractures were slightly to  
moderately rough, tight to open, and clean to thinly infilled.  Core recovery ranged from 76 to 
100 percent with an average of 96 percent.  RQD values ranged from 26 to 100 with an average 
of 85.  RQD values were greater than 76 except for two intervals: 1) 20 to 25 feet deep (El. 
7249.3 to El. 7244.3) in B-103, and 2) 25 to 30 feet deep (El. 7306.0 to El. 7301.0) in B-104.  
Natural moisture contents ranged from 8.1 to 12.1 percent with an average of 9.7 percent and dry 
unit weights ranged from 122.2 to 136.7 pcf with an average of 131.2 pcf.  Liquid limits ranged 
from about 30 to 40 with an average of 35 and plasticity indices ranged from 19 to 26 with an 
average of 22.  Unconfined compressive strengths ranged from 5.2 to 33.3 ksf with an average of 
21.0 ksf.   
 
The silty sandstone and clayey sandstone consisted mostly of sand with 20 to 40 percent non- to 
medium plastic fines.  The silty sandstone was slightly to moderately weathered, slightly to 
intensely fractured, dry to moist, and H6 to H7.  Fractures were smooth to rough, tight to open, 
and clean to thinly infilled.  Core recovery ranged from 76 to 100 percent with an average of 93 
percent.  RQD values ranged from 26 to 100 with an average of 83.  RQD values were greater 
than 60 except for between depths of 20 and 30 feet (El. 7249.3 to El. 7239.3) in B-103.  No 
laboratory tests were performed on silty sandstone. 
 
The sandy mudstone consisted mostly of fines with 15 to 40 percent sand.  The sandy mudstone 
was decomposed to moderately weathered, moderately fractured, moist, and H-6 to H-7.  
Fractures were slightly rough to rough, slightly open to open, and clean to very thinly infilled.  
Core recovery ranged from 76 to 100 percent with an average of 94 percent.  RQD values ranged 
from 26 to 100 with an average of 71.  RQD values were greater than 90 except for between 
depths of 25 and 30 feet (El. 7306.0 to 7301.0) in B-104.  Natural moisture contents ranged from 
6.9 to 8.3 percent and averaged 7.6 percent and dry unit weights ranged from 133.9 to 138.7 pcf 
and averaged 136.3 pcf.  Liquid limits ranged from about 25 to 31 and averaged 28 and plasticity 
indices ranged from about 13 to 19 and averaged 16.  Unconfined compressive strengths ranged 
from 22.1 to 42.1 ksf and averaged 32.1 ksf.   
 
Several packer test locations within boreholes had high hydraulic conductivities, which are 
defined as greater than 1 x 10-4 cm/s.  Locations where the computed hydraulic conductivity was 
greater than 1 x 10-4 cm/s are as follows: 
 

 B-102 (right valley slope) from 35 to 45 feet below the ground surface (El. 7276.2 to El. 
7266.2) 

 B-103 (valley bottom) from 40 to 45 feet below the ground surface (El. 7229.3 to El. 
7224.3) 

 B-104 (left abutment) from 20 to 35 feet below the ground surface (El. 7311.0 to El. 
7296.0) 

 
Boring B-103 between 55 and 60 feet and between 85 and 90 feet below the ground surface also 
had hydraulic conductivities between 1 x 10-4 cm/s and 1 x 10-5 cm/s.  These same intervals also 
had other indications of high hydraulic conductivity.  Water was unable to be circulated during 
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drilling B-102 from 35 to 40 feet below the ground surface and B-104 from 20 to 25 feet below 
the ground surface.  Also in B-104 from 25 to 30 feet below the ground surface, water pressure 
could not be developed during the Packer test.  Areas of high hydraulic conductivity were not 
expected in the soft, fine grained bedrock and were not identified during field investigation at the 
Upper Dempsey site.  We would expect discontinuities in this type of soft rock to mostly close 
over time and not be highly permeable.  Recovered core and rock quality indicators (percent 
recovery and RQD) were generally similar between areas that had high hydraulic conductivity 
and areas with very low hydraulic conductivity, which is defined as less than about 1 x 10-7 cm/s.  
The reasons for these areas of high hydraulic conductivity are currently unknown, but they could 
be caused by defects in the rock mass that could have been caused by stress relief, landsliding, or 
other geologic phenomena.  It is not currently known if these defect areas daylight in the 
reservoir or if they will result in excessive seepage losses or create seepage stability concerns.  
Packer test results are provided in Appendix D. 
 
6.2.4.3 Right Abutment Spillway 
Borings 101, 101A, and 101B were drilled about 200 feet north of the approximate spillway 
alignment.  However, we would expect the generalized subsurface profile at the spillway to be 
similar to those encountered in these borings.  Colluvial soil at the boring location was 
approximately 12 feet thick and consisted of fat clay, lean clay, lean clay with sand, gravelly lean 
clay, and silty gravel with sand.  These deposits were hard or dense and dry to slightly moist.  
Mudstone and sandy siltstone bedrock similar to that described in Section 6.2.4.2 was 
encountered 12 feet below the ground surface in borings 101A and 101B. 
 
6.2.4.4 Possible Borrow Areas 
Potential areas for borrow materials include the following: 
 

 Alluvial soils in the valley bottom  
 Alluvial soils in an alluvial fan deposit on the left side of the valley 
 Soils in a terrace deposit located along the right side of Hams Fork River 
 Limestone in the Fossil Butte Member of the Green River Formation, which caps Hams 

Fork Plateau south of the Site 
 
These potential borrow areas are shown on Figure 6.06 and are discussed in the following 
paragraphs. 
 
Alluvial soil was encountered in the valley bottom in Test Pits 101, 102, 105, 106, 111, 112, 115, 
and 116.  This soil ranged from about 5 to greater than 13 feet thick and consisted of both fine 
grained (lean clay, lean clay with sand, sandy lean clay) and coarse grained (clayey sand, silty 
sand, silty sand with gravel, clayey sand with gravel, clayey gravel with sand) materials.  The 
materials were generally interbedded, with beds being multiple feet thick.  Gravely materials 
were generally identified immediately above bedrock.  The fine grained deposits ranged from 
non to medium plastic, generally contained less than 50 percent sand, were medium stiff to hard, 
and slightly moist to moist.  The coarse grained deposits contained fine to coarse grained sand, 
fine to coarse grained gravel, less than 50 percent fines, were slightly moist to wet, and  
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occasionally contained cobbles with a maximum particle size of 4 inches.  This soil appears to be 
suitable for construction of embankment shells. 
 
An alluvial fan deposit is located on the left side of the valley about 600 to 1,600 feet upstream 
of the dam centerline.  Soil within this deposit was encountered in Test Pits 103, 104, 113, and 
114.  Soil encountered in these test pits consisted of lean clay, lean clay with sand, and fat clay 
and was greater than 12 feet thick.  The clay ranged from low to high plasticity, generally 
contained less than 20 percent sand, was medium stiff to hard, and slightly moist to moist.  Soil 
within the alluvial fan deposit generally had a higher plasticity and lower sand content than the 
valley bottom alluvium, and appears to be suitable for use in construction of an embankment 
core. 
 
Test Pits 117 and 118 were excavated in a terrace deposit along the right side of Hams Fork 
River.  These test pits encountered less than 1.5 feet of fine grained soil overlying 7.0 to 8.5 feet 
of gravel and cobbles.  Based on one gradation test, the gravel and cobble deposit generally 
consists of about 11 percent cobbles, 66 percent gravel, 22 percent sand, and 1 percent fines with 
maximum particle sizes larger than about 14 inches.  The portion of terrace gravel that did not 
contain cobbles consisted of about 50 to 70 percent gravel, 25 to 35 percent sand, and 5 to 15 
percent fines.  If processed, the terrace gravel and cobble deposit appears to be suitable for use as 
drain material or riprap bedding. 
 
The Hams Fork Plateau southwest of Dempsey Basin is capped by the Fossil Butte Member of 
the Green River Formation.  The Fossil Butte Member is composed of limestone, marlstone, and 
siltstone.  No quantitative data is available, but the presence of the plateau suggests that the rock 
is resistant to erosion.  The Fossil Butte Member may be a possible source of riprap.  Limestone 
within the Member is likely the most durable and is probably the best suited for use as riprap. 
 
6.2.4.5 Seismicity 
There are no previously identified active or potentially active faults within the dam and reservoir 
area.  The closest identified active or potentially active fault to the Site is approximately 6 miles 
to the west.  The maximum credible earthquake at Dempsey Basin has a magnitude of 7.2.  We 
used the USGS Earthquake Ground Motion Parameter Java Application to develop a relationship 
between peak bedrock acceleration and frequency of exceedance.   The State of Wyoming does 
not specify an earthquake return interval for design of embankment dams.  Based on published 
criteria in adjacent states, we selected a return interval of 5,000 years for this conceptual 
evaluation.  The peak bedrock acceleration for a return frequency of 5,000 years is 
approximately 0.59g.  
 
6.2.4.6 Landslides 
Large, ancient landslide deposits exist along the right side of Dempsey Basin.  Except for the 
toes of two landslides, the landslides are generally higher than the proposed maximum reservoir 
level and are not expected to be inundated by the reservoir.  Two landslides appear to be 
inundated by the reservoir.  The site-specific topography is about 15 feet higher in elevation than 
the USGS topography shown on Figure 6.04.  It is uncertain with this level of mapping accuracy 
if the toes of the landslides would be inundated by the reservoir.  However, for this level of study 
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and evaluation of possible landslide-induced waves, we assumed that the toes of the landslides 
would be inundated by the reservoir.   
 
6.3 GEOTECHNICAL EVALUATIONS 
We evaluated the collected geotechnical information; evaluated geologic hazards; developed 
material properties of the foundation and proposed embankment materials; and performed static 
slope stability, seismic deformation, and landslide-induced waves analyses to support 
development of the conceptual embankment design.  The analyses performed and the results of 
these analyses are presented in the following sections.  Calculations and supporting 
documentation are in Appendices D, E, and F. 
 
6.3.1 Dam Type 
Selection of a dam type and configuration was based on the following primary items: 
 

 Dam site geology and foundation conditions. 
 Availability and types of construction materials in and near the reservoir basin. 
 Economics of dam construction methods. 
 Performance of similar dam types. 

 
In our opinion, a practical dam type for the foundation conditions at the site would be an earthfill 
dam.  For this evaluation, we selected a zoned earthfill dam for the following reasons: 
 

 The material in the fan deposit appears to consist of a relatively uniform deposit of clayey 
material that would produce a consistent low permeable fill. 

 The quantity of this fan deposit does not appear to be adequate for construction of the 
entire embankment. 

 Most of the alluvial materials in the reservoir basin would be suitable for use as 
embankment shells.  However, much of this material would need to be processed to 
ensure a consistent clay content for use as a low permeable zone. 

 Adequate granular materials would be available from the terrace deposit to the east of the 
dam site to produce filter sand and drain gravel for both a chimney drain and a blanket 
drain.  

 
We defined the geometry of the low permeable core based on the anticipated limited quantity of 
uniform clayey material in the fan deposit.  Bedrock was not considered for use in embankment 
construction, because of the low strength of the material when used for compacted fills, which 
was identified during the evaluation of the Lower Dempsey site.  We evaluated two embankment 
sizes that correspond to crest elevations of 7,365 feet and 7,355 feet.   
 
6.3.2 Static Slope Stability 
RJH performed preliminary two-dimensional slope stability analyses to identify the required 
external geometry of the embankment.  We used the computer program Slope/W to compute 
factors of safety.  Stability analyses were performed for embankment crest elevations of 7,365 
feet and 7,355 feet.   
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Based on data from the field investigations, the subsurface profile was modeled as a 12-foot-
thick layer of clayey soil overlying bedrock.  Based on our evaluation of the data collected, the 
surficial soils are relatively weak and if not removed would adversely impact stability of the 
embankment.  For this level of study surficial soil was considered to be removed below the 
footprint of the embankment.  Material properties were developed for the anticipated 
embankment materials and foundation materials based on data from field investigations, 
laboratory tests, published correlations between material types and index properties to strength, 
and our experience with similar materials. The material properties used for these analyses are 
presented in Table 6.06.  Backup calculations are in Appendix D.1.  
 

Table 6.06 
Material Properties Used for Static Slope Stability Analyses 

 

Material 
 

Unit Weight 
(pcf) 

Peak 
Drained 
Strength(1) 

Unconsolidated 
Undrained 
Strength 
(psf) 

Consolidated 
Undrained 
Strength(1) 

Residual 
Strength 

Moist 
 

Saturated 
 

' 
(deg) 

c' 
(psf) 

t 
(deg) 

ct 
(psf) 

r' 
(deg) 

cr’ 
(psf) 

Embankment 
Core Fill 

126 132 44(2)

17(3) 
0(2) 
392(3) 

500 17 280 -- -- 

Embankment 
Shell Fill 

134 137 33 0 1,000 16 680 -- -- 

Foundation 
Soil 132 134 44(2)

17(3) 
0(2) 
392(3) 

350 0 350 -- -- 

Bedrock 142 144 27(4) 0 3,000 0 3,000 18 0 
Notes: 
1. Peak strengths are based on the recorded strength obtained at 5 percent strain. 
2. Shear strength for effective normal stresses between 0 and 594 psf. 
3. Shear strength for effective normal stresses greater than 594 psf. 
4. Corresponds to the fully softened strength for the bedrock. 
 
The shear strength of weak mudstone can vary significantly based on the degree of strain that has 
occurred between the time of deposition and the time of failure.  The maximum shear strength, 
which is referred to as peak strength, occurs at very small displacements.  Upon further 
displacement the strength is reduced to the critical state or fully softened strength.  As 
displacement increases significantly the strength reduces to the lower bound residual strength.  
Residual strengths represent the lowest strength of the material once movement or a progressive 
failure through the foundation has been initiated. 
 
Undrained strengths were developed from consolidated undrained triaxial test results for the 
embankment core and shell fill.  Based on the effective stress paths for specimens of shell 
material, the material would be over-consolidated from the anticipated compactive effort at 
consolidation stresses below about 1,000 psf.  Therefore, we assigned the shell material an 
unconsolidated undrained strength of 1,000 psf, which is approximately equal to the lower of the 
two strengths obtained from test specimens of possible shell materials.  The effective stress path 
for the specimen of core material consolidated to 1,000 psf did not exhibit behavior typical of a 
compacted soil, which should be similar to an over-consolidated clay.  We selected the 
unconsolidated undrained strength of the core material to be 500 psf.  This is less than the 
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strength of a specimen consolidated to 1,000 psf (about 590 psf), but greater than a linear 
projection of the undrained strength envelope to zero consolidation stress (about 280 psf).   
 
The Wyoming State Engineer does not specify minimum required safety factors for different 
loading conditions.  Therefore, we selected required safety factors based on criteria published by 
other regulatory agencies for dams such as USBR, USACE, and other states.  The factor of 
safety used to design embankments when residual strength is considered is generally about 1.0 to 
1.1, because the residual strength represents a lower bound strength.  Although slickensided 
fracture surfaces were not observed in recovered rock core, we decided to analyze stability using 
the residual strength of bedrock because ancient landslides were present near the Site and 
unknown defects are present in the rock mass.  The minimum required safety factors selected 
were also the same as those used for the Lower Dempsey embankment analyses. 
 
RJH performed static slope stability analyses for the following loading conditions: 
 

 End of construction 
 Steady state seepage from the normal water surface elevation (8 feet lower than the 

respective dam crest elevation) 
 Rapid drawdown (from normal water surface to an empty reservoir) 
 Steady state seepage from the normal water surface elevation with residual bedrock 

strength 
 Rapid drawdown (from normal water surface to an empty reservoir) with residual 

bedrock strength 
 
For both crest elevations (El. 7365 and El. 7355), a 3H:1V upstream slope and a 2.75H:1V 
downstream slope were required to obtain adequate safety factors.  The computed safety factors 
and minimum recommended safety factor are presented in Table 6.07.  Computer outputs from 
Slope/W are presented in Appendix D.2. 
 

Table 6.07 
Slope Stability Safety Factors 

Loading Condition 

Computed Safety Factors 

Minimum 
Recommended 
Safety Factor 

Crest El. = 7365 ft Crest El. = 7355 ft 
3H:1V 
Upstream 
Slope 

2.75H:1V 
Downstream 
Slope 

3H:1V 
Upstream 
Slope 

2.75H:1V 
Downstream 
Slope 

End of Construction 0.6(1) 0.8(1) 0.7(1) 0.7(1) 1.3 
Steady State Seepage 1.9 1.7 1.8 1.7 1.5 
Rapid Drawdown 1.4 N/A 1.5 N/A 1.2 
Steady State Seepage 
– Residual Bedrock 1.7(2) 1.2(2) 1.7(2) 1.2(2) > 1 

Rapid Drawdown – 
Residual Bedrock 1.0(3) N/A 1.0(3) N/A > 1 

Notes: 
1. The embankment has adequate end of construction stability if it is constructed in three stages as discussed 

below and presented in Table 6. 
2. Circular and block failure analyses were performed. 
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For both crest elevations, the controlling loading conditions are rapid drawdown with residual 
bedrock strength for the upstream slope and steady state seepage with residual bedrock strength 
for the downstream slope.   
 
Based on the unconsolidated undrained strength data currently available, the embankment would 
not have adequate end of construction stability if it is assumed to be constructed instantaneously 
in a single stage without allowing consolidation of the embankment fill.  The embankment would 
have adequate end of construction stability if it is constructed in three stages as follows: 

1. Stage 1:  Embankment fill is placed to about El. 7305.5, which corresponds to a fill about 
50 feet high. 

2. Stage 2:  After the Stage 1 fill has completely consolidated under its own weight, 
embankment fill is placed to about El. 7345, which corresponds to about 39.5 feet of 
additional fill.   

3. Stage 3:  After the Stage 2 fill has consolidated, embankment fill placement is completed 
at the respective crest elevations.  Stage 3 fill would be 10 feet thick for an embankment 
with a crest at El. 7355 and 20 feet thick for an embankment with a crest at El. 7365. 

 
The allowable height of fill placement during Stage 2 is less than that during Stage 1 because 
critical failure surfaces at the end of Stage 1 are contained entirely within the embankment shells.  
At the end of Stage 2, critical failure surfaces also pass through the embankment core, which has 
a lower strength than the shells.  Following Stage 1 and Stage 2 fill placements, embankment 
construction would need to be temporarily stopped to allow the embankment fill to consolidate 
and gain strength.  We did not estimate a degree of consolidation that would be required in the 
Stage 2 fill prior to placement of the Stage 3 fill; nor did we estimate the time construction would 
need to be temporarily stopped to allow the fill to consolidate.  The computed safety factors for 
the staged construction are presented in Table 6.08 and supporting documentation is presented in 
Appendix D.3. 
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Table 6.08 
Staged Construction Slope Stability Safety Factors 

 

Loading Condition 

Computed Safety Factors(4) 

Minimum 
Recommended 
Safety Factor 

Crest El. = 7365 ft Crest El. = 7355 ft 
3H:1V 
Upstream 
Slope 

2.75H:1V 
Downstream 
Slope 

3H:1V 
Upstream 
Slope 

2.75H:1V 
Downstream 
Slope 

End of Construction at 
end of Stage 1 (fill placed 
to El. 7305.5)(1) 

1.5 1.4 1.5 1.4 1.3 

End of Construction at 
end of Stage 2 (fill placed 
to El. 7345)(2) 

1.4 1.3 1.4 1.3 1.3 

End of Construction at 
end of Stage 3 (fill placed 
to embankment crest)(3) 

Note 3 Note 3 Note 3 Note 3 1.3 

Notes: 
1. Stability analyses assumed no consolidation of Stage 1 fill occurs during placement. 
2. Stability analyses assumed Stage 1 fill is completely consolidated under its own weight, no consolidation of 

Stage 1 or Stage 2 fill occurs. 
3. Stability analyses were not performed for the end of Stage 3.  RJH predicts safety factors will be greater than 

1.3 because of the small amount of fill placed during Stage 3.   
4. Actual safety factors will vary depending on the length of time and the degree of consolidation obtained 

between the end of Stage 2 fill placement and the beginning of Stage 3 fill placement. 
 
6.3.3 Seismic Deformation 
RJH performed a preliminary seismic deformation analysis to estimate the permanent crest 
deformation resulting from the design earthquake ground motion of 0.59g.  We performed the 
analyses using the empirical procedures presented by Makdisi and Seed (1977).  We computed 
the possible seismic deformation for a reasonable range of possible embankment fill shear wave 
velocities and a generalized response spectrum for the Site.  The computed range of possible 
seismic deformations for the dam could range from approximately 1.7 to 13.2 feet.  The 
computed seismic deformation for the dam using “average” material properties are in the range 
of 4.4 to 5.0 feet.  The proposed embankment heights provide 8 feet of freeboard above the 
respective reservoir levels, therefore, overtopping of the embankment is not predicted based on 
seismic deformations estimated using “average” material properties.  Seismic deformation 
calculations and supporting material are presented in Appendix E.   
 
6.3.4 Landslide-Induced Waves 
Large ancient landslides are present along the south (right) reservoir rim.  RJH used the 
procedures presented by Wieczorek et al. (2003) to estimate the expected height of waves that 
could be induced if a landslide failed catastrophically.  Predicted landslide-induced wave heights 
using this method are linearly proportional to assumed landslide velocity.  For a reasonable range 
of landslide velocities between 0.5 and 5 feet per second, the induced wave heights are predicted 
to range from about 0.8 to 8.0 feet.  We concluded that landslide-induced waves should not 
overtop the embankment, because computed wave heights are less than the freeboard of 8 feet 
and landslide velocities are not expected to exceed 5 fps.  Landslide-induced wave run-up was 
not evaluated, but would be anticipated to be higher than the landslide induced wave.  Wave run-
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up may likely be most severe on the left shore of the reservoir, directly across from the landslide 
failure.  It is unknown if the landslides will have an impact on the operation of the emergency 
spillway and should be investigated in future studies. Calculations are presented in Appendix F. 
 
In RJH’s opinion a catastrophic failure of this landslide may be possible.  We define a 
catastrophic failure as one where movement is visually perceptible.  Although these landslides do 
not exhibit evidence of recent movement, no analyses have been performed to evaluate the 
stability or failure mechanism.  As shown on Figure 6.04, the reservoir is predicted to inundate 
the toes of two ancient landslides.  Inundation and cycles of reservoir raising and lowering is 
anticipated to have an adverse impact on the stability of the landslides; however, an accurate 
evaluation of the limit of toe inundation and overall stability of the landslides cannot be made at 
this time because of the scale of geologic mapping, discrepancies between various elevation data, 
and limited available geologic data.  Imperceptible creep of these landslides may also presently 
be occurring; inundation of the landslide toe by the reservoir may accelerate the rate of creep.  
Downslope creep or a catastrophic failure of a landslide would also reduce the reservoir storage 
volume.  Impacts of landslide induced waves could be mitigated by providing additional 
freeboard.   
 
6.3.5 Natural Slope Stability 
RJH analyzed the stability of the left abutment near the location of the proposed inclined intake 
(Figure 6.06).  Analysis of the slope for rapid drawdown loading with fully softened bedrock 
strength was completed.  The calculated safety factor was approximately 1.3 to 1.4 for failure 
surfaces that were about 10 and 20 feet deep.  For a permanent facility the slope stability factor 
of safety should be at least 1.5.  Although not evaluated, the factor of safety if residual strengths 
were used may be below 1.0.  Based on the site-specific topography, other slopes upstream of the 
embankment left abutment are a similar slope inclination as the analyzed slope.  Based on this 
evaluation, the stability of the existing slope may prevent the construction of a sloping intake.  
However, additional data and analyses are required to confirm this opinion.  Stability analyses 
are presented in Appendix D.4. 
 
6.4 CONCEPTUAL EMBANKMENT DESIGN 
A plan of the embankment and reservoir for a dam with a crest at El. 7365 is presented on Figure 
6.06.  A representative embankment section near the maximum dam height is shown on Figure 
6.07.  The crest for the larger dam (El. 7365) should be 26 feet wide and the crest for the smaller 
dam (El. 7355) should be 24 feet wide.  For either crest elevation, the embankment would have a 
3H:1V upstream slope and 2.75H:1V downstream slope.  The embankment would consist of a 
central clay core, a chimney and blanket drain, and clayey shells.     
 
Foundation preparation would consist of excavating a 20-foot-wide cutoff trench below the 
centerline of the dam that would extend at least 10 feet into bedrock.  For this level of study we 
also assumed that surficial soil beneath the entire embankment would be excavated to bedrock to 
provide adequate stability.  The surficial soil excavated from the embankment foundation would 
likely be suitable for use as fill for the clay shells.   
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Because of the unexpected high hydraulic conductivity of zones of the bedrock discussed in 
Section 6.2.4.2, we have included a grout curtain for the entire length of embankment.  We 
assumed the following for the grout curtain: 
 

 A double row of grout holes split spaced every 10 feet.   
 One-half of the grout curtain length will require confirmation grout holes spaced every 5 

feet.  
 The grout curtain would extend 20 feet below the areas of high hydraulic conductivity 

and a minimum of 20 feet into bedrock.   
 
A chimney drain that is connected to a blanket drain would be included downstream of the core 
to manage seepage through the embankment and provide protection against internal erosion in 
the event of differential settlement of the dam that could lead to cracking of the core.  The 
chimney drain would be 6 feet wide, primarily for constructability reasons, and the blanket drain 
would be 4 feet thick.  The chimney drain would consist primarily of sand and it is likely that the 
blanket drain would consist of a layer of fine gravel with a layer of sand above and below the 
gravel.  Seepage collected in the chimney and blanket would be discharged to the downstream 
toe of the embankment using PVC pipes.  
 
Upstream slope protection would consist of riprap above bedding.  The riprap slope protection 
was included from the crest to the toe of the embankment.  If during future phases of design 
there is a requirement to maintain a permanent dead pool, the limits of the slope protection could 
likely be raised to extend to only several feet below the permanent dead pool.  For this phase of 
design we selected a combined thickness of riprap and bedding of 3 feet.   
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6.4.1 BORROW MATERIALS AND EMBANKMENT QUANTITIES 
Based on the findings from the test pits and geologic mapping, surficial soils within the reservoir 
basin below normal reservoir pool elevation are expected to contain about 1.5 times the volume 
of material needed to construct the embankment shells and core.   
 
Based on the limited work completed, it appears that the alluvial terrace deposits would provide 
a suitable source for filter sand and drain gravel materials.  This material would need to be 
screened and processed to produce products suitable for filter and drain materials.  It is possible 
that some of the larger gravel and smaller cobbles could also be used as a source of riprap 
bedding. The volume of alluvial terrace deposits is extensive and well in excess of the volume 
required to construct the embankment.   
 
It may be possible to obtain riprap from the Fossil Butte Member of the Green River Formation, 
which caps the Hams Fork Plateau to the south of the Site.  The limestone from this member is 
likely the best-suited for use as riprap.  The presence of the plateau suggests that the rock is 
resistant to erosion, although no quantitative data is available.   
 
6.5 FLOOD HYDROLOGY AND OPERATING LEVELS 
Flood hydrology was completed for the Dempsey Basin so that conceptual designs of the outlet 
works and spillways could be completed.  Due to Upper Dempsey Reservoir’s proximity to 
Lower Dempsey Reservoir, the same flood flows were used for both sites.  Precipitation values 
taken from maps produced by the National Weather Service were routed through the reservoir 
basin using HEC-HMS.  The Basin has a drainage area of 17.9 square miles.  This small drainage 
area helps limit the intensity of many of the larger floods.  Table 6.9 details flood flows for the 
Basin. 
 

Table 6.9 
Dempsey Basin Reservoir Flood Flows 
 
Occurrence 
Interval [years] 

Flood Flow 
[cfs] 

10 932 
100 2,093 
500 2,954 
PMF 34,415 

 
The Wyoming State Engineer’s Office would classify Upper Dempsey Basin Dam as a high 
hazard dam as there would be a threat to life and property if the dam were to fail.  Therefore, 
Upper Dempsey Basin Dam must be designed to pass the PMF safely. 
 
Flood hydrology calculations were then used to determine the operating levels for Upper 
Dempsey Basin Reservoir.  Operating levels for the reservoir were presented in Table 6.02.  The 
invert elevation of the emergency spillway allows Upper Dempsey Reservoir to store the 500-
year flood without the emergency spillway being activated.  Furthermore, the top of dam 
elevation provides at least 1 foot of freeboard during the PMF, which exceeds dam safety 
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standards.  The potential wave run-up due to landslide-induced waves would not overtop the dam 
embankment.  
 
6.6 CONCEPTUAL OUTLET WORKS AND PRIMARY SPILLWAY DESIGN 
The outlet works and principal spillway would be a combined structure.  This structure would 
consist of a low-level intake, inclined intake, intake junction, 66-inch steel outlet works pipe, and 
outlet works building.  A plan view of the outlet works is shown on Figure 6.09; a profile view is 
shown on Figure 6.10.  As previously mentioned, the outlet works would be able to pass the 
routed 500-year flood. 
 
6.6.1 Low-Level Intake 
The low-level intake should be designed to be used only in situations where the reservoir must be 
emptied.  A 72-inch by 72-inch self-contained sluice gate would be located as shown on Figure 
6.11.  This sluice gate would be controlled via the SCADA system.  Trash racks protecting the 
low-level intake would be designed to minimize velocities to reduce debris plugging.  Water 
discharged from the low-level intake would empty into the intake junction. 
 
6.6.2 Inclined Intake 
The inclined intake would be located on the left abutment as shown on Figure 6.09.  An inclined 
intake was chosen for the design because the soft foundation material could not support the 
weight of a traditional tower intake structure.  Use of an inclined intake structure would allow 
the weight of the structure to be distributed across a larger foundation.  The potential stability of 
the left abutment as discussed previously would have to be analyzed.  Flattening of the slope 
may be required.  
 
The inclined intake would have four 60-inch by 60-inch sluice gates located at different 
elevations to allow water to be discharged at different temperatures and water quality, as shown 
in Figure 6.10.  The elevation of these sluice gates would be determined by permitting 
authorities.  Trash racks would protect each sluice gate.  The sluice gates would be controlled via 
the SCADA system.  The gates could be automated to maintain the desired reservoir level.  
There is a potential for sediment accumulation causing problems with the sluice gates that would 
need to be addressed in future studies.  The inclined intake would have an approximate slope of 
5.5H:1V.  Water discharged from the inclined intake would empty into the intake junction. 
 
6.6.3 Intake Junction 
Figure 6.12 details the intake junction.  The purpose of the intake junction would be to take 
water discharged from the low-level and inclined intakes and route them through the outlet 
works piping.  A 66-inch butterfly valve would be located at the inlet to the 66-inch outlet works 
pipe.  A second 66-inch butterfly valve, referred to as an emergency release valve, would open 
into the pipeline tunnel.  This valve would only be operated in cases where rapid reservoir draw 
down is necessary to avoid a catastrophic event.  Only the valve on the outlet works pipe would 
be operated via the SCADA system.  The emergency release valve would be key operated from 
the gate house.   
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6.6.4 Outlet Works Pipe and Tunnel 
A 66-inch steel outlet works pipe would travel through the core of the dam as shown in Figure 
6.13.  A concrete access tunnel would allow personnel to maintain the pipe as needed.  The 
tunnel would also allow personnel access to the intake junction. 
 
The outlet works pipe would have the capacity to release high flow at low head to serve the 
requirements of both the irrigators and the pump storage system.  The pipe would be able to pass 
180 cfs with a reservoir elevation of 10 feet.  The pipe would also allow the outlet works to pass 
the routed 500-year flood without activating the emergency spillway. 
 
The total length of the pipe would be approximately 600 feet for the 35,238 acre-foot capacity.  
Pipe length would be approximately 50 feet shorter for the 24,180 acre-foot capacity. 
 
6.6.5 Gate House and Control Buildings 
A gate house building would be located at the top of the inclined intake.  This building would 
house the SCADA controls.  The SCADA controls would be responsible for operating all valves 
and gates on the dam site with the exception of the emergency release valve.  Access to the 
inclined intake would also be provided through the gate house for maintenance personnel. 
 
A control building would be located on the downstream end of the outlet works.  This building 
would serve to provide an emergency bypass to Dempsey Creek.  It would also house a flow 
meter so that released flows could be measured. 
 
6.7 CONCEPTUAL EMERGENCY SPILLWAY DESIGN 
The emergency spillway will only be utilized in flood events that exceed the 500-year return 
interval.  The spillway would have a crest width of 100 feet and have side slopes of 3H:1V as 
shown in Figure 6.14.  The invert elevation of the spillway would be located 2 feet above the 
NHWL.  The top of dam elevation provides at least 1 foot of freeboard during the PMF.  Table 
6.10 details the flows and water elevations for the PMF. 
 

Figure 6.10 
PMF Flows and Water Elevation 
 
Capacity 24,180 ac-ft 35,238 ac-ft 
Spillway Invert Elevation 7,349 ft 7,359 ft 
PMF Inflow 34,415 cfs 34,415 cfs 
PMF Outflow 3,064 cfs 1,785 cfs 
Maximum PMF Elevation 7,354 ft 7,364 ft 

 
Water would flow through the emergency spillway at a velocity of approximately 8 feet per 
second.  A concrete cutoff wall would be installed in the emergency spillway to help prevent 
erosion should the emergency spillway be activated. 
 
The emergency spillway would have a slope of 3 percent after the concrete cutoff wall as shown 
in Figure 6.14, and the spillway chute width would be reduced to 25 feet.  This slope is necessary 
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so that any spillway flows would not affect the structural integrity of the dam.  This area of the 
spillway would be lined with riprap to help prevent erosion. 
 
6.7.1 Static Slope Stability 
We evaluated the permanent excavation slope for a spillway on the right abutment (Figure 6.14).  
We only analyzed steady state seepage conditions with fully softened bedrock.  Alluvial 
materials that may be present at the top of the excavation were not included in the stability 
analysis because, based on available geologic data, the alluvial soils are expected to be relatively 
small compared to the total excavation height.  The computed safety factor for a 3H:1V slope is 
1.6.  For a permanent facility the slope stability factor of safety should be at least 1.5.  Stability 
analyses are presented in Appendix D.2. 
 
6.7.2 Spillway Geotechnical Design 
The sides of the spillway excavation should be at 3H:1V.  The excavated slopes are assumed to 
consist of mudstone bedrock.  The mudstone could have the potential to swell if the moisture 
content is increased or due to removal of the overburden materials.  If the mudstone swells, it 
could impact the invert elevation of the spillway crest.  Swelling properties of the mudstone 
should be evaluated in future phases of design. 
 
We understand that maximum velocity of water flowing through the spillway will be about 8 fps.  
The mudstone bedrock is a highly erodible material and we anticipate that significant erosion of 
the spillway channel will occur when the spillway operates.  Erosion of the spillway should be 
evaluated in future phases of design.   
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6.8 VIVA NAUGHTON EMERGENCY SPILLWAY ENLARGEMENT DESIGN 
The existing emergency spillway at Viva Naughton Reservoir does not have sufficient capacity 
to pass flood flows created by a dam failure at Upper Dempsey Basin Reservoir.  While the 
potential for failure is extremely low, the potential failure at Viva Naughton would be 
devastating.  It is recommended that the spillway at Viva Naughton be enlarged to handle a 
potential failure. 
 
It was assumed that Upper Dempsey Basin Reservoir would fail at full capacity while Viva 
Naughton Reservoir was also at full capacity.  The peak outflow from a failed dam can be 
estimated, but a major factor in the emergency spillway requirement would be the storage 
volume released from Upper Dempsey Basin Reservoir and the flood storage available in Viva 
Naughton Reservoir. 
 
The peak outflow from Upper Dempsey Basin Reservoir dam failure could be as high as 150,000 
cfs.  The flood storage available in Viva Naughton Reservoir is approximately 13,000 acre-feet.  
To pass this event through Viva Naughton Reservoir safely, a total emergency spillway width of 
800 feet would be required.  The maximum flow through the emergency spillway would be 
approximately 75,000 cfs.  The spillway would be extended approximately 500 feet to the west 
of the existing spillway as shown on Figure 4.13.  A concrete cutoff wall would be constructed to 
prevent severe erosion of the spillway if ever operated.  A small washout dike would be 
constructed to limit wave erosion and improve capacity. 
 
This enlargement of the emergency spillway would be sufficient to pass the PMF flows.  The 
current spillway does not have sufficient capacity.  As shown in Table 6.11, the estimated 
construction cost for the spillway enlargement is $1.5 million. 
 

Table 6.11 
Conceptual Cost Estimate 
Enlarged Viva Naughton Spillway 
 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $100,000 $100,000 
Excavation and Waste CY 200,000 $4.00 $800,000 
Concrete Crest CY 1,500 $300 $450,000 
Washout Dike CY 2,000 $50 $100,000 
Revegetation Ac 50 $1,000 $50,000 
          
Estimated Construction Cost $1,500,000 

 
A potential alternative to widening the existing spillway would be to construct a labyrinth-type 
spillway within the existing spillway.  While the discharge over the existing spillway crest 
occurs in a straight line so that the flow length equals the waterway width, as shown in Figure 
5.14, a labyrinth spillway “folds” the crest, thereby increasing the flow length without requiring 
as wide of a waterway.  Constructing a labyrinth spillway would remove the requirement of earth 
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excavation created by simply widening the existing spillway.  As shown in Table 6.12, the 
estimated construction cost for the spillway modification to a labyrinth spillway is $2.02 million. 
 

Table 6.12 
Conceptual Cost Estimate 
Labyrinth Viva Naughton Spillway 
 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $100,000 $100,000 
Excevation and Waste CY 40,000 $4 $160,000 
Concrete Slab CY 3,000 $400 $1,200,000 
Concrete Crest CY 750 $500 $375,000 
Riprap CY 3,000 $60 $180,000 
          
Estimated Construction Cost $2,015,000 

 
6.9 WETLAND AND RIPARIAN MITIGATION INVESTIGATION 
Wetland delineation for the Lower Dempsey Basin Reservoir was performed for the Level II, 
Phase II Report issued by Gannett Fleming.  The delineation for the Lower Dempsey Basin 
Reservoir extended upstream far enough to include the pool of Upper Dempsey Basin Reservoir. 
The delineation was done for a reservoir storage volume of 24,180 acre-feet.  This section 
summarizes the work done and identifies potential wetland mitigation areas. 
 
6.9.1 Wetland Delineation 
Wetland polygons were delineated within the reservoir inundation area.  Most of these are within 
the floodplain of Dempsey Creek or its tributaries.  Wetland types include scrub-shrub wetlands 
dominated by willow with an understory of beaked sedge and tufted hairgrass and wet meadow 
wetlands.  A few of the wet meadow wetlands, especially those in depressions, were dominated 
by creeping spikerush.  Most, however, were dominated by various combinations of tufted 
hairgrass, Nebraska sedge, or Baltic rush.  Drift lines and sediment deposits, as well as standing 
water and saturated soils in some locations, were present along all drainages.  Drainage patterns 
were present in off-channel wetlands.  Soils tended to be clayey away from the drainages with 
low chromas and iron concretions.  Soils in the channels tended to be sandy clays with iron 
concretions or black streaking. 
 
6.9.2 Wetland Impacts 
The total area of wetlands within the reservoir inundation area for the 24,180 acre-foot reservoir 
size is 14 acres.  The estimated wetland impact for a reservoir size of 35,238 acre-feet is 15 
acres.  Based on the standard Corps of Engineers ratio of 2:1, wetland mitigation requirements 
would be between 28 and 30 acres. 
 
6.9.3 Wetland Mitigation Alternatives 
The first preference for wetland mitigation would be within the Dempsey Creek drainage.  The 
best opportunities would be located on the upstream tributaries as shown on Figure 6.15.  The 
reservoir size shown on the figure is the 35,238 acre-feet with a normal high water level of 7,357 
feet.  The wetlands could be created with selective borrow to be utilized in the dam.  The 
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wetlands would be supplied with water from the tributaries and from the reservoir when at 
normal high water level.  The wetlands could be similar to the reservoir rim wetland at High 
Savery Reservoir.  The more detailed preliminary design of the wetlands would require more 
accurate mapping and geotechnical investigation.  The potential mitigation areas shown are 
sufficient to mitigate the wetland impacts.   
 
6.10 HISTORIC TRAIL EFFECT INVESTIGATION 
The Upper Dempsey Basin Reservoir would impact the Dempsey-Hockaday Trail.  The portions 
of the trail that would be inundated or severely affected by the construction of the Upper 
Dempsey Basin Reservoir are shown on Figure 6.16.  Approximately 2.6 miles of trail would be 
affected by a 24,180 acre-foot reservoir, and approximately 2.7 miles of trail would be affected 
by a 35,253 acre-foot reservoir.  The potential mitigation for historic trail impacts are disused in 
Section 8 - Historic Trail Mitigation in this report.  The assumptions for development of 
mitigation costs for this alternative are discussed in Section 8. 
 
6.11 FISHERY IMPACT INVESTIGATION 
Dempsey Creek is an ephemeral stream.  The stream normally flows in spring runoff and during 
rainstorms.  The stream supports no fishery. 
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6.12 GREATER SAGE-GROUSE IMPACTS 
In an effort to prevent listing of greater sage-grouse, the Wyoming Governor’s office developed 
a map of greater sage-grouse Core Population Areas (Version 3). The Core Population Areas 
include areas with the highest densities of breeding greater sage-grouse in the state, as well as 
identified areas important for connectivity between populations. The Core Population Areas 
include roughly 25% of the state but contain 83.1% of the greater sage-grouse population.  On 
June 2, 2011, Governor Mead issued Greater Sage-Grouse Executive Order (EO) 2011-5, which 
states that new development or land uses within Core Population Areas should be authorized or 
conducted only when it can be demonstrated that the activity will not cause declines in greater 
sage-grouse populations.   
 
The EO included a method for use in determining compliance with the EO for new projects, 
referred to as the Density and Disturbance Calculation Tool (DDCT).  The DDCT is used to 
determine if the proposed new disturbance, combined with existing and permitted disturbances in 
the area, are below 5% of the DDCT area and result in an average of <1 disruptive activity 
(defined as oil and gas wells and mines) per 640 acres within the area affected by the project.  
Based on scientific literature, it is assumed that as long as the maximum disturbance is <5% of 
the DDCT area and the density of disruptive activities is <1 per 640 acres, the proposed activity 
should not result in declines in greater sage-grouse populations provided that other general and 
specific stipulations are followed.  
 
To determine the DDCT analysis area, a 4-mile buffer was placed around Upper Dempsey 
Reservoir within the Core Population Area to determine which occupied leks may be affected by 
the project.  Five occupied leks were located within the 4-mile boundary as identified from the 
piaa_occlekper110210 shapefile (Figure 6.17). Next, a 4-mile buffer was placed around the 
perimeter of each of the affected occupied leks.  The 4-mile buffer of the proposed reservoir and 
the 4-mile buffer of the affected occupied leks were merged to create the DDCT analysis area for 
the proposed Upper Dempsey Basin Reservoir (Figure 6.17).  For the Dempsey Basin Reservoir 
analysis we assumed that the entire area within the Core Population Area boundary was suitable 
sage-grouse habitat. Following the above steps resulted in a DDCT analysis area of 79,925.03 
(Figure 6.17).     
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Figure 6.17 Proposed and existing disturbance within the DDCT analysis area for Upper Dempsey Reservoir 

Shapefiles of the dam and inundation pool for the proposed reservoir was used to determine total 
area of the new disturbance.  We classified all land area within the maximum high water line of 
the proposed reservoir as being disturbed. Once the DDCT area was defined, the acreage of 
existing surface disturbance was digitized using ArcGIS Version 10 on 2009 True Color 
National Agricultural Imagery Program (NAIP) aerial imagery at a scale of 1:5,000.  Because 
there were some very large disturbances within the DDCT analysis area of each reservoir, 
namely the existing Viva Naughton and Kemmerer Reservoirs as well as extensive irrigated 
hayfields located upstream of Viva Naughton Reservoir, only those disturbances were initially 
digitized to determine if the 5% disturbance threshold was exceeded.  The Wyoming Game and 
Fish Department (WGFD) was contacted to determine if the hayfields upstream of Viva 
Naughton Reservoir were used by sage-grouse and could therefore be classified as suitable 
habitat rather than disturbance.  The local WGFD biologist (Jeff Short) indicated that he did not 
have sufficient information to determine if these hayfields were used by sage-grouse.  Therefore, 
a 275-m wide perimeter of the hayfields adjacent to habitats containing sagebrush was 
considered suitable habitat following the WGFD DDCT manual.  Those portions of the hayfields 
greater than 275 m from a sagebrush edge were considered unsuitable habitat (i.e., classified as 
disturbance).  
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New disturbance associated with Upper Dempsey Reservoir would be 1,219.35 acres (Table 
6.13).  The existing surface disturbances in the DDCT area initially examined included the 
existing Viva Naughton and Kemmerer Reservoirs as well as extensive irrigated hayfields 
located along the Hamsfork River upstream of Viva Naughton (Figure 6.17).  The total existing 
disturbance was 4,100.17 acres, which represents 5.13% of the DDCT analysis area.  The 
combined existing and proposed disturbance was 5,319.52 acres, which represents 6.65% of the 
DDCT analysis area (Table 6.17).  These percentages are above the 5% disturbance threshold 
and are also absolute minimum percentages, as other forms of disturbance including highways 
and numerous roads were not digitized and added to the existing disturbance acreage. 
 
Table 6.13  Types and acres of disturbance within the  Upper Dempsey Reservoir 
Density and Disturbance Calculation Tool analysis area 
 
Disturbance type Acres 
Proposed Disturbance 
     Upper Dempsey Reservoir 1,219.35 
Existing Disturbance 
     Existing Reservoirs 1,558.17 
     Croplands 2,542.00 
Total disturbance 5,319.52 
Total area in DDCT 79,925.03 
% disturbance in DDCT 6.65 
 
Based on results of this DDCT analysis the Upper Dempsey Basin Reservoir would not be in 
compliance with the Governor’s EO because total surface disturbance (6.65%) is substantially 
greater than 5%. Even without the new disturbance, the area of existing disturbance in the DDCT 
analysis area (5.13%) is already above the 5% threshold.   
 
6.13 SENSITIVE SPECIES, RIPARIAN AREAS, AND BIG GAME HABITAT 
This section looks at biological criteria including threatened, endangered and sensitive wildlife 
and plants; migratory birds; and big game habitats for the reservoir.  The detailed report and 
images are included in Appendix A. 
 
Previously documented occurrences of federally listed species and other species of concern 
within the project area were determined through searching the Wyoming Natural Diversity 
Database (WNDD) maintained by the University of Wyoming.  The WNDD computer search 
included species of concern within their standard one township buffer around the township(s) the 
site is in.  To obtain information on big game habitats associated with each site, digital big game 
herd unit maps were obtained from the Wyoming Game and Fish Department (WGFD) and 
overlaid on a map of the proposed reservoir.  In addition, potential habitat for sensitive species 
and raptor nesting habitat was assessed during site visits in October 2005 and August 2006.  
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Woody Riparian Areas 
There are no extensive woody riparian areas within the Dempsey Reservoir inundation area.  
However, there are several stream reaches that have stands of willow along them, as well as a 
few off-channel willow-dominated areas.  In general, impacts to woody riparian areas would be 
relatively minor, but mitigation of these impacts may be required.  
 
Listed or other Sensitive Species 
Federally listed species that may occur in or near the project area include whooping crane, 
Canada lynx, black-footed ferret, and Ute’s ladies tresses orchid.  Whooping cranes in this area 
are from the Grays Lake, Idaho sandhill crane cross-fostering project, which has not been active 
for several years, and whooping cranes from this effort are considered to be a non-essential, 
experimental population.  There is no whooping crane habitat within the reservoir inundation 
area as it is composed primarily of sagebrush steppe.  There is no suitable Canada lynx habitat on 
site, as this species occurs in alpine and subalpine forests.  It is unlikely black-footed ferrets 
occur in this area, as no prairie dog towns are present in the project area.  Ute’s ladies tresses 
orchid could potentially occur along Dempsey Creek and associated wetlands.  There are no 
records of Canada lynx, black-footed ferret, or Ute’s ladies tresses in or near the project area. 
Construction of the Dempsey Dam and Reservoir is not likely to impact any federally-listed 
species.  
 
Several BLM sensitive species and other species tracked by the WNDD as species of concern 
may occur in or near the reservoir site (see Appendix A).  However, the only records of sensitive 
species within or near the project area are all birds, of which 16 species have been documented.  
Many of these species occupy habitats that don’t occur within the reservoir inundation area, such 
as Viva Naughton Reservoir and the Hams Fork River.  Prior to constructing the reservoir, 
surveys for sensitive wildlife and plant species would likely be required, especially for species 
classified as sensitive by the BLM.  If any sensitive species are found, mitigation measures 
would likely be required.  
 
Migratory Birds 
No raptor nests were observed during the site visits, and there is very little raptor nesting habitat 
within or near the reservoir inundation area.  Surveys would likely be required for raptor nests 
prior to construction activities.  
 
Big Game 
The entire project area is classified as spring-summer-fall habitat for pronghorn, mule deer, and 
elk.  The reservoir inundation area is within winter and winter/yearlong range for moose.  The 
reservoir inundation area, however, is not within any area designated as crucial winter range for 
big game, although portions of the supply canal are within the Hams Fork river riparian corridor, 
which is designated as moose crucial winter range.  The WGFD may require that impacts to 
crucial winter range be mitigated. 
 
6.14 WATER DELIVERY SYSTEM COST ESTIMATES 
The water delivery systems for Upper Dempsey Basin Reservoir would be similar to those 
analyzed for Lower Dempsey Basin Reservoir.  Two factors affect the costs and performance.  
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The upper site is 30 feet higher than the lower site.  Consequently, the pumping head and 
generation head increase.  The upper site requires approximately 5,000 additional feet of 
pipeline.  The additional pipe friction increases pumping head and decreases generation head.  
The combined factors result an approximately 36% increase in pumping head and 25% increase 
of generation head.  The pipeline alignment is show in Figure 6.18. 
 
The cost estimate for Alternative 2 – Pump Station and Alternative 3 – Pump/Turbine were 
updated.  The sizes of systems were assumed to be 150 cfs for direct comparison to the lower 
site.  The updated cost estimates are developed in Tables 6.14 and 6.15.  Outlet works cost 
estimates are generalized and do not included necessary modifications for a pumped supply.  The 
costs listed below include outlet works modifications.  
 

Table 6.14 
Conceptual Cost Estimate 
Alternative 2: Pumping System-2450 H.P. (150 cfs Capacity)  

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $800,000 $800,000 
Pump Station LS - - $7,000,000 $7,000,000 
66" Pipeline LF 10,000 $575 $5,750,000 
Pipeline Appurtenances LS - - $460,000 $460,000 
Reservoir Outlet Works Mod. LS - - $550,000 $550,000 
Water Crossings LF 400 $2,250 $900,000 
Dredging LS - - $550,000 $550,000 
Access Road LF 10,000 $50 $500,000 
Power Lines Mile 5 $100,000 $500,000 
Switchyard LS - - $300,000 $300,000 
          
Subtotal $17,310,000 
10% Engineering $1,731,000 
Subtotal $19,041,000 
15% Contingency $2,856,150 
Construction Cost Total $21,897,150 
Final Design and Specification Preparation $1,125,000 
Permitting $110,000 
Legal Fees $55,000 
Acquisition of Access and Rights of Way $50,000 
2012 Total Project Cost $23,237,150 
USE $23,300,000 
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 Table 6.15 
Conceptual Cost Estimate 
Alternative 3: Pumped Storage System Using Reversible Pumps/Turbines–2450 HP/1250kW (150 cfs 
Capacity) 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $850,000 $850,000 
Pump/Turbine Station LS - - $9,000,000 $9,000,000 
66" Pipeline LF 10,000 $625 $6,250,000 
Pipeline Appurtenances LS - - $575,000 $575,000 
Reservoir Outlet Works Mod. LS - - $550,000 $550,000 
Water Crossings LF 400 $2,250 $900,000 
Dredging LS - - $550,000 $550,000 
Access Road LF 10,000 $50 $500,000 
Power Lines Mile 5 $100,000 $500,000 
Switchyard LS - - $500,000 $500,000 
          
Subtotal $20,175,000 
10% Engineering $2,017,500 
Subtotal $22,192,500 
15% Contingency $3,328,875 
Construction Cost Total $25,521,375 
Final Design and Specification Preparation $1,375,000 
Permitting $110,000 
Legal Fees $55,000 
Acquisition of Access and Rights of Way $50,000 
2012 Total Project Cost $27,111,375 
USE $27,200,000 

 
 
6.15 PROJECT COST ESTIMATES 
Based on the conceptual designs presented above, conceptual cost estimates have been prepared 
for Upper Dempsey Basin Reservoir for capacities of 24,180 acre-feet and 35,238 acre-feet.  The 
detailed cost estimates are shown on Tables 6.16 and 6.17.  The 24,180 acre-foot reservoir would 
not incorporate a power pool or a recreation pool, so the delivery system was assumed to be the 
pump station alternative.  The 35,238 acre-foot reservoir would incorporate a 10,000 acre-foot 
power and recreation pool, so the delivery system was assumed to be the pumped storage 
alternative.  Tables 6.14 and 6.15 details the cost estimates for a water delivery system for Upper 
Dempsey Basin Reservoir.  The capacity for both the pump station and pump/turbine station was 
assumed to be 150 cfs.  The cost estimates include costs for construction components, 
construction engineering, preparation of final design plans and specifications, permitting and 
mitigation, legal fees, and acquisition of access and right-of-way.  Construction costs were 
calculated using 2012 material and labor costs and are presented in the standard format used by 
the WWDC. 
 
Based on the general geologic conditions identified, the reservoir basin below normal reservoir 
pool elevation is expected to contain 1.5 times the volume of materials needed to construct the 
embankment shells and core.  The Dempsey-Hockaday Trail passes through these borrow areas.   
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Based on the limited work completed, it appears that the alluvial terrace deposits would provide 
a suitable source for filter materials.  This material would need to be screened and processed to 
produce products suitable for filter materials.  It is possible that some of the larger gravel and 
smaller cobbles could also be used as a source of riprap bedding.  The volume of alluvial terrace 
deposits is extensive and well in extensive and well in excess of the volume required to construct 
the embankment. 
 
It may be possible to obtain riprap from the Fossil Butte Member of the Green River formation, 
which caps the Hams Fork Plateau to the south of the site.  The limestone from this member is 
likely the best suited for use as riprap.  The presence of the plateau suggests that the rock is 
resistant to erosion, although no quantitative data is available. 
 
The total project cost would be approximately $59.5 million in 2012 costs for the 24,180 acre-
foot reservoir.  The total project cost would be approximately $66.7 million in 2012 costs for the 
35,238 acre-foot reservoir.  Quantity estimates for construction materials and borrow sources are 
presented in Appendix G. 
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Table 6.16 
Conceptual Cost Estimate 
Upper Dempsey Basin Reservoir – 24,180 Acre-Feet Capacity 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $1,875,000 $1,875,000 
Embankment         

Dam Site Preparation CY 60,000 $2.25 $135,000 
Stream Diversion LS - - $80,000 $80,000 
Core Trench Soil Excavation CY 298,000 $5.25 $1,564,500 
Core Trench Rock Excavation CY 28,000 $17 $476,000 
Grouting LF 20,000 $80 $1,600,000 
Furnish and Place Core Fill CY 145,000 $5.50 $797,500 
Furnish and Place Embankment Fill CY 1,108,000 $3.25 $3,601,000 
Furnish and Place Filter and Blanket Drain CY 69,000 $55 $3,795,000 
Furnish and Place Upstream Riprap and Bedding CY 44,000 $66 $2,904,000 
Dewatering LS - - $80,000 $80,000 
Instrumentation LS - - $60,000 $60,000 

Outlet Works LS - - $3,600,000 $3,600,000 
Spillway LS - - $255,000 $255,000 
Streamgage Ea 3 $55,000 $165,000 
Access Roads Mi 2.5 $110,000 $275,000 
Wetland Mitigation Ac 30 $30,000 $900,000 
Historical Trail Mitigation LS - - $1,600,000 $1,600,000 
Viva Naughton Emergency Spillway Modification LS - - $1,600,000 $1,600,000 
Delivery System - Alt. 2 - 150 cfs LS - - $17,310,000 $17,310,000 
  
Subtotal $42,673,000 
10% Engineering $4,267,300 
Subtotal $46,940,300 
15% Contingency $7,041,045 
Construction Cost Total $53,981,345 
Final Design and Specification Preparation $2,750,000 
Permitting $1,100,000 
Legal Fees $110,000 
Acquisition of Access and Rights of Way $1,500,000 
2012 Total Project Cost $59,441,345 
USE $59,500,000 
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Table 6.17 
Conceptual Cost Estimate 
Upper Dempsey Basin Reservoir – 35,238 Acre-Feet Capacity 

Item Unit Quantity Unit Cost Total Cost 
Mobilization LS - - $1,875,000 $1,875,000 
Embankment         

Dam Site Preparation CY 69,000 $2.25 $155,250 
Stream Diversion LS - - $80,000 $80,000 
Core Trench Soil Excavation CY 345,000 $5.25 $1,811,250 
Core Trench Rock Excavation CY 31,000 $17 $527,000 
Grouting LF 21,000 $80 $1,680,000 
Furnish and Place Core Fill CY 175,000 $5.50 $962,500 
Furnish and Place Embankment Fill CY 1,441,000 $3.25 $4,683,250 
Furnish and Place Filter and Blanket Drain CY 81,000 $55 $4,455,000 
Furnish and Place Upstream Riprap and Bedding CY 52,000 $66 $3,432,000 
Dewatering LS - - $80,000 $80,000 
Instrumentation LS - - $60,000 $60,000 

Outlet Works LS - - $3,600,000 $3,600,000 
Spillway LS - - $255,000 $255,000 
Streamgage Ea 3 $55,000 $165,000 
Access Roads Mi 2.5 $110,000 $275,000 
Wetland Mitigation Ac 30 $30,000 $900,000 
Historical Trail Mitigation LS - - $1,600,000 $1,600,000 
Viva Naughton Emergency Spillway Modification LS - - $1,600,000 $1,600,000 
Delivery System - Alt. 3 - 150 cfs LS - - $20,175,000 $20,175,000 
  
Subtotal $48,371,250 
10% Engineering $4,837,125 
Subtotal $53,208,375 
15% Contingency $7,981,256 
Construction Cost Total $61,189,631 
Final Design and Specification Preparation $2,750,000 
Permitting $1,100,000 
Legal Fees $110,000 
Acquisition of Access and Rights of Way $1,500,000 
2012 Total Project Cost $66,649,631 
USE $66,700,000 

 
 
 

6.16 TOTAL ESTIMATED ANNUAL AND LIFE CYCLE COST 
The total annual costs for 2012 to 2042 are presented in Tables 6.18 and 6.19.  The annualized 
cost for the construction of the reservoir was based on a loan interest rate of 4 percent and a 30-
year term.  The annual payment will remain relatively the same over time; however, operation 
and maintenance costs for this system can be expected to increase with inflation.  Similar to the 
life cycle costs, the total annual payment was calculated using two different methods.  First, the 
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total annual payment was calculated for the entire project cost.  Second, the total annual payment 
was calculated assuming that WWDC would provide a standard 67 percent grant. 
 

Table 6.18 
Total 2012 Project Costs – 24,180 AF – 150 cfs Pumping Station - $59.5 M 
Upper Dempsey Reservoir 

Year Pumping 
Cost/Yr 

Hydropower 
Revenue 

Operation & 
Maintenance 
Costs 

Loan Payment 
4% - 30 Yrs. Annual Costs 2012 Present Worth 

3% Inflation 

No Grant 67% 
Grant No Grant 67% 

Grant No Grant 67% 
Grant 

2012 $103,000 $0 $170,000 $3,440,000 $1,135,200 $3,713,000 $1,408,200 $3,713,000 $1,408,200 
2017 $119,405 $0 $197,077 $3,440,000 $1,135,200 $3,756,482 $1,451,682 $3,240,379 $1,252,235 
2022 $138,423 $0 $228,466 $3,440,000 $1,135,200 $3,806,889 $1,502,089 $2,832,668 $1,117,690 
2027 $160,471 $0 $264,854 $3,440,000 $1,135,200 $3,865,325 $1,560,525 $2,480,998 $1,001,639 
2032 $186,029 $0 $307,039 $3,440,000 $1,135,200 $3,933,068 $1,628,268 $2,177,661 $901,540 
2037 $215,659 $0 $355,942 $3,440,000 $1,135,200 $4,011,601 $1,706,801 $1,915,981 $815,185 
2042 $250,008 $0 $412,635 $3,440,000 $1,135,200 $4,102,643 $1,797,843 $1,690,235 $740,688 

 
Table 6.19 
Total 2012 Project Costs – 35,238 AF – 150 cfs Pump/Turbine Station - $66.7 M 
Upper Dempsey Reservoir 

Year Pumping 
Cost/Yr 

Hydropower 
Revenue 

Operation & 
Maintenance 
Costs 

Loan Payment 
4% - 30 Yrs. Annual Costs 2012 Present Worth 

3% Inflation 

No Grant 67% 
Grant No Grant 67% 

Grant No Grant 67% 
Grant 

2012 $178,000 $129,000 $250,000 $3,860,000 $1,273,800 $4,159,000 $1,572,800 $4,159,000 $1,572,800 
2017 $206,351 $325,450 $289,819 $3,860,000 $1,273,800 $4,030,719 $1,444,519 $3,476,939 $1,246,057 
2022 $239,217 $359,530 $335,979 $3,860,000 $1,273,800 $4,075,666 $1,489,466 $3,032,662 $1,108,297 
2027 $277,318 $394,640 $389,492 $3,860,000 $1,273,800 $4,132,170 $1,545,970 $2,652,275 $992,296 
2032 $321,488 $434,000 $451,528 $3,860,000 $1,273,800 $4,199,016 $1,612,816 $2,324,911 $892,984 
2037 $372,692 $486,570 $523,444 $3,860,000 $1,273,800 $4,269,567 $1,683,367 $2,039,188 $803,993 
2042 $432,053 $563,840 $606,816 $3,860,000 $1,273,800 $4,335,028 $1,748,828 $1,785,975 $720,495 

 
 
The 2012 life cycle costs for the proposed Upper Dempsey Reservoirs are presented in Table 
6.20.  The life cycle costs assume that power, operation, and maintenance costs would inflate by 
3 percent per year.  Life cycle costs were calculated using two different methods.  First, life cycle 
costs were calculated for the entire project cost.  Second, life cycle costs were calculated 
assuming that WWDC would provide a standard 67 percent grant. 
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Table 6.20 
2012 Life Cycle Costs 
Upper Dempsey Reservoir 
 
Item 24180 AF 35238 AF 
Construction Costs $59.5 M $66.7 M 
Operation and Maintenance $4.4 M $6.4 M 
Energy Cost/Revenue $2.7 M $ -1.9 M 
2012 Life Cycle Costs $66.6 M $71.2 M 
   
Item 24180 AF 35238 AF 
Construction Costs 
(With 67 Percent Grant) 

$19.6 M $22.0 M 

Operation and Maintenance $4.4 M $6.4 M 
Energy Cost/Revenue $2.7 M $ -1.9 M 
2012 Life Cycle Costs 
(With 67 Percent Grant) 

$26.7 M $26.5 M 
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SECTION 7 – HAMS FORK STREAMFLOW IMPACTS 
 
A StateMod model was created in previous studies to quantify the yield that Viva Naughton 
Reservoir users would receive if the Reservoir were enlarged.  StateMod is a monthly and daily 
water allocation and accounting model capable of making comparative analyses of various 
historic and future water management policies within a river basin.  The model was used to 
simulate the enlargement between the years of 1946 and 2001.  However, an extended drought 
struck the region in 1999.  This drought would prove to be the drought of record for the area.  
Therefore, in order for the model to be accurate, the StateMod model was updated in the Level 
II, Phase II report completed by Gannett Fleming to include the years between 2002 and 2005. 
 
7.1 RESERVOIR YIELD 
As discussed in Section 1 – Introduction, three project demands would be addressed by the 
projects. The Naughton Power Plant demands and the combined municipal demands were 
modeled as requiring firm yield throughout the modeling period.  The drought at the end of the 
modeling period was the most extreme drought of record.  This period determined the firm yield 
for the projects and resulted in multi-year carry over storage being required.  The firm yield for 
the municipal demands would be approximately 1,545 acre-feet.  The firm yield for the 
Naughton Power Plant demands would be approximately 3,333 acre-feet.  
 
The irrigation supplementary flow demands were not modeled as firm demands.  As previously 
discussed, the reservoir storage would reduce shortages to approximately 1,270 acre-feet.  The 
approximate average annual yield would be 9,100 acre-feet.  The yield in an extended drought 
could be reduced drastically.  The total average annual yield of the projects would be 
approximately 14,000 acre-feet.  
 
7.2 STREAMFLOW IMPACTS 
The model was then utilized to determine the impacts on flows at numerous locations from Viva 
Naughton Reservoir to the Lower Hams Fork River near Granger.  Representative locations have 
been summarized in this section to show typical impacts to Hams Fork flows. 
 
The enlargement of Viva Naughton Reservoir and the construction of either Dempsey Basin 
Reservoir would have the same effects on the flow regime of the Hams Fork below Viva 
Naughton Reservoir.  The flows in the Hams Fork were modeled with the project in place to 
compare with current flows.  The flows were compared with and without the project from Viva 
Naughton Reservoir to the Lower Hams Fork near Granger. 
 
The average monthly flows and percentage changes are summarized in Tables 6.01 to 6.04 for 
stations at Frontier (Above PacifiCorp Diversion), Below the PacifiCorp Diversion, Opal, and 
Granger, respectively.  The flows are summarized for the long-term record from 1946 through 
2005.  The drought period from 2001 through 2005 is also summarized in the tables. 
 
The results indicate that at the four locations, flows are reduced in the runoff months of April, 
May, and June as flow is stored.  Appreciable increases in flow occur in the months of July, 
August, and September as releases are made for irrigation supplementary flows.  The lower 
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portions of the Hams Fork have historically dropped to very low flows in late summer.  The 
percentage increases of flows are highest at these locations.  The reduced flows during April, 
May and June cannot injure any existing water rights based on the legally available flows for 
storage.  
 
To increase delivery of water to the Naughton Power Plant from 20 cfs to 30 cfs, two diversion 
locations are possible.  The previous analysis assumed that the additional 10 cfs would be 
diverted at the existing diversion and pump station.  This study did not investigate the 
improvements to the existing pump station and pipeline required to increase the capacity. 
 
Alternatively, the additional power plant flow could be diverted from the Hams Fork east of the 
power plant below Kemmerer and Diamondville, as shown in Figure 7.01.  The pipeline would 
be considerably shorter, but the pumping lift would be increased.  This alternative could have 
very positive environmental benefits.  The effect of the additional 10 cfs flows from the existing 
diversion through Kemmerer and Diamondville is demonstrated in Table 7.05.  The positive 
effects on the streamflows could potentially improve fisheries through the communities. 
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Table 7.01 
StateMod Modeling Results for Frontier (Above PacifiCorp Diversion) 

 
Existing Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

AF/Month 2,175 2,106 2,253 2,240 1,994 2,345 8,155 39,338 32,219 8,779 4,891 2,661
CFS 35.4 35.4 36.6 36.4 35.9 38.1 137.1 639.8 541.5 142.8 79.5 44.7

With Enl.
AF/Month 2,814 2,754 2,869 2,853 2,593 2,958 5,573 30,257 32,254 11,445 7,598 4,550
CFS 45.8 46.3 46.7 46.4 46.7 48.1 93.7 492.1 542.1 186.1 123.6 76.5

Percent Change +29% +31% +27% +27% +30% +26% -32% -23% 0 +30% +55% +71%

Existing Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
AF/Month 1,980 2,021 2,124 2,104 1,911 2,251 3,119 15,312 15,257 5,894 3,714 2,311
CFS 32.2 34.0 34.5 34.2 34.4 36.6 52.4 249.0 256.4 95.9 60.4 38.8

With Enl.
AF/Month 2,642 2,675 2,800 2,780 2,521 2,927 3,774 9,157 12,868 6,442 4,945 3,479
CFS 43.0 45.0 45.5 45.2 45.4 47.6 63.4 148.9 216.3 104.8 80.4 58.5

Percent Change +33% +32% +32% +32% +32% +30% +21% -40% -16% +9% +33% +51%

AVERAGE FLOWS

DROUGHT FLOWS

 
 

Table 7.02 
StateMod Modeling Results below PacifiCorp Diversion) 

 
Existing Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

AF/Month 1,163 1,128 1,230 1,220 1,094 1,332 7,209 37,562 30,085 6,435 2,956 1,332
CFS 18.9 19.0 20.0 19.8 19.7 21.7 121.2 610.9 505.6 104.7 48.1 22.4

AF/Month 1,163 1,128 1,230 1,220 1,094 1,332 3,973 27,804 29,465 8,134 4,728 2,364
CFS 18.9 19.0 20.0 19.8 19.7 21.7 66.8 452.2 495.2 132.3 76.9 39.7

Percent Change 0 0 0 0 0 0 -45% -26% -2% +26% +60% +77%

Existing Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
AF/Month 893 974 1,025 983 925 1,227 2,080 13,466 13,582 3,432 1,802 892
CFS 14.5 16.4 16.7 16.0 16.7 20.0 35.0 219.0 228.3 55.8 29.3 15.0

AF/Month 893 974 1,025 983 925 1,227 2,080 6,635 10,543 3,165 2,116 1,201
CFS 14.5 16.4 16.7 16.0 16.7 20.0 35.0 107.9 177.2 51.5 34.4 20.2

Percent Change 0 0 0 0 0 0 0 -51% -22% -8% +17% +35%

AVERAGE FLOWS

DROUGHT FLOWS

With Enl.

With Enl.

 
 

Table 7.03 
StateMod Modeling Results near Opal 

 
Existing Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

AF/Month 1,237 1,186 1,280 1,262 1,133 1,382 7,417 38,006 30,279 6,335 2,869 1,343
CFS 20.1 19.9 20.8 20.5 20.4 22.5 124.7 618.1 508.9 103.0 46.7 22.6

With Enl.
AF/Month 1,237 1,186 1,280 1,262 1,133 1,382 4,181 28,248 29,660 8,055 4,672 2,411
CFS 20.1 19.9 20.8 20.5 20.4 22.5 70.3 459.4 498.5 131.0 76.0 40.5

Percent Change 0 0 0 0 0 0 -44% -26% -2% +27% +63% +79%

Existing Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
AF/Month 955 1,020 1,065 1,016 954 1,275 2,226 13,674 12,979 3,253 1,671 882
CFS 15.5 17.1 17.3 16.5 17.2 20.7 37.4 222.4 218.1 52.9 27.2 14.8

With Enl.
AF/Month 955 1,020 1,065 1,016 954 1,275 2,226 6,842 9,940 3,019 2,010 1,224
CFS 15.5 17.1 17.3 16.5 17.2 20.7 37.4 111.3 167.1 49.1 32.7 20.6

Percent Change 0 0 0 0 0 0 0 -50% -23% -7% +20% +39%

AVERAGE FLOWS

DROUGHT FLOWS
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Table 7.04 
StateMod Modeling Results near Granger 

 
Existing Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

AF/Month 1,400 1,299 1,368 1,334 1,194 1,444 7,521 36,607 27,660 3,154 803 579
CFS 22.8 21.8 22.2 21.7 21.5 23.5 126.4 595.4 464.9 51.3 13.1 9.7

With Enl.
AF/Month 1,400 1,299 1,368 1,334 1,194 1,381 4,284 26,849 27,040 4,993 2,539 1,646
CFS 22.8 21.8 22.2 21.7 21.5 22.5 72.0 436.7 454.5 81.2 41.3 27.7

Percent Change 0 0 0 0 0 -4% -43% -27% -2% +58% +215% +186%

Existing Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
AF/Month 1,097 1,118 1,142 1,078 1,007 1,333 2,288 12,127 10,205 143 230 84
CFS 17.8 18.8 18.6 17.5 18.1 21.7 38.5 197.2 171.5 2.3 3.7 1.4

With Enl.
AF/Month 1,097 1,118 1,142 1,078 1,007 1,333 2,288 5,293 7,165 752 552 411
CFS 17.8 18.8 18.6 17.5 18.1 21.7 38.5 86.1 120.4 12.2 9.0 6.9

Percent Change 0 0 0 0 0 0 0 -56% -30% +430% +143% +393%

AVERAGE FLOWS

DROUGHT FLOWS

 
 

Table 7.05 
StateMod Modeling Results for Kemmerer/Diamondville with Alternate PacifiCorp Diversion Point 

 
Existing Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

AF/Month 1,163 1,128 1,230 1,220 1,094 1,332 7,209 37,562 30,085 6,435 2,956 1,332
CFS 18.9 19.0 20.0 19.8 19.7 21.7 121.2 610.9 505.6 104.7 48.1 22.4

AF/Month 1,163 1,128 1,230 1,220 1,094 1,332 3,973 27,804 29,465 8,134 4,728 2,364
CFS 28.9 29.0 30.0 29.8 29.7 31.7 66.8 452.2 495.2 132.3 76.9 49.7

Percent Change +53% +53% +50% +51% +51% +46% -45% -26% -2% +26% +60% +122%

Existing Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
AF/Month 893 974 1,025 983 925 1,227 2,080 13,466 13,582 3,432 1,802 892
CFS 14.5 16.4 16.7 16.0 16.7 20.0 35.0 219.0 228.3 55.8 29.3 15.0

AF/Month 893 974 1,025 983 925 1,227 2,080 6,635 10,543 3,165 2,116 1,201
CFS 24.5 26.4 26.7 26.0 26.7 30.0 45.0 107.9 177.2 61.5 44.4 30.2

Percent Change +69% +61% +60% +63% +60% +50% +29% -51% -22% +10% +52% +101%

AVERAGE FLOWS

DROUGHT FLOWS

With Enl.

With Enl.
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SECTION 8 – HISTORIC TRAIL MITIGATION 
 
The Dempsey-Hockaday Trail was a cutoff on the Sublette Cutoff of the Oregon Trail.  The 
cutoff is considered an integral part of the Oregon Trail National Historic Trail authorized by 
Congress in 1978.  The Dempsey-Hockaday Trail diverged from the Sublette Cutoff a short 
distance west of Rocky Gap, proceeded westward across Pomeroy Basin and Commissary Ridge, 
then descended and crossed the Hams Fork valley.  One segment of the trail crossed the Hams 
Fork River just north of the present day Viva Naughton Reservoir.  The route then proceeded 
along the south base of Pink Hill and crossed Dempsey Creek at the confluence between the 
north and south forks of the creek bottom.  Another segment runs up the bottom of Dempsey 
Basin along the south side of the creek and joins with the north segment near the creek crossing. 
 
A Class III cultural resources survey was completed by the Wyoming State Archaeologist’s 
Office in the Dempsey Basin project area in the late spring of 2006.  The final report was 
completed in July 2006 and is included in the Viva Naughton Enlargement Level II, Phase II 
report issued by Gannett Fleming.  Detailed local ground surveys of segments of the Dempsey-
Hockaday Trail were completed to characterize and document those segments of the trail that 
could be impacted by either the Dempsey Basin or the Viva Naughton alternatives.  The study 
overlapped trail segment areas that had already been documented by BLM. 
 
Key findings were summarized in the reports.  “Contributing segments” of the Dempsey-
Hockaday Trail occur near the proposed dam and reservoir areas.  “Contributing segments” are 
those characterized as Class 1 – Undiminished Trail and Setting.  Under this category, the trail 
trace, associated sites, and the historic setting all retain superb integrity and together provide the 
best examples of trail segments in Wyoming that represent the feeling and sense of the historic 
time period of the trail’s significant use.  Class 1 segments contribute to the overall National 
Register of Historic Places (NRHP) eligibility of the trail. 
 
The contributing segments of the Dempsey-Hockaday Trail that would be inundated by the 
alternative reservoir sites have been shown on Figures 2.16, 3.07, 5.16, and 6.16.  The inundated 
lengths of trail for the four alternatives are summarized in Table 8.01. 
 

Table 8.01 
Dempsey-Hockaday Trail Contributing Segments Inundated 
 

Alternative Contributing 
Segments (miles) 

Viva Naughton Short-Term Storage Increase 0.1 
Viva Naughton Enlargement 0.8 
Lower Dempsey Basin Reservoir 3.8 
Upper Dempsey Basin Reservoir 2.7 

 
8.1 PROJECT IMPLICATIONS 
Unavoidable impacts to Class 1 segments of the Dempsey-Hockaday trail represents a potentially 
critical project constraint that will have to be considered as the project advances in subsequent 
levels of study.  Continued discussions and involvement of relevant stakeholder groups in future 
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project technical studies and planning activities are strongly encouraged and recommended.  
These groups include (but may not be limited to) the following: 
 

1. United States Department of Interior 
Bureau of Land Management (BLM) 
Kemmerer Field Office 
312 Highway 189 North 
Kemmerer, WY 83101-9711 
http://www.wy.blm.gov/kfo/index.htm 
 

2. Oregon-California Trail Association (OCTA) 
524 South Osage Street 
P.O. Box 1019 
Independence, MO 64051-0519 
www.octa-trails.org 
 

3. United States Department of the Interior 
National Park Service (NPS) 
National Trails System – Salt Lake City 
324 South State Street, Suite 200 
P.O. Box 30 
Salt Lake City, UT 84111 
http://www.nps.gov/cali/parkmgmt/nts.htm 
 

4. Wyoming State Historic Preservation Office (SHPO) 
Barrett Building, 3rd Floor 
2301 Central Ave. 
Cheyenne, WY 82002 
http://wyoshpo.state.wy.us 
 

5. Alliance for Historic Wyoming 
712 South Second Street 
Laramie, WY 82070 
http://HistoricWyoming.org 
 

The feasibility of the storage projects could be dependent on the development of an acceptable 
mitigation plan.  The BLM has expressed concerns with the potential inundation of the 
contributing segments.  This section discusses potential mitigation measures, but does not 
represent that other means should not be considered.  Mitigation of effects are in early 
development and should be considered a work in progress.   
 
8.2 POTENTIAL TRAIL MITIGATION 
The potential means of mitigating trail inundation were directed towards more stringent 
protection for other segments of the trail and better public access and appreciation for the 
historical significance. 
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To preserve trail segments, measures that could be considered include fencing to exclude vehicle 
usage of the trails, reduce livestock grazing, and reduce additional trail establishment.  As an 
example, the lower contributing segments between the alternative Upper Dempsey Basin 
Reservoir site and Viva Naughton Reservoir could be protected.  Presently, the approximate 1 
mile of trail on private property is being degraded by vehicle traffic and livestock usage.  This 
segment could be established as a conservation easement and protected to preserve the trail 
segment, reestablish riparian vegetation, and reestablish wetland vegetation along Dempsey 
Creek.  These efforts could be made to restore the drainage to a condition more historically in 
harmony with the original trail. 
 
The Dempsey-Hockaday Trail from the proposed Dempsey Basin reservoirs continues west to 
Dempsey Ridge. On Dempsey Ridge, the Dempsey-Hockaday Trail joins with several branches 
of the Sublette Cutoff as shown on Figure 8.01.  The trails could offer the opportunity for 
development of protection plans and controlled access for better public appreciation.  
 
8.3 VISITOR EDUCATION CENTER 
A visitor education center could be constructed near the trail segments.  This center could serve 
as a focal point for people interested in the historic trail area.  The center could be located in the 
Dempsey Basin Area with walking access to protected portions of the trails.  The center could be 
integrated with a reservoir recreational area for the Dempsey Basin Reservoir alternatives.  A 
center could also be constructed on Dempsey Ridge in conjunction with potential trail 
preservation in that location.  
 
8.4 TRAIL MITIGATION ESTIMATED COSTS 
For the reservoir alternatives, the assumptions were made that segments of trail could be 
preserved with easements, fencing, and livestock control.  It was assumed that lengths of trail 
would be protected at a 2:1 ratio of trail inundation.  The costs of acquisition, easements, fencing 
and other trail preservation items were estimated to be approximately $150,000 to $200,000 per 
mile.  A visitor education center with access roads, parking, trails, and sanitary facilities was 
assumed to be constructed for each alternative.  The visitor center was estimated to cost 
approximately $500,000. 
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Figure 8.01 
Historic Trails and Sites near the Project Site 
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SECTION 9 – ALTERNATIVE STORAGE SITE MATRIX 
 
To compare the alternate storage sites, a matrix has been utilized to incorporate both monetary 
and non-monetary factors.  The factors are summarized in Table 9.01. 
 

Table 9.01 
Monetary and Non-Monetary Factors for Scoring Matrix 
 
Monetary Factors Non-Monetary Factors 
Project Storage 
Reservoir size in acre-feet. 

Need 
Project need based on shortages. 

2012 Project Costs 
Total project costs updated to 2012. 

Water Availability 
Availability of water to store. 

Unit Storage Cost 
Project costs divided by project storage. 

Project Ability to Meet Need 
Project location and size relative to needs. 

Operation and Maintenance 
Operation and maintenance costs for 
2012. 

Multiple Use Potential 
Potential for uses such as recreation, 
municipal, power generation, hydropower 
production, irrigation, etcetera. 

2012 Net Power Costs 
Annual net payment (or revenue) for 
power usage and hydropower production. 

Geotechnical Feasibility 
Preliminary geotechnical evaluation 
completed. 

Annualized Construction Costs 
Yearly payment for loan on total costs 
assuming no grant and 4 percent interest 
for 30 years. 

Land Ownership 
Preliminary evaluation of impacts on 
wetlands, riparian habitat, wildlife, 
fisheries, etcetera. 

Total Annual Costs 
Total costs for loan payment, operation 
and maintenance, and net power costs 
assuming no grant from WWDC. 

Ability to Permit 
Comparative evaluation of potential for 
successful project permitting. 

Annualized Construction Costs 
Yearly payment for loan on total costs 
assuming 67% grant and 4 percent interest 
for 30 years. 

Cultural  
Potential impact to cultural resources. 

Total Annual Costs 
Total costs for loan payment, operation 
and maintenance, and net power costs 
assuming 67% grant from WWDC. 

Species 
Potential impact to threatened, endangered 
and sensitive wildlife and plants, 
migratory birds and big game habitats. 

 Sage-Grouse 
Potential impact to sage-grouse habitat. 
 
 

 
Each of the non-monetary factors were assigned a weighted value that reflects the importance of 
that factor feasibility.  Each potential project was assigned a score from 0 to 10 for each factor. 
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Table 9.02 
Non-Monetary Scoring Matrix Factors  

 

Factor Weight Viva Naughton 

Viva Naughton 
Short Term 
Storage Increase Lower Dempsey 

Upper 
Dempsey 

Storage (Acre-feet)   24,180 4,535 24,180 35,238 24,180 35,238 
Need 40 10 10 10 10 10 10 
Water Availability 30 9 10 8 8 8 8 
Ability to Serve Needs 30 10 2 8 10 8 10 
Multiple Use 40 2 2 2 10 2 10 
Geotechnical Feasibility 20 8 9 6 6 7 7 
Land Ownership 20 9 9 5 5 5 5 
Wetlands Impact 30 1 9 7 6 8 7 
Sage-Grouse Impact 30 8 8 3 2 2 1 
Moose Impact 30 1 8 9 9 9 9 
Cultural Impact 30 6 9 2 1 3 2 
Ability to Permit 40 1 8 2 2 2 2 
Total   1910 2540 1890 2180 1940 2230 

 
Table 9.03 
Monetary Scoring Matrix Factors 

 

Viva 
Naughton 

Viva Naughton 
Short Term 
Increase Lower Dempsey Upper Dempsey 

Project Storage (Acre-feet) 24,180 4,535 24,180 35,238 24,180 35,238 
2012 Project Cost $72.3 M $5.5 M $55.5 M $67.3 M $59.5 M $66.7 M 
Unit Storage Costs ($/ac-ft) $2,990  $1,213 $2,295  $1,910  $2,461  $1,893  
Life Cycle O&M costs $1.8 M $0 $4.4 M $6.5 M $4.4 M $6.4 M 
Life Cycle Power Cost/Revenue $0  $0 $1.9 M $ -1.6 M $2.7 M $ -1.9 M 
Costs w/ No Grant Life Cycle Costs $74.1 M $5.5 M $61.8 M $75.4 M $66.6 M $71.2 M 
Costs w/ 67% Grant Life Cycle Costs $24.7 M $1.8 M $24.6 M $27.1 M $26.7 M $26.5 M 

 
9.1 NON-MONETARY FACTOR SCORING 
The non-monetary scoring matrix illustrates scoring and total of the non-monetary factors listed 
in Table 9.01.  Although the scoring is subjective based on the past experience in the permitting, 
design and construction of large reservoirs, the reasoning for the scoring is explained in the 
following sub-sections. 
 
9.1.1 NEED 
This factor is an important issue for establishing need for the project.  All of the reservoir 
alternatives can meet needs for industry, municipal and irrigation purposes.  
 
9.1.2 WATER AVAILABILITY 
Water for the proposed storage alternatives is available and does not adversely impact existing 
water usage throughout the drainage.  The one difference involves the delivery of water to the 
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alternative facilities.  The Viva Naughton Enlargement and Viva Naughton Short Term Storage 
Increase projects received a higher score since they are on channel and no conveyance system is 
required.  If water is available in the Ham’s Fork River for storage, it must pass through the 
existing reservoir.  The Dempsey Basin proposed reservoirs require either a pumping facility or 
canal to deliver water to them.  If either of the pumps fail or the canal is plugged with debris or 
snow, water cannot be provided to the reservoir even if it is available in the river. 
 
9.1.3 PROJECT ABILITY TO MEET NEED 
This factor indicates the project ability to meet the identified need.  The Viva Naughton 
Enlargement and the Dempsey Basin Reservoirs are located such that the industrial, municipal, 
and irrigation needs can be met.  The Viva Naughton Short Term Storage Increase project can 
meet some of the industrial, municipal and irrigation needs but is significantly less than the other 
alternatives. 
 
9.1.4 MULTIPLE USE POTENTIAL 
The ability to increase funding and obtain permitting is substantially eased with storage projects 
that provide multiple uses for the water.  This can include irrigation, industrial use, fisheries, 
recreation, esthetics, and wetland improvements.  The expansion of the existing reservoir, both 
large and short term, cannot drastically improve the fisheries, recreation, esthetics and wetlands 
since these benefits are already present for the existing body of water.  The Viva Naughton 
Enlargement and Viva Naughton Short Term Storage Increase projects were significantly 
downgraded for this reason.  As for the smaller proposed Upper and Lower Dempsey Reservoirs, 
their size may result in complete draining thus eliminating any benefits derived from a 
permanent pool.  For these reasons, these four storage projects received low scores. 
 
9.1.5 GEOTECHNICAL FEASIBILITY 
This factor evaluates the effects of geotechnical issues on dam design and cost.  The Viva 
Naughton Enlargement and Viva Naughton Short Term Storage Increase projects would be 
relatively economical and had no potential geotechnical issues.  
 
The Lower Dempsey Basin site has low strength soils requiring flatter dam slopes and higher 
cost.  The Upper Dempsey site has better soils but would require some grouting. 
  
9.1.6 LAND OWNERSHIP 
This factor evaluates the potential difficulties of land ownership of the alternative reservoir sites.  
The Viva Naughton Enlargement and Viva Naughton Short Term Storage Increase projects 
would impact lands owned by PacifiCorp who would be a project partner.  The Dempsey Basin 
sites would impact privately owned lands and Federal lands.  The Federal lands and multiple 
private land owners result in lower scores for those alternatives.  
 
9.1.7 WETLAND IMPACTS 
This factor indicates the impacts of the alternative projects on wetlands. Wetland impacts are a 
very important factor in Federal permitting.  The Viva Naughton Enlargement inundates a large 
acreage of wetlands and adequate mitigation sites were not identified.  The Viva Naughton Short 
Term Storage Increase alternative would impact significantly less wetlands, create an 



 

STATES WEST WATER RESOURCES CORPORATION 
Viva Naughton Level II, Phase II Report  191 
January 2013 
 
 

opportunity to develop additional wetlands and would only be inundated two months out of the 
year and should not negatively impact existing wetlands.  The Dempsey Basin alternatives 
impact much smaller acreages of wetlands and mitigation sites were identified.  Scores were 
determined by the relative impacts and potential for mitigation. 
 
9.1.8 SAGE-GROUSE IMPACTS 
This factor indicates the impact of the alternative reservoir projects on sage-grouse habitat.  The 
greater sage-grouse was recently found to be warranted but precluded for listing as threatened 
under the Endangered Species Act.  Therefore, it is currently classified as a federal candidate 
species.  The Wyoming Game and Fish Department (WGFD) recently updated the map 
designating greater sage-grouse “Core Population Areas” within the state of Wyoming, and the 
Governor issued an Executive Order mandating that new development within Core Population 
Areas should be authorized or conducted only when it can be demonstrated that the activity will 
not cause declines in greater sage-grouse populations.  The Dempsey Basin Storage alternatives 
are located in the sage-grouse “Core Population Areas” and in close proximity to active leks.  
The Viva Naughton Enlargement and Viva Naughton Short Term Storage Increase alternatives 
impact substantially less sage-grouse habitat.  Scores were determined by the relative impacts 
and potential mitigation. 
 
9.1.9 MOOSE HABITAT IMPACTS 
This factor indicates the impacts of the alternative projects on moose habitat.  The Viva 
Naughton Enlargement impacts significant acreages of crucial winter moose habitat.  The Viva 
Naughton Short Term Storage Increase alternative would impact small acreages of crucial moose 
habitat during the summer months and would have no impact of crucial winter moose habitat.  
The Dempsey Basin alternatives impact smaller acreages of non-crucial moose habitat.  Scores 
were determined by relative impacts and potential mitigation.  
  
9.1.10 CULTURAL IMPACTS 
This factor indicates the impacts of the alternative projects on cultural resources.  The Dempsey-
Hockaday Cutoff is impacted by all of the alternative projects.  The Viva Naughton Enlargement 
and Viva Naughton Short Term Storage Increase projects would impact substantially less trail 
than the Dempsey Basin alternatives.  Scores were determined by relative impacts and potential 
for mitigation.   
 
9.1.11 ABILITY TO PERMIT 
This factor evaluates the relative ability to permit the projects through the Federal permitting 
process.  Viva Naughton Enlargement has large wetland impacts with no identified mitigation 
potential.  This alternative also has large impact to crucial moose winter habitat with no 
identified mitigation sites. The Viva Naughton Short Term Storage Increase alternative should 
not negatively impact wetlands, crucial moose winter habitat, sage-grouse habitat or the historic 
Dempsey-Hockaday trail.  The Dempsey Basin alternative sites have large impacts to the historic 
Dempsey-Hockaday trail.  The Dempsey Basin alternatives are located in sage-grouse core areas 
with active leks in the immediate reservoir area.   
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9.1.12 SCORING MATRIX SUMMARY 
The scoring matrix results indicate the Viva Naughton Short Term Storage Increase alternative is 
the preferred alternative.  The life cycle costs favor the Viva Naughton Short Term Storage 
Increase alternative.  The Viva Naughton Enlargement has potential fatal flaws with wetland 
impacts and crucial moose winter habitat impacts.  It is unknown if the Dempsey Basin Storage 
alternatives have fatal flaws with sage-grouse core area impacts and historical trail impacts.  
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SECTION 10 – RECOMMENDATIONS 
 
Recommendations for further study of the Viva Naughton project, if the project is advanced, are 
detailed in this section.   
 
10.1 GENERAL RECOMMENDATIONS 
The following common items need to be addressed if any project near Viva Naughton Reservoir 
is to advance to the next phase: 
 

1. PacifiCorp’s willingness to participate must be determined for both cost sharing and 
ability to assist with O&M.  The ability to use the power produced from the proposed 
turbines should be discussed with the power company. 

2. The issues with the potential impacts on the Dempsey-Hockaday Trail must be addressed 
and solutions found to the BLM concerns. 

3. Water needs and potential usage from irrigators and municipalities must be verified. 

4. The potential to move the Kemmerer Reservoir water rights with the City, the Wyoming 
State Engineer’s Office, and the Wyoming Game and Fish should be evaluated if the 
Viva Naughton Enlargement or Dempsey Basin Reservoir projects are advanced.  This 
includes the actual moving of the right and the ability for the Wyoming Game and Fish to 
obtain and manage the existing Kemmerer Reservoir. 

10.2 VIVA NAUGHTON ENLARGEMENT RECOMMENDATIONS 
The following items should be addressed if the enlargement of Viva Naughton is advanced to the 
next phase of study: 
 
General Issues: 
 

1. Mitigation areas for wetland impacts and crucial moose winter habitat must be addressed.  
Adequate areas for mitigation have not been identified in previous work. 

2. Potential impacts to greater sage-grouse core areas and active leaks must be investigated.  
Mitigation potential may have to be evaluated. 

3. The mitigation of potential impacts to approximately 0.8 miles of the Dempsey-
Hockaday trail must be addressed. 

Geotechnical Issues: 
 

1. Borings should be advanced through the existing dam to confirm the descriptions of the 
various embankment zones and to obtain samples for laboratory strength and index 
testing.  
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2. Additional borings should be advanced through the proposed emergency spillway to 
confirm the subsurface profile and to obtain samples for laboratory strength, 
deformability, erodibility, and index testing.   

3. Borrow sources for general earthfill and filter materials should be investigated and 
proven.  

4. The shear wave velocity of the existing and proposed embankment fill should be more 
accurately estimated. 

   
10.3 VIVA NAUGHTON SHORT TERM STORAGE INCREASE RECOMMENDATIONS 
The following items should be addressed if the Viva Naughton Short Term Storage Increase is 
advanced to the next phase of study: 
 
General Issues: 
 

1. The impacts to sage-grouse core areas and active leks should be investigated further.  
Specifically, whether or not the wetlands and riparian areas above Viva Naughton 
Reservoir are considered sage-grouse habitat and the effects the short term inundation 
would have on the habitat. 

2. The mitigation of impacts to approximately 500 feet of the Dempsey-Hockaday Trail 
should be addressed. 
 

3. Reservoir hydrology, flood hydrology and flood routing associated with the short term 
storage increase should be addressed as well as the capacity of the existing emergency 
spillway to pass a PMF. 
 

4. Evaluate the effects of the recently completed PMP study has on the existing PMF.  
 
Geotechnical Issues: 
 

1. Complete a subsurface investigation to accomplish the following: 

a. Collect samples of the shell material and perform grain size analyses, strength 
testing, and permeability testing.   

b. Collect samples of the foundation bedrock and perform laboratory strength 
testing to establish residual strength.  

c. Confirm the elevation of the top of the core in multiple locations.   

d. Measure the shear wave velocities of the core and shell materials. 

2. Reevaluate the stability of the embankment with strength properties developed from the 
results of the subsurface investigation. 



 

STATES WEST WATER RESOURCES CORPORATION 
Viva Naughton Level II, Phase II Report  195 
January 2013 
 
 

3. Evaluate and design a method to extend the core to a higher elevation.  These could 
include a concrete or soil-bentonite cutoff wall. 

4. Re-evaluate the seismic deformation with site-specific shear wave velocity data and a 
more rigorous analysis method. 

5. Evaluate the potential erodibility of the emergency spillway and the ability of the 
emergency spillway foundation to support a control structure. 

 
10.4 LOWER DEMPSEY BASIN RECOMMENDATIONS 
The following items should be addressed if the Lower Dempsey Basin Reservoir is advanced to 
the next phase of study: 
 
General Issues: 
 

1. The impacts to sage-grouse core areas and active leks must be investigated.  The dam 
and reservoir area is located within the sage-grouse core area.  Active leks are located in 
close proximity to the reservoir.   

2. The mitigation of impacts to approximately 3.8 miles of the Dempsey-Hockaday Trail 
must be addressed. 

Geotechnical Issues: 

1. Site-specific topographic information should be obtained for the embankment footprint, 
reservoir, and surrounding area.  This is required to evaluate further the concerns related 
to the Viva Naughton Reservoir encroaching on the toe of the dam, to refine the dam 
layout, and provide an adequate base map for design level geologic mapping and 
evaluation. 

2. The extent and properties of the sandstone bed in the upper left abutment and along the 
left reservoir rim should be investigated and evaluated. 

3. The gradation, consistency, and properties of the alluvial terrace materials should be 
investigated to confirm that these materials would be suitable for use in the manufacture 
of filter materials and to evaluate the extent of required processing and amount of 
unsuitable (excess) materials that would be generated as a result of processing. 

4. Additional field investigations should be performed along the alternate dam alignment to 
further evaluate the properties of the bedrock, confirm the initial conclusions regarding 
the degree of fracturing, and to obtain samples for laboratory testing. 

5. The shear strength of the embankment fill is the primary controlling factor in the 
external embankment configuration.  Only samples of weathered bedrock were obtained 
and only one test was performed to estimate shear strength because of permitting access 
issues.  Additional field and laboratory tests need to be conducted on weathered bedrock 
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and alluvial clay materials in the valley bottom to confirm or revise the shear strength of 
the borrow material available for use as embankment fill. 

6. The material properties and especially the shear wave velocity of the embankment fill 
should be more accurately estimated and a more rigorous seismic deformation analyses 
should be completed to determine if additional freeboard is required to prevent a breach 
of the dam during an earthquake. 

10.5 UPPER DEMPSEY BASIN RESERVOIR RECOMMENDATIONS 
The following items should be addressed if the Upper Dempsey Basin Reservoir is advanced to 
the next phase of study: 
 
General Issues: 
 

1. The impacts to sage-grouse core areas and active leks must be investigated.  The dam 
and reservoir area is located within the sage-grouse core area.  Active leks are located in 
close proximity to the reservoir.   
 

2. The mitigation of impacts to approximately 3.8 miles of the Dempsey-Hockaday Trail 
must be addressed. 
 

Geotechnical Issues: 

1. Additional subsurface investigations and seepage analyses should be performed to 
evaluate areas of bedrock with high hydraulic conductivity and the effects of the high 
hydraulic conductivity on seepage losses and seepage stability.  Additional investigations 
should also be performed to investigate why the areas of high hydraulic conductivity are 
present within bedrock at the Site. 

2. Additional field and laboratory tests need to be conducted on borrow materials in the 
valley bottom to confirm or revise the shear strength of the borrow material available for 
use as embankment fill.   

3. Additional laboratory tests need to be conducted on borrow materials to evaluate the 
consolidation characteristics of the material available for use as embankment fill and 
estimate the rate of consolidation and associated duration of shutdown required for a 
staged construction.   

4. Additional laboratory tests need to be conducted on alluvial soils within the embankment 
footprint to better define the shear strength and deformation properties of the foundation 
soil.  Additional stability analyses should also be performed using revised strength 
properties for the foundation soil.  Removal of surficial soil beneath the entire 
embankment footprint may not be required if adequate safety factors are achieved with 
the soil in place and predicted settlements are not excessive.  
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5. The gradation, consistency, soundness, and properties of the alluvial terrace materials 
should be further investigated to confirm that these materials would be suitable for use in 
the manufacture of filter and riprap bedding materials and to evaluate the extent of 
required processing and amount of unsuitable (excess) materials that would be generated 
as a result of processing.  

6. The material properties, and especially the shear wave velocity of the embankment fill, 
should be more accurately estimated and a more rigorous seismic deformation analyses 
should be completed to determine if additional freeboard is required to prevent a breach 
of the dam during an earthquake.  

7. A more thorough geologic and geotechnical evaluation of the existing ancient landslides 
above the right reservoir rim should be conducted to evaluate the existing stability of the 
landslides and the effects of reservoir construction on stability. 

8. Additional laboratory strength tests should be performed to evaluate the shear strength of 
the bedrock.  Additional investigations and stability analyses should be performed to 
evaluate the stability of the reservoir slopes, and in particular, the area where the 
proposed inclined intake is proposed to identify if this concept is appropriate.     
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SECTION 11 – CONCLUSIONS 
 
A draft copy of this report was made available to PacifiCorp, the owner of Viva Naughton 
Reservoir, in an effort to gauge PacifiCorp’s willingness to participate in a project at Viva 
Naughton Reservoir or one of the alternative Dempsey Basin Reservoirs.  In a letter dated 
September 20, 2013 addressed to Jason Mead with the Wyoming Water Development Office, 
PacifiCorp stated interest in pursuing further discussions with the Wyoming Water Development 
Commission on the development of a mutually agreeable arrangement that may facilitate the 
Viva Naughton Enlargement alternative (approximately 4,500 acre-feet).  PacifiCorp was not 
interested in pursuing the development of the Dempsey Basin Reservoir alternatives.  Currently, 
the WWDC and PacifiCorp are working to reach agreement on a memorandum of understanding 
that will guide further efforts to research the feasibility of a mutually agreeable arrangement to 
enlarge Viva Naughton Reservoir.  The project team is currently investigating the technical 
feasibility of a nominal raise (approximately 4,500 acre-feet) of Viva Naughton Reservoir based 
on the recommendations presented in Section 10.  Findings from this investigation will be 
included as an addendum to this report once completed.  The height of the nominal raise will be 
based on several factors such as: 
 

 Inundation tolerances of the wetlands and sage grouse habitat 
 Subsurface geotechnical evaluation of Viva Naughton Dam 
 Reservoir hydrology, flood hydrology and flood routing 
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