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1. INTRODUCTION 
 

1.1 Background 
 
The Viva Naughton Dam is located on the Ham’s Fork River in Section 14, Township 23 North, 
Range 117 West, approximately 15 miles north of Kemmerer, Wyoming.  The primary purpose of 
the dam is to store water for supply to the PacifiCorp steam generation plant south of Kemmerer.  
Water is pumped to the plant by a station located roughly 10 miles downstream from the dam.  The 
reservoir also provides water to meet downstream irrigation rights and to satisfy the municipal water 
supply of Kemmerer. 
 
The principal features of the project include an earthfill dam, a gated service spillway, a fuse plug 
spillway constructed at the location of the old emergency spillway, a low level outlet works, and a 
powerhouse.  The main dam was originally designed by Bechtel Corporation of San Francisco, 
constructed in 1960 and raised in 1967.  An additional raise was constructed in 1990 to provide 
additional protection to the embankment during the PMF. 
 
Chronic water shortages are documented in the Hams Fork drainage for both irrigation and 
municipal uses.  Available water supplies currently are optimized to the extent practical among the 
various water users in the basin through a unique cooperative arrangement between PacifiCorp, 
which owns and operates Viva Naughton Reservoir, and the local irrigators.  The agreement stems 
from two main storage rights for Viva Naughton Reservoir.  The first storage right for Viva 
Naughton Reservoir (P6418R) allocates 42,393 acre-feet of water for industrial use by the Naughton 
Power Plant.  The original permit has a priority date of August 1, 1957.  The second storage right for 
Viva Naughton Reservoir (P7476R) allocates an additional 27,252 acre-feet of water that is to be 
shared between the Naughton Power Plant, the City of Kemmerer, and irrigation users.  The second 
permit has a priority date of August 20, 1971.  The irrigators do not have senior storage rights in the 
reservoir although they may have senior water rights for the river.  In the current arrangement, 
PacifiCorp stores water out of priority in Viva Naughton reservoir during spring runoff, and in turn 
provides storage for use by the local irrigators later in the season.  The irrigation supply storage is 
available only if the reservoir fills, however, and is therefore not a reliable supply for the irrigators. 
 
A Level II, Phase I study was completed in 2004 which considered several alternatives for providing 
additional water supplies in the Hams Fork drainage (ECI, 2004).  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 (Figure 1.1): 
 

(1) Raise the existing dam to enlarge Viva Naughton reservoir by 40,000 acre-feet, 
(2) Construct a new dam and 40,000 acre-feet reservoir at the Dempsey Creek site, and 
(3) Construct a new dam and 40,000 acre-feet reservoir at the Willow Creek site. 
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Conceptual level cost estimates for these three projects were quite similar, ranging from $36.8 to 
$38.1 million.  Although construction costs were estimated to be higher for the new dam 
construction projects at Dempsey Creek and Willow Creek, those costs were offset by estimated 
higher environmental impacts and mitigation costs for the Viva Naughton Enlargement concept. 
 
The original scope for this continuing Phase II, Level II study included geotechnical site 
investigations; preliminary (Class I) cultural resources evaluations; additional wetlands delineation 
mapping at the Dempsey Basin and Willow Creek sites; and development of a reservoir operating 
plan to evaluate water availability, water supply needs and optimization of the reservoir size.  
Additional data collection and analyses were intended to be used to support more detailed and 
refined designs and cost estimates for each of the three alternative projects, and to bring all three 
projects to comparable levels of technical information that would allow valid and fair comparisons 
of project costs and benefits. 
 
1.2 Project Purpose and Authorization 
This Phase II study was carried out under the direction and funding of the Wyoming Water 
Development Commission (WWDC) by Gannett Fleming, Inc. (Gannett Fleming), in association 
with States West Water Resources Corporation (States West), Western EcoSystems Technology, Inc. 
(WEST), Office of the Wyoming State Archaeologist, and Crank Companies, Inc.  The original 
study objective was to bring all three storage alternatives (Viva Naughton raise, Dempsey Basin dam 
and reservoir, and Willow Creek dam and reservoir) to comparable levels of technical (site) 
information to allow valid comparisons.  The scope of services that was originally envisioned for the 
Phase II study is summarized as follows: 

 
• conduct preliminary (Level II) geotechnical site investigations at the Dempsey Basin and 

Willow Creek sites; 
• review available data and conduct supplemental site investigations as needed at the Viva 

Naughton dam site; 
• provide wetland delineations at Dempsey Basin and Willow Creek sites (wetland 

delineations for the Viva Naughton raise were completed in Phase I); 
• perform Class I archeological surveys at the Dempsey Basin and Willow Creek sites; 
• evaluate water needs and optimize storage size, and; 
• advance and refine the conceptual designs and cost estimates for each alternative. 

 
1.3 Revised Project Scope and Work Completed to Date 
The initial scope of work for the project did not specifically include detailed (Class III) 
archaeological surveys, or detailed surveying and topographic mapping at any of the sites. However, 
the initial data review by the Phase II project team identified two critically important regional site 
features that resulted in re-direction of the project scope.  These features are described as follows: 
 

• Presence of a large, shallow underground coal mine (Gomer Mine) in the immediate vicinity 
of the Willow Creek dam and reservoir site.  The project team recommended that the 
Willow Creek site be abandoned from further consideration, and the WWDC accepted this 
recommendation. 
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• Presence of segment(s) of the Dempsey-Hockaday Trail – a cutoff on the Sublette Cutoff of 

the Oregon Trail system – that runs up Dempsey Basin.  The trail would be potentially 
impacted by both the Viva Naughton raise and the Dempsey Basin dam and reservoir 
project alternatives.  The project team recommended detailed cultural resources evaluation 
of the trail system segments potentially impacted by the project. 

 
As a result of these preliminary study findings, project tasks were re-evaluated and budgets were re-
allocated in order to collect supplemental site data that addressed revised technical priorities and 
questions.  Task budget savings due to elimination of the Willow Creek geotechnical site 
investigation were applied to cover costs for a Class III cultural resources study of the Dempsey-
Hockaday trail and to provide a topographic map of the Dempsey dam site.  In addition, WWDC 
requested that we revisit the Fish Creek Dam site which is located on State land approximately 1.5 
miles west of the existing Viva Naughton Dam Spillway and was ranked 4th in the alternatives 
screening analysis performed by ECI in the Phase I study (ECI, 2004).   
 
The following tasks have been completed and are documented in this report: 
 

1. Engineering geologic site reconnaissance and preliminary geologic mapping at Dempsey 
Basin and Fish Creek sites. 

2. Completion of a BLM special use permit application for subsurface drilling and test pitting 
at the Dempsey Basin site. 

3. Compilation, review, and summary of technical data on the existing Viva Naughton dam 
and previously proposed dam raise. 

4. Completion of wetland delineations and mapping for the Dempsey dam, reservoir and 
supply canal. 

5. Completion of Class III cultural resources surveys for the Dempsey-Hockaday Trail 
segments potentially impacted by the reservoir projects. 

6. Completion of Class I and Class III surveys of prehistoric and historic sites in the project 
vicinity in support of cultural resources clearances for the BLM geotechnical drilling permit 
application. 

7. Completion of a reservoir operation model (StateMod), including water rights evaluation, 
water needs assessment, and reservoir size optimization. 

8. Completion of topographic survey and map development for the Dempsey Dam site. 
 
At the conclusion of this study, Gannett Fleming had not yet obtained a permit from BLM to conduct 
the subsurface geotechnical work at the Dempsey Basin dam site.  Following discussions with 
WWDC, it was agreed that the project would be concluded at this interim stage, while the BLM 
permit application was transferred to the WWDC and negotiations were continued between the state 
and BLM to allow geotechnical work to proceed at some future date.  Given the lack of geotechnical 
data, the conceptual design for Dempsey Basin dam and reservoir was not advanced under this 
study, and there was no effort to update cost estimates made by ECI (2004) under the Phase I effort 
for either the Dempsey or the Viva Naughton raise alternatives.  It is recommended that the next 
phase of study complete the following tasks that were not able to be completed under this Phase II 
study: 
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1. Geotechnical subsurface investigation at the Dempsey dam and borrow sites, following the 

detailed plan outlined in BLM permit application. 
2. Revision and more detail of conceptual-level design and cost estimates for the Dempsey 

Basin dam and reservoir, sized at 24,180 acre-feet in accordance with the recommendations 
developed from this Phase II study operations model. 

3. Revision and more detail of conceptual-level design and cost estimates for a 24,180 acre-feet 
raise of Viva Naughton Dam and reservoir. 

4. Development of preliminary designs and cost estimates for constructed wetland mitigation 
areas north of the existing Viva Naughton reservoir. 
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2. WATER SUPPLY AND NEEDS ASSESSMENT 
 
Population projections, water use projections, and storage requirement projections were made to size 
supplemental storage requirements for the Hams Fork basin based on present and future municipal, 
industrial and agricultural needs. 
 
2.1 Existing Storage Water Rights 
As mentioned in Section 1.1, the 1957 storage right allocates 42,393 acre-feet of water and the 1971 
storage right allocates an additional 27,252 acre-feet of water, meaning that Viva Naughton 
Reservoir is permitted by the state to hold a total of 69,645 acre-feet of water.  The original reservoir 
finished construction in 1967 and had capacity of 42,393 acre-feet (the amount permitted by the 
1957 storage right).  After the State Engineer’s Office approved an additional storage right in 1971, 
the dam crest was raised, but not to its permitted capacity.  The raise was sufficient to store only an 
additional 3,072 AF, making the current capacity 45,465 acre-feet of water, meaning that only 3,072 
acre-feet of the 27,252 acre-feet in the 1971 right is being used right now.  This leaves 24,180 acre-
feet or water right available. 
 
The 1971 storage right of 27,252 AF was investigated to determine the potential yields.  This storage 
right would be shared by the Naughton Power Plant, municipalities, and irrigators.  The model was 
utilized to determine the optimum storage accounts for each usage and the potential shortages.  
 
There is also a third storage right with a priority date of 1973 that allocates 12,250 acre-feet of water 
for industrial use by the Naughton Power Plant.  This water right is junior enough that it will only 
receive water in the high water years; it will not receive water in years where the water supply is 
below average.  Therefore, during the recent drought that happened between 2002 and 2005, this 
water right would not have received water.  In addition, the model results indicated that this later 
right would not have consistent yield.  The model indicated that the 1973 storage right would not 
store any flows in 30 years of the 60-year record.  More importantly, the model indicates that for the 
recent drought, water would not have been available to store. 
 
2.2 Yield Analyses (StateMod Modeling) 
A StateMod model was created in 2002 to help 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 needed to be updated in order to include the years 
between 2002 and 2005. 
 
The purpose of this section is to detail how the existing StateMod model was updated to include the 
years of 2002 and 2005 and update input and demand data. 
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2.2.1 Updating Input Data 

The input data for the StateMod model were updated to allow the model to simulate the years 2002 
to 2005 correctly. 
 
Precipitation Data 
The precipitation data for the model were updated using records from the National Resource 
Conservation Service (NRCS).  The original model used precipitation records from an unnamed 
source.  Three NRCS precipitation stations are located within the region and include:  Indian Creek, 
Kelley, and Hams Fork.  The Hams Fork station was used to update the precipitation data.  
 
Streamflow Data 
The Viva Naughton StateMod model requires streamflow data for 19 sites.  However, streamflow 
data for the years 2002 to 2005 are only available for one of these sites, the United States Geological 
Service (USGS) station 09223000 located at Hams Fork below Pole Creek near Frontier, Wyoming. 
 Therefore, for the purposes of this analysis the data from station 0922300 were used to extend the 
data at the other 18 sites. 
 

2.2.2 Demand Analyses 
Industrial and municipal storage demands were updated to reflect the projected total demands and 
supplemental storage requirements. 
 

2.2.2.1 Power Plant Demands and Storage Requirements 
 
Power Plant Demands 
Current diversions for the power plant are approximately 20 cubic feet per second (cfs) on a year-
round basis.  The diversion is located approximately ten miles downstream from the reservoir.  To 
account for conveyance losses, a demand of 22 cfs was utilized at the reservoir. 
 
Power plant representatives have indicated potential plans to expand the capacity of the power plant. 
 The estimated diversion requirement would be 10 cfs.  To account for conveyance losses, a demand 
of 11 cfs was used at the reservoir.  The total demand from the reservoir will be 33 cfs on a year-
round basis.   
 
In addition, PacifiCorp officials like to maintain a reserve of 16,000 acre-feet at Viva Naughton 
Reservoir at all times.  The model was run assuming that Viva Naughton Reservoir had a reserve 
pool of 16,000 acre-feet while the future demands of Naughton Power Plant were met at all times.  
Therefore, the modeling was performed assuming 16,000 acre-feet of minimum storage pool. 
 
Power Plant Storage Requirements 
The 1957 water right allocates 42,393 acre-feet of water to the Naughton Power Plant for industrial 
use.  The 1971 water right allocates an unspecified amount to the Naughton Power Plant for 
industrial use, but the Naughton Power Plant must have 10,250 acre-feet of storage from the 1971 
right (52,643 acre-feet total) in order to meet all future demands and have 16,000 acre-foot reserve 
pool every year.  Therefore the total storage needs for the Naughton Power Plant industrial use, 
future demand, and reserve pool is 68,643 acre-feet. 
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2.2.2.2 Municipal Demands and Storage Requirements 

Population and water demand projections were developed for municipal use for Kemmerer/ 
Diamondville, Opal, and Granger/Little America.  The demands were combined to determine the 
storage requirements to insure a firm water supply. 
 
Kemmerer/Diamondville Population Projections 
Three population projections for the Kemmerer / Diamondville Service area were available.  These 
included: 
 

• Green River Basin Report, 2030 Projection: 
   Low – 4,689    0.5% Annual Growth Rate 
   Moderate – 5,080    0.75% Annual Growth Rate 
   High – 5,449    1.0% Annual Growth Rate 

• ECI Report (ECI, 2004) 
   2030 – 17,250    5.0% Annual Growth Rate 

• Wyoming Department of A&I 
   2005 – 3,437 
   2020 – 4,162    1.1% Annual Growth Rate 
 
The ECI projections were not utilized because they were far beyond reasonable growth rates.  A 1% 
annual growth rate was utilized because it corresponded closely to the high growth rates in the Basin 
Study and the Wyoming A&I projections.  The population was projected to 2050 because it would 
probably be at least 2015 before a project could be completed.  A project of the magnitude of Viva 
Naughton should satisfy needs for a reasonable planning period.  The 2005 populations for 
Kemmerer/Diamondville was estimated by Wyoming A&I to be 3,437 which was used in the 
projections.  This results in a population projection of 5,378 in 2050 as shown in Table 2.1. 
 

Table 2.1  Kemmerer/Diamondville Population Projections 
1% per year Increase 

 
Y ear Population Projection
2005 3,437
2010 3,612
2015 3,797
2020 3,990
2025 4,194
2030 4,408
2035 4,632
2040 4,869
2045 5,117
2050 5,378  
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Kemmerer/Diamondville Water Use Projections 
Historic water usage in the area averages 190 gallons per capita per day.  This average usage was 
utilized in the projections.  The monthly per capita water usage was estimated based on historic use 
patterns.  The average monthly demands in cubic feet per second and acre-feet per month based on a 
population of 5,400 are shown in Table 2.2.   
 
The distance from Viva Naughton to Kemmerer/Diamondville is approximately 15 miles.  No 
conveyance loss studies were available for the Hams Fork.  Consequently, a conservative value of 
one percent per mile was assumed.  An additional study could be conducted to better define the 
losses.  Conveyance losses would be expected to be approximately 15% assuming 1% loss per mile. 

 
Table 2.2  Kemmerer/Diamondville Average Monthly Demands – 5,400 Population 

 
Reservoir Demand

AF/month
January 125 1.05 63 72

February 135 1.13 67 77
March 140 1.16 70 80
April 150 1.25 76 87
May 230 1.92 116 133
June 300 2.51 151 174
July 350 2.93 175 201

August 285 2.38 143 164
September 225 1.89 113 130

October 150 1.25 76 87
November 100 0.83 50 58
December 115 0.96 58 67

Average 190 1.61 1158 AF/yr. 1330 AF/yr.

cfs AF/monthgpcd.

 
Opal Population Projections 
Population projections for the Opal area included: 

• Green River Basin Report, 2030 Projection: 
   Low – 125      0.5% Annual Growth Rate 
   Moderate – 166    0.75% Annual Growth Rate 
   High – 205      1.0% Annual Growth Rate 

• Wyoming Department of A&I 
   2005 – 102 
   2020 – 127      1.0% Annual Growth Rate 
 
A 1% annual growth rate was utilized because it corresponded to the high growth rates in the Basin 
Study.  The population was projected to 2050 because a project of the magnitude of Viva Naughton 
should satisfy needs for a reasonable planning period.  The 2005 population for Opal was estimated 
by the Wyoming A&I to be 102 which was used in the projections.  This results in a population 
projection of 160 in 2050 as shown in Table 2.3. 
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Table 2.3  Opal Population Projections – 1% per Year Increase 

 
Year Population Projection
2005 102
2010 107
2015 113
2020 118
2025 124
2030 131
2035 137
2040 144
2045 152
2050 160  

 
Opal Water Use Projections 
Historic water usage has been an average of 290 gallons per capita per day which was utilized in the 
projections.  The monthly per capita water usage is shown in the attached table which is based on 
historic use patterns.  The average monthly demands in cubic feet per second and acre-feet per 
month based on 160 population are shown in Table 2.4. 
 

Table 2.4  Opal Average Monthly Demands – 160 Population 

Reservoir Demand
AF/month

January 191 0.05 3 4
February 206 0.05 3 4

March 214 0.05 3 4
April 229 0.06 4 5
May 351 0.09 5 7
June 458 0.11 7 9
July 534 0.13 8 10

August 435 0.11 7 9
September 344 0.09 5 7

October 229 0.06 4 5
November 153 0.04 3 4
December 175 0.05 3 4
Average 290 0.07 55 AF/yr 72 AF/yr

gpcd. cfs AF/month

The distance from Viva Naughton to Opal is approximately 30 miles.  The conveyance losses would 
be expected to be approximately 30% assuming 1% loss per stream mile. 
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Granger/Little America Population Projections 
 
Population projections for the Granger area included: 

• Green River Basin Report, 2030 Projection 
   Low – 125      0.5% Annual Growth Rate 
   Moderate – 166 0.75% Annual Growth Rate 
   High – 205      1.0% Annual Growth Rate 

• Wyoming Department of A&I 
   2005 – 148 
   2020 – 153    0 Growth 
 
No growth rates were available for Little America.  Because of the nature of the business, population 
equivalents were utilized.  The population equivalent of 75 people utilized in the study is equal to 
approximately 375 hotel guests.  
 
A 0.5% annual growth rate was utilized because it corresponded to the low growth rates in the Basin 
Study.  The population was projected to 2050 because a project of the magnitude of Viva Naughton 
should satisfy needs for a reasonable planning period.  This results in a population projection of 278 
in 2050 as shown in Table 2.5. 
 

Table 2.5  Granger/Little America Population Projections 
1% per year Increase   

 
Year Population Projection
2005 223
2010 229
2015 234
2020 240
2025 246
2030 252
2035 259
2040 265
2045 272
2050 278  

 
Granger/Little America Water Use Projections 
Historic water usage has been an average of 290 gallons per capita per day which was utilized in the 
projections.  The monthly per capita water usage is based on historic use patterns.  The average 
monthly demands in cubic feet per second and acre-feet per month based on 280 population are 
shown in Table 2.6. 
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Table 2.6  Granger/Little America Average Monthly Demands – 280 Population 

 
Reservoir Demand

AF/month
January 191 0.08 5 8

February 206 0.09 5 8
March 214 0.09 6 9
April 229 0.10 6 9
May 351 0.15 9 14
June 458 0.20 12 19
July 534 0.23 14 22

August 435 0.19 11 17
September 344 0.15 9 14

October 229 0.10 6 9
November 153 0.07 4 6
December 175 0.09 5 8

Average 290 0.13 92 AF/yr. 143 AF/yr.

gpcd. cfs AF/month

 
Granger has a water right for 0.57 cfs.  During dry years, the water right is not physically available.  
The distance from Viva Naughton to Granger is approximately 55 miles.  Again since no 
conveyance loss studies were available, a conservative value of one percent per mile was assumed.  
An additional study could be conducted to better define the losses.  The conveyance losses would be 
expected to be approximately 55% assuming 1% loss per stream mile.   
 
Total Municipal Demands 
The combined municipal water demands are tabulated in Table 2.7.  The total municipal demands 
were utilized in the operational model to determine required storage to insure a firm supply. 

 
Table 2.7  Total Municipal Demand 

Kemmerer/ Granger/ Total Municipal
Diamondville Little America Demand

AF/mo. AF/mo. AF/month AF/month
January 72 4 8 84

February 77 4 8 89
March 80 4 9 93
April 87 5 9 101
May 133 7 14 154
June 174 9 19 202
July 201 10 22 233

August 164 9 17 190
September 130 7 14 151

October 87 5 9 101
November 58 4 6 68
December 67 4 8 79

Total 1330 AF/yr 72 AF/yr 143 AF/yr 1545 AF/yr
86% 4.7% 9.3%

Opal
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Municipal Storage Requirements 
The City of Kemmerer demands 1,545 acre-feet of water per year.  However, this water is supplied 
from a junior right, and will not receive water in years of drought.  Therefore, a larger storage right 
is required by the City of Kemmerer to supply the City through drought years.  The operation study 
indicated that a total of 4,750 acre-feet of storage would be required in Viva Naughton to furnish 
firm water supplies to the municipalities.  The storage allocations for each entity are as follows: 
 
  Kemmerer/Diamondville -   4,085 AF 
  Opal    -   223 AF 
  Granger/Little America -   442 AF 
     Total -    4,750 AF 
 
The outlet works at Kemmerer Reservoir cannot pass the flows required by downstream users.  
Water currently is passed through the Reservoir by utilizing the spillway.  Therefore, Kemmerer 
Reservoir must be kept full and the storage in the Reservoir effectively cannot be utilized.  The 
outlet works would have to be rehabilitated in order for the storage in Kemmerer Reservoir to be 
utilized. 
 
Another solution would be to transfer the water storage rights in Kemmerer Reservoir to the 
rehabilitated Viva Naughton Reservoir or newly constructed Dempsey Basin Reservoir.  
Kemmerer Reservoir could then be used as a recreation reservoir. 
 

2.2.2.3 Irrigation Demands and Storage Requirements 
 
Irrigation Demands 
Existing agricultural demands were left unchanged from the previous estimates (ECI, 2004).  The 
currently irrigated acreages in the Ham’s Fork experience serious shortages in approximately 43% of 
the model period.  The storage allocated to irrigation in the model of the enlargement was 12,252 
AF.  The model indicates that this storage increases the water supply such that serious shortages 
would occur in approximately 12% of the period.  The severe shortages would usually occur when 
multi-year droughts occur. 
 
Irrigation Storage Requirements 
An allocation of 12,252 AF for agricultural supplemental flow would reduce shortages significantly. 
 The irrigators would have essentially full supply 88% of the time. 
 
2.3 Reservoir Size Optimization 
 In summary the results of the modeling study lead to the following conclusions: 
 

• An enlargement of Viva Naughton Reservoir of 24,180 acre-feet would meet the project 
needs.  This enlargement would utilize the remainder of the 1971 storage right of 27,252 
acre-feet, of which 3,072 acre-feet are already available in the existing storage capacity 
of the reservoir. 

• The total storage in an enlarged Viva Naughton reservoir would be 69,645 acre-feet with 
a water surface elevation of approximately 7,256. 
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• The total storage in a reservoir at Dempsey Basin would be 24,180 acre-feet with a water 

surface elevation of approximately 7315. 
• Fully utilized the 1971 water right would be allocated as follows: 

o 10,250 to meet the future supply needs for the power plant expansion.  (A 
reserve minimum pool storage of 16,000 acre-feet was also included in the 
modeling). 

o 4,750 acre-feet would provide firm supply for the municipalities including 
Kemmerer/Diamondville, Opal, and Granger/Little America.  (Demands were 
projected to the year 2050). 

o The remaining 12,252 acre-feet would be available for irrigation 
supplemental supply and would reduce serious shortages to approximately 12 
% of the years. 

• Since 3,072 acre-feet of the 1971 water right can already be stored in the Viva 
Naughton reservoir capacity increase or a new dam at Dempsey Basin capacity needs 
to be 24,180 acre-feet, and this can be constructed without obtaining additional water 
rights. 

 
Table 2.8 summarizes the demand and storage requirement analyses completed under this study. 
 

Table 2.8  Total Demand/Storage Requirement Summary 
 

Demands/Water Rights acre-feet

Total 1971 storage right 27,252
Demands:

Power Plant Future Demand 10,250
Municipal Demand (to 2050) 4,750

Subtotal: 15,000
Remainder of 1971 right available for irrigation 

(reduces serious shortages to 12% of time) 12,252
Total Demand = 1971 water right 27,252

Portion of 1971 right currently available in storage -3,072
Total Enlargement Recommended 24, 180
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3. PRELIMINARY GEOTECHNICAL STUDIES 
 
3.1 Regional Geology  
 
The identified dam and reservoir sites are located along the southern portion of the Overthrust Belt: 
an area of complex structural folding and faulting that includes a series of overthrust sheets bounded 
by thrust faults.  Dempsey Basin and Fish Creek dam and reservoir sites, and the existing Viva 
Naughton Dam and reservoir are underlain by the Wasatch Formation (Eocene).  Bedrock is 
generally covered at all of the dam sites by surficial soils (colluvium and alluvium).  Regional 
geologic maps for the area indicate that the bedrock underlying these sites is part of the main body 
of the Wasatch Formation which is described by others primarily as a variegated mudstone 
interbedded with fluvial sandstone, siltstone, claystone, marlstone and conglomerate containing 
pebbles and boulders of quartzite, chert, and limestone (M’Gonigle and Dover, 1992; Rubey and 
Others, 1980). 
 
The cap rock in the higher plateau (Hams Fork Plateau) located west and southwest of the Dempsey 
basin dam site, and bounding the valley at Fish Creek, 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, 1992). 
 
The bedding within the Wasatch Formation and Green River Formations is generally flat to gently 
dipping (< 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. 
 
There are no known active or potentially active faults that traverse through or project toward the 
dam site.  However, there are several active and potentially active faults located in the region that 
have the potential to generate earthquakes that could affect the site.  The locations of these and their 
characteristics are presented in Appendix A. 
 
The Rock Creek Fault is the most significant source of earthquakes in the region.  It is located 6 
miles west of the Dempsey Basin dam site and has an estimated Maximum Credible Earthquake 
(MCE) of magnitude 7.2 (USGS, 2006).   Due to the close proximity it has the potential to generate 
the highest ground accelerations at the site.  The Greys River Fault located approximately 39 miles 
north and the Grand Valley Fault located 38 miles northwest of the Dempsey Basin dam site are also 
considered to be significant active faults capable of generating large earthquakes in the region. 
 
3.2 Viva Naughton Dam Site Geology 
 
The Viva Naughton Dam is located on the Ham’s Fork River in an area known as the Ham’s Fork 
Coal Region in the Fossil Basin, an area of maximum uplift, west of the Absaroka Fault.  The Fossil 
Basin is located on the fossil syncline and the Absaroka Thrust is the principal fault system of the 
syncline.  The rock formation is nearly horizontal (Black & Veatch, 2005), suggesting the dam is 
near the axis of the syncline.  There are no significant outcrops in the area. 
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Black & Veatch (2005) excavated test pits in the abutment areas and along the alignment of the 
spillways and outlet works; and drilled borings through the embankment to characterize the 
foundation bedrock.  Along the abutments, the soils generally consist of sand, gravel, and cobbles 
underlain by the Wasatch Formation.  In the river bottom the dam is underlain by a thin layer of 
gravel that extends to the bedrock. 
 
Black & Veatch (2005) describe the embankment as founded on a very dense gravelly material with 
a cutoff trench extending to rock.  They performed liquefaction analyses on the gravel and 
concluded that they were not liquefiable.  The foundation conditions at the spillway are described as 
very dense clayey gravel.  The spillway is constructed with upstream and downstream keys and the 
foundation is described as adequate. 
 
3.3 Dempsey Basin Site Preliminary Engineering Geologic Evaluation 

 
Preliminary geologic reconnaissance of the Dempsey Basin site was conducted in August 2005. Two 
water supply canal alignments (Wilkinson Creek alternative and Hams Fork alternative) and the 
Dempsey Basin dam site were evaluated. The interim results of the reconnaissance level mapping 
are provided in Figure 3.1.  The mapping is considered to be preliminary because the site plan was 
prepared on small scale (1:24,000) maps that were available at the time of the reconnaissance and 
since test pits were not excavated to expose bedrock contacts and to map and describe colluvial, 
alluvial, and landslide deposits.  

 

Supply Canal Alignments 
 

Two alternative alignments were evaluated (geologic reconnaissance), the Hams Fork Supply Canal 
Alternative Alignment, shown on Figure 3.1, and the Wilkinson Supply Canal Alternative 
Alignment which would divert water from the Hams fork; traverse through Wilkinson Creek; and 
eventually deliver water to the central portion of the reservoir. 
 
Geologic reconnaissance of the Wilkinson alternative revealed that major active landslides occur in 
the lower portion of Wilkinson Creek, (Figure 3.1) in the area that would be traversed by this supply 
canal alignment alternative.  The Wilkinson alternative alignment is considered to have a fatal flaw 
because of the size and activity of the landslides along the alignment. 
 
The Hams Fork alternative alignment (shown on Figure 3.1) would traverse south from the diversion 
structure and discharge just upstream on the left abutment of the dam.  The geologic reconnaissance 
indicates that this alignment would traverse through or near a few smaller landslides developed in 
the Wasatch Formation on slopes immediately west of the Hams Fork floodplain.  The conditions in 
these slide areas need further evaluation to refine the canal alignment and develop mitigation 
measures to minimize potential risk associated with slope instability. 
 
A one to two mile segment of the supply canal alignment along the west margin of the Hams Fork 
Valley would be situated in alluvial terrace deposits (Figure 3.1).  The alluvial terraces are presumed 
to consist of predominately unconsolidated gravel, cobbles and sand. The alluvial terrace deposits 
need to be further evaluated as a potential source of borrow for filter and drain material for dam 
construction. 
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These terrace deposits are likely highly permeable.  In addition, the margins of the terrace are 
susceptible to sloughing and erosion; and the underlying Wasatch Formation materials exposed 
immediately downslope from the terrace deposits are susceptible to landslide development.   
Without further investigation, these observations suggest that the supply canal should be lined where 
it would cross the terrace deposits and the slope between the Hams Fork floodplain and the terrace 
surface to minimize seepage losses and potential slope failures.  Another option for mitigating 
seepage and slope failure is to pipe the water through these areas.  The costs associated with 
mitigating potential seepage has not been determined and should be included for a future phase of 
the project. 
 
Dam Site 

Geologic reconnaissance performed in the vicinity of the Dempsey Basin dam site indicate that the 
entire dam footprint area is covered by surficial materials.  Observations of localized exposures 
upstream of the dam site suggest that bedrock underlying the site probably consists of interbedded 
sandstones, siltstones, and silty mudstone.  These rocks are generally low hardness, weak to friable, 
and poorly cemented.  Residual soils developed on the bedrock suggest that the sequence likely 
contains beds with bentonite rich clays. Subsurface investigations are necessary to determine the 
bedrock stratigraphy and structure in the vicinity of the dam and evaluate this material for use in 
dam construction. 
 
No major landslides were observed in the dam footprint area.  However, the left abutment area at the 
dam site (and immediately downstream of the dam site) exhibits a subtle line of seeps and a series of 
relatively small landslides (estimated to be < 20 feet thick).  Individual headscarps associated with 
these slides range from a foot or less to several feet in height.  The landslides’ morphology suggests 
that these deposits formed by earthflow and slump-earthflow processes.  The seep line and alignment 
of the slides further suggest that these features may be controlled by an underlying low permeability 
contact within the bedrock (mantled by colluvial soils covering the slopes).  The supply canal would 
also traverse these slopes, and if unlined, seepage from the canal could potentially destabilize the 
slope.  Therefore, this section of the supply canal should also be lined or built using a pipeline as 
suggested for segments of the canal in the terrace deposits in the Hams Fork Valley.  Subsurface 
investigations (particularly test pits) are recommended to further evaluate the cause of the landslides, 
the seep line, and stability of the left abutment and canal alignment downstream from the dam. 
 
The valley portion of the Dempsey Basin dam site is underlain by alluvium.  The stream has incised 
a channel, (on the order of 10 feet deep) into the alluvium.  The alluvium exposed in the incised 
channel consists of overbank (or floodplain) deposits with coarser lenses of sand and gravel.  The 
suitability of these materials for use in dam construction has not been evaluated but should be 
explored by subsurface investigation and laboratory testing. 
 
The right abutment of the dam would be constructed along a gentle spur ridge that descends to the 
valley margin.  Although the bedrock is covered by residual and colluvial soils, bedrock associated 
with the Wasatch Formation likely underlies this area at relatively shallow depths (< 10 feet).  The 
toe of an apparent ancient landslide complex encroaches near the downstream section of the spillway 
outlet (see Figure 3.1).   The characteristics of the soil and bedrock in the right abutment and the 
spillway foundation conditions need to be analyzed during subsurface investigations. 
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3.4 Willow Creek Site Engineering Geologic Reconnaissance 
 

The original scope of work for this Phase II study included preliminary surface and subsurface site 
exploration for a dam at the Willow Creek Site.  However, observation at the initial site visit, 
followed by research of historic coal mining in the region, revealed that a portion of the proposed 
dam and reservoir area was located in an area that has experienced extensive historic underground 
coal mining. 
 
The location of the underground mine workings in relation to the dam site and reservoir is presented 
on Figure 3.2.  The location of the mine workings was compiled by BRS, Inc. for the WDEQ 
Abandoned Mine Lands Program (BRS, 2002 and BRS, 2005). 
 
The underground workings in the dam and reservoir area are associated with the historic Kemmerer 
Coal Company No. 5 Mine (Gomer Mine), and Kemmerer Coal Company No. 6 Mine (See Figure 
3.2).  Field observations indicate the presence of covered portals and subsidence features including 
one open subsidence hole at the Gomer Mine.  There is also evidence that mining has resulted in 
environmental degradation along Willow Creek, and the drainage contains large concentrations of 
coal slack. 
 
The presence of the extensive underground workings and surface mining features in both the dam 
footprint and reservoir area indicates that the Willow Creek site is not suitable for dam construction. 
Considering this fatal flaw the Willow Creek site was eliminated from further study and the surface 
and subsurface investigations were not performed. 
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3.5 Fish Creek Site Engineering Geologic Reconnaissance 
 

The Fish Creek site was not originally included in the scope of work for this project but WWDC 
requested that we take another look at the site since complications associated with the presence of 
historic underground mine facilities at the Willow Creek Dam site eliminated that site from further 
consideration.  The Fish Creek Dam site is located on State land approximately 1.5 miles west of the 
existing Viva Naughton Dam Spillway and was ranked 4th in the alternatives screening analysis 
performed by ECI in the Phase I study (ECI, 2004).  Existing geologic reports and information was 
reviewed and a field reconnaissance of the area was performed. 
 
Case (1989) used aerial photo interpretation to produce a preliminary (reconnaissance level) 
landslide map for the area.  The unpublished landslide map of the area indicates that the valley 
slopes along Fish Creek, both at the dam site, and upstream and downstream from the dam site, were 
inferred to be covered by massive landslide deposits.  The unpublished regional landslide map does 
not differentiate between active (or potentially active) and ancient landslides; or between relatively 
shallow or potentially deep-seated landslides. 
 
A geologic reconnaissance was performed at the Fish Creek site on October 9, 2006 to map active 
and potentially active landslides in the vicinity of the identified dam site.  The results of the 
preliminary landslide mapping developed during our brief site reconnaissance are presented in 
Figure 3.3.  Several large active and potentially active landslides were identified within and 
surrounding the proposed dam footprint.  These landslides are characterized by the presence of 
irregular hummocky topography, head scarps, slump blocks, sag ponds, and numerous springs.  The 
geomorphic features and vegetation suggest that these slides are active or potentially active.  The 
actual depth of the slide masses cannot be determined without subsurface exploration. Experience 
with similar landslides at other sites in the region suggests that the landslides likely extend on the 
order of 30-50 feet or more beneath the surface. In other words, these landslides reflect deep-seated 
movement of bedrock within the underlying Wasatch Formation. 
 
In addition, the valley slope areas adjacent to the mapped landslides have irregular topography 
contours and sharp (scarp-like) breaks in slope.  The cause of these irregular topographic contours 
could not be determined with certainty because of the extensive soil cover and lack of subsurface 
data.  Case (1989) inferred that these features reflected very large landslide features that extend from 
just below the rim rock at the top of the slope to the valley floor.  However, our preliminary 
interpretation is that most of these features (outside the mapped slide areas) reflect differential 
erosion of beds within the Wasatch Formation; however some areas are probably underlain by 
ancient landslide deposits.  Subsurface investigations would be required to further evaluate or map 
areas underlain by bedrock or ancient landslide deposits. 
 
Extensive geotechnical investigation and analysis would be required to further evaluate the 
feasibility and cost of dam construction at this site.  Because of the potentially high costs to 
construct and operate a dam at this site, and potential risk of future impact from slope instability, the 
Fish Creek dam site is not recommended for further evaluation for dam construction. 
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3.6 Viva Naughton Dam Review  
 

The following sections briefly describe the main embankment at the Viva Naughton dam site.  The 
information contained in these sections is based on review of the Viva Naughton Enlargement Level 
II Study that was completed in January 2004 (ECI, 2004) and the PFMA Report (Black & Veatch, 
2005) from March 2005.  The PFMA was conducted in accordance with the FERC Engineering 
Guidelines for the Evaluation of Hydropower Projects, Chapter 14, Monitoring the Performance of 
Dams (April, 2003).  Since that document contains critical energy infrastructure information it is not 
available for attachment to this report.  However, copies of the PFMA Report may be obtained by 
special request to FERC. 
 
Construction of the original Viva Naughton Dam was completed in 1961 creating 28,000 acre-feet of 
storage.  A second stage of construction raised the dam 11 feet in 1967, increasing the storage 
capacity to 42,393 acre-feet with a spillway crest at an elevation of 7,245 feet and a dam crest at an 
elevation of 7,248 feet.  Since that time SEO has approved two separate permits (#7476 Res and 
#7500 Res) for enlargement of the Viva Naughton Dam. 
 
The dam was raised an additional 1 foot in 1990 to provide for safe passage of the PMF without 
overtopping.  The 1990 modifications also included construction of a fuse plug in the old emergency 
spillway.  The current height of the zoned rockfill embankment is 90 feet (crest elevation of 7,249.0 
feet) at the maximum section with a crest length of 2,200 feet.  The maximum water surface 
elevation is 7,242.0 feet and the maximum flood discharge water surface during the PMF is 7,248.8 
feet. 
 

3.6.1 Main Embankment  
 
The Viva Naughton main embankment is constructed with a cutoff trench extending to rock along its 
entire length.  The cutoff trench is 25 wide at the base with 1H:1V side slopes extending to 
mudstone bedrock.  The impervious core extends through the central section of the dam and is 
constructed of a mixture of clay, silt, and sand.  The upstream and downstream shells are founded on 
low permeability conglomerate and dense alluvial deposits and no grout curtain was installed. 
 
The embankment was constructed with a filter drain downstream of the impervious core over the 
whole length of the dam.  The filter drain is 11 feet thick extending from the core trench to elevation 
7,223.0 and 10 feet thick from 7,223.0 feet to 7,240 feet, corresponding to the top elevation of the 
filter drain after the dam was raised. 
 
The upstream and downstream shells of the dam consist primarily of silty gravel and clayey gravel.  
The upstream slope is 2H:1V from the crest down to elevation 7,240 feet where it transitions to 
2.5H:1V to the toe of slope.  A 3-foot thick layer of riprap provides erosion protection on the 
upstream slope.  The downstream slope is also 2H:1V from the crest and transitions to 2.5H:1V at 
elevation 7,210 feet to the toe of slope. 
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3.6.2 Stability  
 
The embankment stability analysis (Black and Veatch, 2005) includes a synopsis of visual 
observations at the Viva Naughton site.  According to the report, there is no indication of stability 
problems with the main embankment dam.  The upstream and downstream slopes are uniform and 
there is no indication of sloughing, slumping, cracking, unusual vegetation areas, or settlement. 
 
Fourteen benchmarks and three piezometers were installed in 1988 and 1994, respectively.  
According to the data, less than 0.05 feet of vertical settlement occurred between 1988 and 1994. 
From approximately 1994 to 2004, reservoir elevation fluctuations have closely matched measured 
piezometric elevations along the downstream face of the dam and no anomalies were observed in the 
data. 
 
Several evaluations and re-evaluations of dam stability have been conducted over the years.  The 
initial dam design was evaluated in 1989 and 1994.  The stability analyses were performed using 
conservative shear strength parameters.  It was determined that liquefaction did not present a 
significant hazard and the dam would perform adequately under loading conditions of the maximum 
credible earthquake (MCE), magnitude 7.5  acceleration 0.5g event. 
 
Due to concerns expressed by FERC about the way the liquefaction analyses were performed, FERC 
performed a more in-depth review of the deformation analysis.  As a result, additional analyses were 
performed in 1997 and the liquefaction potential was revised.  Limiting accelerations for full and 
half height failure surfaces were determined using an updated shear strength for the shell materials 
and displacements were predicted using Makdisi & Seed’s simplified method.  It was determined 
that liquefaction induced deformations associated with Magnitude 7.5, 0.5g horizontal base 
acceleration (1.2g crest acceleration) would be less than 2 feet.   Yield accelerations were updated in 
2004 to include failure surfaces that would result in loss of reservoir.  Deformations were again 
found to be acceptable. 

 
3.7 Conceptual Level Design  
 
As part of this study, conceptual level quantities and cost estimates were developed for two 
alternatives to store the additional 24,180 acre-feet presented in Section 2.0; raising Viva Naughton 
Dam and constructing a new dam at Dempsey Basin.  The quantities and cost estimates are presented 
in Tables 3.1 and 3.2.  Unit costs are based on those used for the estimates developed by ECI (2004). 
 
The required raise at Viva Naughton is shown conceptually in Figure 3.4.  The new HWL, based on 
the area-capacity curve presented in ECI (2004) would be approximately 7,255 feet.  Assuming 7 
feet of freeboard (existing conditions) the new dam crest would be 7,262 feet.  The HWL of a new 
dam to store 24,180 acre-feet at Dempsey Basin would be 7,315 feet.  Assuming 5 feet of freeboard 
(ECI, 2004) the new dam crest would be 7,320 feet. 
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3.8 Recommendations for Additional Study 
 
Additional analyses are recommended for future phases of work on both the Viva Naughton Raise 
alternative and the Dempsey Basin Dam alternative.  A number of tasks associated with design of 
the new dam and/or the raise at Viva Naughton Dam, are listed below. 
 
Viva Naughton Dam Raise Alternative 
• Geotechnical investigations for the new spillway location need to be completed to confirm the 

geologic conditions of the area and evaluate suitability and erodibility. 
• Stability analyses will need to be conducted on the raised dam.  The new dam cross-section, 

including extensions of clay core and drain, should be modeled for stability analysis.  The 
section should be analyzed under dry, saturated, and rapid drawdown conditions. 

• Seismic stability should also be evaluated.  The current conditions at Viva Naughton have been 
evaluated and the deformations were determined to be acceptable.  However, attenuation 
characteristics of the raised dam will be different and additional analyses are required to 
determine if deformations are still acceptable.   

• Seepage analyses will need to be conducted on the raised dam.  The new dam cross-section, 
including extensions of clay core and drain, should be modeled to evaluate cutoff and exit 
gradient conditions.  The section should be analyzed under operational and spillway peak 
discharge conditions. 

• Settlement/deformation analysis should be performed on the existing embankment and 
foundation to evaluate the effects of additional loading from the raise. 

• Filter analysis should be performed to evaluate suitability of proposed drain and filter material in 
and compatibility with embankment fill materials. 

• Alternative concepts for pipelines, spillways, and corresponding structures should be developed 
based on the new water storage capacity. 

• Borrow source evaluations should be performed to determine availability and cost of materials 
for the embankment raise. 

 
Dempsey Basin Dam Alternative 
• Geotechnical investigations should be completed in the area of the proposed new dam and 

spillway to develop preliminary geologic information that can be used to assess foundation 
conditions for a new dam. 

• Preliminary stability analyses can be performed on the proposed dam cross section from ECI 
(2004).  The section should be analyzed under dry, saturated, and rapid drawdown conditions. 

• Seismicity and seismic stability should also be assessed.  The current conditions at Viva 
Naughton have been evaluated and preliminary review at the Dempsey site could be performed 
for comparison.   

• Borrow source evaluations could also be performed at the next Phase to determine availability 
and cost of materials for a new dam. 
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Estimated Quantity Item Price
Rockfill Embankment
Clear and Grub Embankment Footprint Acre 2,900.00 10 $29,000
Cutoff Trench CY 16.00 64,800 $1,036,800
Embankment placement, compaction CY 8.00 709,000 $5,672,000
Core placement, compaction CY 30.00 27,000 $810,000
Filter sand placement CY 17.00 19,000 $323,000
Embankment Riprap CY 38.00 16,900 $642,200

Spillway
Clear and Grub Spillway Acre 2,900.00 15 $43,500
Strip and Stockpile Topsoil SY 1.05 70,600 $74,130
Spillway Excavation CY 8.00 630,000 $5,040,000
Spillway Concrete CY 450.00 1,300 $585,000
Remove Existing Spillways LS 100,000.00 1 $100,000

Outlet Works
Extend 66" DIA Steel Piping LF 600.00 100 $60,000
Reinforced Concrete Encasement for 66" DIA Pipe CY 450.00 80 $36,000
Extend stem, relocate shed and place new slab LS 50,000.00 1 $50,000
Downstream Valve House Concrete Demolition CY 200.00 200 $40,000
Relocate Prefabricated Steel Valve House LS 50,000.00 1 $50,000
Construct New Concrete Structure for Valves and Housing CY 450.00 200 $90,000
Relocate Valves, Fittings and Install Misc. Items LS 80,000.00 1 $80,000

Access Road LS 790,000.00 1 $790,000

Instrumentation
Foundation and Embankment Piezometers LS 10,000.00 1 $10,000
Movement Monuments LS 10,000.00 1 $10,000

Dewatering LS 100,000.00 1 $100,000

Mobilization LS 2,000,000.00 1 $2,000,000

Cost of Construction $17,671,630
Final Design and Specifications (10% of Construction Cost) $1,767,163

Engineering (10% of Construction Cost) $1,767,163

Construction + Engineering $21,205,956
Contingency (15% Construction + Engineering) $3,180,893

Cost of Construction and Engineering w/ Contingency $24,386,849

Table 3.1  Cost Estimate
Viva Naughton Dam Raise (Additional 24,180 acre-feet)

24,180 AC-FTDescription Unit Unit Rate
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Estimated Quantity Item Price
Rockfill Embankment
Cutoff Trench and Stripping Excavation CY 16.00 108,000 $1,728,000
Embankment placement, compaction CY 8.00 468,000 $3,744,000
Core placement, compaction CY 30.00 186,650 $5,599,500
Filter sand placement CY 17.00 73,000 $1,241,000
Embankment Riprap CY 38.00 13,200 $501,600

Spillway
Clear and Grub Spillway Acre 2,900.00 1.4 $4,060
Strip and Stockpile Topsoil included in previous cost
Spillway Excavation CY 8.00 18,450 $147,600
Spillway Backfill CY 2.83 1,967 $5,567
Spillway Concrete CY 450.00 100 $45,000
Spillway Grouted Riprap SY 77.50 3,750 $290,625
Spillway Non-Grouted Riprap CY 38.00 370 $14,060

Supply Canal
Supply Canal Excavation CY 6.40 487,000 $3,116,800
Supply Canal Backfill CY 2.83 290,000 $820,700
Supply Canal Riprap CY 38.00 910 $34,580
36"f Precast Concrete Cylinder Culvert LF 128.00 330 $42,240
42"f Precast Concrete Cylinder Culvert LF 145.00 300 $43,500
48"f Precast Concrete Cylinder Culvert LF 162.00 400 $64,800
5' x 3' Precast Concrete Box Culverts LF 192.00 200 $38,400
Headwalls CY 450.00 220 $99,000

Inlet and Diversion Structures
Clear and Grub Diversion Berm Acre 2,900.00 1 $2,175
Diversion Berm Excavation CY 5.70 14,918 $85,033
Diversion Berm Backfill CY 2.83 1,683 $4,763
Diversion Berm Grouted Riprap SF 8.60 733 $6,304
Diversion Berm Grass Slope Protection SY 3.00 2,840 $8,520
Diversion Berm Cutoff Trench Excavation CY 5.70 5,667 $32,302
Diversion Berm Cutoff Trench Backfill CY 2.83 5,667 $16,038
Inlet Structure Concrete CY 450.00 464 $208,800
Inlet Structure Riprap CY 38.00 81 $3,078
Inlet Structure Gate 15' x 10' EA 70,000.00 1 $70,000
Drainage Canal Excavation CY 5.70 3,181 $18,132
Drainage Canal Backfill CY 2.83 8,382 $23,721

Access Roads
New Access Road Mile 550,000.00 0.65 $357,500
Diversion Structure Access Road Excavation CY 5.70 2346 $13,372
Diversion Structure Access Road Backfill CY 2.83 4122 $11,665

Outlet Works
60"F Steel Piping LF 405.00 640 $259,200
54"F Steel Piping LF 405.00 140 $56,700
42"F Steel Piping LF 300.00 30 $9,000
36"F Steel Piping LF 192.00 120 $23,040
30"F Steel Piping LF 180.00 50 $9,000
24"F Steel Piping LF 148.00 30 $4,440
18"F Steel Piping LF 94.50 30 $2,835
12"F Steel Piping LF 46.75 20 $935
9"F Steel Piping LF 32.50 15 $488
12"f Valve with Hydraulic Operator EA 10,000.00 1 $10,000
18"f Valve with Hydraulic Operator EA 20,000.00 1 $20,000
42"f Valve with Hydraulic Operator EA 35,000.00 1 $35,000
Control Building Reinforced Concrete CY 450.00 614 $276,300
Control Building Excavation CY 5.70 1,916 $10,921
Control Building Backfill CY 2.83 67 $190
Aeration & Energy Dissipation Structures Reinforced Concrete CY 450.00 266 $119,700
Aeration & Energy Dissipation Structures Riprap CY 38.00 332 $12,616
Aeration & Energy Dissipation Structures Excavation CY 5.70 2,735 $15,590
Intake Tower & Pipeline Concrete CY 450.00 1,424 $640,800
Intake Tower Excavation CY 5.70 690 $3,933
Intake Tower Backfill CY 2.83 78 $221
Intake Structure Gate - 72" Self-Contained Slide Gate EA 70,000.00 1 $70,000
Intake Structure Trash Rack (2) - 8' x 21'-3" SF 40.00 340 $13,600
Intake Structure Steel Grating 6'-6" x 8' SF 30.00 51 $1,530

Mobilization LS 1,500,000.00 1 $1,500,000

Cost of Construction $21,538,471
Final Design and Specifications (10% of Construction Cost) $2,153,847

Engineering (10% of Construction Cost) $2,153,847

Construction + Engineering $25,846,165
Contingency (15% Construction + Engineering) $3,876,925

Cost of Construction and Engineering w/ Contingency $29,723,090

Table 3.2  Cost Estimate
Dempsey Dam (24,180 Acre-Feet)

24,180 AC-FTDescription Unit Unit Rate
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4. CULTURAL RESOURCES EVALUATIONS 
 
Class I and Class III cultural resources surveys were completed in the Dempsey Basin area.  These 
studies have brought to light an important historic feature in the project area – the Dempsey-
Hockaday Trail.  This historic trail has potential project permitting implications for both the 
Dempsey Basin storage alternative and the Viva Naughton raise alternative. 
 
The Dempsey-Hockaday Trail was a cutoff on the Sublette Cutoff of the Oregon Trail.  The cutoff is 
considered to be 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 (Figure 4.1).  One segment of the trail crossed the Hams Fork 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 (Figure 4.2).  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. 
 
The initial scope of work for this Level II study included a Class I cultural resources survey, which 
is basically a document review.  However, due to the potential importance of the historic trail on the 
permitting and viability of the Viva Naughton Enlargement Project, the Gannett Fleming study team 
recommended a detailed (Class III) cultural resources study that included field surveys.  The Class 
III study was completed by the Wyoming State Archaeologist and included evaluation of those 
components of the Dempsey-Hockaday Trail that would be potentially impacted by the project.  The 
results of the preliminary (Class I) and detailed (Class III) studies are documented by full reports 
that are attached with this report as Appendix B.  The following sections summarize key findings 
from those surveys. 
 

4.1 Class I Cultural Resources Survey 
A Class I Cultural Resources survey of the Dempsey Basin site was completed in September 2005 
by the Office of the Wyoming State Archaeologist.  The Class I survey involved a file search 
through the State Historical Preservation Office (SHPO) Cultural Records office to identify 
previously recorded historical and prehistoric sites, and previous Class III surveys in the proposed 
project areas.  The file search identified several Class III surveys in the project area, and several sites 
that had been previously recorded in and near the proposed Dempsey reservoir and supply canal. 
 
In particular, the file search noted the Dempsey-Hockaday Trail (designation number 48LN950) 
occurs in several places within the proposed Dempsey reservoir area.  The trail has been 
recommended as eligible to the National Register of Historic Places, and is considered in pristine 
condition where it crosses the proposed Dempsey reservoir site.  Prehistoric sites and other historic-
era sites have been documented near the reservoir, and it was anticipated that new prehistoric and 
historic-era sites would be found in the proposed Dempsey Basin project vicinity. 
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Figure 4.1   Historic Trails Map Figure 4.1   Historic Trails Map 

 

(obtained from Wyoming State Historical Society, Western Trails Project, Trail Maps by Loren 
C. Bishop, Fort Bridger  http://www.neweraworld.com/wyshs.org/ft_bridger_sm.jpg

(obtained from Wyoming State Historical Society, Western Trails Project, Trail Maps by Loren 
C. Bishop, Fort Bridger  http://www.neweraworld.com/wyshs.org/ft_bridger_sm.jpg )

http://www.neweraworld.com/wyshs.org/ft_bridger_sm.jpg
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Figure 4.2  Cultural Resources Sites Identified Near Proposed Geotechnical Exploration Areas (GTA1-GTA4) at  
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4.2 Class III Cultural Resources Survey 
A Class III cultural resources survey was completed by the Office of the Wyoming State 
Archaeologist in the Dempsey Basin project area in the late spring of 2006.  The final report was 
completed in July 2006.  The Class III survey had two main purposes, as follows: 

• Cultural resources clearances were requested for two delineated areas within the proposed 
Dempsey Dam foundation (GTA3 and GTA4, as shown on Figure 4.2) and two potential 
borrow source areas (GTA1 and GTA2).  These surveys are required as part of the Bureau of 
Land Management (BLM) special use permit application that was filed in June 2006 to allow 
subsurface geotechnical exploration (core drilling and test pit excavations) at the proposed 
Dempsey dam site. 

• 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 project or the Viva Naughton raise alternatives.  The study overlapped trail 
segment areas that had already been documented by BLM. 

 
The complete Class III survey report is provided in Appendix B.  Key findings are summarized as 
follows: 
 

1. Two “contributing segments” of the Dempsey-Hockaday Trail (48LN950) occur near the 
proposed dam and reservoir area and geotechnical exploration areas (GTA1, GTA2, GTA3, 
and GTA4), as shown on Figure 4.2.   

a. “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 NRHP eligibility of the 
trail. 

b. The trail segment that crosses the Hams Fork valley north of Viva Naughton 
reservoir (east of GTA1 as shown on Figure 4.2) is considered to be “non-
contributing”, or Class 4 – No Extant Trail.  Under this category the trail trace no 
longer exists, and the trail segments in this category are not recognized to be 
associated with any significant historic events other than the general historic trail 
use.  Class 4 segments do not contribute to the overall NRHP eligibility of the trail. 

 
2. Four prehistoric sites (48LN4359, 48LN4360, 48LN4361, and 48LN4362) and three 

prehistoric isolated resources were located and recorded in the survey.  All of these cultural 
resources are recommended as not eligible to the NHRP. 

 
The lower trail segment identified through the Class III study runs up the bottom of Dempsey Creek 
drainage, along the south side of the creek.  This lower segment had not been previously 
documented by either the Class I records survey that was completed as part of this study, or by the 
previous Phase I study report (ECI, 2004).  Impacts to the lower trail segment are unavoidable with 
either the Dempsey Basin or Viva Naughton raise alternatives.  However, to quantify the impacts 
will require additional study that should be completed in future phases of the project. 
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4.3 Extent of Potential Trail Inundation 
Figure 4.3 shows the approximate extent of trail inundation that would occur with the Dempsey 
Basin project. The estimate of trail inundation is considered to be a rough order estimate given the 
mapping that is available.  With a 24,180 acre-feet Dempsey Basin reservoir, the normal high water 
line would be approximately elevation 7315 feet.  This would inundate roughly 9,500 feet of the 
lower trail segment, roughly 2,900 feet of the upper trail segment, and roughly 5,600 feet of the 
western portion of the trail segment beyond where the upper and lower segments converge. 
 
Figure 4.4 shows the approximate extent of trail inundation that would occur with the Viva 
Naughton raise for additional 24,180 acre-feet of storage capacity. Again the estimate of trail 
inundation is considered to be a rough order estimate given the mapping that is available but it is 
apparent from Figure 4.4 that impacts to the upper segment of trail would be minimized with a 
24,180 acre-feet reservoir raise which would result in a normal high water line elevation of about 
7255 feet.  For these conditions roughly 9,000 feet of the lower trail segment would be inundated. 
 
4.4 Recommendations for Future Studies 
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 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 the 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 
Box 30 
Salt Lake City, UT  84111 
http://www.nps.gov/cali/parkmgmt/nts.htm
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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
 

 
 

http://wyoshpo.state.wy.us/
http://historicwyoming.org/






   
 
5. WETLAND DELINEATIONS 
 
5.1 Estimated Acreages of Wetland Impacts 
Wetland delineations were performed by Western EcoSystem Technologies, Inc. (WEST) of 
Cheyenne.  Wetland areas potentially impacted by the Viva Naughton raise alternative were 
surveyed in 2003, and are documented in Appendix M in the Phase I study report (ECI, 2004).  
Wetland areas potentially impacted by the Dempsey Basin project were evaluated under this Phase II 
study and are documented in Appendix C of this report.  Both studies evaluated potential wetland 
impacts for a maximum 40,000 acre-feet storage project, which would maximize water rights in the 
existing storage permit. 
 
WEST conducted wetland delineations using standardized procedures outlined in the U.S. Army 
Corps of Engineers Wetland Delineation Manual (1987).  The manual provides guidelines and 
sampling procedures for determining if an area is a wetland.  Plant species within wetland areas are 
identified and assigned a rating based on their ability to grow in saturated soils.  The wetland 
boundaries with upland areas were assigned based on the presence or absence of hydrophytic 
vegetation, hydric soils and wetland hydrology. 
 
Table 5.1 summarizes the jurisdictional wetland areas delineated for both the Viva Naughton raise 
and the Dempsey Basin projects.  The Viva Naughton raise project of 40,000 acre-feet would result 
in substantially greater wetland impacts (over 250 acres) than the Dempsey Basin project would 
incur (less than 30 acres).  The Viva Naughton raise project of 24,180 acre-feet would result in 
approximately 150 acres of wetland impacts.  The Dempsey Basin project impact on wetlands would 
remain the same for either 24,180 or 40,000 acre-feet.  This will be an important consideration in 
comparing the alternatives through the NEPA permitting process. 
 

Table 5.1  Acreages of Wetlands Potentially Impacted by 40,000 Acre-Feet and 24,180 
Acre-Feet Viva Naughton and Dempsey Basin Projects 

 
Location Impacted Wetland Area  for 

40,000 acre-ft Reservoir 
(acres) 

Impacted Wetland Area for 
24,180 acre-ft Reservoir 

(acres) 
Viva Naughton Raise   

Upstream from Existing Reservoir 227 133 
Perimeter of Existing Reservoir 21 12 
Dempsey Creek Inundation Area 8 5 

Total Viva Naughton Raise 256 150 
Dempsey Basin Dam and Reservoir   

Diversion Dam Site 2.2 2.2 
Supply Canal 5.1 5.1 
Reservoir Inundation Area 19.0 19.0 

Total Dempsey Dam and Reservoir 26.3 26.3 
Note:  24,180 acre-feet impacted wetlands for Viva Naughton were estimated based on volume of reservoir scaling.  
Actual impacted area will need to be surveyed. 
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5.2 Potential Wetland Mitigation Opportunities 
The previous wetland mapping work by WEST for the Viva Naughton Enlargement resulted in a 
total of approximately 304 acres of wetlands inundated by a 40,000 acre-feet enlargement.  It is 
recommended that the enlargement be sized at 24,180 acre-feet (see Section 2.3), which would 
reduce wetland impacts associated with the raise of Viva Naughton to approximately 150 acres for 
the Viva Naughton raise.  The majority of wetland impacts (~90%) would occur upstream from the 
reservoir. 
 
The mitigation of wetland impacts associated with an enlargement of Viva Naughton Reservoir or 
construction of Dempsey Basin Reservoir could be accomplished in the areas discussed in the 
following sections.  Wetland delineation mapping in these areas would identify the upland areas that 
could potentially be converted to wetlands.  The methods used would primarily be excavation of 
upland areas sufficiently to intercept the water table.  The depth of excavation would be varied to 
create the different types of wetlands impacted.  The areas identified were taken from the National 
Wetlands Inventory mapping. 
 

5.2.1 Potential Mitigation Area Upstream from Viva Naughton Reservoir 
The study team investigated the potential for mitigating approximately 150 to 200 acres of impacted 
wetlands. The most promising site for mitigation is within the Hams Fork valley immediately 
upstream from the enlarged Viva Naughton reservoir.  Significant acreage of upland vegetation, 
primarily irrigated hay fields, are present in this area as shown on Figure 5.1.  Areas A and C have 
high potential for conversion to high quality wetlands.  Area B has potential for improvement of 
interspersed upland vegetation. 
 
The potential inundated wetland areas mapped by WEST upstream from the existing reservoir had a 
mixture of scrub-shrub, wet meadow/shallow marsh, and upland vegetation.  The percentages of the 
area was approximately 45% upland, 35% wet meadows/shallow marsh, and 20% scrub-shrub.  The 
potential mitigation areas have not been mapped so assumptions were made to estimate acreages.  
Discussion of the three areas is provided as follows: 
 

• Area A has approximately 250 total acres which comprise upland areas currently used as hay 
meadow and wet meadows/shallow marsh.  It is estimated that from one fourth to one third 
of the total area is wetland.  The area is irrigated with two ditches and drains to a natural 
ditch on the lower portion.  It is anticipated that this area could be developed with significant 
acreage of scrub-shrub to complement the existing wet meadows/shallow marsh.  It is 
anticipated to utilize excavation and grading and water distribution to convert the area.  It is 
anticipated that approximately 150 acres of wetlands could be developed in Area A. 

• Area B could be developed in similar manner as Area A.  This area totals approximately 75 
acres.  It could be expected that approximately 40 acres of wetlands could be developed in 
Area B. 

• Area C has approximately 260 total acres which comprise upland, scrub-shrub, and wet 
meadow/shallow marsh.  Approximately one half to two thirds of this area is wetland, with 
approximately 20% scrub-shrub, and 45% wet meadow/shallow marsh.  The upland areas 
comprise approximately 35% of the total area.  Excavation of upland areas could convert 
approximately 75 acres to wetlands. 
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The total potential wetland creation in the area could be approximately 265 acres.  The land is 
presently owned by Pacificorp and includes considerable hay meadow.  If this area is pursued, 
wetland delineation and accurate topographic maps with one foot contours would be required. 
 

5.2.2 Potential Mitigation Area Downstream from Kemmerer Reservoir 
A State of Wyoming section is located immediately below Kemmerer Reservoir that has potential 
for wetland development as shown on the Figure 5.2.  The total area that could be developed is 
approximately 225 acres.  Of this total, approximately 150 acres are mapped as existing wetlands 
according to the National Wetland Inventory (NWI) maps, and 75 acres as upland.  It is estimated 
that approximately 60 acres of wetland could be developed in the upland areas.  It is anticipated that 
an additional 40 acres of wetlands could be developed within the mapped wetland area.  The total 
potential wetland development in this area could be approximately 100 acres.  If this area is pursued 
for wetland development, wetland delineation and accurate topographic maps with one foot contours 
would be required. 
 
5.3 Costs Associated with Wetland Impacts for 24,180 Acre-Feet Additional Capacity 
The increased storage capacity at both the Viva Naughton and Dempsey locations will impact 
wetlands within the reservoir area.  States West provided the following information concerning 
approximate mitigation costs for the wetlands.  The Viva Naughton enlargement option (24,180 
acre-feet) would impact an estimated 150 acres of wetlands.  Assuming replacement costs of 
$25,000 per acre, the cost for mitigation is $3.75 million dollars. For the Dempsey Basin project, the 
impacted wetlands total 26.4 acres.  Assuming replacement costs of $40,000 per acre, the 
approximate mitigation cost is 1.1 million dollars. 

 
The mitigation costs were not included in the cost estimates presented in Section 3.7 (Tables 3.1 
and 3.2).  The total estimated costs for the two remaining alternatives accounting for the 
wetlands delineation costs are presented in Table 5.2. 
 

Table 5.2  Total Estimated Costs for the Two Remaining Alternatives Accounting for the 
Wetlands Delineation Costs 

 
Description Viva Naughton 

Raise 
Dempsey Basin 

Dam 
Construction & Engineering $21,205,956 $25,846,165 
Wetlands Mitigation $3,750,000 $1,100,000 

Subtotal $24,955,956 $26,946,165 
Contingency (15%) $3,743,393 $4,041,925 

Total $28,699,350 $30,988,090 
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Figure 5.1  Potential Wetland Mitigation Area Upstream from Viva Naughton Reservoir
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Figure 5.2  Potential Wetland Mitigation Area on State Land Downstream From Kemmerer Reservoir



   
 

6. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
 
6.1 Summary and Status of Phase II Study 
The Level II, Phase I study identified and recommended three “short-listed” reservoir storage 
options, as follows (ECI, 2004): 

• enlargement of Viva Naughton Reservoir by up to 40,000 acre-feet 
• construction of a new dam and 40,000 acre-feet reservoir at the Dempsey Basin site 
• construction of a new dam and 40,000 acre-feet reservoir at the Willow Creek site 

 
The original goal for this Phase II study was to bring all three alternatives to comparable levels of 
technical information (site conditions and cost estimates) to allow fair comparisons between the 
projects.  The original scope of work included the following tasks: 

• Geotechnical investigations 
o Dempsey Basin - surface and subsurface site exploration 
o Willow Creek Site - surface and subsurface site exploration 
o Viva Naughton Dam - Review available data and conduct supplemental 

investigations at dam site, if needed 
• Wetland delineations at Dempsey and Willow Creek sites (Viva Naughton wetland mapping 

was completed under Phase I) 
• Class I archeological surveys  
• Evaluate water needs and optimize storage size 
• Advance and refine conceptual designs and cost estimates for each alternative 

 
In the early stages of the Phase II study, several key preliminary findings compelled the team to 
modify the scope of the study.  These findings, and resulting scope changes, are summarized as 
follows: 

 
1. It was learned that the Willow Creek dam and reservoir site is underlain by a massive 

abandoned underground coal mine (the Gomer mine).  This was considered to be a fatal flaw 
for project development, and as a result, 

 The Willow Creek Dam alternative was eliminated from further consideration. 
 

2. A preliminary Class I Archeological Survey was completed for the project area in the late 
summer of 2005.  The Class I literature survey confirmed the presence, and potential 
historical significance, of the Dempsey-Hockaday Trail.  This trail is a cutoff on the Sublette 
Cutoff of the Oregon Trail which traverses the project area and would be potentially 
impacted by both remaining alternatives – enlargement of Viva Naughton reservoir or 
construction of Dempsey Dam and reservoir.  As such, the project team recommended that 
budget that had been originally allocated to geotechnical and other studies at the Willow 
Creek site, be re-allocated to 

 Conduct a ground survey and Class III cultural resources evaluation of the 
Dempsey-Hockaday Trail and other potential cultural resources in the project area. 
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3. The Fish Creek site was not originally included in the scope of work for this project but 

WWDC requested that we take another look at the site 
 Since complications associated with the presence of historic underground mine 

facilities at the Willow Creek Dam site eliminated that site from further 
consideration, some of the remaining budget was available for the geologic 
reconnaissance at Fish Creek. 

 
4. Topographic surveys had not been included in the originally planned scope of work.   

 Remaining budget available from elimination of the Willow Creek site investigation 
was re-allocated to perform a limited topographic survey and preparation of 
topographic map for the Dempsey dam site to facilitate design layouts and refined 
cost estimates. 

 
At the conclusion of this Phase II effort, some key tasks that were originally scoped could not be 
completed because of delays in obtaining a special use permit from the Bureau of Land Management 
(BLM) for subsurface exploration at the Dempsey Basin dam site.  These delays were primarily due 
to concerns raised by the National Park Service, the Oregon-California Trail Association and other 
interested stakeholders regarding potential impacts to the Dempsey-Hockaday trail system.  
Negotiations occurred between WWDC representatives, the BLM and the other trail stakeholders 
late in the project schedule.  These negotiations indicate that the special use permit application will 
likely be granted, which will allow the Dempsey Basin subsurface geotechnical exploration to 
proceed in 2007.  It was decided that the work tasks completed to date under this study should be 
compiled and reported as an Interim Phase II Report.  The current status of Phase II study tasks is 
summarized on Table 6.1. 
 

Table 6.1  Status of Work Tasks Scoped Under Level II, Phase II 
Task Description Status1

Site Reconnaissance/Geologic Mapping  
Subsurface Drilling/Lab Testing X 

Geotechnical 
Investigations 

Viva Naughton dam data review/summary  
Wetland mapping Dempsey reservoir & supply canal  

Dempsey-Hockaday Trail  Class III Cultural 
Resources Surveys Dempsey Geotechnical Permit Clearances  

Operating Plan Water needs assessment & reservoir size optimization  
Dempsey dam site topographic survey  Preliminary Design Updated dam layout/costs X 

Final Report Interim report only X 
1   = completed, X = not completed 
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6.2 Conclusions from Interim Phase II Study 
Conclusions resulting from this Level II, Phase II interim study are summarized as follows: 
 
Water Supply and Reservoir Size Optimization 
 

1. Water shortages are documented in the Hams Fork valley for both irrigation and municipal 
needs.  An analysis of water supply and needs was completed under this Phase II interim 
study, including updated StateMod system modeling (Section 2).  The model study indicates 
that an enlargement sized at 24,180 acre-feet would maximize the 1971 storage permit1, 
and would meet the following needs: 

 
• Anticipated expansion of capacity at the Naughton Power Plant, requiring an 

additional 10 cfs water delivery to the plant.  The estimated annual storage 
required to meet the industrial demand is approximately 10,250 acre-feet, 
including estimated water conveyance losses. 

• Increased municipal demands due to population growth projections out to year 
2050 for the communities of Diamondville/Kemmerer, Granger/Little America, 
and Opal.  Projected municipal demands justify a storage increase of 
approximately 4,750 acre-feet. 

• Irrigation supply shortages are experienced about 43% of the time for current 
irrigation acreages.  Reservoir expansion to maximize the 1971 storage right 
would allow up to 12,252 acre-feet to be allocated for irrigation.  This would 
reduce periods of water supply shortages for existing irrigated lands to 12% of 
the time in future years (i.e. 88% reliability). 

 
Preliminary Geotechnical Investigations 
 

2. Geologic reconnaissance for the Dempsey Basin project alternative did not reveal any 
evident fatal flaws for construction of the dam, reservoir, or Hams Fork Supply Canal (see 
Section 3.3 and Appendix A).  The Wilkinson Supply Canal Alternative is considered to 
have a fatal flaw due to landslide activity in the area.  A few smaller landslides exist along 
the slopes west of the Hams Fork floodplain near the Hams Fork Supply Canal Alignment.  
Some shallow landslides and an evident line of seepage were noted in the left dam abutment 
that should be further explored by subsurface methods.    These conditions could be 
important considerations both for the dam foundation and for the lower end of the supply 
canal.  Due to delays in obtaining a special use permit from the Bureau of Land Management 
(BLM), Gannett Fleming was unable to complete subsurface exploration at the site within 
the project schedule. 

                         
1 The 1971 storage right is 27, 252 acre-feet.  The existing reservoir capacity utilizes 3,072 acre-feet of the 
1971 right, leaving 24,180 acre-feet remaining in the 1971 water right available for reservoir expansion. 
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3. Detailed technical information was compiled for the Viva Naughton dam in support of a 

Failure Modes Analysis that was completed in 2005 as part of the Federal Energy Regulatory 
Agency (FERC) licensing process for the facility.  This information is restricted from wide 
public distribution due to security concerns.  Gannett Fleming reviewed the supporting 
technical information.  Some of the key, non-security sensitive geotechnical and design 
considerations that are relevant to the proposed raise are summarized in Section 3.6.  No 
geotechnical fatal flaws were identified for construction of a downstream raise of about 13 
feet, which would enlarge the reservoir by the recommended 24,180 acre-feet.  Subsurface 
core drilling work that was planned for the far right abutment, in the location of the proposed 
new emergency spillway, was postponed due to the permit delays for drilling at the Dempsey 
Basin site.  This work should be completed in the next phase of study to support layout and 
design of the spillway. 

 
4. A geologic reconnaissance was performed at the Fish Creek site, which is located west of 

Viva Naughton dam.  This site had been ranked 4th in the alternatives screening analysis 
performed by ECI in the Phase I study (ECI, 2004).  The reconnaissance identified 
numerous, potentially deep-seated landslides all along the Fish Creek drainage valley slopes. 
 This site is not considered suitable for dam construction.  

 
Cultural Resources Studies 
 

5. A Class III Cultural Resources Survey of the Dempsey Basin and Viva Naughton raise 
impact areas was completed by the Office of the Wyoming State Archaeologist in June 2006. 
The complete report is provided in Appendix B, and key points are summarized in Section 4. 

 
6. The main findings from the survey of the Dempsey-Hockaday trail are summarized as 

follows: 
a. Two segments of the Dempsey-Hockaday trail system were evaluated in the 

study.  Both the upper and lower segments that traverse the bottom and along the 
north valley slope of Dempsey Basin are characterized as Class I - Undiminished 
Trail and Setting.  This means that these segments of trail contribute to its 
eligibility for the National Registry of Historic Places (NRHP).  

b. A 24,180 acre-feet enlargement of Viva Naughton reservoir would potentially 
inundate approximately 9,000 feet (1.7 miles) of the lower contributing segment 
of trail. 

c. A 24,180 acre-feet Dempsey Basin reservoir would potentially impact 2,900 feet 
(0.5 miles) of the upper contributing segment, 9,500 feet (1.8 miles) of the lower 
contributing segment of trail, and roughly 5,600 feet (1 mile) of the western 
segment beyond the confluence of the upper and lower.  

 
It was suggested that a commemorative center could be constructed if inundation of 
segments of the trail are unavoidable.  
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7. Surveys were conducted in proposed geotechnical exploration areas within the Dempsey 
Dam foundation footprint and two potential borrow areas.  The purpose of these surveys was 
to provide supporting information required for a special use permit application from the 
Bureau of Land Management to allow drilling and test pit exploration within the designated 
areas.  In addition to the trail segments, several prehistoric sites were identified in the 
vicinity.  The prehistoric sites were characterized as ineligible for the NRHP.  The proposed 
geotechnical exploration sub-area boundaries were constrained to avoid the trail with a 
specified clearance of at least 500 feet. 

 
Wetland Delineations and Potential Mitigation Opportunities 
 

8. Wetland delineation and mapping was completed by Western EcoSystem Technologies 
(WEST) for the Dempsey Basin project, including mapping along the proposed supply canal, 
and in the dam and reservoir footprint areas (see Section 5 and Appendix C).  The total 
wetland area potentially impacted by the Dempsey Basin project is estimated at about 26 
acres. 

 
9. Potential wetland impacts associated with the Viva Naughton raise were evaluated under the 

Phase I study, which identified over 300 acres of wetland potentially impacted by a 40,000 
acre-feet enlargement (ECI, 2004).  Adjusting for a smaller enlargement of 24,180 acre-feet 
as recommended by this Phase II study, an estimated 150 acres of wetland would be 
impacted by the Viva Naughton raise alternative.  Most of the wetland impacts associated 
with the Viva Naughton raise would occur in the Hams Fork valley inundation area 
immediately upstream from the existing reservoir. 

 
10. A preliminary analysis of potential wetland mitigation opportunities is presented in Section 

5.2.  A promising, large potential mitigation area, currently owned by PacifiCorp is located 
just north of Viva Naughton.  An estimated 150 acres of wetland could be developed in this 
area.  Another, smaller area of state-owned land was identified south of Kemmerer city 
reservoir.  It is estimated that approximately 40 acres of wetland could be developed in this 
area. 
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6.3 Recommendations for Further Studies 
The following recommendations are offered for consideration to guide the next phase of study for 
the Viva Naughton Enlargement Project to effectively advance the project. 
 

1. Obtain BLM Special Use Permit and Landowner Permission for Geotechnical 
Subsurface Exploration at Dempsey Basin Dam Site:  At the conclusion of this Level II 
study, the BLM special use permit for geotechnical subsurface exploration at the Dempsey 
Basin site had not yet been secured, principally because of concerns raised by the National 
Park Service, Oregon-California Trail Association and others regarding potential impacts to 
the Class 1 Dempsey-Hockaday trail system.  An important meeting and site tour were 
conducted with WWDC representatives and stakeholder group representatives on October 4, 
2006.  Based on feedback from stakeholders at that meeting, it is anticipated that the BLM 
permit would be granted to allow geotechnical site work to be completed in future studies.  
The permit application has been transferred from Gannett Fleming to WWDC. 

 
It is recommended that the BLM permit application be re-activated to secure the permit for 
the next phase of study.  This will allow the subsurface exploration to be completed at the 
Dempsey dam site, in accordance with the detailed drilling and test pitting program that is 
outlined in the application.   Local private landowners should be re-contacted and 
permission letters obtained for the exploration activities.  Land ownership was evaluated for 
the 2005-2006 study period from records obtained from the Lincoln County assessor’s 
office, and an ownership map and contact information were generated. The map and files 
are provided in the Project Notebook.  It is recommended that this information be confirmed 
and updated as needed for the subsequent studies. 
 
Site exploration can only be performed within a limited time “window” each year typically 
after August 1 and before wet/winter weather, roughly mid October.  Also, there may be 
limited drilling windows due to concerns about big game impacts.   

 
2. Conduct Additional Topographic Surveys for the Dempsey Basin Project.  A 

preliminary, limited survey of the Dempsey Dam site was performed with available re-
allocated budget under this study.  It is recommended that additional topographic surveys be 
done for the reservoir area, the supply canal, and the diversion structure to support design 
layouts and refinement of cost estimates.  

 
3. Complete the Geotechnical Subsurface Investigations at the Dempsey and Viva 

Naughton Dam Sites.  The geotechnical investigation needs to be completed for the 
Dempsey Basin dam and reservoir site in order to advance conceptual designs and estimate 
more accurate construction costs.  A detailed exploration program was developed and 
submitted with the BLM permit application, and includes drilling 4 borings between 40 to 
100 feet deep, and excavating between 16 to 24 test pits within 4 designated areas (GTA1 
through GRA4) as shown on Figure 4.2.  Some of the exploration areas are located on 
BLM-administered land, and some on private land.  It is recommended that the drilling 
program be implemented as laid out for the application. 

47 
 
Viva Naughton Enlargement, Level II, Phase II, Interim Report                        Wyoming Water Development Commission 
 



   
 

A preliminary plan was developed for investigating the far right abutment area at the Viva 
Naughton dam site, which is the proposed location for a new spillway with the dam raise.  
The area was planned to be explored by drilling 2 boreholes and excavating between 4 and 6 
test pits.  The exploration area is located on private land. 

 
4. Perform Additional Study of Seepage Mitigation Measure along the Supply Canal.  It 

is likely that seepage losses will occur in the supply canal where it runs through the terrace 
deposits identified during field reconnaissance.  Mitigation possibilities include lining the 
channel or piping water through these areas.  The costs for this has not been included in the 
cost estimates for the Dempsey Basin alternative. 

 
5. Consider Construction of a Trail Commemorative Center.  A trail commemorative 

center could be used as cultural/historical marker of segments of the Dempsey-Hockaday 
Trail that would be inundated by a new or enlarged reservoir. 

 
6. Complete Preliminary Designs and Cost Estimates.  It is recommended that preliminary 

designs and cost estimates be developed for a 24,180 acre-feet enlargement of Viva 
Naughton or a 24,180 acre-feet storage project at Dempsey Basin. 

 
7. Conduct Additional Surveys in Potential Wetland Mitigation Areas.  Two potential 

wetland mitigation areas were identified in this study.  It is recommended that these areas be 
surveyed to evaluate both (a) existing wetland acreages and (b) potential for development of 
new wetland areas for mitigation purposes. 

 
8. Develop Reconnaissance Level Cost Estimates for SEO Safety of Dams Corrective 

Measures. 
 

9. Coordinate with Kemmerer City Reservoir.  Consider upstream flow benefits.  Can 
fishing benefits be extended further downstream. 

 
10. Look at Stream Flow Issues.  How does going from 22 cfs to 33 cfs impact stream 

geomorphology and fishing benefits. 
 

11. Wildlife Impacts/Benefits.  Need to look into mitigation alternatives. 
 

12. Conveyance Loss Analysis.  Need to look at the reach specified for fishing improvements 
and possibly to Granger. 
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APPENDIX A 
 

Preliminary Geologic Reconnaissance Investigations of Dempsey Basin and Fish Creek 
Dam Sites 
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PLUMLEY & ASSOCIATES, INC. 
 

Memorandum 
 
 
Date:   1/16/07 
 
To:  Dean Durkee 
  Gannett Fleming, Inc. (GFI) 
  4722 N 24th Street, Suite 250 
  Phoenix, AZ 85016 
     
From:  Patrick Plumley, PG, CEG 
  Consulting Engineering Geologist 
  Plumley & Associates, Inc. 
 
Project:   Wyoming Water Development Commission 
  Viva Naughton Enlargement Level II, Phase II Study 
 
Subject: Preliminary Geologic Reconnaissance, Dempsey Basin, Willow Creek and 

Fish Creek Dam Sites 
 Lincoln County, Wyoming 
 
1.  Introduction 
 
This memorandum is intended as an interim report on the general geologic conditions and 
potential geotechnical constraints for water resource development at the Dempsey Basin, 
Willow Creek, and Fish Creek Sites.  This information is based on a review of available 
data and preliminary geologic reconnaissance mapping using the USGS topographic 
maps for the area (1:24,000) as base maps. The original scope-of-work for the project 
was to include subsurface investigations (test pits and exploration drilling) at the 
Dempsey Basin and Willow Creek Sites.  However, subsurface investigations were not 
performed at the Dempsey Basin site because a BLM special use permit was not 
approved within the project time frame that would have allowed access to the site by 
exploration equipment. The geologic information provided for the Dempsey Basin site 
(Section 5.1) should be considered preliminary and subject to revision based on the 
results of subsurface geotechnical investigation and more detailed mapping using a larger 
scale topographic base map.   
 
In addition, the scope-of-work was modified to exclude geologic mapping and subsurface 
investigations at the Willow Creek site due to the presence of shallow underground coal 
workings beneath portions of the proposed dam and reservoir uncovered during the initial 
data review for the site (as discussed in Section 5.2).   
 
In the fall of 2006, the project management team requested that we perform a brief 
geologic reconnaissance of a potential dam site at Fish Creek.  The results of the initial 
geologic evaluation for Fish Creek dam site are discussed in Section 5.3.   
1307 Paragon Place,  Ft. Collins, CO  80525  
970-206-1300 Fax 970-229-9293 
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2.  Methods of Investigation 
 
The work completed to date includes the following: 
 

 Data Collection and Review.  Prior to initiation of geologic mapping, available 
published and unpublished geologic and geotechnical data pertinent to the dam 
and reservoir sites, and associated facilities, was researched and reviewed.  
Primary sources of information are provided in the list of references included at 
the end of this memorandum (Section 6).   

 
 Photogeologic Interpretation.  Stereo-paired aerial photographs for the project 

areas were reviewed to assist in developing a preliminary engineering geologic 
map of the project area.   

 
 Preliminary Geologic Mapping.  Our Senior Engineering Geologist performed 

reconnaissance geologic mapping of the dam foundation areas, spillways, and 
portions of the reservoir areas for the Dempsey Basin dam.  Reconnaissance 
mapping was also performed for the diversion dams and canal alignments for the 
Dempsey Basin Dam, and for the identified dam site on Fish Creek.   Note that we 
intended to perform more detained mapping of the Dempsey Basin dam site as 
part of the subsurface exploration effort using more detailed topographic maps 
developed in summer 2006.  However, as previously described, this geotechnical 
investigation never occurred.   

 
3.  Regional Geologic Setting
 
The identified dam and reservoir sites are located along the southern portion of the 
Overthrust Belt: an area of complex structural folding and faulting that includes a series 
of overthrust sheets bounded by thrust faults.  Dempsey Basin and Fish Creek dam and 
reservoir sites, and the existing Viva Naughton Dam and reservoir are underlain by the 
Wasatch Formation (Eocene).  Bedrock is generally covered at all of the dam sites by 
surficial soils (colluvium and alluvium).  Regional geologic maps for the area 
(M’Gonigle and Dover, 1992; Rubey and Others, 1980) indicate that the bedrock 
underlying these sites is part of the main body of the Wasatch Formation that is described 
as follows: 
 

“Red, maroon, and gray variegated mudstone; fine- to coarse-grained brown, 
yellow, gray, and red-sandstone; lenses and beds of conglomerate containing 
pebbles and boulders of quartzite, chert, and limestone; thin beds of limestone, 
some pisolitic. Conglomerate increases in thickness northward where the unit 
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cannot be distinguished from the lower member. As much as 500 m (1640 ft) 
thick” (Rubey and Others, 1980). 
 
“Variegated but mainly red, interbedded sequence of mudstone, fluvial sandstone, 
siltstone and claystone, conglomerate and marlstone.  Thickness at least 450 m 
(1470 feet)” (M’Gonigle and Dover, 1992) . 

 
The cap rock in the higher plateau (Hams Fork Plateau) located west and southwest of the 
Dempsey basin dam site, and bounding the valley at Fish Creek, 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, 
1992).   
 
The bedding within the Wasatch Formation and Green River Formations is generally flat 
to gently dipping (< 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 overtrust faulting and folding. 

4.  Seismic Setting 
 
There are no known active or potentially active faults that traverse through or project 
toward the dam site.  However, the project site is situated in an area that has the potential 
to experience strong ground shaking.  There are several active and potentially active 
faults located in the region that have the potential to generate earthquakes that could 
affect the site.  The locations of these faults are shown on Figure A-1, and their 
characteristics are summarized in Table A-1.  
 
The most significant source of earthquakes in the region include the Rock Creek Fault 
located 6 miles west of the Dempsey Basin dam site.  The Rock Creek Fault has the 
potential to generate the highest ground accelerations at the site due to the close 
proximity, and potential for large earthquakes (estimated Maximum Credible Earthquake 
of magnitude 7.2 [USGS, 2006].).  Other significant active faults capable of generating 
large earthquakes in the region include: the Greys River Fault located approximately 39 
miles north; and the Grand Valley Fault located 38 miles northwest of the Dempsey 
Basin dam site.  
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Table A-1.   Active and Potentially Active Faults in the Region. 
 

Distance to Site 
(miles) 

Fault Type Potential 
Surface 
Rupture 
Length 
(miles) 

Latest 
Movement 
(years 
before 
present) 

Estimated 
Recurrence 
Interval 
(years) 

Dempsey 
Basin 

Viva 
Naughton 

Magnitude of 
Maximum Credible 
Earthquake (MCE)1

Grand Valley 
Fault, Star 
Valley 
Section 

Normal 27 5,500 2,550–6,000 38 41 7.5 

Greys River 
Fault Normal 34 1,910–

2,110 2970–3400 39 42 7.1 

Eastern Bear 
Valley Fault  Normal 29 Quaternary 

<1,600,000 Unknown 13 14 — 

Sublette Flat 
Fault Normal 22 Quaternary 

<1,600,000 Unknown 10 11 — 

Rock Creek 
Fault Normal 24 3,600 ±300 600–1,500 6 7 7.2 
1Source: USGS, 2007. 
 

5.   Geologic Condition and Geotechnical Considerations (Preliminary)

5.1   Dempsey Basin 
 
As stated previously, subsurface investigations were not conducted at the Dempsey Basin 
dam site because of access constraints.  Preliminary geologic reconnaissances were 
conducted in August 2005 along two water supply canal alignments (informally referred 
to as the Wilkerson Creek alternative and Hams Fork Alternative); and at the Dempsey 
Basin dam site. The interim results of the reconnaissance mapping are provided in Figure 
A-2.  Note that the map is considered preliminary since we intended to excavate a series 
of test pits to expose bedrock contracts and map and describe colluvial, alluvial, and 
landslide deposits.  In addition, the details included during the mapping were restricted 
due to the small scale (1:24,000) of the maps available at the time of the reconnaissance.  
 
Supply Canal Alignments.  In addition to the currently proposed supply canal 
alignment, we were requested to provide input on the geologic conditions along a 
possible supply canal alternative that would divert water from the Hams fork; traverse 
through Wilkinson Creek; and eventually deliver water to the central portion of the 
reservoir.  The geologic reconnaissance revealed that major active landslides occur in the 
lower portion of Wilkinson Creek, (Figure A-2) in the area that would be traversed by 
this supply canal alignment alternative.  The Wilkerson Creek supply canal alternative 
                                                 
1 Case and others, 2002 
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alignment was considered to have a fatal flaw because of the size and activity of the 
landslides along the alignment.   
 
The Hams Fork alternative supply canal alignment (the currently proposed alignment 
shown on Figure A-2) would traverse south from the diversion structure and discharge 
just upstream on the left abutment of the dam.  The geologic reconnaissance indicates 
that this alignment would traverse through or near a few smaller landslides developed in 
the Wasatch Formation on slopes immediately west of the Hams Fork floodplain.  The 
conditions in these slides need to be further evaluated to refine the canal alignment and 
develop mitigation measures to minimize potential risk associated with slope instability.   
 
A one to two mile segment of the supply canal alignment along the west margin of the 
Hams Fork Valley would be situated in alluvial terrace deposits (Figure A-2).  The 
alluvial terraces are presumed to consist of predominately unconsolidated gravel, cobbles 
and sand. The alluvial terrace deposits need to be further evaluated as a potential source 
of borrow for filter and drain material for dam construction.  
 
These terrace deposits are likely highly permeable.  In addition, the margins of the terrace 
are susceptible to sloughing and erosion; and the underlying Wasatch Formation 
materials exposed immediately downslope from the terrace deposits is susceptible to 
landslide development.   Without further investigation, these observations suggest that 
the supply canal should be lined where it would cross the terrace deposits and the slope 
between the Hams Fork floodplain and the terrace surface to minimize seepage losses and 
potential slope failures.  Another option for mitigating seepage and slope failure is to pipe 
the water through these areas.   
 
Dam Site.  Geologic reconnaissance in the vicinity of the Dempsey Basin dam site 
indicated that the entire dam footprint area is covered by surficial materials.  
Observations of localized exposures upstream of the dam site suggest that bedrock 
underlying the site probably consists of interbedded sandstones, siltstones, and silty 
mudstone.  These rocks are generally low hardness, weak to friable, and poorly 
cemented.  Residual soils developed on the bedrock suggest that the sequence likely 
contains beds with bentonite rich clays. Subsurface investigations are necessary to 
determine the bedrock stratigraphy and structure in the vicinity of the dam and evaluate 
this material for use in dam construction.   
 
No major landslides were observed in the dam footprint area.  However, the left (or east) 
abutment area at the dam site (and immediately downstream of the dam site) exhibits a 
subtle line of seeps and a series of relatively small landslides (estimated to be < 20 feet 
thick).  Individual headscarps associated with these slides range from a foot or less to 
several feet in height.  The landslides’ morphology suggests that these deposits formed by 
earthflow and slump-earthflow processes.    The seep line and alignment of the slides 
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further suggest that these features may be controlled by an underlying low permeability 
contact within the bedrock (mantled by colluvial soils covering the slopes).  The supply 
canal would also traverse these slopes, and if unlined, seepage from the canal could 
potentially destabilize the slope.  Therefore, this section of the supply canal should also 
be lined or built using a pipeline as suggested for segments of the canal in the terrace 
deposits in the Hams Fork Valley.  Subsurface investigations (particularly test pits) are 
recommended to further evaluate the cause of the landslides, the seep line, and stability of 
the left abutment and canal alignment downstream from the dam. 
 
The valley portion of the Dempsey Basin dam site is underlain by alluvium.  The stream 
has incised a channel,  (on the order of 10 feet deep) into the alluvium.  The alluvium 
exposed in the incised channel consists of overbank (or floodplain) deposits with coarser 
lenses of sand and gravel.  The suitability of these materials for use in dam construction 
has not been evaluated but should be explored by subsurface investigation and laboratory 
testing.   
 
The right abutment of the dam would be constructed along a gentle spur ridge that 
descends to the valley margin.  Although the bedrock is covered by residual and colluvial 
soils, bedrock associated with the Wasatch Formation likely underlies this area at 
relatively shallow depths (< 10 feet).  The toe of an apparent ancient landslide complex 
encroaches near the downstream section of the spillway outlet (see Figure A-2).   The 
characteristics of the soil and bedrock in the right abutment and the spillway foundation 
conditions need to be investigated during subsurface investigations.   

5.2   Willow Creek 
 
The original scope of work for this Phase II study included preliminary surface and 
subsurface site exploration for a dam at the Willow Creek Site.  However, observation at 
the initial site visit, followed by research of historic coal mining in the region, revealed 
that a portion of the proposed dam and reservoir area was located in an area that has 
experienced extensive historic underground coal mining.  
 
The location of the underground mine workings in relation to the dam site and reservoir 
is presented on Figure A-3. The location of the mine workings was compiled by BRS, 
Inc. for the WDEQ Abandoned Mine Lands Program (BRS, 2002).  It is important to note 
that the mine locations are based on reproduction of information collected from a variety 
of sources and historic underground mapping that cannot be verified (BRS, Inc. 2005). 
 
The underground workings in the dam and reservoir area are associated with the historic 
Kemmerer Coal Company #5 Mine (Gomer Mine), and Kemmerer Coal Company # 6 
Mine (Sublet Mines).  Recent surface features observed associated with the Gomer Mine 
include four covered portals, five subsidence features (including one open subsidence 
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hole) (BRS, 2002). Surface features observed at the Sublet Mines include portals, vent 
shafts, and shallow subsidence features (BRS, 2002).   The BRS report also states that the 
mine has resulted in environmental degradation along Willow Creek, and the drainage 
contains large concentrations of coal slack.   
 
The presence of the extensive underground workings and surface mining features in both 
the dam footprint and reservoir area indicates that the Willow Creek site is not suitable 
for dam construction.  These foundation conditions are considered a fatal flaw for dam 
siting.  As a result of these findings the Willow Creek site was eliminated from further 
study.  Therefore, surface and subsurface investigations were not performed.    
  

5.3 Fish Creek 
 
In September 2006, GFI requested that we review the existing geologic information for 
the Fish Creek dam site (as identified in ECI, 2004) and perform a brief geologic 
reconnaissance to provide an initial evaluation of the suitability of the site for dam 
construction.  This site was ranked 4th in the alternatives screening analysis performed by 
ECI in the Phase I study (ECI, 2004), and was not originally included in the scope of 
work for this project.  The Fish Creek Dam site is located on State land approximately 1.5 
miles west of the existing Viva Naughton Dam Spillway.   
 
Case (1989) used aerial photo interpretation to produce a preliminary (reconnaissance 
level) landslide map for the area.  The unpublished landslide map of the area indicates 
that the valley slopes along Fish Creek, both at the dam site, and upstream and 
downstream from the dam site, were inferred to be covered by massive landslide 
deposits.  It is our understanding that the existence of the landslides mapped by Case was 
not field verified.  In addition, this regional landslide map does not differentiate between 
active (or potentially active) and ancient landslides; or between relatively shallow or 
potentially deep-seated landslides.   
 
A geologic reconnaissance was performed at the Fish Creek site on October 9, 2006.  The 
primary focus of the reconnaissance was to map active or potentially active landslides in 
the vicinity of the identified dam site.  The results of the preliminary landslide mapping 
developed during our brief site reconnaissance are presented in Figure A-4.  Several large 
active and potentially active landslides were identified within the footprint, or near the 
dam site.  These landslides are characterized by the presence of irregular hummocky 
topography, head scarps, slump blocks, sag ponds, and numerous springs.  The 
geomorphic features and vegetation suggest that these slides are active or potentially 
active.  Based on the size and morphology of the slide, it seems reasonable to assume that 
these slides are relatively deep-seated slump/earthflow complexes.  The actual depth of 
the slide masses cannot be determined without subsurface exploration (i.e. drilling). 
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However, experience with similar landslides at other sites in the region suggests that the 
landslides likely extend on the order of 30-50 feet or more beneath the surface. In other 
words, these landslides reflect deep-seated movement of bedrock within the underlying 
Wasatch Formation.   
 
In addition, the valley slope areas adjacent to the mapped landslides have irregular 
topography contours and sharp (scarp-like) breaks in slope.  The cause of these irregular 
topographic contours could not be determined with certainty because of the extensive soil 
cover and lack of subsurface data.  Case (1989) inferred that these features reflected very 
large landslide features that extend from just below the rim rock at the top of the slope to 
the valley floor.  However, our preliminary interpretation is that most of these features 
(outside the mapped slide areas) reflect differential erosion of beds within the Wasatch 
Formation; however some areas are probably underlain by ancient landslide deposits.  
Subsurface investigations would be required to further evaluate or map areas underlain by 
bedrock or ancient landslide deposits.  
 
Although we did not map the potential reservoir area for this dam site, the mapping by 
Case (1989), and our review of the topographic features and available aerial photographs 
suggest that numerous large landslide features exist within the reservoir rim.   
 
The cause or trigger for the landslide development at Fish Creek is unknown.  One 
possible cause is the suspected presence of weak clay-rich beds within the bedrock 
sequence.   Stream erosion along the toe of the slope combined with perched groundwater 
may be contributing factors.  Regardless of the cause, the presence of the relatively large, 
deep-seated landslides in the dam footprint area indicates that the bedrock in the 
abutment slopes is inherently unstable.  Extensive geotechnical investigation and analysis 
would be required to further evaluate the feasibility and cost of dam construction at this 
site.  Because of the potentially high costs to construct and operate a dam at this site, and 
potential risk of future impact from slope instability, the Fish Creek dam site is not 
recommended for further evaluation for dam construction.   
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 INTRODUCTION 
 
The Clean Water Act (CWA) represents the intent of Congress to control further degradation of the 
nation's waters by maintaining and restoring their chemical, physical and biological integrity.  
Section 404 of this act, responsibility for which has been delegated jointly to the U.S. Army Corps 
of Engineers (COE) and the U.S. Environmental Protection Agency (EPA), prohibits the discharge 
of dredged and fill materials into waters of the United States without a permit.  The term "waters of 
the United States" has been defined to include essentially all surface waters, including both those 
connected to a surface tributary system and isolated waters that are not part of a tributary system.  
The term also includes wetlands. 
 
This report presents results of wetlands delineations conducted for the proposed Dempsey Creek 
Dam and Reservoir in Lincoln County, Wyoming.  The project entails constructing a dam and 
reservoir on Dempsey Creek as well as construction of a diversion dam on the Hams Fork River and 
an approximately 6-mile-long supply canal to the new reservoir site.  
 
 
 METHODS 
 
Wetland Delineation 
To assist with accurately locating project features in the field, ArcView shape files showing 
locations of the diversion dam, supply canal, dam footprint, and inundation areas provided by 
Gannett Fleming were plotted on color infrared aerial photos at an approximate scale of 1" = 200 ft.   
  
Wetlands were delineated using the U.S. Army Corps of Engineers 1987 Wetland Delineation 
Manual (ACOE 1987).  The manual provides guidelines and sampling procedures to be used to 
determine if an area is a wetland.  The manual directs the user through a series of steps that involve 
data gathering and decision making and lead ultimately to a wetland/nonwetland decision.  The 
manual defines wetlands as "...those areas that are inundated or saturated by surface or ground water 
at a frequency and duration sufficient to support, and under normal circumstances do support, a 
prevalence of vegetation typically adapted for life in saturated soil conditions."  This definition 
identifies three wetland parameters: hydrophytic vegetation, hydric soils and hydrology.  A number 
of sampling approaches are identified to determine the presence or absence of indicators of these 
parameters.  The most basic approach, and the one used on this project, is known as the routine 
sampling procedure.  The routine procedure requires that a prospective site first be surveyed for 
disturbance and a map of the vegetative communities prepared.  A sample plot is then located in a 
representative location within each suspected wetland community.  At each plot the vegetation is 
examined for hydrophytic species as identified in the National List of Plant Species that Occur in 
Wetlands for Region 9 (U.S. Fish and Wildlife Service 1988) and the 1993 supplement to that list for 
Region 9 (Reed et al. 1993).  These lists identify wetland plant species and assign each one a rating 
based on its ability to grow in saturated soil.  Species that require saturated soils are rated obligate 
(OBL), while those better suited to slightly drier conditions are rated facultative wet (FACW).  
Species that can be found in both wet and dry soils are identified as facultative (FAC).  Obligate, 
Facultative Wet, and Facultative species are all considered to be wetland plants.  Facultative upland 
(FACU) and upland (UPL) species are not considered to be wetland species.  Additionally, species 
not contained in the list are usually considered upland species.  Vegetation is considered to be 
hydrophytic when more than 50% of the dominant species are rated as OBL, FACW, or FAC.  This 
definition of hydrophytic vegetation was used for this project.  
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The soils at each plot were examined for hydric soil indicators by digging a soil pit to approximately 
16 inches.  Hydric soils are those that have developed under reducing conditions such as are caused 
by prolonged and repeated saturation or inundation.  Common hydric soil indicators include low 
chroma colors, mottling, iron and manganese concretions, and gleying.  These indicators should be 
present just below the A horizon or at 10 inches, whichever is shallower.  Listing of the soil series 
by the Soil Conservation Service on the national hydric soils list (SCS 1991) will also satisfy the 
hydric soil parameter. 
 
Hydrology is the driving force behind wetland development.  It is the prolonged saturation in the 
root zone that gives rise to hydrophytic vegetation and hydric soils.  The manual requires that there 
be evidence of saturation usually within 10 inches of the surface.  Drainage patterns, drift lines, 
sediment deposits and visual observation of saturation or inundation are identified as acceptable 
indicators of wetland hydrology.  In the COE Omaha District, which the project area is included in, 
evidence must be sufficient to indicate continuous saturation for at least 5% of the growing season.  
For the project area, this means that soil saturation for 6 to 7 consecutive days is required. 
 
Based on the presence or absence of hydrophytic vegetation, hydric soils and wetland hydrology, 
each plant community was classified as wetland or upland and the wetland/nonwetland boundary 
was established.  Normally, positive indicators of all three parameters must be present for a 
community to be considered wetland.  However, exceptions to this rule may occur when one 
indicator, (e.g. hydrology) is absent due to annual or seasonal fluctuations in precipitation or 
groundwater levels. Deviations from the sampling approaches are not only permitted by the manual 
but are sometimes necessary.  The 1987 manual frequently uses the term "dominant vegetation" but 
provides no definition.  The term is defined by the 1989 Federal Manual for Identifying and 
Delineating Wetlands, which is no longer in use, as those species the dominance measures of which, 
when added together, immediately exceed 50% of the total dominance measure, plus those 
individual species which contribute 20% or more of the total dominance measure.  This definition 
was used for this project. Estimated areal coverage was the measure by which dominance was 
determined.   
 
Field work for this project was conducted on October 11–13, 2005 and August 15-16, 2006.  
Wetlands were delineated at four locations, including 1) at the site of the proposed diversion dam 
(and resulting inundation area) along the Hams Fork River, 2) along the 6-mile-long supply canal 
from the diversion dam to the reservoir, 3) within the dam footprint on Dempsey Creek, and 4) 
within the area to be inundated by the Dempsey Creek Dam.  Data forms used for the delineation are 
attached in Appendix A, and pictures of wetlands are provided in Appendix B.  Due to the large 
number of small wetlands within the inundation area (128), a data sheet and photograph are not 
provided for each wetland, but representative data sheets and photographs are provided.  
Wetland Area Determination 
All wetlands except the narrow fringe wetlands located along Dempsey Creek and its tributaries 
were mapped using a global positioning system (GPS) with sub-meter accuracy (Trimble Geo XT).  
The ArcView shape files of project features were then overlaid on the mapped wetlands, and the 
acreage of wetland impact was calculated in ArcView.  For estimating wetland impacts along the 
supply canal, an impact area of 100 feet on either side of the center line was assumed.  There were 
numerous narrow and in many cases non-contiguous wetland fringes immediately adjacent to the 
stream channel of both Dempsey Creek and several tributaries to Dempsey Creek within the 
inundation area. Due to the sheer number of these and their small size, it was impractical to map 
them with the GPS.  Therefore, to estimate the acreage of these wetlands present in the inundation 
area, the width of the wetland fringe was measured every 50 m along each of the channels.  The 
length of the channel was then determined by digitizing in ArcView and this length was multiplied 
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by the mean width of the wetland fringe along each channel.  In addition to the narrow fringe 
wetlands immediately adjacent to the stream channels, 128 wetlands located within the stream 
floodplains were mapped with the GPS to determine acreage impacted.     
   
 
 RESULTS 
Wetland Delineation 
Maps showing wetland locations are presented in Appendix C.  The following section describes 
dominant plants and associated indicator status, wetland hydrology indicators, and soil 
characteristics of wetlands in the project area. 
 
Hams Fork River Diversion Dam and Inundation Area 
Eleven wetland polygons were delineated and mapped at the site of the Diversion Dam and 
inundation area.  Two types of wetland were present in this area, including riparian scrub wetlands 
within the Dempsey Creek floodplain and wet meadow/shallow marsh wetland fringes immediately 
adjacent to Dempsey Creek.  The most common plants in the riparian shrub wetlands were willows 
(FACW+) with an understory of spreading bentgrass (FAC), beaked sedge (OBL), tufted hairgrass 
(FACW), blue-joint reedgrass (FACW+), and timothy (FAC-).  Wetland fringes along Dempsey 
Creek were dominated by beaked sedge (OBL), spreading bentgrass (FAC), reed canary grass 
(FACW) and field mint (FACW-).  Soils within the riparian shrub wetlands generally had chromas 
of 1 with associated iron concretions. Surface water was present within some depressions and 
drainage patterns were prevalent throughout these wetlands.  Wetland fringes along the Hams Fork 
River had sandy soils with low chromas and black organic streaking.  Saturated soils, drift lines and 
sediment deposits were present at all fringe wetlands.  
 
Wetlands along Supply Canal 
Fifteen wetlands were delineated and mapped along the supply canal.  A variety of wetlands were 
present, including isolated wet meadows in association with depressional areas, seeps, and 
intermittent drainages, scrub-shrub wetlands within the Hams Fork River flood plain as well as on 
slopes in association with seeps, and shallow marsh wetlands created by seeps on slopes.  Depending 
on location, prominent species in wet meadows were tufted hairgrass (FACW), beaked sedge (OBL), 
Nebraska sedge (OBL), baltic rush (FACW+),  and, in one case, meadow barley (FACW-).  Scrub-
shrub wetlands were dominated by willows (FACW+) with an understory of tufted hairgrass 
(FACW), beaked sedge (OBL),  Nebraska sedge (OBL), and spreading bentgrass (FAC), whereas 
the shallow marsh wetlands were dominated by creeping spikerush (OBL).  Due to the time of year, 
most of these wetlands did not have saturated soils; however, drainage patterns were prevalent.  
Soils had low chromas in association with iron concretions and gleying. 
 
Dam Footprint at Dempsey Creek 
There is one off-channel wetland within the dam footprint in 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.  
 
Reservoir Inundation Area 
A total of 128 wetland polygons were delineated within the reservoir inundation area (Table 1).  
Most of these are within the floodplain of Dempsey Creek or its tributaries and are associated with 
high groundwater tables and overbank flooding associated with the streams.  Some are also formed 
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by seeps along 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.  Wetland fringes along Dempsey Creek and its tributaries were 
generally dominated by creeping spikerush, beaked sedge and tufted hairgrass.  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. 
 
Wetland Impacts 
The total area of wetland within the Hams Fork River diversion dam footprint and inundation area is 
2.232 acres.  Assuming a 200-wide impact zone along the supply canal, the total area of wetland 
impacts is estimated at 5.115 acres.  Combined size of the 128 wetland polygons as determined with 
the GPS within the reservoir inundation area was 11.344 acres.  Wetland fringes occurred along an 
additional 11.2 miles of drainages in the project area, resulting in an additional 7.499 acres of 
wetland (Table 2).  The total area of estimated wetland impact for the Dempsey Creek Dam and 
Reservoir Project is 26.374 acres (Table 3). 
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Table 1.  Acreage of wetlands delineated within the Dempsey Creek Reservoir inundation area 
Wetland ID Acreage 
1-1 0.058 
1-2 0.031 
1-3 0.035 
2-1 0.165 
1-4 0.027 
1-5 0.240 
1-6 0.021 
4-3 0.012 
4-1 0.009 
4-2 0.086 
7-1 0.425 
7-2 0.788 
7-3 0.136 
7-4 0.029 
7-5 0.029 
7-6 0.052 
7-8 0.099 
7-7 0.013 
7-9 0.033 
7-11 0.034 
7-10 0.085 
7-12 0.008 
7-13 0.396 
4-22 0.026 
4-21 0.023 
4-19 0.025 
4-20 0.036 
4-18 0.049 
4-17 0.112 
4-12 0.124 
4-16 0.140 
4-14 0.049 
4-13 0.066 
4-15 0.013 
4-10 0.051 
4-9 0.015 
4-6 0.030 
4-5 0.049 
4-4 0.019 
4-8 0.114 
4-7 0.055 
5-1 0.003 
5-2 0.011 
6-1 0.082 
6-2 0.090 
6-3 0.075 
6-4 0.063 
6-5 0.082 
6-6 0.069 
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6-7 0.025 
5-5 0.022 
5-7 0.029 
5-8 0.495 
12-1 0.026 
5-25 0.016 
5-26 1.265 
5-32 0.753 
5-33 0.048 
5-34 0.031 
5-35 0.024 
5-31 0.013 
5-30 0.024 
5-29 0.002 
5-28 0.075 
5-27 0.065 
5-24 0.024 
5-23 0.086 
5-22 0.023 
5-21 0.010 
5-18 0.021 
5-16 0.017 
5-15 0.004 
5-14 0.005 
5-13 0.025 
5-12 0.011 
5-11 0.167 
5-10 0.030 
5-9 0.021 
5-6 0.029 
5-4 0.013 
5-3 0.033 
8-2 0.020 
8-3 0.099 
8-4 0.021 
8-1 0.014 
9-1 0.018 
9-2 0.065 
9-3 0.084 
9-4 0.108 
9-5 0.346 
9-6 0.049 
9-7 0.058 
10-1 0.014 
10-2 0.079 
10-3 0.287 
10-4 0.004 
10-5 0.069 
10-6 0.029 
10-7 0.056 
5-20 0.337 
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5-17 0.124 
2-2 0.709 
12-2 0.033 
4-11 0.292 
5-19 0.148 
1-7 0.053 
1-8 0.236 
1-9 0.213 
1-10 0.065 
TOTAL 11.344 
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Table 2.  Wetland impact calculations for fringe wetlands along drainages in inundation area 

Drainage 
 
Length (feet) 

mean wetland fringe 
width (feet) wetland acreage 

1 9885.9 5.5 1.248 
2 1982.4 7.9 0.356 
3 2865.4 8.3 0.546 
4 8124.6 7.5 1.399 
5 12,273.8 6.7 1.888 
6 2937.9 4.4 0.297 
7 11,378.3 3.5 0.914 
8 3473.5 4.8 0.383 
9 2504.0 1.9 0.109 
10 2373.7 4.1 0.223 
11 1259.2 4.7 0.136 
Total 59,058.7 5.5 7.499 
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Table 3.  Acreage of wetlands potentially impacted by the Dempsey Creek Dam & Reservoir project 
   
 
 
Location 

 
 
Total 

Diversion Dam 2.232 
Supply Canal 5.115 
Dempsey Creek Dam Footprint  0.184 
Reservoir Inundation Area 18.843 
Total 26.374 
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 Appendix A. Routine Wetland Determination Data Forms Used for Project 
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Appendix B.  Photos of wetlands in the project area 
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Appendix C.  Maps showing location of wetlands 
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