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INTRODUCTION
AUTHORIZATION
This study was authorized and contracted by the Wyoming Water Development
Commission (WWDC) in an agreement with Greenhorne & O'Mara, Inc., consulting
engineers of Denver, Colorado. This study was completed under the terms of the
state of Wyoming Contract No. RU060286/F, dated June 25, 1986.

PURPOSE AND SCOPE
The U.S. Army Corps of Engineers (COE) completed a Phase I Inspection Report for
the Kemmerer City Dam and Reservoir as part of their National Dam Safety Program.
This inspection was completed in July 1978 and concluded that the Kemmerer Dam
shall be classified as an intermediate size dam having a high potential for damage
or loss of life in the event of a failure. Based on this classification, the
existing Kemmerer Dam was determined to be hydrologically inadequate in that the
existing emergency spillway is limited to passing an event equal to less than 20
percent of the Probable Maximum Flood (PMF) without overtopping the embankment.
The Wyoming State Engineers office has determined that the existing Kemmerer City
Reservoir does not meet established state criteria under its classification of
"high hazard" dams.
Therefore, the purpose of this study is to evaluate the feasibility of rehabilitating the Kemmerer Dam embankment and emergency spillway in order to increase
the safety of the dam for handling larger flood events. This study addresses the
existing operation, hydrologic, and geologic conditions of the Kemmerer City Dam
and Reservoir and evaluates several rehabilitation alternative scenarios. In
addition, the feasibility of hydropower and additional water storage is evaluated
in thi s report.
The following is a summary of the proposed scope of work for this study:
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Hydrologic Investigation - A detailed hydrologic evaluation was completed to

determine an appropriate Inflow Design Flood (IDF) at the Kemmerer Dam to be used
for preliminary design of improvement alternatives for rehabilitation.
Items
which were evaluated included:
a)

Determine outflows from the existing Viva Naughton Reservoir (located two
miles upstream of Kemmerer Dam) for various flood events.

b)

Flood events eva 1ua ted inc 1ude the PMF t 50 percent of the PMF and the 100year storm event at Viva Naughton Reservoir and determi ne the storm event
which will operate the existing emergency spillway at full capacity.

c)

Determine runoff from the intervening drainage basin between Viva Naughton
Reservoi r and Kemmerer Dam and combi ne wi th the outflows from the Viva
Naughton Spillway to develop an inflow hydrograph at the Kemmerer Dam.

Hydropower Evaluation - A feasibility evaluation was completed for hydropower

potential at the Kemmerer Dam.

Study items included the following:

a)

Develop flow duration curves.

b)

Develop preliminary design and cost estimates.

c)

Examine and evaluate the economics of a proposed hydropower plant.

Surveying - An actual field survey was completed at the Kemmerer Dam to determine

the following items:
a)

Cross-sections along existing dam embankment.

b)

Profile the existing dam crest.

c)

Determine the extent of sedimentation in the reservoir and measure the
existing available water storage up to the spillway crest level.
2

d)

Locate all geologic test holes and test pits.

Geotechnical Investigation - A geotechnical study was completed to evaluate the
existing dam and site conditions. The items which were completed include:

a)

Preparation of geologic map of project site.

b)

Complete a subsurface investigation to evaluate soil conditions.

c)

Evaluate test pits for determining possible borrow sites.

d)

Evaluate existing dam stability.

e)

Evaluate and map the areas where "slippage" is occurring.

f)

Prepare final geotechnical report as an appendix to this study.

Preli.inary Design - Preliminary designs were completed for proposed modifications
to the Kemmerer Dam and Reservoir including a review of the existing facility,
preliminary spillway and outlet works extension design, stability evaluation, and
preliminary embankment design. Six different alternatives were analyzed to
determine the most economical and advantageous improvements. Cost estimates for
each alternative were prepared.
ACKNOWlEDGEMENTS

This report was prepared by Greenhorne & Q'Mara, Inc., Consulting Engineers of
Denver, Colorado. Ground survey and topographic mapping of the reservoir storage
capacity was completed by Crank Companies, Inc., of Kemmerer, Wyoming. Geotechnical
investigations were completed by ESA Geotechnical Consultants of Fort Collins,
Colorado. Individuals involved with the project who supplied useful assistance
included Ms. Rebecca Mathisen, P.E. of the WWDC and Mr. Kent Smith and Mr. David
Johnson from the Town of Kemmerer, and Mr. Carly Burton from Utah Power and Light.
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RELATED STUDIES

Several previous studies and reports have been completed for the Hams Fork Basin
and for the Kemmerer and Viva Naughton Reservoirs. Information, data and results
from three of these studies were used in the evaluation and preparation of this
study.
A Phase I Inspection Report for the Viva Naughton Dam was completed by the U.S.
Army Corps of Engineers (COE) in July of 1978 (Reference 1). This report
included a hydrologic analysis for the Hams Fork drainage basin above the dam.
Stage versus storage and stage versus discharge curves for Viva Naughton Reservoir
were presented in this report. The results of this study showed that approximately
70 percent of the PMF could pass through the existing spillway without overtopping
the dam. The peak discharge and total runoff volume for the inflow PMF to Viva
Naughton Dam determined in the COE Report were 63,600 cfs and 44,700 acre feet
respectively for a 24-hour storm duration. Maximum spillway discharge capacity
was estimated to be 14,800 cfs with the reservoir at the dam crest elevation.
Based on these data, the hydrologic capability of Viva Naughton Dam and Reservoir
was not considered to be seriously inadequate, although it is less than desirable
for a high hazard structure.
At the same time, the COE completed a Phase I Inspection Report for the Kemmerer
City Dam and Reservoir (Reference 2). This report utilized the results of the
Phase I Report for Viva Naughton Dam and also analyzed the 36 square mile basin
According to this
between Viva Naughton Reservoir and Kemmerer Reservoir.
report, the Kemmerer Dam is capable of passing an event less than 20 percent of
the PMF without overtopping the crest. In addition, an event equal to 50 percent
of the PMF would overtop the Kemmerer Dam crest by about 2.9 feet. Based on this
report, the Kemmerer Dam was deemed to be hydrologically inadequate and susceptible
to failure by overtopping from extreme flood events.
In November 1984, Greenhorne &O'Mara, Inc., completed a Hams Fork Basin Level II
Investigation for the Wyoming Water Development Commission. (Reference 3). As a
part of this study, an analysis of Viva Naughton Dam was completed to determine
alternative embankment and spillway sizes in view of the economical expansion of
4

the facility in terms of water storage for hydropower. This study determined
that based on current power and irrigation demands, expansion of the Viva
Naughton Reservoir is not warranted.
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DAM AND RESERVOIR DESCRIPTION
GENERAL
The Kemmerer Dam and Reservoir are located in Section 26, Township 23 North,
Range 117 West, on Ham's Fork Creek, a tributary of the Black's Fork Creek in
Lincoln County, Wyoming (see Figure 1). The towns of Frontier and Kemmerer are
located approximately 12 miles downstream of the dam. Located approximately 2
miles upstream of Kemmerer Dam is the Viva Naughton Dam and Reservoir.
The Kemmerer Dam is an earthfi11ed structure approximately 800 feet long and 31
feet high at the maximum section. The design crest width is 16 feet wide with an
unimproved maintenance road. The crest elevation ranges from elevation 7152.2 to
7153.0.
The downstream slope of the structure was designed at a slope of 1
vertical (IV) to 2 horizontal (2H). The upstream slope of the dam is protected
by riprap and was designed to be on a slope of IV:3H.
The Kemmerer Dam has four outlets which include: two 36-inch corrugated metal
pipes and two 14-inch welded spiral pipes. All outlet pipes are gated with the
controls located on the dam crest.
The emergency spillway for the dam is located along the east abutment.
The
spi llway is a conc rete-l i ned, trapezoi da 1 chute wi th a 90- foot c re s t wi d th
tapering down to 68 feet at the hydraulic control grade break. A rock-lined
plunge pool dissipates the energy as flows spillover the structure. The crest
of the emergency spillway is at elevation 7145.8.
The reservoir was originally designed to have a maximum storage capacity of about
1000 acre-feet at the spillway crest. The estimated surface area at this crest
elevation is 120 acres.
The Kemmerer City Dam was originally constructed in 1942 to store spring runoff
to provide the City of Kemmerer with consistent year-round water supply.
However, since the construction of Viva Naughton Dam, the Kenvnerer Reservoir
level has been maintained at the spillway crest with all four outlets kept
6
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The U.S. Army Corps of Engineers has classified Kemmerer Dam as an
closed.
intermediate size dam. An intermediate size dam has a height greater than 40
feet, but less than 100 feet and a storage capacity of greater than 1000 acrefeet, but less than 50,000 acre-feet. The size classification is determined by
either the storage or height criteria, whichever gives the larger size category.
The COE also classified the hazard potential of the structure.
The dam was
classified as having a high potential for damage and/or loss of life in the event
of a fa i 1u re •

SITE RECONNAISSANCE
A field reconnaissance
Inc., in order to ga in
structure, spillway,
photographs were taken
spillway, outlet pipes
site reconnaissance.

was completed on July 15, 1986, by Greenhorne & O'Mara,
fami 1 i a ri ty wi th the study a rea a nd to exami ne the dam
and outlet works.
During this investigation, several
of the study area including field measurements of the
and dam embankment. The following is a summary of the

Dam Embankment - Generally the dam embankment appeared to be in good shape.

No
major cracks, areas of major erosion or seepage was found. The dam crest is
unprotected and did show signs of rutting, possibly from maintenance vehicles.
Along the west abutment, local drainage from the adjacent ridge drains along the
dam abutment and crest flowing over the downstream face causing minor erosion.
It was noted that the dam crest slopes (drains) toward the downstream face of the
dam. This adverse slope may be caused by wind, local drainage, or snowmelt
erosion along the crest during the winter months. The actual crest width was
measured to be between 20 to 25 feet wide rather than the 16 feet shown for
design. An early conclusion of the field inspection was that the existing dam's
outer dimensions do not match those shown on available design drawings. Visual
observation coupled with the geotechnical analysis indicate that the dam crest
width being substantially wider than designed may be the result of a partial
raise of the dam built possibly 30 to 35 years ago. It is possible that random
fill was placed on the originally completed dam to affect a small raise, and that
the wide, irregular crest and overly steep downstream face are the result of that
raise. Investigations of records in the Wyoming State Engineer's Office shows
7

hand written notes of possible modifications to the dam, but no actual drawings
were found depicting a raise of the embankment.
The downstream slope of the dam was measured to be between 1V:1-1/2H to 1V:1H
instead of the design slope of 1V:2H. The downstream slope had generally good
vegetation growth along the face, with a majority of the thicker vegetation and
small trees growing along the toe. The area adjacent to the 36-inch outlet pipes
showed signs of erosion and steeper slopes. This could be caused from a foot
path which is used to access the pipes.
The upstream slope of the dam embankment is protected by riprap ranging in size from
four to twelve inches. The riprap extends approximately two feet from the dam
crest. The upstream dam face appeared to be uniform with little vegetation.
Some small willows and other bushes were growing near the emergency spillway.
All four outlets were located during the field reconnaissance.
Two 14- inch steel pi pes are 1oca ted towa rds the center of the embankment and
served as the water supply outlets. The gate controls for the 14-inch pipes were
located on the upstream side of the dam crest but were locked with a chain and
not tested for operability. The inlets and gates were submerged and the outlets
were valved. Therefore, the interiors of the pipes could not be examined. The
exterior of the 14-inch pipes showed no outward signs of deterioration. Evidently
one of the 14-inch pipes was designed to keep the inlet area of the second pipe
free of debris and sediment. This first pipe discharged to a small stilling pool
at the downstream toe. The second pipe served as the water supply line for the
City and was continued as a closed buried conduit down to the City's water
treatment facility. Due to a need for increased capacity, a booster pump was
installed in the transmission line. The pump and appurtenent valves were located
near the toe of the embankment. The transmission line and pump have been
abandoned for several years and are not currently operable. Operating records
for the 14-inch outlets were not available but apparently the valves and outlet
pipes have also not been operated for several years. Currently the City draws
water directly from the Hams Fork Creek near the City from overflows over the
Kemmerer Dam emergency spillway.

Outlet Works -

8

Two 36-inch corrugated metal pipes are located near the west abutment of the dam
and served as the service spillway. The gate controls for these pipes are
located in a concrete well house. The gates seemed operable at the time of an
inspection however, they were locked with a chain. The inlet and gates to the
36-inch pipes were submerged. The outlets were located and examined for deterioration. Generally the exposed exterior of the pipes at the outlet end were in
good condition. The interior of each pipe was examined by crawling through the
entire length of the pipes. The interior walls showed signs of deterioration
with minor leaking at some of the pipe joints. Trickle flows discharging from
the pipes are very small (measured to be about 0.14 GPM) and were attributed
mainly to leakage through the inlet gates. Both pipes exhibited areas of
"pooling" water indicating settlement near the maximum section of the embankment
core. Maximum deflection as measured by the depth of pooled water was a-inches.
In addition to deflection along the length of the pipe, cross-section deflection
or "squash" of both 36-inch pipes was noted. Near the area of the maximum load
on the pipes (i.e. the crest of the dam) the 36-inch pipes were measured to have
a maximum diameter in the vertical direction of about 33-inches with a corresponding
increase in horizontal dimension. There was no evidence to suggest that the
deflection and "squashing" of the pipes occurred recently and in fact may be the
result of initial construction. Deflection of the pipes apparently contributed
to the minor leakage noted at several joints. Because of the constant leakage
and the deflection of the pipes the walls of the metal conduits are kept moist
and subject to deterioration. Much of the pipe barrells show signs of rust and
corrosion. Soundings taken by repeated blows from a standard geologic pick
indicate that the deterioration of the pipes probably has not proceeded to the
point of critically affecting the pipe's structural integrity at this time, but
that continuation of the pipe's deterioration should be a matter of concern.
Gates for all of the outlet pipes were opened approximately five years ago to
protect the dam from overtopping due to high runoff. Operation of the gates was
difficult and required the use of a 6-foot cheater bar to open the gates. the
gates have not been operated since.
Spillway - The emergency spillway was operating at the time of our field visit.

Generally the spillway is in good condition with the exception of some spalling
9

of concrete along the west spillway slope. There is an area along the left
spillway wing wall where erosion has occurred. High energy forces in the
downstream plunge pool has caused erosion along the spillway wing walls. A slip
area was observed along the adjacent slope approximately 200 feet downstream of
the east dam abutment. Slippage in this area could damage the spillway if it
continues along its present course. The areas where landslides were observed are
shown on Figure 2. There is an existing catwalk over the emergency spillway
which provides access to the dam crest from the east. The catwalk is suspended
from cable and constructed of wood planking. It cannot be accessed with a vehicle.
Survey - A field survey of the dam site was completed by Crank Companies, Inc.,
of Kemmerer, Wyoming. Existing field data was collected for determining actual
configurations of the dam and reservoir along with adjacent topography. Several
cross-sections were taken along the dam embankment and dam crest to be used for
preliminary design of alternatives and stability analysis. In addition, all test
borings which were completed for the geotechnical evaluation were located both
vertically and horizontally.

A major component of the field survey was to determine the present-day topography
of the reservoir bottom. This information was required to accurately describe
the actual storage volume and sedimentation characteristics of Kemmerer Reservoir.
Topography of the reservoir bottom was initially measured using sonar and a jet
boat for depth readings. Due to the heavy bottom cover of weeds and vegetation,
the northern one-third of the reservoir was measured using an elevation rod.
Based on the field data the actual storage capacity of the reservoir measured to
the spillway crest is significantly greater than shown for the original design.
The original capacity of the reservoir was calculated in 1933 to be 1040 acrefeet. Based on field measurements the actual capacity of the reservoir is about1650 acre-feet at the spillway crest. Because of the disparity between the two
measurements a comparison of the volume of storage lost due to sediment is not
meaningful. Figure 2 presents designed and actual reservoir capacities.
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Plotted cross-sections, survey notes and drawings pertaining to the area capacity
of the reservoir are presented in the Technical Addendum.
Geotechnical Investigation - A detailed geotechnical investigation was completed
by ESA Geotechnical Consultants of Fort Collins, Colorado to determine the
stability and design parameters for the Kemmerer Dam. The scope of work for this
analysis included a field exploration program to obtain information on subsurface
conditions. Material samples were tested in the laboratory to provide data for
classification of the on-site soil and rock. Conclusions and recommendations
based on the proposed construction of the project were formulated along with the
development of design parameters and discussion of geotechnical engineering
considerations. The results of the geotechnical investigation concludes that the
proposed site is suitable for expansion of the dam. Sufficient quantities of
borrow soils are available within the area for construction of proposed dam
embankments. The geotechnical report prepared for this study is included in the
Appendix and discusses in detail the geotechnical investigation. A summary of
the geotechnical conditions follows:
1.

The limited information from boreholes and test pits suggests that the dam
was originally built (1942) as a zoned embankment. This is consistent with
the original drawings on file with the Wyoming State Engineer. About ten
years or so later, the dam was raised slightly by dumping loose soil on the
crest and downstream face. The raise gave the dam the wide crest and steep
downstream face that are visible today.

2.

In general, the dam does not meet modern standards of design and construction.
The earthfil1 in the original dam was not well compacted, and per'lious
layers may exist in the core. The random fill used for the raise does not
appear to ha'le been compacted at all. With this in mind, the performance of
the dam over the years has been surprisingly good.

3.

Seepage analysis shows that the stream deposits beneath the dam's downstream
face and the original downstream shell (under the random fill) both act as
drains. For this reason, the line of seepage through the dam is fairly low.
Some seepage does occur through the dam at high levels, through, probably
11

because of poorly compacted, pervious layers in the core. Water flowing
along these layers is apparently intercepted by the sand and gravel of the
original shell, which safely drains it down to the foundation. As a result,
significant seepage does not seem to appear at the dam's downstream face.
Within the foundation, subartesian water pressures occur in some of the more
pervious beds of the stream deposits.
4.

Under static (non-earthquake) conditions, the dam's downstream face seems
adequately safe against sliding. While the factors of safety are not as
high as would be desired in a new dam, they are acceptable in view of the
structure's age and condition. If the claystone present in the foundation
is assumed to contain weak layers, the safety factor drops considerably.
However, it still remains well above 1.0. The overall stability of the dam
results mostly from the low position of the seepage line.

5.

Under earthquake conditions, the stability of the dam is not acceptable.
This is the critical geotechnical issue affecting dam safety. Earthquakes
of sizes that can occur in the Overthrust Belt are highly likely to cause
liquefaction failures of both the foundation and parts of the dam.
If
liquefaction does not actually occur, the processes that cause liquefaction
will likely still reduce the soil strength enough to cause failure of at
least part of the dam. These conclusions result from simplified analysis of
the problem. More advanced analysis may show the problem to be not as
severe as the simplified analysis suggests. However, the best information
available indicates that the dam is not stable under earthquake loadings in
its present conditions.

6.

Landslides on the west side of the reservoir have little potential to be dam
safety hazards. They may, however, place substantial amounts of debris and
sediment in the reservoir. Also, the possibility of landsliding will affect
the feasibility of constructing a new spillway to the west of the dam. The
landslide now active next to the existing spillway will probably have to be
controlled. It has the potential to damage both the spillway system and
Highway 233. The best way to stabilize the landslide appears, with the
information now available, to be a combination of regrading, drainage, and
12

construction of shear keys and stability berms. The landslide should be
studied in detail if the project proceeds to Level III.
7.

Borrow material of suitable quality appears to be available from the mesa at
the dam's west end. More material of similar quality can be obtained from
the landslide near the spillway, if it is to be stabilized by regrading.
However, the amount of borrow available on land owned by the Town of
Kemmerer is limited. If extensive modifications are made to the dam, it may
well be necessary to import borrow from elsewhere. Riprap and perhaps
concrete aggregate can be obtained from an abandoned quarry west of the dam.
This quarry, though, is on land controlled by the Bureau of Land Management.
Processed borrow, such as sand and gravel for drains and filters can
probably best be obtained from existing borrow pits elsewhere in the Hams
Fork Valley.
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HYDROLOGIC INVESTIGATION
BASIN DESCRIPTION
The Kemmerer Dam and Reservoir is located on Ham's Fork Creek approximately 12
miles northwest of Kemmerer, Wyoming. The total drainage area at the dam is
about 269 square miles, including 233 square miles lying above Viva Naughton
Reservoir which is located about 2 miles upstream. Outflows from the Viva Naughton
Dam empties into the Kemmerer Dam. Figure 3 presents the drainage basins which
contribute to Kemmerer Reservoir.
From its headwaters, Ham's Fork Creek drains in a south, southeasterly direction
to the City of Kemmerer. The Basin is generally narrow with an average width of
about 9 miles, and a length of about 29 miles. Elevations range from about 9600
feet at the basin divide to about 7240 feet at Kemmerer Dam.
The upper portion of the basin is characterized by steep stream channel gradients,
steep to rolling topography and badlands. The lower portion of the basin is
c ha ra c te r i zed by 1 a rge fl a t bottom 1and sal ong Ham's Fork Creek, terraces,
plateaus, and gently sloping topography. Ground cover consists mainly of meadows
and forested lands used for agricultural purposes and rangeland grazing.

HYDROLOGIC MODELING
Since a major portion of the basin drains to Viva Naughton Reservoir, an analysis
was required to evaluate several hydrologic scenarios of Viva Naughton Dam to
determine the routed outflows from the dam. A list of the flood events evaluated
at Viva Naughton Dam is shown below:
1)

The Probable Maximum Flood (PMF) utilizing the existing emergency spillway.

2)

50 percent of the PMF utilizing the existing emergency spillway.

3)

The storm event which will operate the emergency spillway at full capacity.
14
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4)

The PMF utilizing an enlarged spillway configuration sized to safely pass
this event.

5)

The 100-year storm event utilizing the existing spillway.

Once these outflows were determined, the resulting hydrographs were combined with
the hydrographs generated from the intervening area below Viva Naughton Dam.
This developed the inflow hydrographs at Kemmerer Dam for the above scenarios.
Previous hydrologic studies were completed by the COE (References 1 and 2) and
Greenhorne & O'Mara, Inc. (Reference 3) which evaluated many of these same
scenarios. Information from these previous studies were utilized in developing
the hydrologic model used in this study.
The HEC-I "Flood Hydrograph Package" (Reference 4) was used for modeling the
Ham's Fork Basin.
This model was developed by the COE and is designed to
simulate surface runoff response to basin precipitation. This is the same model
which was used in the previous study for the Ham's Fork Basin (Reference 3) and
has the capability of routing through stream channels and reservoirs.
The HEC-1 model was prepared for evaluating both the PMF events and the IOO-year
In all cases flows were determined at Viva Naughton
frequency flood event.
Reservoir and combined with the lower basin at Kemmerer Dam.
Rainfall data was obtained for the Probable Maximum Precipitation (PMP) utilizing
the most recent publication available. PMP rainfall depths were determined from
Hydrometeorological Report No. 49 (Reference 5). Two types of rainfall events
were evaluated for the PMP. They include both the general-type storm and the
local storm (thunderstorm) event. The general-type PMP storm event evaluated for
a 72-hour duration, was found to be the most severe. The total rainfall depth
for this event was estimated to be 12.77 inches.
Incremental rainfall amounts were arranged in a critical time sequence in
accordance with the U.S. Bureau of Reclamation procedures for evaluating PMP
storm events.
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This critical arrangement sets the largest rainfall increment at two-thirds of the
storm duration with the next highest increments placed in succession on either side
of the critical peak.
The HEC-1 model utilizes the soil conservation service runoff curve number (CN)
for determining runoff hydrographs. Based on soils and land use information, a
weighted runoff curve number of 75 was determined for the upper Ham's Fork Basin.
This value was obtained from the previous study for Ham's Fork Basin (Reference
3). A minimum retention loss rate of 0.05 inches per hour (in/hr) was used for
the design storm sequence for the assumed saturated soil moisture conditions of
the basin. This value has been used by the U.S. Bureau of Reclamation for
investigating major flood events in this region.
A one (1) hour unit hydrograph for the Upper Hams Fork Basin above Viva Naughton
Dam (drainage area of 233 square miles) was determined based upon the measured
basin characteristics reported by the COE in its dam safety evaluation (References
1 and 2). The computed tp (time to peak discharge for the beginning of storm
rainfall) and qp (peak discharge) values for the Upper Hams Fork Basin unit
hydrograph are 3.91 hours and 19,618 cfs, respectively.
Hydrologic reservoir routing was utilized to evaluate the operation and storage
capacity of each structure. Reservoir flood routing was completed by the
Modified Puls Method as utilized in the HEC-1 flood hydrograph package. Several
assumptions were made in modeling the flood operation of each reservoir. These
assumptions are listed below:
Viva Naughton Reservoir Modeling Assumptions

1)

Assumed reservoir full to the "normal operating level" before flood routing.

2)

Assumed low level outlets and spillway gates to be open for the PMF events.

3)

Assumed storage capacity based on design data provided by Utah Power and
Light (owners of the dam).
16

4)

Assumed spillway and outlet works hydraulic. capacity were based on design
data supplied by Utah Power and Light.
Kemmerer Reservoir Modeling Assumptions

1)

Assumed reservoir full to emergency spillway crest before flood routing.

2)

Assumed all outlet gates closed.

3)

Assumed storage capacity as determined by actual field measurements (to
spi llway crest).

4)

Assumed storage capacity above spillway crest based on data presented in the
COE study (Reference 2).

Based on these assumptions, the results of the hydrologic analysis for the PMF
storm events are summarized below:
Inflow to
Viva Naughton Dam

Event

Outflow from
Viva Naughton Dam

Inflow to
KellJllerer Dam

PMF w/existing spillway

61,105 cfs

53,090 cfs*

59,839 cfs

50% PMF w/existing spillway

30,553 cfs

16,174 cfs

18,524 cfs

Maximize existing spillway
capacity

30,553 cfs

16,174 cfs

18,524 cfs

PMF w/enlarged spillway

61,105 cfs

31,252 cfs

34,234 cfs

* - dam overtops
Notes:

1)
2)

References to spillway configurations refer to Viva Naughton Dam.
Since the Viva Naughton Reservoir outlets and spillway gates are
assumed open this represents the worst case scenario for impacting
Kemmerer Reservoi r but waul d not necessa ri ly be the recommended
assumpti ons for others in eva 1uati ng the adequacy of the Vi va
Naughton Reservoir emergency spillway.
17

As shown above, the 50 percent PMF approximates the storm event requi red to
operate the emergency spillway at full capacity at the Viva Naughton Dam. This
shows that the existing dam and spillway will overtop for a storm event greater
than 50 percent of the PFM. This is consistent with the results presented in the
Ham's Fork Study (Reference 3).
Based on recommendations from the COE Study (Reference 2) and evaluation for
improvements to the Viva Naughton Dam and Spillway, it was determined that the
storm event which maximizes the existing emergency spillway at Viva Naughton Dam
shall be used for the Inflow Design Flood at Kemmerer Dam. Therefore, the peak
inflow design discharge to Kemmerer Dam is 18,524 cfs with a storm volume of
67,661 acre-feet for a 72-hour storm duration.
In addition to determining the PMF events, the lOO-year storm event was also
evaluated.
Estimates for the 100-year storm rainfall were taken from the "Precipitation
Frequency Atlas of the Western United States, Volume II, Wyoming" (Reference 6).
The total 100-year rainfall depth for a 24-hour duration is 2.84 inches.
Incremental rainfall amounts were distributed according to the SCS Type II
precipitation distribution utilizing a cumulative precipitation, time series
which provides a basin average precipitation hyetograph.
A weighted SCS runoff curve number of 75 was also used for the 100-year storm
evaluation in the HEC-l model. The 100-year flood peaks for various locations is
presented below:

18

IOO-Year Flood Peaks
Location
Inflow to Viva Naughton Dam
Outflow from Viva Naughton Dam
Inflow to Kemmerer Dam
Outflow from Kemmerer Dam

Note:

Peak Discharge
10,649 cfs
734 cfs
2,971 cfs
1,950 cfs

All routed flows for Viva Naughton Dam and Kerrmerer Dam are
with existing spillway configurations.

The stage/storage curve for Kemmerer Dam used for development of preliminary
design alternatives is presented on Figure 4. This curve utilizes the reservoir
capacity based on the actual field measurements determined for this study and was
extended based on the information presented in the COE report for Kemmerer Dam.
The outflow curve for the existing emergency spillway is also presented on Figure
4. This data was also obtained from the Kemmerer Dam report.
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ALTERNATIVES DESCRIPTION
GENERAl

For this study, six improvement alternatives for rehabilitation of the Kemmerer
Dam were evaluated. As discussed previously, improvements to the dam and
spillway are required because the COE deemed the dam to be hydrologically
inadequate. Based on the dam safety evaluation and report, the following were
recommended.
a.

Enlarge or lower the emergency spillway or raise the dam embankment.

b.

Tree growth and thick vegetation should be removed from the embankment and
downstream toe.

c.

The stability of the downstream slope should be evaluated.

The improvement alternatives for rehabilitating the dam were based on the Inflow
Design Flood of 18,524 cfs. This is the storm event which will operate the Viva
Naughton spillway to full capacity. This storm is approximately equal to 50
percent of PMF.
Alternative 11

Alternative II examines the feasibility of raising the existing dam embankment
and extending the existing concrete emergency spillway in order to safely pass
the IDF. A summary and sketch for this alternative is presented in Figure 5.
The dam crest will be raised approximately seven (7) feet from elevation 7153.0
to elevation 7159.8. The downstream slope will extend from the existing IV:1H to
a more stable 1V:2H slope. Unsuitable material from the existing dam face and
downstream toe will be removed before placing the additional embankment. Riprap
wi 11 be placed on the upstream slope to provi de eros i on protect i on from wave
action of the reservoir pool.
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ALTERNATIVE NO.1

DESCRIPTION:

Raise dam embankment 7 feet.
spillway up at 2:1 side slopes.

Extend existing concrete

7153

,,

,,/,

,~.

MAJOR IMPROVEMENTS:

ADVANTAGES:

DISADVANTAGES:

o
o
o
o
o
o
o
o

Remove unsuitable material from existing dam face
Raise dam crest 7 feet; increase cross section
Extend existing concrete spillway
Sleeve existing 36-inch outlet pipes
Refurbish outlet gates
Extend 2-14" pipes
Riprap upstream face of raised embankment
Slide stabilization
New catwalk/access across spillway

o
o
o
o

Increases freeboard
Increases flood detention
Increases stability
Passes 50% PMF

0

o Increases flood potential between Viva Naughton and
Kemmerer Reservoir
o Fill required for modifications
o Loss of fishing from dewatering reservoir
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The existing concrete spillway is to be extended along its existing slope (lV:2H)
on both sides to meet the new dam crest elevation. The catwalk over the spillway
will be replaced and will provide access to the dam crest and outlet gates.
The two existing 36-inch outlet pipes and the two 14-inch water supply pipes will
be extended to account for the additional fill required along the downstream
slope. It is recommended for all cases that the outlet pipes be sleeved with 24inch steel 1i ners. Thi sis based on our eva 1ua ti on of the deteriora ti on of the
existing CMP pipes. We also recommend that the existing gates be refurbished to
assure full operation. Refurbishing the outlet gates will require dewatering the
reservoi r or constructing cofferdams on the upstream face.
Dewa teri ng the
reservoir will affect the fish population, while constructing cofferdams will be
very expensive. Since the reservoir can be restocked, dewatering was considered
for refurbishing the gates. However, since the gates were operated five years
ago, it may not be necessary to drain the reservoir if the gates can be tested
and opera ted sa tis fac tori ly.
Stabilization of the slide area on the east abutment near Highway 233 is required.
Conceptual plans for stabilization include excavation of the slide area and
replacement of the material with a granular soil that can act as a drain and
sheer key. It may be necessary to install drainpipes or synthetic drain panels.
In addition, the landslide area adjacent to the plunge pool will be excavated and
filled with a well compacted granular soil and armored with riprap to protect
against erosion and to help retain the remaining part of the slide. A more detailed
geotechnical investigation is required to develop final design repairs for this
area. This should be completed in the Level III study for final design.
Some of the advantages of Alternative #1 are that it increases the existing
freeboard of the dam based on the normal operating water surface.
It also
increases the flood storage capacity by raising the dam height and providing some
attenuation of large storm events. Based on routing the IDF storm hydrograph
through this structure the peak discharge is reduced from 18,524 cfs to 18,134
cfs. No freeboard on the dam was considered for routing the IDF. In addition to
flood storage, raising the dam embankment and increasing the total cross-section
thereby increases the total stability of the embankment. This is desireable
21

especially since the existing embankment has very steep slopes on the downstream
side. Modifications to the dam cross-section will increase the embankment
stability to acceptable levels for earthquake conditions.
Disadvantages associated with Alternative '1 include the increase in flood
potential upstream of the embankment. Raising the dam embankment will cause a
higher backwater during a major flood event. However, based on the mapping
available, an increase in flood elevation of about five feet would not cause a
major problem, particularly in light of the flood potential which exists anyway
from flows over the Viva Naughton spillway. Additionally, this would only occur
for an extreme storm event. The other potential disadvantage is that fill is
required for extending the embankment. Based on the geotechnical investigation
there is suitable material available for the embankment, although some additional
fill may need to be imported.
Alternative '2

Alternative 12 evaluates the potential for excavating an additional grass-lined
emergency spillway approximately 700 feet west of the west dam abutment. Figure
6 presents a sketch and summary of Alternative #2.
The proposed grass-lined spillway will have a bottom width of 250 feet with side
slopes at IV:2H. The spillway crest elevation will be placed at elevation 7147.0
which is approximately 1.2 feet higher than the existing emergency spillway.
Excavation of the existing hillside is required to provide an outfall to the
existing drainage west of Ham's Fork Creek downstream of the dam. A concrete
grade beam is recommended along the spillway crest to provide erosion control and
to maintain the spillway crest elevation. Riprap erosion protection is also
recommended along a portion of the spillway to prevent erosion when the spillway
operates.
Other major improvements required to rehabilitate the dam includes sleeving the
two 36-inch outlet pipes, refurbishing the gates, and providing a new catwalk
over the existing emergency spillway. Stabilization of the landslide area along
the east abutment is required for this alternative.
22
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DESCRIPTION:

Construct additional grasslined spillway adjacent to west dam
abutment. Proposed spillway crest would be 1.2 feet
higher than existing spillway crest.
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ADVANTAGES:

DISADVANTAGES:

Excavation of grasslined spillway
Construct concrete grade beam for spillway
Sleeve existing 36-in outlet pipes
Refurbish outlet gates
Riprap new spillway
Slide stabilization
New catwalk/access across spillway

/

Additional spillway would be used frequently
City required to purchase property for spillway
Stability of dam is not increased
Disposal of excess cut required
Site of proposed spillway is in a potential slip area
Loss of fishing from dewatering reservoir
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o No impact on area between Viva Naughton & Kemmerer
o New spillway protects dam embankment
o Passes 50% PMF
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The advantages of this Alternative 12 are that there is no potential for an
increase in the floodi-ng upstream of the Kemmerer Dam for large storm events.
The additional

proposed spillway provides a larger outflow capacity without

requiring higher heads or larger storage capacity to pass the IDF.

Flood routing

of the IDF considering this alternative results in a peak outflow of 18,357 cfs.
The disadvantages associated with Alternative 112 are that the grass-lined
emergency spillway will operate on a frequent basis because of the required
spillway crest elevation.

Based on the limitations of the adjacent topography,

it is not feasible for the proposed spillway crest to be raised substantially.
Raising the spillway crest decreases the available head therefore requiring a
much wider spillway.
tive.

This would substantially increase the cost of this alterna-

In addition, the proposed spillway is located in an area of "unstable"

soil conditions.

This area currently shows signs of slippage and could become a

problem if the proposed spillway is cut through this area.
The geotechnical
report provided in the appendix addresses this area in greater detail.
In
addition, the geotechnical report identified the presence of a high groundwater
table located above the proposed spillway crest.
Another item which affects Alternative 12 is that the City will have to purchase
or acquire right-of-way or easements for constructing the proposed spillway.
Currently, this area is privately owned and therefore would have to be obtained
prior to construction.
Alternative #2.

Stabil ity of the dam embankment is not increased fOr

While the existing embankment was found to be stable fOr most

seismic conditions, it is probably desireable to flatten the downstream slope to
a minimum of 1V:2H. Modifications for this alternative will not provide embankment
stability for earthquake design loadings.

Alternative '3
Alternative #3 considers ralslng the dam embankment and emergency spillway to an
elevation where the IDF will overtop the dam crest by less than 1-1/2 feet.
Figure 7 presents a sketch and summary description of Alternative 13. For this
alternative the dam embankment will be raised approximately five feet to an
23
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DESCRIPTION:

Rai se dam embankment 5 feet.
spillway up at 2:1 side slopes.
downstream face.
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Armor crest of dam and
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ADVANTAGES:

o

o
o
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o

DISADVANTAGES:

Increases freeboard
Increases flood detention
Increases stability of dam embankment
Property acquisition not required
Provides protection for floods larger than design flow
(50% PMF)

o Increases flood potential between Viva Naughton and
Kemmerer Reservoir
o Fill required for modifications
o Loss of fishing from dewatering the reservoir
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Remove unsuitable material from existing dam face
Raise dam crest 5 feet; increase cross section
Extend existing spillway
Armor top of dam and dIs face
Extend existing 36-in. outlet pipes
Sleeve existing 36-in. outlet pipes
Refurbish outlet gates
Extend 2-14" pipes
Slide stabilization
New catwalk/access across spillway
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elevation of 7158.0. The concrete emergency spillway will be extended on a IV:2H
slope to meet the new dam crest elevation.
This alternative considers the same major components for rehabilitation as
Alternative 11. These include extending the two 36-inch and 14-inch outlet pipes
and sleeving them with a 24-inch metal pipes, refurbishing the control gates; and
providing a new emergency spillway catwalk. In addition, the entire downstream dam
face and dam crest will be armored to protect against dam failure in the event
the embankment is overtopped. The type of armoring considered either riprap or
roller-compacted concrete.
Riprap protection requires a downstream slope of
about IV:4H with large diameter rock to protect against "rolling" during overtopping. The recommended roller compacted concrete alternative involves constructing a separate structure downstream of the existing dam. This structure would be
built according to modern design standards. Regardless of the downstream face
protection utilized, the upstream face of the extended embankment will require
protection to prevent erosion from wave action. The landslide area along the
east abutment will also be stablized for either alternative.
The major advantage of Alternative #3 as compared to the other alternatives is
that the embankment will be armored against overtopping thereby providing
embankment protection for floods greater than the IDF. This can be an important
consideration especially if Viva Naughton Dam is expanded in the future to pass
the full PMF.
Modifications for Alternative 13 will improve the embankment
stability to acceptable levels for earthquake design loads.
Based on guidelines suggested in the geotechnical report the maximum overtopping
was 1 imited to 1-1/2 feet for the IDF. If the embankment was to serve as full
PMF structure, then additional protection may be required.
This additional
protection could be easily added in the future if Viva Naughton Reservoir was
expanded.
The major disadvantages for Alternative #3 mainly involve the large costs
associated with total armorment of the dam embankment.
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ALTERNATIVE NO.4

DESCRIPTION:

Enlarge eXisting concrete spillway.

MAJOR IMPROVEMENTS:

0

o
o
o
o
o

ADVANTAGES:

Extend existing concrete spillway
Sleeve existing 36-inch outlet pipes
Refurbish outlet gates
Extend spillway catwalk
Slide stabilization
New catwalk/access across spillway

o No impact on area between Viva Naughton and Kemmerer
o Property acquisition not required
o Passes 50% PMF
____,.. .. liz PMI'" WtiEL.

DISADVANTAGES:

o Stability of dam is not increased
o Disposal of excess cut required
o Loss of fishing from dewatering reservoir

?/S3

-

J'

/
/

/

/

/
/

The routed inflow and outflow for this alternative is 18,524 cfs and 18,340 cfs,
respectively.
Alternative 14
Alternative 114 considers enlarging the existing concrete emergency spillway to
safely pass the IDF without overtopping the existing dam embankment.
As shown on Figure 8 the existing dam embankment will not be modified. The
concrete spillway will be increased from a crest width of 68 feet to a total
crest width of 265 feet. Routing through the proposed widened emergency spillway
gives an outflow peak of 18,346 cfs. Additional modifications required to the
dam include sleeving the two 36-inch metal pipes; refurbishing the outlet gates;
and providing a new emergency spillway catwalk. Stabilization of the landslide
area to the east is required for this alternative.
The major advantage of Alternative 114 is the ease of construction in terms of
completing the required modifications.
Additionally this alternative has no
additional impact on flooding upstream of the dam, and no additional property
acquisition or easements are required to complete the necessary improvements.
Disadvantages of this alternative are that the existing embankment stability is
not increased. As mentioned previously, it is desirable to increase the existing
cross-section of the dam embankment to provide protection for larger earthquake
loadings.
Additionally, a disposal area is required for eliminating excess
excavation from the spillway.
Alternative 15
Alternative 15 is similar to Alternative 14 in that the major modification for
rehabilitation includes improvements to the emergency spillway. This alternative
(shown on Figure 9) considers not only widening the emergency spillway, but also
lowering the crest elevation in order to provide additional head for greater
outflow capacity. The existing spillway will be lowered by 4.3 feet to an
elevation of 7141.5. The crest width would be widened from 68 feet to a total
25
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DESCRIPTION:

MAJOR IMPROVEMENTS:
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R~#1

Lower existing spillway by 4.3 feet and widen by 110 feet.
At this elevation, approximately 1040 acre-feet of storage is
available. This is approximately the allocated water for the
reservoir.
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Construct new concrete spillway
Sleeve existing 36-inch outlet pipes
Refurbish outlet gates
Slide st~bilization
New catwalk/access across spillway
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ADVANTAGES:

o
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o
o

Increases freeboard
No impact on area between Viva Naughton and Kemmerer
Property acquisition not'required
Passes 50% PMF

DISADVANTAGES:

o
o
o
o
o
o
o

Stability of dam not increased
Disposal of excess cut required
Loss of water storage
Loss of fish habitat
Loss of recreational opportunity
Loss of economic value of fisheries
Loss of fishing from dewatering reservoir
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width of 110 feet.
tive 4.

This is less than half the total width required for Alterna-

The crest elevation of the proposed emergency spillway was determined based on
the new reservoir capacity curve as measured in the field. The crest elevation
was set at a reservoir capacity of about 1040 acre-feet which is approximately the
amount allocated for water storage. Although the normal pool level would drop by
four feet with this improvement, the reservoir will still be able to store the
total water allocation.
As with the other alternatives, major items of the rehabilitation include
improvements to the 36-inch outlet pipes, gates, spillway catwalk and landslide
stabilization.
Major advantages of Alternative 115 are the increase in freeboard on the dam
embankment (by lowering the spillway crest) no adverse flooding affects upstream
during large flood events, and no property acquisition is required for the
proposed improvements.
One major disadvantage of this alternative is, of course, the loss of existing
water storage. Even through the proposed improvements will allow storage of the
existing water allocation, it is desireab1e to have available the additional
water.
Lowering the spillway crest will lower the normal pool elevation by four
feet. This will also cause a loss of fish habitat because of lower water depth,
increased water temperatures and increased growth of aquatic vegetation. It is
envisioned that a loss in recreational opportunities and the economic value of
fisheries will result based on a lower fish population. Another major disadvantage
is that the existing embankment stability is not increased for earthquake design
loads.
Flood routing of the IOF will produce a peak outflow of 18,230 cfs.
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Alternative '6

Alternative 66 considers breaching of the dam as an alternative to constructing
rehabilitation improvements (see Figure 10). Currently the City of Kemmerer is
liable for any damages or loss of life which may occur if the dam should fail.
Based on estimated costs of improvements, available funding, and political
matters, the City will be in a position to decide on the base course of action.
Therefore, breachi ng the dam becomes an a1 ternat i ve since it wi 11 remove the
liability from the City.
There are many factors which must be considered for breaching the dam.
include:

These

a)

Dewatering the reservoir.

b)

Sediment loading downstream.

c)

Affects on existing wildlife habitat.

d)

Affects on the local citizens.

e)

State requirements.

f)

Rehabilitation and mitigation of the Ham's Fork Creek through the breached
reservoi r.

Some of these factors can be evaluated based on economics such as costs for
breaching the structure, downstream sedimentation control and upstream channel
rehabilitation. Other factors which are not as easily evaluated are the impacts
to the fish and wildlife habitat, the loss of recreation (economic value of
fisheries), impacts to the local citizens, and the natural aesthetics of the
area, loss of the ability to store water for City use during low flow years, and
of course the liability of ownership.
Major components which involve breaching the dam include dewatering of the
27
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Breach the dam
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Drain Reservoir
Cut embankment
Construct rehabilitated channel through reservoir
Seed disturbed area
Construct sediment pond downstream of reservoir
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Eliminates city liability
Property acquisition not required
Reduces flood potential between Viva Naughton and Kemmerer
Resale value of old reservoir site
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reservoir. Outflow pipes will be opened and the reservoir drained over a long
period of time. This will cause the least amount of impact on the downstream
river system. Once drained, a portion of the existing dam will be excavated to a
minimum cross-section which will pass a lOa-year storm at a depth of 5 feet.
This cross section will be trapezoidal in shape with a bottom width of about 60
feet with a lV:4H side slopes. A sediment pond downstream may be required to
maintain water quality levels during the breaching activities.
Once the area is drained, the upstream area will require rehabilitation in order
to provi de a channel system on the Ham's Fork through the exi st i ng reservoi r.
The channel will be designed for a flow of approximately 1000 cfs having a 60
foot bottom width with lV:4H side slopes.
The major advantage to breaching the dam is to relieve the City of the liability
it now faces with a structure that is hydrologically inadequate. The disadvantages
are the impacts it will have to the local citizens and wildlife habitat.
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ESTIMATED CONSTRUCTION COSTS

The estimated costs of these improvement alternatives are based on typical
contractor construction prices, including overhead and profit. These prices are
an aggregate unit price which includes the cost for complete installation of
these materials.
Unit prices were obtained from cost data and construction bids completed for
similar projects. A summary of unit costs used for estimating project costs are
shown below:
Unit Costs

Common Excavation
Fill for Dam Embankment
Stripping Existing Dam Embankment
Seedi ng
Rock Riprap
Structural Concrete for Spillway
Non-structural Concrete
Roller Compacted Concrete for Dam Embankment
24-inch Steel Sleeving for Outlet Pipes

Unit Price
$3.00/cubic yard
$4.00/cubic yard
$3.50/cubic yard
$2,OOO.OO/acre
$55.00/cubic yard
$450.00/cubic yard
$250.00/cubic yard
$28.00/cubic yard
$100.00/LF

Estimated construction costs were calculated using the above unit prices and the
material quantities calculated for each improvement alternative. Unit costs were
estimated using common materials and construction techniques envisioned to
construct the facilities described for each alternative. The use of alternate
materials and construction methods could result in a savings over what is presented
here.
A summary of estimated quantities developed for each alternative is provided in
the Appendix of this Report.
The total project cost for the alternatives presented is estimated from normal
project cost items listed below:
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1.
2.
3.

Construction
Contingency Costs: 15% of Item 1.
Engineering and Construction Service Costs:

10% of Items 1 and 2.

A contingency of 15% of the estimated construction cost is included to cover
incidental costs. Engineering costs include final engineering design, surveying,
soils testing, and normal construction services. These percentages of the
construction cost were obtained from our agreement with the Wyoming Water
Development Commission. No costs have been included for the purchase of rightof-way, if required, interest during construction, or legal fees.
A summary of the costs estimated for each alternative is presented below:
Cost Suamary

Alt. 11

Construction Cost
Contingency (15%)
Total Estimated Cost
Engineering (10%)
Total Project Cost·

Alt. 12

(Roller
Compacted
(Riprap) Concrete)
Alt. 13A Alt. 138 Alt. 14

491,430 1,248,570 1,122,850 1,156,354
73,715 187,286 168,428 173,453
565,145 1,435,856 1,291,278 1,329,807
56,515 143,586 129,128 132,981
621.660 1.519.442 1.420.406 1.462.788

672,702
100,905
773,607
77,361
805.968

Alt. 15

Alt. 16

495,274
74,291
569,565
56,957
626.522

*Costs for Alternatives #1 through #5 do not include revenue lost from fishing if
the reservoir has to be drained for refurbishing the outlet gates. Costs for
Alternative #6 do not include revenue lost from fishing by eliminating the
reservoir.
The cost information presented for each alternative is based on conceptual and
prel i mi na ry des i gn of improvements. These costs are provi ded for compari son
purposes only and should not be used for final design or construction purposes.
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484,005
72,601
556,606
55,661
612.267

HYDROPOWER FEASIBILITY
Feasibility of installing a hydropower facility at the Kemmerer Dam site is based
on the ability to provide power with a money value greater than the cost to
construct and maintain the facility. The amount of power which can be produced
is dependent on a number of variables including the volume of water, the available
hydraulic head, and the efficiency of the equipment.
Inflow to a hydropower facility is usually variable and it is not possible to
take advantage of all of the water available unless the reservoir can be operated
as a storage reservoir. Due to the manner of operation of Kenvnerer Reservoir,
i.e., typically a full reservoir with overtopping of the spillway, a plant at this
site would be considered to be a run-of-the-river plant. Power can be generated
only from the natural flow in the stream that is within the operating range of
the plant. During extremely low flow periods the plant is shut down. During
high flows the power generated is limited by the maximum capacity of the plant.
Generally good flow records are available for the Hams Fork. Flow duration
curves which are plots of flow in cfs versus percent of time exceeded were made
for Hams Fork below Viva Naughton based on 25 years of daily flow records. This
flow data was made available by the Utah Power and Light Company and represents
the measured releases from Viva Naughton Reservoir. For purposes of this study
an adjustment was made for flows from the intervening area between Viva Naughton
and Kemmerer Reservoir. The derived flow duration curve for Kemmerer Reservoir
is shown on Figure 11.
Typically for a run-of-the-river plant, the optimum design flow is a flow rate
which is exceeded in the range of 15 to 25 percent of the time. Such flow rates
will normally harness the most energy (i.e., have the best plant capacty factor).
At Kemmerer Reservoir another factor limiting the design flow is the capacity of
the anticipated power plant penstock. It is not deemed economical to install a
new penstock through the lower reaches of the existing dam embankment. Such an
installation would involve excavating a trench with fairly flat side slopes
through the core of the dam, which would require essentially rebuilding a major
portion of the dam. As a consequence of the high construction costs, it is
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advantageous arrangement would entail use of the two
house the penstock. The hydropower study therefore
diameter lining pipes practical through the existing
is estimated that the maximum available gross head is

It is estimated that the penstocks would be limited to a combined total outflow
of 100 cfs. From the flow duration curve the design flow of 100 cfs is exceeded
approximately 25 percent of the time. Therefore we have selected for further
analysis a hydroplant sized for a 100 cfs design flow. Given the available head
and the projected efficiency of such units the selected plant would be capable of
producting 200 kW design capacity. This plant would generate about 984,000 kWh
per year, which is 42 percent of the 2,323,400 kWh potentially available at the
site.
Using established cost data for construction of plants of a 200 kW size, the
estimated total project cost (exclusive of structural improvements to the dam and
improvements to the spillway) would be on the order of $600,000 in 1986 dollars.
The annual debt service on a $600,000 capital cost amortized over a 40 year
period with interest at 7-1/2 percent is $47,640. Annual operation and maintenance
costs are estimated to be about $20,000 per year. These two costs combined yield
a total estimated annual cost of $67,640. A breakdown of total project costs is
shown on below:
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Kemmerer Reservoir Dam
Hydropower Project Cost Esti.ate

Powerhouse Structure and Site Improvements

$ 39,000

Penstock, Valves, Bifurcation, Gates and Tailrace

118,000

Turbine, Generator, Station Electrical, Switchyard
and Miscellaneous Power Plant Equipment

216,000

Transmission Line

9,000

Subtotal
Contingency 20%

382,000
76,000

Subtotal
Engineering, Construction Management
and Other Costs 20%

458,000

Subtotal
Interest During Construction @8%

550,000
44,000

92,000

TOTAL

$594,000

ASSUME TOTAL COST

$600,000

Annual Debt Service
7-1/2% interest over 40 years

$ 47,640
20,000

Operation and Maintenace
Total Esti.ated Annual Cost

$ 67,640

Conversations with the Utah Power and Light Company, which owns the small
hydroplant at Viva Naughton Dam, indicates that the energy potentially produced
at the proposed Kemmerer Dam Plant may have a present value of about 55 mils per
kWh. Accordingly, the annual revenue generated at the plant is 984,000 kWh/year
X 0.055 = $54,120. Recent information from the Wyoming Public Utilities Commission
indicates that the value of the energy may be as low as 22 to 26 mils per kWh.
If energy were valued on these lower figures, the annual revenue from the
Kemmerer Dam plant would be about $23,600.
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At the first year, the project is therefore estimated to yield annual revenues
somewhere between $13,500 and $44,000 less than the annual cost. In our opinion
the project is not economically feasible at present interest rates and energy value.
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SUMMARY AND RECOMMENDATIONS

o

A hydrologic evaluation of Kemmerer Dam was completed in 1978 by the COE for
their National Dam Safety Program. Results from their study indicated that
the Kemmerer Dam could not pass a flood event of 20% of the Probable Maximum
Flood (PMF) without overtopping. The dam was therefore determined to be
hydrologically inadequate since any significant overtopping would probably
cause a failure. Improvements to the emergency spillway and/or dam embankment
were recommended.

o

The purpose of this study was to evaluate several different hydrologic
scenarios in order to determine a reasonable Inflow Design Flood (IDF)
hydrograph at Kemmerer Dam. This hydrograph was used to evaluate improvement
alternatives for rehabilitating the dam and emergency spillway to improve
its hydrologic adequacy according to state and federal guidelines.

o

A geotechnical evaluation of the existing Kemmerer Dam was completed to
evaluate the site specific geology of the reservoir area and to determine
different rock formations, characteristics, faults, and folds. Areas where
slippage is present were evaluated and documented. Subsurface testing was
completed along the dam crest to determine the composition of the embankment.
Using this information an analysis was completed which determi ned the
stability of the existing embankment with respect to factors of safety and
various seismic considerations. The existing dam embankment was considered
to have an acceptable static conditions factor of safety. Under earthquake
conditions, the stability of the existing dam is not acceptable. Field and
laboratory investigations were completed for evaluating sites for borrow
material. It was determined that on-site material is available and adequate
for use in embankment modifications.

o

A field survey was completed to accurately define critical locations and
elevations for the dam and reservoir area. Field measurements were taken to
profile and cross-section the dam embankment. All test holes and borrow
pits were located. Survey data collected also included a determination of
the sedimentation of the reservoir and the present-day storage capacity.
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The reservoir was found to have approximately 1650 acre-feet of storage at
the existing emergency spillway crest. This is approximately 650 acre-feet
more than was originally calculated for the reservoir design.
o

The Inflow Design Flood (IDF) to Kemmerer Dam was determined as the largest
storm event which could safety pass through the combined existing emergency
spi 11 way and outl ets for for Vi va Naughton Reservoi r (l oca ted two mi 1es
upstream). This storm event approximately equals 50 percent of the Probable
Maximum Flood. The peak discharge for the Inflow Design Floow entering
Kemmerer Dam is 18,524 cfs with a storm volume of 67,661 acre-feet for a 72hour storm duration.

o

Six different improvement alternatives for rehabilitation of the dam were
considered. These alternatives included raising the dam embankment, increasing
the size of the emergency spillway, lowering the emergency spillway,
armoring the embankment, and breaching the dam. Figures 6 through 10 present
sketches of these alternatives along with a summary of the required modifications. Costs for each alternative were evaluated and presented in the
section "Estimated Construction Costs".

o

The feasibility of hydropower was evaluated for the Kermlerer Dam. Average
annual flow and duration curves were determined based on daily flow records.
The maximum design flow for the hydropower plant was assumed to be 100 cfs
based on use of the existing outlet works as the plant penstock.
The
maximum a vai 1abl e gross head was a ssumed to be 30 feet. The power pl ant
selected would be capable of producing 200 kW design capacity, which would
generate 984,000 kWh per year. Estimated costs for constructing, operating,
and maintaining this power plant versus the revenue generated indicates the
project is not economically feasible.

o

Based on the cost information provided for the six alternatives. economics
would indicate that alternatives #1, #5, and #6 are the most feasible.
Alternative II provides additional flood storage by increasing the height of
the dam embankment and extending the emergency spillway. This is desirable
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due to the fact that the existing dam embankment would be extended to
provide a more stable cross-section which would meet general dam construction
criteria. No additional right-of-way is required to complete the improvements.
In addition, the existing storage capacity of the reservoir would not be
affected, therefore, wildlife and fish habitat would be preserved. Construction for this alternative would cause little disruption to the area. Loss
of revenue from fishing would occur if the reservoir had to be drained for
completing rehabilitation to the outlet gates.
The Wyoming Game and Fish Department presently utilizes the reservoir for
maintaining a stock of wild rainbow trout brood fish. If the reservoir were
to be drained, the Game and Fish Department would require a two-year lead
time to relocate the stock, since it is a valuable resource. However, the
Game and Fish Department would pay for restocking the reservoir once it has
been refi 11 ed.
Alternative 115 includes lowering and widening the existing emergency
spillway. The spillway crest would be lowered to an elevation which meets
the existing water rights allocation for the reservoir. This alternative
does not appear to be as desirable as Alternative 111 in that current water
storage would be lost by lowering the spillway crest (even though current
water allocation would be met). Lowering the reservoi r pool by over four
feet may impact the fish and wildlife habitat in the upstream reaches. The
Wyoming Game and Fish Department estimates that approximately $34,000 would
be lost annually from fishing revenue if the pool is lowered. Additionally,
since no improvements are planned for the dam embankment, factors of safety
remain lower for earthquake loadings than would be if the embankment section
were improved.
Alternative 16 considers breaching the dam instead of rehabilitating the
existing structure. The major advantage of breaching is that the city
entirely removes itself from the liability associated with a possible dam
failure.
However, there are many "subjective" factors which should be
considered for this alternative. These include the loss of potential water
storage for future city use, loss of recreation facilities, adverse affect
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on fish and wildlife habitat, and the increase in potential maintenance
problems for rehabilitating the Ham's Fork Creek through the reservoir area.
The Wyoming Game and Fish Department estimates that approximately $114,000
would be lost annually from fishing revenue if the reservoir were eliminated.
It is worthy to note that Alternative 113 presents improvements which could
also protect against failure due to floods greater than the IDF. These
alternatives provide armorment of the dam embankment for protection from
overtopping. Therefore, if Viva Naughton Dam and spillway were expanded in
the future, this alternative could provide the additional protection from
larger outflows.
Alternatives 111 through 115 address the landslide area along the east
abutment of the existing dam near State Highway 233. Costs for repairing
this area have been included for Alternatives 111 through #5. Costs for
Alternative 116 do not include repair for the slide area since the dam would
be breached. However, this slide area still remains a hazard to the highway
stability and should be repaired as part of highway maintenance.
Although there are many factors involved in selecting the "best solution"
for the City of Kemmerer, we recommend Alternative II based on the discussions
presented in this report. Alternative 111 provides a safe and economic solution
to increasing the hydrologic capacity of the Kemmerer Dam. In addition, if
improvements were completed at Viva Naughton Dam in the future, armorment of
the Kemmerer dam embankment should be considered.
Figure 12 presents a
detail of the dam cross-section for raising the embankment 7 feet.
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CORRESPONDENCE LETTERS

I.
A.
1.

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS
The limited information from boreholes and test pits suggests

that the dam was originally built (1942) as a zoned embankment.
This is consistent with the original drawings on file with the
Wyoming State Engineer.

About ten years or so later,

the dam

apparently was raised slightly by dumping loose soil on the crest
and downstream face.
The raise gave the dam the wide crest and
steep downstream face that are visible today.
2.
In general, the dam does not meet modern standards of design
and construction. The earthfill in the original dam was not well
compacted, and pervious layers may exist in the core. The random
fill used for the raise does not appear to have been compacted at
all.
with this in mind, the performance of the dam over the
years has been acceptable.
3.
Seepage analysis shows that the stream deposits beneath the
dam's downstream face and the original downstream shell (under
the random fill) both act as drains.
For this reason, the line
of seepage through the dam is fairly low.
Some seepage does
occur through the dam at high levels, though, probably because of
poorly-compacted, pervious layers in the core.
water flowing
along these layers is apparently intercepted by the sand and
gravel of the original shell, which safely drains it down to the
foundation.
As a result, significant seepage does not seem to
appear at the dam's downstream face.
wi thin the foundation,
greater than hydrostatic water pressures occur in some of the
more-pervious beds of the stream deposits.
4.
Under static (non-earthquake) conditions, the dam's downstream
face seems adequately safe against Sliding. While the factors of
safety are not as high as would be desired in a new dam, they are
acceptable in view of the structure's age and condition.
If the
claystone present in the foundation is assumed to contain weak
layers, the safety factor drops considerably. However, it still
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remains well above 1.0. The overall stability of the dam results
mostly from the low position of the seepage line.
S.
Under earthquake conditions, the stability of the existing
dam is not acceptable.
This is the critical geotechnical issue
affecting dam safety.
Infrequent earthquakes of sizes that can
occur in the Overthrust Belt are highly likely to cause liquefaction
failures of both the foundation and parts of the dam. If liquefaction
does not actually occur, the processes that cause liquefaction
will likely still reduce the soil strength enough to cause failure
of at least part of the dam.
These conclusions result from
simplified analysis of the problem.
More-advanced analysis may
show the problem to be not as severe as the simplified analysis
suggests. However, the best information available indicates that
the dam is not stable under rational design earthquake loadings
in its present condition.
6.
Landslides on the west side of the reservoir have little
potential to be dam-safety hazards.
They may, however, place
sUbstantial amounts of debris and sediment in the reservoir.
Also, the possibility of landsliding will affect the feasibility
of constructing a new spillway to the west of the dam.
The
landslide now active next to the existing spillway will probably
have to be controlled.
It has the potential to damage both the
spillway system and Highway 233.
The best way to stabilize the
landslide appears, with the information now available, to be a
combination of regrading, drainage, and construction of shear
keys and stability berms.
The landslide should be studied in
detail if the project proceeds to Level III.
7.
Borrow material of suitable quality appears to be available
from the mesa at the dam's west end.
More material of similar
quality can be obtained from the landslide near the spillway, if
it is to be stabilized by regrading.
However, the amount of
borrow available on land owned by the Town of Kemmerer is limited.
If extensive modifications are made to the dam, it may well be
necessary to import borrow from elsewhere. Riprap and, perhaps,
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concrete aggregate can be obtained from an abandoned quarry west
of the dam. This quarry, though, is on land controlled by the
Bureau of Land Management.
Processed borrow, such as sand and
gravel for drains and filters, can probably best be obtained from
existing borrow pits elsewhere in the Hams Fork valley.
B.

RECOMMENDATIONS

1.

Options for mitigating problems at the dam may include:
o

Breaching the dam and eliminating the reservoir;

o

Retaining the dam and lowering the level of the
existing spillway;

o

Retaining the dam and excavating a new emergency
spillway near the right abutment;

o

Raising the dam so that the existing spillway can
pass an acceptable design flood;

o

Modifying the earth embankment to withstand some
overtopping during the design flood; and

o

Partially replacing the embankment with a structure
of roller-compacted concrete capable of surviving
overtopping.

The first option does not require major geotechnical input.
others are discussed in this section.

All

2. Each option (other than the first) requires design to withstand
earthquake effects. While a new dam should be designed to survive
the maximum credible earthquake (with ground accelerations up to
about 0.64 g), this standard is probably not attainable by modifying the existing dam. A minimum standard is that the modified dam
should survive a shallow-focus earthquake of local magnitude 6.0,
imparting peak ground accelerations of about 0.37 g.

"Survive"

implies that the dam may be heavily damaged, but that no sudden
release of the reservoir will occur. The only reasonable grounds
for relaxing this standard (which corresponds to an earthquake
return period of 10,000 years) would be if Viva Naughton Dam will
fail at a lesser earthquake. In this event, the seismic stability
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of the Kemmerer Dam becomes irrelevant. More extensive analysis
and design should be planned at Level III to clarify the hazard and
to develop an adequate final design that will be as economical as
practical.
3.
For the second and third options, which retain the existing
dam, the downstream slope should be flattened to about 2.0
(horizontal) to 1.0 (vertical) and an erosion-resistant facing
should be placed on the flattened slope.
These options do not
markedly improve the seismic stability of the structure from its
existing status. Protection from earthquake effects thus requires
that the reservoir be maintained at a level no more than about
1/2 to 2/3 of the dam's height.
4. The third option includes excavating a new emergency spillway
in a saddle west of the right abutment.
This option is not
recommended because the stability of the required cut slopes
cannot be assured. In addition, it will produce large quantities
of waste claystone and mudstone for disposal, and will probably
generate a gully-erosion problem along the spillway chute.
S.
The fourth and fifth options involve major modifications to
the dam. At a minimum, the modifications will require removal of
the present downstream shell and random fill, together with the
underlying alluvium in the foundation.
This excavation will
require dewatering measures.
Upon installation of suitable
drains and filters, new fill should be compacted to replace the
foundation material and to raise the dam to its final elevation.
Replacement of the alluvium is necessary to minimize the hazard
of liquefaction or slope failure under seismic loadings.
The
modified structure should incorporate a wide crest, ample freeboard,
and wide filter and drain zones.
These will help to protect
against breaching in the event that an earthquake liquifies soils
in, or under, the unmodified upstream part of the dam.
6. For the fifth option, some form of slope protection will also
be needed so that the dam will survive limited overtopping. Two
possibilities include riprap and roller-compacted concrete. Use
of riprap will require that the downstream slope be flattened to
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about 4.0 or 5.0 (horizontal) to 1.0 (vertical). This means that
the foundation excavation will probably increase as well. Use of
roller-compacted concrete requires that the foundation excavation
be carried to bedrock and that an adequate drain system also be
installed. Two possible designs include (1) placing a thick (1016 feet) facing of roller-compacted concrete on the downstream face,
replacing the present shell and random fill, and (2) building a
separate structure at the downstream toe.
The latter design is
the sixth option described above.
7. All options require that the active landslide near the existing spillway be controlled. While this work will require detailed
investigation and analysis at Level III, a tentative concept for
the control work can be suggested.
This includes the following
steps:
o

Excavate the landslide head near Highway 233 to
below the base of the slide, and replace with a
drain and shear key.

o

Remove as much soil and rock as practical from the
upper parts of the slide, and regrade the surface.

o

Excavate the toe of the slide at the plunge pool's
edge, and replace it with an armored toe berm
consisting of riprap and well-compacted, granular
soil.

It should be recognized that additional information about the
landslide, developed in Level III, may require that major changes
be made to this tentative scheme.
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II.
A.

INTRODUCTION

PURPOSE AND SCOPE
This report describes a preliminary study of geotechnical

conditions at the Kemmerer City Reservoir Dam in Lincoln County,
Wyoming.

In July 1978, the U.S. Army Corps of Engineers made a

Phase I inspection of the dam pursuant to the National Dam Safety
Program.

Their report concluded that the dam was hydrologically

inadequate and that certain maintenance activities were necessary.
Also, the inspection report questioned the stability of the dam's
downstream face.
To address the

inspection

report's

concerns,

the Wyoming

Water Development Commission (WWDC) contracted with Greenhorne &
O'Mara,

Inc.

for a Level II Feasibility Study of the dam.

The

study object was to determine the feasibility of rehabilitating
the dam embankment, of constructing a new emergency spillway with
adequate capacity, and of constructing extensions to the outlet
works. Greenhorne & O'Mara retained ESA Geotechnical Consultants
to supply the geotechnical services required for the study.
ESA's scope of services for this project included the following tasks:
o

Review the existing geological and engineering data
pertaining to the dam and its surroundings;

o

Assist Greenhorne & 0' Mara with the site inspections
required for the study;

o

Describe and map the geology and seismotectonic setting
of the dam and its surroundings;

o

Perform a subsurface exploration of the dam and its
foundation, including the drilling of test borings
and the excavation of test pits;

o

Identify sources of suitable borrow materials that
might be required for the rehabilitation;
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o

Perform appropriate laboratory tests on samples of
soil and rock from the site;

o

Analyze the seepage, static stability, and earthquake
stability of the dam; and

o

Provide Greenhorne & O'Mara with geotechnical input
based on the above work for use in developing preliminary designs for the rehabilitation.

This report documents the data collected during ESA's work, the
assumptions and analytical methods employed, and the conclusions
derived from those data and analyses. It is intended mostly as a
supporting document for Greenhorne & O'Mara's Level II report to
the WWDC. Consequently, it should be read together with the main
Greenhorne & 0' Mara report and with those of other consultants
involved in the project.
B.

PERFORMANCE
All work performed by ESA for this project was under the

overall direction of Mr. W. Roger Hail, Principal-in-charge, and
of Mr. Douglas M. Yadon, P.E., the Project Manager. The fieldwork
and office analyses were performed by Mr. Richard N. Morris, with
assistance from Ms. Debora J. Hamberg.

Drilling Engineers, Inc.,

of Fort Collins, Colorado, drilled the exploratory boreholes and
constructed the piezometers.
The test pits were excavated and
backfilled by SAW Construction Company of Opal, Wyoming.

Lincoln-

DeVore, Inc., of Colorado Springs, Colorado, supplied laboratory
testing services for the project.
Other individuals involved with the project supplied useful
assistance.

These persons included Ms. Rebecca L. Mathisen, P.E.,

of the WWDC, Mr. Kent smith from the Town of Kemmerer, Mr. Penn
Gildersleeve, P.E., and Mr. Matt Ursetta of Greenhorne & O'Mara,
and Mr. Daniel T. Dean, P.E., of Crank Companies, Inc. in Kemmerer.
Mr. Dean performed field density tests and surveying services as
direct input to the geotechnical work.
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C.

AUTHORIZATION

This geotechnical study of the Kemmerer city Reservoir Dam
was authorized by a subcontract between Earth Sciences Associates,
Inc. (doing business as ESA Geotechnical Consultants) and Greenhorne
& 0' Mara,

Inc. This subcontract was issued under Consultant Contract

for Services No. RV060286/F between Greenhorne & O'Mara, Inc. and
the Wyoming Water Development Commission, dated June 25, 1986.
Overall authority for the work derives from Senate File No. 59 as
passed by the 1986 session of the Wyoming State Legislature.
D.

LIMITATIONS

The recommendations and opinions in this report reflect
ESA's perception of the project requirements, based on the investigation and evaluation methods described in the report and on the
assumptions implicit in those methods.
In particular, ESA has
used methods appropriate to a preliminary study intended to
support feasibility-level design.
Both the site conditions and
their impact on the project may differ from the interpretations
presented in this report. This may be due either to the inherent
limitations of the investigation and evaluation methods or to
undisclosed or unforeseen variations in geologic and soil conditions.
All recommendations and opinions in this report are subject to
field confirmation during later phases of study or during construction.

Any conditions known to Greenhorne & O'Mara that appear to

have been omitted, or that seem to conflict with the contents of
this

report,

should promptly be brought to ESA' s

attention so

that modifications can be made if needed.
Greenhorne & O'Mara should recognize that significant risk
and uncertainty are involved in any investigation of the condition
and safety of an existing embankment dam.

In the performance of

professional services, ESA complies with the standard of care and
skill ordinarily exercised by members of our profession practicing
ESA's services consist of
in the same or similar localities.
professional observation and consultation only.
No warranty,
either express or implied, is made or intended in connection with
the work performed by ESA, or by the proposal for consulting or
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other services, or by the furnishing of oral
or findings.
The contents of this report are valid
preparation.
Changes in the condition of the
occur with the passage of time as a result

or written reports
as of the date of
site can, however,
of either natural

processes or human activity in the area. In addition, changes in
the state of practice of geotechnical engineering and engineering
geology may affect the validity of the report.
Consequently,
this report should not be relied upon after an elapsed period of
two years without a review by ESA for verification of its validity.
It is the responsibility of Greenhorne & O'Mara to bring this
report to the attention of the Wyoming Water Development commission,
the Town of Kemmerer, and other employees, agents, conSUltants,
and contractors involved with the project. It is also Greenhorne
& 0' Mara's responsibility to see that the recommendations and
information contained herein are properly incorporated into any
plans, specifications, or construction not accomplished by, or
under the control of, ESA Geotechnical Consultants.
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III.
A.

PROJECT BACKGROUND

PHYSICAL SETTING
1.

Location

The Kemmerer city Reservoir Dam lies in the southeast quarter
of section 26, _ Township 23 North, Range 117 west of the sixth
Principal Meridian. This is in the south-central part of Lincoln
County, Wyoming, about 11.5 miles north-northwest of the town of
Kemmerer.
Access to the reservoir is via Wyoming Highway 233,
which passes within 200 feet of the dam's left (east) abutment.
Access to the embankment itself requires use of a footbridge over
the spillway, a river ford downstream from the dam, or a primitive
road from the west.
Kemmerer City Reservoir impounds about 1650 acre-feet of
water on the main stem of Hams Fork.
The dam crosses Hams Fork
about 1000 feet north of its confluence with Meadow Creek, a
small tributary entering from the west. Viva Naughton Reservoir
and Dam, a much larger and newer facility, also lies on Hams Fork,
about two miles north of the Kemmerer City Reservoir Dam.
2.

Topography and Landforms

Near Kemmerer City Reservoir, Hams Fork occupies an alluvial
valley that trends almost north and south and is generally about
one-half mile wide.
The Hams Fork Plateau bounds the valley to
the west, and Commissary Ridge confines it on the east.
At the
damsite, the valley bottom narrows to less than 1000 feet.
The
normal water level in the stream below the dam is about elevation
7120 feet; the floodplain surface is two to four feet higher
except where disturbed by human activity.
The spillway crest is
at elevation 7145 feet, and the elevation of the embankment crest
varies between about 7151 and 7153 feet.
Hams Fork has two well-defined, meandering channels at the
damsite. One of these flanks the floodplain at the right abutment
and serves as the outfall for the four outlet conduits. The other
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(apparently the main channel before the dam was built) occupies
the left side of the floodplain, where it conveys flows from the
spillway plunge pool.
Small oxbow ponds and depressions exist
elsewhere on the floodplain, which is thickly vegetated by brush
and small trees. The vegetation continues up the dam's downstream
face as clumps of sagebrush, willows, and other bushy plants.
Eroded remnants of low-level stream terraces lie at both
abutments.
On the left, a narrow terrace merges gradually with
the lowest slopes of Commissary Ridge. An active landslide covers
most of the terrace from a point adjacent to the spillway to at
least 400 feet downstream. Beyond the terrace, the treeless face
of Commissary Ridge presents a series of rolling ridges and small
valleys that drain to the west almost at right angles to the Hams
Fork valley. The terrace at the right abutment forms a triangular
mesa bounded by the reservoir, the Hams Fork floodplain, and
Meadow Creek. A low saddle at about elevation 7189 feet connects
the mesa to the edge of the Hams Fork Plateau.
Only a small part of the Hams Fork Plateau (a landform of
regional scale) rises above the Kemmerer city Reservoir.
From
the reservoir edge, the plateau rises as an irregular, hummocky
slope at inclinations of about 8% (5 degrees) to 70% (35 degrees).
The lower slopes usually lack tree cover.
However, abel t of
aspen and brush exists locally between about elevations 7330 feet
and 7450 feet. At the latter elevation, the hillslope changes to
a steep, rocky cliff that extends to the top of the plateau. The
elevation on the plateau's surface, about 3000 feet west of the
dam, exceeds 7500 feet.
B.

GEOTECHNICAL ISSUES
Three general geotechnical issue exist for this project:
o

What soils, geology, and groundwater issues affect
the safety and continuing operation of the dam as
it now exists?

o

What soils, geology, and groundwater issues will
influence the design and construction of repairs
or modifications to the existing dam?
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o

What soils, geology, and groundwater issues will
affect the implementation of measures that do not
require modification of the dam?

Although the basic dam-safety concerns raised to date are mostly
hydrologic or hydraulic, their successful resolution requires at
least partial answers to these questions.
Specific issues affecting the existing dam involve its
These issues exist because the
seepage and stability behavior.
structure deviates significantly from modern design and maintenance
standards. In addition, little is known about the dam's as-built
configuration or its conformity to the drawings filed with the
Wyoming State Engineer.
The degree of deterioration occurring
since its completion in 1942 is also unknown. A stability study
was made during 1980 (Chen and Associates, 1980) in response to a
1978 inspection recommendation. However, insufficient information
exists to assess the completeness and overall validity of that
analysis.
In addition, the response of the dam to earthquake
loading was not-adequately checked in that study.
If the dam will be modified to deal with its hydrologic
problems, the stability and seepage conditions at the existing
dam will remain important.
Any changes to the dam should both
correct any geotechnical problems affecting the existing structure
and avoid adding any new problems.
Important issues include the
suitability of the embankment as a base for new earthfill and the
stability of the dam and foundation under earthquake loadings.
Also important are excavability, dewatering, locations of borrow
materials, and other construction factors.
If the spillway is to be enlarged or replaced, the associated
geotechnical issues will include the safety of the existing dam,
the excavation of the new or enlarged spillway, and the stability
of its cut slopes.

The latter issue is a major concern for the

existing spillway, where an active landslide abuts the chute and
plunge pool.
This landslide may require stabilization even if
the spillway is not modified.
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C.

STUDY METHODS
1.

Preliminary Tasks

Study of the geotechnical issues began with coordination
meetings between ESA, Greenhorne & O'Mara, the WWDC staff, and
Town of Kemmerer representatives.
These meetings established a
project schedule, set the tasks to be performed, and defined the
issues of importance.
Concurrently, ESA staff collected and
reviewed the available engineering data, reports, maps, and
technical literature pertaining to the dam and its surroundings.
The initial phase ended, and the field phase began, with an onsite inspection of the existing dam on July 14 and 15, 1986.
2.

Fieldwork

Geologic Mapping.
The study required moderately detailed,
site-specific geologic information for the reservoir area.
Of
particular interest were the nature and structure of the bedrock,
the type and distribution of surficial deposits, and the tectonic
setting insofar as it affects earthquake risk. Work began in the
office with photogeologic mapping based on natural-color, vertical,
aerial photographs obtained by the u.S. Bureau of Land Management
in 1980 (Project BLM WY80CC, roll 20-26, frames 31 to 33). This
mapping incorporated data from the existing reports and maps found
during the preliminary work.
Field mapping to check and augment the photogeologic map
took place between July 15 and July 22.
Due to the limited time
and budget allocated, this mapping was done at levels intermediate
between reconnaissance and detailed.
The geologist used results
from field mapping to update the photogeologic map periodically
while he was still in the field.
At the same time, ESA staff
made tentative interpretations of the engineering geology at the
site.
An ESA geologist also visited the fault along Rock Creek,
about eight miles west of the site, to assess the potential for
seismic activity there.
Drilling Operations.
Between July 14 and July 18, Drilling
Engineers, Inc., completed eight boreholes and constructed six
A-13

slotted-pipe piezometers under the supervision of an ESA geologist.
All
CME
The
and
and

holes were drilled using a truck-mounted Central Mine Equipment
55 rig equipped with 6-5/8 inch (nominal) hollow-stem auger.
methods used were consistent with American Society for Testing
Materials (ASTM) standard practice D 1452 (Soil Investigation
Sampling by Auger Borings). The supervising geologist logged

each borehole in general conformance with ASTM D 2488 (Description
of Soils (Visual-Manual Procedure».

At the geologist's direction,

the drilling crew obtained disturbed samples in conformance with
ASTM D 1586 (Penetration Testing and Split-Barrel Sampling of
Soils) and relatively undisturbed samples as described by ASTM D
1587 (Thin-Walled Tube Sampling of Soils).
Figure 1 shows the borehole locations, along with those of
other project features.

Copies of the borehole logs are included

in the appendix to this report.
on or near the dam itself.

All but one of the boreholes lie

The exception, borehole AH-3, is in

the saddle connecting the right-abutment mesa with the plateau.
It supplied data on excavability, stability, and groundwater at a
potential site for a new emergency spillway.
Boreholes AH-1 and AH-4 lie along the dam's crest at stations
5+44.9 and 3+41.7, respectively. Their purpose was to determine
the zoning and

~oil

profile of the dam and foundation, to obtain

samples, and to install piezometers in the foundation.

To place

piezometers within the embankment as well, boreholes AH-2 and AH5 were drilled adjacent to AH-1 and AH-4 at crest stations 5+58.9
and 3+50.9. AH-2 and AH-5 were not logged or sampled in detail,
except when the adjacent holes did not supply sufficient data.
In addition to the ESA boreholes, two holes from a previous study
(Chen and Associates, 1980) were found at stations 4+73 (Chen-1)
and 6+49 (Chen-2).
The remaining boreholes lie along the downstream toe of the
dam.

Intended to provide profile data, samples, and piezometer

locations

in the

foundation,

they were

located near the same

crest stations as groups of boreholes on the crest.

Boreholes

AH-6 and AH-6a are adjacent holes downstream from station 4+24.4.
When bedrock was found shortly below the ground surface in AH-6,
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AH-6a was drilled to obtain additional samples of the soil. The
last borehole, AH-7, is downstream from station 5+77.9.
Before moving off the holes, the drillers placed slottedpipe piezometers in AH-1, AH-2, AH-4, AH-5, AH-6a, and AH-7.
Figure 2 shows the design of these devices.
Each piezometer was
flushed and surged with clear water to develop good hydraulic
connection with the surrounding soil.

In addition, simple single-

hole permeability tests were run on July 22 in all of the crest
piezometers.
The two holes without piezometers were backfilled
with cuttings either just after drilling (AH-6a) or at the end of
fieldwork (AH-3).
Test pit operations.
SAW Construction Company supplied a
backhoe to excavate eight test pits at the dam.
Each pit was
intended to supply information about the internal zoning of the
dam or about conditions existing at the dam - foundation contact.
An ESA engineer supervised the excavation work, logged each pit,
and collected large samples of soil as needed. In addition, Crank
Companies tested the in-place density of the soil at a total of
nine locations within five of the pits, using a Campbell Pacific
Nuclear moisture/density gauge.
Upon completion of the logging
and sampling, SAW backfilled all of the test pits.
Five of the test pits lie along the upstream and downstream
edges of the dam crest. Those on the upstream edge are pits TP-2
(station 4+56.5) and TP-4 (station 7+84.3).
The pits along the
downstream edge are TP-1 (station 2+26.3), TP-3 (station 7+48.1),
and TP-11 (station 4+85.5). Another three pits are located along
the dam's downstream toe. These are TP-8 (downstream from station
4+28.4), TP-9 (downstream from station 5+36.1), and TP-10 (downstream
from station 7+42.82).

Figure 1 shows the locations of all test

pits, while copies of the logs are in the appendix.
Borrow Materials Survey. A reconnaissance for usable borrow
materials was made at the same time as the geologic mapping and
test-pit work. The outcrops and surficial deposits were examined
for their potential value as construction materials during the
mapping. This examination concentrated on the City-owned land at
the reservoir and on nearby tracts administered by the Bureau of
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Elsewhere, ESA staff visited the active and
Land Management.
recently active borrow and gravel pits along the Hams Fork Valley
between Kemmerer and the damsite.
Work on the mesa at the dam's right abutment included the
excavation of test pits TP-5, TP-6, and TP-7 at the locations
shown on Figure 1.
Although dug at the same time as the test
pits at the dam, these three pits were specifically intended to
yield data on possible borrow materials.

Each pit was logged by

an ESA engineer, who collected large bag samples of the soil and
weathered rock present.
3.

Analysis and Design

Documentation of Fieldwork.

Laboratory tests of the basic

engineering properties were performed on selected samples of soil
and rock after the end of fieldwork.

Because of the preliminary

nature of the study and the limited funds available, the testing
covered only
and in-place
correlations
strength and

the index properties (gradation and Atterberg Limits)
moisture contents for "typical" samples.
Published
based on these data were then used to estimate the
deformation properties.
Table 1 lists the sample

designations and test results, while the appendix contains copies
of the soil gradation curves.
The laboratory tests were performed in general conformance
with the following standard methods:
ASTM D 2216: Laboratory Determination of Water (Moisture)
content of Soil, Rock, and Soil-Aggregate Mixtures
ASTM D 421: Dry Preparation of Soil Samples for Partic1eSize Analysis and Determination of Soil Constants
ASTM D 422:

Particle-Size Analysis of Soils

ASTM D 423:

Liquid Limit of Soils

ASTM D 424:

Plastic Limit and Plasticity Index of Soils.

Concurrently with the testing program, the data and logs from the
field were reduced, checked, and prepared in final form.
The
maps and figures needed for analysis and design were compiled,
and cross-sections of the dam were constructed.
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Upon receipt and

TABLE 1:

Index Properties of Soil and Rock

Material
Sampled

uses

AH-1 @
14.5-16.0 ft.
AH-4 @
9.0-10.5 ft.

Clayey gravel with
sand; fill in upper
part of dam.

GC

AIi-1 @
34.0-35.5 ft.

Silty, clayey gravel
with sand; river
alluvium in foundation.

AIi-1 @
39.0-40.5 ft.

Silty Claystone; main
l:xx1y of Wasatch Fonnation

AH-2 @
19.3-19.6 ft.

% Passing

% Passing

% Passing

4.75 mm

0.074 mm

51.6

0.005 mm

Liquid
Limit

Plasticity
Index

26.4

14.7

29.2

12.4

41.3

14.3

6.3

22.4

6.2

CL

94.2

86.6

57.8

42.4

24.8

Clayey sand with gravel;
fill in mid-part of dam.

SC

79.7

43.6

22.2

28.9

11.0

AIi-4 @
24.0-25.5 ft.

Clayey sand; fill in
lower part of dam.

SC

85.7

46.1

24.2

28.3

12.8

AH-4 @
39.0-40.1 ft.

97.4

94.2

64.1

50.8

31.8

body of Wasatch Fonnation

TP-3,
upper part

Clayey sand with gravel;
fill @ downstream face of dam

SC

59.8

30.2

13.3

22.7

7.7

TP-8, @
bottan

Well-graded gravel with silt
& sandi river alluvium
in foundation.

GW-GM

37.4

5.4

2.7

TP-11,
lower part

Silty sand with gravel;
fill @ upstream face of dam.

79.1

33.4

16.2

IDeation
& Depth

Symbol

GIr-GM

Silty claystone; main

SM

-

Nonplastic -

18.4

1.6

checking of the test results, engineering properties were assigned
to the various soil and rock units involved in the analyses.
Seepage and static Stability Analyses. Actual analysis began
with study of the seepage through the existing dam.
Using data
from the piezometers to construct pressure and equipotential
cross-sections, ESA staff interpreted the pattern of groundwater
flow through the dam, evaluated the pore pressures, and estimated
approximate seepage discharges.
The phreatic lines so determined were then combined with the
estimated strength properties and idealized cross-sections to
analyze the embankment's slope stability under static loadings.
Because the dam has existed for several years, and because the
condition of the outlet works does not permit rapid drawdown,
only the downstream slope was analyzed.

The emphasis was on

deriving a rapid, but reliable, assessment of overall stability
rather than on making an exhaustive study of every combination of
geometry, strength, and loading. Both circular and sliding-block
failure surfaces were considered.
Earthquake Stability Analyses.
ESA performed a simplified
analysis of the existing dam's stability under earthquake loads.
Analysis began with estimation of a maximum credible earthquake,
assessment of that earthquake's reasonableness as a design event,
and prediction 9f ground acceleration at the site. Subsequently,
the impact of that acceleration on the structure was studied in
terms of both liquefaction failure and sliding or deformation.
Defining the design earthquake required identification of
the potentially seismogenic faults in the region and estimation
of the maximum credible earthquake associated with those faults.
Also considered was a regional earthquake, unassociated with any
specific fault.
The ground acceleration at the site for each
significant earthquake was then estimated by use of published
attenuation relationships.
In addition to these deterministicstatistical and semiprobabilistic procedures, a probabilistic
method was used to estimate the ground acceleration associated
wi th a return interval of 10,000 years.
A subset of critical
accelerations was then selected for use in further analyses.
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Factors of safety against liquefaction were obtained using
generally accepted, simplified methods based on the accelerations
and the results of standard penetration tests conducted during
drilling. Subsequently, the slope stability analysis was repeated
considering the earthquake-induced strength reductions and porepressure increases.
Originally, a deformation analysis based on
Newmark's approach was also planned. However, the results of the
post-earthquake slope-stability computations made it unnecessary
to proceed with this final step.
Preliminary Design.
The reason for studying the existing
dam in some detail is that, by identifying any deficiencies of
the dam, the design requirements for needed modifications become
clear.
As the analyses were completed, the conclusions were
given to Greenhorne & O'Mara to aid in developing of conceptual
designs. Specific options discussed included:
o

Breaching the dam and eliminating the reservoir;

o

Retaining the dam and lowering the level of the
existing spillway;

o

Retaining the dam and excavating a new emergency
spillway near the right abutment;

o

Raising the dam so that the existing spillway can
pass an acceptable design flood;

o

Modifying the earth embankment to withstand some
overtopping during the design flood; and

o

Partially replacing the embankment with a structure
of roller-compacted concrete capable of surviving
overtopping.

Also included in the design work were mitigative recommendations
for the active landslide on the left abutment, near the spillway_
with the design phase completed, the remainder of this report
presents the conclusions of the geotechnical study and discusses
their implications for the project.
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IV.
A.

GENERAL AND ENGINEERING GEOLOGY

GEOLOGIC SETTING
At

the

Kemmerer

City Reservoir Dam,

flat-lying

units

of

sedimentary rock, deposited in the Fossil Basin, dominate the
geology.
The units of greatest interest are the main body and
the Tunp Member of the Wasatch Formation, and the Fossil Butte
Member of the Green River Formation. Surficial deposits (mostly
stream alluvium, terrace deposits, or landslide masses) mask the
bedrock over much of the area.
Despite the geologic simplicity
of the damsite, the surrounding area is extraordinarily complex.
The Fossil Basin lies along the eastern edge of the Overthrust
Belt, where older rock units are intricately folded, faulted, and
broken into enormous slices bounded by major thrust faults.
of the nearby faults may be active or potentially active.

Some

Figure 3 is the geologic map resulting from ESA's work on
this study.
Of necessity, the brief geologic discussion in this
report is limited to the immediate area of the reservoir.
More
information on the general and structural geology can be found in
the paper by Rubey and others (1975).
Oriel and Tracey (1970)
describe the Wasatch and Green River rocks in detail, and Gibbons
(1986) presents a generalized map of the surficial deposits.
An
unpublished report by Willard Owens Associates (1982) includes a
photogeologic map that also covers the reservoir area.
B.

GEOLOGIC MAPPING UNITS
1.

Wasatch Formation

Main Body. Rocks from the main body of the Wasatch Formation
underlie the foundation and both abutments of the dam. According
to Oriel and Tracey (1970):
The main body, directly beneath the Green River Formation,
ranges in thickness from 1,500 to 2,000 feet, where
fully represented, and consists of banded variegated-mainly red, purple, yellow, and gray -- mudstone with
interbedded claystone, siltstone, sandstone, and marlstone
and lenses of well-rounded and well-sorted conglomerate.
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Most of the mudstones and clayey rocks are floodplain deposits,
while the sandy rocks and conglomerates represent deposits in
stream channels. This alluvial environment implies that the unit
lacks continuous, mappable beds. Instead, individual rock bodies
occur as irregular lenses or as long, thin, channel deposits.
The contacts between these bodies are irregular and do not extend
laterally for more than a few tens or hundreds of feet.
Where found in the boreholes, these rocks are mostly silty
claystones or clayey mUdstones.
They usually are moderately to
highly calcareous.
Grayish and brownish colors predominate in
fresh rock, while weathered outcrops display red and gray banding.
In test pit TP-5, most of the rock is fine-grained sandstone or
siltstone, both of which are almost uncemented.
Both rock types
in the pit are sufficiently weathered to show prominent, reddishbrown banding.
The banding sometimes coincides with contacts
between the rock types.
Surface exposures elsewhere near the dam display the same
general rock types.
Reddish banding is common.
At no outcrop
seen, though, does distinct bedding exist at an observable scale.
All contacts examined are highly irregular, discontinuous, and
unsuitable for measuring the structural attitude of the rocks.
The rock within individual lenses or bodies appears massive and
virtually free from fracturing (other than desiccation cracks) or
other rock structure.
In most cases, the clayey rocks tend to
break along irregular, blocky to conchoidal surfaces.
Tunp Member.
The Tunp Member crops out east of the Hams
Fork floodplain, just southeast of the dam, and extends up the
face of Commissary Ridge. The member consists of diamictite, or
debris derived from rockfall, landsliding, mudflow, and similar
sources. In the words of Oriel and Tracey (1970):
The Tunp Member is a 200- to 500-[foot] thick peripheral
diamictite facies of the Wasatch Formation. It consists
of dark-red conglomeratic mUdstone and rubble breccia
with a great range in grain size; blocks from older
nearby formations commonly as large as 20 feet in
diameter lie in a matrix of very poorly sorted mudstone.
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Blocks and rubble in outcrops near the damsite represent rock
types from formations of Late cretaceous age, such as those now
exposed high on Commissary Ridge.
Because of the manner of its
origin, the attitude and composition of the member varies greatly
from outcrop to outcrop.
outcrops of the Tunp Member occur in road cuts just east of
Highway 233, between the dam's left abutment and a point about
one-half mile to the southeast.
Terrace deposits often obscure
the outcrops.
However, the exposed rock resembles a low-grade,
sand-mix concrete containing scattered larger fragments of rock.
Some exposures have the red-and-gray banded appearance of typical
mUdstones from the main body. No meaningful structure is visible
at the scale of the available outcrops; none would be expected in
a deposit of this type.
The main importance of the Tunp Member
for this study is its possible relationship to the landslide near
the spillway and the possibility that concealed subcrops of the
member may extend close to the left abutment.
2.

Green River Formation (Fossil Butte Member)

The Fossil Butte Member of the Green River Formation crops
out in the cliffs capping the Hams Fork Plateau, west of the dam.
In general, (Oriel and Tracey, 1970):
[T]he Fossil Butte Member (200-270 feet thick) is
dominantly laminated organic-rich buff to brown marlstone,
limestone, siltstone, and mUdstone and includes oil
shale and volcanic ash; the prolific fossil fish beds
at Fossil Butte are in this member.
Only the lower part of the member is exposed near the reservoir.
Regionally, the lake beds of the Green River Formation intertongue
with alluvial deposits of the Wasatch Formation. Although other
units of the Wasatch Formation (notably the mudstone tongue and
the Bullpen Member) occur above the Fossil Buttes Member, none of
these appear near the Kemmerer city Reservoir.
The rock exposed in the cliffs above the reservoir varies
from limestone to highly calcareous siltstone and fine-grained
sandstone.
Mos~ beds are off-white, yellowish, or pale brown in
color. The best exposures are in an abandoned quarry at the edge
A-21

of the plateau, due west of the dam. Although a few beds in the
quarry are thickly bedded and produce blocks up to about two feet
thick, most of the rock occurs in beds about one inch to one foot
thick. Upon weathering, the thinner-bedded rock breaks down into
thin, platey fragments.
Fracturing occurs at moderate to wide spacings that usually
are slightly greater than bed thicknesses.
Two well-defined,
orthogonal sets of fractures are evident.
One of these strikes
about 15 degrees east of north, and dips about 85 degrees to the
west.
The other strikes about 75 degrees west of north and is
essentially vertical.
Dips of individual beds are too nearly
horizontal for reliable measurement with hand instruments.
In
addition, slope movements in the underlying Wasatch cause the
beds exposed in the cliffs to tilt downhill, into the Hams Fork
valley.

Nevertheless,

dips measured in the quarry range from

about three to five degrees to the west and strike approximately
north-south.
These attitudes are consistent with the regional
structure (Rubey and others, 1975) and with those estimated by
photogeologic mapping (Willard Owens Associates, 1982).
3.

Underlying units

According to Rubey and others (1975), the Wasatch Formation
is about 100 to 200 feet thick under the damsite.
Beneath the
Wasatch lies perhaps 1000 feet of the Evanston Formation.
Like
the Wasatch and Green River, the Evanston also has near-horizontal
bedding.
At its base, though, a pronounced angular unconformity
separates these relatively young rocks from the older, intricately
deformed rocks of the Overthrust Belt.
These older formations,
dating from the Mississippian to the Cretaceous, dip steeply to
the west as a series of slices separated by major thrust faults
of the Overthrust Belt. For the purposes of this study, the rocks
lying at depth have no significant affect on the dam. The structural
setting that they represent, however, has a major impact on the
local seismotectonic environment.

A-22

4.

Surficial units

Alluvium.
Geologically-recent alluvium (uncemented, watertransported deposits) fills the valley bottoms of Hams Fork and of
its larger tributaries.
In addition, discontinuous patches of
alluvium lie at intervals along many smaller tributaries (forming,
for example, the "meadow" of Meadow Creek). The alluvium commonly
rests directly on surfaces eroded into more-or-Iess weathered
bedrock.

Alluvial fans often exist where tributary valleys empty
Two such fans extend into the east
onto the Hams Fork valley.
side of the reservoir, about one-quarter to one half mile north
of the dam. However, the deposits of active alluvial fans probably
do not exist at or near the dam itself.
Alluvial deposits along the Hams Fork are relatively thin at
Logs of the boreholes suggest that the thickness
the damsite.
ranges from as little as a few feet to not more than about 20

feet.
It is, however, possible that a deeper, "inner" channel
lies buried at locations not penetrated by boreholes.
Alluvium
normally is a complex of channel, overbank, and other deposits,
each having greatly different compositions and properties.
The
auger drilling method used for this study tends to obscure these
differences.
Nevertheless, both channel and overbank deposits
were identified in the boreholes and test pits.
The overbank deposits mostly consist of silty or clayey
sand, usually containing some gravel and often including root
fragments and other organic matter.
Channel deposits, on the
other hand, are mostly cleaner sand with gravel or sandy gravel
with cobbles.
The channel deposits sampled contain significant
amounts of silt and fine-grained sand, although not nearly as
much as in the overbank deposits.
Individual beds of both types
of deposits vary from less than a foot to a few feet thick, with
widths of a few tens of feet. Some channel deposits may continue
for much greater distances parallel to the valley as so-called
"string sand" deposits. Both the thicknesses and lateral extents
of individual beds vary greatly from point to point.
Although not closely studied, alluvium in tributary valleys
probably is thinner and finer-grained than that in the Hams Fork
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valley. This is because the enly seurces ef sediment are Wasatch
and Green River recks crepping eut in small drainage basins. The
resulting depesits are prebably clayey, calcareeus, and semewhat
erganic.
In general, the tributary alluvium sheuld resemble the
everbank depesits ef the Hams Ferk valley mere clesely than they
de the channel depesits.
Terrace Depesits. Terraces are fermer valley fleers eccupied
by streams in the relatively recent geelegic past. As the streams
erede their ceurses to. lewer levels, parts ef the abandened fleers
remain suspended en the valley walls as terraces.
The surviving
alluvium en these surfaces then censtitutes terrace depesits. At
the Kemmerer city Reserveir, the terrace depesits breadly resemble
alluvium in the present-day valleys. Hewever, the cearse particles
are eften weathered (semetimes deeply se); silty and clayey fines
cheke the sands and gravels, and encrustatiens ef white calcium
carbenate pervade the upper few feet ef mest depesits.
The geele~ic map (Figure 3) specifically maps as terrace
enly these depesits having definite expressien as tepegraphic
surfaces.
This is misleading.
Terrace materials eccur almest
everywhere in the study area except en the valley fleers.
Even
areas mapped as bedreck eften carry discentinueus mantles, up to.
a few feet thick, ef terrace material.
In many cases, these are
lag depesits, er veneers ef cearse-grained particles left behind
by eresien.
In ether cases, the depesits result frem celluvial
precesses (transpert by sliding, reIling, falling, er creeping).
True terraces exist at several levels, hewever.
The lewest
level is that ferming the mesa at the dam's right abutment and
the bench (with landslide) belew Highway 233 at the left.
Two.
successively higher terraces extend acress the lewer slepes ef
Cemmissary Ridge, east ef Highway 233.
If these two. levels ence
existed en the Hams Ferk Plateau side of the valley, they have
since been destreyed by landslides. The highest mapped level in
the study area caps a hill in the east half ef sectien 35, across
Meadew Creek and due seuth frem the reserveir.
Celluvium. Except where bedreck actually creps eut er where
landslide cemplexes exist, celluvium covers the slepes near the
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reservoir. Colluvium normally occurs as a thin layer (a few feet
thick or less) of debris derived from other units present on the
slope. The prevalence of gravel and cobbles derived from terraces
has already been described.
Both the composition and the fabric
of colluvial deposits vary with parent material and with position
on the slopes.
The most extensive colluvium-covered surfaces at
the reservoir are on the face of Commissary Ridge and on slopes
flanking the mouth of Meadow Creek. Elsewhere, colluvium either
exists as unmappably small slices along low slopes or merges with
landslide deposits.
Landslides.
The most dramatic surficial deposits are the
large landslide complexes found on both sides of the valley. On
the west side, landslides cover almost the entire flank of the
Hams Fork Plateau below the cliff-forming Fossil Butte Member.
To the east, they occur along the lowest terrace level and at
locations just above Highway 233.
Most of the latter group of
slides lie southeast of the study area.
The majority of failures develop in the Wasatch Formation
(both the main body and the Tunp Member) or in surficial deposits
underlain at shallow depths by the Wasatch. Many failures occur
at the contact between the Wasatch and the Fossil Butte Member.
Rubey and others (1975) comment on this relationship as follows:
Clays in the main body of the Wasatch are impermeable,
whereas partly jointed limestone in the overlying Green
River Formation is relatively permeable. As a result,
the contact between the two formations is marked by
springs and bands of vegetation. • . •
In many places
water seeping from the contact wets and lubricates the
montmorillonitic muds in the Wasatch slopes below,
resul ting in hummocky landslide topography, ponding,
and local downsliding of large blocks of the more
competent Green River Formation.
Presumably, thin surficial deposits such as the terraces supply
water to the Wasatch rocks in much the same way.
In the 1980 aerial photographs, the only distinctly active
landslide is that near the spillway on the left abutment.
Field
mapping, though, discloses much evidence of fresh activity. The
spillway landslide is much larger than shown on the photographs;
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in addition, a road filIon Highway 233, about 500 feet to the
south, is actively failing.
A number of small slumps line the
reservoir shoreline, especially along the west wall of the valley.
The largest of these is at the southwest corner of the reservoir,
northwest of the saddle between the right abutment mesa and the
plateau.
It now extends some 200 to 300 feet up the slope as a
complex, upwardly propagating series of rotational failures.
Another line of recent slides stretches across the plateau
flank near the 7300-foot contour. These slides begin just north
of the ridge that continues up from the right-abutment saddle to
the plateau edge.
From there, they extend northward for perhaps
one-quarter mile.
still other small failures exist below the
abandoned quarry and at points high along the primitive road
leading to the quarry and the plateau crest.
Finally, a few
shallow-seated failures are active along the steep west wall of
the Hams Fork valley south of Meadow Creek.
C.

STRUCTURE AND TECTONICS
1.

Structural setting

The reservoir lies near the eastern edge of western Wyoming's
Overthrust Belt.
This is a zone where forces applied from the
west strongly compressed a thick series of sedimentary rocks.

As

they compressed, the rocks folded and deformed in complex ways.
They repeatedly broke along planes lying at low angles to the
horizontal to form systems of thrust faults.
The slices bounded
by individual thrusts then rode up over each other, adding to the
structural complexity. Figure 4 shows both a map of major thrust
faults in the Overthrust Belt and a simplified cross-section
through the faults and folds along an west-to-east line passing
just north of the reservoir.
Because the younger rocks (the Green River, Wasatch, and
Evanston Formations) formed after the major deformation ended,
they are relatively unaffected by folding and faulting.
Most
geologic maps of the reservoir area show that the exposed rocks
consistently dip toward the west at about three to five degrees.
Willard Owens Associates (1982) map a small anticline and a
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slightly longer syncline on the Hams Fork Plateau, about a mile
west of the dam (just off Figure 3).
Both folds plunge to the
south or southwest and have dips of three degrees or less on
their limbs.
They have very small closure and axis lengths of
one mile or less. Oriel and Tracey (1970) mention similar folds,
adding that:
structures in Tertiary strata do not reflect deeper and
tighter structures in older rocks; rather, they reflect
differential compaction and draping over buried topography
and, in places, primary sedimentary dips.
2.

Faults and Tectonic Features

As Figure 4 shows, the site is on the upper plate of the
Absaroka Thrust.
This important fault underwent major movement
relatively late in the evolution of the Overthrust Belt.
Other
thrust faults on the cross-section include an unnamed fault on
the west side of Commissary Ridge, the Commissary Thrust, and the
Beaver Creek Thrust.
Of these, the trace of the Commissary
Thrust apparently crosses the Hams Fork valley, along a northnortheast trend, just north of the Kemmerer City Reservoir.
All
three faults are subsidiary to the Absaroka Thrust, from which
they branch at depth.
Also associated with the Absaroka Thrust
is the Tunp Thrust, which lies west of the cross-section.
Throughout the Overthrust Belt, high-angle faults cut across
the thrust plates along trends extending roughly north and south.
Most of these are normal faults, and most apparently formed after
the period of major thrusting. The Fossil Basin, in which the dam
lies, is anomalous in that few such faults cut the younger rocks.
Rubey and others (1975) noted this fact, and the fieldwork for this
study found no evidence to the contrary. It remains possible, of
course, that high-angle faults cut the older rocks at depth.
High-angle faults start to appear at the ground surface some
6.8 miles west of the dam. This corresponds roughly to the trace
of the Tunp Thrust. The most important such fault is the Rock Creek
Fault, which passes within about 8.7 miles of the dam.
Running
north and south just east of Rock Creek for about 28 miles, this
normal fault displays stratigraphic throw of 1000 to 1500 feet.
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Rubey and others (1975) claim that the Rock Creek Fault offsets
alluvial fans and gravel deposits by as much as 50 feet. On this
basis, both Witkind (1975b) and Gibbons and Dickey (1983) map the
Rock Creek Fault as being active or potentially active. However,
neither ESA staff nor other workers (Case, personal communication,
1986) have definitely located sites of recent offset.
In the present tectonic setting, post-Tertiary relaxation of
the thrust sheets may have replaced regional compression with
extension (West, 1986).
The regional prevalence of normal and
block faulting supports this hypothesis, as do the fault-plane
solutions for small earthquakes in this part of the Intermountain
Seismic Belt (Bones, 1978).
West (1986) holds that the normal
and block faults merge with thrust faults at depth. In his model,
the diffuse pattern of seismicity in southwestern wyoming suggests
that most earthquakes occur along the thrust faults at significant
distances from the surface traces of normal or block faults.
D.

ENGINEERING GEOLOGY
1.

Foundation Conditions

Material Properties.
Both alluvium and rocks from the main
body of the Wasatch Formation occur in the existing dam's foundation.
These units will also form the foundation for almost any
modification to the dam.
Although dominantly granular, the alluvium is a heterogenous
material. The sand and gravel in the unit can be either relatively
clean or choked with silty or clayey fines.
Beds and lenses of
both material types are discontinuous, and the data now available
does not permit prediction of just what material exists at any
specific location.
include silty,

Major soil types found during the exploration

clayey sand with gravel

(Unified Classification

SC-SM); silty, clayey gravel with sand (GC-GM); clayey gravel
with sand (GC); clayey sand (SC); well-graded sand with gravel
(SW); well-graded gravel with sand (GW); silty sand (SM); and
silty sand with gravel (SM).
Thin layers and lenses of sandy
silt (ML to SM) and silty clay (CL-ML to CL) also appear locally.
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In general, though, the alluvium has low in-place densities
and is relatively compressible. All deposits sampled have widely
graded distributions of grain size, with rounded fragments of
locally-derived, weak, sedimentary rock forming most of the coarse
grains. These factors give the alluvium low frictional strengths
compared to those of other granular soils. Some deposits possess
slight cohesion as well.
The bedrock is more consistent in its composition.
Samples
from boreholes at the dam are mostly silty claystone classifying
as lean clay (CL) , lean clay with sand (CL) , or fat clay (CH).
The boreholes and pits on the right abutment also exposed finegrained, silty sandstone, silty mUdstone, and very thin layers of
limestone.
Some or all of these rock types may occur locally
beneath the dam.
The bedrock is relatively dense and probably
compresses only slightly under the existing or potential loads
imposed by the dam.
Although much of the rock will shrink or
swell with changes in moisture content, its position beneath the
permanent water table should minimize this tendency.
The uppermost 10 to 15 feet of the Wasatch in the valley
bottom is more-or-Iess weathered.
Although unweathered rock may
possess high cohesion and moderate frictional strength, these
favorable properties cannot be expected in weathered claystone.
At a

minimum,

the weathered rock has probably absorbed enough

water to reach the fully-softened state.
This implies that the
true cohesion has largely or entirely vanished.
If pre-existing
failure surfaces exist (as they do under the nearby landslides),
the frictional strength may have dropped to residual levels as
well.

The weathered Wasatch Formation should be viewed as a

potential zone of weakness in the foundation.
Groundwater.
Except for the uppermost one or two feet, the
valley alluvium is saturated.
Piezometer observations suggest
that subartesian pressures exist in some of the cleaner sands and
gravels present in thicker sections of the alluvium.
The excess
heads appear to be about one to five feet of water. Consequently,
the piezometric surface lies at or just below the existing ground
surface along the dam's downstream toe. Silty or clayey overbank
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deposits act as confining layers, both at the ground surface and
at depth.
The permeabilities of the cleaner sands and gravels
should be one to two orders of magnitude greater than those of
deposits containing silt and clay.
Because the cleaner deposits
occur as lenses and thin channel fills, erratic zones of highpermeability soil may be encountered almost anywhere within the
alluvium.
The weathered Wasatch Formation is also saturated. However,
its bulk permeability is low enough that it transmits very little
water. The claystone itself should have hydraulic conductivities
no greater than the order of 10- 7 cm/s. If significant flow does
occur in this unit, it probably follows open fractures and bedding
planes in weathered claystone, broken layers of limestone or
other brittle rock, or sandy beds with permeabilities enhanced by
weathering.
such flow paths usually cannot be found by auger
drilling. However, the observed groundwater levels are consistent
with the absence of significant flow in the bedrock. For purposes
of this study, the rock is assumed essentially impermeable.
construction Factors.
Both the alluvium and the weathered
rock probably can be easily excavated with conventional motorized
equipment. They appear free from resistant beds or large boulders
that might require rock-excavation techniques. Complications are
likely,

though,

because of high groundwater levels,

subartesian

water pressures, and low-density soil in the alluvium. Dewatering
will probably be needed for excavations penetrating significantly
below the water table. The lenticularity and erratic permeability
of the alluvium will add somewhat to the difficulty of dewatering.
"Blowouts" of low-density sand affected by high water pressures
may occur if dewatering from outside the limits of excavation is
not effective.
In general, material removed from excavations will be too
wet to be immediately placed as fill.
Spreading and drying, or
other measures to reduce water content, will be needed.
Layers
of organic soil may have to be removed and wasted.
Also, some
alluvial beds may contain cobbles with diameters greater than six
inches. For most classes of earthfill, these oversized cobbles
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will also have to be removed and wasted.
No visible amounts of
water-soluble sulfate minerals were noted during the fieldwork.
Nevertheless, both the alluvium and the rock should be considered
slightly or moderately corrosive to concrete and ferrous metals
unless further testing rules out this possibility.
2.

Landslides and Slope Stability.

Nature of Landslides. Most of the landslide complexes along
both valley walls apparently consist of slump-earthflow complexes
(Varnes, 1978). They are generally retrogressive; that is, local
failures at the toes of slopes trigger landsliding episodes that
propagate upslope as series of successive slumps. On the steeper
slopes, such as those south of Meadow Creek, failures also occur
as debris avalanches.

This mode of failure is unlikely on the

gentler slopes surrounding the dam and reservoir.
As the dominant hillslope process, landsliding has moved
debris downhill and governed the backwearing of slopes throughout
the recent geologic past.
The slopes surrounding Kemmerer City
Reservoir are not stable, have not been stable in the historic
past, and probably will not be stable within the dam's remaining
design life.

Movement rates depend strongly on water availability.

At most times, the water supply suffices only to maintain slow,
creeping movements on the slopes.
Such motion usually cannot be
detected by eye.
During very wet periods, though, the movement
accelerates and large ruptures form at the ground surface.
The
most recent episode of movement began in 1984 after an unusually
wet winter.
Apparently, most of the active landslides on both
sides of the valley developed then,
and further movement has
occurred every spring and fall since.
Because of the complex geologic and hydrogeologic conditions,
it is difficult to give general rules for the design of stable cut
slopes in Wasatch bedrock or in materials derived from it.
Cuts
up to about three or four feet high can be safely made at slopes
of 2.0 (horizontal) to 1-.0 (vertical) if free groundwater does
not exist (or is likely to exist) in the cut, and if no backslope
or significant surcharge load exists above the cut. cut slopes
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not meeting these conditions should be individually designed by a
qualified geotechnical engineer, using detailed site studies and
considering the possible existence of residual-strength conditions
within the soil and rock.
Conditions on Right Abutment. The mapped area of landslides
west of the reservoir (Figure 3) ends some distance from the dam.
It thus seems unlikely that those landslides will directly affect
the dam or any modifications to it. However, landslides may well
have an impact on the reservoir.
Small slumps at the banks have
occurred in the past and will continue in the future.
These are
of no consequence to the reservoir's overall safety.
They will,
nevertheless, present a potential hazard to persons on the banks
and to boaters near the shore.
Larger slides could potentially
place sUbstantial volumes of debris in the reservoir. Conditions
do not seem to favor rapid failures that could cause catastrophic
overtopping of the dam. But a significant loss of storage volume
could occur if, say, large parts of the slope above the reservoir
activated and began moving.
As mapped, the landslide area ends near the saddle connecting
the right-abutment mesa with the plateau.
This may reflect the
true situation.
On the other hand, the geologic circumstances
that preserved the terrace remnant as a mesa may have also masked
evidence of old slides.
The presence of any such sliding will
affect the feasibility of building a new spillway at the saddle.
Although no major slope failures (other than small slumps at the
shoreline) appear near the saddle, borehole AH-3 penetrated a
thin zone of harder, fractured rock near elevation 7148 feet.
After drilling, the hole caved below this point and water rose to
about elevation 7158 feet -- some 11 feet above reservoir level.
This behavior may reflect the existence of an old failure plane
near elevation 7148.
Alternately, it may reflect conditions
favorable to slope failure, even in the absence of an ancient
landslide.
Insufficient data presently exists to fully resolve
this issue.
Conditions on Left Abutment. The existing landslide next to
the spillway is an arresting feature of the left abutment. Its
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presence has been an operating concern at the dam for many years,
and continued use of the spillway may well require that the slope
be repaired. In addition, the headscarp of the slide now extends
onto the Highway 233 right-of-way. Any major uphill expansion of
the landslide will likely damage or destroy parts of the travelled
roadway.
Failure of the terrace below the spillway apparently began
within about ten years after construction of the dam.
The most
likely cause of the failure was undercutting of the river bank by
turbulent flow in the spillway plunge pool. At first, the slide
may have been confined to the terrace deposits.
It now appears,
though, that the landslide is a progressive failure that may be
seated in weathered claystone of the Wasatch Formation.
Either
the main body of the Wasatch or the Tunp Member (or both) may be
involved.
As with the landslides west of the reservoir, the
availability of water governs both the rate of movement and the
extent to which the slide expands.
The landslide's appearance on the 1980 aerial photographs
suggests that it had been relatively inactive for some time.
In
the spring of 1984, however, the slide underwent major movement
that at least doubled its area and that produced a new headscarp
near the highway.
At present, the failure incorporates most of
the terrace remnant southeast of the spillway. The overall sense
of movement now seems to be toward the west and northwest, directly
into the spillway plunge pool. However, the scarp nearest to the
spillway has also advanced about 10 to 15 feet up the abutment,
behind the left wall of the spillway chute and toward the crest.
The implications of the landslide's activity will be discussed
later in this report.
3.

Borrow Areas

Near-site Sources.
Only small areas of municipally owned
land surround the reservoir.
While large tracts of privately
held land lie north and northwest of the reservoir, most of the
ground near the dam itself is public domain administered by the
Bureau of Land Management (BLM). In addition, most of section 36
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(to the southeast) is a school section under state control.
The
borrow exploration concentrated on the municipal land near the
reservoir. Only in the case of the old quarry at the edge of the
Hams Fork Plateau was a near-site source on BLM ground studied.
This limitation reflects ESA's judgement that the municipal land
probably contains enough material for the limited modifications
being considered.
It also reflects environmental and procedural
complications involved in opening new borrow pits on lands not
under the Town of Kemmerer's control.
The right-abutment mesa forms the largest potential source
of easily accessible borrow near the dam itself.
Both terrace
deposits and weathered bedrock are available. Crude estimates of
volumes suggest that perhaps 180,000 cubic yards of terrace sand
and gravel and 70,000 cubic yards of weathered Wasatch Formation
might be obtained.
These estimates are based mostly on surface
reconnaissance of the mesa.
than first-order
exploration.

They should be considered no better

approximations

until

confirmed

by

Level

III

As seen in pits TP-6 and TP-7, most of the terrace deposits
are silty and sandy gravels. The material in TP-6 is less silty
than that in TP-7i in addition, TP-6 contains large numbers of
small cobbles. Most of the large particles are rounded or wellrounded fragments of local sedimentary rocks.
They are thus not
highly durable.
The uppermost three to five feet of the terrace
profile also contains large amounts of calcium carbonate. Actual
extents of carbonate enrichment vary from coatings on individual
coarse grains to fully developed layers of caliche. Both the low
rock strength and the carbonate coatings limit the desirability
of this material as concrete aggregate.
It can, though, be used
as common earthfill with little processing other than the removal
of cobbles with diameters exceeding six inches.
Use for more
demanding applications (such as fill for drains or filters) will
require processing to remove fine particles and carbonates.
The weathered Wasatch rocks are mostly fine-grained, clayey
They are quite calcareous, a chemical property that
materials.

A-34

greatly limits the likelihood of dispersive-clay erosion or similar
problems. As such, they can be used for both relatively impervious
earthfill and random fill. However, to use this material requires
that it be sufficiently weathered for processing and placement as
soil.
Because the actual depth and degree of weathering is not
known, the estimated volume of usable material is uncertain at
best.
If the proposed modifications will require this type of
material, detailed study should be made at Level III to define
the actual condition of the weathered rock.
At the left abutment, terrace deposits like those on the
right-abutment mesa cover the active landslide.
Some of this
material can be removed for use as earthfill concurrently with
landslide stabilization. A crude estimate of the silty sand and
gravel available there is about 15,000 cubic yards.
More sand
and gravel can be obtained from the stream alluvium.
However,
this material will be wet and may contain organic debris or large
cobbles.
Only small volumes of alluvium can be taken from the
municipal lands near the dam, as borrowing from too near the
dam I s toe may adversely affect seepage and stability.
Should
more sandy and gravelly borrow be needed, consideration should be
given to mining it from State-controlled lands in section 36.
Off-site Sources.
Some special-purpose materials probably
cannot be easily obtained at the damsite itself.
In particular,
riprap and materials for drains and filters may be more cheaply
obtained elsewhere.
No rock suitable for rip rap exists on the
municipal lands at the reservoir.
For drains and filters, the
small volumes required and the processing needed to manufacture
the material may make on-site sources uneconomical.
The best local source of riprap is the quarry at the edge of
the Hams Fork Plateau. This quarry reportedly supplied riprap for
both the existing dam and Viva Naughton Dam.
Only a few beds in
the quarry are thick enough to make good riprap.
The remaining
beds break into thin, flat slabs mixed with silt-, sand-, and
gravel-sized waste.
Much of the rock excavated at the quarry
thus remains there, forming a ring of waste dumps.
Quarrying of
new riprap requires expansion of the old workings, which lie on
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BLM land.
This will require a special-use permit from BLM, as
well as environmental and reclamation work. The approximate area
(in plan) of required new quarry probably is about equal to the
surface area occupied by the riprap when in place.
Based on the
field examination, the rock appears physically adequate for use
as riprap.
Samples should, however, be tested for strength and
durability before the rock is specified for use.
If roller-compacted concrete is used at the dam, the waste
dumps at the quarry should be studied as potential sources of
aggregate.
Calcareous rocks from the Green River Formation have
been successfully used in roller-compacted concrete at Middle
Fork Dam in Colorado.
Any such use made of the quarry waste
could both exploit a nearby source of inexpensive aggregate and
help to reclaim the quarry area.
Limited volumes of processed filter and drain material,

if

needed, can be trucked to the site from existing gravel pits in
the Hams Fork Valley.
pits examined for this study include that
of Opal Construction Company in section 2, T. 21 N., R. 116 W.,
one operated by Lincoln County in section 22, T. 22 N., R. 116
W., and a disused pit just east of Highway 233 in section 6, T.
22 N., R. 116 W.
Each pit mines terrace deposits like those
present at the dam. They all contain some weak, weathered grains
of sedimentary rock; thick carbonate coats on individual grains
are also common.
Only the Opal pit is now equipped to supply
suitably processed material. Use of the others requires that the
necessary permits and rights of entry be secured and that crushing
and screening equipment be installed.
The cost of doing so may
exceed that associated with purchasing material from an alreadyoperating pit.
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V.
A.

GEOTECHNICAL ANALYSIS

APPROACH TO ANALYSES

One Level II goal was to perform a set of analyses supporting
preliminary design of a selected modification to the structure.
As the study developed, though, several alternative approaches to
the problem became evident.

The selection of a single alternative

required (among other things) input from geotechnical analyses.
As the scope of ESA's services did not cover the full analysis of
several different options, ESA adopted a different approach.
The chosen approach
is to study the existing dam's actual
and predicted performance to the extent practical in a Level II
study.
These analyses then identify the structure's actual and
potential geotechnical deficiencies.

with this information, the

types and extents of workable remedial measures can be defined.
These measures can then be recommended to Greenhorne & O'Mara for
incorporation into the preliminary designs.
Chapter V describes
the analyses performed under this approach; Chapter VI deals with
the remedial measures.
B.

CHARACTER OF EXISTING DAM
1.

Embankment Geometry

An early conclusion of the study was that the existing dam's

outer dimensions do not match those shown on the design drawings.
That the structure was, in fact, actually built in accordance to
those drawings could not be assumed.
Consequently, the first
analytical task was to interpret a model of the dam's geometry.
This was done by constructing cross-sections of the dam at the
two areas where borehole data exists.
Because the boreholes lie
on offsets from different stations along the crest, the crosssections are composites based on the nearest surveyed profiles.
Figure 5 shows the results, which reflect generalized conditions
at stations 3+50 to 4+00 and 5+50 to 6+00.
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Figure No.

S

ESA stresses that the only definite information on subsurface
conditions is the data from boreholes and test pits.
These data
apply only to those specific locations and convey no information
about the positions of soil boundaries anywhere else.
Extension
of boundaries away from boreholes and pits is entirely a matter
of interpretation. with only a few boreholes or pits, infinitely
many interpretations are theoretically possible.
Figure 5 shows
ESA's judgement of the most likely interpretation.
It is quite
possible, though, that actual conditions differ from those shown
on Figure 5. Exploration at Level III should be designed to test
that interpretation so that changes can be made if needed.
The borehole data suggest that the dam originally may have
been built in general conformance to the plans, and that poorly
compacted, random fill was later placed on the structure to raise
it slightly.
A note on an old drawing supplied by the Town of
Kemmerer suggests that such a raise may have been built about 30
or 35 years ago.
This would explain the very wide crest and the
overly steep downstream face now present on the dam.
The theory
that the underlying structure more-or-Iess conforms to its design
drawings governs much of the interpretation shown on Figure 5.
Conditions at the base of the dam and the foundation contact
remain ambiguous.

Boreholes AH-1 and AH-4 show that the contact

lies significantly below a line drawn between the upstream and
downstream toes.
(Boreholes Chen-1 and Chen-2 place the contact
deeper yet.
This may only be misidentification of alluvium as
being part of the dam.)
Two likely explanations of this are (1)
the boreholes penetrated the key trench, and (2) the foundation
stripping extended that deep beneath the original dam. Given the
usual practice for foundation preparation at small dams in 1942,
the first explanation seems more reasonable. The vertical-walled
key trench shown on the plans would have been very difficult to
build in the wet alluvium.
It is more likely that the walls of
the trench actually slope somewhat as shown on Figure 5.
The
alluvium itself varies in thickness from only a few feet to more
than 16 feet.
On the average, the thickness of alluvium can
probably be taken as about 12 feet.
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2.

Soils Properties

Most soil samples recovered from the dam closely resemble
those from the nearby alluvium, terrace deposits, and weathered
rock.
The engineering properties of the natural materials were
discussed in section 111.0.1 of this report. within the dam, the
more-clayey soils went into the core and the more-granular soils
formed the shells.

This does not imply any great uniformity of
Soil properties change considerably from
the individual zones.
borehole to borehole, as well as from point to point within each
borehole.
This is especially true of the suspected raise, where
the random fill is known to vary from gravel with cobbles, to
silty and clayey sand, to masses of weathered claystone.
The core zone consists mostly of clayey sand

(SC),

clayey

sand with gravel (SC), or clayey gravel with sand (GC). Borehole
AH-l also penetrates lean clay with sand (CL) in the lower half of
the dam. Table 1 and the appendix contain laboratory test results
for typical samples of the core. Maximum grain sizes most likely
fall in the coarse-grained gravel range, and about one-quarter to
one-half (by weight) of the soil is of silt and clay size.
The
fine-grained fraction is usually low-plasticity, silty clay.
Most of the coarse grains are fragments of the local sedimentary
rocks.
The core soil is calcareous, contains carbonized root
fragments and other organic matter in places, has low densities,
and is moist to saturated.
No borehole penetrated more than a few feet of the zone
thought to be the original downstream shell.
Very little data
thus exists for that zone. The soil seems to be sand and gravel
with little fine-grained matrix, and probably has low densities.
As already noted, the random fill over the crest and downstream
face is extremely variable.
Most often, though, it consists of
low-density, silty and clayey sand with gravel (or gravel with
sand) •
It apparently is just material taken as was convenient
from the alluvial, terrace, and weathered bedrock deposits, and
placed on the dam without processing or real compaction control.
Little is known about the dam's upstream shell.
For the
purposes of this report, it is assumed to be similar to the soils
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present in the downstream shell. As for the existing riprap, it
can be inspected only near the crest of the dam. Where visible,
it consists of angular blocks and slabs of limestone from the
Fossil Butte Member.
The rock is moderately hard to hard, and
moderately strong to strong.
Rock sizes range from about three
to 24 inches, averaging about eight to 12 inches.
The riprap
blanket is locally discontinuous above the water line and appears
continuous below water level.
No distinct evidence of beaching
or of rock deterioration was found during the fieldwork.
3.

Condition of Dam

The Kemmerer city Reservoir Dam fails on several counts to
meet modern geotechnical standards for the design and construction
of earth dams.
That it has performed satisfactorily so far is
partly because it normally retains a relatively low reservoir.
In addition, the underlying alluvium, downstream from the key
trench, apparently serves as a drain holding the phreatic line
low in the embankment.
Most importantly, the dam has not yet
experienced the critical loading or hydraulic conditions that
would expose the weaknesses in the structure.
The earthfill shows little evidence of having been well
compacted.

Although some compactive effort was probably applied

to the original dam, the fill remains relatively soft and loose.
Uncompacted lifts of pervious soil may exist in the core, where
they allow reservoir waters to pass through the dam with little
head loss.
One such lift was found in borehole AH-4, just below
the normal reservoir elevation.
In the case of the raise, it is
unlikely that any compaction at all was used, other than the tire
and track pressures of the equipment for placement.

The soil

exposed on the downstream face appears to have been end-dumped or
bladed off the crest.
This means that the steep face simply
reflects the angle of repose for the loose soil.
Poor compaction manifests itself as low shear strength, high
permeability, and large settlements.
It is worth noting in the
latter regard that the dam was apparently raised from one to two
feet about a decade after construction, and that it is now about
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a foot lower than its designed crest elevation. The dam shows no
signs of gross instability.
However, surficial sloughing and
erosion are continuously active on the downstream face. The lack
of apparent stability problems probably reflects the low phreatic
line and the slight cohesion of the random fill under the steep
downstream face.
Despite the embankment's record of stability,
the condition of the fill and the low density of the alluvium are
likely to cause problems under earthquake loadings.
C.

SEEPAGE ANALYSIS
1.

Data and Data Interpretation

The data used for the seepage analysis includes water-level
measurements in the six piezometers and permeability estimates
from tests in the four crest piezometers.
Water levels were
measured on July 19 and July 22, 1986; the values are reported on
the borehole logs in the appendix.
Permeability estimates were
derived from falling-head tests made on July 22.
The test data
were analyzed using Hvorslev's (1951) basic-time-Iag method.
A
brief pumping-in test was also run in AH-2 just after drilling.
This test was analyzed using an approximate response function
that accounts for well-bore storage (McWhorter, 1980).
Results of the permeability tests are as follows:
Borehole

Material

k. cm/s

AH-l

Alluvium; silty, clayey sand
w/gravel & silty, clayey
gravel w/sand

0.00002

AH-2

Old shell (1); sand & gravel
Core; lean clay w/sand

0.1*
0.0002

AH-4

Alluvium; clayey sand & clayey
gravel w/sand

0.00002

AH-5

Core; clayey sand & clayey
gravel w/sand
*Pumping-in test.

0.00002

Due to limitations of the method, the accuracy band for most of
these estimates spans about an order of magnitude. In the case
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of the pumping-in test, poor quality of the data may increase the
band to nearly two orders of magnitude.
An interpretation of the flow system was then made using the
measured water levels and a simplified model of dam geometry.
The interpretation, shown on Figure 6, superficially resembles a
conventional flow net.

However,

the solid lines on the figure

are contours of water pressure, not flow lines.

And the dashed

lines are equipotentials, just as in a flow net.
This way of
presenting data has advantages over flow nets for geotechnical
purposes. The pressure contours give the pore pressures directly,
while the equipotentials indicate the flow pattern.
Also, the
method depends on known water levels and requires no a priori
assumptions about the actual permeability values, homogeneity, and
isotropy of the soil.
2.

Flow Patterns and Seepage

A significant pattern shown on Figure 6 is that flow exits
through the embankment's base at points well behind the downstream
toe. This shows that the alluvium downstream from the core serves
effectively as a drain, as does the downstream shell.
The thick
alluvial layer at stations 5+50 and 6+00 is significantly more
effective than the thinner layer at stations 3+50 and 4+00.
At
the latter cross-section, flow in the downstream alluvium has a
strong component parallel to the dam's axis to thicker layers of
alluvium elsewhere in the valley.
The low phreatic line within the dam also confirms that an
effective cutoff does exist, whether or not it has the exact form
of the key trench shown. Flow within the dam has a large downward
component, yielding pore pressures that are less than hydrostatic.
In contrast, an upward component of flow appears in the downstream
alluvium at stations 5+50 and 6+00.
The resulting subartesian
condition produces pore pressures that are somewhat higher than
atmospheric.
An order-of-magnitude estimate of seepage discharge can be
made using the estimated permeability values and the flow pattern
on Figure 6.
Along a vertical plane passing along the upstream
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edge of the crest, Darcy's Law yields an average unit discharge
of about 0.28 cubic feet/day-foot.
Taking the embankment length
as about 780 feet gives a total discharge on the order of 200
cubic feet per day (or one gallon per minute).
The analyses based on Figure 6 do not account for any thin
layers of pervious soil that may exist in the core. Evidence for
the existence of such layers was found in AH-4, where free water
appeared at an elevation just below reservoir level.
In that
case, data from the piezometers subsequently installed shows that
the high-level seepage does not significantly affect the overall
seepage pattern.
Apparently, less-permeable soil confines the
flow to a thin zone of perched seepage.
The original shell of
the dam, in turn, is sufficiently permeable to drain the seepage
water to the foundation.
No definite evidence was found that
seepage through the dam extends to the downstream face.
Because
the vegetation growing on the face can be interpreted as circumstantial evidence of such seepage, though, studies at Level III
should continue to address its possible existence.
B.

STATIC STABILITY ANALYSIS
1.

Analysis Conditions

Simplified profiles of the dam, similar to those used for
the seepage analysis, were developed for the analyses of static
stability.
In addition, the generalized soil units on those
sections were assigned the strength and weight values given in
Table 2.
Figure 7 shows the resulting geometric models.
The
phreatic lines shown are approximately those determined by the
seepage analysis and probably are typical of flow conditions
during normal operation of the reservoir.
Most of the analyses were of circular failure surfaces on
the dam's downstream face.
Because of the possibility that the
weathered Wasatch Formation possesses reduced strength, studies
were made with both peak and residual strength parameters for
this material.
In the residual strength case, a slight cohesion
was allowed for the rock. This was done beca".lse an assumption of
zero cohesion seemed too severe, considering the geologic history
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TABLE 2:

Estimated Strength Parameters

Moist
unit Weight

saturated
unit Weight

Effective
Friction Angle

Effective
Cohesion

Undrained
Shear Strength

Embankment Shells and
Random Fill Zone

100 pcf

115 pcf

35 degrees

100 psf

------

Embankment Core

120 pcf

122 pcf

32 degrees

250 psf

1600 psf

Alluvium in Foundation

108 pcf

112 pcf

32 degrees

0 psf

weathered Bedrock in
Foundation (Main Body,
Wasatch Formation)

135 pcf

140 pcf

28 degrees
(peak)
15 degrees
(residual)

Material

500 psf
(peak)
100 psf
(residual)
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of the rock now at the valley bottom.

The possible residual-

strength condition also led ESA to analyze sliding-block failures
along surfaces in the weathered bedrock.
The static stability analyses were made using the DPMS STABL4
computer model.

This is a microcomputer adaption of the current

version of the well-known and widely used STABL program developed
at Purdue University for the limit-equilibrium analysis of slopes.
specific options used included the CIRCL2 and BLOCK2 routines.
CIRCL2 uses the modified Bishop method of slices to study sliding
along circular surfaces.
BLOCK2 analyzes sliding-block surfaces
using a form of the simplified Janbu method.
The latter method
is an approximate one that usually yields conservative factors of
safety for the kinds of failure surfaces and soil strengths used
in this analysis.

Both CIRCL2 and BLOCK2 incorporate methods to

search for failure surfaces having factors of safety that approach
the minimum for a given slope.
2.

Analytical Results

Figure 7 displays the "most critical" failure surfaces found
by STABL4 as surfaces A, B, and C (stations 3+50 and 4+00) and E,
F, and G (stations 5+50 and 6+00). It should be noted that these
surfaces are based on the preliminary geometry and estimated soil
properties developed in this study and on the limited analyses
performed for Level II purposes.

Further study and analysis at

Level III will probably lead to somewhat different surfaces and
factors of safety.
Also, the use of a phreatic line to define
pore pressures does not accurately describe the actual condition
within the dam. Such use overestimates the pore pressures in the
dam and underestimates them in the lower part of the alluvium.
Nevertheless, the results on Figure 7 are sufficiently accurate
to assess the condition of the existing dam and the probable
requirements for modifications.
For the shallow-bedrock case (stations 5+50 and 6+00), the
computed factors of safety for circular surfaces are 1.65 (with
peak strength in the Wasatch) and 1.25 (with residual strength in

A-44

the Wasatch).
The block surface with residual strength in the
Wasatch yields a safety factor of 1.11.
Given the conservatism
of the simplified Janbu method, this value is probably roughly
equivalent to the 1.25 obtained for the circular surface.
At
stations 5+50 and 6+00, where the rock lies at greater depth, the
circular surfaces have safety factors of 1.83 (peak strength) and
1.51 (residual strength). The block surface gives 1.34, which is
again roughly equivalent to the residual-strength factor of safety
on the circular surface.
It appears that the depth to bedrock
strongly influences the factor of safety; sections where the
Wasatch lies at shallow depth tend have lower factors of safety
than those where it is deeper.
Many agencies set a safety factor of 1.5 for the downstream
face under steady seepage as the minimum acceptable in new designs.
For the purpose of safety analysis, this criterion can be relaxed
somewhat for old dams. The degree of relaxation (if any) depends
on the size and importance of the dam, the consequences of failure,
the severity of the stability condition being studied, and the
dam's performance record.
At the Kemmerer city Reservoir Dam, the factors of safety for
the peak-strength assumption exceed the 1.5 criterion at both
cross-sections.
Even the residual-strength factor of safety
apparently meets the criterion at stations 5+50 and 6+00. However,
the residual strength case falls short of 1.5 at stations 3+50
and 4+00.
Given the past performance of the dam and the extreme
nature of the strength assumption, a lower factor of safety may
be acceptable.
Any modification made to the dam should attempt
to raise that factor of safety to 1.5, though, if it is at all
practical to do so.
E.

SEISMIC STABILITY ANALYSIS
1.

Estimated Ground Motion

Computation of the dam's response to earthquake loadings
required development of a design earthquake and estimation of the
ground acceleration at the site produced by that earthquake.
To
assess the earthquake potential of the region, ESA first obtained
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from the National Oceanic and Atmospheric Administration a current
catalog of earthquakes having epicenters within 100 miles of the
dam. All recorded earthquakes with Modified Mercalli intensities
of V or greater, or either local or body magnitudes of 4.0 or more,
were then plotted on Figure 8 by epicentral location.
Likewise,

the faults believed to be active or potentially

active within 100 miles of the dam were also plotted on Figure 8.
The combination of earthquake epicenters and suspected seismogenic
faults shown on the figure gives a visual impression of regional
seismicity.

Data sources used to identify the faults include the

maps of witkind (1975a) in Idaho, of witkind (1975b) and Gibbons
and Dickey (1983) in Wyoming, of Kirkham and Rogers (1981) in
Colorado, and of Anderson and Miller (1979) in utah.
The next step was to select those potentially seismogenic
faults capable bf generating earthquakes with significant ground
motion at the damsite.

Several such faults can be identified

from Figure 8 on the basis of their size and their proximity to
the site.
Also, existing seismotectonic studies for other dams
in the region were examined for this purpose.
Studies performed
by the u.S. Bureau of Reclamation include those for Palisades Dam
in Idaho (1982), for Fontanelle (1983) and Meeks Cabin Dams (1982)
in Wyoming, and for Causey (1985), Hyrum (1982), and Newton (1982)
Dams in utah.

WWDC reports consulted include those for the proposed

Sulphur Creek Dam and West Fork, Upper Bear River projects.
ESA then took the ten most-significant faults and estimated
the magnitude of the maximum credible earthquake (MCE) for each
fault. This was done using a relationship between rupture length
and earthquake magnitude proposed by Housner and Jennings (1982).
Peak ground accelerations at the damsite were then estimated from
the attenuation curves of Seed and Idriss
(1981).

(1982)

and Campbell

Campbell's curves are for near-source ground motion and

were used when the earthquake-producing fault passed within 20
miles of the damsite. Table 3 summarizes the faults studied, the
MCE magnitudes, the ground accelerations, and other relevant data.
The seismicity pattern shown on Figure 8 suggests that only
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Table 3:

SeiSJ1lCXJenic structure

Fault I.eng1;h

Rock Creek Fault
Crawford 'Ihrust
Fast Side, Bear lake Fault
star Valley Fault
Bear River Fault Zone
Absaroka 'Ihrust (part)
. East Cache Fault
Snake River Graben
Hoback Fault
Wasatch Fault
Intennountain Seismic Belt
Intennountain Seismic Belt
Intennountain Seismic Belt
Intennountain Seismic Belt
Probabilistic (50,000 yr)
Probabilistic (10,000 yr)

28 mi.
63 mi.
68 mi.
30 mi.
23 mi.
9.5 mi.
62 mi.
92 mi.
33 mi.
213 mi.

Earthquake Properties

~icentral

Distance

(44 kIn)
8.7 mi. (14 kIn)
(101 kIn)
15 mi. (24 kIn)
(109 kIn)
36 mi. (57 kIn)
47 mi. (75 kIn)
(48 kIn)2
(37 kIn)
55 mi. (88 kIn)
(15 kIn)2
56 mi. (90 kIn)
(99 kIn)
60 mi. (95 kIn)
(147 kIn)
70 mi. (112 kIn)
(52 kIn)
74 mi. (118 kIn)
(370 kIn)
77 mi. (123 kIn)
o mi. ( o kIn)
0.6 mi. (1 kIn)
3.1 mi. (5 kIn)
6.3 mi. (10 kIn)

------

local
Magnitude
6.9 1
7.3 1
7.4 1
7.0 1
7.2 1
6.7 1
7.3 1
7.5 1
7.0 1
8.0 1
6.0
6.0
6.0
6.0

Focal

De~th

5 mi. (8 kIn)
5 mi. (8 kIn)
5 mi. (8 kIn)
6.5 mi. (10 kIn)
7.5 mi. (12 kIn)
7.5 mi. (12 kIn)
5 mi. (8 kIn)
8 mi. (13 kIn)
8 mi. (13 kIn)
5 mi. (8 kIn)
7.5 mi. (12 kIn)
7.5 mi. (12 kIn)
7.5 mi. (12 kIn)
7.5 mi. (12 kIn)

1Estimated usirg 1/2 of fault length with rurve of Housner and Jennirgs (1982)
2Length of mapped rupture; assumed equal

to 1/2 of fault length

3From unconstrained attenuation model of Campbell (1981)
4Fram Figure 15 of Seed and Idriss (1982)
5Extrapolated from Algermissen and others (1982)

Peak
Horizontal
Ao:e1erat ion
0.22
0.20
0.14
0.07
0.06
0.05
0.06
0.05
0.03
0.06
0.64
0.51
0.26
0.16
0.55
0.37

g3
g3

~
~
~
~
~
~
~
~

g3
g3
g3
g3
g5
g5

very limited historic activity has occurred in the Wyoming part
of the Overthrust Belt. As West (1986) noted, the pattern is
diffuse and shows little close correlation with mapped faults.
Consequently, ESA examined the effects of a randomly located,
regional earthquake, unassociated with any mapped fault.
To be
consistent with the practice of both the Bureau of Reclamation
and the consultants for the other WWDC projects, the event chosen
has a

local magnitude of 6.0 and a

focal depth of 7.5 miles.

Table 3 includes the peak horizontal accelerations computed for
this earthquake, using Campbell's (1981) curves, for epicentral
distances ranging from zero to 6.3 miles (10 km).
The acceleration for the regional earthquake at an epicentral
distance of zero is 0.64 g. This is extremely high, and perhaps
unreasonably so.
As a matter of probability theory, the chance
of a random MCE occurring precisely under any exact point on the
earth's surface is essentially zero.
That chance increases with
distance from the point in proportion to the area of the circle
with a radius equal to the distance.
Because the accelerations
caused by the regional MCE attenuate rapidly with distance from
the epicenter, the distance corresponding to an acceptably small
probability of occurrence may be sufficiently great to impose a
significantly lower peak acceleration on the damsite.
To assess
this situation, ESA extrapolated the probability-based ground
accelerations proposed by Algermissen and others (1982), thereby
obtaining estimates of accelerations with annual probabilities of
exceedance of 0.0001 and 0.00002. These probabilities correspond
to mean return periods of 10,000 and 50,0000 years, respectively.
Both accelerations also appear in Table 3.
From Table 3, several critical accelerations were selected
for further stages of analysis.
From the earthquakes associated
with known faults, those on the Rock Creek Fault and the Crawford
Thrust appear most critical.
The regional earthquakes having
epicentral distances of 0, 3.1, and 6.3 miles (0, 5, and 10 km)
were also included.
Finally, the probabilistic event with the
mean return period of 10,000 years was selected as well.
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2.

Liquefaction Analysis

Soil liquefaction is the most likely cause of ground failure
during or just after earthquakes for saturated, low-density,
granular soils. such soils appear to exist in the alluvium under
the dam, in the original shell zones, and perhaps in the random
fill as well.

Rigorous study of liquefaction potential requires

highly sophisticated modeling that is well beyond the scope of
this study.

However, simplified methods exist that allow general

assessment of liquefaction potential when used with judgement.
The simplified methods employ a number of assumptions about
the nature of the ground shaking, the basic properties of the soil,
and the soil's response to shaking.
were developed for clean,

In addition, the procedures

fine- to medium-grained sands and not

for gravelly soils containing silty or clayey fines.
corrections have been proposed for such soils,
those corrections is not well documented.

Although

the validity of

The simplified methods

are intentionally conservative even under the soil conditions for
which they were developed. Applying them to the soil conditions
at the damsite may yield results that are more conservative yet.
Accordingly, the methods used in this study serve only as a basis
for making general judgments about dam safety, with an understanding
that more-rigorous analyses may show the liquefaction potential
to be less severe than do the simplified methods.
The procedure used for this study is that of Seed and Idriss
(1981). Basically, the method depends on empirical correlation of
liquefaction behavior during actual earthquakes and in laboratory
tests with the "N"-values from standard penetration tests (SPT)
performed while sampling boreholes. At the damsite, difficulties
arose because the high gravel and cobble content of the soils
often produced "Nil-values that were too high.

This was only a

minor problem for the soils in the core, shell, and random fill.
But in the alluvium, virtually every SPT result was affected. To
deal with this problem, the raw "Nil-values from the field were
first corrected for drill rod, sampler, and overburden effects in
the usual way.
The lowest value so obtained was then applied to
the entire deposit of alluvium.

The rest of the analysis was
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done in the usual way, except that a gravel correction reported
by Chen (1986) was applied to the critical cyclic stress ratio
causing liquefaction.
Table 4 contains the analysis results for the six critical
earthquakes at various locations within the dam and foundation.
Those locations include the following:
1.

In the alluvium at the dam's downstream toe,
foot below the ground surface.

1.0

2.

In the alluvium at the dam's downstream toe, 20.0
feet below the ground surface.

3.

In the alluvium under the dam, 2S.S feet below the
downstream edge of the dam's crest.

4.

In the alluvium under the dam, 4S.S feet below the
downstream edge of the dam's crest.

S.

In the alluvium under the dam, 19.3 feet below the
upstream face at a point near the water line.

6.

In the alluvium under the dam, 39.3 feet below the
upstream face at a point near the water line.

7.

In the upstream shell, 1.0 foot below the surface
at a point below the water line.

The depths used for cases 2, 4, and 6 are based on an assumption
that 20 feet is a reasonable estimate of the alluvium's maximum
thickness. For cases 3 and 4, the locations lie directly beneath
the downstream junction of the key trench and the core.
Cases S
and 6 occupy the same positions relative to the upstream junction.
The results show that, with any of the earthquakes, the thin
upstream shell would probably liquefy and slide into the reservoir.
From the geometry shown on figures S to 7 it does not appear that
this failure in itself would probably endanger the dam, however.
Much more significant would be the behavior of the foundation.
Only for the Rock Creek Fault and Crawford Thrust earthquakes,
and the Intermountain Seismic Belt regional earthquake occurring
at greater distances from the dam, does the simplified procedure
rule out liquefaction. The 10,000-year probabilistic event would
probably liquefy only some of the alluvial deposits near the
dam's downstream toe. By contrast, the SO,OOO-year probabilistic
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Factors of Safety Against Liquifaction

TABLE 4:

~

Rock Creek Fault
ML • 6.9
• (14 kin)

Crawford Thrust
ML 7.3
(24 km)

Intermountain
Seismic Belt
ML -= 6.0
(0 km)

Intermountain
Seismic Belt
ML = 6.0
(5 km)

Intermountain
Seismic Belt
ML = 6.0
(10 km)

Probabilistic
50,000 yr •

Probabilistic

Downstream Toe
Depth
1.0 ft.

1.05

1.10

0.45

1.12

1.81

0.53

0.78

Downstream Toe
Depth
20.0 ft.

1.14

1.15

0.47

1.15

1.88

0.55

0.81

Downstream Edge of Crest
Depth
25.5 ft.

2.09

2.20

0.89

2.19

3.56

1.04

1.54

Downstream Edge of Crest
Depth
45.5 ft.

1.95

2.05

0.83

2.04

3.31

0.96

1.43

Near Upstream Crest
Depth = 19.3 ft.

1.23

1.25

0.66

1.62

2.63

0.76

1.14

1.18

1. 25

0.64

1.58

2.56

0.75

1.11

0.36

0.36

0.16

0.38

0.63

0.18

0.27

LOCATION

III

10,000 yr.

III

III

III

III

Near Upstream Crest
Depth = 39.3 ft.
Upstream Shell
Depth = 1.0 ft.

event would liquefy the entire alluvium layer except, possibly,
for some zones just below the dam - foundation contact near the
downstream side of the key trench. And an Intermountain Seismic
Belt regional earthquake occurring at the damsite itself would
probably liquefy all of the alluvial soil.
Liquefaction of anything more than small, isolated zones in
the foundation most likely would result in major slope failures
on the dam. One scenario for such failures is the following:
1.

The ground motion from almost any major earthquake
in the area would probably cause the upstream shell
to fail into the reservoir as a flow-slide.
This
would leave the core and the downstream shell to
retain the reservoir.

2.

Earthquakes with peak accelerations in excess of
about 0.2 to 0.3 g at the dam would generate slumps
or flow-slides on both the upstream and downstream
faces. The failures would begin near the toes. At
higher accelerations, the failures will propagate
toward the crest. Failures would probably be most
extensive on the upstream side.
Should failures
on either face reach the crest, there is a good
chance that the dam will breach.

3•

wi th ground accelerations exceeding about 0.4 to
0.5 g, failure would be general on both faces.
Again, damage to the upstream face would be more
severe than that on the downstream face. Only the
existence of a very high freeboard can provide a
reasonable chance that catastrophic release of the
reservoir will not occur.

Comparison of this scenario with the earthquakes on Table 4 shows
that any of the those earthquakes will probably cause significant
damage to the existing dam.
The damage described in the first
paragraph, above, may leave the dam in operable condition and can
be readily, if not economically, repaired. That described in the
other paragraphs will probably either destroy the dam or force
its abandonment. It is probably not reasonable to use any earthquake
smaller than th~ 10,000-year probabilistic event or its equivalent
for design or rehabilitation purposes. Conclusions drawn from the
analysis must be qualified, considering the limitations of the
available data and the inherent conservatism of the simplified
methods. At this level of study,though, the existing dam would
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probably undergo severe damage or breaching failure as a result
of a reasonably-estimated design earthquake.
3.

Deformation Analysis

Soils that do not liquefy may still experience permanent
deformations under earthquake loadings.
If large enough, such
deformations can constitute failure of a dam in themselves.
A
common, approximate procedure for estimating the magnitude of
permanent displacements is based on Newmark's (1965) approach.
This method presumes that, if the horizontal acceleration is
sufficiently high to cause an element of soil to start sliding,
then permanent deformation of that element occurs.
The total
deformation is the sum of the individual deformations occurring
during each short time period in an earthquake that the ground
acceleration exceeds the critical value.
Simplified methods are
available to estimate the total deformation without having to
compute the individual components.
A first step in performing this type of deformation analysis
is to estimate the yield coefficient, or the critical acceleration
needed to start sliding. This is done by making several ordinary
stability analyses using acceleration as a pseudostatic force
acting on the sliding mass.
The acceleration required to lower
the static factor of safety to 1.0 is the yield coefficient.

It

is known that earthquake accelerations reduce the shear strengths
of many soils.
In particular, the undrained shear strength of
clay decreases by an average of about 20 percent and the effective
stress in saturated, granular soil declines because of earthquakeinduced pore pressures. The latter effect is closely related to
liquefaction; if the pore pressure increases enough to reduce the
effective stress to zero, liquefaction occurs.
In the interest
of conservatism, the yield coefficient should be calculated by
stability analyses using the reduced strength values.
The reduced-strength (or post-earthquake) stability analysis
was made using the cross-section at stations 3+50 and 4+00 and
the ground acceleration for the 10,000-year probabilistic event.
Strength parameters for the weathered Wasatch Formation (assumed
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to be at residual strength) and for the unsaturated parts of the
dam were not changed.
For the core, an undrained shear strength
equal to 80 percent of the value shown on Table 2 was used. The
saturated part of the original downstream shell may liquefy under
the specified acceleration (0.37 g), so a pore pressure coefficient
of ru = 1.0 was used for that material.
In the alluvium beneath
the downstream face, some soil may liquefy but most will not. An
overall value of ru = 0.75 was therefore assigned to the alluvium.
As with the static stability analyses, the post-earthquake
analysis was made using the modified Bishop option in the STABL4
The first set of analyses yielded a critical surface
program.
shown as surface D on Figure 7 and a minimum factor of safety of
about 0.31.
An independent check by hand, using the modified
Bishop Method, gave a factor of safety of 0.64 for the same
surface.

Examination of the computer output shows that the shell

and random filIon the dam's downstream face will tend to fail
altogether. Failure mayor may not extend significantly into the
core zone. The conclusion is that, even if liquefaction does not
occur, earthquake-induced pore pressures will probably weaken the
downstream zones and the alluvium to the point that static instability
occurs.
It should be emphasized that, as in the liquefaction analysis,
the assumptions employed are quite conservative.

Consequently,

the actual post-earthquake situation may well not be as severe as
this analysis indicates.
Nevertheless, the probability remains
quite high that the downstream face will be seriously damaged in
an earthquake even in the absence of liquefaction.

Because static

failure of the downstream face violates assumptions of the Newmark
approach, the deformation analysis was ended at this point.
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VI.
A.

PRELIMINARY DESIGN CONSIDERATIONS

PROPOSED MODIFICATIONS TO DAM
1.

Retention of Existing Dam

Barring the option of breaching the dam and eliminating the
reservoir (for which few or no geotechnical design considerations
exist), to retain the existing dam and lower the elevation of the
present spillway crest involves the least expense and effort.
This option requires no major changes to the dam.
Consequently,
the structure retains the same deficiencies as at present.
The overall static stability of the dam is acceptable as it
now stands.
Dropping the reservoir level will improve stability
by lowering the phreatic line in both the dam and the alluvium
downstream.
Shallow-seated sloughing and erosion on the steep
downstream face will present recurring maintenance problems.
It
will be desirable to flatten that slope and to apply some type of
erosion protection to the face.
A slope of 2.0 (horizontal) to
1.0 (vertical) probably can be achieved by trimming random fill
from the wide crest and recompacting it in place at the toe. The
use of conventional earthmoving equipment to do this will require
some excavation and replacement of the existing random filIon
the face.
Waste rock from the quarry on the plateau can be used
for erosion-resistant surfacing on the face.
Concurrently with
lowering the spillway crest, work should be done to stabilize the
landslide on the left abutment.
This work will be discussed
later in this chapter.
Earthquake stability is a major geotechnical consideration.
In terms of the risk posed to the structure and to the people and
property downstream, an earthquake equivalent to the 10,000-year
probabilistic event probably presents about the same hazard level
as a flood generated by 1/2 of the probable maximum precipitation
(PMP).
If the 1/2-PMP flood poses an acceptable risk, then this
earthquake arguably constitutes the minimum acceptable seismic
event.
However, the 10,000-year event is likely to seriously
damage the dam. This means that the lowered spillway should keep
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the normal reservoir level at no more than 1/2 to 2/3 of the
dam's height.
If this is done, the freeboard should be adequate
to prevent catastrophic release of the pool even if earthquake
effects partly destroy the embankment.
2.

Raising of Dam (Without Overtopping)

A conventional approach to problems with inadequate spillways
is to raise the embankment high enough that the spillway can pass
the desired flood.
At the Kemmerer City Reservoir Dam, a raise
of about seven feet will be needed. The earthwork required for this
will probably almost double the volume of the embankment. Sources
of borrow at the damsite probably cannot supply this much material,
so that some borrow will have to be imported. As with the other
options, this alternative requires that the spillway landslide be
stabilized.
At a minimum, the random fill and original shell (if present)
should be removed before construction of the raise.
Because of
the liquefaction potential in the foundation, the alluvium should
be completely removed from under the raise unless future, detailed
analysis shows that it can safely be left in place.
Dewatering
will be required for this excavation.
should be

suitable drains and filters

installed against both the core of the dam and the

unexcavated alluvium beneath the core before placement of the raise.
The new fill should be designed, placed, and inspected in
accordance with modern standards of practice.
It should be able
to withstand an earthquake equivalent to the 10, OOO-year event
without major damage as a minimum requirement.

If feasible,

it

should be designed to survive more-severe earthquake loadings, up
to that imposed by the regional earthquake located at the dam.

As

a significant potential for liquefaction will still exist on the
upstream side of the dam, the raise should provide a wide crest,
ample freeboard, and wide filter and drain zones.
3.

Raising of Dam (With Overtopping)

alternative to the major raise described above is the
construction of a low raise, designed to survive limited depths
An
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of overtopping during major floods.

Many possibilities exist for

meeting this goal.
Among these are earthfill designs, protected
by either riprap or some type of pavement, and different types of
sections composed of roller-compacted concrete.
An important
reason for considering the option of a low raise is that much
smaller volumes of fill would be involved.
This both decreases
the cost and increases the chances that on-site borrow sources
will be adequate to supply the need.
This option also requires
repair of the spillway landslide.
Designs using earthfill are essentially smaller versions of
the major raisa, so that the same considerations apply.
Because
a raise intended to be overtopped will certainly be lower, and
probably be smaller, than a major raise, control of the potential
liquefaction problem will be more difficult.
No extra freeboard
will be available, and the volume of alluvium replaced will be
considerably smaller. It will be necessary to rely upon drainage
in the foundation, good compaction in the earthfill, and a wide
crest to deal with the problem. Even so, the low raise will not
provide as much protection as will a more-extensive modification
to the dam.
Use of riprap as the erosion-proof surface presents its own
complications.

Foremost among these

is

the fact that riprap

subjected to high-velocity flow is not stable on steep slopes.
Even for limited depths of overtopping and moderately large
riprap sizes, the downstream slope may have to be flattened to at
least 4.0 or 5.0 (horizontal) to 1.0 (vertical). While this may
greatly improve the seismic stability, it will be quite expensive
and will require importation of borrow from off the site.
The
required volume of riprap will also require a major expansion of
the quarry.
Roller-compacted concrete offers an attractive al ternati ve
to earthfill for this type of application. Advantages include a
relatively low cost, high intrinsic resistance to erosion, and
minimal requirements for borrow or quarry" operation.
possible
designs range from simply replacing the random fill and downstream
shell with concrete to building what amounts to a separate dam at
A-55

the downstream toe of the existing structure. The latter concept
permits a near-optimum solution to earthquake-stability problems;
the concrete structure can be designed as a gravity dam to be
stable under almost any desired earthquake loading.
One design
that is not recommended involves paving the existing dam with
roller-compacted concrete.
Such a pavement would be susceptible
to damage by differential settlement, and could be destroyed by
the effects of a major earthquake on the underlying soil.
If roller-compacted concrete is used, it should be carried
to a good foundation on firm bedrock. No alluvium should remain
in place beneath it. Good drainage should be provided along the
upstream side of the concrete structure so that high pore pressures
do not develop in the alluvium or the dam.
The random fill and
downstream shell on the existing dam should be removed and, if
necessary, replaced by well-compacted fill.
B.

PROPOSED NEW RIGHT-ABUTMENT SPILLWAY

Another option, one not requiring modifications to the dam,
involves construction of a new emergency spillway through the
saddle on the right abutment. This option implicitly leaves the
existing dam intact, with the same problems and deficiencies
already noted.
The new spillway thus fails to resolve important
issues at the dam and may create new ones on the abutment.
The limited evidence from borehole AH-3 suggests that the
rock can be excavated by heavy power equipment.
While blasting
will probably not be needed (and might be ineffective in the soft
rock), ripping will be required.

The excavation will produce a

large volume of fragmented claystone and mUdstone for which some
means of disposal must be found.

It should be noted that the

required crest elevation of the new spillway would lie below the
water table measured in AH-3. When completed, the spillway will
not resist erosion well unless it is lined or riprapped.
An
unlined spillway will probably develop serious gully erosion
unless discharges through it are brief, quite infrequent, and of
limited volume.
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The presence of ancient landslides at or near the spillway
site adds a major element of risk to the concept. To explore this,
a very preliminary analysis of slope stability was made for the
completed spillway.
As with the other stability analyses, this
one used circular failure surfaces and the CIRCL2 routine of
STABL4 to estimate factors of safety.
Figure 9 shows both the
configuration of the spillway and the results of the analysis.
An optimistic assumption of peak shear resistance everywhere in
the Wasatch Formation rocks behind the cut yields a safety factor
of 1. 65.
Conversely, the pessimistic assumption of residual
strength in the rock gives a factor of safety of 0.65. Using an
anisotropic model with residual strengths along planes that are
roughly parallel to the natural slope and peak strengths along
all other directions, a safety factor of 1.22 results.
Normally, cut slopes in well-behaved geologic materials that
lack unusual strength problems are designed for a minimum factor
of safety equal to 1.5. Weathered Wasatch rocks on the flank of
the Hams Fork Plateau cannot be assumed to lack such problems, so
higher minimum factors of safety are desirable. Even with 1.5 as
a criterion, though, the proposed excavation has an acceptable
safety factor only if an optimistic assumption about rock strength
is made.

A very high risk exists that this cut slope would

eventually fail.

In this event, an expensive retaining structure

and program of grading and drainage would be needed to correct
the failure. It is even possible that no feasible way of repairing
the failure may exist.
C.

GEOTECHNICAL TREATMENT OF LEFT-ABUTMENT LANDSLIDE

The options that retain both the reservoir and its existing
spillway are all likely to require stabilization of the landslide
at the left abutment.
The magnitude of required stabilization
may vary from limited work adjacent to the chute and plunge pool
In the latter
to wholesale reconstruction of the failing area.
case, the work would probably have to be done with the cooperation
of the Wyoming Highway Department.
To determine the required
extent of work requires much more geotechnical data for the slide
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than is available at Level II. Consequently, only general comments
about the slide and its repair can be made at present.
Figure 10 shows a plan and an assumed cross-section of the
landslide. The only historic data for the failure are on an old,
undated drawing of some proposed modifications to the spillway,
which was supplied to Greenhorne & O'Mara by the Town of Kemmerer
during the course of the study. This drawing includes a crudely
drawn outline of the landslide and a plan of a subsurface drain
system that evidently was installed in 1953.
If the drawing is
correct, the drains consist of six- and eight-inch perforated
pipe of unknown type, buried about eight to 12 feet deep.
The
main outfall line to the plunge pool generally follows the course
of a small creek on the surface.
This evidence suggests that the landslide had moved enough
during the first decade of dam operation to raise concerns that
it might damage the spillway.
No further work was apparently
done on the slide until 1984 and 1985.
At that time, the muchenlarged landslide extended onto the highway right-of-way and
appeared to threaten the highway itself. The Highway Department
then placed half-rounds of corrugated metal pipe along the small
creek to minimize infiltration, and fenced off the headscarp near
the highway shoulder.
In addition, they drilled and logged a
single auger borehole above the headscarp in February 1985. That
borehole penetrated 17 feet of terrace sand and gravel, followed
by 12 feet of well-weathered claystone, before entering intact
claystone of the Wasatch Formation. Groundwater rose to 27 feet
below the ground surface within a day after drilling.
Although most of the recent movement has been from the east
and southeast toward the plunge pool, the headscarp has advanced
slightly up the abutment, behind the spillway chute.

It is not

known if the limited extent of the movement behind the spillway
is due to the effectiveness of the subsurface drains, to changes
in the underlying geologic or groundwater conditions, or to other
factors.
Therefore, it is also not known if the landslide will
probably extend further up the abutment in the future.
For the
purposes of Level II study , it is prudent to assume that some
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remedial work must be done to limit the potential damage that
might occur to the spillway.
In addition, bank erosion in the
plunge pool could be viewed as the primary cause of landslide
damage to the highway.
This situation may also require that
stabilization work be done.
Reiterating that a landslide repair cannot be proposed with
confidence until more is known about the slide, the scheme shown
on the cross-section of Figure 10 is presented for conceptual and
estimating purposes. This concept involves the following steps:
1.

Excavate the soil at and behind the headscarp to a
depth beneath the basal shear plane of the slide.
Backfill the excavation with granular soil that
can act as both a shear key and a drain.
If
needed, install drainpipes or synthetic drain
panels.

2.

Remove as much soil and rock as practical from the
upper parts of the slide. Grade the slide surface
to a gently-sloping, well-drained surface.

3.

Excavate out the toe of the landslide, adjacent to
the plunge pool. Replace it with riprap and wellcompacted, granular soil to form an armored toe
berm of sufficient size to retain the remaining
part of the slide.

Following a correct construction sequence for a scheme of this
type may be critical for success.
For example, excavating the
toe before completing the preceding steps may destabilize the
slope and precipitate more sliding.
To develop a final design for this repair requires significant
geotechnical study at Level III, together with careful definition
of the requirements for the repair.
It may be necessary to only
stabilize the north flank of the slide. If so, this will be more
economical than repairing the entire landslide. Alternately, the
detailed study may show that the slide does not present a major
bazard and can be neglected.
These matters cannot be finally
resolved at Level II with the information so far available.
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APPENDIX 1:

LOGS OF TEST BOREHOLES
AND TEST PITS

ESA Geotechnical Consultants
DRILLING AND

SAMPLING LOG

PROJECT Kemmerer Reservoir Dam
DATE DRILL EO July 15-16, 1986
HOLE No.~A--.:...H-_1:....-.-_ _
LOCATION 2.3 ft. dis from crest station ~+44.9
GROUND SURFACE ELEV. 7151.72 ft.
DRILLING CONTRACTOR Drilling Eng. Inc'lOGGED BY R.N. Morri~EPTH TO GROUND WATER 25.78 ft.
TYPE OF RIG CME 55
HOLE DIAMETER 6-5/8 in. HA~MER WEIGHT AND FALL 140 lb.; 30 in.
SURFACE CONDITIONS Rutted dam crest; rocky; scat. veg.
WEATHER Overcast; cool; It. rain
DEPTH

CLASS.

FIELD DESCRIPTION
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.
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~------~-4--~-4
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8-1
'.,
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28.5 2B-:,-.--_ _+_----4
&gravel-size pebbles of Wasatch
~ soft, easy, quiet drilling.
fmtn. rocks.
__
5
55
__
Lt. chatter begins @ 28.5 ft
5C4
.
5M
~ 8-6
7 0.9/1.5
Stopped @ 29.5 ft. (1:37)
.l-----~~..!...ALLD--!..!....<~.• for drive. Sampler very wet
to 28.5-37.5 ft. RIVER ALLUVIUM
32-Back dri 11 i ng @ 1: 45. Stil
GC- 28.5-37.5 ft. SIl TV, CLAV[V SAND WITlr,GM GRAVEL and SILTY, CLAVEV GRAVEL WITH
relatively smooth, but drill c
-SAND; SC-SM to GC-GM; dusky yellowish
. gradually slower.
~
brown (10YR3/2). 15-25% low-plasticit
8-7
1.~6 1
'1: Stoppe~ @ 34.0 ft. (1:48)
'C. ~_
fines; 15-30% fine-grained sand; 10- __
AD
for drIve. Changes to grav3 v-:
2v/o
f\tI/
•
- •- e11 y SOl. I 'In d'
~
med.-gra1ned
sand; 10 - 200//0 coarse- ~
rive.
37.5~
.~---4-----1 grained sand; 5-20% fine-grained grav:. Back drilling@2:01.Drillc
-Tw el; trace-25% co~rse-grained gravel. -slower; 1t. to mod. chatter
40 ~
Mostly subangular & subrounded frags. _ 8-8
714
55
SHEET_1_ OF _2_
SM

0.0-28.5 ft. DAM EMBANKMENT

--

--

,,1

-.

T
±

o7{

I

l

t

Kemmerer Reservoir Dam

PROJECT

DEPTH

CLASS.

40

~

FIELD

DATE DRILLED

July

15-16, 1986

HOLE No.--=-A:..:....;.H_--'"-1_ __

REMARKS

MODE

DESCRIPTION
D

T

28.5-37.5 ft. SILTY, CLAYEY SAND WITH
2.
1.1t/15:. Drilling smoothes out, 37.5
W GRAVEL and SIl TV, CLAYEV GRAVEL WITH
:~
AD
: ft.
:
~
-~-~
SAND \continued)
:t
:~ Stopped @ 39.0 ft. (2:04)
of quartz &sedimentary rocks; many
:~
:~ for drive.
rounded
pebbles
of
Wasatch
&
Green
-.'""
..
-----Il-:-u.,.....-I--s-s---+-D.Dack
-drilling@2:14.Smpott
44-.1~
River
Fmtn.
rocks;
slightly
organic.
:..
8-9
Z:s
1.511.5:
uniform,
quiet drilling.
.1'1Loose; saturated.
__
AD
__
Stopped @ 44.0 ft. (2:18)
-~
Becomes more gravelly near base.
:
... for drive.
•• Back drilling @ 2:29. Uni48-37
•
5 ft. -bottom.
WASATCH FOR--::::Torm dri lling; rock becomes
...
MATION (MAIN 80DY)
.I:.. ----+f~1~~S=-=S:--:l..
•• gradually sti ffer •
SILT Y CLAVSTON E (LE AN CLAV WITH SAN 0; - - 8- 10
~~ 1.5 I 1 • s: - Stop pe d @ 49.0 ft. ( 2 : 32 )
.·
CL); olive gray (5V4/1). About 80-95%
.. for drive.
low- and med.-plasticity fines; 5-20% _:...
AD
Back drilling @ 2:46. Slow,
52-.
)
(
f
san d mostly ine-grained. BentonitIc:
. very smooth dn·11"Ing.
•
wIno distinct bedding; breaks along
:.
••
-:rconchoidal surfaces. Becomes slightly.
33
SS . Stopped @ 54.0 ft. (2:56)
55 5.. ::
more plastic & less sandy with depth.:: 8-11
~ 1.5/1.5:: for drive. Terminated hole
5b-.-----+-......... Very stiff to hard; saturated. Frac- __
_~ 55.5 ft. (3:05 p.m.), well
•
turing unknown; soft to low hardness; .:
.. into Wasatch rmtn. bedrock.
:
plastic to weak; mod. weathering 00- -:
::
-::cally stained to light olive brown, 5Y~:
-::Backfilled w/cuttings and
.:
5/6, and mod. yellowish brown, 10VR5/4~.
: soil to 33.2 ft.; placed ben
---:;-: -:;- toni te pellets to 32.7 ft •
.~
BOTTOM OF HOLE = 55.5 feet:~
.~ Set 2.0 ft.-long piezometer
..:~
..:t:.
":~(2.0 in. Sched. 80 PVC with
:~
~~!~~_~~~~~~_~!~~~_2~~~~~_~~~!~::~:"
~
.~ 0.04 in. slot s) w/ 1-1 / 4 in.
~
~~.~ PVC riser pipe. Began plac-~
07/19/86 (4:00 p.m.) -- 25.78 ft.
-~ing #10-size sand pack; sand
.~
07/22/86 (4:16 p.m.) -- 26.01 ft.
:~
.~ bridged and locked pipe in
.~
~.~
-~
-r-auger. Washed sand out and
::
:~ freed pipe; placed sand pack
.-:_
_~
_wo 30.7 ft.

...

·

--

-:r
-:r

......

":r.~

-

~
~
~

..~

.:..
:
:
-::::

.:..
::
.:

-::
..::.
.:

-.
..
-~

~

~

~:~ END or SHIrT, 07/15/86 (7:27
_~
':~p.m.)

.

~

-~

----------------------------

.~:~ BEGIN SHIFT, 07/16/86, 8:20
..:..-~
t:..
...: ~ •m• Wa t e r 1eve lin sid e
. . . . auger = 14.7 ft. Checked
..::....:~ top of sand pack; placed ben
.::~ tonite pellets to 30.4 ft.
: : : Removed auger & placed cem-:-:;-ent/bentonite slurry. Hole
: : : caved to -29.0 ft. before
_=":~slurry placed. Off hole @
/ : 9:24 a.m. Backfilled hole
• • • later in day.
...~

... - - -.
. : :.. Placed concrete collar and

--:"cut down riser during after. . . : noon of 07/19/86. Stickup
'.
.. is 0.46 ft.

-..
-I-~

.~

.~
.~

~
.~

.~
.~

-... Permeabili ty test run during
.... afternoon of 07/22/86 •
-~

'1-

:~

.~

SHEET_2_ OF
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ESA Geotechnical Consultants
DRILLING AND

SAMPLING LOG

PROJE CT Kemmerer Reservoi r Dam
DAT E DRI LL EO Ju 1y 16, 1986
HOLE NO. --=-A.:.:. .H:. . --=-2_ __
LOCATION 1.3 ft. dIs from crest station 5+58.9
GROUND SURFACE ELEV. 7151.57 ft.
DRILLING CONTRACTOR Drilling Eng. InclOGGED BY R.N. Morri~EPTH TO GROUND WATER 17.93 ft.
TYPE OF RIG CME 55
HOLE DIAMETER 6-5/8 in. HA~~ER WEIGHT AND FALL 140 lb.; 30 in.
SURFACE CONDITIONS Rutted dam crest; rocky; scat. veg.
WEATHER Cool: Dartly cloudy

DEPTH

CLASS.
SM

FIELD DESCRIPTION

·

-...
11.0 "-

1c-:•

-....

-f--

SC
to

GC

16-1:-

r*

18.0·

2

-..

24.0

24

···

--·
·

-

~

·

-~

--·

-- -

--

-,- CL

REMARKS

MODE
AD

DRILLER - Rick Rogers
HELPER - Jim Burdge
-~
- p. Mo ved Rig #3 0 nt 0 site at
(See log for dri llhole AH-1 :
· 9:24 a.m. Began drilling
for soil descriptions.)
.
-~with hollow-stem auger @
-~
·.
9:35, after two attempted
0.0--11.0 ft. SILTY SAND; SM.
_p.starts
refused on rocks near
-,.~the surface.
Purpose of hole
~is to install a piezometer
--~within the embankment and to
F-----1-8~~-S-S---=r~obtain more samples of some
-- B-1
8, 06/1.C;-~soils. Soils from this hole
~----+-~~~~
AD ~ not log gedin de tail.
__~od. chatter (rocks) to -2.5
-11.0--18.0 ft. CLAYEY SAND to CLAYEY _
-3.0 ft. Stopped briefly @
GRAVEL WITH SAND; SC to GC.
•
"
9:40 to replace teeth on bit.
•
+-----+-s,-+-S~S~+.Stopped @9.0ft.(9:51)for
·;-------~~~~~
8-2
, 0.6/1.5 '~drive, using AW rod. Rock
-~
AD -p.. in nose of sampler.
~
Back drilling @9:56. Lt.
-l
__chatter & mod. slow drilling.
~
:.Smoothes out @ -11.0 ft.
-18.0 ft.-bottom. LEAN CLAY WITH SAND; 1'-----+-.J--...",S-=-S~
Stopped@14.0ft.(9:58)
CL.
-:rl-_B_-_3_-+_.fUn.3/_1.3~- for drive. Rock in nose of
sampler.
":-Back drilling @ 10:02. Oril
-'• smoothes out @ -18.0 ft.
·
-+_ _ _-+_.f--_ _:~Stopped @19.3ft.(10:10)tc
push Shelby tube. Pushed
tube 1.3 ft., but hit small
BOTTOM or HOLE = 24.0 feet
---cobble @ ..... 0.3 ft. -- no more
recovery below that point.
~~!~~_~~~~~~_~!~~~_~~~~~~_~~~!~::2; -'---~Sample loose in tube; taken
·
out and placed in bag.
07/19/86 (4:05 p.m.) -- 17.93 ft.
·
Back drilling @ 10:37. Ter07/22/86 (3:48 p.m.) -- 18.43 ft.
·
-iminated
hole @ 24.0 ft. (10:
··
40
a.m.),
having reached the
·
piezometer depth.

0.0 ft.-bottom.
--MENT

-~

SAMPLE

DAM EMBANK-

.

·

·

+

--

t
1

T

iSet 2.0 ft.-long piezometer
(2.0 in. Sched. 80 PVC with
0.04 in. slots) w/1-1/4 in.
PVC riser pipe. flushed ou
hole with water -- no return
~to surface.
Ran brief pumpting-in test. Then placed
t SHEET_1_ OF _2_

T:

PROJECT

DEPTH

Kemmerer Reservoir Dam
CLASS.

FIELD

DATE DRILLED

DESCRIPTION

July 16, 1978
SAMPLE

MODE

H 0 LEN O. --=-:A.:..:.H~-2=--_ __

REMARKS

#10-size sand pack to -20.5
ft.; hole caving somewhat as
auger pulled back. Placed
bentonite pellets to ~9.9
ft., and then placed cement/
bentonite slurry. Backfilled
hole with cuttings and soil.
Off hole @ 1:00 p.m.
Placed concrete collar and
ut down riser during afternoon of 07/19/86. Stickup
is 0.49 ft.
test run during
07/22/86.

SHEET_2_ OF ____.2_

ESA Geotechnical Consultants
OR I Lll NG AND

SAMPLING

lOG

PROJECT Kemmerer Reservoir Dam
DATE DRILLED July 16, 1986
HOLE No.----:.A..:..:.H-=----=3~_ _
LOCATION 442.8 ft. u/s from crest station lIt16.8
GROUND SURFACE ELEV. 7182.90 ft
DR ILL 1 NG CON T RACT 0 RDr i 11 i ng Eng. Inc. LOG GED BY R• N. Mo r r i So EPTH TOG R OU NO WATE R 31. 86 ft.
TYPE OF RIG CME 55
HOLE DIAMETER 6-5/8 in. HAMMER WEIGHT AND FALL 140 lb.; 30 in.
SURFACE CONDIT IONS Saddle crest, rt. abutment; scat. veg. WEATHER Warm; partly cloudy; windy

DEPTH

CLASS.

FIELD DESCRIPTION

SAMPLE

REMARKS

MODE

ARTIFICIAL FILL .~
AD
DRILLER - Rick Rogers
0.0----2.0 ft. SILTY, CLAYEY SAND WIT~
HElPER - Jim Burdge
GRAVEL; SC-SM; yellowish gray to gray":--Moved Rig #3 onto site @ 1:
TW .~
• 08 p.m. Began drilling with
ish orange (5Y7/2 to 10YR7/4). Highly.
vari abl e; consi sts mostly of fi ne- & ........- - - - - 4 - :B-- - - f -- --+- holl ow-stem auger 0 1 :15.
SS
med.-grained sand with considerable
8-1
1.5/1.5 Easy drilling; hit a cobble
nonplastic to low-plasticity fines; __
AD __ @ 1.0-1.3 ft.
some gravel (all sizes) and a few cob::Stopped @ 4.0 ft. (1:17) for
bles. Not sampled in hole, but seems
'~drive, using AW rod.
mostl y derived from Wasatch & Green - --:- Back dri 11 i ng 0 1: 22. No
River fmtn. debris. Loose; dry.
1.'1
SS ~ drilling change; drills mod.
-- 8-2
~6 1.3!1.s:-s10wly.
-2.0 ft.-bottom. WASATCH FORAD : St~pped 0 9.0 ft. (1:26) for
MATION (Pass. LANDSLIDE BLOCK)
-=_dnve.
....2.0 ft.-bottom. SILTY CLAYSTONE and •
: Back drilling @ 1:32. No
CLAYEY MUDSTONE (LEAN CLAY to LEAN·
:
• change; drills smoothly.
SIL TY CLAY WITH SAND; CL); moderate .
30
SS .
yell owi sh brown (10YR5/2) wi th oli ve
8-3
t..%~ 1. 3/-1.f" Stopped @ 14.0 ft. (1: 37)
ti nt, 1oca 11 y mottled with moderate -~
AD -ro- for dri ve.
brown (5YR4/4) to light brown (5YR5/6)t
. Back drilling @ 1:44. No
Consists mostly of low- to med.- plas:'1_~change; drills smoothly.
ticity fines, with varying amounts of
~
fine- and med.-grained sand. No dis- I- 8-4
26
SS .~ Stopped @ 19.0 ft. (1:50)
ti nc t bed din g 0 rot her s t r uc t ur e ;
- ~
~~ 1 • I) / 1 •'5: ~ for dr i ve •
breaks along irregular or conchoidal ~
AD . Back drilling @ 1:57. Auger
surfaces; bentoni tic. Hard; dry to -- .. binding in tight mudrocks;
saturated (with increasing depth).
.
'r drilling becomes very slov.
fracturing unknown; soft to low hardBegan adding water to hole @
ness; plastic to weak; mod. to deep
B-5
'r4t30 SS . about 20.5 ft.
weathering.
..0/1.0 ~ Stopped @ 24.0 ft. (2:15)
4.0 ft. Sample is residually wea--AD -"'for drive. Sample surfaces
the red to soil-like condition.
~ below this point are wet
Less plastic; more fine-grained -'-,- with drilling water.
sand present (may be SC). Calcar! Back drilling @ 2:25. Slow,
eous (mod. acid reaction). Hard; ..:::-a-6-:~ -SS--=i smooth drilling.
dry to damp.
:
0.3/0.1 Stopped @ 29.0 ft. (2:34)
9.0 ft. Sample has lost soil-like.
AD
for drive.
appearance; deeply weathered mud- - Back drilling @ 2:43. Very
rock. Hard; damp.
slow drilling; auger binding
19.0-29.3 ft. Samples in this in• Added more water to hole.
terval are more plastic, less sandy =8-7 -'~.;-SS! Stopped @ 34.0 ft. (2:57)
Hard; moist to wet.
..
0.1/0.1l for drive.
34.0 ft. Sample is less plastic -:AD TBack dr i 11 i ng @ 3: 03. Added
and sandier.
1more water to hole.
----38.0 ft. Carbonate-cemented silt-='Harder drilling in short in---stone layers or concretions.
terval @ -38 1 ft.
2
SC- 0.0-'Y2.0 ft.

2.0-•

_2M_

•

4- -

--·
·

8- -

--

121
16 t
201
..·

-·

~

24 -

f-

....·

~
~

2sI
-32- -=-

--

361t..
--=:.::

40

si

T
+

±

.

8-8

10.2.

SS

SHEET _ _ OF--=_

PROJECT

DEPTH

Kemmerer Reservoir Dam
CLASS.

Tw

FIE L D

DATE DRILLED

DE SC RIP T ION

2.0 ft.-bottom. SILTY CLAYSTONE and
CLAYEY MUDSTONE (continued)

July 16, 1986
SAMPLE

MODE

HOLE No.~A;.;...;H_-.;;...3_ __

REMARKS

0.5/0.5 Stopped I 39.0 ft. (3:20)
AD
for drive.
Back drilling @ 3:27. No

39.0 ft.-bottom. Samples in this
change in drilling.
interval are more plastic and less ........----+-~I----I_ Stopped 0 44.0 ft. (3: 49)
sandy, as in zone from 19.0-29.3 ft
for drive.
Hard; saturated.
Back drilling @ 4:06. No
change in drilling.
Samples are expanding inside
sampler (elastic rebound?).
r.----+:-:-::-J-----:i.. Stopped I 49.0 ft. (4 :17)
for drive.
BOTTOM or HOLE = 49.5 feet
Terminated hole 0 49.5 ft.
(4:24 p.m.) at approximate
planned depth in bedrock.

~~!~~_~~~~~~_~!~~~_2~~~~~_:~~!!~:2;
07/19/86 (4:18 p.m.) -- 31.86 ft.
[Hole caved to 40.78 ft.]
07/22/86 (11:32 a.m.) -- 25.29 ft.

Left hole open for waterlevel measurements. Off
ole 0 4:42 p.m.
Backfilled hole during after
noon of 07/22/86; placed con
crete seal at surface. No
permeability test run.

SHEET_2_ OF

2

ESA Geotechnical Consultants
DRILLING AND

SAMPLING

LOG

PROJECT Kemmerer Reservoir Dam
DATE DRILLED July 16-17. 1986
HOLE No.--'-A:.:-:H_-4-'--_ __
LOCATION 3.0 ft. u/s from crest station 3+41~ _ _ GROUND SURFACE ELEV. 7152.10 ft.
DRILLING CONTRACTOR Drilling Eng. InCl.OGGED evB.N. Morris DEPTH TO GROUND WATER 16.90 ft.
TYPE OF RIG CME 55
HOLE DIAMETER 6-5/8 in. HA~MER WEIGHT AND FALL 140 lb.; 30 in.
SURFACE CONDITIONS Rutted dam crest; grass & low bushes
WEATHER Warm: partly cloudy: wjndy

DEPTH

CLASS.

o
--

FIELD DESCRIPTION

SAMPLE

REMARKS

MODE

5M

0.0-28.5 ft. DAM EMBANKMENT
•
AD
DRILLER - Rick Rogers
0.0-8.0 ft. SILTY SAND; SM; dusky yelHELPER - Jim Burdge
low to·moderate yellowish brown (5Y6/4:~
~-Moved Rig #3 onto site @ 5:00
·
to 10YR5/4). 10-20% nonplastic fines;.
p.m. Began drilling with
·
4-~
60-70% fine-grained sand; 5-15% med.--.+------+=-3--t--S-S-.+-hollow-stem auger@5:09.
grained sand; trace coarse-grained
8~1
i3 1.1/1.5 Easy drilling; It. chatter.
-fsand; trace gravel; scattered cobbles.__
AD __Stopped @ ~.O ft. (5:10) for
-7.0 .~ _________ Mostl y subangul ar & sub rounded grai ns
.
·~dri ve, usi ng AW rod.
of weathered quartz &feldspar; cal-Back drilling @ 5:1~. Begin
8.0
careous (mod. acid reaction); no appa~---mod. chatter, slower drilISC
ent structure. Loose; moist.
48
SS
ing @-7.0 ft. Smoothes out
&
-7.0-8.0 ft. Zone of gravel and -- 8-2
11 0.4/1.5-:-@ 8.0 ft.
GC
small cobbles. fREE WATER!
~
AD . Stopped @ 9.0 ft. (5:16) for
_~
_~rive. Nose of saMpler may
12-f-8.0-28.5 ft. CLAYEY SAND and CLAYEY z"-----t--t----:l.be on a rock; poor recovery.
GRAVEL WITH SANO;SC and GC; moderate
ST
Back drilling @ 5:22. DrilIgrayish
brown
to
moderate
yellowish
-~
8-3
0.2/2.2-~ing
becomes softer.
·
brown (5YR3/3 to 10YR4/4). 10-30% low ~
2
SS ·~Stopped @ 12.6 ft. (5:23) to
plasticity fines; 10-25% fine-grained-f-- 8-4
32 1.1/1.5-~push Shelby tube. Tube hit
1~sand; 5-10% med.-grained sand; 5-20% ~
AD ~rock; poor recovery. Sample
coarse-grained sand; trace-40% fine- _::.
_~loose in tube; removed and
grained gravel; 0-30% coarse-grained ~
"placed in bag. Ran a drive
·
gravel; O%-trace cobbles. Coarse par-"
3
SS
@ 14.8 ft.
3
2~tic1es mostly subangular & subrounded-~ 8-5
7 1.0/1.;-:~ Back drilling @ 5:44. No
grains of quartz, weathered feldspar, ~
AD :~change in drilling.
··
& var .. sedimentary rock frags. No
-~
":~Stopped @ 19.0 ft. (5:48)
apparent
structure
(erratic
fill
place·
.. for drive. Nose of sampler
ment); clay content and gravelly zones
orobably on rock.
24+highly variable; roots and plant frag-:
8-6
SS
Back drilling @ 5:54. No
·
ments present locally. Loose; wet to
7 1.171.5 change in drilling -- soft
-~
saturated. (water draining from sample~~
AD --and fast.
beginning @ 24.0 f t . ) . .
Stopped @ 24.0 ft. (5:57)
-J,--for drive.
28.5 2a-:
28.5-33.5 ft. RIVER ALLUVIUM J:--_ _-+::---t--_--:i.Back drilling @ 6:02. No
28.5-33.5 ft. CLAVEY GRAVEL WITH SAND
8-7
35
S5· change in drilling.
and CLAY EY SAN D; GCan d SC; dar k ye16 1. 171 • 5-" Lt. c hat t e r (I 00 s e 9 r a vel? )
5C
lovish brown (10YR4/2). 10-30% lowAD ~@ -18.5 ft.
3 .
plastici ty fi nes; 15-30% fi ne-grai ned-~
Stopped @ 29.0 ft. (6: 06)
33.0 ~________ _
sand; 10-20% med.-grained sand, 10-30%
fer drive. Rain squall
coarse-grained sand; trace-30% finebegins; high winds.
S 5: Back drilling @ 6:12. Mod.
Tw grained gravel; trace-25% coarse•• 8-8
t!~
9r ain e d gr a ve 1. Ma t e ria I ve r y s i mila r .
T_ 1
~ 1. S ~ •_..J hat t e r (g r 2 vel & po S s. cobto overlying fill; calcareous (mod. ~~
1.0/1.0-: bles) @ -33.0 ft. Smoothes
acid reaction). Seems strati fied; may.~
AD •• out @ ..... 33.5 ft.
contain beds of cleaner gravel & sand.-!--Stopped @ 34.0 ft. (6:16)
loose; saturated.
8-9
2.~6
SS· forsulrt_1_ OF -=-2_
40

.

.~

a-:- ----

--·

---

~

>,

1
33:
f
--

G~

--

T
±

,r:J

PROJECT

DEPTH

Kemmerer Reservoir Dam
CLASS.

FIELD

DATE DRILLED

DESCRIPTION

Tw 33.5 ft.-bottom. WASATCH FORMATION (MAIN BODY)
33.5 ft.-bottom. SILTY CLAYSTONE (fAT
CLAY; CH); medium gray (N5) mottled-;J
dark yellowish brown (10VR4/2). Most
medium- to high-plasticity fines; w/
trace-10% fine-grained sand. No bedding apparent; breaks along irregular,
blocky or conchoidal surfaces; calcareous (slight acid reaction). Hard;
saturated. fracturing unknown; soft;
plastic; little weathered.
BOTTOM

or

HOLE = 40.1 feet

~~!f~_~f~f~~_~!~~~_2~~~~~_~~~!~~!2!
07/19/86 (3:47 p.m.) -- 16.90 ft.
07/22/86 (1:02 p.m.) -- 17.19 ft.

July 16-17, 1986

HOLE NO.----=.A-:.;.,H,:.--....;,,4_ __
REMARKS

MODE

SAMPLE

B%.I

1.1/1.1

After drive, cleaned hole to
35.5 ft. and pushed Shelby
tube. Tube length = 2.50 ft
empty wt. = 5.27 lb. length
of sample = 0.98 ft.; full
wt. = 11.42 lb. Total unit
wt. = about 125 lb./cubic ft
Dry unit wt. = about 107 lb.
cubic ft.
Back drilling to 39.0 ft.;
then shut down due to thunEND

or

_~:~:2

SHIFT, 07/16/86 (6:40
_____________________
_

BEGIN SHIFT, 07-17/86, 9:06
a.m. Spent time in town buy
ing more pipe to install two
ore piezometers (monitor
the saturated zone near 8.0
ft.).
Ran drive 0 39.0 ft. (9:40).
Terminated hole 0 40.1 ft.,
in bedrock as planned.
Water level inside auger is
at -25.6 ft. (prob. measured
too soon after drive for
stabilization of level).
Backfilled w/cuttings &soil
to 33.0 ft.; placed bentonit
pellets to 32.5 ft. Pellets
ridged in bottom of auger.
Bad seal: probe not intact;
sand pack may be contaminate
w/bentonite &cuttings.
flushed piezometer with wate
until it seemed to show an
acceptable response. Top of
sand pack &cavings is @
29.2 ft. Placed bentonite
pellets to 28.5 ft. Hole
caved to 24.5 ft. when the
augers were removed, so no
slurry placed. Off hole @
1:10 p.m. Backfilled hole
later in day.
Placed concrete collar and
cut down riser during afternoon of 07/19/86. Stickup
is 0.48 ft.
Permeability test run during
afternoon of 07/22/86.
SHE E T

--1- 0 F -..;;;;;2_

ESA Geotechnical Consultants
ORILLING ANO

SAMPLING

LOG

PROJECT Kemmerer Reservoir Dam
DATE DRILLED July 17, 1986
HOLE No.---=-A.;.:...H:......-..:.5_ __
LOCATION 4.2 ft. u/s from crest station 3+50.9
GROUND SURFACE ELEV. 7152.23 ft.
DRILLtNG CONTRACToRDrilling Eng. Inc.LOGGED 8vR.N. MorrisDEPTH TO GROUND WATER 12.52 ft.
TYPE OF RIG CME 55
HOLE DIAMETER 6-5/8 in. HA~~ER WEIGHT AND FALL 140 lb.; 30 in.
SURFACE CONDITIONS Rutted dam crest; mod. vegetated
WEATHER=-C.:....;le:::;.:a::..:.r....ll;-...:..:.w.=.a.:...;rm~I_ _ _ _ __
DEPTH

CLASS.

Fl ELD DESCRIPT ION

SAMPLE

SM 0.0 ft.-bottom. DAM EMBANK-1.5- .--------- MENT
2.0 ---rSee log for drillhole AH-4 -for soil descriptions.)

~-

0.0-9.5 ft.

SILTY SAND; SM

--

·

-7.5 s..-:~---9.5

-----

r- - - -

--

12-~

SC

&

9.5 ft.-bottom. CLAYEY SAND and CLAY-·
EY GRAVEL WITH SAND; SC and GC.

-~

"'-Lt. to mod. chatter (cobbles'
: and slow, noisy drilling to
-:-1.5-2.0 ft.; drilling then
: smoothes out. More chatter
_.
....briefly 0 -3.0 ft.
.+-----+--4-----+-.r- Very smooth & fast dr ill i ng
• to ~7.5 ft., when mod. chat-~ ter occurs.
: Smoothes out again by -9.5
~

or

HOLE = 14.4 feet

~~!~~_~~~~~~_~!~~~_g~~~~~_~~~!~~:2:

·

-~ft.

.~Terminated

07/19/86 (3:52 p.m.) -- 12.52 ft.
07/22/86 (2:38 p.m.) -- 13.20 ft •

~~1:24),

--··

--~

...::.

.....

-""-

·

I
·

·
..:.

I

hole 0 14.4 ft.
at planned depth.

.~

·

---

DRILLER - Rick Rogers
HELPER - Jim Burdge
- -Mo ved Rig #3 0 nto. sit e 0 1: 1(
• p.m. Began drilling with
- - hollow-stem auger 0 1 :14.
Purpose of hole is to instal
__a piezometer within the el'1::bankment, near the high zone
'~of saturation found in AH-4.
-:-Soils from this hole not
j s2mpled or logged in detail.
..

~

BOTTOM

~

AD

-·

GC

14.4 . +--~--I
.

.

··
--

--

~
~

--

--

REMARKS

MODE

~

oi

--··..
...·..
~

Set 2.0 ft.long piezometer
-:-(2.0 in. Sched. 80 PVC with
:"O.O~ in. slots) w/1-1/4 in.
pvc riser pipe. flushed
out hole with -150 gal. of
water -- no return to surface. Placed #10-si~e sand
pack to 11.8 ft., followed
• by bentonite pellets to
Jl11.3 ft. Placed cement/ben+tonite slurry above pellets
and backfilled hole. Off
~ole e 2:23 p.m •

1

!
t ~laced concrete collar and
'-rcut down riser during after±noon

of 07/19/86.
tis 0.46 ft.

Stickup

~permeabilitY test run during
lfafternoon of 07/22/86 •
SHEET_1_ OF ---:.1_

t

ESA Geotechnical Consultants
DRILL ING AND

SAM PL IN G LOG

PROJECT Kemmerer Reservoir Dam
DATE DRILLfD July 17, 1986
HOLE NO.-L.A:.:....:H_-6"'--_ _
LOCATION About 67 ft. dis from crest station 4..+21- GROUND SURFACE ELEV. About 7125 ft.
DRILL1NG CONTRAcToRDrilling Eng. Inc.LOGGED BvR.N. MorrisDEPTH TO GROUND WATER Unk.
TYPE OF RIG CtllE 55
HOLE DIAMETER 6-5/8 in. HA~MER WEIGHT AND FALL 140 lb.; 30 in.
SURFACE CONDITIONS Dozer trail in floodplain brush @ toe WEATHER Partly cloudy: warm

DEPTH

CLASS.

SAMPLE

FIELD DESCRIPTION

REMARKS

MODE

______ ~~_ 0.0-7.0 ft.

"'1.0

--

or
GW

4- -

ss.

-7.0 ..

a-: 10.5

--

12- -

--·
··

T

I
··

--·

RIVER ALLUVIUM
AD
DRILLER - Rick Rogers
0.0-7.0 ft. WELL-GRADED SAND WITH
HELPER - Jim Burdge
GRAVEL or WElL-GRADED GRAVEl WITH SANO:-~~'oved Rig #3 onto si te @ 2:4(
sw-or-GW; dark yellowish brown (10YR
p.m. &started drilling with
4/2). Insufficient sample recovered •
19
hollow-stem auger @ 2:48.
to judge gradation; contains some non8-1
's 10,1/1 ,f) Mod. rattle begins @ -1.0 ft
plastic fines and gravel up to 3/4 in.:..._-----+-=-~W+-.J..&,..j_~_and continues through 7.0 ft
Mostly subangular grains of quartz,
::Stopped 0 4.0 ft. (2:52) for
feldspar, &var. sedimentary rocks.
·-drive, using AW rod.
Loose to medium densi ty; wet to satu-- - - Back drilling @ 2:56. No
rated.
t~5'
55
drilling change until drill
-~_8_-_2_-+.....:1~&-+1..:..:.~5J-'71..:..:.~5:~- sma a the sou tat -7.0 ft. -7.0 ft.-bottom. WASATCH FOR- .
.. cuttings turn gray.
MATION (MAIN BODY)
....:_
_:..stopped @ 9.0 ft. (2:58) for
7.0 ft.-bottom. SILTY CLAYSTONE (LEAN:
.. drive.
CLAY WITH SAND: CL); medium gray (~
:
mottled with dusky yellow (5Y6/4).
:
-- Abandoned hole @ 10.5 ft.,as
Mostly low-plasticity fines; large per'
·~bedrock was encountered becentage of fine-grained sand. No ap--r
-~ fore sufficient drives had
parent bedding; breaks along irregular
been taken in alluvium. Off
surfaces; calcareous (mod. acid reac- _~
_~hole @ 3:19 p.m. Hole backtion). Very stiff; saturated. frac~ filled before moving off.
turing unknown; soft to low hardness; .,.
~
plastic to weak; mod. weathering.
-~
-~

Tw

j

.

.~

BOTTOM Of HOLE

= 10.5-feet

--··

-..·

·

-~

-

-~

NO WATER LEVELS MEASURED
-~

-~
~

-~

-~

T
·

--

--·..

·
....:-

·

--·
·

-·.
·.

--

...

1
tT
t
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ESA Geotechnical Consultants
DR I LL IN G AND

5 AMP LIN G LOG

PROJECT Kemmerer Reservoir Dam
DATE DRILLED July 17, 1986
HOLE NO. - -AH-6a
'-'''-'---=:..=--LOCATION 67.5 ft. dIs from crest station 4+24.4
GROUND SURFACE ELEV. 7124.34 ft.
DRILL1NG CONTRACTOR Drilling Eng. Inc.LOGGED BY R.N. Morri~EPTH TO GROUND WATER 2.78 ft.
TYPE OF RIG CME 55
HOLE DIAMETER 6-5/8 in. HAPl.MER WEIGHT AND FALL 140 lb.; 30 in.
SURFACE CONDITIONS Dozer trail in floodplain brush @ toe WEATHER Partly cloudy; warm

DEPTH

CLASS.

FIE L D DE S CRIP T ION

REMARKS

MODE

SAMPLE

RIVER ALLUVIUM
8-1
2~O 0 :/S1 .. DRILLER - Rick Rogers
0.0-6.8 ft. WELL-GRADED SAND WITH
II
·.0
.1 HELPER - Jim Burdge
-IGW
-~
15
SS -I-.
In
GRAVEL or WELL-GRADED GRAVEL WITH SAND,
8-2
~1 0.6/1.') Moved Rig #3 onto si te @ 3:2u
sw-or-GW; dark yellowish brown (10YR4!
10
SS
p.m. and immediately began
4-2). Trace-10% nonplastic fines; 5-15~- 8-3
~1 0.7/1.5"':-drilling with hollow-stem
fine-grained sand; 10-30% med.-grained·~---------~~~~~
!1~
55
auger. Purpose of hole is to
_,""
sand; 20-40% coarse-grained sand; 108-4
'f 0.7/1.5 redrill AH-6 and obtain addi6.8~
'--4---125% fine-grained gravel; 5-20% coarse8-5
S5 ~tional samples and standard
7.5
Tw grained gravel; some cobbles also may
13 1.0/1.5 ~penetration tests. Contin8-fbe present. Mostly subangular frag- -~
-~uous sampling by driving,
ments of sedimentary rocks (esp. Waadvancing auger, and driving
-~
satch & Green River fmtns.), quartz, &-~
--again.
. Ran drive @ 0.0 ft. (3:20).
feldspar. Soil is bedded, with variations in max. grain size and content ~__
__.]an drive @ 1.5 ft. (3:26)
-of fines; calcareous (strong acid reac~~
: (Rock in nose of sampler;
tion). Loose to medium density; moist
: nose is wet).
-to saturated.
.: Ran drive @ 3.0 ft. (3:31).
O.O-..I'j.O ft. Uppermost soil is
.
:~Ran drive @ 4.5 ft. (3:34).
finer-grained
(pass.
SM);
dusky
-~
"':f-Ran
drive @ 6.0 ft. (3:40)
-~
yellowish brown (10YR2/2); very
•
', (Change to claystone in sam_~le @ 6.8 ft.).
organic.
-,...

-1.0 ' ____

-o~Wr-- 0.0-6.8 ft.

3.

--·

-,

.

-~

-~
.~
.~

-~

---,

6.8 ft.-bottom. WASATCH FOR- ~.
MATION (MAIN 80Dy·. .)
.. - - - - - - : 6.8 ft.-bottom. SILTY CLAYSTONE (L[AN~
CLAY WITH SAND; CL); medium gray (~~mottled with dusky yellow (5Y6/4).
:
Mostly low-plasticity fines; large pe~~
centage of fine-grained sand. No ap- ,
parent bedding; breaks along irregular:
surfaces; calcareous (mod. acid reac--~
tion). Very stiff; saturated. Fracturing unknown; soft to low hardness;--~
plastic to weak; mod. weathering.
~
-~

BOTTOM Of HOLE = 7.5 feet

.~

,

....:-

I1

~~!~~_~~~~~~_~!~~~_~~~~~~_~~~!~~:2;
07/19/86 (4:40 p.m~) -- 2.78 ft.
07/22/86 (5:34 p.m.) -- 2.72 ft.

·
..:.
·
,

.

,

--,~

,..Terminated hole

~rbedrock

@ 7.5 ft., in
as planned.

~.

.~

~:Cleaned

hole to 7.5 ft. and

~ set 2.0 ft.-long piezometer
~~2.0 in. Sched. 80 PVC with

0.04 in. slots) w/1-1/4 in.
PVC riser pipe. flushed out
-~pipe and hole with clear
~water.
Hole caved while
-~pulling auger, so sand pack
omi tted and bentoni te pellet~
+rammed into hole at about
4.5-5.0 ft. Cement/bentonite
slurry placed above pellets.
THole backfi lled w/ cutti ngs
&soil. Off hole @ 4:25 p.m.

±

1i

:fPlaced concrete collar and
lcut down riser during after~ noon of 07/19/86. Stickup
l~s 0.49 ft.
~ No permeability test run.
+
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ESA Geotechnical Consultants
DRILLING AND

SAMPLING LOG

PROJECT Kemmerer Reservoir Dam
DATE DRILLED July 17-18, 1986
HOLE No._A:...:;H-=---=..7_ __
LOCATION 64.7 ft. dIs from crest station 5+77.9
GROUND SURFACE ELEV. 7123.69 ft.
DRILLING CONTRACTOR Drilling Eng. InC-LOGGED BY R.N. Morri~EPTH TO GROUND WATER 0.28 ft.
TYPE OF RIG CME 55
HOLE DIAMETER 6-5/8 in. HA~MER WEIGHT AND FALL 140 lb.; 30 in.
SURFACE CONDITIONS Dozer trail in floodplain brush @ toe WEATHER Partly cloudy; warm
DEPTH

CLASS.

FIELD DESCRIPTION

SAMPLE

MODE

REMARKS

5T
DRILLER - Rick Rogers
0.0--16.0 ft. RIVER ALLUVIUM ~
0.0--2.5 ft. SILTY SAND to SILTY SAND
T-1
1.6/2.2 HELPER - Jim Burdge
-2.5 -~ - f - - WITH GRAVEL; SM; dusky yel1o,7":'w-;:is~h-bh.r::o::-w:-n1=-----l---1L2A~D~::i-,~Moved Rig #3 onto site @ ~:28
SW (10YR2/2). 20-30% nonpla~tic (locally'~
·~p.m. Began drilling @ 4:38
4-1to very low plasticity) fines; 30-~~
using hollow-stem auger.
GW fine-grained sand; 20-30% med.-grained·
8-1
77~ 0.~71.; Started hole by pushing a
sand, 5-10% coarse-grained sand; 5-20%_~
AD __Shelby tube from the surface.
-~
-7.0 _____ _ ___ fine-grai ned gravel. Most! y sub rounded
'~Tube length = 2.50 ft.; empty
grains of quartz, weathered feldspar,
'·wt. = 4.94 lb. Length of
8-&sedimentary rock frags.; gravel is ----sample = 1.6~ ft.; full wt.
well-rounded frags. of Green River fmtr~
2.
5S
= 13.39 lb. Total unit wt.
rocks. Crudely strati fied into sandy -- B-2
:s.~ 0.2/1.s:-c: 105 lb./cubic ft. from
&silty layers; calcareous (slight aCid.
AD ~ pocket penetrometer, Su = 2.0
reaction); organic, with roots &plant-__
__lips/square ft. {mean; n = 6
12-remains (decaying odor). Loose to verj"
• &stan. dev. = 0.4~).
loose; moist to wet (poss. saturated @
Drilled down to 4.0 ft.
-lbase).
-.
:
Stopped
@ ~.O ft. (4:~1) for
·
,
2.5--16.0 ft. WELL-GRADED SAND WITH '~
:·drive, using AW rod. Rock in
-'16.016-'+---1------1 GRAVEL to WELL-GRADED GRAVEL WITH SAN~t"":I-O-nose of sampler.
Tw sw to GW; dark to moderate yellowish
' Back drilling @ 5:08. Drill
brown (10YR4/2 to 10YR5/4). Trace-5% __
~~had been down for maintenance
·
nonplastic fines; 5-15% fine-grained .
while tube being processed.
-'~_
sand; 10-20% med .-grai ned sand; 20-40%
B-3
lfs SS ~Dri1ling fai rl y smoothly, wI
20 r--__I-----t coarse-grained sand; 10-30% fine-.2.4 0.971."'~lt. chatter. Mod. chatter
20.5
grained gravel; 10-30% coarse-grained:
:-& slower drilling begins @
gravel; scattered cobbles. Mostly su~~:-7.0 ft. (on cobbles?).
angular &subrounded frags. of sedimen~
Smoothes out briefly; then
·
tary rocks. Stratified into coarser 1-_
chatter resumes.
24-~
finer layers; gravel &coarser sand is:
ltopped @ 9.0 ft. (5:13) for
..
rounded to well-rounded; calcareous •
drive. Poor recovery; drive
·
(.od. acid reaction). Loose to medium-is through nested gravel &
·Idensity; saturated.
cobbles.
'IBecomes coarser-grained below -7.0-~
J. Back drilling @ 5:19. Mod.
ft. Auger return is well-rounded,
+to heavy chatter; slightly
egg-sized gravel.
tsmoother @ -13.0 ft.
-IStopped C 14.0 ft. (5:22) for
,
-16.0 ft. -bottom. ~JASATCH FOR-'~
dri ve. Pressuri zed sand ran
-'
-fMATION (t'IAIN BODY)
-~
P into lead auger when plug
,
16.0 ft.-bottom. SILTY CLAVSTONE (fAT ~
!~ulled. Began removing auger
CLAY to LEAN CLAY WITH SAND; CH to CL~~
. for cleaning; water began
medium gray (N5) mottled with light
flOWing from hole at surface.
Cleared auger and re-entered
olive gray (5Y5/2). Mostly med.- and
high-plasticity fines; sometimes with-:-hole. Drive abandoned due to
much fine-grained sand. No apparent ._
soil disturbance. Back drill~
bedding or other structure; breaks
... ling @ 5:45. Drill smoothes·
along irregular or conchoidal surfaces;
SHE ET _1_ 0 F
2
calcareous (sliaht acid reaction).
5M

-··

---

--

--

--·

f

TU

PROJECT
DEPTH

Kemmerer Reseryojr
CLASS.

Dam

FIELD

DATE DRILLED

DESCRIPTION

Very stiff to hard; saturated. fracturing unknown; soft; plastic; little
weathered.
BOTTOM Of HOLE

= 20.5

feet

~~!~~_~~~~~~_S!~~~_~~~~~~_:~~!!~!2:
07/19/86 (4:35 p.m.) -- 0.28 ft.
07/22/86 (5:40 p.m.) -- 0.17 ft.

July

17-18, 1986
MODE

HOLE NO.---LA.lJ..JH,---7L-_ _
REMARKS

out &becomes quiet @ about
16.0 to 16.5 ft.
Stopped I ~9.0 ft. (5:46)
for drive. Spoon packed -pper part filled with fineand med.-grained sand washed
into auger hole. About 1.1
ft. of sand in spoon.
Terminated hole @ 20.5 ft.
(6:03 p.m.), in Wasatch fmtn
bedrock as planned.

_____ _

~~~_~~_~~!~!!_~7L27L~~
BEGIN SHIfT, 07/18/86, 8:38
a.m. In town this morning
to buy more Portland cement.
Water level inside auger is
-1.4 ft. below surface.
Drillers backed off auger to
just above the Wasatch contact and backfilled hole w/
cuttings &soil to that
point. Placed-0.3 ft. of
bentonite pellets, with top
of bentonite 0 17.0 ft. Set
2.0 ft.long piezometer (2.0
in. Sched. 80 PVC with 0.04
in. slots) w/1-1/4 in. PVC
riser pipe. Began flushing
pipe with water; pipe filled
up &did not drain. Pulled
out piezometer and found
screen full of fine-grained
sand. Cleared piezometer
w/hose and reset piezometer;
flushed w/water until return
low from hole showed signs
of clearing. Pulled auger
up to -12.0 ft. -- hole
caved below auger. Placed
cement/bentonite slurry on
top of cavings (no bentonit
pellets used) through auger
as auger pulled out of hole.
Backfilled hole w/cuttings
&soil. Off hole @ 10:45 a ••

Placed concrete collar durin
afternoon of 07/19/86.
Stickup is 0.32 ft.
No permeability test run.
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-rc~i

PIT- 1
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_....!Z=-__
DATE 7-15"- Bb

SHEET NO. _ , _ OF

£J9ST E"f\Jb

BV

/)'7 H

(:'1:)1;1
,#l/1f

IP - 1.

,
-4,~

~OIL.

()$CS
SM

~~d

5, /Iy

If)-if) ~o

J

6r~v' Ily w/-!J, ~r.~y 3'1. S"

$ll,t

~bb~~, fJff~'

/r;w 1~ YH;d.f'~/~) fJ~~I7e. fl"l~$ I If) - ZO % fr'l~ s~,.d,
'10 -3tJ-/o IJ':fd, ~~~ I
1'S- "'1" 1- ~'J~ ~;.d a,,:-J J't:J¥~/, tJ~~".sIZ(
'''P I!KIA J (~.3 ") I~ aIf,,Fi, S' 10 'Ie. by V'/'"1ft 1 k"tI, ">*' b'-:"lAndrd
+, s:J,:;,.i.~ IDJ' eobblt!>.
~.,I,~ J"t .fr, ,.",,~t -tn"t;IA/t.~~i jt~/J,.
t,/o-,.' f1cJ~&o/~ /lo~.I1~/' Bl'lJw¥I (10 YR. 5/ i ) _

ye

6AMPLtr; ,P-i -

®

(0 +-~ 2.")

ML

1;/~oll

G)

~aYld1 ~,I'

1

AflI'N, 5P-6 0 % J'I1()IJII~f",17

fHe >:;"J lIP- 20% ~'U'f,e
( G

(i'1Q I'-Z")

I

Fi~e

!

/0-

Yf{

0

$:iIIJ
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eo,," i'~~ I , C&/f,''': t1od~t:./~ ~Allt

.IJ /i)
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~~Yl"1 4/~'
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0,,;,"'1(.. '5,/1

OL

7'· 1')

.ft-M OJ1Jif.lRc- DeN?17(

Cr~,,1: ~/a"ItS / /"e...

7-15 - 'at-

LotATION /

B'
IIpfl*./t·

()

f

3'
r;~c-h.#'fd ,~J.

P
/1'1

$,

B' IfIt

r;t:.c,~""d
f~,>t fl'D~.

AHf,t

tK(~t(;lfIf:/

$-I~~/I M~/!"'t4'.

4"'''

J

114ft &'r~"DDI1

1 ~,:u7

fNH/I"

i2€M~~K5

t8' /?!/~ ~(,;t.

d~wl' C,f/~

I" -

be/pIN c,rt':J i.

41't~

"'r""

)(~mMIv~ Wt~..uJ"" J
C~7 b~// Nwt-/~"v Du>,';/. 6~/Q ~~Ylt:Jtt No,

iES75;

1'1". Dc.1If j),~" J P. €. J OfUt;,/tv.
IV) 220 Q4/, () I. u;.l~ t4",dll",ltJ ~ 7·

1

·f

d",J:, I... fI4!:J,"7
-10 c.o,se ~"tI.
b~~k, 'jeIJo~.)j~J" Brpwl1 (10 y~ Z/2)
1" -ih,cl. se-

I

WJ~ eyf~' 5· If) "/, p1~d.

~/'":

z.

DATE

De~c..IZIPTION

1JOI/,

(l' h,

l> JtI

i

kJI !i-4Jt,.

::

I03.~ ~[
Zg. -; .~

~

~

::

JOt" 7

'11./

!,J:f

(1- 7 flf'A

J
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~O\L
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®

tL
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_I_
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--1.1_ __
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7-/~-~'
(4:»

I
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WAib-U

?Aw ~$1rj4ch""", 'I1iW #!/~/f 0f~~.j.y, s/~,1 fJ;~.L

et.tAVATlON

"2 : 30 ~~

No~

"'"

7- J 7- 6/',

ptfon~

~M CHt~{

~

-reS1 N().

1

/lff~· 5.5'
frI-U'>

A(ftf'l..
:3

i:eh"'}

(;#)t M

t<Jbb.y

'5 a ,.t:I..;

~/. /;1&,{'/ Wt:.~ w~7 ID'~,
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(Note:

LABORATORY TEST
RESULTS

Gradation curves marked "Corrected"
have been adjusted to a maximum
grain size that is approximately
equal to the largest size capable
of being representatively sampled
in the test specimen.)
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GOVERNOR

TELEPHONE: 307-777-7626

CHEYENNE, WYOMING 82002

Michael K. Purcell
Administrator

October 27, 1986

TO:

Michael K. Purcell, Administrator
John W. Jackson, Deputy Administrator of Planning

FROM:

Rebecca L. Mathisen, Project Manager, Water Division IV

SUBJECT:

Kemmerer City Reservoir Rehabilitation Project
Public Meeting

James Noble
Chairman
J.W. Myers
Vice-Chairman
William Glanz
Secretary
Myron Goodson
Walter J. Pilch
Willard C. Rhoads
Merl Rissler
Kathleen Sun
Nelson E. Wren. Jr.

~L1Y1

A public meeting was held at 7:00 p.m. on October 14th in Kemmerer City
Hall to discuss the results of Greenhorne and O'Mara's Level II study on
rehabilitating Kemmerer City Reservoir.
There were seventeen people
present:
Rebecca Mathisen
Joan Burnett
Michael Kominsky
Harvey Nishi
John D. Johnson
Kent Smith
John Jackson
Doug Williams
Matt Ursetta
Don Wagner
Glen Dunning
Penn Gildersleeve
Dan Dean
Dale Crank
Norma Williamson
Linda Helms
Ralph Cole

Water Development Commission
Councilman, City of Kemmerer
Councilman, City of Kemmerer
Mayor, City of Kemmerer
Kemmerer City Administrator
Ass't City Engineer
Water Development Commission
Greenhorne & O'Mara
Greenhorne & O'Mara
Councilman, City of Kemmerer
WY Game and Fish Department
Greenhorne & O'Mara
Crank Companies, Inc.
Crank Companies, Inc.
Kemmerer Gazette
Marbleton, Wyoming
Pinedale, Wyoming

Mayor Nishi opened the meeting and introduced me. I introduced the three
men from Greenhorne & 0 'Mara and asked Penn to give the results of the
Level II Study. Penn distributed condensed versions of the study report
including the six alternatives for repairing or breaching the dam.

The audience had questions on the inflow design flood, the additional
storage discovered by the consultant, algae growth in the water, and the
slippage downstream of the left abutment next to the highway.
I gave three copies of the draft report to Mayor Nishi and two copies to
Glen Dunning of the Pinedale office of Wyoming Game and Fish. The City
Council will meet on October 27 and Kent will phone the results to me on
October 28, followed by a written statement on the Council's view of the
future of the reservoir. Mike Stone of Game and Fish in Cheyenne will have
comments to me by October 30.
The general consensus was to repair the dam rather than breach it. The
repair preference was based on recreation value and the possibility of
using the reservoir as a municipal water source in the event that future
Viva Naughton discharges would not meet the City's needs. No one spoke in
favor of breaching the dam.
Of the five repair alternatives, Alternative #1 seemed to surface as the
best for the money. This alternative involves a downstream raise of the
dam without downstream armoring and without changing the elevation of the
existing spillway.
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BOX 312
KEMMERER, WYOMING 83101
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October 27, 1986

Becky Matthisen
Wyoming Water Development Commission
Hersch1er Building
Cheyenne, Wyoming 82002
Dear Becky:
The City of Kemmerer respectfully requests that the Wyoming Water Development
Commission consider Alternative I and Alternative 3A for the Kemmerer Dam
Rehabilitation Project. This request is based on the draft copy of the
Level II Feasibility Study, prepared by Greenhorne and O'Mara, Inc.
Items of concern to the City, with both Alternatives, are as follows:
1).

Both alternatives will abandon the 2-14" pipes currently
in place. The City would like to be able to keep these in
place, so if they are ever needed in the future they can
be used.

2).

In Greenhorne and OtMara's presentation to the City, they
stated that they would drain the reservoir for construction
purposes. This could cause considerable loss in recreational
value, and the City would prefer that these effects be
minimized.

3).

An access across the new widened spillway needs to be
put in place~ as the old foot bridge will not be adequate.

The City realizes that these three problems could raise the costs of the
rehabilitation considerably, but would like to see these items reviewed
with solutions and costs incorporated into Alternative I and 3A.
If you have further questions concerning this matter, please feel free
to contact me.
DCI 3 a '86
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TO:
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FROM:

Mike Stone

COPIES:

Glen Dunning, Tom Annear
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Kemmerer City Reservoir Feasibility Report
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We have reviewed the level II feasibility report on the Kemmerer City
Reservoir Rehabilitation project and have the following comments.
Aside from recommending that the consultant also present an analysis of a
"no action" alternative, we agree with the finding in this document that
Alternative 11 is the preferred alternative for the reasons cited in the text as
well as from a fisheries perspective. This alternative will not affect the
valuable reservoir fishery and the brood stock that the Department relies upon
in Kemmerer City Reservoir. Alternative 15 is less desirable and Alternative 16
is the least desirable of these three alternatives for the following reasons.
Alternative #5 would lower the existing pool by approximately four feet. At
this level, the reservoir will support substantially fewer trout than are now
found in the reservoir, primarily because of a lack of adequate depth, increased
water temperatures and increased growth of aquatic vegetation. In addition,
these conditions would favor the growth of Utah chubs which directly compete
with rainbow trout. The precise impact will be quantified after we receive
appropriate area-capacity data for the reservoir. The annualized cost of this
lost recreational opportunity is not included in this level II report but we
believe it could annually exceed one-third of the present economic value of this
resource (over $34,000).
Alternative 16 is the least desirable alternative of those contained in the
report from a fisheries perspective. In addition to losing the economic value
of the reservoir fishery, this alternative would pose potentially serious
problems and costs for controlling pollution during and after breaching the dam
as well as require significant reclamation costs for the presently flooded
stream channel.

-1Headquarters: 6400 Bishop Boulevard. Cheyenne. Wyoming 82002

Our figures indicate that the reservoir presently receives over 3,800
fisherman days of use per year. This use has a value to the state of $30 per
day or an annual value of over $114,000. This potential loss should be considered in the consultant's analyses for the remaining life of the reservoir
under the "breaching" alternatives. This annual value should similarly be
included as a benefit for plans which would maintain the existing reservoir
fi.hery. The basis for this daily use value is presented in our level II
recreation report to your office for the Lake Hattie Rehabilitation Project.
The value of this recreational fishery is limited by a restricted fishing season
imposed by the City of Kemmerer (to limit human activity on their water supply)
and by our Department (to protect spawning fish early in the year) and could be
greater with a longer fishing season for the reservoir.
The Department presently relies on the rainbow trout in this reservoir for
maintaining a stock of wild rainbow trout brood fish. Off-spring from these
brood fish are stocked throughout the state.
Although this source of fish is
important, it is our conclusion that it would be more economically feasible for
our Department to establish a similar brood stock at some other location than to
contribute toward the maintenance of Kemmerer City Reservoir in order to preserve this fishery for a brood stock.
The cost of reclaiming the presently flooded stream channel under the
existing reservoir would probably exceed the estimate presented in the Kemmerer
City Reservoir report. It appears that the type of stream reclamation proposed
in the report would consist of creating a 60 foot wide channel with evenly
graded side slopes. A stream channel of this type would be unacceptable for
fish habitat and we would recommend a more natural reclamation effort incorporating a defined stream sinuosity index, necessary bank stabilization devices
and possibly habitat improvement structures. The amount of down-cutting that
would occur through deposited sediments is unknown but this could be significant
and require physical removal of large quantities of sediment. We have not prepared a precise cost estimate for reclaiming this stream segment but our rough
estimates indicate the cost would easily exceed $100,000 per mile without
installation of habitat improvement structures. If properly reclaimed, this
stream could support up to 450 fisherman days of use per mile per year.
Pollution control would be a significant problem with this alternative if
the dam is breached down to the original stream channel elevation given the
quantities of sediment deposited in the reservoir and the high quality (class
II) stream fishery downstream from the reservoir. The cost of implementing adequate pollution control measures or reclaiming impacted stream habitat should an
accident occur could be more costly than estimated by the report. Breaching to
the above level could also pose a potentially significant problem to the city's
water supply which should be addressed in this report. To minimize these potential problems, we recommend a study be made for the cost of breaching the dam
only to the existing sediment level at the dam.
In summary, we feel that this report has identified the most desirable
alternative from a fisheries as well as an economical perspective (Alternative
11). Alternatives 15 and #6 are much less desirable and would entail significant additional costs that are not identified in the consultant's report on this
project.
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William R. Jones
Jones, Jones, Vines & Hunkins
P. O. Drawer 189
Wheatland, Wyoming 82201
Re:

Town of Diamondville
Water Rights

Dear Mr. Jones:
This is in response to your letter of January 6,
1986, regarding
water rights for municipal use in the Town of Diamondville and ownership
thereof.
A copy of your November 28, 1984 letter to the Mayor and Town
Council of the Town of Diamondville was provided to us with your January
6th letter.
The November 28, 1984 letter presents your opinion
concerning the ownership of certain water rights by the Town of
Diamondville as they relate to the Kemmerer Municipal
Water System
diverting from Ham's Fork that provides water for Diamondville.
Your
November opinion letter also discusses the status of a water right from
Kemmerer Springs.
In reviewing the water right records, we must keep in mind the fact
that water rights attach to points of use and places of use.
This is
true for municipal water rights in the same manner as is irrigation
water rights. You are familiar with the fact that when an appropriator
subdivides his land with irrigation water rights, the irrigation water
rights transfer to the new owner along with the land.
In considering
the municipal water rights, we must view the records in this regard.
The following summarizes information from the Certificates of
Appropriation from the Ham's Fork River for the Kemmerer Water System as
indicated:
1.
C.R. 3, pg. 12, Proof 4082, Permit No. 1601 for the Kemmerer
Works, P.J. Qualey and M.S. Kemmerer appropriator (ownership conveyed to
the Town of Kemmerer and change in means of conveyance changed in O.R.
11, pg. 129), for 1.37 cfs (895,860 gallons per day), for municipal,
mlnlng, mechanical, manufacturing, and domestic purposes, priority
10/13/1897.
2.
C.R. 58, pg. 15, Proof 22737, Permit No. 3825 Enl., Lincoln
Service Corporation, appropriator (ownership transferred to the Town of
Kemmerer and means of conveyance transferred in O.R. 11, pg. 129), for
3.06 cfs for municipal, mlnlng, manufacturing, mechanical and domestic
purposes in the Towns of Kemmerer, Diamondville, Oakley and Glencoe,
Wyoming and Mine No. 1 at Diamondville and Mines Nos. 1 and 2 at Oakley,
and 2 mines at Glenco~, priority 10/1/1917.

William R. Jones
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3.
C.R. R-2, pg. 136, Proof 25925, Permit No. 5302 Res., Town of
Kemmerer, Wyoming appropriator for ~ acre-feet storage from Ham's
Fork, for municipal and industrial use. Jo~
4.
C.R. 64, pg. 386, Proof 25901, Permit No. 19392, Town of
Kemmerer appropriator for 2.00 cfs direct flow from Ham's Fork and
secondary supply of 1058 acre-feet of water stored in the Kemmerer No. 1
Reservoir (Permit No. 5302 Res.) supplied from Ham's Fork for municipal
and industrial use only in the Towns of Kemmerer, Diamondville, Oakley,
Glencoe and the unincorporated Town of Frontier, within the limits of
the said Towns or as hereafter extended.
Priority 5/24/1935 for stored
water and 5/27/1940 for direct flow.
5.
Each of the above C.R.'s has been annotated "for change
point of diversion and means of conveyance of 200 gallons per minute
Food Machinery and Chemical pipeline, see O.R. 14, pg. 290."

in
to

In reviewing the Certificates, we would conclude that the Town of
Diamondville does not have a valid claim to ownership of any portion of
Permit No. 1601, the original water right providing water for the Town
of Kemmerer.
However, the permits, maps and certificates all indicate
that the use of water in Permit Nos. 3825 Enl., 5302 Res., and 19392 all
include water use in the Town of Diamondville.
Therefore, from a water
right view, we feel that Diamondville would own a proportionate share
of those permits, subject to the subsequent transfer of water to FMC.
The Town of Kemmerer, on the other hand, is apparently the owner of
the physical water works including the reservoir and supply pipeline,
and therefore, would have a right to recover an appropriate share of
construction costs, operation, maintenance and water treatment costs
for
the proportionate share of water delivered to the Town of
Diamondville from the Kemmerer system.
Costs of expanding
the
distribution system within the Town of Kemmerer should not be included
in the computation of the cost of water supplied to the Town of
Diamondville, but the cost of water supply pipelines that supply water
into the Diamondville service area would be an appropriate cost.
There are several water users named in the permits and certificates
that may no longer be supplied water from the Kemmerer water system.
This will have to be taken into account in determining the share of the
water rights that belong to Diamondville.
The language of each
certificate will have to be consulted and a proportionate share of those
uses that are included in those certificates that exist today should be
utilized to determine the proportionate shares of the existing users.
Permit No. 19392 from Kemmerer Spring provides water to be used for
stock, domestic, and municipal purposes only on Tract 49, Section 24,
T.21N., R.116W., in an amount not to exceed 0.04 cfs; the applicants
were the Town of Kemmerer and the Town of Diamondville, Wyoming,
the Town of Kemmerer is indicated as the appropriator in the
however,
Certificate of Appropriation of Water.
The permit indicates that the

William R. Jon~s
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intent
was to appropriate water for use in both Kemmerer
and
Diamondville, therefore the ownership of the right would be determined
by a pro-rata share of each of the Towns in Tract 49.
The question of
how the water is used may be a factor in determining ownership as you
indicate in your letter of November 28, 1984.
As you can see, we have conclusions regarding ownership of water
rights by the Town of Diamondville that differ from yours and wanted to
provide our thoughts on this matter, as you requested.
If you have
questions, please don't hesitate to call me.
Very truly yours,

~~~~
GEORGE L. CHRISTOPULOS
State Engineer
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