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INTRODUCTION
SECTION 1
1.1

Location and Purpose of the Project

The West Fork Dam is located on the West Fork of the Bear
River approximately 4.5 miles south of the Utah/Wyoming state
line in Summit County, Utah. The Bear River Compact as ammended
in 1980 allocated to Wyoming 35,000 acre feet of additional water
storage rights.
A final plan for allocation of water made
available through the compact amendment was made by the Wyoming
State Engineer in November of 1983.
The Upper Bear River and
Mill Creek Water User's Association made a request for 15,000
acre feet of storage.
The Wyoming State Engineer allocated
10,335 acre feet of storage with a depletion allocation of 4,125
acre feet.
The primary purpose of a storage reservoir on the
West Fork of the Bear River is to use the allocated water to
provide supplemental irrigation to 18,700 acres of land downstream from the reservoir.
1.2

Summary of Previous Investigations

Prior to the initiation of the Level III Study, a Level I
and Level I I Study was completed for the proposed project.
The
Level II study encompassed an investigation for all of the water
resources in the Upper Bear Area including the Water Supply for
the City of Evanston.
Subsequent to the completion of the Level
I I Feasibility Study, the West Fork Dam and Reservoir was
separated from the other elements of the study completed during
the Level II Investigation.
Information obtained during the
Level I and Level I I studies for the West Fork Project included
the following:
.. SJJ.I?Q.1gJ~le;r).t~.I'Y. ):::r.t"i,gatJ._9.n. .i.I}
A time base of 40 years was used in the
analysis and the amount of water was estimated using a stochastic
streamflow generation model.
All prior water rights downstream
from the West Fork Darn including the Woodruff Narrows Reservoir
were considered in determining the available water supply.
The
results of the study indieated that a reservoir size of 17,500
acre feet would be required to supply 10,000 acre feet annually
with a reliability of 70 percent.
1.2.1

'r.l)~..bv?lJl~.Ql~ ___ W.~tgA_.J·Qr

tJ~.~_JJ...Qp_~r",_.~~?:r __ l\~.~~L~.

~._._~.~ ? .... ~b.~ I..~_~j..9~t~d_.l,\q.r..~~g~_._!n.. tb.~. U-RR~:r_.B~.pJ' .~r~a.
During
the Level II Study, the actual number of acres of irrigated land
in the Upper Bear Area was determined.
The information used in
determining this survey included (1) A hydrographic survey of the
Bear River Area by the Utah State Engineer 1955 to 1957, (2)
Irrigation conveyance system inventory summary for the Bear River
Basin, Type 4 Study USDA, Soil Conservation Service, April 1,
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1976, (3) Infra red aerial photographs taken during July 1983 and
supplied by the Wyoming Water Development Commission and (4)
Field Observations.
The results of this study indicated a total
of 17,249 acres were actually under irrigation.
t.!_~2 ~_1__ ==_~t£~. AE5W!:r;-_~_In~.n.t§ __ -J-Q~. _t.he J.:rJiJq~J:£dr_#~pdst.!,
The
consumptive use requirements for the Upper Bear Area were determined using the modified Blaney Crittle Method. The net consumptive use modified for the normal affective precipitation amounted
to 1.3 acre feet per acre.
Using an efficiency of 45 percent,
the total requirement for the area was 2.89 acre feet per acre.
The average water use for period of record taken from the Bear
River Commission records was 2.0 acre-feet.
Therefore, the net
deficiency of irrigation water was .89 acre-feet.

1 . ! ..~ ..!.4 . _....._G~.QJ.Qg'y .J¥._.tJH~.... W_~§.t .FQr_15:.._DJ1U!L_Si.t:~.!'_ The results of a
surface geological investigation indicated that all of the
materials at the dam site and within the reservoir area were
glacial deposits.
At some time in the past, a glacial morraine
blocked off the West Fork of the Bear River creating a large lake
throughout the area.
The results of the investigation concluded
that the reservoir basin and the left abutment would consist of a
substantial depth of clay materials, while the materials along
the right abutment would consist predominately of glacial
morraine.
l~.~_!_~%. ____ ~l1l?f?prf.?!c.e J?~9J.9SJga.,1,_... ,I.nY~~tt.ig_Cl_tJ..9n at;_,..t.11gnJ2gRl. ...$i!:e.
~n9 j=I:L ..th.~. __.B_~.~erYQi+ .~.asi.n_...
During the Level II Study, a total

of 27 test borings were drilled along the proposed axis of the
dam, in the reservoir basin, and along the right side of the
reservoir basin.
The results of the test borings indicated that
clay material did exist on the left abutment and in the reservoir
basin.
Glacial morraine was all along the right side of the
reservoir basin.
The subsurface investigation also indicated
that the glacial material along the right side of the basin had
relatively high permeability coefficients and that it was
underlain at varying depths below the ground surface with a
relatively impervious clay layer which extended to a distance of
at least 1500 feet from the east edge of the reservoir basin.
1.2.6
Available Embankment Material.
The results of the
Level 'fi' inve'sti-ga-tion-"{ndicated--that' -- a--s'iibstantial quantity of
relatively impervious soils classifying as ML, CL-l or CL-2
according to the Unified Soil Classification System existed in
the immediate vicinity of the proposed dam site.
Laboratory
tests performed on these materials indicated that they were
suitable for construction of the proposed facility.
l_!._? .•. I .... )?~.~!.!.~~~?l.ry_ .. D..~~ign.,. 9.f ..an~L...E.~r..tJ:l.. _.~.mQ9J).~m~.PJ:._~_
The
abundance of cohesive materials existing in the immediate
vicinity of the dam site suggested that a homogeneous type
structure with a chimney filter would be appropriate for the
1-2

proposed site. The results of the field investigations indicated
that a shallow cutoff trench varying from 15 to 20 feet would be
sufficient to prevent any seepage beneath the proposed structure.
The results of the hydrological investigation indicated that
a dam approximately 130 feet high could store about 17,500 acre
feet with a free board of approximately 10 feet.
Stability
computations based upon shear strength parameters determined in
the laboratory indicated that side slopes of 3 horizontal to 1
vertical upstream and 2 horizontal to 1 vertical downstream would
provide a satisfactory factor of safety for the proposed
structure.

:L • ?~hf!.-, $~.~.p.~S~=p.J..9.l?_J~~. _~J.:v,.,:t:.b.~_.R~gJ:r~,_bQ~.t~eDj: ~.
The relatively high permeability characteristics of the morrainal
material in the right abutment and along the right side of the
reservoir basin suggested that the reservoir basin may~ot hold
water.
The results of additional subsurface investigations in
the Level II Study indicated that the morrainal material on the
right side of the reservoir basin was underlain by relatively
impervious zone and that the impervious zone extended for at
least 1500 feet in a direction perpendicular to the axis of the
reservoir basin.
A finite element seepage analysis performed for these
conditions indicated that while the morrainal material was
relatively pervious, water would be constrained to move laterally
for a great distance resulting in a very small hydraulic gradient.
It was concluded in the Level II Study that a dam could be
constructed at the site with a tolerable amount of seepage
through the right side of the reservoir basin. The alignment of
the dam was modified so that the right abutment which consisted
of morrainal material could be blanketed to prevent seepage
through the abutment.
l.!.~_~~~_ ... Ql127t•.l~t.. WQX.k~.~_
The preliminary design for an outlet
conduit located in the right abutment was prepared for the
project. The preliminary design of the outlet conduit considered
a 48-inch inside diameter steel pipe encased in a rectangular
reinforced concrete section. The hydraulically controlled sluice
gate located at the upstream end of the outlet conduit would
serve as both a control and a guard gate for the outlet pipe.
Water flowing out the outlet portion of the conduit would be
dissipated using a riprap lined plunge pool located downstream
from the outlet of the pipe.

1~.~_·.!9." .. Spi.l~~~Y .. ~9.~~~.Q~_:r~:t:J().:Q~_..
The results of the flood
study indicated that the 100-year flood would have a peak
discharge of 1,310 cfs, while 1/2 of the probable maximum flood
for the West Fork of the Bear River would have a flow of 13,600
cfs.
Flood routing of both the 100-year flood and 1/2 the
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probable maximum flood through the reservoir basin indicated that
the principal spillway would require a crest length of 55 feet
while the emergency spillway would require a 410 foot wide
crest.
The head on the principal spillway required to discharge
1,310 cfs would be 4 feet, while the maximum head on the emergency spillway when passing 1/2 the probable maximum flood would
be 10 feet.
Both the emergency and the principal spillways were
located in the left abutment during the Level II Study.
1.3

Scope of the Investigations for the Level III
Phase I Study

1 .3.1
Data Collection .
Additional data collection items
requirecf "dur:ril-g -'the--Levei-- III, Phase I Study included (1)
Additional surveying, (2) Additional geological and geotechnical
investigations and (3) Water quality and sedimentation.

+_!__~_. _ ~2 -_._.-.~.~9.hn.igC!J .. l'-~§-t9l1~. The following i terns were included
in the technical design:
(1) Addtional hydrological investigations to determine the reservoir yield, (2) The development of
the Upper Bear River Basin Model and User's Manual, (3) A flood
analysis to include the 50-year, the IOO-year, the 200-year, the
500-year and the probable maximum flood.
This part of the work
also included the determination of the attenuation effects of the
reservoir upon the pmf and the determination of a flood plain
analysis downstream from the dam using the probable maximum flood
and a dam break analysis due to the pmf with the spillway being
sized to handle 1/2 the prof flood and (4) A sedimentation and
erosion analysis.
l.).~_~ ..._____ .~Qn9~p.ty~J __ Q~SJqD.!_
This phase of the work required
the development of a conceptual design of all facilities associated with the project including the reservoir, embankment,
abutments, cutoff trench, foundation preparation, canal structures, spillways, outlet works, utility sections, gaging stations, roads, instrumentation, buildings and appurtenances.

l.!.3_~.4 __ =~Q),.l!.ty _J;Q...J?g~Y.._~.l)~ll.Yf?.i§.~.
An ability to pay analysis
including cropping patterns and yield projections, on farm
operating budgets, ability to pay calculations agricultural
benefits and flood control -benefits were to be determined during
the Level III, Phase I, part of the investigation.

l.!.~_.!.~
B$p~Jj, t .. G..Q~~t.. _~I)a.ly~J.~.~.
In this phase of the work an
estimate was to be made of that portion of the total construction
cost and operation and maintenance costs that can be attributed
to each project function.
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HYDROLOGICAL ANALYSES
SECTION 2

2.1

Introduction

Hydrological investigations for the design of the West Fork
Reservoir included water supply studies and flood hydrology
studies. The water supply studies aided in the sizing of the dam
and reservoir and in determining the effect of the reservoir on
downstream flows. The flood hydrology studies were performed for
the design of the principal and emergency spillways and included
a dam breach analysis to determine the consequences of dam
failure due to overtopping.
Each of these will be discussed in
the following sections.

2.2

Water Supply

~...~ 2!.L.... _W.~1;:.~~ ___ R.i_g.bJ~_$._.•_
Water rights filings above the
Woodruff Narrows Reservoir were researched to determine adjudicated and unadjudicated water rights which may affect the
available water for West Fork ,Reservoir.
The diversion rights
which are prior to the West Fork Reservoir water are shown in
Table No. 2.1.
In addition, storage rights exist for the
Woodruff Narrows, Meyers, Painter, Crompton, Whitney,
J.L. Martin, Sulphur Creek, and A.J. Barker Reservoirs.
These
are prior to West Fork Reservoir water.
West Fork Reservoir
storage rights have a priority date of March 1982. The enlargement of Sulphur Creek Reservoir to include 12,500 acre-feet of
storage for the City of Evanston has a priority date of September
1982 and is junior to the West Fork filings.

2..,.~ , . 2... _._.Fj,Y.~:r_.. JlgJ~jp...J~.o.qel..-'.. A river basin computer model for
the Upper Bear River Basin was developed to estimate the amount
of water available for storage in the proposed West Fork Reservoir.
The model is written in BASIC language and has a monthly
time step. It is a water accounting type model that computes the
volume of excess storable waters that are available at various
points along the Bear River after satisfaction of all prior
downstream diversion and storage rights.
The model nodes or computation points include the following
in order of downstream to upstream.
A.
B.
C.
D.
E.

Bear
Bear
Bear
Bear
Bear

River
River
River
River
River

at Woodruff Narrows Reservoir
near Evanston, Wyoming
above Sulphur Creek
at Bear Canal
at Utah/Wyoming State Line
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F.
G.
H.

West Fork Reservoir
West Fork below Whitney Dam
Sulphur Creek at Sulphur Creek Reservoir

At each node the model computes and displays the total water
available at the node and then distributes the water among the
various water interests based upon prior rights.
The model
includes the simultaneous operation of the Woodruff Narrows,
Sulphur Creek and West Fork Reservoirs.
A flow diagram showing
the major components of the program is shown in Figure No. 2.1.
The units used in the model at all nodes are acre-feet of water.
The period of record analyzed with the model was 1943 through
1984 for a total of 42 years.
A complete description of the
model structure, input and output etc. can be found in the
Computer Model User's Manual provided in this report.

4..~.£,!.).... ~ ..~. }\.'v.:~J lstQ.l~_~ Witt~:r.!. Through operation of the Upper
Bear River Basin Computer Model it was possible to derive the set
of curves shown in Figure No. 2.2.
These curves represent the
reliability of West Fork Reservoir project water for various
reservoir sizes and project demands.
The curves in Figure
No. 2.2 were derived assuming project waters are applied as
supplemental water to currently irrigated lands with releases
occurring only during the last two weeks of July and throughout
August.
Due to economic considerations and to storage and depletion
limitations placed on the project by the Wyoming State Engineer,
a storage of 12,000 acre-feet for the reservoir was selected. A
reservoir of this size can be expected to give a maximum yield of
approximately 9,600 acre-feet annually at a reliability of 70
percent, 9,400 acre-feet annually at a reliability of 80 percent,
8,400 acre-feet annually at a reliability of 90 percent and 4,800
acre-feet annually at a reliability of 100 percent.
The reliability curves shown in Figure No. 2.2 for the West
Fork Reservoir show that more water is available for the project
than was shown in the Level II study of the West Fork project.
It should be remembered that the reliabilities for project water
shown in Figure No. 2.2 are based upon the most severe drought
which occurred during the 42 year period 1943 to 1984.
This
drought occurred in the early 1960's.
The Level II study was
based on a stochastic analysis which indicated that droughts may
be more severe than that which occurred in the early 1960's.
Indeed, regional information shows that the drought in the 1930's
was more severe than that in the early 1960's.
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2.3

Plood Hydrology

~_~. 3,.~_l""'r-JJ1tf-QQ.y.g:t.!.9.n.'!.
An analysis of the flood potential of
West Fork at West Fork Reservoir was performed for the design of
the principal and emergency spillways. The design flood for the
principal spillway was the 100-year flood discharge while the
design flood for the emergency spillway was that of one-half of
the Probable Maximum Flood (1/2 PMF).
The methods used in
estimating the magnitudes of these floods are presented below.

t

of th!&~:st"-'F~~=!I6E!i%r:Qri:::_r c;~~~9·~ag: ~~~~~d f~~~Ue;eC!f :rn:e~s ~
order to estimate 10-, 2S-, SO-, 100-, and SOO-year floods at the
West Fork Dam. This gage is located just downstream of the dam
site and has a record length of 11 years for the period 1974
through 1984.
The recorded flood peak discharges are shown in
Table No. 2.2.
The computed flood frequency curve is shown in
Figure No. 2.3 and tabulated in Table No. 2.3.
It is based on a
log-Pearson Type III distribution using a regional skew· of -0.3
taken from Plate 1 of the U.S. Water Resources Council, Bulletin
1 7B, G.gi~l~1.il1e.$. ....t9J._ ~JoQ.d __:F..~e..qJ.l~D.gY-.. 1\n51ly.~J_§.!"_
~'~~~-'!'~'-n-'- rro!>$=Ql~._.M~~J~:t;l.~ flQQQ .•Synthetic rainfall-runoff
methods were requ1red for the estimation of the PMF and the 1/2
PMF peak discharges and hydrographs.
The Soil Conservation
Service (SCS) Curve Number and Unit Hydrograph Procedure was used
for this purpose.
The U.S. Army Corps of Engineers HEC-l
computer program was used for computations.
The SCS method
requires the estimation of the total rainfall depth, the rainfall
distribution throughout the storm, the watershed curve number
(eN), the watershed area, and a unit hydrograph for the watershed. The watershed area above West Fork Reservoir is estimated
to be S2.9 square miles.
The remainder of the above items are
discussed below.
~ !._ .• q~:r_~G..iRij::?ttj9J\ - The Probable Maximum Precipitation (PMP)
was estimated from data presented in the'Hydrometeorological
Report No. 49, ~t::QP'ab!f& l1~~i.m¥P.LJ?x.~.~.iJ?JJ:~.ti~Hl... EstiJn~_t_~~.1 _CQJ;2.:r.!!Q,9
R..i v~.r .. _.g.nQ.===G.+~~_t_. .J;~a§JJls .P.~.~J...n_qge~ (U. S. Dept. of Commerce and
u.S. Dept. of Army, 1977). The local cloudburst-type storm was
found to be the most critical rainfall event; therefore, a
six-hour duration PMP of 7~S inches was used for derivation of
the Probable Maximum Flood (PMF) for West Fork.
The HMR No. 5
storm distribution (Hydrometeorological Report No. 49) was used
to distribute the total rainfall depth throughout the six-hour
storm.

B.
Watershed Curve Number - The watershed above West Fork
Reser;"oir' co=;~'is'ts -~~inIy-==Ofl~~ge areas of sagebrush and grasses
intermixed with stands of aspen and conifer forest. A sub-alpine
vegetative type can be found in the highest portions of the
watershed. Elevations range from approximately 8,240 feet at the
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dam site to above 11,000 feet.
The Curve Number (CN) for this
watershed is estimated to be 93 for saturated (AMC III) and
denuded watershed conditions.
~. n .. ' UJll.mt I!xdJiQ.ru:-ap!L Develop~en1: - The methods and procedures described in Chapter 16, Section 4, Soil Conservation
Service (SCS) National Handbook of Hydrology (SCS, 1972) were
used to derive unit hydrographs representing runoff from a
one-inch rainfall excess for each watershed.
The time of
concentration for the watershed was estimated using the U.S. Army
Corps of Engineers equation for basin lag and the SCS relationship between basin lag and time of concentration as follows:

0.38
tp

=1.2(F

C
)

Tc = tp/0.6
where tp

=

Lag time from centroid of rainfall
to hydrograph peak (hours)

L = Length of longest watercourse (miles)
Lc

=

Distance from outlet to a point on
the stream (miles) nearest the
centroid of the basin

s = Mean slope of the drainage basin
(feet/mile)
Tc = Time of concentration (hours)
The estimated basin lag for the West Fork is 1.86 hours
while the estimated time of concentration is 3.09 hours.
The
unit hydrograph derived for the watershed is shown in Figure
No. 2.4.

P+-'=__'T7Jl.lQQ9=.ayQr.Q.qr~pp,§ - The estimated PMF flood hydrograph
for West Fork watershed is ~hown in Figure No. 2.5. The 1/2 PMF
hydrograph for the watershed is shown in Figure No. 2.6.
~~ 3 ! .. L- ___ }?~~~cip~~ __ gpJll~y_p"~.~.;l.g:n_..
The principal spillway
for West Fork Reservoir has a crest elevation of 8358.00 and was
designed to pass the 100-year peak discharge. This will require
a 65-foot wide trapezoidal channel at the spillway entrance which
narrows to a 35-foot wide trapezoidal channel.
The 100-year
flood of 1270 cfs will have a depth of 2.83 feet with a velocity
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head of 0.63 feet at the spillway entrance for a maximum pool
elevation of 8361.46 feet.
The principal spillway discharge
curve is given in Figure No. 2.7.
2,;} •.2..
~'tg~ncy"._p,Ril~W~Y~
Flood routings were performed
using the Modif1ed PuIs routing option of the Corps of Engineers
HEC-I computer program to estimate the emergency spillway width
required to safely pass the 1/2 PMF hydrograph without overtopping of the dam.
West Fork Reservoir will require a trapezoidal emergency spillway with a crest elevation of 8361.5 and a
bottom width of 405 feet and 2:1 side slopes.
The inflow and
outflow hydrographs resulting from the 1/2 PMF flood routing for
West Fork Reservoir are shown in Figure No. 2.6.
The emergency
spillway elevation discharge curve is shown in Figure No. 2.8.
2_~_.~_~__§.._ ...._ p..~m::--I!J;.~.p.J~_b. ... ~n5!l-Y~_!J?.~
A Dam-Breach Analysis was
performed to evaluate the consequences of a breach in the dam due
to overtopping by the PMF hydrograph.
This analysis was necessary to ensure that the emergency spillway, which is sized to
safely pass the 1/2 PMF hydrograph, sufficiently protects the
public safety.

The dam-breach analysis was performed with the Corps of
Engineers HEC-l computer program.
This program requires as input
the maximum size of the breach and the duration of time required
to develop the maximum breach size. A trapezoidal breach with a
bottom width equal to one-half of the length of the base of the
dam or 150 feet and 1:1 side slopes was assumed.
Computer runs were made for breach durations of 3, 6, 9 and
The resulting flood hydrographs were routed downstream
to Evanston, Wyoming using storage routing routines available in
the HEC-l program.
The peak discharges for the various simulations are tabulated in Table 2.4.
Figure No. 2.9 shows the
duration of the dam breach versus peak discharge at Evanston,
Wyoming.

12 hours.

From Figure No. 2.9, i t can be seen that if the breach
takes longer than nine hours to develop from top to bottom, the
flood peak discharge at Evanston, Wyoming will actually be less
than what would occur without the West Fork Dam.
A breach
occurring in six hours would result in a discharge of approximately 30,000 cfs greater than the PMF. However, it would result
in only approximately a one foot rise in the water surface at
Evanston over that which would occur during the PMF due to the
wide flood plain.
It is felt that a breach from top to bottom of the dam would
likely take at least six hours and possibly more.
Considering
the information shown in Table No. 2.4 and Figure No. 2.9, it is
felt that the design of the spillway for the 1/2 PMF is suf2-5

ficiently conservative to protect the public safety.
Flooding
due to a dam-break from overtopping by the PMF would not be
significantly more severe than what would occur without the dam.
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GEOLOGICAL AND GEOTECHNICAL INVESTIGATIONS
SECTION 3
3.1 Surface Geological Conditions

3 .1. .J..
Intr.<;>~:i:l~q1;:.iQD •.
The proposed site for the West Fork
Dam is situated approximately 16 miles north of the Uinta Axis.
The bedrock structure is a broad syncline and the thick surficial
rocks are of glacial and fluvioglacial origin.
The critical
geologic features are those associated with Pleistocene glacial
events and the subsequent Recent modifications.
Because the
glacial and fluvial deposits are most of the surface in the area
and are present at the proposed dam site, their definition is
important.

A~ .... __. _Stl;"a,t.igl;".~pby.
There is no bedrock exposed at or near
the proposed dam site.
But directly below the glacial deposits
are rocks of terrestial origin and of Tertiary age.
These rocks
are referred to as the Fowkes and Knight Formations, or sometimes
as the Bridger Formation.
These rocks are estimated to be
approximately 250 to 300 feet below the surface.

The Pleistocene deposits are of three general types:
morraines, outwash, and glacial lake.
Morraines are situated
along every drainage channel that leads northward from the Uinta
Mountains.
The morraines are of three types:
lateral, medial,
and terminal.
The most prominent are the lateral morraines,
which are placed next to the bedrock canyon walls in the Uinta
Mountains and along the sides of the river courses.
The lateral
morraines are as long as 10 miles and as wide as 500 feet. They
consist of a mixture of fluvial and glacial material, and the
deposits range in thickness from approximately 75 feet near the
mouth of the canyons to over 200 feet in the easily eroded rocks
of the valleys to the north. These lateral morraines have blocks
and boulders that are as large as six feet in the longest
dimension and as small as sand and silt.
These deposits are
comprised of nearly all quartzite derived from the thick Precambrian quartzites that make up the core of the Uinta Mountains.
The medial morraines are made up of the same material but are
less prominent. A representative medial morraine can be seen at
the confluence of the Bear River and the East Fork of the Bear
River just at the break of the valley floor and the mountains's
edge.
Terminal morraines are less prominent because they have
been largely obliterated by meltwaters from the retreating
glaciers.
The other outwash deposits are found mostly in the broad,
flat valley bottoms such as the Bear River.
These are wide but
thin deposits consisting mostly of quartzite cobbles, and coarse
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gravel.
These deposits are often terraced and can be seen to
reach as far north as three miles south of Evanston, Wyoming.
These outwash deposits are extremely permeable.
Of considerable interest are the fluvio-glacial deposits or
glacial lake deposits that occur in isolated locations along the
northern margins of the Uinta Mountains. These deposits are much
less prominent than morraines.
They make low gentle hi lIs .. that
are often capped with a thin veneer of outwash cobbles.
These
deposits are the result of morraines and glacial ice damming side
drainages of the main drainage ways, such is the case with the
present-day West Fork of the Bear River.
When these dammed drainages fill with water, they become a
temporary, albeit hundreds to a few thousands of years in
duration, lakes.
These lakes are fed by meltwaters from small
glaciers or snow fields and become the deposital site for
fine-grained rock flour. These deposits accumulate at the bottom
of these lakes in finely laminated strata.
These depo~its fill
in the previously existing topography and, as such, make irregularly shaped deposits.
Because many of these lake deposits are
subsequently covered with outwash, their extent and thickness are
largely unknown.
To find the thickness and extent of these
deposits i t would require a great deal of drilling and
trenching.
Some of these lake deposits are 70 to 100 feet thick
and are usually of low permeability.
B!_ ... St~uct~r~~ The general structure of the area is one of
a gentle, assymetrical syncline whose axis trends nearly
east-west parallel to the axis of the Uinta Uplift to the south.
The steep limb of the syncline lies along the Uinta Mountain
front where steeply dipping Paleozoic and Mesozoic are upturned.
This syncline grades into an anticline near Evanston, Wyoming.
The proposed site lies very near the axis of this syncline and
the projected dips of the Tertiary bedrock is gentle, approximately five degrees or less.
The only prominent fault in the area is the major frontal
fault that borders the northern edge of the Uinta Mountains.
This fault is a high angle reverse fault that places Precambrian
rocks over Paleozoic and Mesozoic rocks.
There are no surface
indications of faults in the area of the proposed dam.
~.-"-'7T~.~9mQ~phQ.l.9.qy'~The topography of the area is dominated
by the syncline, the uplift, and the glacial processes. Predominant are the glacial features that have already been described.
These Pleistocene features have been modified by Recent fluvial
processes.
The rivers and streams flow northward off the Uinta
Uplift and have breached previously existing glacial deposits.
There are at least two level of stream terraces in the area.
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D ........G~q),Qgiq... JIi:.~:t()~y_~.
The area was the site of Tertiary
continental deposits for about 20 million years.
During this
time, the Uinta Mountains gradually rose and became a prominent
mountain range. This uplift also caused the syncline.
The prominent geologic event was the Pleistocene glacial
activity.
This activity lasted at least one million years and
was ended approximately 10,000 years ago.
This glacial activity
modified the whole of the northern edge of the Uintas. Great
glaciers cut big U-shaped canyons in the Uintas.
The glaciers
carried huge amounts of debris to as far north as the
Utah-Wyoming line, with the resulting outwash reaching as far
north as a few miles south of Evanston.
It is the glacial
geology that dominates the proposed dam site.
3.1.3
A.• __ . St~c;ltig;rc;lpby.!. There is no bedrock exposed at or near
the proposed site.
Projections of isolated outcrops from other
areas indicate that Tertiary clastic rocks should be found at
approximately 300 feet below the surface.
The West Fork site is located on the western edge of a large
glacial rnorraine and glacial lake deposits. The morraine is the
product of a glacier that once occupied the present-day Bear
River and the glacial lake deposit resulted from damming of the
West Fork drainage by the morraine (Figure No. 3.1).
The
morraine is a prominent feature that extends some nine miles to
the north from its origin and approximately two miles beyond the
proposed dam site. The morraine is a compound morraine, meaning
that it is the product of several glacial advances and retreats.
This compound morraine is characterized by a highly variable
assortment of sediments.
The material making up the morraine is both of glacial and
fluvial origin. The material accumulated on the western edge of
the glacier and is more properly referred to as a lateral
morraine.
The deposits within the morraine range in size from
ice carried blocks, up to six feet in the longest dimension, to
fine rock flour carried by meltwaters along the glacier's edge.
The deposits are both discontinuous and unpredictable.
Further,
these deposits are usually very porous and permeable.
But can
have locally relatively impermeable deposits within the morraine. In many areas a three to seven foot thick soil covers the
morraine and this would reduce total permeability.
The right
abutment of the proposed dam is highly suspect and could cause
many problems in design and construction, or possibly cause
relocation.
In contrast, the north abutment is located on glacial lake
deposits. These deposits are relatively uniform and are readily
predictable. The lake in which these deposits formed was dammed
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by the morraine and apparently was a lake of long duration and,
therefore, are fairly thick.
The clays and silts in this lake
make excellent material for the north abutment and the reservoir.
Subsequent to the last retreat of the main glacier, the
West Fork drainage cut through the morraine for the last time and
scoured a channel in the position of the present-day West Fork.
B •..... St~.UG.tJl.~.e...
From all discernible data, the bedrock
structure appears to be essentially flat to low dipping strata.
Because of the glacial deposit cover, there was no way to locate
any faults if any are present.
Surface examination of the
glacial deposits did not reveal any indication of faulting.

c ... __ G.eo~.orpnplogy~. Figure No. 3.1 shows the proposed site
to be at the intersection of an ancient glacial lake and prominent lateral morraine.
The morraine damming of the West Fork
drainage was critical in the making of the site.
The glacial
lake deposits make up the total of the left abutment and as can
be determined from the surface, the majority of the reservoir
area.
The present-day West Fork drainage courses along the edge
of the ancient morraine at the proposed dam site until it finally
cuts through it just west of the present-day Bear River.
This
erosion probably took place after the glacier melted from the
Bear River area and the morraine lost its dam-making qualities.
The present-day West Fork then cut through the soft glacial lake
deposits to make the drainage pattern that now exists.
Washing
away of the fine sediments has left a lag deposit of large
cobbles along the drainage in several places.
D.
G.~o.1ogic.ltL.st:,9.~Y...
Because the proposed site is largely
glacial deposits, the critical history of this area is the
history of the Pleistocene. Atwood (5) correctly interpreted two
main glacial epochs in the region. In the first, some 700,000 to
1,000,000 years ago, was the largest.
Glaciers moved northward
several miles from the Uinta Mountain front, leaving a trail of
morraines to an approximate elevation of 7,900 feet.
This is
approximately 400 feet below the proposed dam site.
This
glacier was approximately 1,700 feet thick at its thickest. This
data fits the glacier that occupied the Bear River drainage.
Morraine from this glacier effectively blocked the West Fork
drainage and the beginning of the glacial lake.

During the first glacial epoch, a small glacier occupied the
West Fork Drainage. This glacier was restricted to the elevation
of 9,400 feet. This glacier was relatively small, approximately
one square mile and remote. Because of this, the meltwaters were
limited and carried the finer sediments downstream, thus providing the fill for the forming glacial lake.
The second epoch was of lesser extent, with the main Bear
River glacier retreating to an approximate level of 8,600 feet.
The already established morraine from the first glacial epoch
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continued to serve as a dam for the West Fork drainage.
This
epoch continued to serve as a dam for the West Fork drainage.
This epoch is estimated to have lasted for 400,000 to 500,000
years. No glacier existed in the West Fork drainage during this
time and it is thought that melt from snow fields provided the
sediment to the ever enlarging lake.
Climatic changes caused all the glaciers to retreat about
10,000 to 15,000 years ago. The glacial lake drained either from
overtopping of the morraine or by the establishment of river
drainage where the lake formerly was.
E,! __ ~ __ :R~<;_Qmm~n~~t.Jon~~._
Material making up the left abutment
is sufficiently thick and of suitable quality for dam construction.
The material in the reservoir area is also largely clays
and silts and would allow very little or no leakage.
The
morraine material in the right abutment is of serious concern.
As it is presently situated, it would have leakage of an undetermined amount but could be large.
The possibility of utilizing
material from the reservoir area as a blanket or seal should be
considered.
If this is not feasible, then consideration should
be made to select and investigate a new site.

3.2

Subsurface Investigation in the Dam Area and the Right
Abutment.

The characteristics of the subsurface material throughout
the dam area and the right abutment were defined by drilling 27
holes as shown in Figure No. 1.2.
Test Hole Nos. 1 through 14
were~drilled during the Level II Study,
Test Hole Nos. ]01
through 107 were drilled during the Level I I Extension Investigation and Test Hole Nos. 201 through 206 were performed during
the Level III, first phase investigation. The logs for these 27
test borings are shown in Figure Nos. 3.2 through 3.4 and it will
be observed that the depth of the holes varied from about 30 feet
to 150 feet.
From a topographic point of view, the most favorable location for the axis of the dam is along Test Hole Nos. 1
through 9.
During the Level II Study, the drilling proceeded in a
sequential manner from Test Hole No.2 to Test Hole No.8.
It
will be observed from Figure No. 3.2 that the soil profile where
Test Hole Nos. 2 through 6 were drilled consisted of a surface
granular zone having a maximum depth of about 20 feet underlain
by cohesive material throughout the depth investigated. The logs
for Test Hole Nos. 7 through 9, however, all contain a considerable amount of granular material.
Test Hole No. 7 consisted of
about 30 feet of granular material in the upper portion of the
profile underlain by cohesive soils.
Test Hole No. 8 consisted
of granular material to a depth of 90 feet where clay was
encountered, while no clay zone was encountered in Test Hole
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No.9.
The granular material encountered in the right abutment
was the lateral morraine material discussed earlier in the
surface geological section of this report.
During the drilling of Test Hole Nos. 1 through 9, field
permeability tests were performed at approximately 5-foot
intervals throughout the depth investigated. The results of the
field permeability tests are presented in Figure No. 3.2 for Test
Hole Nos. 1 through 9.
The results of the field permeability
tests indicated that the permeability coefficient of the cohesive
materials was very low; however, field permeability coefficients
of over 20,000 feet per year were measured in some of the
granular material in Test Hole Nos. 8 and 9.
The existence of
the permeable morrainal material in the right abutment presented
considerable doubt as to whether a dam and reservoir could be
constructed at this site which would hold water.
Test Hole Nos. 10 and 11, drilled in the stream bottom and
along the base of the right abutment, indicated a surface
granular layer 20 to 25 feet thick underlain by clay.
In order
to more fully determine the characteristics of the morrainal
material upstream from the right abutment, Test Hole Nos. 12, 13
and 14 were drilled.
Test Hole No. 12 was only drilled to a
depth of 60 feet and all of the subsurface material in this zone
consists of the granular morrainal material.
Test Hole Nos. 13
and 14, however, extended to a depth of 120 and 150 feet respectively. Cohesive material was encountered in both of these tests
holes at a depth of approximately 60 feet below the ground
surface and the permeability coefficient of the subsurface
material beneath this elevation was relatively low.
During the Level II Extension Investigation, Test Hole
Nos. 101 through 107 were drilled. Test Hole Nos. 101, 103, 104,
105 and 106 all indicated that either a silty clay or a silty
sand existed beneath the pervious granular material in the upper
portion of the soil profile. Seepage calculations indicated that
if the pervious granular zone was indeed underlain be relatively
impervious material for a substantial distance away from the
reservoir basin that the amount of seepage through the morrainal
material would be relatively small. It will be noted from Figure
No. 1.2 that Test Hole Nos. 11, 101, 103, 105 and 106 are all
located in the draw which exists upstream from the right abutment. The logs for each of these test holes indicated a cohesive
zone at a depth of approximately 55 feet below the existing
ground surface.
This situation suggested that a cutoff trench
constructed along this line of holes could be used to intercept
part of the seepage through the right abutment.
During the Level III First Phase part of the final design,
Test Hole Nos. 201 through 204 were drilled upstream from the
:ight ~butment to furthe~ determine the existence of a relatively
1mperv10us zone underlY1ng the coarse morrainal material.
A
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cohesive zone having relatively low permeability coefficients was
encountered in each of these test holes. The results of the test
borings performed along the gully alignment upstream from the
abutment indicates that relatively impervious material exists
beneath the coarse granular morrainal zone.
The results of the
subsurface investigations performed during the Level II and Level
III Study suggested that the axis of the dam should be rotated
upstream from the original alignment in such a manner that the
embankment would cover the upstream portion of the right abutment
as shown in Figure No. 1.2 and that the cutoff in the bottom of
the streambed should be aligned with a cutoff extending up
through the gully.
In order to define the characteristics of the material in
the river bottom along the proposed cutoff alignment, two test
holes designated as 205 and 206 were drilled in the stream bottom
at locations as shown in Figure No. 1.2.
These test holes
extended to a depth of 120 feet below the existing grounq surface
and the soil profile in these holes consisted of a surface
granular zone varying from 10 to 20 feet thick underlain by a
stiff clay.
During all of the subsurface investigations performed in the
dam area and upstream from the dam area on the right abutment, an
attempt was made to sample the subsurface materials at 5-foot
intervals.
Sampling was performed by driving a 2-inch
split-spoon sampling tube into the subsurface material for a
distance of 18 inches using a l40-pound weight dropped from a
distance of 30 inches.
It was not always possible to drive the
sampling spoon through this distance particularly in the areas
where the coarse morrainal material existed.
Where it was
possible to drive the sampling spoon through 18 inches, the
number of blows to drive the sampling spoon through each 6
inches of penetration is shown on the boring logs.
The sum of
the last two blow counts, which represents the number of blows to
drive the sampling spoon through 12 inches is defined as the
standard penetration value.
The standard penetration value
provides a reasonable indication of the in-place density of sandy
material; however, considerable care must be exercised in
interpretting the results of the standard penetration tests in
gravelly type soils particularly where the inside diameter of the
spoon is less than the size of the particle.
Furthermore, the
standard penetration test does not provide a good indication of
the in-place density of cohesive materials since the penetration
resistance of materials of this type is a function of the
moisture content.
During the field investigations, field permeability tests
were performed at approximately 5-foot intervals throughout the
depth investigated. The results of the field permeability tests
are shown on the boring logs in terms of the permeability
coefficient expressed in feet per year. It should be noted that
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artesion flow was encountered in both Test Hole Nos. 205 and
206.
Water losses in these two test holes were extremely small.
During the subsurface investigation, undisturbed samples were
obtained in Test Hole Nos. 5, 6 and 205 for laboratory testing.

3.3

Subsurface Investiqation Upstream from the Dam Area and
the Right Abutment.

The results of the geological investigation indicated that
the materials in the reservoir basin and along the left side of
the reservoir basin would likely be cohesive materials, while the
material on the right side of the reservoir basin would be
morrainal material.
Test Hole Nos. 15, 107, 108, 207 and 208
were all drilled upstream from the right abutment area to
obtain a better indication of the characteristics of the material
along the sides of the reservoir basin and within the reservoir
basin.
Test Hole No. 15 was drilled during the Level II Study,
while Test Hole Nos. 107 and 108 were drilled during the extension of the Level II Study.
Test Hole Nos. 207 and 208 were
drilled during the first phase of the Level III Study.
The logs
for these five test holes are presented in Figure No. 3.4 and it
will be observed that the subsurface material in Test Hole
Nos. 15 and 108 consisted primarily of cohesive type material
with relatively low permeability coefficients. The upper 43 feet
of Test Hole No. 107, however, consisted of alternating zones of
cohesive material and granular material, while the remainder of
the profile to a depth of 65 feet consisted of a medium plastic
clay.
The location of Test Hole Nos. 207 and 208 are shown
in Figure No. 1.1.
It will be noted that Test Hole No. 207 was
drilled in the reservoir basin, while Test Hole No. 208 was
drilled on the side of the reservoir at about the high water
line.
Cohesive material was encountered beneath the morrainal
material in each of these test holes; however, the depth of
the granular material above the clay was significant. While the
permeability of the granular material varied somewhat, in most
cases the permeability coefficient was moderately high.
The
permeability characteristics of the static ground water level
existing in each of these test borings is shown on the boring
logs and it will be noted ~that the ground water level slopes
towards the river in the reservoir basin.

3.4

Available Embankment Material

3 •.4.•. 1
... ;r.mp~)::v:i_cn~,~ ..~flt~.l:'iaJf?, .,
An abundance of impervious
material exists in the immediate vicinity of the proposed
embankment alignment. During the Level II Study, sixty test pits
were excavated in the area designated as Borrow Area No. 1 in
Figure No. 1.2.
These test holes were excavated with a trackhoe
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and the depth of the test pits varied from 12 to 20 feet.
The
logs for these 60 test pits are presented in Figure Nos. 3.5 and
3.6. A considerable amount of cobble size materials exists in a
number of the test holes drilled throughout this area. However,
zones were encountered where the subsurface material consisted
primarily of cohesive material.
The characteristics of the
material in the test holes were generally classified in accordance with the Unified Soil Classification System and the symbol
designating the major soil type in the test hole is shown on the
test pit logs.
It will be observed that the available material
in Borrow Area No. 1 classifies as either a CL-l-, CL-2-, or
GC-type material.
During the preparation of the final plans and specifications
for this project, areas where the subsurface material consists
predominately of clay will be delineated for use in the proposed
facility.
It is anticipated that at least 2 million yards of
material exists in Borrow Area No. 1 which could be used in the
dam.
The amount of cohesive material available at this site is
at approximately 200 percent of the amount of impervious material
required for the proposed facility.
3. 4. 2 ._.Gorap~J~.~_:Mpt.~l:".iaJ_.~. An abundance of granular material
exists in the right abutment area.
The emergency spillway for
the proposed facility will be located in this area and it is
anticipated that approximately 300,000 yards of granular material
will be available from the spillway excavation for use in the
embankment.
Additional granular material is available in the
area designated as Borrow Area No.2 in Figure No. 1.2.
It is
anticipated that at least a million yards of granular material is
available in Borrow Area No. 2 for the construction of the
proposed facility.
It will be noted from Figure No. 1.2 that
test boring No. 9 is located withip Borrow Area No.2.
The log
for Drill Hole No.9 is presented in Figure No. 3.2 and it will
be observed that the subsurface material throughout this test
hole consists of a red brown sandy gravel with cobbles and some
clay.
0

In order to obtain a better indication of the characteristics of the material in Borrow Area No.2, six test pits were
excavated at the approximate locations as shown in Figure
No. 1.2. These test pits were excavated to depths of between 15
and 18 feet and the logs for the test holes are presented in
Figure No. 3.7.
Visual observations of the material in the test pits
indicate that the granular material is somewhat step graded with
a deficiency in the amount of material in the coarse gravel
range.
The textural characteristics of the granular material
will be discussed more fully in a subsequent section of this
report.
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3 ~.~.!~ ..• J?lQ'p~ ... ~~Q~~~_t!'QXl. ...Cl.n.<i. _.f.! l:t~_!:._.~~t.~:~:;J~)'_.
An abundance
of material that can be used as riprap on the upstream and
downstream faces is available in the granular borrow area.
The
results of mechanical analysis performed on the granular material
indicates that 10 to 15 percent of the material has a particle
si~e greater than 6 inches.
Sufficient material is available in
the granular borrow area to construct a free draining granular
zone on the face of the dam consisting of the plus 6-inch
material.
The plus 6-inch material can also be used for erosion
control in the emergency spillway.
An abundance of filter
material is also available in the granular borrow area.
Some
processing will likely be required to obtain the appropriate
filter gradation; however, the required gradation can be obtained
by either washing, screening or crushing.
W'

3.5

The Results of Laboratory Tests

3!,.5.!J_._ Fou.I1~.atiQIl .. aI1~ .Aplltmg.I1t.. Mg:t;.~~.i.gl$._.~
Laboratory tests
performed on the foundation and abutment materials included
in-place unit weight, natural moisture content, Atterberg limits,
consolidation tests, direct shear tests and triaxial tests.
The
results of each of these tests are discussed below as follows.
A .•.. Cl~ssi.t ~c~ti.qn... ~~L~.t.$ - During the Level II Study, 27
Atterberg limits were performed on representative samples
obtained from the cohesive materials in Test Hole Nos. 2, 5 and
6.
The results of these tests are presented in Table No. 3.1,
Summary of Test Data. Each sample was classified in the laboratory according to the Unified Soil Classification System and the
symbol designating the soil type according to this system is
shown in Table No. 3.1 for each sample.
During the Level III
Study, 29 Atterberg limits were performed on representative
samples obtained from Test Hole Nos. 201, 203, 204, 205 and 206.
The results of these tests are presented in Table No. 3.2,
Summary of Test Data.
Test Hole Nos. 5, 6, 205 and 206 were drilled in the
streambed and it will be observed that the subsurface material
in this area classifies as an ML-, CL-l-, CL-2- or CH-type
material. Test Hole Nos. 2, 201, 203 and 204 are located on the
abutments of the dam and~it will be noted that the cohesive
materials in these areas have similar characteristics to those in
the foundation area.
The in-place unit weight and the natural
moisture content were performed for essentially all of the
samples of cohesive materials obtained from Test Hole Nos. 5, 6,
205 and 206.
The results of these tests are presented in Table
Nos. 3.1 and 3.2, Summary of Test Data. It will be observed that
the in-place unit weight of the subsurface materials is relatively high and that the unit weight generally varies from about
100 pounds per cubic foot to over 130 pounds per cubic foot. The
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high unit weight of the subsurface materials is compatible with
the standard penetration values obtained during the field
investigations.

a !"_.G9n!?'9)'.icj_a.t:.i,9.p_ .. T~f;t~ - The compressibility characteristics
of the subsurface material in the streambed were defined by
performing 21 consolidation tests on representative samples
obtained from Test Hole Nos. 5, 6 and 205 and the results of
these tests are presented in Figure Nos. 3.9 to 3.29.
Samples
were obtained in Test Hole No. 205 at 10-foot intervals throughout the entire depth drilled.
The results of the consolidation
tests indicate that the subsurface material is not highly
compressible and that some of the subsurface materials have
expansive type characteristics at low overburden stresses.
The
swell potential associated with these materials is low, however,
and it is not anticipated that they will experience adverse swell
under their existing overburden pressures. While the subsurface
clays in the stream bed are not highly compressible, it can be
expected that substantial settlement will occur in these materials because of the large loads associated with the proposed
embankment.
c. P!~ectSbe~~.Te§t~ - In order to obtain an indication of
the strength characteristics of the subsurface material, three
consolidated drained Mohr envelopes consisting of 3 points each
were determined for the foundation material and the results of
these tests are presented in Figure Nos. 3.30 through Figure
No. 3.32.
The test results shown in Figure No. 3.30 were
determined during the Level II Study, while the results of the
test defined by Figure Nos. 3.31 and 3.32 were performed during
the Level III Study. All samples were saturated by back pressure
techniques and were failed under drained conditions. The results
of the consolidated drained shear tests indicate friction angles
varying from 30.5 to 33.5 degre~s with cohesion varying from 4 to
6 psi.
The stress strain curves along with other pertinent
information relative to the performance of the tests are shown in
Figure Nos. 3.30 to 3.32.
D..~ __ rr j, a_~,i.._a :L .. J;.h.eCi~ .... ~_~.$. t f3 - Additional information was
obtained relative to the shearing strength of the subsurface
material by obtaining 4 Mohr consolidated drained envelopes on
representative samples taken at various depth throughout the
subsurface profile. All samples used in the triaxial tests were
saturated by back pressure techniques prior to the consolidation. All triaxial tests performed on the subsurface materials
were consolidated drained-type shear tests. The results of these
tests are presented in Figure Nos. 3.33 to 3.36 and it will be
observed that the friction angle varied from about 25 degrees to
30 degrees, while the cohesion varied from about 1 psi to 5 psi.
With the exception of the Mohr envelope shown in Figure No. 3.24,
the results of the triaxial tests compare reasonably well with
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the direct shear tests although the friction angle for the
triaxial shear tests are generally 1 to 2 degrees less than those
obtained for the direct shear test.
The stress strain curves
along with other pertinent information relative to the tests are
also shown on the figures.
3~2_!._~_ .. __ ~p~n.~m~;t)t ~flt;~~:j.als.._
The laboratory tests used to
characterize the subsurface materials in the borrow areas
included classification tests, particle size distribution
analysis, moisture density relationships, laboratory permeability
tests, direct shear tests, triaxial shear tests, soluble salts
and dispersive clay tests.
Each of these tests are discussed
below as follows:

A.,
Cl~S$if~G~~iQn Tests - The characteristics of the
subsurface materials in the borrow areas were defined by performing 85 classification tests on representative samples
obtained at various depths below the existing ground surface.
The major portion of the classification tests were Atterberg
limits performed on the fine grain fraction of the proposed
embankment material from Borrow Area No.1. A number of mechanical analysis were also performed on these materials and the
results of both the Atterberg limits and the mechanical analysis
are presented in Table Nos. 3.3 and 3.4.
The test results shown in Table No. 3.3 were performed
during the Level II Study, while the information contained in
Table No. 3.4 was completed during the Level III Study.
It
should be noted that all of the tests performed during the Level
II Study were associated with Borrow Area No.1. Table No. 3.3
indicates that a number of the samples obtained from Borrow Area
No. 1 consisted predominately of granular type soils intermixed
with 15 to 35 percent of materials in the silt and clay size
range.
It is also apparent from Table Nos. 3.3 and 3.4 that the
cohesive material in Borrow Area No. 1 generally classifies as
either a CL-1- or CL-2-type material according to the Unified
Soil Classification System. It should also be noted that most of
the samples tested from Borrow Area No. 1 during the Level III
Study consisted predominately of cohesive materials.
A summary of the bulk gradation analysis performed on
representative samples obtained from Borrow Area No.2 are
presented in Table No. 3.4.
The test pit numbers corresponding
to the gr~nular materials are designated as 201 through 206 in
Table No. 3.4.
It will be noted from the results of the mechanical analysis performed on the samples from Borrow Area No. 2
that over 50 percent of these materials fall in the gravel or
larger size range.
The granular materials classify as GM or GP
according to the Unified Soil Classification System.
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A full particle size distribution curve was obtained for
each of the samples from the above test holes and the results of
the particle size distribution analysis are discussed in the
following sections of this report.

a ........ ~ct~t.iG.le.SJ;ze. 1;>is1;.~.iJ::>1;ltJo.~l .. ~;n.a.Jy'$.J.~ - In order to
obtain an overall indication of the particle size distribution of
the proposed embankment materials in Borrow Area No.1, a bulk
gradation analysis was performed on representative samples of the
granular material in Borrow Area No.1.
The results of these
tests are presented in Figure Nos. 3.37 to 3.40.
These tests
were performed during the Level II Study.
Thirty-eight hydrometer analysis were performed on representative samples obtained from Borrow Area No. 1 where the material
consisted primarily of cohesive type soils. The results of these
tests are presented in Figure Nos. 3.41 to 3.60.
The test
results shown in Figure Nos. 3.41 to 3.53 were performed during
the Level II Study, while the remainder of the samples tested
were performed during the Level III investigation.
It will be
noted from the results of the hydrometer analysis that most of
the materials are relatively well graded and that a significant
amount of the sample is medium to fine sand, while the amount of
material in the clay size range generally varied from about 20 to
30 percent.
The hydrometer test results presented in Figure No. 3.41 to
Figure No. 3.47 were performed using a dispersion agent which
generally permits the determination of the amount of material in
the clay size fraction.
Since clay soils in nature seldom
perform under conditions where a dispersion agent is active, the
test results as shown in Figure Nos. 3.48 to 3.53 were performed
without dispersion agents.
It is significant to note that for
these tests the amount of material in the clays size range is
very small and most of the material appears to operate texturally
like well graded sandy silt.
The tests performed d~ring the Level III investigation as
defined by Figure Nos. 3.54 through 3.58 were performed wi th a
dispersion agent and the results of these tests compare favorably
with those performed during the Level II investigation where a
dispersion agent was used.
The amount of material in the clay
size range generally varied from 20 to 30 percent.
In order to get a reasonable indication of the overall
textural characteristics of the subsurface material in the
granular borrow area, six test pits were excavated in the
proposed spillway area as described previously in this report.
Bulk samples were obtained from each of these test pits for
use in the bulk gradation analysis. The bulk gradation analysis
was performed by placing the entire bulk sample on a tarpaulin.
All of the plus 3-inch material was separated by size from the
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remainder of the sample by hand.
The minus 3-inch material was
separated on a No. 4 sieve to determine the amount of material in
the gravel size range.
A representative sample of the material
passing the No. 4 sieve was returned to the lab for a final
gradation analysis.
By performing a bulk gradation analysis, a
realistic indication is obtained of the amount of material in the
plus 3-inch range. The results of the particle size distribution
analysis for the 6 test pits excavated in the granular borrow
area are presented in Figure Nos. 3.59 to 3.61.
These tests
indicate that the plus 6-inch material is generally greater than
15 percent and that the amount of material in the silt and clay
size range is in the vicinity of 10 percent.
It is readily
apparent from the results of these tests that more than enough
material is available in the borrow area to satisfy the needs for
slope protection and erosion control.
It is also apparent from
the results of the bulk gradation analysis that the amount of
material in the sample following the removal of the plus 6-inch
material is sufficiently great that the granular material may be
relatively impervious.

c._..$9.;1..1.-. MQis.t:t,l~~ ._.R~Itf?j,.t..Y. .. _Re.;L..~t i. QP.~.h.ip§ The mo is t ure
density relationships for the material existing in Borrow Area
No. 1 were defined by performing 24 moisture density relationships.
These tests were performed in accordance with ASTM D 698
and the results of these tests are presented in Figure Nos. 3.62
to 3.85. The test results shown in Figure Nos. 3.62 to 3.81 were
performed during the Level II Study, while the remainder of the
tests were performed during the Level III investigation.
Tests
were performed during the Level II Study on both the granular
material and the cohesive material from Borrow Area No.1.
The
maximum density of the granular material generally ranged from
about 120 pounds per cubic foot to 128 pounds per cubic foot.
The unit weights of the granular material in the densified state
are relatively small and the low density is attributed to the
amount of clay which is intermixed with these samples.
The maximum unit weight of the cohesive material in Borrow
Area No. 1 generally varied from about 100 pounds per cubic foot
to 120 pounds per cubic foot. The lighter material is generally
associated with the ML- and the MH-type materials.
Four additional moisture density tests were performed during the Level III
Study and the results of these tests are presented in Figure
Nos. 3.82 to 3.85.
These tests were performed on the cohesive
material obtained in the additional test pits excavated throughout the area and it is apparent that the maximum density of these
materials varies from about 106 to 120 pounds per cubic foot.
D •...~.g.~.9:r;-.~t.q.ry ... P_e~~~?l..~!.J.Jty. 'l;'.~.~t.~ - Laboratory Permeability
tests were performed on ten samples of the subsurface material
from Borrow Area No. 1 and one sample of the minus No. 1/2"
material from the granular borrow area. The samples tested from
Borrow Area No. 1 generally covered the range of material types
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existing in this area. The location, the soil classification and
the permeability coefficient for each of the samples tested are
presented in Table No. 3.5.
It will be observed that the
material from Borrow Area No. 1 ranged from a CL-l- to a GC-type
material and that the permeability coefficient varied from .027
feet per year for the CL-2-type material to 6.4 for the GC-type
material.
The minus No. 1/2" material from the granular borrow
area had a permeability coefficient of 13.0 feet per year.
During the performance of the permeability tests, each
sample was saturated by backpressure techniques before performing
the test.
It should be noted that the permeability tests on the
GC-type material from Borrow Area No. 1 were performed on the
minus 3/4-inch fraction and it is not believed that the permeability of the whole sample will be materially different from the
value obtained in this test. The amount of material in the sand
and clay size range is sufficient to prevent point to point
contact between the gravel and cobble size particles.
E.~ .... Di:r~Gt ..Sh.e.~:r._.'r.e_s.t~ - In order to obtain an indication
of the effective shear strength parameters, sufficient consolidated drained direct shear tests were performed to define six
Mohr envelopes.
Each Mohr envelope was defined by three points.
The samples used for the direct shear tests were selected to
cover the range of materials likely to exist throughout the
borrow area.
Prior to performing the test, each sample was
saturated by b~ckpressure techniques.
The results of the tests
are presented in Figure Nos. 3.86 to 3.91.
The test results
presented in Figure Nos. 3.86 to 3.89 were performed during the
Level II Study, while the test results presented in Figure
Nos. 3.90 and 3.91 were performed during the Level III Study.

The results of the direct shear tests indicated friction
angles varying from about 21 degrees to 31.5 degrees with the
cohesion varying from about 1.3 psi to about 4 psi.
The low
friction angles shown in Figure Nos. 3.87 and 3.89 are associated
with MH- and CL-2-type materials.
As indicated above, an attempt was made to fail the samples
in the direct shear apparatus under drained condition.
It will
be noted, however, from Figure Nos. 3.87 and 3.89 that each of
these tests had a cohesion~value of between 3.5 and 4 pounds per
square inch.
This relatively large cohesion suggests that these
two tests may not have been completely drained when the sample
was failed.
Considerable care was taken to ensure drainage for
the samples defined in Figure Nos. 3.9 and 3.90 and it wi 11 be
observed that these samples had friction angles in the vicinity
of 30 degrees.
F •......._...'r+l~~.i.c~)~._ .. _Sl:lE~c;l:r.. T~§.t~ - In order to provide additional
information on the strength characteristics of the material
within the borrow area, five Mohr envelopes were determined for
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the range of materials encountered in the borrow area.
The
results of these tests are presented in Figure Nos. 3.92 through
3.96. The test results shown in Figure Nos. 3.92 to 3.95 define
the characteristics of the material in Borrow Area No.1.
The
results shown in Figure Nos. 3.92 to 3.94 were performed during
the Level II Study, while the test results shown in Figure
Nos. 3.95 and 3.96 were performed during the Level III Study.
Each of the samples tested in the triaxial shear apparatus
were saturated by back pressure techniques prior to consolidation. All samples were failed under drained conditions following
consolidation. The sample defined by 3.92 was a CL-2-type soil,
while the samples defined by 3.93 and 3.94 were GC-type materials. The sample used to define the Mohr envelope shown in Figure
No. 3.95 was a CL-l-type soil.
It will be noted that the
friction angle for the medium plastic material was approximately
23 degrees which compared favorably with the friction angle
obtained for the same material in the direct shear test.
The
friction angle for the GC-type material defined by the Mohr
envelopes in Figure Nos. 3.93 and 3.94 had friction angles of
about 31 degrees, while the friction angle for the CL-l-type
material shown in Figure No. 3.95 was 31.6 degrees.
The Mohr envelope for the sample shown in Figure No. 3.96
was a modeled sample of the granular material from Borrow Area
No. 2 having a maximum size of 1/2 inch and designed to have the
same gradatio~ portions as the real sample.
This sample was
saturated by backpressure techniques and failed under drained
conditions.
It will be observed that a friction angle of 45
degrees was obtained for this material.
It is anticipated that
the bulk sample will have a friction angle of approximately 2 to
3 degrees less than the value shown in Figure No. 3.96.
G..
s.Pl.uP.J~ S.~lt ....T.g.~.t$. - The soluble salt content was
determined on 12 representative samples obtained from Borrow Area
No.1. The tests were performed in accordance with Designation 8
from the u.S. Bureau of Reclamation Earth Manual. The results of
the tests are presented in Table No. 3.6 and it will be observed
that the amount of soluble salts in the samples tested is very
low.
The maximum soluble salt obtained for any sample was 0.6
percent. Since tests were performed to cover the entire range of
materials encountered in the proposed borrow area, it is our
opinion that soluble salt will not be a problem for the proposed
embankment at this site.
H~....
Di~p~t;".$..:i. VEL C).~.Y_~~.$.ts. - Past experience has shown that
some clays soils may have dispersive characteristics. Dispersive
clay is characterized by particles having high repulsive forces.
The particles do no floculate and in many cases these soils
exhibit erosive characteristics similar to cohesionless type
soils. A pinhole type test has been devised to determine whether
soils have dispersive or nondispersive characteristics. Thirteen
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pinhole tests were performed on representative samples obtained
from Borrow Area No.1.
The samples tested along with the
results obtained are shown in Table No. 3.6.
It will be observed that none of the cohesive samples tested
during this investigation exhibited dispersive characteristics.
The dispersive clay tests were performed during the Level II
Study.
3.6

Ground Water Hydrology and Seepage Analysis

The results of the surface geological investigation, along
with preliminary drilling indicated that the subsurface material
through most of the reservoir basin and on the left side of the
basin would be cohesive materials extending to a substantial
depth below the existing ground surface and that the materials
along the right side of the reservoir basin would be glacial
morraine.
The preliminary drilling also established that zones
of moderately high permeability existed in the morrainal material
along the right side of the reservoir basin.
This situation
resulted in considerable uncertainty relative to the ability of
the reservoir basin to hold water.
During the subsurface investigation, fifteen test borings
were drilled along the right side of the reservoir basin.
The
major portion of these tests holes was concentrated in an area
upstream from the axis of the dam; however, Test Hole Nos. 107
and 208 were located near the upper end of the reservoir basin.
The results of the subsurface investigation indicated that a
relatively impervious cohesive zone existed beneath the morrainal
material in all test holes drilled along the right side of the
reservoir.
During the subsurface investigation, perforated PVC pipe was
installed in each test hole so that the ground water level could
be measured as a function of time. The ground water elevation in
each of the test holes drilled along the right side of the basin
as of October 30, 1985 is shown in parenthesis by each test
hole.
The ground water profile through Test Hole Nos. 204, 203
and 14, through 202, 103 and 13, and through 103, 101, 106, 201,
105 and 11 are shown in Figure Nos. 3.97 to 3.99 respectively.
It will be noted that in each profile, the ground water level
slopes towards the reservoir basin. The high water level is also
superimposed upon each of the ground water profiles and it will
be observed that the ground water level is at a higher elevation
at some point in the side of the reservoir basin than the maximum
high water level.
It will also be noted that the ground water
level in Test Hole No. 207 and Test Hole No. 208 was at a higher
elevation than the stream.
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During the extension of the Level II Study, a finite element
seepage investigation was performed for the zone upstream from
the right abutment.
A plan view of the area investigated along
with the idealized permeability profiles for Sections AA and BB
are presented in Figure Nos. 3.100 and 3.101. A finite element
program was used to obtain the seepage losses through this
section of the right side of the reservoir basin. In performing
the study, it was assumed that the relatively impervious layer
would extend to a distance of at least 1400 to 1500 feet from the
edge of the reservoir basin and that a drain would exist at the
end of the impervious layer. The equihydraulic headlines for the
idealized profiles along Section AA and Section BB are presented
in Figure Nos. 3.100 and 3.101. The results of the investigation
indicated that the seepage through the right side of the reservoir basin in the area investigated would not exceed 400 acre
feet per year.
In performing the seepage study, no ground water
was considered to exist in the zone investigated.
Subsequent to the Level II Study, Test Boring Nos. 202, 203
and 204 were drilled to obtain a more complete description of the
profile along AA and BB and to determine if the relatively
impervious layer extended to the distance assumed during the
Level II Study. The existence of the relatively impervious layer
was determined and the results of the field permeability tests
indicated that the permeability characteristics of the material
in Test Hole Nos. 202 through 204 were somewhat better than
assumed in the, seepage study.
Based upon the findings associated with the additional test
borings, it was concluded that even without the relatively high
ground water characteristics along the right side of the reservoir basin that the amount of seepage through the zone upstream
from the right abutment would be somewhat less than 400 acre feet
per year.
The results of the additional drilling upstream from
the seepage study suggests that the morrainal material along the
right side of the reservoir basin has relatively high permeability zones throughout the entire length of the basin. Because
of the relatively impervious layer which underlies the pervious
morrainal zone, water seeping from the reservoir basin would be
constrained to flow in a lateral direction. Because of the large
extent of the relatively impervious zone, the hydraulic gradient
in the direction of flo~ is very small and hence while the
permeability coefficient of the pervious materials is quite
large, the total seepage loss through this zone will likely be
relatively small. Furthermore, the available evidence indicates
that the ground water in the right abutment is draining towards
the reservoir basin and that the elevation of the water table,
1200 to 1300 feet in a direction perpendicular to the axis of the
basin, exceeds the maximum expected water surface in the reservoir.
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Based on the above considerations, it is our op1n10n that
the seepage loss through the right side of the reservoir will not
likely exceed a few hundred acre feet per year. Seepage from the
reservoir basin, the left side of the basin and through the dam
will be negligible.
3.7

Concrete Aggregate Tests

3. • .7.!J..... $Qq.J. u~ . _J?9.uQ.g:tl.~.f;~._ '~e.~.t!
In order to obtain an
indication of the characteristics of the granular material in
Borrow Area No.2, sodium soundness tests were performed on
various size aggregates in accordance with ASTM C 88.
The
results of the soundness tests are presented in Table No. 3.7.
It will be noted from this table that a sodium soundness test was
performed on a random sample having a size range of from 1-1/2 to
3/4 inch and from a random sample having a size range from 3/4 to
3/8 inch. It will also be noted that sodium soundness tests were
performed on samples of the minus 3/8 inch taken from Test pit
Nos. 201, 204 and 205. The size ranges varied from 3/8 to No.4
to No. 30 to No. 50.
The weight percent loss is shown in Table
No. 3.7 for all of these samples.
It is generally believed that
samples having a weight loss of less than 10 percent will perform
in a satisfactory manner as concrete aggregates.

It will be observed that the average percent loss for all of
the specimens was 10.1; however, the size range from No. 30 to
No. 50 was exceptionally high and materials having loss characteristics of these magnitudes should not be used.
It is also
apparent that several of the samples are borderline situations
and it is contemplated that additional testing will be performed
during the construction phase to more thoroughly determine the
soundness of the available aggregate in the area.
3 !'.7 ... ?' .. _~1;>:r:g.!:ti.()p. . 'f~$_t~..
Five abrasion tests were performed
on representative samples of the coarse aggregate obtained from
Borrow Area No.2.
The abrasion tests were performed in accordance with ASTM C-535-81.
The results of these tests are
tabulated below:
T.e. $:t... N..\lm_b~r.

Sample
Sample
Sample
Sample
Sample

1
2
3
4
5

33.2
32.9
32.2
30.3
31.6

It will be noted that the average of all samples was 32.1.
Specifications for granular base generally require that the
percent wear of the base material be less than 50 percent when
tested in accordance with the above specifications.
Based upon
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the results of these tests, it is our opinion that the material
in Borrow Area No. 2 will serve adequately as a source of slope
protection.

3-20

SEISMIC CONSIDERATIONS
SECTION 4

4.1

Introduction

This section of the report summarizes results of a seismotectonic hazard evaluation for the proposed Upper Bear - West
Fork project located about 4.5 miles south of the Wyoming state
line in Summit County, Utah. Recent geological studies conducted
in southwestern Wyoming and north-central Utah disclosed evidence
of unusually high earthquake risk based on the presence of
well-defined, late Quaternary fault scarps extending approximately 22 miles from the north flank of the Uinta Mountains to
southeast of Evanston, Wyoming.
The proposed dam lies about 3.5
miles west of the fault scarps and within the hypothetical
epicentral area of a further, large-magnitude earthquake. Other
major faults related to development of the Wyoming Overthrust
Belt and uplift of the Uinta Mountains are also present in the
area.
A major earthquake occurring along one of these faults,
associated ground deformation and related effects could poise
significant hazards to the project.
4.2

Objectives

The objectives of our studies were:
(1) to review instrumentally recorded seismicity and historic "felt" earthquake
reports in the region surrounding the proposed dam site; (2) to
evaluate the potential for seismogenic surface faulting in and
near the project area; (3) to develop reasonable and defensible
design earthquakes for specific seismogenic structures and
regions based on synthesis of geological and seismological data;
(4) to define epicentral/hypocentral locations, site attenuation
characteristics and average peak horizontal bedrock accelerations
for design earthquakes; and (5) to assess other seismically
induced hazards including surface fault rupture, ground tilt/
subsidence, liquefaction potential, reservoir-induced seismicity,
and stability of upstream reservoirs.

4.3

Historical Background

Of the 25,000 + darns of moderate size or larger worldwide, a
small but significant number have failed catastrophically or been
seriously damaged under earthquake loading conditions.
Examples
of catastrophic or near-catastrophic failure in the United States
include a dam near Augusta, Georgia (1886 Charleston earthquake);
Sheffield Dam, ~alifornia (1925); Hebgen Lake Dam (1959 West
Yellowstone earthquake): and Van Norman dams (1971 San Fernando
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earthquake).
The relative infrequency of seismically-induced
failures, especially when compared to other mechanisms, suggests
one of two possibilities:
1.
Dams are relatively safe with respect to seismic
loading conditions, or
2.
Both recorded earthquake history and modern experience
with dam design and construction are too short to afford
conclusions concerning the safety of dams under seismic
loading conditions.
The consensus of scientific and engineering opinion
presently rests with the second possibility, thus the need for.
comprehensive seismotectonic hazard studies.
In the past, the engineering profession has based seismic
hazard evaluations largely on a review of available information
with emphasis on historic seismicity.
The National Research
Council's Committee on the Safety of Dams (1977), in reviewing
such practice, states:
" • • • an analysis utilizing only currently available data
is not sufficient • • • review of available information is
only one phase of an earthquake seismologic study."
These statements are not merely opinions of the Committee,
but have been embodies in state-of-the-art criteria for seismic
hazard investigations practiced by the u.S. Bureau of Reclamation, Corps of Engineers and various state and local government
agencies. The Committee goes on to state:
"
• studies should include a review of historical
evidence and also investigations of regional and local
faulting.
Investigative techniques available include
stratigraphic, structural and geomorphic analyses, geodetic
and geophysical surveys, subsurface exploration methods
(including trenching), and photogeologic and imagery
analyses.
"Faults passing through or trending toward a dam must also
be evaluated with regard to their potential activity. It is
unlikely that a proper assessment of possibly active faults
can be made without field inspection, some detailed geologic
mapping and possible subsurface explorations."
4.4

Methodology

During the course of our investigations, existing geological
and seismological literature in our files and the files of
federal and state agencies was reviewed.
Earlier seismotectonic
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studies conducted on behalf of the u.s. Bureau of Reclamation
(USBR) and the Wyoming Water Development Commission (WWDC) in
southwestern Wyoming and north-central Utah were reviewed for
information relevant to the current study.
Evidence for potentially seismogenic surface faulting in and near the project area
was reviewed on natural color and false-color infrared aerial
photographs. Lineaments identified on aerial photographs and
other feature believed to be related to potential seismotectonic
hazards were examined in the field.
In addition, historical
seismicity data and regional earthquake risk studies compiled by
the University of Utah and federal agencies were reviewed.
Project location, topography, transportation routes, cities
and other cultural features are depicted on Figure No. 4.1.
Regional tectonic/structural setting of the Upper Bear - West
Project is illustrated on Figure Nos. 4.2 through 4.4. Standard
7.5 minute quadrangle maps published by the U.s. Geological
Survey showing details of seismogenic surface faulting in the
Bear River fault zone east of the West Fork dam site are included
as Figure Nos. 4.5 and 4.6. Figure Nos. 4.7 and 4.8 depict major
seismotectonic features, earthquake-related hazards and subsurface structure in and near the project area.
Maximum credible
earthquakes (MCEs) for each seismogenic source zone, focal depths
and epicentral/hypocentral distances are summarized in Table
No. 4.1. Peak horizontal bedrock accelerations attenuated to the
site were estimated using published magnitude/distance relationships and are - tabulated in Table No.4. 2.
Seismici ty maps of
Utah and southwestern Wyoming are shown in Appendix A.

4.5

Previous Work

The earliest reference to neotectonic ("new" tectonic)
features in the project area appeared in 1928 with G.K. Gilbert's
introduction of the term "back valleys" to describe grabens east
of the Wasatch Front.
These grabens, including Morgan, Ogden,
Cache, Keetley, Kamas and Heber valleys among others, were
studied in some detail by A.J. Eardley (1968) who concluded the
back valleys developed by folding and subsequent basin-and-rangestyle faulting.
In 1977, Stokes included the back valleys in a
physiographic sub-province of the Middle Rocky Mountains termed
the Wasatch Hinterland.
Since 1978, the Wasatch Front and the back valleys have been
the subjects of rather intense study by Woodward-Clyde Consultants (Cluff and others, 1980, Swan and others, 1980, 1982 and
1983) and the U.s. Bureau of Reclamation. Woodward-Clyde, under
contract to the U.s. Geological Survey, studied the late Quaternary history of the Wasatch fault in the Salt Lake City area.
USBR has undertaken regional study of neotectonics in the back
valleys of the Wasatch Hinterland as part of a hazard assessment
for various features of the Central Utah Project (CUP).
4-3

Several studies of regional extent cover all or parts of
southwestern Wyoming.
No evidence of late Quaternary Faulting
south of Evanston appears on this map.
The nearest zone of
Quaternary faulting to the Upper Bear - West Fork project area on
Witkind's map is approximately 65 miles to the north along the
Rock Creek and related faults. A similar Quaternary fault map of
Utah (Anderson and Miller, 1979), likewise, does not show
faulting in north-central Utah near the West Fork dam site.
Seismic regionalization of the Basin and Range Province (Thenhaus
and Wentworth, 1982) indicate the presence of "short" late
Quaternary fault scarps with apparent vertical displacements of
about 1 meter in an area encompassing extreme southwestern
Wyoming and part of north-central Utah. Presumably, portrayal of
these late Quaternary faults was based on then unreleased work by
Givons and Dickey of the U.S. Geological Survey.
In 1983, Gibbons and Dickey published an open-file report
showing significant late Quaternary faulting southeast of
Evanston Wyoming. As the result of these reports, USBR included
detailed seismotectonic hazard studies in safety evaluations for
Meeks Cabin and Stateline dams southeast of Evanston. Subsequent
study (West, 1984), demonstrated that the zone of late Quaternary
faulting reported by Gibbons and Dickey extends to the south into
Utah and apparently intersects the North Flank fault of the Uinta
Mountains.
In addi t-ion to the studies outlined above, Hansen (1969,
1984) mentions Quaternary movement on faults bounding the north
flank of the Uinta Mountains and the possibility of a seismically-induced landslide on the Middle Fork of the Blacks Fork
River 15 miles east-southeast of the West Fork site.
An early
version of the Geologic Map of Utah shows the North Flank fault
south of Evanston cutting youngest Quaternary map units including
alluvium along the Bear River valley.
The pattern of faulting,
however, implies a drafting error and was apparently discounted
by Anderson and Miller (1979).

4.6

Tectonics of the Uinta Mountain Anticlive

4.6.1
Introduction.
The Uinta Mountain anticline forms
the oniy-m~jorrrrreast~~st=;o~ntain range in the continental United
States (Figure No. 4.2).
It is bounded on the north by the
Wyoming overthrust belt, the Green River basin, the Rock Springs
uplift and the Sand Wash basin.
To the west, the nose of the
range impinges on the north-south trending Wasatch Mountains.
The Uinta Basin flanks the range along its south side from the
Wasatch Mountains on the west to northwestern Colorado on the
east.
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4.6.2 General Structure. The Uinta Mountain anticline is a
compound upward extending from the Wasatch Front across
north-central Utah into northwestern Colorado.
Total axial
length is about 320 km (200 miles) and maximum width is about 75
km (46 miles).
The plunging west end of the anticline is
well-exposed near the town of Kamas, Utah.
West of Kamas, the
anticline is believed to continue in the subsurface at least
through the Cottonwood uplift in the central Wasatch Mountains
and perhaps beyond.
A series of mid-Tertiary stocks and
associated eruptive rocks decreasing in age from east to west
appear to be localized along the subsurface extension of the
anticlinal axis.
Near the east end of the anticline in northwestern Colorado, the uplift breaks up into a series of subsidiary folds, swings to the southeast and merges with the predominate northwest-southeast structural grain of the Southern Rocky
Mountains.
In the
cross section, the Uinta anticline is asymmetrical
with the north limb exhibiting steeper dip than the south.
Both
limbs have been modified by range-ward dipping thrust faults
termed the North and South Flank fault systems, respectively.
The North Flank system includes the North Flank fault proper
along the western third of the range, the Henrys Fork fault along
the central third, and the Uinta/Sparks faults along the eastern
third.
The South Flank system includes the South Flank fault
along the western two-thirds of the range and a series of
subsidiary faults in the eastern third including the Deep Creek
fault west of Vernal, Utah and the Willow Creek, Island Park,
Mitten Park, Wolf Creek and Yampa faults near Dinosaur National
Monument.
A complex zone of faulting and fracturing is also
present immediately north of the anticlinal axis along much of
the length of the range.
The fault/fracture system was termed
the Crest fault in the western half of the range but has not been
formally named in the eastern half.
4.6.3
North Flank Fault System.
The North Flank fault
system comprises a complex set of overlapping reverse and thrust
faults separating the Uinta Mountain anticline from adjacent
basins and uplifts to the north.
In general, maximum displacement occurs in the medial portions of each fault and decreases
sharply toward either end.
Adjacent faults overlap such that
decreasing displacement on one fault is accompanied by increasing
displacement on the adjacent fault (Ritzma, 1971).
Early workers, notably Powell, interpreted the North Flank
system to be either a high-angle reverse or almost vertical
normal fault.
The latter interpretation gained widespread
acceptance by early workers in the Uintas, presumably through a
lack of independent field observation. Recognition of the North
Flank system as a complex reverse fault gained credibility as the
result of field work conducted by Sparks (1924) along the
northeastern flank of the Uintas in Moffat County, Colorado
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(Ritzma, 1971). Belief in the high-angle normal interpretation
persisted, however, into the 1940s.
The advent of increased
geological and geophysical exploration in the 1940s and 1950s
demonstrated to the satisfaction of most that the North Flank
system is, indeed, a reverse system.
Dips on North Flank faults range from 45 to 89 degrees in
competent rocks, mainly Paleozoic limestones exposed on the
flanks of the Uinta anticline, to virtually flat where more
competent rocks have been thrust over incompetent Cretaceous
and Tertiary shales/claystones.
Hansen (1969, 1984) also
advocates a reverse/thrust interpretation.
His 1984 paper
suggests the Uinta fault is curvilinear in section with a gentle
near-surface dip and steep intermediate dip. At greater depths,
the fault plane is inferred to flatten resulting in a concave-upward configuration.
Maximum stratigraphic displacement on the North Flank system
appears to have occurred on the Uinta fault.
Hansen (1969)
estimates about 34,000 feet of displacement on the Uinta fault.
Ritzma (1971), however, believes displacement on the Uinta fault
to be on the order of 40,000 feet east of the Colorado-Utah
border. Displacement on the North Flank fault along the western
third of the range is estimated by Hansen (1969) to be 25,000
feet.
Displacement figures cited for the Henrys Fork and Sparks
faults are 12,000 and 18,000 feet, respectively.
4.6.4
-Geologic History.
Modern development of the Uinta
Mountain anticline began in late Cretaceous time (65+mybp) with
the onset of Laramide deformation.
The uplift of the western
Uintas preceded uplift in the east by several million years.
Initial uplift is believed to have been localized along pre-Laramide normal faults flanking the incipient Uinta Mountain anticline.
As uplift progressed, the North and South Flank fault
systems developed as reverse/thrust faults along the pre-Laramide
trends.
Continued Laramide compression may have severed the
subjacent root of the anticline (Hansen, 1984).
By Eocene
(Wasatch) time the eastern crest of the Uintas had been breached
exposing rocks of the Precambrian Uinta Mountain Group in its
core.
According to Hansen (1984), the Laramide orogeny in the
eastern Uinta Mountains was followed by a period of tectonic
quiescence.
Crustal stability, however, was interrupted by
"foundering" or subsidence of the eastern end of the Uinta
Mountains as the result of displacement on Laramide faults.
Hansen (1984) envisions subsidence resulting from rotation of a
semi-rigid crustal block over ductile lower crust at a depth of
12.4 miles (20 km).
Movement on Laramide reverse/thrust faults
on the north side of the Uintas would be required to undergo
normal down-to-the-south displacement while faults on the south
side of the range would maintain reverse displacement. The crest
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of the Uintas would be lowered with respect to the flanks with
greatest deformation occurring on the north side of the range.
Reconstruction of the Gilbert Peak erosion surface suggests that
up to 1600 meters (5250 feet) of post-Laramide subsidence has
occurred along the eastern Uinta crest as the result of normal
faulting and associated warping/tilting.
Fault scarps cutting
Oligocene and younger deposits and rejuvenation of canyon cutting
along the Green River suggest movement has continued into the
Quaternary. Regional north-south extension is postulated as the
driving force.
Hansen (1984) finds no evidence for similar subsidence in
the western part of the Uintas.
He suggests the North Flank
fault, unlike the Uinta fault, may be planar thereby accounting
for Laramide structures on the north side of the range but
preventing mid-Tertiary change in sense of displacement and
rotation to the south.
In Hansen's view, only a curved,
concave-upward fault would produce subsidence similar to that
observed in the eastern Uintas.
4.7

Tectonics of the Wyoming Overthrust Belt

The Overthrust Belt in Wyoming comprises a broad salient,
convex to the east extending from the Snake River Plain on the
north through west-central Wyoming into north-central Utah and
beyond on the south (Figure No. 4.2). Major thrust faults, from
west to east, include the Paris, Crawford, Absaroka, Darby and
Prospect faults (Figure No. 4.3).
The Overthrust Belt strikes
southeasterly on emergence from beneath the Snake River Plain.
The Prospect fault disappears near LaBarge, Wyoming, and the
Darby fault becomes the easternmost thrust in the belt.
In
southwestern Wyoming near Evanston, the thrust belt swings to the
west and wraps around the plunging nose of the Uinta Mountain
anticline. The eastern thrusts in this area are either abruptly
terminated against the North Flank fault of the Uintas or swing
sharply to the west and parallel the North Flank fault in
structurally complex and poorly understood zone of shearing and
tear faulting.
Dixon's (1982) synthesis of overthrust structure, based
largely on interpretation of high density reflection seismic data
from the Snake River Plain to the Uinta Mountains, defined a
regional "near-basement" seismic reflector, the Cambrian-age
Flathead Sandstone and an underlying block dipping to the west at
38 to 57 m/km.
The decollement (thrust fault) surface is
apparently located in weak shale/claystones of the Cambrian Gros
Ventre Group; Precambrian rocks are not involved in thrusting.
This interpretation is based on the recognition of unfaulted
Flathead sandstone on seismic records.
Decollements also occur
in weak units, principally Cretaceous shales.
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In cross section, the thrust faults are imbricate, westward
dipping with leading (surface) edges of older thrusts almost
directly over trailing (decollement) edges of younger thrusts.
Steeply dipping ramps form in competent Paleozoic bedrock units
including the Bighorn Dolomite, Madison Limestone and Wells
Formation.
Ramps also tend to develop in the Jurassic Nugget
Sandstone. Subthrust sequences are relatively simple with little
or no deformation apparent on seismic records.
Suprathrust
deformation, however, is exceedingly complex with intense folding
and imbricate faulting especially near the leading edges of the
thrusts (Dixon, 1982; personal commun., 1984).
Several workers (Dixon, 1982; Wiltschko and Dorr, 1983
among others) have noted the presence of post-thrusting normal
faults within the Wyoming overthrust belt.
According to
Wiltschko and Dorr (1983), normal faults both listric to thrusts
and displacing thrusts are present in the region.
All normal
faulting is believed to post-date thrusting and is probably
associated with basin and range extension.
Classical, basement-penetrating normal faults would be expected to cross-out
preexisting thrust faults.
Dixon (personal commun., 1984)
believes at least part of the apparent normal faulting, particularly normal faults which do not penetrate basement rock
(i.e. listric to thrust faults), are simple mechanical relaxation
features resulting from adverse geometries in weak Cretaceous
shales.
He does not require regional tectonic extension to
develop these normal faults.
4.8

Intermountain Seismic Belt

4.8.1
Introduction.
The Intermountain Seismic Belt, or
ISB for short, is 'a zone of seismic activity roughly corresponding to the eastern margin of the Basin and Range Province
from Arizona through central Utah, eastern Idaho, western Wyoming
and into Montana. Arabasz and Smith (198l) estimate the length
of the ISB to be more than 800 miles and the width to range from
60 to 124 miles.
The ISB can be divided into several distinct
segments based on temporal and spatial occurrence of seismicity.
Most seismic activity, however, is diffuse and shows only a weak
relationship to known or suspected surface tectonic features.
Focal depths are generally less than 15 to 20 km.
Earthquake
swarm sequences are relatively common and appear to be associated
with zones of high heat flow and/or geothermal activity.
Surprisingly, large magnitude earthquakes, greater than M=7, have
occurred infrequently in historic times despite the presence of
well-documented Pleistocene and Holocene fault scarps in may
parts of the ISB. Accordingly, recurrence intervals for surface
faulting are inferred to be long, generally greater than 1000
years (Arabasz and Smith, 1981).
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The predominant state of stress over most of the 1SB is west
to northwest oriented extension virtually identical to the stress
field in the Great Basin.
Focal plane mechanisms generally
reflect a similar stress regime, and mapped late Quaternary
normal faults are consistent with westerly directed extension.
Variations in stress orientation, however, have been noted
locally within the 1SB suggesting, at least locally, a somewhat
more complex stress field.
Part of the complexity may be
attributable to preexisting structure interacting with contemporary basin and range extension.
4.8.2
Historic Seismicity. Earthquake activity in the 1SB
has been monitored since the settlement of Utah by members of the
Mormon Church in 1847.
Systematic instrumental monitoring of
seismicity, however, dates only from 1950. Computer calculated
locations date from the early 1950s, and telemetered seismic nets
were established in the 1970s (Smith and Arabasz, 1981).
Since
1850, fifteen earthquakes of magnitude M=6 or greater have
occurred in the 1SB as shown in Table 4.1.
Large magnitude
earthquakes and the relatively high rates of occurrence of
smaller magnitude events establishes the 1SB as one of the areas
of highest seismic risk in the continental U.S., excluding
California and Nevada.
Arabasz and Smith (1981) report relatively low rates of
crustal strain compared to plate boundaries, and background
seismic flux four to six times lower than in the CaliforniaNevada seismic zone. Crustal stresses appear to be in the range
of 0.01 to 100 bar and are generally comparable to values
computed for intraplate earthquakes elsewhere.
Temporal and spatial occurrence of seismicity within the 1SB
define discrete segments along its length. Smith and Sbar (1974)
have described these segments in some detail:
1.
Northwestern Montana - scattered events along north to
northwest trending normal faults near Flathead Lake.
2.
Western Montana - major earthquake swarm in 1935
accompanied by M=6.2 and 6.0 events; in 1925, an M=6.2 event
occurred 80 km (50 miles) southeast of Helena.
3.
Butte, Montana to-Yellowstone Park - pronounced seismic
activity southeast of Butte and along the Madison Range
extending into Yellowstone park. The 1959 M=7.l Hebgen Lake
earthquake produced surface faulting.
At Yellowstone, the
1SB swings from southeast to south.
4.
South of Yellowstone Park - seismicity diminishes at
the east end of the Snake River Plain.
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5.
Southeastern Idaho - seismicity is associated with the
Grand Valley fault and earthquake swarms occur near the
Caribou Range.
6.
Cache Valley and Wasatch fault zones to Salt Lake City
- diffuse seismicity.
7.
Salt Lake City to south-central Utah - seismicity
diminishes; no earthquakes >M=3.S occurred in this segment
between 1961 and 1970.
8.
South-central Utah to Northern Arizona - seismic
activity increases near the southern end of the Wasatch
Front. M=6+ earthquakes have occurred in this area and are
believed to be associated with the Sevier, Tushar and
Hurricane faults.
9.
Northern Arizona - ISB is defined by the Paunsagaunt
fault; ISB apparently dies out in Quaternary lava flows on
the north rim of the Grand Canyon.
Two secondary zones of seismicity are apparently associated
with the ISB.
The northernmost of these two zones is an
east-west trending belt of seismicity paralleling the Snake River
Plain from the Yellowstone area into eastern Oregon. This belt,
termed the Idaho Seismic Zone, exhibits lower rates of seismicity
than the ISB but stands out as a discrete zone of earthquake
occurrence.
The southern zone extends 124 miles from southern
Utah into southern Nevada and apparently is associated with
Tertiary volcanic rocks.
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4.8.3
Seismicity and Tectonics. The relationship between
seismicity and tectonics in the ISB is poorly understood, a
paradox considering the abundance of late Pleistocene and
Holocene surface faulting in the area.
Seismicity in the ISB
tends to be diffuse and is only loosely associated with scarps
produced by surface faulting. This point is well-illustrated in
a discussion by Arabasz and Smith (1981) concerning 5-1/2 years
of monitoring by-a 43 station net along the Wasatch Front. Very
few small magnitude events could be associated with the Wasatch
fault over its 230 mile length despite the fact that it has been
the most active tectonic feature in the eastern Great Basin
during Holocene time.
Seismicity, instead, occurs in diffuse
zones a few tens of kilometers east and west of the Wasatch
Front.
Similar patterns of seismicity have been observed in
relation to other major late Quaternary surface faults including
those in Cache Valley, Star Valley, Bear Lake Valley and along
the east flank of the Teton Range. Microearthquake monitoring in
the Hebgen lake area following the 1959 event produced similar
results.
Perhaps the simplest explanation for this apparent lack of
correlation between seismicity and major late Quaternary tectonic
features involves recurrence interval.
Return periods are
believed to be long, in excess of 1000 years, for scarp-forming
events on the order of magnitude M=7. Accordingly, the period of
sample, a little over 100 years, is too short to define temporal
and spatial seismicity patterns. Moreover, the process or cycle
of strain accumulation in the ISB is, at best, marginally
understood.
The apparent lack of seismicity associated with
recent surface faulting may be a normal function of both recurrence interval and cycle of strain accumulation in the ISB.
A more complex explanation, however, must also be considered. The expectation that seismicity should be associated with
surface faulting is based to a large degree on the presumption
that normal faults in the ISB are high-angle and basement-penetrating.
A body of both geological and geophysical evidence
suggests that most if not all the major normal faults under
consideration are listric and toe into a subhorizontal decollement possibly related to older thrusting.
The normal faults
form in response to regional extension superimposed on older
terrain containing imbricate thrust sheets. This interpretation
would tend to explain the diffuse nature of seismicity and
account for local variations in local plane mechanisms. Multiple
thrust sheets and associated listric normal faults would also
explain broad patterns of seismicity flanking both sides of
major normal faults.
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4.9

Structural Geology

4.9.1
Introduction.
Principal structural features of the
project area include the Absaroka and Darby thrusts of the
Wyoming Overthrust Belt, the North Flank fault of the Uinta
Mountains, and late Quaternary normal faults described by Gibbons
and Dickey (1983) and West (1984) as shown on Figure Nos. 4.4 and
4.7.
The geology of overthrust and Laramide faulting is discussed in the following sections. Late Quaternary normal faults
southeast of Evanston and their relationship to older structures
are discussed under Neotectonics.
4.9.2
Overthrust Faults.
Absaroka Thrust - The project
area lies on the Darby plate between the Darby thrust on the east
and the Absaroka thrust on the west (Figure No. 4.4).
The
Absaroka thrust, the older of the two faults, more or less
defines the western boundary of the current project area and is
defined by an outcrop belt of steeply-dipping Jurassic to
Cretaceous sediments exposed along Sulphur Creek west of. Sulphur
Creek Reservoir.
The leading edge of the Absaroka thrust is
exposed at the surface in this area and comprises two strands.
The western strand strikes about N 22 E and dips 90+ degrees.
The eastern strand juxtaposes Frontier Formation on-the west
against Hilliard Shale on the east and strikes N 35 E with a 70
degree dip to the northwest. South of Sulphur Creek both strands
pass beneath glacial outwash and related deposits mantling
Hilliard Flat. A series of linear edges on the west side of
Hilliard Flat defines the general position of the Absaroka thrust
between there and the Bear River Valley.
Southwest of Hilliard
Flat, the Absaroka thrust reappears on the east slope of the Bear
River Valley. The fault trace is covered by glacial outwash and
recent alluvium along the river flood plain and passes out of the
project area to the southwest. Change in strike to the southwest
probably reflects the buttressing effect of the Uinta Mountains a
few miles to the south.
North of Sulphur Creek, the trace of the Absaroka swings
sharply to the northeast and crosses Interstate 80 about 16 km
(10 miles) east of Evanston.
Subsurface geophysical mapping by
Dixon (1982) suggests the swing to the northeast is a function of
change in strike rather than change in dip. Cook (1977) reports
an almost vertical dip on the Absaroka fault in the Aspen Tunnel
area about 3.5 miles northeast of Sulphur Creek Reservoir.
Beutner (1977) suggests changes in strike within the overthrust
belt reflects geometric irregularities in the crust to the east.
Darby Thrust - The Darby thrust, youngest of the major
thrust faults in southwestern Wyoming, is inferred to lie about
17.7 km (11 miles) east of the Absaroka thrust.
Traditional
interpretations indicate the trace of the fault is covered by
Eocene Wasatch and Green River formations and is not exposed at
the surface.
Lines and Glass (1975), however, show a
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normal fault near Piedmont Reservoir
inferred subsurface trace of the Darby thrust.
The trace
of the Darby beneath Tertiary sediments closely subparallels the
strike of the Absaroka thrust through the project area. Near its
southern end, close to the North Flank fault of the Uintas,
structural relationships become unclear.
Based on the tendency
of other thrust faults, it seems likely the Darby swings sharply
to the west-southwest and parallels the north flank of the
Uintas.
Perhaps beneath the North Flank fault plane as depicted
on Figure No. 4.4. No evidence exists to suggest that the Darby
fault actually intersects or cuts the North Flank fault.
Interpretation is hindered by the cover of Pleistocene glacial
deposits and widespread landsliding on the north flank of the
Uintas.
Near the north end of the project area, the Darby thrust
swings abruptly to the northeast in parallel with the Absaroka
thrust, lending credibility to preexisting control on thrust
fault geometry.
Dixon's (1982) subsurface interpretations show
no appreciable change in dip to account for the swing of the
fault trace to the northeast.

Subsurface Structure - High density reflection seismic data
interpreted by Dixon (1982) currently provides the best picture
of subsurface structure in southwestern Wyoming.
Both the
Absaroka and Darby thrusts are related to a westward dipping
decollement in Cambrian Gros Ventre shales at a depth of about
30,000 + feet below the Bear River Valley (Figure No.8).
The
trailing edge of the Darby thrust lies almost directly (vertically) below the leading edge of the Absaroka, a common geometrical relationship for adjacent thrusts in the overthrust belt
(Dixon, Personal commun., 1984).
Both the Absaroka and Darby
thrusts exhibit ramp structures primarily in competent Paleozoic
rocks.
The crest of the Darby ramp lies approximately 8 miles
west of the subsurface trace of the darby thrust and 3 to 4 miles
east of the surface trace of the Absaroka thrust. The ramp crest
generally parallels the leading edge of the Darby along strike
through southwestern Wyoming. Accordingly, the trend of the ramp
crest is inferred to mimic the abrupt change in strike to the
northeast characteristic of both the Darby and Absaroka faults.
4.9.3
North Flank Fault.
The North Flank fault of the
Uinta Mountains generally defines the southern limit of the
project area.
It is considered a high-angle reverse fault
juxtaposing meta-sediments of the Uinta Mountain Group on the
south against sharply upturned middle to late Paleozoic sediments
on the north.
Reconnaissance studies performed along the North
Flank fault between Moffit Pass and the West Fork, Blacks Fork
River, suggest the fault is actually composed of several strands
across a zone several hundred feet in width.
Individual fault
planes are not exposed so dip could not be determined.
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4.10

Neotectonics

4.10.1
Introduction. Gibbons and Dickey (1983) described
significant late Quaternary faulting in southwestern Wyoming. A
particularly well-developed zone of faulting was mapped from
about 12 miles southeast of Evanston almost due south to a point
just north of the Wyoming-Utah line.
Due to the proximity of
this faulting to Meeks Cabin and Sulphur Creek dams, it became
the initial focus of seismotectonic hazard studies in southwestern Wyoming.
Reconnaissance studies disclosed a zone of late Quaternary
fault scarps exhibiting classic evidence of basin-and-range,
seismogenic surface faulting with associated sag ponds, beheaded
drainages, antithetic scarps and other textbook neotectonic
features.
Although Gibbons and Dickey's mapping ended arbitrarily at the Wyoming-Utah border, the height of fault scarps
generally increased from north to south along the fault zone.
Subsequent air photo interpretation and field geologic mapping
confirmed that late Quaternary faulting did, indeed, continue
southward into Utah and intersected a second family of scarps
paralleling the inferred trace of the North Flank fault zone.
Additional work disclosed other scarps paralleling the North
Flank fault but several miles to the north of the mapped trace.
Principal neotectonic features of southwestern Wyoming and
north-central Utah, for the purposes of this report, are classified as follows:
(1) a zone of late Quaternary faulting originally described by Gibbons and Dickey (1983) and termed the Bear
River fault zone by West (1984); (2) Quaternary scarps apparently
related to the North Flank fault of the Uinta Mountains; and (3)
surface faulting and apparent terrace deformation related to the
Absaroka and Darby thrusts. Evidence for neotectonism in each of
these areas is discussed in the following sections.
A preliminary tectonic analysis and conceptual neotectonic history
concludes this section.
Major late Quaternary fault scarps and
related tectonic features are portrayed on 7.5 minute quadrangle
maps, Figure Nos. 4.5 and 4.6, and a regional seismotectonic
hazard map, Figure No. 4.7.
4.10.2 Bear River Fault Zone. Geomorphic evidence of late
Quaternary faulting extends over 22.9 miles from southeast of
Evanston, Wyoming to an apparent complex intersection with the
North Flank fault zone in north-central Utah (Figure Nos. 4.5,
4.6 and 4.7). In general, the fault zone comprises well-defined
individual segments each about 1.9 to 2.2 miles in length,
arranged in a right-stepping, en echelon pattern. Major scarps
strike N 20 W to N 20 E and show consistent down-to-the-west
displacement.
Faults of lesser down-to-the-east displacements,
interpreted to be antithetic features, strike N 15-20 W.
Near
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the south end of the fault zone, scarps in Pinedale and Bull Lake
glacial deposits show strong angular discordance (70 degrees)
with the main north-northeast pattern of faulting.
Geomorphic evidence of geologically late movement includes
well-defined scarps ranging from less than 1.0 to 50+ feet high
in a variety of materials including till, outwash, alluvium and
bedrock of the Eocene Wasatch Formation; beheading and reversal
of stream drainages; and numerous water-filled sag ponds.
Fault
displacement of youngest flood plain alluvium and modification of
stream courses were noted in major stream drainages 14 miles
apart. Major scarps and evidence of late Quaternary movement are
described in the following sections.
Southern Bear River Fault Zone - The southern part of the
Bear River fault zone, defined by this study,
comprises two
major scarps and two strong drainage lineaments (Figure
No. 4.5).
The southernmost scarp of the fault zone, named the
Big Burn scarp after a major forest fire in 1980, strikes about N
17 Wand displaced glacial till and outwash along the East Fork
of-the Bear River.
It is, without doubt, the single most
spectacular neotectonic feature in the project area with a height
of 50+ feet and slope angles exceeding 25 degrees.
From the
ground, the scarp forms and imposing rampart traceable for two
miles from near the East Fork of the Bear River over the crest
and down the reverse slope of the western lateral moraine in the
East Fork Valley.
A linear depression apparently formed by
ground cracking and subsidence parallels the base of the scarp
from the crest of the moraine northward.
The main scarp splits
into two subsidiary scarps where it crosses the moraine crest.
At the south end, the Big Burn scarp appears to die out or
terminate abruptly against a second family of scarps striking N
40-50 E roughly parallel to the North Flank fault.
The Big Burn scarp dies out rapidly to the north as displacement is taken up by the Deadman Creek scarp located about
0.36 miles to the northeast in a right en echelon pattern (Figure
No. 4.5).
The scarp displaces glacial tills on the east side of
the East Fork Valley and can be traced 2.2 miles along a strike
of from N 22 W to almost due north. Scarp heights and angles are
difficult to estimate over most of its length due to its position
on steep, forested slopes.
Near its north end, however, the
scarp displaces flood p~ain alluvium along the channel of
Deadman Creek and causes a local reversal of drainage pattern.
Scarp height in alluvium appears to be on the order of 10 to 13
feet.
A large sag pond has formed in the former channel of
Deadman Creek west of the Scarp.
Northeast of the Deadman Creek scarp, Deadman Creek changes
course abruptly from N 30 E to N 5 Wand flows along a linear
course for about 2.2 miles to confluence with Mill Creek (Figure
No. 4.5). This drainage lineament marks the inferred position of
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the next right en echelone segment of the Bear River fault zone.
No evidence of late Quaternary faulting, however, could be
identified along this lineament.
The position of the linement
in the inferred location of the next fault segment argues, at
least circumstantially, for a tectonic origin.
Moreover, the
lineament appears to continue for a short distance north of the
Mill Creek flood plain.
A second lineament, one mile long,
parallels the main lineament along its west side south of Mill
Creek.
North of the Deadman Creek lineament, surface evidence for
late Quaternary faulting is obscured by recent landsliding in the
Wasatch Formation and younger materials.
The recency and
complexity of landsliding makes it virtually impossible to draw
conclusions about the cause of mass movement. No evidence exists
to determine whether landsliding was triggered by surface
faulting, strong ground shaking or simply static instability.
Presumably, landsliding post-dates faulting because of the
absence of tectonic scarps through the area.
Northern Bear River Fault Zone - The northern Bear River
fault zone (Figure No. 4.6), as defined here, was mapped by
Gibbons and Dickey (1983) in their original study.
The Sulphur
Creek scarp, actually a complex of at least three right en
echelong scarps, is the southernmost element in this part of the
fault zone (Figure No. 4.6).
The south end of the scarp is
clearly terminated by post-fault landslide complex.
The abrupt
termination of the scarp suggest faulting continues to the south
and is related to scarps of the southern Bear River fault zone.
Near its north end, the Sulphur Creek scarp dies out in terrace
alluvium although warping of the terrace surface continues for
some distance beyond disappearance of the actual scarp.
The main Sulphur Creek scarp strikes from N 22 W to N 7 W
and ranges in height from 30+ feet near the southern end to <1
foot at the northern end before dying out in terrace alluvium.
The southern three-quarters of Sulphur Creek scarp is formed
mainly by claystone/shale bedrock of the Wasatch Formation; the
northern quarter displaces gravel-cobble alluvium.
In general,
bedrock scarps appear more subdued and eroded than similar scarps
in terrace gravels.
The Sulphur Creek scarp offsets several stream drainages
which once drained the area from southwest to northeast.
Faulting has blocked the drainages so that now water impinges
against the scarp, flows along the scarp base and eventually
exits the area to the northwest (Figure No. 4.6). Sag ponds mark
the position of former channels on the downthrown side of the
scarp, and the offset channel thalwegs are clearly visible on the
upthrown block.
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The Austin Reservoir scarp forms the next right en echelon
segment of the fault zone (Figure No.6). Austin Reservoir dam,
a small earthen embankment, was built on the scarp where it
crosses the stream valley.
Presumably, faulting offset the
channel and formed a natural dam which was subsequently enlarged
by local ranchers.
The scarp displaced bedrock of the Wasatch
Formation, strikes N 15 W to due north and measures 1.3 miles in
length.
The Austin Reservoir scarp is important because it provides
one of the few "natural" subsurface exposures in the project
area. An irrigation ditch constructed to replenish the reservoir
has been allowed to spillover the scarp producing a gully 10+
feet deep.
The scarp-forming fault, at least one colluvial wedge
formed by scarp degradation, buried organic material and a deep
fissure on the downthrown side of the fault are visible in a
remarkable exposure.
The Lester Ranch scarp, striking about N 14 E over a
distance of about 2.3 miles, lies northeast of Austin Reservoir
(Figure 6).
This scarp displaces terrace gravels over most of
its length and, as a result, produces a prominent topographic
lineament on both air photos and the ground surface.
The scarp
averages about 10 to 16 feet in height with slope angles ranging
from 15 to 20 degrees. One sag pond containing water and several
dry, closed depressions are present along the scarp.
The Blacks
Fork Sheep Trail (road) passes through an apparent breach in the
scarp on the west side of the La Chappelle Valley. The breach is
apparently related to a short, right en echelong step creating a
low spot in the scarp. Near its north end, the scarp intersects
the La Chappelle flood plain. Although no evidence for physical
offset of flood plain materials could be found in the field, a
slight tonal variation along strike noted on air photos suggests
continuation of the fault to the north. A short scarp in Wasatch
Formation bedrock on the east side of the valley supports this
interpretation.
The La Chappelle scarp, at 2.3 miles, is one of the longest
segments in the Bear River fault zone.
It strikes N 5 E mainly
in bedrock of the Wasatch Formation on the east side of the La
Chappelle Valley.
A subsidiary scarp striking N 13 E displaced
part of the La Chappelle flood plain.
The meander belt of the
pre-fault stream channel is clearly visible on the upthrown side
of the block.
The present channel of La Chappelle Creek lies
against the scarp and is locally eroding it.
Displacement of
flood plain alluvium here and at Deadman Creek in the southern
part of the fault zone provide direct geomorphic evidence of
movement in the last few thousand years.
The extreme 'northern end of the Bear Ri ver faul t zone
comprises three right-stepping en echelong segments 1.1 to 1.7
miles in length and striking about N 15 E (Figure No. 4.6).
The
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scarps offset bedrock of the Wasatch Formation and, although
well-defined on air photos, are somewhat subdued at ground
level.
Scarp heights decrease rapidly to the north, and the
northernmost scarp dies out before reaching the old Piedmont
railroad grade.
A short, late Quaternary fault similar to those in the Bear
River fault zone was mapped by Gibbons and Dickey (1983) about 3
miles northeast of the main zone of faulting (Figure No. 4.7).
This fault, apparently only a few hundred feet long, strikes
about N 45 E and is defined by a low scarp in bedrock and a
sagebrush lineament.
4.10.3
USBR Trenching Program.
Nine trenches were
excavated by USBR across scarps in the Bear River fault zone
during the 1983-84 field seasons as part of safety studies for
Meeks Cabin and Stateline dams.
The resulting subsurface
exposures showed clear evidence of recurrent Holocene «10,000
years before present) fault displacement highlighted by
scarp-generated colluvial wedges and burried A-horizons. Several
trenches exhibited textbook evidence of stacked, tectonic
colluvial wedges separated by organic-rich buried A-horizons
formed in sag or near-sag environments. Samples from modern and
buried A-horizons were collected for radiocarbon dating.
Dates
obtained from these samples provide estimates of age of latest
displacement and recurrence intervals.
Evidence-of severe local back-tilting, graben development
and ground cracking was present in most of the subsurface
exposures.
Sevier secondary deformation adjacent to the scarps
is responsible for sag pond development adjacent to the scarps.
Back tilting and graben development along with antithetic
faulting on a large scale complicate interpretation of net
tectonic slip in the Bear River fault zone.
Minimum Age of Movement and Recurrence Intervals - Radiocarbon dating of unfaulted surface soils on scarps within the
Bear River fault zone indicate the last surface rupture occurred
at least 1000 but no more than 2800 years before present.
Distinct, scarp-derived, colluvial wedges separated by buried
organic horizons indicate two surface faulting events in the
last 5000+ years. Recurrence intervals between the two events is
believed to range from about 900 to 3000 years. Uncertainties in
minimum age of movement and recurrence interval result from the
nature of materials dated and limitations of the dating technique. Age of fault rupture and recurrence interval are comparable
to other major seismogenic faults in the ISB including the
Wasatch fault in central Utah. No evidence was found to suggest
the Bear River fault zone is segmented~ coherent surface rupture
apparently occurred along the total length of the fault zone in
each event.
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Tectonic Displacement Per Event - The Bear River fault zone
exhibits increasing vertical throw from north to south along the
scarps. Maximum scarp heights of 50+ feet are attained near the
south end of the zone. Single level displacements are estimated
to range from less than 1.0 feet at the north end ot more than 12
feet near the south end based on exposures in trenches excavated
by USBR.
Average vertical displacement over the length of the
fault zone is probably on the order or 3 to 6~ feet per event.
Two events, each with maximum vertical displacement of 12
feet, would produce a maximum of 24 feet of vertical throw, less
than half of maximum observed scarp heights. Additional apparent
displacement is probably a result of local settlement especially
in glacial deposits, back-tilting into the scarps, antithetic
faulting and other ground deformation.
4 • 10.4
Martin Ranch Fault.
The Martin Ranch scarp cuts
two terrace levels on Hilliard Flats about 4.5 miles west of the
main Bear River fault zone (Figure No. 4.6). The scarp strikes N
10-20 E over a distance of about 2.5 miles.
Maximum scarp
strikes N 10-20 E over a distance of about 2.5 miles.
Maximum
scarp height and slope angle on the upper terrace are 6.6 feet
and 12 degrees. respectively. Scarp heights on the lower terrace
ranges from 2.5 to 3.3 feet. Differing scarp heights in deposits
of different ages imply recurrent movement.
The scarp dies out
near the northeastern edge of the lower terrace; it apparently
does not cross Bazoo Hollow. To the south, the scarp dies out in
gravel-cobble -outwash/alluvium on the upper terrace level.
Significantly, the Martin Ranch scarp appears to be coincident with the easternmost trace of the Absaroka thrust as defined
by bedrock geologic mapping near Sulphur Creek.
This would
suggest that recurrent Quaternary normal faulting in this area is
related to reactivation of the preexisting thrust fault.
No
direct relationship could be established, however, based on field
mapping along.
4.10.5
North Flank Faul t.
Several scarps in deposits
ranging from Miocene to Quaternary in age were noted near and
paralleling the mapped trace of the North Flank fault.
These
scarps occur in two distinct groups.
The western most group
occurs south of Lily Lake near the southern end of the Bear River
fault zone (Figure No. 4.5). The second group occurs on the top
and west flank of Elizabeth Ridge about 5 miles east of the Bear
River fault zone (Figure No. 4.7).
Lily Lake Scarps - Near the trace of the North Flank fault,
north-striking scarps of the Bear River fault zone intersect a
discordant family of scarps striking N 40-50 E.
The angle of
intersection between the two sets of scarps is about 70 degrees
and is remarkably abrupt. The northeast-striking scarps parallel
the inferred trace of the North Flank fault for about 1.2 miles
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to the west before apparently dying out in younger deposits along
the Hayden Fork of the Bear River. Scarp heights range from 2-3
feet to apparently 100+ feet along the major scarp that marks the
terminus of the Bear River fault zone.
This scarp appears to
displace a glacial moraine based on relative position of the
moraine crest on either side of the scarp.
Two smaller scarps
shown on Figure No. 4.5 exhibit a left-stepping en echelong
pattern.
Small-scale geologic mapping of the North Flank fault
(Hintze, 1980) suggests these northeast-striking scarps are
virtually coincident with the older Laramide structure. Air plot
interpretation indicates the main trace of the North Flank fault
actually lies about 1.3 miles to the south. a preliminary copy
of the Salt Lake City 1:250,000 geologic map prepared by Bruce
Bryant of the USGS (Personal commun., 1984) is in agreement with
this interpretation.
Based on best available mapping and the
geometry of the Lily Lake Scarps, it would appear the scarps are
not on the trace of the North Flank fault.
Hansen (1984) describes evidence for Neogene reactivation of
the North Flank fault system in the eastern Uinta Mountains.
There, however, motion has reversed on the faults producing
down-to-the-south displacements.
The Lily Lake scarps are
clearly down-to-the-north opposite what might be expected if, in
fact, the North Flank fault in the project area had undergone
late reactivation similar to the eastern Uintas. It is unlikely
that the North Flank fault, in the contemporary regional stress
field, would have produced down-to-the-north scarps.
Elizabeth Ridge Scarps - Three linear scarps, subparallel to
the North Flank fault but about 4 miles north of the mapped fault
trace, were noted on the crest and west flank of Elizabeth Ridge
(Figure No. 4.7). The easternmost of these three scarps exhibits
down-to-the-south displacement and cuts Bishop Conglomerate
capping the Gilbert Peak erosion surface. The other two scarps,
although on the same linear trend 0.5 miles to the west, with
down-to-the-north displacements. Moreover, the western scarps
appear to e considerably younger based on height and degree of
preservation.
The eastern scarp, although clear on air photos,
is far more subdued on the ground suggesting it is older than its
western counterparts.
A trench excavated by USBR across the down-to-the-south
scarp on Elizabeth Ridge did no show conclusive evidence of
faulting. Changes in soil development across the scarp, however,
were consistent with a tectonic interpretation.
Moreover, no
satisfactory non-tectoni9 interpretations are apparent; thus the
scarp must be considered of tectonic origin.
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4.10.6
Absaroka and Darby Thrusts. Evidence for movement
on the Absaroka and Darby thrusts consists of (1) Coincidence of
mapped thrust flats with late Quaternary scarps; (2) deformation
and tilting of alluvial/outwash terraces; and (3) drainage
anomalies, lineaments and topographic escarpments. Each fault is
discussed separately below.
Absaroka Thrust - Reconnaissance mapping performed for this
and previous studies indicates the Martin Ranch scarp is coincident with the eastern strand of the Absaroka thrust (Figure
No. 4.7).
Projection of strike and dip of the thrust trace to
the south across Hilliard Flat is virtually identical to the
location and orientation of the Martin Ranch scarp.
This would
imply one of two possibilities.
The first is that the coincidence is simply that -- coincidence and has no significance. The
second, and more likely possibility, is that the Martin Ranch
scarp was produced by reactivation of the Absaroka thrust but in
the opposite sense of displacement. Minimum age of faulting and
recurrence interval are comparable to the Bear River fault zone.
Vertical surface displacements are on the order of 1.6 to 2.5
feet per event.
About four miles south of the Martin Ranch scarp, the
leading edge of the Absaroka thrust passes beneath the flood
plain of the Bear River.
A relatively strong lineament is
present within the flood plain virtually on the inferred trace of
the thrust. Moreover, the Bear River swings abruptly 90 degrees
from a northwe~terly course to a southwesterly course across this
lineament (Figure No. 4.7).
Photogeologic interpretation
suggests that two successive alluvial fans may have developed
within the flood plain as the result of down-to-the-west reactivation of the Absaroka thrust in this area. The anomalous course
of the Bear River would also support this interpretation.
Examination of Wasatch Formation bedrock exposed along the
southwest side of the floodplain disclosed evidence of shearing,
but no conclusive evidence of major stratigraphic offset could be
found.
Darby Thrust - Evidence for late movement on the Darby
thrust includes deformed and tilted alluvial/outwash terraces,
prominent air photo and drainage lineaments and apparent
block-faulting along the west side of Bigelow Bench, 20 miles
east of Evanston (Figure No. 4.7).
Terrace Deformation - Streams draining the north flank of
the Uinta Mountains generally flow from south to north.
Well-developed alluvial and outwash terraces probably ranging
from 10,000 to two million years old are associated with these
drainages.
Terrace gradients generally appear to be convergent
in a downstream direction and slope from south to north in the
same direction as stream flow.
Many, if not all of the older
terraces, however, appear to exhibit a strong component of tilt
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to the east virtually at right angles to the direction of stream
flow and depositional gradient. Moreover, several terraces are
either convergent in an upstream direction or tend to merge with
younger terraces along their eastern margins while increasing in
elevation relative to modern stream levels to the west.
This
type of tilting strongly suggests post-depositional tectonic
deformation.
Moreover, older terrace surfaces appear to be
tilted more than younger terraces suggesting a recurrent deformational process.
Terraces in the vicinity of Bear River fault zone scarps
show evidence of local back-tilting and warpage believed to be
the result of displacement on the faults.
The pronounced
regional tilt, however, appears to extend west to east across the
Bear River fault zone. Moreover, the vertical throw represented
by the Bear River scarps, <1.0 to 50+ feet does not appear to
account for either the magnitude of tilt or width of the tilted
area.
At best, the Bear River scarps account for a local
perturbation of more regional eastward tilt.
A tectonic explanation would require the existence of a zone
of down-to-the-west normal faulting to the east of the Bear River
fault zone.
Such faulting would account for the eastward tilt
and possibly convergence of terraces in an upstream direction,
particularly if displacement were increasing to the south similar
to the Bear River scarps.
Increasing degree of tilt with age
would suggest a recurrent process recording a cumulative topographic effect.
The most likely tectonic feature to
produce
such tilt would be the Darby thrust. No other major faults have
been mapped that would account for the apparent deformation.
Lineaments/Geomorphic Escarpments - Apparent terrace
deformation focused" attention on the Darby thrust, generally
considered to be covered by several hundred to several thousand
feet of Wasatch and Green River bedrock in south western
Wyoming. Review of aerial photography disclosed the presence of
an almost linear stream drainage extending 6 miles along the
inferred subsurface trace of the Darby thrust as portrayed on a
map prepared by Champoin Oil Company for the u.S. Forest Service
(Asay, Personal commun., 1984).
The drainage lineament follows
Muddy Creek from about 6.5 miles north of Elizabeth Ridge to the
northeast swing in the strike of the Darby thrust. The valley of
Muddy Creek is asymmetrical with a ridge about 400 feet above
stream level on the east and rolling, dissected tablelands on the
west.
The linear drainage and change in elevation and topography
across the lineament are suggestive of down-to-the-west normal
faulting and would account for terrace tilt to the east.
Moreover, the down-to-the-west normal faulting mapped by the
U.S. Geological Survey (Lines and Glass, 1975; M'Gonigle and
Dover, 1985) is roughly coincident with both this lineament and
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the subsurface trace of the Darby thrust. In addition, a number
of apparent down-to-the-west block faults have been identified
along the west side of Bigelow Bench east of Evanston as shown on
Figure No. 4.7.
These faults apparently displace Plio/Pleistocene terrace gravels mantling the Bigelow surface and show a
right-stepping en echelon pattern similar to the Bear River fault
zone.
The normal fault pattern is also coincident with the
inferred subsurface trace of the Darby thrust.
The south end of the Darby thrust as portrayed by Champoin
Oil swings to the southwest and passes beneath Elizabeth Ridge in
the vicinity of the northeast striking scarps previously described in that area.
The top of Elizabeth Ridge, a remnant of
the Gilbert Peak erosion surface, is breached along or near the
inferred trace of the Darby. Several other apparent fault scarps
are present on Elizabeth Ridge (Figure No. 4.7) suggesting
significant tectonic deformation.
Despite fairly strong circumstantial evidence for late
normal displacement on the Darby thrust, no conclusive evidence,
for example actual stratigraphic offset in the Wasatch and Green
River formations, has been found.
4.11

Historical Seismicity

4 .11 • 1
Regional Zonation.
Southwestern Wyoming and
north-central -Utah are located on the transitional eastern margin
of the Intermountain Seismic Belt (ISB) in an area of low to
moderate historic seismicity. Algermissen (1969) attempted to
define earthquake hazards in the United States by Development of
a seismic zonation map based on historic seismicity data.
The
project area was placed in Seismic Zone 2, an area of expected
minor damage corresponding to Modified Mercalli Intensity V to
VII ground shaking.
Subsequently Algermissen and Perkins (1976)
re-evaluated historic seismicity on a probabilistic basis. Based
on this work, the project area falls into a source zone with
maximum Modified Mercalli Intensity and Richter magnitude of VI
and 4.9, respectively.
Horizontal accelerations in rock were
estimated to range between 0.04 and O.lOg with a 90 percent
probability of not being exceeded in fifty years. Geologic data
(i.e. fault activity), however were not used in arriving at
these estimates.
In an effort to integrate geologic data into regional hazard
assessment, the U.S. Geological Survey (Thenhaus, 1983) sponsored
a series of regional workshops on seismic zonation. Southwester
Wyoming and north-central Utah were divided into several source
zones based on historic seismicity and fault activity.
A
hypothetical earthquake or Richter magnitude 7.0 was assigned to
the project area.
Based on these workshops and re-evaluation of
seismicity data, Algermissen and others (1982) published revised
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probabilistic estimates of maximum accelerations and velocities
for the U.S. Earthquake magnitudes in the general project area
are expected to range between 6.1 and 7.3.
Maximum bedrock
accelerations for the project area range between 0.20 and 0.40g
with a 90 percent probability on non-exceedance in 250 years.
4.11.2
Seismicity Data. The proximity of the project area
to the Intermountain Seismic Belt and the University of Utah' s
seismic monitoring network provides baseline historical seismicity data.
The project area, however, is outside the high
density monitoring network which allows precise determination of
earthquake epicentral locations, focal depths and magnitudes.
Seismicity maps for Utah including extreme southwestern Wyoming
for the period 1850 through 1983 are attached as Appendix I.
During the period of record the largest earthquakes to have
occurred in the area south of Evanston, Wyoming were on the order
of Richter magnitude 2.0, below the threshhold of human perception. In general, local seismicity appears to be associated with
a band running generally north-northeasterly from the southwest
corner of Wyoming parallel to the overthrust belt structure.
This pattern of seismicity would be consistent with geologic
evidence for fault activity in the project area.
Smith and
Arabasz (personal commun., 1985) warn however, that apparent
earthquake activity may be related to mining blasts rather than
naturally occurring events. As of September 1985, no attempt has
been made to distinguish man-made events from naturally-occurring
earthquakes in the project area.
In addition to local events, ground motions from more
distant earthquakes are felt from time to time in the project
area.
These would include large magnitude events in the ISB
proper.
4.11.3
Characteristics Earthquakes.
Arabasz and Smith
(1981) note the apparent difficulty of correlation of diffuse
background seismicity with geologic structure in the ISB and
adjacent areas. The apparent lack of correlation is believed to
be related to four factors:
(1) uncertain subsurface structure;
(2) apparent discordance between surface fault patterns and fault
slip at depth; (3) a lack of historic (within last 140+ years)
surface rupture; and (4) inadequate focal depth resolution from
regional seismic monitoring.
Arabasz (personal commun., 1985)
states that historic seismicity is of little value in defining
either active or potentially active faults or seismic risk within
the 1SB.
Moreover, statistical relationships do not accurately
predict either the magnitude or frequency of occurrence of large
earthquakes.
Recently, Schwartz and Coppersmith (1984) introduced the
concept that seismogenic faults within the 1SB tend to generate
earthquakes of generally the same magnitude and surface rupture
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parameters. Between major surface faulting events, a seismogenic
fault zone may not produce smaller magnitude events with greater
frequency of occurrence.
Accordingly, frequency - magnitude
relationships often cited in earthquake hazard studies may
provide valuable information for larger regions but have little
if any application to smaller areas and specific fault zones.
Use of historical frequency-magnitude relationships could result
in serious underestimation of earthquake hazard/risk in areas
where seismogenic faults are present.
In lieu of historic seismicity data, assessment of seismic
hazard/risk must be based on geologic evaluation of fault
history, minimum age of movement and recurrence interval, and
surface rupture parameters, tectonic slip per event and rupture
length.
Studies conducted along the Wasatch fault suggest
estimates of large earthquakes based on geological data would
exceed those based on historic seismicity by an order of magnitude or more.
4.12

Seismic Hazard Assessment

4.12.1
Introduction.
Assessment of seismotectonic hazards
for the Upper Bear - West Fork Project requires consideration of
potential earthquake source zones, either identifiable faults or
larger areas with common seismic characteristics. Once potential
source zones have been identified, design earthquakes are
assigned based on a synthesis of geological and seismological
data.
The Maximum Credible Earthquake (MCE), defined as the
largest event likely to occur on a seismogenic structure in the
contemporary geologic setting, is normally used in the design of
dams.
Ground motions from hypothetical maximum credible earthquakes are attenuated to the site for use in engineering analyses.
Potential seismotectonic hazards to the proposed West Fork
site include strong ground shaking associated with hypothetical
maximum credible earthquakes, surface fault rupture in the
foundation of the proposed dam, ground tilt/subsidence, liquefaction potential, earthquake-induced landsliding at the dam site
and around the reservoir rim, reservoir seiche, reservoir-induced
seismicity and stability of upstream reservoirs.
4.12.2
Seismic Source Zones and Maximum Credible
Earthquakes.
Seismic source zones considered for the Upper Bear
- West Fork Project include the Bear River, Absaroka, Darby and
North Flank fault zones, a regional floating event, and distant
large-magnitude earthquakes associated with the main Intermountain Seismic Belt.
Hypothetical MCEs, focal depths and hypocentral/epicentral distances for each source zone are summarized

4-25

in Table No. 4.2 shown below. The technical basis for assignment
of hypothetical MeEs, focal depths, and hypocentral/epicentral
distances is discussed in the following section.
TABLE 4.2
HYPOTHETICAL MAXIMUM CREDIBLE EARTHQUAKES
SOURCE ZONE/STRUCTURE

MCE*

FOCAL DEPTH
(km)

Bear River Fault Zone
Absaroka Fault
Regional "Floating" EQ

7.25
6.50
6.00

12.0
12.0
12.0

HYPO/EPICENTRAL
DISTANCE (km)
16
26
12

*Richter Magnitude, M1

Bear River Fault Zone - The Bear River fault zone exhibits
clear evidence of recurrent seismogenic surface rupture over a
distance of at least 23 miles along strike. Vertical surface
displacements per event appear to range from less than one foot
on the north end to greater than 12 feet on the south end. Data
from this and previous studies indicate the Bear River fault zone
has ruptured twice during the Holocene. Empirical rupture length
versus magnitude and displacement per event versus magnitude
relationships developed by Slemmons (1977) suggest the magnitude
of each event was about M=7.0 to 7.2S. This range of magnitudes
is in agreement with the largest historic events to have occurred
within the Basin and Range Province and the Intermountain Seismic
Belt.
Recent work on the Wasatch fault, summarized by Arabasz
and Smith (1981), suggest earthquakes of Richter magnitude Ml=7.5
have occurred along the Wasatch Front in the last 10,000 years.
Past practice has dictated adding 1/4 to 1/2 magnitude to
the largest historic event to arrive at a conservative MCE.
Accordingly, the MCE for the Bear River fault zone would be in
the magnitude range of Ml=7.S to Ml=7.7S.
The MCE for the
Wasatch fault, however, has been generally defined as a magnitude
Ml=7.S event although some workers have suggested Ml=8.0 as a
reasonable and defensible value. In general, the MCE defined for
the Wasatch fault can be used to constrain MCEs for other faults
based on the presumption it is the controlling seismogenic
structure in the region.
Using this rationale, the MCE for the
Bear River fault zone would not exceed magnitude Ml=7.S.
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The Borah Peak earthquake of 1983, however, has reportedly
caused some rethinking of MCEs in the Intermountain Seismic
Belt. There now appears to be a move afoot to increase MCEs for
the Wasatch Front and presumably elsewhere in the ISB and Great
Basin.
The basis for this upward revision is apparently
two-fold. First, the fault that produced the Borah Peak event is
interp~eted to be a basement-penetrating structure rather than
listric to a sub-horizontal decollement; and second, the surface
rupture was less than what might have been predicted for an
earthquake of magnitude Ml=7.0+.
The estimation of seismic hazard for normal faults is based
on empirical relationships established for basement-penetrating
structures.
This apparently is not the case in the Bear River
fault zone where geologic evidence suggests extension is accommodated along preexisting thrust faults.
The question becomes
whether empirical rupture/magnitude relationships can be applied
across the board to a significantly different tectonic geometry.
Comparison between the Borah Peak earthquake and the Bear River
fault zone, therefore, mayor may not be valid. It would appear
that the Bear River fault zone and underlying decollements do not
penetrate to sufficient depths (>7-10 km) to produce large
magnitude earthquakes and surface rupture of the type observed in
the Bear River fault zone (Figure No. 4.8). In view of evidence
to the contrary, we believe the MCE selected for the Bear River
fault zone should reflect this interpretation but also reflect a
degree of conservatism consistent with the current standard of
practice.
Accordingly, an MCE of Richter magnitude Ml=7.25 is
specified for the Bear River fault zone.
Specification of focal depth and hypocentral location are
problematical since the Bear River fault zone does not fit
current models for seismogenic structure in the ISB.
Stein and
Barrientos (1985) indicate that major earthquakes producing
surface rupture nucleate along fault planes dipping at approximately 45 degrees at depths of 12 to 15 km.
Using this data
somewhat arbitrarily and again lacking evidence to the contrary,
the MCE generated by the Bear River fault zone would nucleate
along an imaginary 45 degree plane at a depth of 12 km approximately at the mid-point of the fault zone in a north-south
directLon as depicted on Figure Nos. 7 and 8.
The hypocentral
distance between the earthquake focus and the West Fork dam site
is 16 km •. This seems to be a reasonable, if not elegant,
approach to hazard assessment and satisfies all available data.
Absaroka Thrust/Normal Fault - The Absaroka thrust has been
reactivated in a normal direction by the same regional stresses
responsible .for development of the Bear River fault zone.
Minimum age of displacement and recurrence interval appear to be
roughly equivalent to the Bear River fault zone based on studies
conducted by USBR.
Direct evidence of surface rupture extends
over a distance of 2.5 miles. Inclusion of indirect evidence for
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surface rupture south of the Martin Ranch scarp would increase
maximum surface rupture length to 9.5 miles.
Fault length/displacement versus magnitude curves suggest the reactivated
Absaroka fault could produce MCEs in the magnitude range of 6.25
to 6.50.
Accordingly, an MCE of Richter magnitude Ml=6.50 at a
focal depth of 12 km is postulated for the Absaroka fault.
Predition of hypocentral
focus and the West Fork dam site
for the Bear River fault zone.
in Section 13, T 13 N. R 121 W,
km from the proposed dam site.

distance between the earthquake
was based on the same model used
The MCE epicenter is postulated
at a hypocentral distance of 26

Darby Thrust/Normal Fault - The Darby thrust shows strong
circumstantial evidence of normal reactivation in Plio/Pleistocene time (10,000 to 2.0 mybp). No evidence was found suggesting
movement had occurred within the last 10,000 years comparable to
the Bear River and Absaroka faults. Moreover, the tectonic model
generated for the development of the Bear River fault zone
suggests that the leading edge of the Darby became dormant with
propagation of listric normal faults over the Darby ramp.
East-west directed extension would be taken up by movement along
the Bear River fault zone.
Based on lack of recent geologic
movement and a satisfactory tectonic model, we conclude the Darby
fault is not a seismogenic structure in the contemporary tectonic
setting.
Potential for sympathetic surface rupture, however, is
present as discussed below.
North Flank Fault - Northeast-striking scarps paralleling
the North Flank fault at the south end of the Bear River fault
zone and near Elizabeth Ridge at the south end of the Darby fault
are believed to result from mechanical adjustment to
down-to-the-west displacement on north-striking normal faults.
Accordingly, these short scarps do not constitute evidence for
independent reactivation of the North Flank ~ault and are
considered non-seismogenic.
No other evidence for recent
tectonic movement was found on the North Flank fault between
Elizabeth Ridge and Moffit Pass.
The North Flank fault in the
project area is considered non-seismogenic in the contemporary
tectonic setting.
Regional Floating Earthquake - The diffuse nature of
seismicity within the 1SB and apparent lack of correlation with
surface geologic structure has resulted in adoption of a regional
"floating" earthquake in seismic hazard assessment.
This
earthquake is based on the presumption that a given magnitude
earthquake can occur anywhere within the region without regard to
historic seismicity or surface geologic features.
A floating
regional earthquake of Richter magnitude Ml=6.0 was specified for
use in the design of Jordanelle Dam near Park City, Utah.
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Accordingly, a floating earthquake of magnitude Ml=6.0 is
postulated at a focal depth of 12 km beneath the West Fork dam
site.
Other Regional Earthquakes - The proximity of major seismogenic surface faulting near the West Fork site precludes the
necessity for consideration of other large magnitude regional
earthquakes.
The local MCE generated by the Bear River fault
zone would produce controlling ground motions for engineering
analyses.
4,,!_l_~_.__3....
Ground Motions
Rock Ac-~~-ie~~ti~n's r--:-"--Peak horizontal bedrock accelerations
for each hypothetical MCE, summarized in Table 4.3 below, were
determined using magnitude/distance relationships outlined by
Schnabel and Seed (1973), the u.s. Bureau of Reclamation (1976)
and Hays (1980).

TABLE 4.3
PEAK BEDROCK HORIZONTAL ACCELERATIONS FOR
HYPOTHETICAL MAXIMUM CREDIBLE EARTHQUAKES
STRUCTURE

MCE*

Bear River Fault Zone
Absaroka Fault
Regional Floating EQ

7.25
6.50
6.00

HYPO/EPICENTRAL
DISTANCE (km)
16
26
12

PEAK HORIZ.
ACCEL. (g)
0.35-0.60
0.22-0.36
0.22-0.41

*Richter Magnitude, Ml
The West Fork Dam Site is located within the "near field" of
the postulated MCEs.
The near field is characterized by an
abundance of high frequency energy generated by the fault
rupture, site conditions and other factors.
Most of the high
frequency energy is dissip~ted rapidly with distance and becomes
inconsequential beyond a distance of a few fault rupture widths.
Standard attenuation relationships are commonly based on observat~ons made in the far field and are extrapolated both to higher
magnitudes and distances within the near field. The validity of
this approach 'has been questioned by a number of workers including Hays (1980).
Site Ground Motion - The West Fork Dam Site is underlain by
an unknown thickness of unconsolidated deposits mainly of glacial
origin.
The normal effect of unconsolidated material overlying
bedrock is to modify peak horizontal acceleration, peak velocity
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and duration of ground shaking by some factors over base rock
ground motions for a site founded on bedrock. These effects have
significance in terms of structural and stability analyses but,
unfortunately, are difficult to characterize without extensive
site and soil dynamics studies. Adding significantly to the
problem is the lack of empirical experience with site and dynamic
soil response in earthquakes greater than Richter magnitude
Ml=6.5, especially in the near field.
In general, we would expect peak horizontal accelerations to
decrease slightly from peak horizontal rock accelerations shown
in Table 4.3. Both peak velocity and duration of ground shaking
would be expected to increase.
According to Seed and others
(1976), peak velocity and duration of ground shaking may be more
reliable indicators of potential damage due to ground shaking
than peak horizontal acceleration.
However, peak horizontal
acceleration is general~y easier to characterize; hence, its
widespread use in earthquake engineering.
Studies of ground motions generated by earthquakes of about
magnitude 6.5 (Seed and others, 1976) indicate that peak horizontal accelerations exceeding O.lg at sites underlain by deep
(>250 feet), cohesionless soils similar to those at the West
Fork site may be as low as 80 percent of estimated rock acceleration. At lower accelerations corresponding to greater distances
from the source, accelerations in similar deposits would be
higher than corresponding rock accelerations.
Peak velocities vary more consistently with site geological
conditions with values for alluvial sites higher than those for
rock sites.
Thickness of soil cover over bedrock, however,
appears to have little effect. Bedrock velocities for magnitude
6.5 earthquakes at distances of 12+ km are about 40 cm/sec
according to Seed and others (1976).
Peak velocity at an
all~vial site under similar earthquake loading conditions would
increase 100 percent to 80+ cm/sec.
Attempts to characterize the period of ground motion for
rock sites versus those underlain by deep, cohesionless soil
show, at least on a speculative basis, that period increases
significantly for soil sites versus rock sites.
For example,
Seed and others (1976) for magnitude 6.5 earthquakes report
periods of 0.36-0.47 seconds for rock sites compared to periods
of 0.61-1.3 seconds for sites underlain by deep cohesionless
soils.
Hays (1980) indicates that ground shaking may be 10-12
seconds longer at a "soft alluvium" site than at a rock site for
the same base rock ground motions. Duration of ground shaking is
also an important factor in liquefaction.
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WATER QUALITY, SEDIMENTATION AND EROSION
SECTION 5
5.1

Water Quality

It is anticipated that the project will result in an
increase in the overall quality of the Bear River.
Sediments
trapped in the new reservoir should reduce the suspended load of
the Bear River and subsequently provide benefits in reduced
maintenance of river structures and channel sections. It is also
expected that the project will ultimately reduce the average
turbidity of the Bear River.
The potential benefits of this
reduced turbidity would be savings to the downstream water users
for water treatment since fewer chemicals are added at lower
turbidity levels and also for canal and river cleaning.
Turbidity and total suspended solids measurements have been
made on the West Fork below the proposed project site.
These
measurem~nts began in midsummer of 1985 and will continue
throughout the design period.
These measurements have been
correlated with turbidity data from the raw water measurements
taken from the Bear River at the Evanston Treatment Plant on a
monthly basis over the last five years. Turbidity and suspended
solids values on the West Fork are shown on Table 5.2.
The turbidity of the Bear River increases up to twenty times
baseline values during spring runoff conditions and major storm
events.
The turbidity data from the West Fork appears to be in
the same range as the data from the Bear River. Although the new
reservoir is expected to ultimately reduce the overall turbidity
of the Bear River, it is difficult with available information to
predict the amount of improvement and thus the cost savings to
downstream users.
In particular the City of Evanston spends
approximately $80,000 per year on Chemicals. The major item of
expense is the purchase of liquid alum and polymers to cause
floculation and remove turbidity.
Undoubtedly some of the cost
of these Evanston purchases will be saved as a result of the
anticipated reduced Bear River water turbidity.
The quality of the Bear River could be significantly
impacted by the construction of the West Fork Project.
The
contract documents must require that the contractor be totally
responsible for maintaining the quality of the West Fork flows
during and for a period of time after construction.
Base line
measurements of total suspended solids and turbidity will be
utilized to determine maximum construction levels which will be
allowed.
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5.2

Sedimentation

The rate of accumulation of sediments in the new reservoir
must be determined in order to estimate the reduction in reservoir capacity during the operational life of the project.
The
sedimentation rate or sedimentation yield for the West Fork
watershed above the reservoir will be determined based on
accepted methodology utilizing field sampling and laboratory
analysis of total suspended solids.
The sampling program began
in July, 1985 and will continue through the high runoff months of
April-June, 1986 and 1987.
When enough data is available to
develop the sedimentation rates for the watershed, operational
models will be adjusted where needed to integrate the effects of
sedimentation on the reservoir.
The additional erosion and sediments caused by construction
activities will be controlled by the Contractor and therefore
will not be included in any long term reservoir capacity
estimates.
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PROJECT OPERATING PLAN
SECTION 6

6.1

Project Operatinq Plan

The West Fork Reservoir will be used to provide supplemental
water for approximately 18,700 acres of irrigable lands in the
Hilliard Flats area southeast of Evanston, Wyoming.
Present
irrigation practice in the area is to begin flood irrigating the
fields when snowmelt begins in May.
Usually by early July,
sometimes much sooner, diversions into the irrigation canals are
cutoff to provide water to higher priority downstream users.
The
Whitney Reservoir was developed on the West Fork of the Bear
River by area ranchers to provide irrigation water after this
occurs.
This provides in an average year 8 to 10 days of
irrigation after direct diversions from the Bear River are
closed.
The West Fork Reservoir will be used to provide additional irrigation water when Whitney Reservoir water has been
used.
.
The Wyoming State Engineer has allocated 10,335 acre-feet of
annual storage to the West Fork Reservoir and will allow 4125
acre-feet of annual depletion.
If an irrigation efficiency of 50
percent is assumed, a total of 8250 acre-feet may be diverted
each year.
Diversions of this water will most likely take place
in the last two weeks of July and throughout August.
Some
diversions may also take place in September.
A computer simulation of the Upper Bear River Basin and the
West Fork Reservoir was conducted assuming that a maximum of 8250
acre-feet was diverted in each year. One third was assumed to be
diverted during the latter part of July and two thirds was
assumed to be diverted in August.
For the 42-year period
simulated, an average of 7880 acre-feet was available for
diversion leaving a 370 acre-foot average shortage.
The full
8250 acre-feet was available 38 out of 42 years for a 90 percent
reliability.
Average water available for the other 4 years was
4365 acre-feet.
It should be noted that as presented in Chapter
No~ 2 of this report, diversions of up to 8400 acre-feet annually
are possible for 90 percent reliability.
However, due to the
depletion restrictions applied to the West Fork Reservoir water
rights, only 8250 acre-feet can actually be diverted.
The
reduction in diversion from 8400 acre-feet to 8250 acre-feet
annually is not sufficient to significantly increase the reliability.
The summary tables for the simulation are shown in Table
Nos. 6.1 and 6.2.
Graphs found in Figure Nos. 6.1 and 6.2 were
taken from Table No. 6.1 and show the monthly distribution of
average monthly streamflow with and without West Fork Reservoir
and the average end of month storage in the reservoir.
Figure
6-1

Nos. 6.3 and 6.4 show monthly flow duration curves derived from
the with and without West Fork Reservoir data. It is interesting
to see that the reservoir has little effect on the lower flows
and extreme high flows, but redistributes the higher to medium
flows.
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CONCEPTUAL DESIGN
SECTION 7
This section of the report will include the conceptual
design for the abutments, the cutoff trench, foundation preparation, the embankment, the internal drainage, the outlet works,
the embankment instrumentation, the canal facilities, the access
roads and the gaging stations. The conceptual design for each of
these items is discussed below.
7.1

Foundation Preparation and Treatment

c;.~ t. 9. :t~. ':r:r e.n 9.11 ,.. t: 11.~. j \ l:>.1.l~m~ n 1;..$ . ~Jl q 1;. h EL . ~.t 1::' ~ am
As indicated earlier in this report, a granular zone
varying in thickness from 10 to 20 feet exists throughout the
stream bottom at the proposed site.
In the left abutment, the
granular zone also exists to a depth of approximately 15 feet.
Foundation exploration in the right abutment and upstream from
the right abutment indicated that ~ relatively impervious layer
existed beneath all of the morrainal material.
Test Hole
No s. 11, 1 0 5, 2 0 1, 1 0 6, 1 0 1 and 1 0 3 were d r i lIed up a gully
extending through the left abutment and the results of these test
holes indicated that the relatively impervious zone was encountered at a depth of approximately 55 feet below the existing
ground surface.
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If a cutoff trench is extended to the cohesive material
throughout the gully, the amount of seepage passing through the
right abutment will be reduced considerably.
The proposed
location of the cutoff trench in the left abutment in the river
bottoms and through the ~ully is presented in Figure No. 7.1.
The intersection of the cutoff trench with the ground surface is
also shown in this figure.
Inasmuch as the right abutment is
pervious, the original alignment of the embankment was moved
upstream so that the embankment would cover a portion of the
right abutment. The outline of the dam where it covers the right
abutment is also shown in Figure No. 7.1.
The details of the
cutoff trench including the cross section and the curve data are
also shown in Figure No. 7.1.
It will be observed from Figure
No. 7.1 that the cutoff trench extends to a depth of approximately 20 feet from Station 0+00 to Station 13+00. From Station
13+00 to 17+00, the depth of the cutoff up the gully varies from
about 20 feet to 55 feet.
From 17+00 to 26+00, the depth of the
cutoff is about 55 feet.
7.1 ~4_ ..... 1\P~tDle.I):t ... St+i,.pp,ing. ~.nq.. __~J~.n~.~t.iJ19_._
A considerable
amount of stripping will be required along both abutments and in
the river bottoms to provide a satisfactory contact between the
foundations in the abutment and the earth dam.
In the river
bottoms, an organic zone approximately 1 foot thick covers most
of the dam site area which will require stripping prior to
7-1

placing the fill material. The river bottom at the site is also
covered with a thick growth of willows which must be stripped in
this area prior to the placement of the fill.
The left abutment
is capped with morrainal material and stripping will be required
along the abutment to remove the rocks associated with the
morraine along with the vegetative cover which exists throughout
the site.
All of the right abutment consists of a lateral
morraine.
Considerable stripping will be required in all
areas where the fill abuts against the right abutment.
It will
be observed from Figure No. 7.1 that a portion of the morrainal
material in the right abutment is exposed above the cutoff trench
and blanketing will be required in this area to reduce the
seepage through the right abutment.
The cross hashed section
between the high water level and the cutoff trench defines this
area in Figure No. 7.1.
A cross section of the blanket is
presented in Section C on Figure No. 7.1.
In order to restrict the flow of water up the gully beyond
the location of the spillway, a small embankment will be required
as shown in Figure No. 7 .1.
A plan view of the dike and cross
section is presented in Figure No. 7.1.

7.2

Embankment Design

Em 1;> an k men t _. ~r o.~s... _,:?~ £.t j, PP ... ~.ng_ ... t.Q~.._.1). ~.e.....q{_.. 1\y.~J1C!P J~
During the Level II Study, the investigation for
available material for the proposed embankment was limited to the
cohesive material in the left side of the reservoir basin. Since
an abundance of cohesive material existed in this area, the
preliminary plan indicated, a homogeneous type section with a
chimney filter to provide drainage for the structure. During the
preliminary investigations during this phase of the work,
consideration was given to locating the spillway through the
right abutment areal where the morrainal material exists.
In
order to locate the spillway in this area, a considerable amount
of excavation would be required.
Further investigations of the
morrainal material indicated that the textural gradation of this
material was suitable for use in the embankment. As a result of
these investigations, a decision was made to design the dam with
an impervious central core with granular outer zones.
Since the
axis of the proposed embankment was located in a manner to cover
a portion of the right abutment, a modification of the standard
cross section was required in the right abutment area.
Furthermore, the cutoff trench angles across the foundation zone
beginning at Station 8+00.
In order to define the cross section
along the proposed alignment, three typical embankment cross
sections located at Stations 6+00, 11+00 and 14+00 are presented
in Figure No. 7.2.
7 .. 2 • 1
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A preliminary stability analysis performed during the Level
II Study indicated that side slopes of 3 to 1 horizontal to 1
vertical could be satisfactorily used for the upstream slope and
2 horizontal to 1 vertical could be used for the downstream
slope.
The cross sections presented in Figure No. 7.2 conformed
to the preliminary stability computations.
It will be observed
from Figure No. 7.2 that the proposed embankment cross section
consists of Zone 1,
Zone 2 and Zone 3 materials.
The Zone 1
material will be cohesive material obtained from Borrow Area
No.1, while the Zone 2 material will be the minus 8-inch
material obtained from Borrow Area No.2.
Test pits excavated in the spillway area indicated an
abundance of material greater than 8 inches.
In order to
efficiently use the plus 8-inch material, Zone 3 located on the
upstream and the downstream faces of the dam was designed for
this purpose.
It will be observed from the cross section shown
in Figure No. 7.2 that the boundary line between the Zone 3 and
the Zone 2 material is variable and it is contemplated t'hat this
boundary will be varied to accommodate the materials as they are
excavated from Borrow Area No. 2 during construction.
It is apparent from Figure No. 7.1 that the cutoff trench
angles across the foundation beneath the abutment.
This condition requires a continuous change in the cross section of the
embankment insofar as the cutoff trench is concerned.
It is
apparent from Figure No. 7.2 that the cutoff trench will extend
outside of the impervious central zone for a certain portion of
the proposed alignment.
In order to ensure that the cutoff
trench is completely covered with impervious material, a modification of the central impervious zone is required between
Stations 8+00 and 11+50. in order to reduce the seepage of water
from the re~ervoir through the right abutment, the embankment
covering the right abutment must consist of impervious material.
This requirement necessitates a change in the cross section of
the embankment from .Station 11+50 to the end of the dam.
The
cross section defining this condition is presented in Figure
No.7. 2.
7 . 2 .....~ .....St.~j~. i.c.....Stq1::>JJ i.t.y...__ C;9..n§j-.g~.;r.9.t.JQ.n..$.~.
A stabi Ii ty
analysis was performed for the maximum section of the proposed
facility assuming side.slopes of 3 horizontal to 1 vertical
upstream and 2 horizontal to 1 vertical downstream.
A typical
section analyzed for the proposed structure is presented in
Figure No. 7.3.
In performing the stability computations,
consideration was given to the upstream slope under conditions of
rapid drawdown and the downstream slope under a steady state flow
condition.
The shear strength parameters used for the compacted
clay core, the compacted outer granular zones, the natural sandy
gravel in the stream bottom and the stiff clay underlying the
streambed gravels is presented in Figure No. 7.2.
The shear
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strength parameters shown in Figure No. 3 are based upon the
results of the shear strength parameters determined during the
laboratory investigations.
It should be noted that triaxial shear tests performed on a
modeled sample of the granular material from the right abutment
indicated a friction angle of 45 degrees.
It is recognized that
the friction angle of the modeled sample may be a few degrees
higher than the bulk sample.
It will be noted that a friction
angle of 35 degrees and 0 cohesion was used for the granular
material in the outer zones which is quite conservative.
Based
upon the results of the laboratory tests, the use of 35 degrees
for this material is a very conservative assumption.
The stability analysis was performed using a computer model
of Spencer's Method.
Spencer's Method satisfies both force and
moment equilibrium and is considered to be a satisfactory method
for performing stability computations. Spencer's Method is based
upon effective stress conditions and in order to utilize the
method, it is necessary to estimate the pore pressures within the
earth mass.
The piezometric surfaces used for both the sudden
drawdown case and the steady state seepage case are presented in
Figure No. 7.3.
It is our opinion that the location of the
piezometric surface in both situations is conservative.
The
results of the stability analysis indicates a factor of safety of
1.3 for the case of sudden drawdown and a factor of safety of 1.5
for the steady state seepage condition.
The factors of safety
obtained are considered satisfactory for both stability
situations.
7._2._~3 . _.$_e.t.tl~IIlent .1\nqly$.i~.'!
As indicated earlier in this
report, the subsurface profile at the dam site consists of a zone
of granular material varying in depth from 10 to 20 feet followed
by cohesive material which extends for a depth of at least 150
feet below the streambed.
The results of the field investigations and the laboratory tests indicate that the subsurface
materials are in a relatively stiff condition with unit weights
comparable to 95 percent of the maximum density for materials of
this type. The results of consolidation tests performed on these
materials indicate that because of the relatively high unit
weights these materials do not have high compressibility characteristics.
\

In order to obtain an estimate of the settlement of the
subsurface material due to the weight of the fill, a settlement
analysis has been performed for the proposed facility.
In
performing the settlement analysis, a cross section characteristic of the section shown for Station 6+00 in Figure No. 7.2 was
used in the analysis.
Consolidation tests performed at 10-foot
intervals in Test Hole No. 206 were used in the analysis.
The
characteristics of the consolidation tests throughout the soil
profile were discussed in a previous section of this report.
7-4

One-dimensional consolidation procedures using a trapezoidal
loading for a plane strain condition was used in estimating the
settlement.
The results of the settlement analysis indicated
that approximately 5 feet of settlement can be expected in the
center of the dam at this site.
Since the settlement in the abutments will not be as great
as the settlement in the center of the stream channel some
differential settlement will occur resulting in relatively large
strains in the upper portion of the embankment near each abutment.
It should be noted that the left abutment consists
predominately of cohesive material similar to the soils in the
foundation area and it can be expected that some settlement will
occur in the abutment due to the weight of the fill.
In the
right abutment, however, the subsurface materials consist
predominately of sands, gravels and cobbles characteristic of
the morrainal material and it is not expected that the settlement
in the right abutment will be significant.
It is our opinion that the differential settlement in the
vicinity of the right abutment may be more severe than at other
locations along the axis of the dam.
Inasmuch as some differential movement can be expected in the embankment, we recommend
that all cohesive material be placed in the dam at a moisture
content at least I to 2 percent on the wet side of the optimum
moisture content.
It is anticipated that settlement will occur in the foundations for the proposed structure over an extended period of
time.
No time consolidation analysis was performed for the
foundation materials since, no well defined drainage layer was
encountered in the foundation area.
It is recommended, however,
that several settlement plates be installed in the foundation to
monitor the settlement which occurs in the foundation as a
function of time.
The details associated with the settlement
plates will be presented on the construction drawings during
Phase II of this project.

A.'!!-... Str.~nqtbE:v:~J.Jlg..tJon - Since the cohesionless materials in
the embankment will be densified to 95 percent of the modified
procter maximum density, liquefaction should not be a problem in
the embankment.
The natural sandy gravel in the stream bottom,
however, could liquefy under seismic action.
The susceptibility
of these alluvial deposits to liquefaction will be the primary
emphasis of this study.

No well defined procedure has been established for evaluating the susceptibility of gravelly soils to liquefaction.
Pield experience and laboratory tests suggest that the resistance
of gravel is at least equal to sand at an equivalent relative
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density. The higher permeability of gravels as compared to sands
should decrease the tendency for pore pressure generation;
nevertheless, gravelly soils have liquefied in the field.
Seed
and Idriss have developed correlations between the corrected
standard
penetration value, (N 1 ) 60 , and stress ration, (T av I a v..),
•
requ1red to cause a 100 percent pore pressure ratio.
In th1S
study, we will convert the penetration values in the gravel to an
equivalent penetration value in sand using correlations developed
by Burmister.
The equivalent penetration value will then be
used with Seed's correlations to determine the stress ratio
required to cause liquefaction.
Sandy gravel was encountered
near the ground surface in Test Hole Nos. 4, 5, 7, 10, 11, 205
and 206.
A summary of the penetration data for these holes is
shown below for those cases where it was possible to drive the
sampler at least six inches.
Drill
Hole

Depth

Description

N

*
(N I) 50

--------------------------------------------------------------4
7
10
11
205
206

10-11'
15-16'
10-11'
5-6'
10-11'
15-16'
5-6'
7.5-8.5'
10-11'
2.5-3.5'
10-11'
12.5-13.5'
15-16'

Brown Sandy Gravel
Brown Sandy Gravel
Brown Silty Sandy Gravel
Brown Sandy Gravel
Brown Sandy Gravel
Brown Sandy Gravel
Sandy Gravel
Sandy Gravel
Sandy Gravel
Brown Sandy Gravel
Tan Sandy Gravel
Tan Sandy Gravel
Tan Sandy Gravel

62
33
50
30
42
39
46
33
27
44
40
66
65

42
20
34
20
28
28
30
20
18
30
28
42
42

--------------------------------------------------------------*C correction would have increased the (N 1 )50 values between 20
to 100 percent.
Since the conversion to an equivalent sand N
value is approximate, neglecting the C increase will add an
additional safety factor to the process.
The average (NI~o value in these test holes is 29.4 with a
standard deviation of 8.7. Therefore, a conservative evaluation
of the overall (N 1 )60 value of the sandy gravel would be to take
the.average value minus one standard deviation or a value of 21.
For an (N 1 )66
value of 21 the field correlation given by Seed
indicates that a (1I v .u v ·) value of 0.23 would be required to cause
liquefaction.
The "strength" value is normally decreased by an
overburden pressure correction factor, Ka and increased by an
initial shear stress factor, K~
To again be conservative, we
will apply the Ka correction and neglect the K~ correction. The
variation of the strength (~vro~) along a plane through the gravel
layer beneath the embankment is shown in Figure No. 7.3A.
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13_~ .. _S:t+'J~$.~.J~;v.~.l..y_~tJ_QJl In order to determine the shear
stress ratio induced by the earthquake shaking, eight column
along the embankment cross section were analyzed as shown in
Figure No. 7.3A.
The analysis was performed using the computer
program SHAKE developed by Seed and Lysmer at the University of
California. SHAKE uses wave propagation methods to determine the
response of soil columns to vertically progagating shear waves.
The embankment and foundation were idealized as shown in Figure
No. 7.3A and shear modulus and damping values as proposed by
Seed and Idriss were used.

The time history of accelerations applied to the base
corresponded to a Richter magnitude 7.5 earthquake at a distance
of approximately 3 miles from the dam site. The maximum acceleration was set at 0.60 g, the predominant period was 0.35 sec, and
the duration of the event was 32.0 seconds.
This time history
was applied to the base of the model.
C •. Liq\le.f_a.J;=:t:.i,9.:Q..J~Q:t.~.n.tJ.q.l - The induced (TavlOv') values calculated by ~he computer on a plane through the gravel are as shown
in Figure No.7.3A.
It will be observed that the strength ratio
exceeds the induced stress ratio in all cases by at least a
safety factor of 1.5. This indicates that for the majority of
the sandy gravel zone, no significant pore pressures will develop
during earthquake shaking and liquefaction is unlikely.
Some
localized zones of high pore pressure may exist but this should
not be significant enough to endanger the dam.
7.3

Internal Drainage

The results of the settlement analysis discussed earlier in
this report indicate that a considerable amount of settlement
will occur in the foundation materials for the proposed facility.
Settlement of this magnitude could result in transverse
cracks occurring in the proposed structure. In order to protect
any cracking which may occur within the structure, a granular
filter zone will be required for the proposed facility.
The
filter zone will be 10 feet thick and will be located on the
downstream side of the impervious core as shown in Figure
No. 7.2.
In order to remove any water which flows down the
filter zone, a collection system presented in Figure No. 7.1 is
planned for the proposed facility.
The collection system
consists of a perforated drain pipe inbedded in the base of the
filter.
The collection pipes are inturn connected to l2-inch
diameter pipes which extend to the downstream toe of the structure.
The details of the collection system are presented in
Figure No. 7.1.
The results of the foundation investigation indicate that
the material in the streambed consists of sand and gravel with a
cQDsiderable amount of cobble size materials.
The possibility
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exists that the impervious material placed in the cutoff trench
located through the foundation area could pipe into the granular
material downstream from the cutoff trench.
In order to prevent
any removal of the Zone I material by piping, a filter zone will
be placed on the downstream side of the cutoff trench as shown in
Figure No. 7.1. The specifications for the filter drain and the
filter material are presented in Figure No. 7.2.
7.4

Outlet Works

7._!. ~.'!J_.~ _Pl:r~l~t .GQpqyi,t.!. The outlet conduit will be located
along the right abutment and will consist of a 46-inch diameter
steel or ductile iron pipe inside a concrete section as shown in
Figure No. 7.5.
The cross section of the embankment in the area
where the outlet conduit will be located is presented in Figure
No. 7.5 while the plan view of the structure is presented in
Figure No. 7.4.
The characteristics of the subsurface material
along the outlet alignment is generally described by Test Hole
Nos. 7 and 11 as shown in Figure No. 1.2 and by Test Pits Nos. 1
and 2 as presented in Figure No. 3.7 and it will be observed that
the subsurface material along the proposed alignment consists of
granular material characteristics of the lateral morraine.
The
elevation discharge curve for the outlet structure is presented
in Figure No. 7.4 and it will be observed that the discharge
capacity of the proposed facility at the spillway crest elevation
is 260 cfs.
The outlet works has the capacity to completely
drain the reservoir within a 30 day period as required by the
State Engineers Office.
A concrete filter as shown in Figure
No. 7.5 will protect the outlet conduit from any piping which may
occur along the proposed facility.
7 ._.4..;. ~ ........l..P.J.J~t,_ ..fg._9iJiti.:e..~_.•_ Flow through the outlet conduit
will be controlled by a 36 by 36 square sluice gate located at
the upstream end of the outlet conduit. The sluice gate will be
controlled by a hydraulic system located at the downstream end of
the outlet pipe. An isometric view of the intake structure with
a section through the facility is presented in Figure No. 7.5. A
6-inch diameter galvanized iron pipe will supply air to the
conduit at a point immediately downstream from the sluice gate.
The hydraulic controls operating the hydraulic cylinder on the
gate will be enclosed in a~ 4-inch pipe which will extend to the
control house at the downstream end of the conduit.
The sluice
gate on the upstream end of the outlet conduit will serve both as
a control gate and a guard gate for the proposed facility.
Wing
walls, the trash rack and an access gate into the gate chamber
are shown in the isometric view in Figure No. 7.5.

7 ·_ ~.;..L __ .!h~_Qy~le.:t.~9-Q~JitiJ~§d= The flow through the outlet
conduit will be dissipated using a riprap lined plunge pool.
Plan and p~ofile views of the plunge pool are presented in Figure
No. 7.5 and it will be observed that the plunge pool will be
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lined with a 3-foot layer of cobbles and boulders obtained from
Borrow Area No.2.
The stilling basin has been designed so that
at maximum flow the outlet will discharge water into the center
of the stilling basin.

7.5

Blaerqency Spillway

7 !-~.!.1.-=._.~~9~!!QI! ..-.-~..ng=_ TOP.QgXgP_hY_~.
Dur i ng the Leve 1 I I Study
it was planned to construct the emergency spillway through the
left abutment.
When the final configuration of the dam and the
characteristics of the right abutment became known, it became
apparent that the right abutment was a more feasible place to
construct the emergency spillway.
All of the materials in the
right abutment consist of sand, gravel, cobbles and boulders
which suggested that an unlined spillway may be feasible to
discharge the maximum probable flood or some fraction thereof.
During the Level III, Phase I Study, the topography downstream from the right abutment was extended to determine the
feasibility of constructing the emergency spillway in this area.
The topography in the spillway area is shown in Figure No. 1.2
and it will be observed that a drainage channel is located
several hundred feet northeast of the right abutment.
This
drainage channel eventually intersects the West Fork of the Bear
River downstream from the dam site.
The topography throughout
the site was of such a nature that a spillway could be excavated
in this area on a grade which would permit the water to flow
through the channel without excessive erosion.

s
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A dam breach analysis was
performed to evaluate the consequences of a breach in the dam due
to overtopping by the PMF hydrograph.
The results of this study
indicated that if a breach occurred in six hours, the discharge
from the reservoir basin would be approximately 30,000 cfs
greater than the pmf.
This discharge, however, would result in
only about a 1 foot rise in the water surface at Evanston over
that which would occur due to the pmf without a dam existing at
the site.
Based on this consideration, it is believed that the
design of the spillway for 1/2 of the pmf is sufficiently
conservative to protect the public safety.
The hydrograph for
1/2 the pmf is presented in Figure No. 2.11 and it will be
observed that 1/2 the pmf is approximately 32,500 cfs.
Flood routing of 1/2 the pmf through the reservoir was
performed using the HEC-l computer program to estimate the
emergency spillway requirements.
The results of the routing
indicated that a trapezoidal section 405 feet wide with side
slopes of 2 horizontal to 1 vertical and a depth of 3.5 feet
would be required to pass 1/2 the probable maximum flood.
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The cross section of the
emergency spillway is presented in Figure No. 7.6.
The slope of
the emergency spillway is also presented in this figure and it
will be noted that the emergency spillway is designed with a
slope of 0.002. The cross section of the natural ground surface
is also superimposed on the profile of the emergency spillway in
Figure No. 7.6.
It will also be noted that the principal
spillway will pass through the center of the emergency spillway.

7 • 5. 4 .. ~i.~J!).q ... ~~9 .. E:r.C?~:i..9~ .. G().J;lt.~C>.1.
As indicated earlier in
this report, the material through which the emergency spillway
passes will consist of sand, gravel, cobbles and some boulders.
The permissable velocities in materials of this type after aging
according to the u.s. Department of Agriculture Soil Conservation
Service, technical release 60 dated June 1976, is a maximum of 6
feet per second.
The results of the flood routing of 1/2 the
probable maximum flood through the reservoir indicates that the
velocity'through the spillway section indicated above. will be
about 9 feet per second.
It is apparent, therefore, that the
emergency spillway will likely erode to some degree through an
unlined section.
It should be noted that the emergency spillway
is located several hundred yards southeast of the dam and that
the water from the emergency spillway discharges into a natural
drainage channel several hundred yards downstream from the dam.
Any erosion which occurs in the spillway channel will in no way
encroach upon the downstream toe of the structure in our opinion.

Since it is anticipated that 1/2 the probable maximum flood
will occur at very infrequent intervals, it is more economical to
repair the erosion that will occur during the passage of 1/2 the
probable maximum flood than to line the emergency spillway with
either concrete or cobble rock.
In view of this condition, we
propose to construct the emergency spillway as an unlined
section.
7.• _~_!.!5, ... EI).ergy ..pi$sipa.t.;iqIl ..f~cJJ,Jt.J.~~.!'
It will be noted that
the alignment of the spillway experiences a significant change in
slope at Station 10+55. Water flowing from this point will be
discharged into the natural drainage channel at approximately
Station 20+00.
No dissipation facilities are contemplated for
the emergency spillway.
When the water reaches Station 10+55,
the discharge from the emergency spillway will flow over the
natural terrain to the drainage channel below.
It is anticipated that considerable erosion will occur in this portion of the
alignment; however, we believe that the cost of the infrequent
repair will be more economical than to design an expensive
dissipation facility for 1/2 the probable maximum flood.
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7.6

Principal Spillway

7._•..6._._.1. __ ... ~.o_9.~.ti.._9;t:l .•_ Calculations indicate that it is more
economical to construct the principal spillway in conjunction
with the emergency spillway than to locate i t on the left
abutment.
The location of the principal spillway is generally
dictated by the location of the emergency spillway.
It is
contemplated that the principal spillway will consist of a
lined spillway beginning at the head of the emergency spillway
and discharging into the natural drainage channel in the vicinity
of Station 20+00. The plan view of the spillway is presented in
Figure No. 7.4 and it will be observed that the length of the
spillway is approximately 1700 feet.

7 • 6..~2 .. _pesi.gn. P.~.X_?lm~tEn::$.
The 100-year flood was routed
through the reservoir basin and the maX1mum outflow for the
100-year flood was 1270 cfs.
This flow will require a trapezoidal section 35 feet wide and 2.83 feet deep with a velocity
head of 0.63 feet at the spillway entrance.
The spillway
discharge curve is presented in Figure No. 7.4.
7.6 .. ~._.G..~.9I1l~tr.y .. a.p<L_.P';r.:.9Jj._le....
As indicated above, the
principal spillway will follow an alignment through the center of
the emergency spillway with a cross section as shown in Figure
No. 7.6. A profile through the principal spillway is also shown
in Figure No. 7.6.
It will be noted that between Stations 1+00
and 10+55 the spillway will have a trapezoidal section with a
slope of .002.
Between Stations 10+55 and Station 17+00 the
principal spillway will have a rectangular concrete section.
7. Q.!,4
.Sp.i.l1wa.yL.i.n.i Ilg.
It will be noted from Figure
No. 7.6 that the slope of the principal spillway is relatively
flat between Stations 1+00 and 10+55 and has a velocity of about
8.5 feet per second.
It is contemplated that the trapezoidal
cross section in this portion of the spillway will be lined with
cobbles and boulders obtained from the spillway excavation area.
The thickness of the riprap lining will amount to approximately
18 inches. From Station 10+55 to the energy dissipation facility
at the bottom of the natural drainage channel, the principal
spillway will have a slope of 0.1334 and will have a rectangular
concrete lined section. The cross section for the concrete lined
portion of the spillway is~presented in Figure No. 7.6.

7.•. 6.~.5 ._._.._~Il~~.qyJ~j..~$.i..P~.t:i..9.n . . J?~G.i..l:i..tJ.e.~.~.
Water flowing from
the principal spillway will be discharged into a hydraulic jump
type stilling basin located in the natural drainage channel at
Station 17+00.
The plan profile and cross sections of the
stilling basin are presented in Figure No. 7.6. The trapezoidal
portion of ~he spillway between Stations 1+00 and Station 10+55
will be discharged into the rectangular section between Stations
10+55 and Station 17+00. A concrete transition structure will be
constructed at Stations 10+55 as shown in Figure No. 7.6.
The
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flow from the stilling basin will be discharged into a rock
riprap lined section leading to the natural drainage channel.
A
profile from the rectangular spillway channel through the
stilling basin into the riprapped section adjacent to the natural
drainage channel is shown in Figure No. 7.6.
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7.7

Irrigated Lands and Water Usage
7.7.1 Summary of Previous Studies. The Upper Bear River Drainage Level I Study summarizes the irrigation data for the Mill Creek and
Upper Bear River Users in Chapter 3.0, entitled "Identification of
Irrigation Needs." The irrigated acreage was determined using two
methods: 1) the tabulation and summary of adjudicated water rights
of the State of Wyoming, and 2) using Soil Conservation Service aerial photography.
The results of these two methods are 18,647 acres
and 18,205 acres respectively.
The Level II Feasibility Study for the same area further reports an
irrigated land acreage of 17,249 acres (see Chapter 4.0, Table 4-3;
Level II Report). This figure was obtained with the aid of infrared
photographs of the area made available by the Wyoming Water Development Commission.
For the purposes of this canal conveyance analysis, the total
irrigated acreage will be taken as 18,700 acres, as reported by the
irrigators records. A summary of irrigated acreage is shown on Table
7.7-1.
7.7.2 Canal Evaluations. All of the Upper Bear River Water Users,
as detailed in Table 7.7-1, have direct Bear River diversion facilities below the confluence of the West Fork and East Fork of the Bear
River, with the exception of the Hilliard East Fork Canal and eight
small ditches that head out of Mill Creek. These eight ditches are:
Dexter, Hardscrabble, Eureka, Cottonwood, Pioneer, Territorial,
Goodman-Territorial, and Goodman-Cunnington Water Users. Therefore,
with the exception of these nine ditches, it is anticipated that all
other Upper Bear River Water Users will utilize their existing direct
Bear River diversions and existing canal facilities to extend their
irrigation period for late July and August irrigation as water is
released and made available from the West Fork Reservoir into the
Bear River. Our evaluation has not revealed any cost-effective method of providing West Fork water to all of the Goodman-Cunnington Water Users. Therefore, projection of West Fork water for these users
was not anticipated. It appears, however, that all other water users
associated with the Hilliard East Fork Canal, and the above mentioned
eight small ditches from Mill Creek have options available to them
wherein they could be provided water from the West Fork storage facilities. The options available to these latter water users will now
be discussed.
There are at least two promlslng options available for the Hilliard
East Fork Canal Water Users and the Mill Creek Water Users. Option
No.1 will serve both groups of users whereas Option No.2 will be
different for the Hilliard East Fork Users and the Mill Creek Water
Users. Option No.1 for both Hilliard East Fork and Mill Creek Water
Users and Option No.2 separately for each will now be discussed.
Water Conveyance Option No.1 shall provide supplemental irrigation
water from the West Fork Reservoir via diversion through the Bear
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Canal to Mill Creek and into the Hilliard East Fork Canal. Therefore, under Option 1, West Fork Reservoir water would be diverted
through the Bear Canal for the Bear Canal water users, the Hilliard
East Fork Canal Water Users and the Mill Creek Water Users whose
ditch headings are located on Mill Creek below the Mill Creek and
Bear Canal crossing. (Refer to Figure 7.7.1)
Option No.2 for the Hilliard East Fork Water Users entails a water
right transfer. Since the Hilliard East Fork Canal Bear River
Diversion is above the confluence of the West Fork and the East Fork
of the Bear River, the Hilliard East Fork irrigators could file for a
transfer in point of diversion. This transfer would entail the release of water from the new West Fork Reservoir into the Bear River
to compensate for the additional water diverted into the Hilliard
East Fork Canal at its existing heading on the East Fork of the Bear
River. In this filing process, the State will require a diversion
compensation as well as such water would be subject to the high
conveyance losses of the upper stretches of the Hilliard East Fork
Canal. This option, therefore, appears to be somewhat less desirable
than the Option No. 1 of diverting the West Fork Reservoir water
through the Bear Canal to the Hilliard East fork Canal.
Option No.2 for the Mill Creek Water Users entails the diversion of
West Fork Reservoir water through the Lannon Ditch to Mill Creek.
Under this option, additional supplemental irrigation water from the
West Fork Reservoir would be diverted from the main stem of the Bear
River at the Lannon Ditch heading. It would then be conveyed through
the Lannon Ditch to Mill Creek where it would be diverted back into
Mill Creek for all Mill Creek Water Users whose ditch headings are
below the Lannon Ditch and Mill Creek crossing. Since the Lannon
Ditch is small and located on a steep congested hillside below Mill
Creek, it appears infeasible to convey additional water along this
stretch of the Lannon Ditch to the Hilliard East Fork Canal. Therefore, the Hilliard East Fork Water Users would still be required to
divert their water from the main stem of the Bear River through the
Bear Canal. Therefore, Option No. 2 for diverting West Fork
Reservoir water for Mill Creek Water Users through the Lannon Ditch
would still require improvements to the Bear Canal for diverting West
Fork Reservoir water to the Hilliard East Fork Canal. Therefore, Option No.2 for the Mill Creek Water Users would be significantly more
expensive than the diversion of West Fork Reservoir water through the
Bear Canal to Mill Creek in conjunction with the Hilliard East Fork
diversion water. Therefore, Option No. 2 does not appear to be an
attractive alternative for the Mill Creek and Hilliard East Fork Water Users.
7.7.3 Existing Canal Capacities. Wyoming State Hydrographer records
have been analyzed to determine the daily average canal flows of the
four principal canals that could be affected by water conveyance for
the eight canals and ditches without a Bear River diversion. These
records will be used as an indicator of present capacity, plus they
show irrigation trends for the Hilliard flat area. Typically, the
canals are used to full capacity in the early spring when snow melt
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runoff water is available, and then canal flows reduce as river
regulations dictate. The daily average canal flows are presented in
Table 7.7-2, however, the average high flows of the four main canals
are:
Canal
Bear Canal
West Side Canal
Lannon Ditch
East Fork Canal

Average
High
97
37
31
32

cfs
cfs
cfs
cfs

Canal
Capacitl
120
46
34
35

cfs
cfs
cfs
cfs

7.7.4 Required Canal Capacities. The irrigation scenario presented
by the ranchers of the Hilliard area indicate that water from both
the Whitney Reservoir and the new West Fork Reservoir will be used to
extend their irrigation season after river rights are cut off, which
usually occurs any time from the first of July to mid-July.
The agricultural benefit study performed by Western Research Corporation (Chapter 8.0) summarizes that the present irrigation practice
provides about 52 percent of the crops consumptive use requirements.
The grass hay crops consumptive need is about 22.5 inches per year
and the present systems operation is providing about 11.75 inches per
year to the crop. This figure includes about 3.7 inches provided by
rainfall. It has been determined that about 24 inches per acre per
year of water is being diverted into the canals, therefore, the calculated transmission and irrigation efficiencies are 83 percent and
40 percent respectively.
Using these same percentages to determine the required releases from
the new West Fork Reservoir, plus assuming a ten percent transfer
loss from the reservoir to the canal diversion points located
approximately five miles downstream from the reservoir, and also assuming that the full 9,400 acre-feet storage right is released from
the reservoir, in bulk numbers then the annual release is 9,400
acre-feet, the bulk diversion into the canals at various points will
be 8,460 acre-feet, the bulk quantity diverted from the canals to the
fields will be 7,022 acre-feet and the bulk quantity used by the crop
will be 2,809 acre-feet. The allocated depletion allowance by the
Bear River Compact is 4,125 acre-feet.
These bulk quantity numbers indicate that on an overall basis each
acre will be provided an additional six inches of West Fork water diverted from the Bear River into the canals, an additional five inches
diverted from the canal to the field, and an additional two inches of
water available for crop consumptive use.
In summary, the West Fork reservoir could provide a maximum of six
inches of water at the Bear River diversion facilities for all
canals. The only remaining question now is over what period of time
the irrigators wish to divert this six inches of available suppleIn order to provide the 0.17 inches
mental irrigation water.
7-15

per day per acre of suggested consumptive use for the grass hay that
is grown in the Hilliard Flat area, a diversion at the Bear River of
approximately one-half of an inch per day per acre would be
suggested, which would include a 17 percent canal conveyance loss and
a 60 percent loss due to field efficiency. Assuming the irrigators
wish to divert one-half inch per day per acre of water, which would
provide the full 0.17 inches per day per acres of grass hay
consumptive use to the plants, the Bear River diversion rates shown
in Column 6 of Table 7.7-3 would be required for each of the principal canals.
Table 7.7-3 also summarizes the total acres of land reported by
ownership, appropriated water rights, existing irrigated land from
infrared photography, existing canal capacity, the suggested canal
capacities for the one-half inch per day per acre Bear River
diversion rate, as well as the suggested Bear River diversion rate
assuming all acres were irrigated instead of those that are presently
irrigated according to the infrared photography. By comparing the
existing canal capacities presented in Section 7.7.3 and Table 7.7-3,
it is apparent that the Bear Canal and Lannon Ditch have available
capacities sufficient to supply the consumptive use requirements for
their irrigated lands. However, the Hilliard West Side and Hilliard
East Fork Canals appear to have inadequate capacity to provide this
one-half inch per day per acre or 100 percent total consumptive use.
In meeting the 100 percent consumptive use flows or one-half inch per
acre per day, the Bear Canal has approximately 17 cfs surplus capacity. The Lannon Ditch has about 14 cfs surplus capacity from its Bear
River diversion to its splitter box and very little capacity from
this point along its east branch to Mill Creek and on to the east
branch of the Bear Canal. The West Side Canal appears to have no excess capacity and may be slightly deficient in capacity. The East
Fork Canal appears to be deficient in capacity about 30 cfs if the
full consumptive use diversion of one-half inch per acre per day were
to be diverted.
Since water cannot be diverted directly into the
East Fork Canal, its entire 51 to 65 cfs requirements or 35 cf$ present diversion must be transferred through one or more of the other
canals.
Considering Option No. 1 wherein West Fork Reservoir water for the
Mill Creek, Hilliard East Fork, and Bear Canal Water Users will be
diverted through the Bear Canal, a combined canal capacity of
approximately 190 cfs would be required in the Bear Canal. This will
require and necessitate modifications to increase the capacity of existing canal structures from the present capacity of 120 cfs to a capacityof 190 cfs.
Figure 7.7-1 highlights the location of these
structures needing to be modified. In summary, therefore, Option 1
would require the Bear Canal capacity and associated structures to be
increased from 120 cfs to 190 cfs from the Bear River to Mill Creek
and from 120 cfs to 160 cfs from Mill Creek to the Bear Canal
splitter box and finally from approximately 50 cfs to 115 cfs from
the Bear Canal splitter box to the Hilliard East Fork and Bear Canal
crossing.
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Under Option 2, the Bear Canal would be enlarged to handle the
additional water needed for the Hilliard East Fork Canal Water Users
and the Lannon Ditch would be enlarged to handle the additional water
needed for the Mill Creek Water Users. This would necessitate that
the Bear Canal capacity be increased from 120 cfs to 168 cfs from the
Bear River to the Bear Canal splitter box and from 50 to 115 cfs from
the Bear Canal splitter box to the Hilliard East Fork Canal and Bear
Canal Crossing. In conjunction with this, the Lannon Ditch capacity
would need to be increased from 34 to 42 cfs from the Bear River to
its Mill Creek crossing. This Lannon Ditch modification would require the enlargement of the structures shown as Option No.2 in Figure 7.7-1.
One additional option, if the irrigators choose not to invest in a
major canal enlargement for the Bear Canal, would be simply to divert
water at the present canal capacities and extend the supplemental
irrigation period from the West Fork reservoir to more than 12 days
of continuous irrigation usage. Utilizing the Bear Can~l and West
Side Canals to convey water from the Bear River to the Hilliard East
F~rk Canal and the lannon Ditch to convey water from the Bear River
to Mill Creek, approximately three-eighths of an inch per acre per
day of supplemental irrigation water could be diverted from the Bear
River over a period of approximately 16 days to the above referenced
users.
A discussion and costs for providing either of these two water
conveyance options will be discussed later in Section 7.7.5.
7.7.5 Water Conveyance. To accomplish the task for providing
consumptive use requirements for the acreages associated with the
Hilliard East Fork Canal and the eight small Mill Creek ditches which
do not head directly on the Bear River, it is recommended that Option
1, the Bear Canal Enlargement be implemented to provide the
additional capacity needed for these water users.
The Upper Bear
River Water Users have indicated that they would provide the actual
canal enlargements themselves since right-of-way and available land
is
very restrictive and landowners are sensitive to canal
enlargements. They have requested, however, that as part of the West
Fork Project any required structures or structural modifications be
provided as part of the project.
Assuming therefore that Option No. 1 or the Bear Canal is to be
enlarged, the required improvements to existing structures will basically include the following items:
(Costs are presented in Section
7.7.6)
1.

Bear River Diverison Structure for the Bear Canal.

2.

Bear Canal headgate and canal syphon at Mill Creek.

3.

Bear Canal splitter structure and weir at the division of the
East and West branches of the Bear Canal.
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4.

West Side Canal syphon extension at the Bear Canal crossing.

5.

Bear Canal headgate
Crossing.

and

syphon

at the Hilliard East Fork

See Figures 7.7-1 through 7.7-5 for details of these suggested canal
structure modifications for Option No.1.
If Option No.2 for the Mill Creek Water Users is implemented all of
the Bear Canal modifications suggested above will still be required
since the Hilliard East Fork water will still be diverted through the
Bear Canal. In addition to these Bear Canal structure modifications,
the following Mill Creek structural modifications would be required.
Please refer to Figure 7.7-1 for Option No. 2 Structure
Modifications.
1.

Bear River diversion structure at the Lannon Ditch heading.

2.

A new enlarged culvert under a county road.

3.

A new enlarged culvert under Highway 150.

4.

A new Lannon Ditch splitter box.

5.

Mill Creek
Creek.

diversion

plus

an

inverted syphon under Mill

7.7.6 Cost Estimates. The cost estimate for Option 1 Enlargement of
the Bear Canal is summarized as follows:
Item

Estimated Cost

Description

1

Bear River Diversion Structure at Bear Canal

2

Mill Creek Headgate and Syphon

47,000.00

3

Bear Canal Splitter Structure

52,000.00

4

West Side Canal Syphon Extension

27,500.00

5

East Fork Headgate and Syphon
Total Construction Costs

$ 22,500.00

58,000.00
$ 207,000.00

10% Construction Engineering Costs

20,700.00

15% Contingency

31,000.00

TOTAL COSTS INCLUDING CONTINGENCY
(1985 Dollars)
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$258,750.00

The estimated cost for implementing Option No.2 for the Mill Creek
Water Users would be the $258,750.00 shown above for Option No. 1
plus the modifications to the Lannon Ditch as shown below:
Item

Descri~tion

Estimated Cost

1

Bear River Diversion at Lannon Ditch

2

County Road Culvert

5,000.00

3

Highway 150 Culvert

15,000.00

4

Lannon Ditch Splitter Structure

37,500.00

5

Mill Creek Headgate and Syphon

47,000.00

Total Construction Costs

$ 22,500.00

$127,000.00

10% Construction Engineering Costs

12,700.00

15% Contingency

19,000.00

TOTAL COSTS INCLUDING CONTINGENCY
(1985 Dollars)

$158,700.00

7.8 Gaging Stations
7.8.1
Gaging Station Function and Description. In order to provide
a continuous monitoring of the level of the reservoir, the inflow of
the various tributaries to the reservoir, and the outflow from the
reservoir, five gaging stations will need to be provided.
These
gaging stations will monitor the flow rate in each of the three
streams coming into the reservoir, the flow rate out of the
reservoir, and the level of the reservoir pool.
The operational requirements for the reservoir require a specified
flow rate be maintained from the reservoir for fisheries. This can
be done utilizing the information from the gaging stations.
The
stations will also provide a record of the volume of water in the
reservoir, the rate the reservoir is being filled or drawn down, and
flow rates into and out of the reservoir.
The downstream gaging station, which monitors the outflow of water
from the dam, is existing and will be utilized after being modified
to include an encoder. The other four stations will need to be new
installations and will require the construction of gage housing,
stilling basin, inlet piping, level measuring devices, and transmitting equipment.
The encoders can either be battery powered or solar powered and will
transmit the gage readings to a central point as required.
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7.8.2

Locations
1.

West Fork of the Bear River Upstream of the Reservoir: This
station will be located just above the high-water mark as
shown on Figure 11!1. This gaging station will measure the
flow rate of the main West Fork tributary into the
reservoir.

2.

West'Fork Downstream Location: This gage will be located at
its present location as shown on Figure 11.1 and will provide a continuous monitoring of the outflow from the
reservoir.

3.

Deer Creek: This station will be located adjacent to the
reservoir near the high-water mark and will record the flows
from Deer Creek as they enter the reservoir.

4.

Mill City Creek: This gage station will be located adjacent
to the reservoir as shown on Figure 11.1 and will provide a
continuous flow reading of flows from Mill City Creek into
the reservoir.

5.

Reservoir Level Gage:
This station will be located on the
dam structure and will provide a continuous reading of the
water level in the reservoir.

7.8.3 Telemetry System.
In order to provide a continuous remote
reading and recording of all of the gage readings, a telemetry system
will be installed which will transmit the data from each of the
gaging stations to a central processor located in either the State
Engineers' Office or the reservoir operation's office. The telemetry
system will consist of either a microwave transmitter at each of the
stations or a direct-buried telephone cable which will transmit the
information collected at each of the gaging stations to the central
processor. The information will then be processed by the central
processor to provide an instantaneous and continuous record of the
flows in each of the streams and will also provide a readout of the
volume of storage in the reservoir.
This system will al1o~ the operators of the reservoir to continuously
determine if outflow requirements are being met and also determine
the level and storage volume of the reservoir.
7.8.4 Costs.
ble 7.8-1.

The cost of these gaging stations is summarized in Ta-
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8.0
8.1

ECONOMIC ANALYSIS

Introduction

The West Fork Dam and Reseryoi r is intended to provi de supp 1ementa 1
irrigation water to about 60 irrigators who compose the Upper Bear
River and Mill Creek Water Users Association. These irrigators
currently irrigate approximately 18,700 acres in the Upper Bear River
drainage. One objective of the Level III economic analysis of the
West Fork Project was to assess how much agricultural operators could
reasonably pay for supplemental irrigation water from the West Fork
Reservoir.
A second objective was to develop estimates of
agricultural and flood control benefits attributable to the project.
Estimates of irrigator's ability-to-pay were based upon crop budget
analyses for a typical ranching operation in the Upper Bear River
drainage. Budgets were first developed for a typical operation under
existing conditions without the project. Additional budgets were
developed for the same typical operation under the assumption that
water from the project was available to supplement current supplies.
Differences in net farm income between these two budget scenarios
formed the basis for the agricultural ability-to-pay calculations and
the agricultural benefit estimates.
Data used in developing the crop budgets were obtained from a series
of field interviews as well as a variety of secondary data sources
concerning agricultural prices and production costs. A total of 27
indepth field interviews were conducted with members of the Upper Bear
River and Mill Creek Water Users Association. Data obtained from the
interviews consisted of a description of current livestock and crop
production practices, which included crop yields with and without
supplemental water, equipment complements used in irrigated crop
production, field operations and accomplishment rates for irrigated
crops, and purchased materi a1s and custom operat ions necessary for
irrigated crop production. A copy of the questionnaire used in these
field interviews is included as Appendix B of this report. Field
interviews were also conducted with farm suppliers in the Evanston,
Wyoming and Ogden and Coalville, Utah areas to obtain current
estimates of input prices for farm operations. This information,
along with published information concerning prices received for farm
commodities, was used as inputs to the crop budget analysis.
The crop budget analyses were ca rri ed out us i ng a computer program
designed to simulate financial costs and returns. By comparing
estimated returns to a typical enterprise with supplemental water from
the West Fork Project with returns to the same enterprise without the
supplemental water, it was possible to make estimates of the value of
irrigation water from the project. This approach to the. estimation of
agricultural ability-to-pay and agricultural benefits is a partial
farm-budget approach.
It does not explicitly take into account
changes in livestock management practices that may result from
increases in irrigation water. Instead, increases in irrigated crop
production are valued at current market prices. This approach
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e1 iminates some of the cyc1 ical variabi1 ity in 1ivestock prices, as
well as variations in livestock management practices from operation to
operation.
Estimates of agricultural benefits attributable to the West Fork
Project were based upon the same crop budget analyses developed for
the abi1ity-to-pay analysis. Sections 8.2 through 8.5 below describe
the crop budget calculations and abi1ity-to-pay results. Section 8.6
describes the agricultural benefits of the project and Section 8.7
discusses flood control benefits.
8.2 Agricultural Returns Under Current Conditions
Current irrigated agricultural production in the Upper Bear River
drainage consists mostly of grass hay and irrigated pasture in support
of livestock activities. Although small amounts of small grains and
alfalfa have been grown in the region in the past, the region's
relatively high altitude and short growing season, combined with rocky
soil conditions, tends to limit the viability of many crops. Alfalfa
is considered an impractical crop by most operators because of the
short growing season and rocky soil conditions which make ploughing
and other field cultivation practices difficult. Although there may
be small, isolated parcels of land suitable for raising small grains,
their acreage generally is not large enough to justify the machinery
investments necessary for production.
Almost all ranchers in the area utilize their irrigated meadows for
the preduction of grass hay and irrigated pasture. Many of these
meadows have not been plowed in yea rs , and some have never been
plowed. Reseeding of these meadows, which may be necessitated by
drought or other unfavorable conditions, is usually accomplished by
mixing grass seed with manure or other fertilizer during spring field
preparation activities.
Flood irrigation techniques are almost
universally employed.
The amount of hay that an operator cuts in anyone yea r vari es,
depending upon the avai1abi1 ity of water, expectations of need for
winter feed and requirements for fall pasture. When irrigation water
shortages occur in mid-summer, many operators divert water from their
i rri gated pasture to insure a sufficient supply on those acreages
where hay will be cut for winter feed. Irrigation water typically is
drawn from one or more of several canals, including the Hilyard East
Fork Canal, the Hilyard Westside Ditch, and the Bear Canal. Some
diversions are made directly from the Bear River and its tributaries.
Historical records indicate that an average of two acre-feet of water
per irrigated acre are available for diversion by the Upper Bear River
and Mill Creek Water Users Association. Historical records also show
that seepage and other canal conveyance losses average between 15 and
20 percent, leaving approximately 20 inches of irrigation water per
acre available for diversion at the irrigators headgates.
The first step in the abil ity-to-pay analysis was to develop crop
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budgets for a typical current operation in the Upper Bear drainage.
Attributes of a typical operation, including cropping patterns,
yields, returns, equipment complements and production costs were based
upon the results of the 27 field interviews conducted in July, 1985.
The results of that survey indicate that a typical ranching operation
has approximately 350 acres of irrigated grass hay. One cutting of
hay is usually taken on about 150 acres, and the remaining 200 acres
typically are used as irrigated pasture. Based upon the survey
responses, yields for the 150 acres of irrigated hay average
approximately 1.6 tons per acre, with an additional 0.9 animal unit
months (AUMs) of aftermath grazing. Respondents also indicated that
one acre of irrigated pasture will provide, on the average, about 2.6
AUMs of grazing per year.
The results of the crop budget analysis for a typical current
operation in the Upper Bear River drainage are given in Table 8-1.
The first four columns of that table describe the cropping patterns
and yields for a typical operation as derived from the field
interviews. The fifth column of the table describes the average
annual gross returns per acre for a typical operation based upon
current forage prices in the region. The results show that one acre
of grass hay currently produces gross returns of approximately $13.50
per year. This figure is based upon 1.6 tons of grass hay valued at
$65 per ton, and 0.9 AUMs of aftermath grazing valued at $10 per AUM.
Irrigated pasture returns per acre are significantly lower than those
for grass hay. The estimated 2.6 AUMs of grazing for irrigated
pasture valued at $10 per AUM yields a return of only $26 per acre.
This situation reflects the comments of many survey respondents, who
indicate that they typically cut their more productive fields for hay,
and leave their less productive fields to be grazed as pasture.
The sixth column of Table 8-1 gives average annual production costs
per acre for grass hay and irrigated pasture. These production cost
estimates were derived from computerized crop budget analyses,
assuming typical equipment complements and field practices derived
from the field survey. The details of these production cost estimates
are given in Appendix B.
The last two columns of Table 8-1 describe net returns per acre and
composite net returns per acre for a typical operation. Net returns
per acre were computed by subtracting production costs from gross
returns.
The compos i te net return fi gures were obta i ned by
mul tiplying the net return figure for each crop by the percentage of
irrigated acreage in that crop. The overall composite net return
figure of $13.50 per acre is the estimated annual average return per
acre to irrigated crop enterprises for a typical operation. This
figure should be interpreted as a return to land, after taking into
account all other production costs including labor, management,
equi pment, purchased seed and materi a1s, and current water charges.
That is, it is the return that a typical operation could expect on an
annual basis after paying for all costs of production except land
payments and land taxes.
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The following section of the report discusses how this return would
change with supplemental water from the West Fork Project. Since the
number of irrigated acres in the region is not expected to change with
the project, any change in returns to 1and can be attri buted to the
presence of supplemental irrigation water.
8.3 Agricultural Returns With Supplemental Water
Historical data are available concerning the amount of water diverted
for irrigation purposes by the Upper Bear River and Mill Creek Water
Users Association. Data presented in the West Fork Project Level II
report, dated March 23, 1984, indicated that during a 9 year period
from 1972 through 1980, an average of approximately 24 inches of water
per irrigated acre was diverted annually for irrigation use.
Conveyance losses for canals in the area are estimated at
approximately 17 percent. Assuming a field irrigation efficiency of
40 percent yields an estimated effective irrigation supply of 8 inches
per acre annually toward the consumptive use requirements 0f irrigated
crops. Water Planning Report No.5, University of Wyoming (1970),
indicates that average effective rainfall in the Evanston region is
approximately 3.75 inches from April through July. Grass hay is
usually harvested in late July or early August. Adding this effective
rainfall estimate to the historical irrigation supply yields an
estimate of 11.75 inches of effective moisture from April through July
under current conditions. This supply represents approximately 52
percent of the tota 1 consumpti ve use requi rement for hay meadows in
the Upper Bear River Drainage (Water Planning Report No.5).
The proposed West Fork Dam and Reservoir would be able to supply at
least 9,400 acre-feet of supplemental irrigation water in 8 out of 10
years.
If this water were used on all 18,700 acres currently
i rri gated by members of the Upper Sea r Ri ver and Mi 11 Creek Water
Users Association, the reservoir's yield would be at least 6.0 inches
of water per acre per year in 8 out of 10 years. Assuming 17 percent
canal conveyance losses and 40 percent field irrigation efficiency,
the additional water would represent approximately 2.0 inches of
additional irrigation water per acre available for consumptive use by
crops. This amount of water would increase the estimated 11.75 inches
of current supply by 17 percent in 8 out of 10 years. In the 2 out of
10 low water years, the reservoir is expected to yield an average of
6,380 acre-feet of sUPRlemental irrigation water. Employing the same
assumptions described above leads to the conclusion that the reservoir
would increase current supplies by about 12 percent in 2 out of 10 dry
years.
To determine how this supplemental supply would affect yields, it is
necessary to analyze its effects upon the consumptive needs of
irrigated crops. Agronomic studies of the relationship between grass
hay and pasture yields and water supply indicate that yield responses
to additional water are linear over a fairly broad range (A.S. Oylla
and D.C. Muckel, Evapotranspiration Studies on Native Meadow Grasses,
College of Agriculture, University of Nevada-Reno, October, 1964; J.
Doorenbos and A.H. Kassam, Yield Response to Water, Food and
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Agriculture Organization of the United Nations, Rome, 1979). Thus, a
17 percent increase in effective irrigation supply in 8 out of 10
years would be expected to result in a similar percentage increase in
average .yields. Applying this figure to the yields in the basel ine
budgets (Section 8.2) results in estimated hay yields of 1.90 tons per
acre and irrigated pasture yields of 3.05 AUMs per acre. In 2 out of
10 dry years, yields would average approximately 1.8 tons for hay and
2.90 AUMs for irrigated pasture with the reservoir.
The results of crop budget analyses reflecting these yield increases
are given in Table 8-2 and 8-3. The results for 9,400 acre-feet of
supplemental irrigation water in 8 out of 10 years is given in Table
8-2. The first three columns of the table indicate that no changes
are anticipated in irrigated acreage or cropping patterns with
supplemental water from the project. Instead, it was assumed that the
supplemental water would be used to extend the irrigation season for
existing crops, which now typi~a11y ends in mid-July. The 6.0 inches
of additional irrigated water per acre would increase yields by about
17 percent, to 1.90 tons per acre for grass hay, and 3.05 AUMs for
irrigated pasture. These yield figures are reflected in column four
of Table 8-2. For purposes of developing the yield estimates, it was
assumed that there would be no increase in aftermath grazing yields on
fields where a hay crop is taken. Instead, it was assumed that the
supplemental water would be used prior to the hay cutting to increase
production of winter feed.
Co 1umns fi ve through seven of Table 8-2 show annua 1 gross returns,
production costs and net returns per acre for a typical 350 acre
irrigated enterprise assuming 9,400 acre-feet of supplemental water
from the project. These cost and return figures were derived in a
manner similar to those for the current operation described in Section
8.2. Detailed crop budgets for grass hay and irrigated pasture
production costs are described in Appendix B. The last column of
Table 8-2 shows composite net returns for each crop obtained by
multiplying the net return per acre for each crop by its corresponding
percentage of tota 1 acreage. The overall compos i te net return of
$20.30 is the estimated annual return per acre to land and water that
would be experienced 8 years out of 10 with the West Fork Project.
Table 8-3 presents the results of a similar crop budget analysis for a
typical West Fork operation in the 2 out of 10 dry years, when
reservoir yields would average 6,380 acre-feet of supplemental water.
The yield estimates for these budgets were estimated to be 1.80 tons
of grass hay per acre, and 2.90 AUMs for i rri gated pasture. These
yield figures are based upon an anticipated 12 percent increase in
effective consumptive irrigation water in 2 out of 10 years. The
gross returns, production costs and net returns shown in columns four
through 6 of Table 8-3 were obtained in a manner similar to those in
Table 8-2. Details of the crop budget analyses are presented in
Appendix B. The overall composite net return of $18.00 is the
estimated annual return per acre to land and water that would be
experienced in 2 out of 10 years with the West Fork Project.
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No charges for water from the West Fork Project were included in the
crop budge analyses for this scenario. Thus, the returns of $20.30
shown in Table 8-2, and $18.00 shown in Table 8-3, reflect the
agricultural net returns that would be experienced before paying for
water from the project. These estimates are also based upon the
assumption that the project sponsors would be able to divert the full
yield of the reservoir each year for irrigation purposes. Enforcement
of the Bear River Compact, however, may put a cap upon such
diversions. The implications of any diversion limits imposed by the
Bear River Compact are discussed in the following section.
8.4

Agricultural Returns Under Compact Restrictions

The Bea r Ri ver Compact wi 11 allow an add it i ona 1 4,125 acre-feet of
depletions annually for irrigation purposes in the Upper Bear River
drainage. If we assume that return flows average more than 55 percent
of diversions, then the full 9,400 acre-feet of reservoir yield that
would be available in 8 out of 10 years could be diverted for
irrigation purposes. On the other hand, if compact provisions are
enforced assuming only 50 percent return flows, diversions for
irrigation purposes could be limited to 8,250 acre-feet annually from
the West Fork Reservoir. The impl ications of such a 1imitation on
returns to a typical operation are discussed in this section.
The hydrological study for the West Fork Dam and Reservoir Project
indicates that at least 8,250 acre-feet of supplemental irrigation
water would be available for project use in 9 out of 10 years. The
results of a crop budget analysis for a typical operation assuming
this diversion rate is given in Table 8-4. Column four of that table
shows that grass hay yi e1ds for a typi ca 1 operat i on a re expected to
average 1.85 tons annually under this diversion scenario, and
irrigated pasture yields are expected to average 3.00 AUMs. Columns
five through seven of Table 8-4 shows annual gross returns, production
costs and net returns per acre for a typical operation assuming 8,250
acre-feet of supplemental water. These cost and return figures were
derived in a manner similar to those for this scenario described in
Section 8.3.
The last column of Table 8-4 shows composite net returns for each crop
obtained by multiplying the net return per acre for each crop by its
corresponding percentage of total acreage. The overall composite net
return of $19.27 is the estimated annual return per acre to land and
water that would be experienced 9 years out of 10 under compact
restrictions. This figure represents a reduction of approximately
five percent in the $20.30 return that would be experienced in 8 out
of 10 years without compact restrictions.
Table 8-5 gives estimated crop yields and returns for a typical
operation in the 1 year out of 10 when the reservoir could not supply
the 8,250 acre-feet that might be allowed under compact restrictions.
In that 1 year out of 10, the reservoir yield would average 4,365
acre-feet of supplemental water.
The corresponding yields are
expected to average 1.70 tons for grass hay and 2.80 AUMs for
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irrigated pasture during that year. The gross returns, production
costs and net returns associated with this scenario are given in
Columns five through seven of Table 8-5. The overall composite net
return for $15.69 shown in column eight is the estimated annual return
per acre to land and water that would be experienced in 1 year out of
10 under compact restrictions. The implications of these results in
terms of ability-to-pay for project water are described in the
following section.
8.5

Ability-To-Pay Estimates

Ability-to-pay estimates for irrigation water provide for reasonable
rates of return to all other factors of production, including land,
labor, management, purchased materials and equipment. Increases in
returns above and beyond these costs, if based upon appropriate crop
budget analyses, can then be assigned as an ability-to-pay for water.
In the case of the West Fork Project, the amount of 1and under
irrigation ts not expected to change as a result of the project.
Iflstead, supplemental irrigation water will most likely 'be used to
extend the irrigation season on currently irrigated lands. Thus, it
is not necessary to explicitly consider land costs in computing
ability-to-pay, since they will be the same in both the current and
with-project analyses.
The crop budgets in Sections 8.2,8.3 and 8.4 take into account
differences in the costs of all factors of production except water
between a current typical operation and an operation with supplemental
water from the project. Thus, the differences between rates of return
wi th and wi thout the project form an upper 1 imi t on agri cul ture IS
ability-to-pay for w-ater.
Table 8-2 indicates th.at a typical
operation in the Upper Bear River drainage could expect annual net
returns of approximately $20.30 per acre in 8 out of 10 years without
compact restrictions. In the remaining two years, returns per acre
would drop to the level of $18.00 per acre. Thus, on the average,
annual returns per acre would be $19.84 with the project. This figure
represents an increase of $6.34 per acre over basel i ne returns of
$13.50 shown in Table 8-1.
This figure of $6.34 per acre represents the maximum amount that
ranchers in the area could pay per acre for supplemental water and
sti 11 achieve the same rate of return to 1and as they achieve under
current conditions.
It allows for payment of any extra labor,
materials, equipment time and maintenance, and other production costs
tha t wou 1d be necessary to make productive use of the water. Thus,
farm operators could, on the average, pay $6.34 per acre for
supplemental water and still increase family income to the extent that
their additional labor would be reimbursed at a rate of $5.00 per
hour. Overall, however, the $6.34 per acre abil ity-to-pay estimate
represents an upper bound on abi 1i ty-to-pay for i rri gat i on water,
since it would theoretically make a ranch operator indifferent to the
purchase of supplemental water if his labor is currently fully
employed.
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Another way of interpreting this figure is that any difference between
the $6.34 ability-to-pay estimate and actual water charges would be an
incremental return to each farm operation that would increase the
va 1ue of 1and resources, and have secondary income effects in the
economy of the region. Assuming that irrigators would be responsible
for financing 25 percent of a $7.72 million project, then annual
capital repayment costs would be $4.81 per acre. This calculation
assumes a 50 year payback period at 4 percent interest with costs
amortized over all 18,700 acres currently under irrigation. Annual
operational maintenance costs for the project are expected to average
$0.65 per acre, making total annual costs to the project sponsors of
$5.46 per acre. A $5.46 per acre water charge would, in this example,
leave a residual increased return of $0.88 per acre to individual
ranch operations on their irrigated acreage.
If the Bear River Compact is enforced in such a way as to 1imit
irrigation diversions to 8,250 acre-feet annually, then agricultural
abil ity-to-pay will be sl ightly reduced. Table 8-4 indicates that a
typical operation in the Upper Bear River drainage could expect annual
net returns of approximately $19.27 per acre in 9 out of 10 years with
compact restrictions. In the remaining 1 year out of 10, returns per
acre would drop to approximately $15.69, as shown in Table 8-5. Thus,
on the average, annual returns per acre would be $18.91 with the
project. This figure represents an increase of $5.41 per acre over
current baseline returns of $13.50, and is approximately the same as
the minimum water charge of $5.46 per acre.
8.6 Agricultural Benefits

The direct agricultural benefits attributable to the West Fork Project
can be computed as the discounted net present value of increases in
farm income attributable to the project.
Based upon the
ability-to-pay calculations in Section 8.5, it is estimated that net
farm income would increase by an average $5.41 per acre if the
project's yield was 1imited to 8,250 acre-feet annually by the Bear
River Compact. This average increase, totalled across all 18,700 acres
currentl¥ under irrigation, would mean that agricultural benefits
would approximate $101,200 annually. Assuming a 50 year project life,
and a 4 percent discount rate, the net present value of agricultural
benefits attributable to the project would be approximately $2,174,000
in 1985 dollars.
The comparable estimate of agricultural benefits assuming a 6 percent
discount rate would be approximately $1,595,000 in 1985 dollars. Both
of these benefit estimates are conservatively stated, since they do
not include the effects of any secondary income increases in the
regional economy that might result from direct increases in farm
income. These benefit estimates would also be higher if the Bear
River Compact were interpreted in a manner that would increase the
project's effective yield.
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8.7

Flood Control Benefits

Flood control benefits attributable to the West Fork Project could
accrue from potential reductions in flood damage along the Bear River
in and around the City of Evanston. Previous studies have shown that
the net present value of eliminating flooding from the Bear River in
the Evanston area would be approximately $167,000, based upon the
Wyoming Water Commission's Level III Analysis of the Sulfur Creek
Reservoi r Project, 1984. I f the West Fork Reservoi r Project were
operated in such a manner that it reduced the flooding potential in
and around Evanston, then a portion of this benefit could be
attributable to the project.
Operating the West Fork Reservoir in a manner conducive to reducing
flood potential, however, would potentially conflict with its primary
purpose of supplying supplemental irrigation water. If the reservoir
were filled early in the spring, in anticipation of late summer
irrigation needs, then any subsequent peak runoffs which might cause
flooding would have to be passed directly through the reservoir. The
alternative of holding reservoir levels low to enhance flood control
potential might reduce la~e season water supplies to irrigators in the
drainage. Thus, it would be inappropriate to attribute any flood
control benefits to the West Fork Project without making an offsetting
reduction in the agricultural benefits that might be attributable to
the project. In this case, since the project is being sponsored by
agricultural users for the primary purpose of supplying irrigation
water, it is unlikely that any significant flood control benefits will
result.
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9.0 PROJECT SYNOPSIS AND CAPITAL COSTS
9.1

Water Storage
9.1.1
Dam and Reservoir. As detailed in Chapters 2.0 and 7.0 of
this report, the 12,000 acre-foot storage reservoir is recommended
for the West Fork of the Bear River. This 12,000 acre-foot dam and
reservoir will provide over 9,400 acre-feet of irrigation water,
eight out of every ten years, and will provide more than 6,380
acre-feet of water on the other two of ten years, even if it is a severe dry year. The cost for constructing these required dam facilities is shown in Table 9-1.
9.1.2 Spillways. Both the principal and emergency spillways will be
designed according to Utah and Wyoming standards for passage of annuDetailed definition
al flood and probable maximum flood conditions.
of these spillways is contained in Sections 7.5 and 7.6 of the report, and are located so as to minimize the amount of riprap required
to stabilize the spillways and to provide borrow for the actual construction of the dam. Cost estimates for these spillways are also
contained in Table 9-1.
9.1.3 Access Roads. Two alternative routes, as defined in Chapter
11.0, are possible for access to the dam and reservoir site. Access
from State Highway 150 via the existing access road is suggested
since it is less costly.
9.1.4 Land and/or Right-of-WaY,Acquisition.
A land use agreement
will be required with Anschutz Land and Livestock Company for the
right to access, build, and operate the dam and reservoir pool on the
Anschutz private land. No costs have been projected for this land
use and right-of-way agreement, since it will be negotiated in an
overall use and benefit agreement with the Anschutz Land and
Livestock Company.
In addition to the land use agreement with Anschutz, an agreement for
use of borrow materials for aggregate mining will need to be acquired
from the Union Pacific~Railroad Company.
Both borrow areas one and
two, as well as the principal and emergency spillways, are located on
land where the mineral rights are owned by the Union Pacific Railroad
Company as shown in Figure 11.1.

9.2

Irrigation Water Conveyance
9.2.1
General.
As detailed in Chapter 7.0 of
irrigation water will be released from the West Fork
West Fork and main stem of the Bear River to all Upper
ter Users' diversion facilities, with the exception of
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users utilizing the Hilliard East Fork Canal and those diverting
directly from Mill Creek. Water for these two special groups of
users will have to be diverted out of the main stem of the Bear River
through the Bear Canal to Mill Creek and on to the Hilliard East Fork
Canal. Specific facilities recommended in order to accomplish this
irrigation water conveyance to Mill Creek and the Hilliard East Fork
Canal are discussed below.
The Level II Study and this Phase I of the Level III have determined
that there are no other needs for adjusting existing canal facilities.
West Fork water, however, has not been proposed for the
Goodman-Cunnington Ditch, because significant additional canal construction would be required in order to convey West Fork water to
it. All other irrigators will be able to utilize their existing facilities with present capacity for providing the supplemental water
to their irrigated lands from the West Fork Reservoir via diversion
from the Bear River.
9.2.2 Canal Conveyance. The average high capacity of the Bear Canal
is approximately 120 cfs, whereas the projected needed canal capacity
in order to convey West Fork Reservoir water from the Bear River for
total consumptive use of all lands irrigated or one-half inch per
acre per day, including Mill Creek and Hilliard East Fork Canal
Users, during the month of July could be as high as 190 cfs. This
suggests that Bear Canal presently has less capacity than might be
needed to convey water for their specific users total consumptive
crop needs plus the additional consumptive use needs of the Mill
Creek and Hilliard East Fork Water Users. The present combined capacity of the Bear Canal would deliver approximately five-sixteenths
of an inch per acre per day to the Bear Canal, Mill Creek, and
Hilliard East Fork Canal Users.
In order to deliver the one-half inch per acre per day for a duration
of 12 days to those users of the Mill Creek and Hilliard East Fork
Canals, it is recommended that the Bear Canal be enlarged to carry
additional water for the Mill Creek and Hilliard East Fork Users as
defined by Option No.1 in Chapter 7.0 and as shown in Figure 7.7-1.
The Upper Bear River irrigators have indicated that they would prefer
to complete the enlargement of the Bear Canal from 120 cfs to 190
cfs, utilizing their own forces and resources rather than get involved through a major project to acquire right-of-way access for the
contractors and major engineering involvement.
Therefore, the canal
enlargements will be constructed by the Upper Bear River Water users
and at their full expense. There are five canal structures on the
Bear Canal, however, that will need to be replaced. These five
structures have been made a part of the West Fork Project as requested by the Upper Bear River Water Users and defined below in Section
9.2.3.
A second option for conveying West Fork water from the Bear River to
the Mill Creek Water Users and the Hilliard East Fork Water Users,
Option No.2 as defined in Chapter 7.0 has also been suggested but is
more expensive than Option No. 1 since both the Lannon Ditch and the
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Bear Canal would have to be updated with improved structures in order
to convey the necessary water. Therefore, Option No. 2 where the
enlargement of both the Lannon and the Bear Canals as an option is
not reconrnended.
9.2.3. Canal Structures.
In order to divert the West Fork water
from the Bear River to the Mill Creek and on to the Hilliard East
Fork Canal, a minimum of five new structures or major modifications
to existing structures will be required to increase capacity as
follows:
1• Bear River Diversion Enlargement at the Bear Canal.
2.

Mill Creek Headgate and Inverted Syphon on the Bear Canal.

3.

Bear Canal Splitter Box.

4.

West Side Canal Syphon Extension at the Bear Canal Crossing.

5.

Hilliard East Fork Diversion and
ing.

Syphon

at Bear Canal Cross-

Cost estimates for these five structures is included in Table 9-1.
The cost estimates presented in Table 9-1 are for Option No.1 of the
Bear Canal enlargement and do not include any costs required should
Option No. 2 be implemented.
9.3 Gaging Stations
It is recommended that four new gaging stations be constructed and an existing gaging station be modified. Three gaging stations should be located upstream from the high-water reservoir pool on Deer Creek, West Fork of
the Bear River, and Mill City Creek. A gaging station should be located
on the existing dam to monitor reservoir pool elevation and the existing
gaging station located on the West Fork of the Bear River downstream from
the West Fork Dam and Reservoir facilities should be updated to include
the telemetering of flow measurements to the State Hydrographers' Office
in Evanston. The location of the new gaging stations is shown on Figure
11.2.
The cost of these new gaging stations, as well as providing telemetry from
all five gaging stations to the hydrographers' office in Evanston, is contained in Table 9-1.
9.4 Electric Power
The cost of providing single phase electric power to operate controls,
gaging stations and any control motors less than five horsepower has been
estimated. This power to the site includes transformer and a buried power
line following the route of the existing access road from Highway 150 to
the dam site.
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9.5

Cost Summary

The total estimated capital costs for
Project are shown in Table 9-1.

this West Fork Dam and Reservoir

9.6 Additional Items
Although these items are not specifically required for water conveyance
and irrigation, our Forsgren-Perkins· contract with the Wyoming Water Development Commission suggested that we evaluate and cost estimate certain
additional irrigation facilities. These facilities are:
1)

The construction of an additional headgate and syphon at Mill
Creek, which is located on the Hilliard West Side Canal.
This
headgate would allow irrigation water from the West Side Canal to
be diverted into Mill Creek.

2)

The preliminary layout and cost of a new crossing on
Fork of the Bear Canal over Sulphur Creek.

the East

The cost estimate for these facilities is also summarized for your information in Table 9-1.
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10.0 PERMITTING
10.1

General

Primary permits for surface water storage at the West Fork site will be
required from both the Utah and Wyoming State Engineers' Offices. In addition to these primary permits for storage, additional permits will be
required for construction from the Utah Bureau of Water Pollution Control
(401 permitting process), the Corps of Engineers (404 permitting process),
and the Utah State Historical Preservation Officer (archaeological and
historical).
An outline of the requirements of these specific permits is contained
hereafter. These permits and applications will be prepared and submitted
once the final project configuration has been adopted by the irrigators
and the Wyoming Water Development Commission. Other Federal and State
agencies such as the Department of Game and Fish, U.S. Fish and Wildlife,
etc., will have an opportunity to comment on the project through the 401
and 404 permitting process.
Copies of these final permits will be contained in the Appendix of the final draft report.
10.2

Utah State Engineer

The Utah State Division of Water Rights requires a Form 97, ItApp1ication
to Store Water. It This application will be completed and submitted to the
Utah State Engineers' Office for review. This application will be
reviewed to determine compatibility with existing permitted water rights,
along with a copy of the construction plans and specifications once they
are available. The Utah State Division of Water Rights will then issue
through the State Engineers' Office a construction permit for the West
Fork Project.
10.3 401 Application
Pursuant to Section 401 of the Federal Water Pollution Control Act, a 401
Permit Application will be prepared and submitted to the appropriate agency.
Either the Wyoming Department of Environmental Quality or the Utah
Bureau of Water Pollution Control will need to act as the lead agency for
the 401 permitting process.
This designation has not been made yet, but
should be negotiated within the next several months so that the 401 application process can proceed. A copy of this 401 Permit will be sent to
both state agencies for their review and comment, but it is anticipated
that final approval will be issued from only the one agency acting as the
lead.
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10.4 Wyoming State Engineer
A Secondary Water Supply Permit will be prepared and filed with the
Wyoming State Engineer for the additional diversions that will be required
in order to divert West Fork Reservoir Water from the Bear River main stem
and into Upper Bear River Irrigation Canals.
10.5 Corps of Engineers
10.5.1 Dam and Reservoir. A Section 404 Permit, as outlined in the
1977 Clean Water Act, will be prepared and submitted to the Wyoming
Water Development Commission once the final dam and reservoir configuration has been selected by the Upper Bear River irrigators and
the Wyoming Water Development Commission. Section 404 of the Clean
Water Act governs dredging and filling in a water course area. The
404 Permit Application includes a complete description of the project, environmental factors, and the reservoir operation plan.
Before the issuance of a 404 Permit by the Corps of Engineers for
construction of the proposed West Fork Project, it may be required
to complete a detailed environmental impact statement (EIS), depending on the findings of the Corps after they have reviewed the initial 404 Permit Application. They would act as the lead agency
should an EIS or EA be required.
10.5.2 Bear River Bridge Crossing. For either of the access routes
to the West Fork Dam and for the access roads to the gaging
stations, the Corps of Engineers will require a 404 Permit Application submittal on each separate water body crossing.
Even if the
construction is only of a temporary or construction nature, a 404
Permit Application to construct a bridge crossing over a navigable
channel is required.
These appropriate 404 applications will be prepared for all specific
river crossings required once the final project configuration and
elements have been finalized.
10.6 State Historical Preservation
The State Historical Preservation Officer requires that all areas to be
disturbed by construction activities be subject to a Class III
Archaeological and Historical Survey. It is anticipated that this survey
will be performed during the Summer of 1986 and that final clearance will
be received before construction begins.
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11.0 LAND ACQUISITION AND EASEMENTS
11. 1 General
Actual land acquisition or negotiated land use agreements will need to be
completed for all land required for the West Fork Dam and Reservoir pool
prior to commencement of construction. In addition to the land required
for the dam, reservoir pool, and associated appendages, access to the dam
and reservoir from State Highway 150 will also need to be acquired via the
existing access road or via an approved alternative route. In addition to
access provided to the dam, access will also need to be acquired for maintenance of three gaging stations which will be located above the West Fork
Reservoir and one gaging station which is now presently located downstream
from the proposed West Fork Dam.
In addition to the site access and property required for the actual construction and operation of the West Fork Dam and Reservoir facilities, the
Upper Bear River Water Users will need to negotiate agreements to allow
for the conveyance of the West Fork Reservoir water from the Bear River to
all irrigators who ,purchase water from the West Fork Reservoir. (Hilliard
East Fork and eight small ditches which head on Mill Creek do not have
diversion capabilities from the Bear River.)
Specific details of all of the land acquisition and easement requirements
will now be presented separately for each element of the project.
11.2

Dam and Reservoir

A title search completed by Utah Title and Abstract of Coalville, Utah
indicates that all of the property affected by the West Fork Reservoir
project is owned and operated privately by Anschutz Land and Livestock
Company. This property ownership, which includes Sections 1, 2, 11, 12,
13, and 14 of T.2N., R.9E., Salt Lake Meridian, as well as Sections 30 and
31 of T.3N., R.10E., Salt Lake Meridian, and also Sections 6, 7, 8, 17,
18, 19, and 20 of T.2N., R.10E., Salt Lake Meridian, is shown on Figure
11 • 1•
The title search also shows that Anschutz Corporation only owns the mineral rights to every other section of land with the Union Pacific Railroad
Company owning the mineral rights to the other sections of land. The majority of the dam structure as well as the entire spillway and both Borrow
Areas 1 and 2 are located on land owned by Anschutz Corporation, but with
the mineral rights owned by the Union Pacific Railroad (Figure 11.1) documents this land and mineral right ownership.
Figure 11.1 also shows an outline of the property that will be affected by
the reservoir pool, dam, emergency spillway, and borrow sites. The
reservoir pool boundary has been staked in the field and is shown on
11-1

Figure 11.1 at elevation 6368, which is the top of the dam elevation.
(This is not a specific take line.) Figure 11.1 also shows the downstream
face of the dam catch points, the spillway location, and the proposed
boundaries for the two borrow material sites. A summary of the acreage
affected by each of these elements of the West Fork Dam and Reservoir as
shown on Figure 11.1 is detailed below:
1.

Dam and Reservoir

2.

Emergency Spillway -

3.

Borrow Sites Total Affected

347.00 Acres
5.00 Acres
88.50 Acres
440.50 Acres

Permanent land acquisition or land use agreement for the reservoir, dam,
and emergency spillway will be required in order to construct the West
Fork Dam and Reservoir Project. However, the borrow site area could be
utilized through a temporary construction easement agreement 'that would
allow borrow material to be removed and later appropriate borrow site reclamation and reseeding completed after construction. The borrow site area
could then be turned back to and used by the original owner, Anschutz Land
and Livestock Company.
11.3 Access Roads
A site access road must be provided such that heavy earth-moving and concrete equipment can be moved into and out of the West Fork Dam site during
construction. Also, this access must provide daily access for construction workers, as well as future access for general maintenance and operation services at the dam site. A negotiated land use agreement or actual
land acquisition for such a site access road would be acceptable.
There are two potential options for providing access to the dam site. The
first would be to improve the existing access road from the north, and the
second or alternate route would be to construct a completely new access
road from State Highway 150, southeast of the dam site. This alternate
route would start at State Highway 150 on the east side of Section 20, run
northwest through the remainder of Section 20 into and through Sections 17
and 8, and then northwesterly through the northeast portion of Section 7
to the dam site. These two optional access routes to the dam site are
shown on Figure 11.2. Figure 11.3 shows the plan-profile of existing access
road.
Evaluation of the existing access road
11.3.1
Existing Road.
indicates that some improvements would be warranted in order to provide for the continuous daily access of workers and heavy equipment
that will be required during construction. In consideration of the
access required, it is suggested that the existing road be upgraded
to include a pitrun gravel base to a width of approximately 22 feet
and that existing fence crossings be updated with 16-foot-wide cattle guards in order to eliminate the
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continuous opening and shutting of gates as personnel and equipment
move daily to and from the reservoir site. The existing bridge
crossing the main stem of the Bear River should be adequate to handle future operation and maintenance of the West Fork Dam facilities, but it is recommended that either a temporary or new permanent
Bear River bridge crossing be constructed to facilitate the import
and export of heavy equipment and personnel daily to the site during
construction.
The existing access roadway from State Highway 150 to the dam site
is 3.03 miles long and will require a 40-foot easement or land use
agreement which consists of approximately 14.69 acres of land required for road access.
The cost of improving this existing roadway access is $129,992.00
and is summarized in Table 11-1.
11.3.2 Alternate Access Road. This alternate access road, as shown
in Figure ".1, is approximately 4.18 miles long and will require an
easement width of at least 50 feet or a total acreage easement of
25.3 acres.
In order to provide this access, it will be necessary to construct a
new bridge crossing over the East Fork of the Bear River and also
extend an existing oil-pad access road approximately 3.04 miles from
the north portion of Section 20 through Sections 17, 8, and 7, to
the dam site. This area where the road is presently not constructed
consists of approximately 70 percent of fairly dense timber, with
Once
the remaining alignment running through timbered rangeland.
again, it would be necessary to provide at least a 22-foot-wide
all-weather gravel base road in order to facilitate the daily import
and export of labor and heavy equipment for the construction of the
dam and emergency spillway.
The cost of constructing this access road alternative
is
$142,081.00, excluding the cost of any road easement or right-of-way
costs. The entire cost of constructing this access road alternative
is summarized in Table 11-2.
11.4 Water Conveyance Downstream of the West Fork Dam
In order for the Hilliard East Fork Canal and Mill Creek irrigators to
participate in and utilize West Fork Reservoir water, it will be necessary
for these irrigators to negotiate a water conveyance agreement with the
Bear Canal Water Users. This agreement would allow the diversion and
conveyance of West Fork Reservoir water from the Bear River to Mill Creek
for the eight small ditches that lead on Mill Creek and on through the
Bear Canal for the Hilliard East Fork Canal Water Users.
Depending on the rate at which the Upper Bear River irrigators anticipate
utilizing the West Fork water, it probably will not be necessary to
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acquire any additional right-of-way for the Bear Canal enlargements to accommodate the additional water to be conveyed to Mill Creek and Hilliard
East Fork Canal.
Only that land presently being served by the Goodman-Cunnington Ditch that
is located below the Lannon Ditch could participate in the West Fork water
without significant right-of-easement and construction costs to provide
that service. If the Goodman-Cunnington Ditch irrigators located below
the Lannon Ditch elect to participate in the West Fork water~ a water
conveyance agreement between such users and the Lannon Ditch water users
would need to be negotiated and implemented for conveyance of appropriate
amounts of water.
A cost for the water conveyance rights-of-way has not been projected~
since it is anticipated that an Upper Bear River or West Fork Water Users
Association will be formed to collect general operation and maintenance
fees for all water conveyance systems equally from all participating West
Fork Water Reservoir Users.
11.5 Gaging Stations
The Wyoming Water Development Commission has suggested that gaging
stations be located on the three major influent streams to the West Fork
Reservoir.
The specific location of these gaging stations is shown on
Figure 11.2. In order to construct and also provide future operation and
maintenance~ an unimproved access road will
need to be provided from the
dam site around the reservoir to each of these gaging stations.
It is
recommended that this access be provided through a 25-foot-wide
right-of-way access road around the west side of the reservoir pool as
shown on Figure 11.2. A four-wheel-drive access road would be all of the
improvements required, except where the road crosses Deer Creek and the
West Fork of the Bear River, at which location it is recommended that a
single-lane timber bridge be constructed for crossing purposes that would
be acceptable to the Department of Game and Fish.
The cost of constructing the gaging station access
crossings is $15,496.00 and is summarized in Table 11-3.
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