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I. INTRODUCTION

A. BACKGROUND

Shell Valley 1is a semi-arid valley located in north-central
Wyoming, at the western base of the Big Horn Mountains. The Shell
Valley Watershed contains over 370,000 acres with Shell Creek as the
major drainage. The majority of water availabie to this drainage
originates in the higher elevations of the Big Horn Mountains which
lie to the east of the valley. The entire watershed, located within
Big Horn County, is serviced by the town of Greybull (population of
2000) and the community of Shell (population of 50).

Several previous studies have identified the need for additional
water for late season irrigation in certain areas of Shell Valley. A
recent Level Il study (HKM Associates, 1985)l performed for the
Wyoming Water Development Commission (WWDC) indicated that it would be
feasible to expand the water supply by enlarging Lake Adelaide Reser-
voir, which is owned and operated by the Shell Valley Watershed
Improvement District (SVWID). The levels of study for water develop-
ment projects, as designated by the WWDC, include;

Level 1| - Prefeasibility of project
Level Il - Feasibility and Water Rights Study
Level 11l - Phase | Final Hydrologic Study, Geotechnical Investi-
gation and Conceptual Design
Phase 11 Preparation of Final Design Plans and Speci-
fications
Level IV - Construction

In early March, 1985, the WWDC was authorized by the Wyoming
Legislature (House Bill 275) to issue a Request for Proposal No. 85-7
for a Level II1 study of the Shell Valley Watershed.

B. AUTHORIZATION

On June 5, 1985, ESA Geotechnical Consultants (ESA) entered into
a contract with the Wyoming Water Development Commission to complete
the required Level 11l study of the Shell Valley Watershed Project.

I. All references cited herein are presented in alphabetical order in
Chapter IX, References.

I-1 ESA Geotechnical Consultants



This contract 1{is in two phases. The Phase | level of effort was

specifically directed to conduct the following studies or provide the

specified technical services:

1.

This

A geotechnical and geological investigation necessary to
support the final design of enlarging the existing Lake
Adelaide Reservoir.

A hydrological study of the Adelaide Creek and Buckiey Creek
watershed areas to determine the potential yield of the new
reservoir.

A hydrologic study to determine the flood potential of the
lLLake Adelaide drainage basin to provide discharge values for
use in sizing the spillways.

A hydrologic study to develop a detailed plan for operating
Lake Adelaide that will meet the project demand while
satisfying regulations imposed by the State Engineer’s
Office.

Prepare conceptual designs illustrating the general project
configuration; including, foundation preparation and embank-
ment, diversion from Buckley Creek, service and emergency

spillways, outliet works, and access roads.

Prepare cost estimates for the conceptual designs, estimate
annual operation and maintenance costs, and recommend the

suitable design for enlarging Lake Adelaide reservoir.

Prepare the necessary documents and permits associated with

enlarging Lake Adelaide Reservoir.

Assist the WWDC in conducting public workshops, meetings, or
hearings related to the project.

Prepare an interim report identifying the project configura-
tion and operation that will be pursued during the develop-

ment of construction plans and specifications.

report presents the results of the Phase I, Level 111

studies associated with the enlargement of Lake Adelaide Reservoir.

[-2



C. EXISTING FACILITIES

Adelaide Reservoir is located in Section 36, Township 53 North,
Range 88 West, on Adelaide Creek, a tributary to Shell Creek in Big
Horn County, Wyoming. The town of Shell is located approximately 23
miles downstream (west) of Adelaide Reservoir. The location of the

project site is shown in Figure [-1.

Lake Adelaide Dam was constructed in 1915 as a homogeneous earth
fill dam with a structural height of 31 feet, a crest width of |I5
feet, and a crest length of about 720 feet. The minimum crest
elevation is 9259 feet above mean sea level. The upstream slope is
inclined at 3:1 (horizontal to vertical) and the downstream siope is
inclined at about 2.5:1.

Adelaide Reservoir has a capacity of 1700 acre-feet at the
spillway crest elevation of 9254.8 feet. The existing earth cut
spillway, which is located in the right abutment, has a bottom width
of 330 feet, a length of 500 feet, and a discharge capacity of 620
ft. /sec. (cfs).

~ The existing low level outlet works consists of a 30-inch
diameter concrete pipe which has an inlet elevation of 9233, a length
of about 169 feet and a discharge capacity estimated at 115 cfs at
full reservoir. The outlet pipe is in very poor condition and is

discussed in greater detail in Section 11-D.

The Buckley Creek watershed is similar in size to, and lies to
the east of, the Adelaide Creek watershed. In order to capture a
portion of this flow, a diversion was constructed across Buckley Creek
in about 1943 to divert water into Mud Lake which drains into Adelaide
Reservoir. This diverted flow is critical to the overall scheme of

increasing the size of Adelaide Reservoir.

D. PREVIOUS STUDIES

In 1966, the Soil Conservation Service (SCS) conducted an
analysis of enlarging Adelaide Lake from the present capacity of 1700
acre-feet to a capacity of approximately 2700 acre-feet. The study
also considered several rehabilitation needs including a new outlet,
new headgate and a plunge pool basin. No action resulted from the SCS
study.

1-3 ESA Geotechnical Consultants



A Phase | inspection was conducted in 1979 by the U.S. Army Corps
of Engineers (COE) as part of the National Dam Safety Program. This
inspection resulted in the identification of numerous probliems
including concrete deterioration, stability problems and an inadequate
spillway.

In 1982, the newly formed Sheil Valley Watershed I[mprovement
District solicited support from the SCS in updating their previous
investigation. Based on that investigation, the SVWID applied to the
WWDC for funding assistance of the Shell Valley Watershed Project.

In 1984, the WWDC entered into a contract with HKM Associates of
Billings, Montana, to conduct a Level 1l study on the Shell Valley
Watershed. This study included geotechnical investigations, a hydro-
logic¢ and water rights study, engineering study and a financial and
economic feasibility assessment. This study, completed in January
1985, was helpful in developing the necessary field investigation,
hydrologic investigation and other critical studies completed during
the present investigation.

E. PERFORMANCE

The engineering and geologic studies which form the basis of this
report were completed by ESA Geotechnical Consultants of Fort Collins,
Colorado. Subcontractor assistance in hydrology was provided by the
Boyle Engineering Corporation (Boyle) of Denver, Colorado, and in
hydraulic structures and general civil engineering by ARIX Engineers
(ARIX) of Greeley, Colorado. The Principal-in-Charge for ESA was W.
Roger Hail. Richard L. Volpe was the Project Manager and the
registered civil engineer responsible for the overall study. He was
assisted by Debora J. Hamberg who completed a majority of the detailed
geotechnical engineering analyses and Saily W. Bilodeau who was
responsible for the field investigation. For Boyle, Dr. Young Yoon
served as the lead engineer and was assisted by Alan Mauzy and Robert
Mahoney. For ARIX, Darryl Alleman served as the lead engineer and was
assisted by William E. Kelly.

Evan J. Green served as Project Manager for the WWDC. ESA is

grateful for his assistance and guidance throughout the project.

-4



F. LIMITATIONS

This report has been prepared by ESA at the request of the WWDC
for the purpose of documenting the conceptual design of expanding
Adelaide Reservoir to some optimum and cost effective level for Shell
Valley users, In order to provide the professional services called
for in our contract, it was necessary to use engineering and geologic
Judgment that led to the conclusions presented herein. In the process
of applying such judgment, and performing the required analyses, a
standard of care was applied that was in accordance with generally
accepted professional! engineering practice. No other warranty is made

on the professional engineering performed, either express or implied.

This report is considered to document a Level 111, Phase I study
as defined by the WWDC and, as such, is not adequate for construction
of the facilities described herein. Rather, it is intended that the
data collected and analyses performed in association with this study
will form the basis for completing the final design plans and specifi-

cations required for construction.

-5 ESA Geotechnical Consultants
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I1. PROJECT DESCRIPTION

A. BACKGROUND

The conceptual design alternatives for the Lake Adelaide
enlargement are discussed in this chapter. The development of the
various design alternatives required that the following concerns be
addressed:

1) The construction season at the project site is very short,
typically lasting from about the last week of June to the end of
September. The shortness of construction season dictates that the
planned facilities be constructed over two seasons.

2) The project site is remote. Current access to the site over
the 1last four miles is only passable during the summer months by 4~
wheel drive vehicles and requires about 1 hour of travel time. The
existing access road must be enlarged to a width of about 15 feet and
sufficiently improved to provide relatively easy access to the site
for construction equipment and service vehicles.

3) The SWWID requires that the reservoir continue in operation
throughout the construction of the new facilities. It will be neces-
sary, therefore, to release reservoir water through the construction
site. Also, it must be recognized that, at any time during construc-
tion, the existing reservoir could be at maximum capacity and
subjected to flooding conditions.

4) The SVWID has a limited budget for the expansion project and
would like to develop the maximum increase in reservoir volume commen-

surate with a safe structure and optimum reservoir yield.

B. RESERVOIR CAPACITY

The area-capacity relationship for the Lake Adelaide area is
presented in Figure ll-1 and summarized on Table I1-1. As discussed
in Section 1.C, the current maximum reservoir surface is about eleva-
tion 9255. The topography of the reservoir area is such that it can
be raised to a maximum elevation of 9280 before restraining dikes

would be required to prevent water from spilling over the southern

11-1 ESA Geotechnical Consultants



TABLE 11-1
AREA-CAPACITY RELATIONSHIP OF LAKE ADELAIDE

. . Incremental
Reservoir Reservoir Storage Total
Elevation Area Volume Storage

(feet) (acres) (acre-feet) (acre-feet)

9220 1.8 4
20

9224 8.6 24
59

9228 20.9 110 83

9232 33.9 193
166

9236 48.9 359
219

9240 60.8 578
260

9244 69.0 838
292

9248 76.8 1130
321

9252 83.9 1451
349

9256 91.0 1800
381

9260 99.3 2181
413

9264 107.2 2594
443

9268 114.5 3037
473

9272 121.7 3510
503

9276 129.7 4013
535

9280 137.9 4548
578

9284 151.3 5126
430

9287 161.4 5556

Notes: 1. The area-capacity relationships were computed assuming the
upstream slope configuration of Alternative B.

2. The area and capacity values above Elevation 9280 required
the assumption of a restraining dike to be placed in the
southern portion of the borrow area.



reservoir rim, which Is the ridge separating the Adelaide and Shell
Creek watersheds. The total storage volume of the reservoir at eleva-
tion 9280 is 4548 acre-feet and the corresponding reservoir surface

area is 137.9 acres.

,Dm.d‘l‘u“ (&
The maximumA increase in reservoir volume pessible at Lake

Adelaide, therefore, is from about 1700 acre~-feet (current capacity)
to 4548 acre-feet. This 168 percent increase in volume could be
accomplished by increasing the maximum controlled water surface from
elevation 9255 to elevation 9280.

The current minimum controlled water surface is defined by the
inlet elevation of the outlet pipe, which is elevation 9233. This
water surface elevation corresponds to a reservoir volume of about 219
acre-feet which is dead storage. The conceptual designs for raising
Lake Adelaide Dam that are discussed in the following section will
result in a slightly larger dead storage volume of 234 acre-feet.

The Level 11 study proposed to raise the reservoir to elevation
9273 in order to capture a storage volume of approximately 3635 acre-
feet. The hydrologic studies performed as a part of this study, which
are discussed in Chapter 1V, indicate that an optimum reservoir yield
of approximately 4100 acre-feet can be reliably déveloped in 8 out of
10 years, if the reservoir capacity is enlarged to about 4500 acre-
feet. This yield value accounts for minimum flow requirements in
Adelaide and Buckley Creeks and a dead storage volume of 219 acre-
feet. It is estimated that 100 percent of the Shell Canal diversion
requirements can be met approximately 70 percent of the time for a
reservoir of that size.

After discussing the increased reservoir potential with both the
WWDC and the SVWID, it was decided to develop conceptual designs and
construction cost estimates for new dams to cover the range of reser-
voir storage between 3500-4500 acre-feet. The possible dam configura-
tions that would accomplish this increased storage are discussed
below. A project configuration to develop the optimum yield is recom-
mended herein, which requires a dam with a crest elevation of 9287

feet and a reservoir storage capacity totaling 4548 acre-feet.

11-3 ESA Geotechnical Consultants



C. DAM _ENLARGEMENT

In order to increase the reservoir volume above the current
storage capacity, it will be necessary to expand the dam in a down-
stream direction. Although an upstream expansion is technically
feasible, it would require that the reservoir be taken out of opera-

tion for a period of at least two years which is not desirable.

The planned dam raise proposed in the Level Il studies was to
extend the existing upstream slope at an inclination of 3:1 to a new
crest elevation of 9280. After evaluating this proposal, it was
decided that the new dam could not be founded on the existing dam as
planned for the following reasons.

1. The existing dam and the new dam will have totally
different stress-strain characteristics. As a result, the
likelihood that the new dam would experience cracking due to
differential settlement within the existing dam was quite high.
The resulting cracking would be totally unacceptable to the
continued safe performance of the raised dam.

2. The proposed morning glory spillway was to have been
located near the downstream toe of the existing dam. In order to
develop the foundation for this structure, it would have been
necessary to excavate a very steep cut in the downstream slope of
the existing dam. Since the dam has a history of seepage
problems, and the excavation would have to be completed under
reservoir operating conditions, it was determined that the
overall safety of the existing dam could be severely jeopardized
by such a cut, especially under full reservoir conditions.

3. As a3 result of the low density of the existing dam, as
indicated by a blow count (N Value) of 7, and since the existing
dam would be innundated if it were left in place, there is a
possibility that it would either liquefy or deform significantly
more than the new dam in the event that a moderate size earth-
quake occurred near the site. Such distortion of the existing
dam would create a major loading condition within the upstream
shell of the raised dam that could result in severe cracking or
failure,
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For the reasons stated above, it was decided to abandon the idea
of simply raising the existing dam and to only consider developing the
new dam in a manner that did not rely on the support of the existing
dam. Three alternative designs for a new dam were evaluated and are
briefly described as follows:

1. Alternative A

The first design evaluated considered a dam with a crest
elevation of 9280 and a maximum water surface elevation of 9273,
thus creating a reservoir capacity equal to 3635 acre-feet. This
configuration 1is essentially a modification of the structure
proposed in the Level [1 study.

2. Alternative B

This is the recommended design which would be a dam with a
crest elevation of 9287 and a maximum water surface elevation of
9280. It would form a reservoir with a total storage capacity of
4548 acre-feet.

The design for Alternative B includes a relatively large
downstream rockfill zone. The size of this zone is intended to
allow the incorporation of oversize material (greater than 6-

inches) that will be encountered in the borrow area.

3. Alternative C

The third conceptual design has the same crest elevation and
storage capacity as Alternative B. Rather than a large rockfill
zone, however, this design alternative includes only a small
rockfill toe, constructed solely from boulders which must be
removed from the right abutment. Oversize materials encountered
in the borrow area would be removed from the construction
materials and wasted. This alternative was evaluated to make

cost comparisons associated with handling the oversize materials.

Common to the three conceptual designs is the required treatment
of the large boulder field which forms the right abutment of the site.
It is intended that the excavated right abutment rock will be incor-
porated as a downstream rock toe. A discussion of the geologic condi-

tions in the right abutment, and other geotechnical conditions exist-
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ing at the site, is presented in Chapter [11, Geotechnical Conditions.
Other significant aspects of the various design alternatives are
presented in Chapter V, Embankment Design.

D. SPILLWAY CONCEPTS

Spillway concepts evaluated included (1) a side channel spillway
cut through the left abutment ridge in combination with an emergency
spillway in the borrow area; and (2) a 6-foot diameter drop inlet
(morning glory) spiliway, coupled with an auxiliary spfl]way in the
borrow area. The side channel spillway is designed to pass more than
one-half the PMF outflow on its own. The remaining portion of the PMF
outflow would be handied by the side channel operating in tandem with
a relatively crude emergency spillway cut into the southwestern rim of
the reservoir inside the borrow area. The drop inlet spillway was
designed to handle up to a 100-year storm outflow before an auxiliary
structure would go into operation. The auxiliary spillway associated
with the drop inlet spillway would have to be a relatively well
designed structure compared with the emergency spillway described
above, since it would be required to pass the majority of a PMF event
on its own and would go into operation more frequently. Either of
these concepts are compatible with Alternative B and C dams. However,
the drop inlet-auxiliary spillway concept is probably impractical for
the Alternative A dam because of the deeper excavation required
(partially in bedrock) for the auxiliary spillway.

An incremental damage analysis assuming a dam breach was
performed to determine if a side channel spillway alone, that would
pass one half the PMF, would be adequate. The results of the
incremental damage analysis were considered marginal and the ESA team
was directed to design for the full PMF. This was an additional
reason for recommending the higher dam. However, Alternative A is
judged to still be viable with some relatively minor design changes to
reduce incremental damages to an acceptable level and is retained
herein as an alternative. The side channel spillway is the preferred
option because it is more reliable, involves less construction
problems, and passes all but the extremely infrequent flood flows
(once in 1000 years or more) back into Adelaide Creek. For
Alternative B and C dams, an emergency spillway will be added in the

borrow area to supplement the capacity of the side channel spillway to
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handle the full PMF. This can be accomplished by simply removing
enough materials from the borrow area in the natural topographic low
area to create a broad overflow channel that would only spill during
extremely rare flood events (probably not at all during the life of
the project). This emergency spillway can be constructed at little or
no additional cost. Further, optimization of the side channel
spillway configuration during final design should resuit in additional

flow capacity without increasing costs.

E. OUTLET FACILITY

The outlet works will be constructed within the left side of the
valley. Depending on the final spillway configuration, the outlet
pipe will consist either of a 36-inch diameter reinforced concrete
pipe extended though the entire embankment or a 36-in diameter pipe
connecting to the lower portion of a3 54-inch diameter morning glory
drop inlet spillway within the dam proper. Flow control through the
36-inch pipe will be achieved using a sluice gate mounted at the
inlet. The outlet pipes for either arrangement will be extended about
40 feet beyond the downstream toe of the dam and will terminate in a
concrete headwall structure with riprap protection. The 36-inch
outlet pipe was sized to provide a flow of 120 ¢fs at a reservoir
elevation of 9,245 feet.

F. BUCKLEY CREEK DIVERSION

A gated reinforced concrete structure is proposed to divert water
from Buckley Creek into a diversion ditch which will carry water into
Mud Lake upstream from Adelaide Reservoir. The diversion works will
replace the existing diversion and will be capable of diverting 50 cfs
while bypassing 550 c¢fs during a 100-year flood event on Buckley
Creek. The diversion is designed so that flow in Buckley Creek must
reach a flow rate of 1.3 cfs before any water is diverted to Mud Lake.
Also, if diversion is occurring, a flow of between 1.3 and 2.0 cfs is

returned to Buckley Creek.
G. BORROW AREA

The principal borrow area that will be the source of materials to
construct the new dam is located approximately 2000 feet due south of

dam in an area bordering the western side of Lake Adelaide. This was
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the same borrow area used for the original dam construction. The
limits of the borrow area, which covers a surface area of approximate-
ly 25 acres, has been configured such that virtually all required
excavation will be confined to the new reservoir area if the largest
reservoir is developed. A discussion of the engineering properties of
the borrow area materials expected to be developed when the materials

are compacted into the dam is presented in Section V.B of the report.

The conceptual designs propose the incorporation of all material
from the required excavations into the embankment. However, oversize
rock from the borrow area will only be used if it 1is determined
economical to do so. This approach requires a more flexible design,
but will result in the lowest possible construction cost. The need to
waste materials or incorporate special handling techniques for the
embankment zones can be eliminated totally or limited to those
required for overall safety of the dam.

H.  ACCESS ROAD

The access road improvement plan proposes a route similar to the
existing access road. This proposal was made largely to avoid
conflict with the nearby wilderness area. Limited blasting and road
realignment will take place between Shell Reservoir and Lake Adelaide.
Construction for road improvements is planned for July-August, 1986,

or the season prior to the start of dam construction.

I. ENVIRONMENTAL CONDITIONS

It is our opinion that the proposed Lake Adelaide enlargement
will have relatively little impact on present environmental
conditions., However, some impacts will be unavoidable and may be
difficult to mitigate completely. The primary impacts will be related
to construction activities such as the unusual number of workers in
the area and heavy equipment noise and traffic, which would disturb
wildlife and 1imit recreational activities during the construction
season. Dam construction will require two summer seasons in 1987 and
1988. Each season will entend from about June 20 to the end of

September or as weather permits.

Construction activities at the dam site will involve stripping of
soils with heavy equipment and will include some blasting to remove

large boulders and to excavate the side channel spiliway. Blasting of
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rock will not be a continuous operation. It will be limited to the
first construction season and may be limited to two primary series of
shots during the middle of the season (approximately mid to late
July). These shots will be required to excavate rock for the side
channel spillway area and to reduce boulders in the right abutment
area to usable sizes. The contractor will avoid noisy air blasts in
order to minimize his explosives costs. The contractor will probably
elect to do his primary shooting during a short period of one to two
weeks and perhaps all in one day. Some secondary, light blasting will
be required to break occasional boulders. This would probably be
limited to 10 to 20 low order shots in the dam foundation area.
Additionally there would be one rock outcrop to be shot on the access
road near the left abutment of Shell Reservoir. Road construction is
tenetively scheduled for the summer of 1986.

Construction in the stream channels at the dam site and at the
Buckley Creek Diversion will cause some sedimentation impacts. A
settliing pond will be incorporated in the final design downstream from
the dam. At Buckley Creek the stream would be bypassed during
construction. The existing natural bypass channel can be used simply
by blocking flows to the diversion site. Some turbidity in the
streams below both construction sites is unavoidable, but the low clay

content of the soils in the area will minimize suspended solids.

Construction of the new dam (Alternative B) will result in
covering an area approximately 300 by 300 feet, or about 2 acres,
which contains riparian vegetation. Aerial photos show that about
1/2 of this area has a cover of conifers which would limit the amount
of actual riparian vegetation to something less than 2 acres.
Alternative A covers about 10 percent less area, however because of
limited working room, riparian vegetation impacted will be about the

same in the short term.

The maximum operational pool will increase from about 90 acres to
138 acres (4548 acre-foot reservoir) or an increase of 48 acres. This
area within the maximum operational pool will encompass virtually all
of the borrow area except for minor side slopes and an emergency
spiliway area. The borrow area (25 acres) contains several acres of
disturbed land (old borrow areas) resulting from 1915 dam construc-

tion. Most of the rest of the reservoir rim area is relatively steep.
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The northern rim that will be inundated is a mixture of open grassland
and conifer forest with very little wetland and riparian vegetation,
including the channel of Adelaide Creek. The southern reservoir rim
is also relatively steep except in the borrow area. The southern
portion of the new reservoir area is mostly open grassliand except for
forested areas between the borrow area and the dam.

All disturbed areas will be reseeded with suitable grasses,
including portions of the borrow area and emergency spillway above the
high water line and along the access road. Mitigation of the loss of
riparian vegetation may be possible by planting suitable shrubs in the
vicinity of the emergency spillway and around the shallow bay formed
by the borrow area. High water tables will prevail in this area from
reservoir bank storage. There should, therefore, be enough shallow
ground water to support willows or other riparian vegetation if it can
be established and if it is more desirable than grasses.

The recommended alternative (B) will include a side channel
spillway across the left abutment and an emergency spillway near the
borrow area. The side channel spillway will be mostly cut in rock
except for the lower chute which would be in till with 25 to 50
percent boulders. It is our judgement that the lower chute and plunge
pool can be left unlined without excessive erosion and sedimentation.
However, this is difficult to predict since the depth to bedrock is
unknown and till composition is based on projections of data from the
left abutment of the dam. The bouldery nature of the till should
rapidly stabilize erosion and develop a natural riprapping effect.
This can be enhanced by placement of the boulders in the chute during
excavation of the spillway. Also, it may be feasible to follow more
closely the bedrock surface if it is within practical reach in terms
of depth. Finally, if erosion and sedimentation is perceived to be a
problem, the plunge pool can be enlarged to act as a sedimentation
basin with boulders placed downstream to stabilize the overflow
channel. Sedimentation controls will be needed during construction
and a larger plunge pool will be considered in conjunction with

construction requirements during final design.

The emergency spillway will be configured to discharge the rare
spills to Shell Creek below Shell Reservoir. The frequency of

significant emergency spills would be extremely small, probably about
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once in 1,000 years or more. The emergency spillway would not spill
at all until flood outflows reach about 1500 cfs. A PMF would cause
considerable erosion, however, shallow bouldery till and bedrock would
limit downcutting of a new channel. This damage would probably be
small in comparision to overall watershed damage during a flood event
of this size, regardless of the presence of the reservoir and spillway
configuration.

Seepage beneath the proposed new dam will not be cut off. This
will result in increased seepage return flows to Adelaide Creek
downstream from the dam which should be beneficial to fish habitat,
especially during the fall, winter and spring seasons. Seepage
analyses indicate these releases will amount to about 100 to 200 acre-
feet per vyear. These releases will supplement minimum flow releases
from the reservoir.

The Buckley Creek Diversion is designed to operate in a manner
similar to historic operations. When flows in Buckley Creek are 1.3
cfs or less, all water will be bypassed. Conversely, with the
diversion gate open, no water will be diverted until flows exceed 1.3
cfs. The structure will divert a maximum of 50 cfs and bypass 2 cfs.
Bypassed flows will thus vary from 1.3 cfs or less during minimum
flows, to 2 cfs or more (when flows exceed 52 cfs). In addition to
the designed bypass, there is natural underflow through the steep
alluvial cone that will be left undisturbed. Much of this underflow
apparently surfaces as seeps at the toe of the slope at the head of a

small wet meadow about 400 feet below the diversion site.
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[TI. GEOTECHNICAL CONDITIONS

A. PHYSICAL SETTING

1. Landforms

Lake Adelaide is located on the upper western siopes of the Big
Horn Mountains within the upper part of the Shell Creek Watershed, on
Adelaide Creek. The watershed behind Lake Adelaide, including the
Buckley Creek drainage, extends to the crest of the range which
reaches 11,000 feet at Elk Peak.

Present landforms are largely a result of extensive glaciation of
the large mass of uplifted rock that forms the mountains. Except for
the spine of the range, the side slopes are relatively subdued, cut by
shallow U-shaped glacial valleys. Many lakes and relict lakes, now
swamps and meadows, occupy much of the landscape. Westward flowing
streams draining the watershed are collected by Shell Creek which is
more deeply incised and plunges off the Western flank of the mountains
through the rugged Shell Canyon.

2. Geology

The Big Horn uplift was formed by Larimide thrust faulting and
subsidiary normal Faultsvresu|ting in the uplift of granitic basement
rocks to form the core of the mountains. The uplift is asymetrical
with major thrust faults near the eastern base of the mountains and
with the western flank formed by a faulted homoclinal structure. The
Mesozoic and Paleozoic sedimentary rocks that once covered the
granitic basement rocks have been stripped by erosion to expose the

pre-Cambrian granitic core.

At present, the entire Adelaide and Buckley Creek drainages are
underliain by granitic rocks and till, which is detritus left by
glaciation. The pre-Cambrian core of the mountains is reported to be
largely quartz monzonite and quartz diorite, but granite and gneiss
have been identified (megascopically) in the project area. In
detail, there are probably other crystalline rock types present.
However, differentiation of these rock types has no engineering signi-
ficance at the project site. In the vicinity of Lake Adelaide, the

granitic rocks are generally covered by glacial till. Peaks, knolls
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and small topographic knobs are often granitic outcrops. Whereas, the
more uniform slopes, rounded ridges and valleys are usually underlain
by till of variable thickness, up to about 50 feet at the dam site.

The quality of the granitic rocks is controlled by geologic
structure and weathering. Weathering is generally rather superficial,
but there are decomposed granite zones up to 10 to 20 feet thick.
Decomposition is typically erratic, but it is often more prevalent
beneath the more heavily timbered areas and is common beneath ¢till

deposits, although not always present.

The granitic rocks are generally jointed throughout the area with
widely spaced fractures (4 to 20 feet). These fractures, along with
stress relief and freeze-thaw cycles, account for boulder fields that
are fairly common to the area, including the right abutment of the dam
site. There are however, fracture zones where jointing is moderate.
These zones produce some poorly distinct linear features that can be
seen on aerial photos. In most cases, these fracture zones are
covered by glacial till adjacent to the reservoir.

No faults have been reported or identified during exploration at
the dam and reservoir site, nor at the Buckley Creek diversion site.
A swarm of small faults are reported in a zone east and southeast of
Lake Adelaide. The closest of these faults are 2 to 3 miles to the
east in a zone along the crest of the mountains. These faults are
probably normal faults that generally trend north, northwest and
northeast.

A moderate sized normal fault is reported about 4-5 miles
southwest of Lake Adelaide. It may extend northward along Crooked
Creek to within 2 to 3 miles of the lake.

The closest major fault reported is the thrust fault along the
eastern base of the Big Horn Mountains. This fault is about 24 miles
east-northeast of the reservoir and dips toward the lake. Essential-
ly, the project site is within the hanging wall block of this major
structure. None of the faults discussed above are reported to be
active. However, a moderate sized earthquake can occur in the project

vicinity as discussed later in this section under Seismicity.
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Investigations have not revealed any geologic conditions that
will constitute a "fatal flaw" for the enlargement of Lake Adelaide.
Large boulders in the till and residual boulders in the right abutment
area along with remoteness of the site and the short construction
season, will result in difficult and relatively expensive dam

construction.

B. FOUNDATION CONDITIONS

1. General

Lake Adelaide occupies a broad, rolling glacial bench, perched on
the ridge north of Shell Creek and Shell- Reservoir. This bench
contained the original Lake Adelaide which was a small glacial lake
drained by Adelaide Creek. The natural lake was created by a dam of
glacial till or perhaps a small moraine. In 1915, the present dam was
constructed by borrowing till and placing it on top of the natural
dam. In this manner the natural lake was raised about 25 feet. Level
[l drill holes indicate that the fill was poorly compacted and organic
materials were left in the foundation. Further, the right side of the
embankment was bent upstream to avoid a boulder field that covers the
right abutment ridge. Because of the low density condition of the
existing embankment, it was decided for this study that an entirely
new dam should be constructed immediately downstream from the existing
dam. Further, field exploration indicates that the boulder field is
underlain by competent granite bedrock which makes it attractive to
eliminate the upstream bend in the embankment by tying it directly
into the right abutment ridge. This configuration decreases the
length and volume of the new dam considerably. Most of the old dam
will be used for borrow materials to top out the new embankment and
the remainder will be left as a blanket to help control seepage.
Figure I1I-1 shows the footprint of the proposed new dam (Alternative
B) along with surface geology and locations of exploration work.

Several downstream configurations were examined initially. These

were explored at a preliminary level with several refraction seismic

profiles as shown on Figure III-1. Seismic data were in turn used to
position new drill holes and trenches to supplement the six holes
drilled in 1984. The primary purpose of the new drill holes was to

define conditions in the channel section and right abutment areas of

the foundation. All test holes were completed with casing to act as
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observation wells to measure ground-water levels. One well, DH-7, was
completed through the till to bedrock with 4-inch diameter casing and
used for multipie-well pumping tests to determine hydraulic conduc-
tivities within the till foundation. Casing installed in the other
three test holes was 2 inches in diameter. The four new holes ranged
in depth from 29 to 48.8 feet with granitic bedrock encountered at
depths of 8.5 to 40 feet. Test holes DH-8, DH-9, and DH-10 were cored
well into bedrock and packer tests were performed to determine the

fracture dominated hydraulic conductivities of the granitic bedrock.

In addition to these test holes, six backhoe test pits were
excavated in the channel section, left abutment and the potential
service spillway area above the left abutment. These test pits were
excavated to depths of 6.0 to 9.0 feet. They were used to observe the
composition of the till in place and to obtain bulk samples for labor-
atory testing. Figure III-1 shows the location of test holes and test
pits in reference to the plan layout of dam Alternative B. Detailed
logs along with results of the seismic refraction survey are included
in Appendix A and C, respectively. Further, the exploration data were
used to develop sections A-A’ and B-B’ shown on Figure [11-2.

In general, the proposed dam foundation occupies a narrow, but
relatively shallow valley. The valley is partially filled with up to
50 feet of glacial till and reworked till over granitic bedrock. A
prominant boulder field dominates the site, forming most of the right
abutment ridge. The boulders are derived from the underlying bedrock
and are a result of weathering in-place and stress relief along
fractures. Glacial till covers the rest of the foundation area except
for one small outcrop at the base of the right abutment. In section,
the till deposits are asymetric with a maximum depth of 48 feet near
the left side of the channel section and thinning to 0 feet at the
aforementioned outcrop on the right side. The till covers the left
abutment area, but gradually thins to a few feet near the dam crest
elevation. Outcrops of granitic rock occur at or above 9300 feet in
elevation in the alternate service spillway area above the left abut-
ment.
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2. Right Abutment

The slope forming the right abutment area consists of a boulder
field underlain by granitic bedrock. The boulder field consists of
residual granitic boulders up to 15 feet or more in diameter with
little or no soil in the matrix except near the toe of the slope.
Consequently, there is littie to no vegetative cover. The boulders
are loose, but are essentially weathered mechanically in place with
little transport down slope. Apparently the boulder field 1is the
result of stress relief along the joints, perhaps by unloading with
the melt of the Pleiotocene ice cap(s), combined with yearly freeze-
thaw cycles. Along the axis of the dam there is a small outcrop at
the base of the slope with boulders reaching a thickness of 20-25 feet
thick near mid-siope (near DH-10), and thinning to outcrops near the
top of the slope near elevation 9470. The boulder field and under-
lying bedrock is shown schematically on Figure I11-3.

The boulders are angular and joint patterns can still be seen
in portions of the deposit, indicating little gravity transport.
Large voids occur between boulders indicating the permeability is
extremely high. Foundation preparation will require their removal to
sound bedrock beneath the right abutment section of the dam. The
boulders are durable and will make excellent rock fill when reduced to
usable sizes.

Underlying the boulders is very competent, granitic bedrock.
This rock is essentially unweathered with only a little iron staining;
no decomposed zones were detected in the field. Joints are spaced at
about 5 to 15 or more feet which accounts for the large size of the
overlying residual boulders. These joints are generally tight result-
ing in relatively low hydraulic conductivities of | to 40 feet per
year in DH-10. At the base of the right abutment slope and beneath
the right side of the valley section, there is a zone of more in-
tensely fractured granitic rocks. This zone was encountered in DH-9
and probably extends upstream to DH-5. This zone is rather narrow,
probably not over 50 feet wide, but the hydraulic conductivity while
still relatively 1low, is highest for the bedrock at the dam site,
ranging from 100 to 300 feet per year. The fracture zone classifies

as moderately fractured, with spacings of 0.2 to 0.5 foot. However,
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permeability tests indicate that fractures become much tighter with
depth. Seepage within this bedrock zone will not affect the stability
of the dam and no grouting of the bedrock is proposed.

3. Channel Section

The channel section of the foundation occupies the valley bottom
below the steeper side slopes that form the abutments. This area
along the axis of the proposed new dam is below elevation 9235 feet.
Generally, the alluvial valley of Adelaide Creek has the typical U-
shape of a glaciated canyon. In micro-relief however, the channel
section is irregular in shape because of three abandoned and present
stream channels. It is unclear which channel was active prior to the
construction of the present Adelaide Dam, but the present channel near
the left abutment, receiving the discharge from the outlet works,
appears to be a subsidiary channel (artificial or natural). The more
deeply incised and widest channel is located on the right central
portion of the channel section. The third incised channel is located
on the right side of the channel section and receives the discharge of
the present spillway and may be partially or entirely artificial. The
valley bottom has a sparse to moderate cover of trees and brush.

The channel section is underiain by gliacial till that has been
slightly reworked surficially along the stream channels within the
valley bottom. The depth of till encountered in bore holes varies
from 8.5 feet (at DH-9) on the right side of the area to maximums of
40 to 48 feet in the center and left side of the channel section. The
sections shown on Figure I[11-2 indicate the depth of till overlying
bedrock. The till consists of a heterogeneous mixture of boulders,
gravel, sand and silt that is relatively dense. Trenches into the
upper part of the till indicate little stratification. Largely non-
plastic fines range from 3 to 32 percent. Cobbles to large boulders
comprise about 40 to 50 percent of the deposits, the rest is mostly
sand sizes. Large bouiders range up to 15 to 20 feet in diameter, but
most are 2 to 4 feet in diameter. Within drill hole DH-8, a nest of
large boulders was encountered from 18 to 40 feet. The lower 10 to 15
feet of these boulders appear to be residual in nature suggesting
rubblization more or less in place. Their origin may be similar to
the boulder field on the right abutment except that the matrix is
filled with sand and silt with some gravel.
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Multiple well pumping tests were conducted in the central channel
section foundation area as described in detail in Section I1II-E.
Results of these tests indicate that hydraulic conductivities of the
till range from 300 to 1400 feet per year. For design purposes an
average hydraulic conductivity of 1200 feet per year was selected
which is considered conservative. Geologic data and single hole tests
in DH-1 and DH-3 indicate that the upper half of the till is generally
more permeable. Also, multiple well pumping tests indicate that
maximum transmissivities occur through the left portion of the channel
section in the vicinity of DH-1. While the till foundation generally
has a low hydraulic conductivity, there may be buried channels of more
transmissive gravels, but their extent should be small.

The granitic bedrock beneath the till is generally massive with
widely spaced joints. The joints are relatively tight with hydraulic
conductivities in the range of | to 300 feet per year with the frac-
ture permeability decreasing with depth in all cases. Drill Hole DH-
9, located near the right side of the channel section, encountered
moderately fractured rocks with hydraulic conductivities ranging from
100 to 300 feet per year, again decreasing with depth. This more
permeable bedrock zone will partially offset the lower transmissivi-
ties of the till on the right side of the channel section.

4, Left Abutment

The left abutment area is formed by rather uniform side slopes
that are slightly concave; steepening slightly near the new dam crest.
Above about elevation 9315 the side slope of the left abutment ridge
becomes more gentle as shown on Figure [11-2, Section A-A. The abut-
ment area has a moderate tree cover of young to mature conifers except
for a3 narrow opening along an access trail to the present discharge of
the outlet works.

The left abutment area is underlain by a cover of glacial till
combined with decomposed granite that is 40 feet thick at the base of
the abutment (DH-3) and gradually thins to 0 at about elevation 9305
feet. DH-2, located at a surface elevation of 9274 feet, encountered
18 feet of till above bedrock. The glacial till generally consists of
well graded, gravelly silty sand. The gravel ranges up to large
boulders. Organic top soils are very thin (+ 6 inches), but the root
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zone of the timber covering the area probably extends 1-2 feet in
depth. The till probably contains some slope wash or reworked ¢till.
Near the base of the deposit, the till grades to decomposed granite, a
silty sand. The extent and thickness of decomposed granite is
variable ranging from a possible 15 feet thick at DH-3 to approxi-
mately 1| foot thick at TP-1. Decomposed granite is typically erratic
in extent and thickness and there are probably zones where it is
absent. The hydraulic conductivity of the till and decomposed granite
is probably similar to or lower than the till in the channel section.

This forested slope is more conducive to chemical weathering and

results in more clay and silt fines in the till and decomposed
granite.
Massive granite bedrock underlies the till and decomposed

granite. The granitic rock has widely spaced joints at about 4 feet
spacings. The permeability of the bedrock will be controlled by these
fractures which tend to be tighter with depth. Tests in bore holes
DH-2 and DH-3 indicate hydraulic conductivities ranging from about 1|
to 33 feet per year. This is about two orders of magnitude lower than
the overlying till.

5. Left Abutment Spillway Area

As an alternative to a glory hole service spillway, an uncontrol-
led ogee section or a side channel configuration were studied. These
spillway alternatives would be located around the left end of the
embankment in a cut through the left abutment ridge. Above elevation
9305 feet, the spillway cut will be entirely in massive granitic rock.
Below this elevation, there will be a cover of glacial till and
decomposed granite up to 10 vertical feet deep at the end of the new
dam. The weir structure and approaches would be founded on bedrock.
The alternative spillway chute would be excavated partially in rock
and partially in glacial till. The bouldery nature of the glacial till
will prevent excessive erosion of the portion of the channel not in
bedrock which will eventually have an appearance similar to the exist-
ing spillway channel. The area along the spillway axis has a moderate
tree cover of conifers.

Excavation of the granitic bedrock will require blasting. Pre-
splitting will be required to develop uniform side siopes for the
spiliway channel. The granitic bedrock will stand on vertical to
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1/2:1 slopes. Common excavation methods can be used to strip the
till. However, occasional large boulders may be encountered up to 20

feet in diameter that will require secondary blasting for excavation.

6. Auxiliary Spillway Area

If the dam is raised to a crest elevation of 9287, the option of
an auxiliary spillway in the borrow area as proposed in the Level 1II
study becomes much more feasible. Bedrock elevations of up to 9280
occur in the spillway as shown on Section C-C’, Figure I1l-4. Thus,
it appears that relatively expensive rock excavation can be avoided if
the dam crest is at elevation 9287. In this case, the auxiliary
spillway would be cut in till and decomposed granite and the excavated
materials used as borrow for dam construction. In other words,
auxiliary spillway construction would be a matter of shaping the south
part of the borrow area. The shallow bedrock surface will limit
downward erosion during emergency spills. The location of the
auxiliary spillway, along with a more detailed discussion of spillway
requirements at the site, is presented in Section VI.A.

C. CONSTRUCTION MATERIALS

The proposed source of materials for constructing the new
embankment is shown by the area designated as "Borrow Area Limits" in
Figure I11-4. This area encompasses the original borrow site and the
location for the proposed auxiliary spillway. A total of 10
exploratory trenches and two drill holes were excavated during this
investigation to provide samples of the borrow materials, and define
the extend and geometry of the borrow and spillway area. In addition,
a8 seimsic survey was conducted across the area, as designated by lines
SR 7-1 through SR 7-4 on Figure 11[-4. The information obtained by
the trenches, drill holes and seismic survey, in conjunction with the
Level Il study site investigation, was used to develop three cross
sections, shown in Figures I111-5 and [11-6.

Cross Section C-C’ (Figure I11-5) shows that bedrock extends up
to approximately 9280 feet along a line approximately parallel with
the proposed auxiliary spillway. Thus the layout of the borrow area

was selected partially on the basis of forming an approach apron, or
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bay in the vicinity of the emergency spillway entrance. At high water
level equal to 9280 feet elevation, most of the ground disturbed in
the borrow area during construction will be submerged.

Throughout the borrow area, as shown by sections C-C’ (Figure
I11-5), and D-D’ and E-E* (Figure 111-6), the material above bedrock
consists of two visibly distinct layers. The surficial layer, below
about 6 inches to | foot of topsoil, consists of silty sand till. This
material will be the source for the earthfill in the upstream portion
of the new embankment. Most of the silty sand till material is non-
plastic, but some low plasticity materials were observed near the
reservoir (e.g. near T-8, T-15 and T-16). This more plastic silty,
clayey material will be used in the embankment at the left and right
abutment contacts. Beneath approximately 5 to 20 feet of till, is a
variable zone of arkosic, gravelly sand designated for convenience in
this report as "decomposed granite". Much of this material has
probably been reworked and is not a true decomposed graﬁite: This
material varies from clean coarse sand to silty, well graded sand. It
is intended that the decomposed granite material be used in the filter
zones of the embankment and possibly as a more pervious downstream
embankment material.

Both the till and the decomposed granite materials are gravelly.
Cobbles and boulders up to 2 to 3 feet occur throughout the borrow
area, but they are more prevalent in the upper till layer. Based on
visual observations during the trench excavations, it was estimated
that boulders and cobbles over 6 inches comprise approximately 25
percent of the borrow volume. Since it is intended to 1imit the
maximum particle size for the primary earthfill zone to 6 inches, this
material will have to be processed to separate the oversize rocks
from the primary embankment earth fill. The Alternative B design
configuration discussed in Section V provides the contractor with the
option of using the oversize borrow material in a rock fill section,
whereas the other two design alternatives, A and C (see Section V),
use only the right abutment rock source for a mandatory rock toe, and

waste the oversize borrow materials.

All materials above the granitic bedrock in the borrow area are
easily excavated with conventional earth moving equipment. The

residual "decomposed granite" material can be readily distinguished
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from the till material in the field, facilitating the borrow area
development. Due to a relatively high water table level in the borrow
area northeast of the existing access road (on the reservoir side),
the borrow area will probably be developed from the low end to the

high end (northeast to southwest) to allow drainage.

D. RESERVOIR RIM STABILITY

The rim of the present and enlarged Lake Adelaide reservoir is
exceptionally stable. The glacial till and the granitic bedrock are
both very resistant materials against slope failure. During geologic
mapping of the reservoir rim, only one small area of possible slope
instability was mapped. This area in glacial till and located on the
northeastern reservoir rim, is less than one half acre in extent. No
conditions were identified that could threaten the operation or
integrety of the reservoir. Wave erosion of the till could 1locally
result in low oversteepened slopes, particularly on the southeastern
shore. Although none are contempliated to our knowledge, facilities
in general should be set back from this high water line to preclude
damage by under cutting or small slip failures.

E. SEEPAGE CONDITIONS

1. Exploration and Field Testing

The Level 1[Il studies reported an extremely wide range of
hydraulic conductivities for the till deposits. These hydraulic con-
ductivities ranged over 3.5 orders of magnitude or from less than 100
feet per year to 55,000 feet per year. Because of this wide range, a
muitiple well pumping test was conducted to evaluate the permeability
of the till in the maximum section area of the foundation. This
testing procedure avoids the errors that are difficult to overcome
with the USBR Designation E-18 procedures in unconsolidated materials.
The multiple well pumping test provides a better definition of average
hydraulic conductivity or transmissivity at observation wells, remote
from the pumped well, and avoids problems such as formation plugging,
formation disturbances and short circuiting around packers or casing
that are pervasive problems with single hole tests.

Two multiple well pumping tests were performed in the foundation
area. Constant discharge tests were run using DH-7 as the pumped well
and DH-8 and DH-1 as observation wells. The pumping cone of depres-
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sion from which water-level responses were measured, covered at least
one third of the channel section of the foundation area. All of the
wells fully penetrated the till. Also, the highest hydraulic conduc-
tivities were reported from tests run on the DH-!1 observation well
during the Level [l study.

A third multiple well pumping test was performed in the area of
the auxiliary spillway (and borrow area). DH-11 was used as the
pumped well and DH-12 was used to measure water-level responses. Both
wells fully penetrated the till and decomposed granite aquifer. Table
[1I-1 is a summary of the results of the three pumping tests.

The primary method of interpretation of the three pumping tests
was to match logrithmic plots of field data (drawdowns versus time
over the radial distances to the observation well squared) with
families of type curves. Unconfined type curves were used along with
a family of type curves for well storage effects. Observation well
DH-8 indicated some well storage effects and a combination of type
curves was used. At both test sites, the aquifer is unconfined and in
all cases water-level responses deviated from the artesian type curve
due to delayed drainage effects. The matching curve or Theis method
of interpretation provides the most reliable results because the field
data plots were in the region where u (the Boltzman constant) is
greater than 0.01. The Jacob method of analysis was used as a check
using both drawdown and recovery data. However, this method is sub-
ject to fairly large errors where u is greater than 0.01. This
accounts for the consistently higher transmissivity and hydraulic
conductivity values for this method shown on Table II1l-1. Field data

plots and interpretations are presented in Appendix A.

The hydraulic conductivity selected for seepage analysis through
the till at the foundation of the dam was 1200 feet per vyear. This
value is in the upper part of the range using the Theis or matching
curve method of interpretation and is considered to be conservative or
on the high side. At DH-1 the hydraulic conductivity may be slightly
higher, but at DH-8, data indicates the hydraulic conductivity is

considerably lower than 1200 feet per year.

At the auxiliary spiliway site, the hydraulic conductivity
selected for seepage analysis is 6000 feet per year, based on the

Theis interpretation. DH-12 penetrated a considerable amount of low
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TAGLE [11-1
SUMMARY OF PUNPING TEST

ANALYSIS

JACOB ANALYSIS METHOD

THEIS ANALYSIS METHOD

Test Q Observ. . Saturated Orawdown Transmissivity Permeability Katch Transmissivity  Permeability
Xo. gpm  Well No. Thickness Per Log Cycle T K Point T K
f ft/yr - ftiyr
sq ft/yr (ca/s) LITY) f% sq ft/yr (ca/s)
4 4
1.2 DH-1 30 0.32 4.83 x 10 1610 ; 10 1.6 4.20x 10 1400
| (16 x 10 ) (t.dx 10 )
Pump ‘ ‘
OH-8 36 6.36 429 x 10 1190 ] I 0.2 3.36x10 930 .
{(L2x10 ) (9.0 x 10 )
(|
1.2 OH-1 30 0.37 .18 x 10 1390
| {l.lx10 )
Recovery .
0H-8 36 0.38 4.06 x 10 1130
(t.1x 10 )
4 ]
3.0 DH-1 30 0.86 L9 x 10 1500 I 0.49 3.43x 10 1140
. (1.5x10 ) (1. x 10 )
Puzp . .
DH-8 36 0.86 4.49x 10 1250 1150 L2 x 10 3 .
(1.2 x 10 ) {3.0x 10 )
4
3.0 OH-1 30 0.80 4.83 x 10 1610
2 (1.6 x 10 )
Recovery .
OH-8 3 0.1 5.15 x 10 1430
{(l.d x 10 )
5 {
g 3.0 0H-12 15 0.21 1.43 x 10 9540 l 0.20 8.39x 10 5590
ump
(9.2 x 10-3) (5.4 x 10-3)
S
3 3.0 DH-12 15 0.24 1.61 x 10 10720
Recovery
(1.0 x 10-2)
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density silty sand believed to be decomposed granite beneath a layer
of denser till. The low density sand accounts for the significantly
higher hydraulic conductivity at this location.

Table [11-2 shows the results of packer tests performed in DH-8,
DH-9, and DH-10 after granitic bedrock was penetrated. Hydraulic
conductivities in the granitic rocks are controlled by fractures. The
hydraulic conductivities vary from 0 to about 300 feet per year which
generally agrees with the bedrock tests performed during the Level [1
study. Level Il drill holes DH-5 and DH-6 reported higher bedrock
hydraulic conductivities than encountered in the present study, but
they are outside the proposed foundation area (see Figure 11I-1).
These two holes probably penetrated the same fracture zone as
penetrated in DH-9 near the base of the right abutment. Packer tests
indicate that the higher hydraulic conductivities are limited to the
upper 10 to 15 feet of bedrock where fractures are relatively open.
As is common, the fractures become significantly tighter with depth.
Field data from the packer tests are presented in Appendix A.

2. Foundation Area

The most transmissive material in the foundation of the dam are
the till deposits. These deposits are thickest (40 to 50 feet)
beneath the central and left channel section, and exist as shallow
cover on the left abutment. Beneath the right side of the channel
section, the till thins to 8.5 feet at DH-9. As a result, seepage
will be concentrated more toward the left side of the foundation area.
Seepage through the granitic rocks beneath the till will be minor in
comparison because the hydraulic conductivity is generally 1 to 3
orders of magnitude lower even in the upper 10 feet of the bedrock,
and for practical purposes is negligable in terms of reservoir losses.
An exception is the zone of moderately fractured rocks in the vicinity
of DH-9. Seepage through the upper 10 to 15 feet along this fracture
zone will partially offset the lower transmissivity in the till near
the base of the right abutment.

A finite element seepage model! was developed to analyse seepage
through the embankment and foundation. The results from these seepage
analyses indicate reservoir losses through the foundation would not be
a critical factor and that a full or partially penetrating cutoff, as
proposed in the Level Il study, would not be required. The primary
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TABLE 111-2

SUMMARY OF BEDROCK PERMEABILITY
(PACKER TEST) ANALYSIS

Drilil Location Depth Flow Test Holding Test

Hole Interval Pressure Qave K T K
(Ft) (psi)  (gpm) (ft/yr) (sq ft/yr) (ft/yr)

DH-8 Near centerline 42.0-47.0 10 to 40 0 0 0 0

of proposed dam,
approx. mid

valley. 47.0-57.0 30 0.02 2 0 0

50 0.02 1 0 0

DH-9 Base of right 11.0-19.0 10 1.06 224 1950 243
abutment/rock 20 2.43 281 2086 260

pile.

19.0-29.0 20 1.11 106 635 64

30 1.42 94 609 61

DH-10 On right 23.0-36.0 10 0.13 13 0 0
abutment 20 0.53 34 509 40

rock pile. 30 0.60 29 288 20
35.8-48.8 30 0.03 1 0 0

40 0.05 2 0 0

50 0.08 3 0 0
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purpose of the seepage model was to analyse pore water pressures to
support stability analyses and embankment design. These analyses and
results are described in detail in Section V. They indicate that the
maximum seepage through the embankment and foundation under full
reservoir head was at a rate of up to 250 acre-feet per vyear.
However, full reservoir heads will only exist for a short time at the
end of the runoff season before the reservoir is drawn down. Also,
this model was developed along the maximum section where losses are
greatest and the rate was applied along the full centerline length.
In 1light of these conservative assumptions, actual losses will
probably be closer to 100 acre-feet per year.

Seepage through the foundation will remain essentially uncontrol-
led except that the portion of the old dam to be left in place will
act as a partial upstream blanket. Also, filters and drains will be
provided to control migration of fines and pore pressures in the lower
portion of the embankment. Even if seepage losses are higher than
expected, they will be greatest when the reservoir is full and during
normal reservoir releases. Most of the seepage should appear as
surface flow within about 1500 feet downstream from the dam. These
extra flows, if of any significance, should be credited to reservoir
operation as fish or normal releases depending on the season. Some
seasonal monitoring will be required to quantify these releases at a
reasonable distance downstream. The seepage analyses are not sensi-
tive enough to provide this information since they are based on a
steady state condition, whereas, actual seepage will be transient or
variable.

3. Reservoir Rim Seepage

Under present conditions, ground-water flow is mostly toward Lake
Adelaide in surficial materials except at the dam. The ground-water
surface closely parallels topography and is restricted by the
underlying bedrock surface. There is undoubtedly some deeper flow
southward from Lake Adelaide to Shell Reservoir through fractures in
the granitic rocks. However, the magnitude of this flow is minor and
will not increase significantly with the enlargement of Lake Adelaide.

The 1lake is situated in a bedrock bow! closed on all sides except at
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the dam. Therefore, there is no potential for significant reservoir
seepage until the reservoir is raised enough to spill over the bedrock

surface, through the till and decomposed granite deposits.

Due south of the upper end of Lake Adelaide there is a low divide
between Adelaide Creek and the Shell Reservoir Watershed. A small
unnamed lake occupies a depression in this divide. This lake appears
to be fed by ground water from upper Adelaide Creek, and in turn,
there appears to be ground-water flow from the lake southwest to a
small bowl shaped depression that is swampy or wet from ground water
discharges. This bowl is the head of a small canyon that drains into
Shell Reservoir. In this manner, perhaps a few tens of gallons per
minute is lost from upper Adelaide Creek (and diversions from Buckliey
Creek) to Shell Reservoir. It is possible that seepage losses could
be increased in this area by the enlargement of Lake Adelaide depend-
ing on the buried, but unknown configuration of the bedrock surface.
In our judgement, however, the increased losses over natural condi-
tions should not be significant.

Geologic mapping and exploration in the borrow area/auxiliary
spillway area, suggest that the buried granitic bedrock surface
reaches close to an elevation of 9280 feet which will be the maximum
operational reservoir pool elevation assuming the maximum increase in
reservoir size is adopted. In this case, reservoir rim seepage will be
essentially negligible for practical purposes. However, there is the
possibility of a bedrock low undetected during the exploration
program. The most likely location would be through the till ridge
south from the upper end of the reservoir to the bowl shaped
depression described earlier, that drains to Shell Reservoir. The
other area is in the vicinity of the borrow area/auxiliary spillway.
Exploration in this latter area indicates a bedrock low would have to
follow a rather irregular path, either to the southeast along the

present access road, or along the auxiliary spillway to the west.

Because of these unknowns, a hypothetical bedrock 1low was
analysed for seepage. This bedrock low was assumed to be 800 to 1000
feet wide with a bedrock surface at elevation 9350 feet or 30 feet
below the maximum operational reservoir level. A hydraulic gradient
of 0.025 was estimated from the possible seepage paths and a hydraulic
conductivity of 6000 feet per year was used based on the pumping test
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at the auxiliary spillway site. Using a Darcian seepage formula, the
maximum seepage rate was estimated at 100 acre-feet per year. Since
the reservoir would be full only about two months, the annual seepage
loss would be 25 to 50 acre-feet per year. While substantial, even
two bedrock lows combined with foundation seepage losses should not

seriously effect reservoir operation or yield.

F. BUCKLEY CREEK DIVERSION

The diversion point of Buckley Creek is situated at the mouth of
a small canyon at about elevation 9320 feet. The stream is flowing
across a small alluvial cone of till and reworked till. The present
stream flows on the northwest side of the cone and there is an
abandoned channel on the southeast side. Further, the creek splits
just above the present diversion so that approximately one half of the
flow currently bypasses the diversion structure (August, 1985). The
alluvial cone area has a moderate cover of trees (conifers) with many
blow-downs. The split in the stream is mainly due to log jams and
other vegetative debris.

The diversion canal is cut in till that contains about 20 percent
non-plastic fines, 5 to 10 percent cobbles and boulders, and 65 to 70
percent fine gravel and sand. It classifies as a gravelly silty sand.
The alluvial cone along Buckley Creek at the diversion 1is probably
similar in composition, but probably has less fines because of
reworking by the stream.

The stream course on the alluvial cone appears fairly stable on
the right (NW) side except for small debris diversions. There is a
low ridge in the middle of the cone that presently blocks access to
the abandoned channel on the left (SE) side of the cone. Also, the
mature forest cover helps the general stream stability except for
local diversions from log jams. However, during a major flood event,
the stream could easily develop a new channel. For this reason, it is
recommended that the new diversion be a minimal structure, realizing
that some maintenance and/or reconstruction will be required after
ma jor floods.

The alluvial cone material is probably more permeable than the
till that covers most of the area. There is probably more underflow

past the diversion point than normal for the area. This extra
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underflow should reappear about 400 to 500 feet downstream at the head
of a small meadow. Therefore, it would be reasonable to account for
the extra underflow in the downstream release requirements past the
diversion. This could be done by measuring flows at the head of the
small meadow before the confluence of a small tributary from the
southeast.

G. ACCESS ROAD

The proposed new access road will be an improvement of the
existing road from Shell Reservoir to Lake Adelaide. In anticipation
of this possibility, geologic mapping was performed along this route.
The primary reason this route was selected is that the route described
in the Level 1l studies encroaches on the new boundary of the Cloud
Peak Wilderness Area. An important advantage of following the
existing road is that it will minimize new disturbance within the
National Forest. The route will deviate from the existing road at the
north end of Shell Dam to gain access to the first rock bench at a
reasonable grade. Also, the improved road will require a new switch-
back to gain the top of the ridge before entering the Lake Adelaide
drainage basin.

The southern slope of the ridge has moderate to heavy timber
cover. From the top of the ridge to Adelaide Dam, the route follows
open alpine meadow except for sparse to moderate timber near the left
abutment of the dam. On the south slopes of the ridge, some timber
will have to be removed to widen the road and trees will have to be
removed along the deviations from the existing road.

The route between Shell Reservoir and Lake Adelaide is underlain
by a veneer of till which in turn is underlain by granitic rocks. The
south slope of the ridge above (north) Shell Reservoir has many small
knolls and points which are surface expressions of granitic rock
outcrops (or areas with little soil cover). Till of variable depth
occurs between these small topographic highs. Till thickness on the
lower slopes of the ridge may vary from one or two feet up to about 10
feet. Composition of the till is similar to that described earlier;
basically a bouldery gravelly silty sand. Also, as elsewhere, there
are probably irregular zones of decomposed granite (silty sand) at the
base of the till.
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Above about elevation 9200 feet the remainder of the route is
underlain by till. However, cuts may still encounter bedrock at a
shallow depth.

Excavation of the granitic rock for cuts will require blasting.
The till can generally be handled by common excavation. Large
boulders however may be encountered that will require secondary

blasting or avoidance by minor rerouting.

The till will provide excellent road base material when over
sized rock is removed. Side slope cuts will probably provide most of
the fill material required. Supplemental borrow can be obtained from

the borrow source for the dam and from the old borrow source for Shell
Dam. The Lake Adelaide borrow area will provide a flat or down hill
haul to the road between Shell and Lake Adelaide.

The road from the base of Crooked Creek Hill to Shell Reservoir
was not examined in detail. However, the route appears adeguate in
general with some improvements required. The improvements will be
primarily to remove or cover with fill the many boulders and to widen
some of the tighter switch-backs to accommodate heavy equipment.
Geologic conditions are generally similar to those north of Shell
Reservoir. Some small existing borrow pits were noted along the
route. Also, there is a large deposit of till capping the ridge south
of Shell Reservoir. This would provide an excellent source of borrow
with down-hill hauls.

H. SEISMICITY

1. Regional Tectonic Setting

The project area 1is located in the Middle Rocky Mountain
Geomorphic Province. The major tectonic features of this province
developed during the Laramide orogeny, a period of intense mountain
building, lasting from approximately 80 to 50 million years before the
present. Major structural blocks such as the Big Horn Uplift, were
differentially uplifted along major fault systems controled, in part,
by pre-existing zones of weakness. The oldest Laramide features
formed in response to east-west compression resulting in north-south

trending faults and folds bounding mountain ranges. The final stage
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of Laramide tectonism resulted from north-south compression which
formed prominant east-west uplifts, including the Owl Creek Mountains

and the southern terminus of the Big Horn uplift.

2. Historic Seismicity

Wyoming is generally considered to be an area of low to moderate
seismicity. The western edge of the state, however, borders the
Intermountain Seismic Belt (ISB), an active zone of intraplate
deformation characterized by relatively high strain rates, normal
faulting, episodic large earthquakes and associated ground rupture.
The closest part of the ISB to the project site is the Yellowstone
Park area, about 150 miles to the west. Wyoming east of the 1[SB
exhibits a rate of seismic activity about 1.5 times lower than the
central part of the ISB in Utah. Locations of recorded earthquakes
from 1915 through March, 1985 within 200 miles of the project site are
shown on Figure I11-7. The largest earthquake recorded within this
radius was the August 18, 1959 Hebgen Earthquake of magnitude 7.1 with
an epicenter about 180 miles west of the site.

Investigation of active and potentially active faults in Wyoming
has been siow to develop outside the ISB. More detailed fault mapping
may reveal more evidence of Holocene fault dispacement than was
generally considered logical by past investigators. The perception of
earlier geologists was based largely on the clearly indicated Laramide
origin of the major tectonic features in the central and eastern parts
of the state. However, in the last 10 years investigators have
reported potentially active faults in the central part of the state,
including a fault near Badwater at the south end of the Big Horn
Mountains, about 80 miles south of Lake Adelaide. This fault may have

experienced historic surface rupture (Witkind, 1975).

3. Design Earthquake

Standard procedures for developing a design earthquake from known
seismic sources was considered to be unrealistic and very unconserva-
tive for this project. Because of the limited knowledge of active
faults in Wyoming and the geologically short record, the concept of a
"floating earthquake" was used for design purposes. It was considered
reasonable to assume that a 5.0 magnitude event could occur under or

in the near vicinity of the site considering the tectonic setting and
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the magnitude of recorded earthquakes in central Wyoming. It was
assumed that the design earthquake would occur at a relatively shallow
focal depth of 10 km.

Numerous researchers (Campbell, 1981; Joyner and Boore, 1981; and
Bold and Abrahamson, 1982) have correlated peak horizontal bedrock
acceleration as a function of distance from the seismic source. Based
on these relationships, the expected peak horizontal bedrock
acceleration at the site is between 0.08g and 0.13g due to a magnitude
5.0 earthquake occurring 10 km from the site. These values were
further evaluated. with the seismic risk map of the Contiguous U.S. by
Algermissen, et al. (1982). This map indicates a peak horizontal
acceleration in bedrock of 0.09g with 90 percent probability of not
being exceeded in 250 years. Based on the above information, a peak
horizontal bedrock acceleration of 0.15g would be a conservative
design value. The influence of these maximum peak bedrock
accelerations on the overall safety of the dam is discussed in more
detail in Section V.E of this report.
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IV, WATERSHED HYDROLOGY AND
RESERVOIR OPERATION

An integral part of this Level 111 study for the enlargement of
Lake Adelaide included hydrological studies to determine water
requirements in the Shell Valley, watershed yield, and optimum
reservoir enlargement capacity. In addition, a flood analysis was
performed to provide hydrologic design criteria for the spillway.

This section presents the results of these analyses.

A. GENERAL DESCRIPTION

The Shetll Creek watershed, having a drainage area of
approximately 560 square miles (sq. mi.), extends from the higher
elevations of the Bighorn Mountains to Shell Creek confluence with the
Bighorn River at Greybull (Figure iV-1). Elevations range from 11,000
feet in the mountain high country to 3800 feet at Greybull.
Precipitation ranges from approximately 36 inches (mostly snowfall) in
the upper elevations to 6 to 8 inches at Greybull.

The majority of the agricultural lands within the Shell Valley
are currently under irrigation. Shell Creek provides water for a
large percent of these Lands. Major irrigation canals from Shell Creek
include Shell Canal, Whaley Ditch and Porter Ditch. When streamfliow is
at a minimum during the summer months, many shortages occur. To help
alleviate these shortages, two reservoirs were constructed; Lake
Adelaide in 1915 and Shell Reservoir in 1956. Their total reservoir
capacities are approximately 1700 and 1950 acre-feet, respectively.
The yield of Lake Adelaide was increased by the construction and
operation of a diversion headgate and canal on Buckiey Creek, an
adjacent tributary to Shell Creek. This canal delivers streamflows
from Buckley Creek to Mud Lake which feeds Lake Adelaide. The
enlargement of Lake Adelaide is now under consideration as a means of

storing additional spring runoffs for summer irrigation use.

B. STREAMFLOW DATA

1. Data Availability

There are three streamflow monitoring stations (gages) located on
Shell Creek. Gage number 06278300, Shell Creek above Shell Reservoir,
measures all inflows into Shell Reservoir from Shell Creek. It is

Vet ESA Geotechnical Consultants



located just below the confluence with Buckley Creek at the upper end
of Shell Reservoir. This gage was installed in October 1956 by the

U.S. Geological Survey (USGS) and is still in continuous operation.

Gage number 06278500, Shell Creek near Shell, is located just
below the mouth of Shell Canyon and measures all streamflows produced
by Shell Creek above the mouth of the canyon. The gage has continuous
daily records for the summer and early fall months from October 1941
to the present. Gage number 06279090, Shell Creek near Greybull, is a
water quality monitoring station. Periodic streamflow measurements
were recorded for a period of January - September 1951, and from July
1965 - September 1983. These measurements were taken on a random and
instantaneous basis.

2. Historical Flows

The operational analyses were performed to evaluate the potential
yield of Lake Adelaide and the availability of water in meeting the
demands in the Shell Valley. The analyses required streamflow data at
a number of locations along Shell Creek. The period of record used in
this analysis was 1943 through 1982. This corresponds to the longest
period of record for the streamflow gages and the most available

historic precipitation and snow data.

a. Shell Creek Near Shell -~ Shell Creek near Shell gage has

a total drainage area of approximately 148 square miles. As mentioned
earlier, this gage has continuous data available from 1941 with the
exception of the winter months for the period 1971 to 1982. In order
to complete the data set, flow information for Shell Creek near Shell
and precipitation data for Burgess Junction and Basin were compiled
and analyzed. Missing historic precipitation data for Burgess
Junction and Basin was calculated using the HEC-4 model (COE, 1971).
HEC-4 is a generalized computer program which evaluates the
statistical relationships between data from several stations. Using
these relationships, it estimates values for missing data at one

station based on actual data at the other stations.

[v-2



A regression analysis was then performed on streamfiow and

precipitation data. This analysis resulted in the equation:

Q =8434 + 0.787 x T - 183 x M + 274 x M
o~-m f pw ps
Where:
Q = Total flow at Shell near Shell Creek for October through
o-m
March in acre-feet
TF = Total summer flow (April-September) at Shell Creek near
Sheill in acre-feet
M = Precipitation for the winter months (October-March)
PW
taken as an average of precipitation at B8asin and
Burgess Junction in inches
M = Precipitation for the summer months (April-September)
pPs

taken as an average of precipitation at Basin and

Burgess Junction in inches

This equation resulted in a correlation coefficient of .77. This
total calculated winter flow was then distributed over the months
October through March by following the historical distribution
pattern. Table 1IV-1 presents the completed record of streamfiows at
Shell Creek near Shell, Wyoming. The average annual flow was estimated
to be approximately 88,300 acre-feet.

b. Shell Creek Above Shell Reservoir - The upper Shell

Creek drainage area is approximately 23.! square miles and is gaged by
a station above Shell Reservoir. This station has recorded
streamflows for the period of 1956 through 1983, and therefore
required synthetic streamflows to be generated for the period of 1943
through 1955 in order to complete the period of record. Correlation
analyses were performed to generate these synthetic streamflows.
Correlation developed between Shell Creek above the Shell Reservoir
gage and the downstream Shell Creek near Shell gage was poor. This
lack of correlation is probably due to different streamflow
characteristics caused by elevation and upstream regulation by Shell
Reservoir and Lake Adelaide.

V-3 ESA Geotechnical Consultants



TABLE 1¥-1
SHELL VALLEY LEVEL 111 STUDY

SHELL CREEK MEAR SHELL
(AC-FT)

NODE 2954080
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JURE

LY

AUG

R e L Lt T L T L L L R T T L L L T T T T R Y bl

3050
3030
3340
LEIL )
1900
"o
3000
3010
§240
3310
2840
2680
2110
2640
2240
3080
2160
3230
2870
3250
3380
2180
130
1220
2130
1950
5760
0
3060
3120
3700
3430
3130
3800
3580
2800
3860
3310
3220
3360

uu

2140
2140
2860
3320
3830
820
2110
2600
3030
2140
2380
2520
1880
3
2180
850
210
2400
2020
2900
3070
2620
2960
2860
2130
3600
540
3000
2540
270
2970
3000
2810
3270
3080
2430
3320
2150
2140
2890

2829

2660
2260
2420
3020
210
3420
2600
2300
2520
2520
2300
2540
2000
2410
2090
2390
2350
2350
1980
20
2660
2310
2840
2620
2110
2940
e
2120
2510
2340
2830
2802
280
3060
260
2320
3100
2610
2640
2140

2610

2380
2160
2330
r{ 1]
2110
3060
a0
2140
e
2390
2150
2350
1800
200
1874
2100
2140
1960
1114
2030
2150
2180
2570
2360
1740
2550
2160
2410
2390
2050
2430
24140
2340
2810
2490
2030
2110
2330
2200
2360

2102

2080
1970
2010
2340
2480
2410
1850
1860
1790
2020
2030
1930
1740
2210
1690
1830
1760
1850
1490
1860
1950
1940
2010
1990
1560
2200
2320
2120
{11
179¢
2160
2150
2060
2350
2200
1780
2340
2050
2000
2080

1l

2120
2100
2120
2950
2510
2460
2050
1990
210
2040
220
2010
2020
2310
1910
2080
1980
1800
1590
2000
2030
2080
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2220
1400
2260
2550
2190
2200
2820
2530
2320
2220
2530
2380
1920
2560
2200
2140
2230

2196

Iv-4

1100
20
2090
8220
2190
2600
e
M
2350
5460
2100
2450
2210
2560
2000
2000
2250
2500
1720
5410
2360
2020
2640
2190
2050
210
5440
2196
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2158
2510
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2730
1220
2590
3210
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240
1950

13 EN

13200
21660
12100
17714
21800
23820
20040
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13420
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As an alternative approach to estimate the missing flow data, an
attempt was made to develop a relationship between historical
streamflows and precipitation data. The analyses resulted in seven
separate equations to estimate streamflows for the months of October
through April as follows:

Correlation

Month Equation Coefficient
Oct Q = .283 Q + 120 P + 18.5 T -487 .65
oct sep oct oct
Nov = .396 Q + 7.58 P -2.42 T + 166 .99
nov oct nov nov
Dec Q = 1.09 Q + 3.52 7 + 13.20 P -190 .86
dec nov dec dec
Jan Q = ,215 Q + 17.8 P + 70 .79
Jan dec Jan
Feb Q = .543 Q + 1.545 T -3.08 P + 7 .91
feb jan feb feb
Mar Q = 1.286 Q -25 .98
mar feb
Apr Q = 5.194 Q + 11.3 T -9.176 P -658 .84
apr mar apr apr
Where:
Q = The Flow for month "x" in acre-feet
X
P = The precipitation for month "x" at Burgess Junction in
X
inches
T = The average monthly temperature for month "x" at Burgess
X

Junction in degrees farenheit.

It appears that the streamflows for the months of May through
September rely very heavily on snow melt, The analyses indicate that
the total volume of runoff for these months could be estimated from
the snow pack as measured in April and summer precipitation. The

equation developed by regression analysis is:

Q = .880 WE + 1715 P - 10427
m-s sp bj
Where:

WE = Calculated water equivalent of snow pack of the drainage

sp
basin for the Shell above Shell Reservoir gage in inches

Pb‘ = Precipitation at Burgess Junction during the Summer

J

months (May - September) in inches
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The correlation coefficient between the recorded fiows and the
estimated flows based on the above equation was .89. The total summer
flow was distributed over the months of May through September by
following historical flow patterns.

Table 1V-2 presents the completed record of streamflows at Shell
Creek above Shell Reservoir. The average annual flow was estimated to
be approximately 25,500 acre-feet.

c. Shell Creek at Greybull - The Shell Creek drainage area

between the communities of Shell and Greybull accounts for
approximately 75 percent of the total 650 square mile drainage area,
but contributes no flows most of the time. This is a resuit of a very
low annual precipitation rate (6-8 inches) and a high evaporation
rate.

Several attempts were made to correlate precipitation and daily
streamflows at Shell with instantaneous streamflows at Greybuil. The
most favorable selection was a logarithmic regression equation that
expressed the streamfiows at Greybull as a function of monthly
precipitation at Basin and average daily streamfliows at Shell. The
estimated monthly streamfliows at Greybull were generally lower than
the streamflows at Shell. The lower flows are due to irrigation
diversions between Shell and Greybuill. There were three significant
inflows between Shell and Greybull during the period of study, 1943 to
1982. These flows were found to be in the month of June and were
approximately 369 acre-feet in 1964, 1642 acre-feet in 1968 and 1015
acre-feet in 1976. These flows correspond to months when
precipitation was greater than 1.5 inches. The inflows in the other
months during the period of study were found to be zero or negligible
for this study.

d. Buckley Creek - Buckliey Creek is an ungaged stream that

drains approximately 3.42 square miles. There exists a diversion on
Buckley Creek that diverts some waters into the Adelaide basin while
allowing a minimum of 1-2 cubic feet per second (cfs) to remain in
Buckley Creek below the diversion. These diversions have not been
measured and hence, no records of actual amounts diverted exist. An
analysis of the drainage basin indicates that the basin is very

comparable to the upper Shell Creek Basin in both topography and
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SHELL CREEK STREAMFLOWS
ABOVE SHELL RESERVOIR

TABLE 1v-2
SHELL VALLEY LEVEL 111 STUDY

(AC-FT)

NODE 8014000
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6470 10310 2500 1260 704 23999
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6622 12016 91 166 569 25418
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vegetative cover, This allowed for a straight drainage area ratio,
between the two basins, to estimate historic monthly streamflows. The
results are depicted in Table [V-3. The average annual flow was

estimated to be approximately 3800 acre-feet.

e. Adelaide Creek - The Adelaide Creek drainage basin

covers approximately 3.58 square miles and ajoins the Buckley Creek
basin at its eastern border. The basin is almost identical to the
Buckley Creek basin except that it has less vegetation, a large marsh
above the Ilake, and a more southern exposure. Although the
precipitation in the Adelaide Creek basin approximates that in the
Buckley Creek basin, it appears that the runoff rate, per a unit
drainage area, is smaller. The streamflows for Adelaide basin were
estimated using a drainage basin ratio with the upper Sheill Creek
basin. The results were then adjusted downward to account for
evapotranspiration and evaporative losses associated with the 90 acre
marsh above the lake, drainage basin losses associated with existing
Mud Lake and Arden Lake, drainage basin slope, vegetative cover and
percent of the basin with a southern exposure. Utilizing available
data and professional judgements, it was determined that the derived
Adelaide Creek flows should be reduced by approximately 23%. The
resulting estimated streamflows are shown in Table [V~-4. The average

annual runoff is estimated to be approximately 3000 acre-feet.

C. OPERATION STUDY MODEL

The Level 1]l study presented an extensive evaluation of water use
in the Shell Creek basin including diversion requirements and
consumptive use. There are approximately 17,500 acres of land which
have water rights in the Shell Creek watershed. Approximately 11,500
acres have diversion rights from the main stem of Shell Creek. The
major irrigation diversions from Shell Creek are Sheil, Whaley and
Porter ditches which have decreed rights for the irrigation of
approximately 8428 acres. The other major diversion is a decree for
municipal water for the City of Greybull. The water availability for
these four major diversions were analyzed through an operation study.
Other water rights are relatively small and mostly located below
Porter Ditch. It is considered that they are not impacted nor will

they impact the results of this operation study.
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TABLE 1V-3
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In the operation study, various sizes of Lake Adelaide were
analyzed to determine an optimum enlargement capacity. The
enlargement of Lake Adelaide will supplement the water supply needed
for irrigation by the Shell Creek users. Shell reservoir was not
included in the operation study.

The operation study was performed using the Wyoming Integrated
River System Operation Study (WIRSOS) model. The model was originally
developed for use in connection with the adjudication of water rights
in the Bighorn River Basin. The WIRSOS model is essentially an
accounting model based on the prior appropriation doctrine and the

"one~-fill" rule for reservoir storage.

1. Operation Study Nodes

The WIRS0OS model utilizes nodal points for the accounting
procedure. Nodes were established in the drainage basin at all points
where inflow, diversions and/or return flows occurred (See Figures [V-

2 - IV=5). A description of each node is as follows:

Node 10000 - This node is located on Buckley Creek above the
confluence with Shell Creek. The streamflows passing through
this node are the estimated Buckley Creek streamflows less

diversions to Adelaide Creek.

Node 11000 - This node is located on Shell Creek above the
confluence with Buckley Creek. Streamflows at this node are
actual Shell Creek streamflows, as measured at the existing USGS
stream gage above Shell Reservoir, less historic Buckley Creek

inflows.

Node 14000 - This node represents the existing USGS streamflow

gaging station at the upper end of Shell Reservoir.

Node 20000 - This node represents the estimated historical
streamflows into Lake Adelaide. The model ltocates this point

Jjust upstream of any Buckley Creek contributing diversions.

Node 21000 - Diversions from the Buckley Creek watershed to Lake
Adelaide are accounted for at this node. This node 1is located
just upstream of the diversion canal confluence with Adelaide

Creek.
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Node 25000 - This node represents Lake Adelaide. All inflows to

Lake Adelaide from all sources are measured at this node.

Node 26000 - This node reflects all releases from Lake Adelaide.
In addition, all instream flow requirements for Adelaide Creek
are called at this node.

Node 30000 - This node is located just downstream of the Shell
Creek/Adelaide Creek confluence. All streamflows and reservoir

releases upstream of this node are measured at this node.

Node 40000 - Flows defined for this node are to account for all
streamflows generated in the reach downstream of nodes 14000 and
26000 and upstream of the Shell Creek streamflow gaging station

near Shell.

Node 50000 - The Shell Creek streamflow gaging station near Shell
is represented by this node. The total streamflow at this node
is the resultant of all streamflows generated in the upper Shell

Creek drainage basin.

Node 54000 - This node represents the Shell Canal diversion point
and is wused for the City of Greybull diversions. It also

reflects a portion of the Shell Canal return flows.

Node 58000 - All Whaley Ditch diversions are made at this node.
It also refiects some return flows from Whaley Ditch.

Node 62000 - This node is utilized for Porter Ditch diversions
and return flows.

Node 63000 - Remaining return flows from Shell Canal and Whaley
Ditch are accounted for at this node, which is located below the
Porter Ditch diversion.

Node 65000 - All precipitation-generated streamfliows occurring
between the Shell gage near Shell and the Greybull gaging station

at Greybull enter the system at this node.

Node 66000 - This node represents the streamflows entering the
Bighorn River from Shell Creek at Greybull.
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2. Operation Study Inflows

The model used in this study is an accounting type model which
accounts for all inflows from the upper to the lower basin. It was
set up to accept six inflow stations. These stations were defined as

follows:

Upper Shell Creek (Node 11000) - The inflows from this stream
were the actual and estimated gaged records at the gaging station
above Shell Reservoir less the estimated historic Buckley Creek
streamflows. Historic Buckley Creek streamflows were assumed to
be 2 cfs or the natural flow, whichever was less.

Buckley Creek (Node 10000 and 20000) - The Buckley Creek
streamfiows were split into two parts. The first part is a
minimum flow required for the Buckley Creek downstream of the
diversion as defined at Node 10000. The remainder is specified
at Node 20000 as a diversion to Adelaide Creek. Historically,
the minimum fiow passing through the diversion was 2 cfs or the
natural flow, whichever was less. For the operational analyses
of the enlarged Lake Adelaide, the minimum flow is assumed to be
1.3 cfs as specified by the Wyoming Game and Fish Department
(1985).

Adelaide Creek (Node 20000) - Inflows at this node are the actual
streamflows as previously estimated.

Shell Canyon (Node 40000) - Inflows at this node refer to the
inflows downstream of Shell and Adelaide reservoirs to the Shell
Creek gage near Shell. To estimate these inflows, Adelaide Creek
(Node 25000) and Upper Shell Creek (Node 011000) flows were
subtracted from flows for Shell Creek near Sheil (Node 50000).
The inflows were then modified to account for the historical
impacts of Lake Adelaide storage. Historic records for Lake
Adelaide operation are not available, However, based on
interviews with Jlocal residents, it was assumed that the
reservoir is opened in the middle of July and closed at the end
of September. A reservoir simulation was conducted to determine
the effects of the lake on the downstream flows. The resulting

impacts were then applied to the estimated Shell Canyon inflows.
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[t was assumed that Shell Reservoir would be operated in a manner
similar to past operations and that its impacts were accounted

for in the historic record.

Shell/Greybull - The inflows developed for this reach in the

regression analysis were used (Node 65000).

3. Streamflow Losses

Lake Adelaide was included in the operation study to analyze its
water supply capability. Net evaporation losses were assumed to be
14.3 inches/year based on evaporation losses estimated for the Bighorn
basin (Rice, 1965). The monthly distribution of Lake Adelaide

evaporation losses are given below:

Month Evaporation loss in inches
January 0
February 0
March 0
April 0
May .6
June 2.6
July 4.5
August 4.6
September 2.0
October 0
November 0
December 0
TOTAL 14.3

The amount of evaporation loss (acre-feet) from the reservoir for
a given month was computed as reservoir surface area (acres) times

evaporation loss (feet) as given in the above table.

Substantial losses for the Adelaide outflow have been observed
for the reach between the dam and the diversion point at Shell Canal,
especially at the beginning of reservoir release. However, these
losses were not separately considered in the operation analyses,

assuming that channel losses were accounted in the historic records.
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4. Diversions

The diversions included in the operation study were Shell, Whaley
and Porter Ditches and the city of Greybull diversion. Table [V-5
gives a summary of the information used in the model for each water
right. The "Acreage" column lists the number of acres that can be
irrigated with each water right, and the "Diversions" column lists the
amount of water needed for an average year on the land. The
"efficiency" in the heading indicates a ratio of consumptive use to
diversion requirement.

TABLE 1v-5

SHELL CANAL
(Node 54000, Efficiency 35%)

Permit Prxorlty Acreage Diversions
Number Date (acres) (ac-ft/yr)
TERR 04/01/1886 245 688
TERR 04/01/1887 235 660
430 03/07/1893 65 183
271E 09/18/1897 537 1509
462E 09/18/1899 278 781
1330E 01/06/1905 591 1660
1439E 05/22/1905 190 534
1938E 04/10/1907 20 56
8290 03/20/1908 876 2462
2084E 06/01/1909 2405 6758
5312E 05/24/194] 140 393
5986E 06/23/1959 42 118
6091E 01/18/1963 20 56

Subtotals 5644 15,860

WHALEY DITCH
(Node 58000, Efficiency 40%)

Permit Priority Acreage Diversions
Number Date (acres) (ac-ft/yr)
TERR 04/01/1889 142 399
42E 06/17/1893 692 1945
462E 09/18/1899 156 438
650E 04/22/1901 269 756
1330€ 01/06/1905 24 67
1730E 12/10/1906 150 422
5420E 04/19/1945 40 112
S472E 07/26/1948 15 42
6196E 12/06/1967 3 8

Subtotals 1491 4189
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PORTER DITCH
{(Node 62000, Efficiency 42%)

Permit Priority Acreage Diversions
Number Date (acres) (ac-ft/yr)
365 11/18/1892 1050 2950
322E 0172171898 146 410
1464E 11/03/1905 54 153
1726k 04/22/1907 43 120

Subtotals 1293 3633

CITY OF GREYBULL
(Node 54000, Efficiency 100%)

Permit Priority Acreage Diversions
Number Date {acres) (ac-ft/yr)
430 03/07/1893 - 958
19279 09/21/1938 - 160
Subtotals - 1118

Totals 8,428 24,800

The actual irrigation requirements vary by the month of the year.
Table IV-6 gives an average monthly distribution of irrigation
requirements (HKM, 1985).

Table 1V-6
Average Monthly Irrigation Requirements
(Percent of Total)
April May June July August September October
2.1 8.4 18.2 32.8 25.0 10.4 3.2

The diversions for the City of Greybull were considered to be a
continuous demand at the City’s decreed withdrawal rate.

5. Return Flows

Return flows from irrigation diversions were asusmed to be 50
percent of the amount of diversion less consumptive use. It was
further assumed that half of the return flow would be returned to the
stream as surface runoff without time delay. The remainder would be
returned to the stream as ground water flow. The ground water return
flow is assumed to be exponentially decreasing with time as governed
by Darcy’s ground water fiow equation. The diffusivity required in

the equation was assumed to be 3 x 106 gpd/ft. With these
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assumptions, two return flow patterns were developed as presented in
Table [v-7. Return flow pattern #1 is applicable for a distance of
approximateiy | mile between the canal and the point of return, while
return flow pattern #2 is used for return distances of approximately 2
miles or greater.

Table [V-7
Irrigation
Return Flow Pattern
(Percentage)
MONTHS

Pattern | 2 3 4 5 6 7 8 9 10 11 12
#1 76 10 4 4 2 1 1 1 1 0 0
#2 57 15 8 5 4 3 2 2 | 1 1 1

Approximately thirty-three percent of the water diverted by Shell
Canal is returned to Shell Creek at two locations. Twenty three
percent of the return fiow is returned to the diversion point (Node
54000). This represents the amount of return flow water that enters
the system above the Whaley Ditch diversion point (HKM, 1985). Return
flow pattern #1 was used for these return flows. The remaining return
flow is returned below the Porter Ditch diversion (Node 63000)
utilizing return flow pattern §#2.

Whaley Ditch is forty percent efficient and approximately thirty
percent of the water diverted is returned to Shell Creek. Fifty
percent of the return flows are returned below Porter Ditch diversion
(Node 63000) utilizing return flow pattern #2, and are not available
for use by Porter Ditch. The remaining fifty percent of the return
filows reenter the system at the point of diversion (Node 58000) while
utilizing return flow pattern #l1.

Porter Ditch is forty-two percent efficient and returns twenty-
nine percent of the waters diverted to Shell Creek using return flow
pattern #l. All of these return flows are accounted for at the
diversion point (Node 62000).

The diversions made by the City of Greybull (Node 54000) are for

municipal use in Greybull, and no return flows are considered.
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7. Results

The main purpose of the operation study is to analyze the water
supply capability of Lake Adelaide, thereby providing information on
an optimum size of the reservoir enlargement.

The existing Lake Adelaide has a total storage capacity of
approximately 1700 acre-feet with a dead storage of 219 acre feet.
However, the decreed storage water right is 1448 acre-feet (HKM,
1985). In analyzing the existing reservoir, the decreed storage right
was used to limit the maximum amount of water storable in a given year

by the direction of Wyoming Water Development Commission.

In addition to analyzing the existing reservoir, several sizes of
the reservoir were analyzed to determine an optimum reservoir
enlargement. The optimum enlarged reservoir capacity (total storage
capacity) was determined to be approximateity 4500 acre-feet. As the
capacity 1is increased above 4500 acre-feet, the inflows are not
adequate to fill the reservoir on a normal basis. In addition,
physical constraints of the site does not support further enlargements
past 4500 acre-feet. The incremental costs for the extra capacity
would increase rapidly. The actual enlarged reservoir capacity (total
storage capacity) was estimated to be 4548 acre-feet with 234 acre-
feet of dead storage. However, the hydrologic analysis is based on the
total storage capacity of 4500 acre-feet.

Five different case study results are presented in this report.
All case studies assumed that Lake Adelaide would provide supplemental
water only for Shell Canal. Aiso, the dead storage was assumed to be
219 acre-feet for all cases. Actual dead storage will be 234 acre-
feet due to the downstream alignment of the new dam compared with the

existing dam.

The computer output of each case study is volumenous and is bound

separately. The results are summarized in subsequent paragraphs.

Case #! was conducted assuming existing Lake Adelaide conditions
with the 1448 acre-feet storage right. The results are summarized in
Table [V-8. Column 2 under "Shell Demand on Reservoir" indicates a
call made on the reservoir by Shell Canal users when their demands are
not met by non-stored flows. In those years which show zero in Column

2, natural flows were sufficient to meet the Shell Canal demand and
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there was no need to release water from the reservoir. Column 3 under
"Reservoir Supply" indicates reservoir releases to meet the calls by
Shell Canal. Column 4 under "Reservoir Surplus" indicates surplus
water left in the reservoir at the end of the irrigation season, not
including dead storage. Column 5 wunder "Shell Canal Shortage"
indicates shortage in meeting the irrigation demand by Shell Canal
users as implied by Column 2 minus Column 3. Column 6 under
"Reservoir Yield" was computed as the sum of Column 3 plus Column 4.
Values in Column 6 indicate reservoir yield that can be expected for
each year.

The operation analyses presented herein, was performed under the
assumption that reservoir water would be released only when needed,
that is, when the natural flow does not satisfy the Shell Canal
demand. The historical operation is different from this assumption.
Normally, water is released from the reservoir in the middle of July,

regardless of downstream water requirements.

fFrom Table V-8, the reservoir yield is approximately 1200 acre-
feet on an average annual basis. The water supply is short in meeting
the Shell Canal demand approximately half of the time. It should be
noted that this estimate of water shortage is based on the assumption
that 5644 acres of land which have water rights on the Shell Canal are
fully irrigated. Based on the Jlatest estimate, 3488 acres are
currently irrigated (HKM, 1985). Thus, water shortage occurrances
under presently irrigated land conditions would be smaller than
estimated above.

Cases #2 - #5 presented below are comparisons of predicted
conditions utilizing Adelaide Reservoir at 4500 acre-feet under
different scenarios. Acres irrigated, shortages, and reservoir

surpluses, etc., are the same as previously described in Case #l.

Case #2 considered enlarging Adelaide Lake to 4500 acre-feet and
allowed for no minimum instream flows in Adelaide Creek. Instream
flow requirements of 1.3 cfs or the natural infliow, whichever was less
(Wyoming Game and Fish Department, 1985) at the diversion point was
considered for Buckley Creek. This resulted in shortages in Shell
Canal in 1l of 40 years or 28 percent of the time (Table 1V-9). Table
IVv-9 presents data in the same format as Table [V-8.
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Case #3 allowed for minimum instream flows in Adelaide Creek of
1.6 cfs or the natural inflow, whichever was less, (Wyoming Game and
Fish Department, 1985) and 1.3 cfs or the natural inflow, whichever
was less, for Buckley Creek. The resulits are very comparable to Case
#2. Average annual shortages increased slightly and reservoir vyield
decreased slightly as compared to Case #2 (Table I1V-10).

Case #4 utilized no minimum flow requirement for Adelaide Creek
and 1.3 cfs or the natural flow, whichever was less, as a minimum flow
requirement for Buckley Creek. In addition, a minimum pool of 838
acre—-feet was maintained (Wyoming Game and Fish Department, 1985).
This resulted in a reduction in reservoir yield of approximately 15
percent and increased average yearly shortages by approximately 50

percent as compared to Case #2 (Table [V-11).

Case #5 was conducted using the criteria described in Case #4,
except that a minimum fiow requirement of 1.6 cfs or the natural
inflow, whichever was less, was imposed on Adelaide Creek. The
results are very comparable to Case #4. (Table IV-12).

Table 1IV-13 presents a summary of the five cases previously
discussed. The enlargement of Adelaide Creek to 4500 acre-feet will
increase the yield from 1200 acre-feet to 3500 - 4100 acre-feet,
depending upon the environmental operating constraints that may be
required. The probability of obtaining the full (100% water supply)
diversion requirements from Shell Canal will increase from 52 percent
of the time to 68 - 73 percent. The enlargement will allow 80 percent
of the demand to be met 98 percent of the time. The most apparent
advantage of the enlargement is the reduction of average annual
shortages from 1679 acre-feet/year to approximately 400 - 500 acre-
feet/year.

These results are simulations only and are relative. Past
operating practices have not allowed for an optimization of the
system. The reservoir gate is normally opened in July and closed in
September. The model used in this study allows for optimization and
the only releases made are spills and calls by water users. The
predicted yields associated with the enlargement requires that the

releases be monitored and controlied.
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Table IV=13
Lake Adelaide Yield
and Shell Canal Water Supply

Case #1 Case #2 Case #3 Case #4 Case #5
Existing Enlarged Enlarged Enlarged Enlarged
Reservoir Reservoir Reservoir Reservoir Reservoir
Capacity (ac-ft) 1700 4500 4500 4500 4500
Dead Storage 219 219 219 219 219
(ac=-ft)
Min. Flow Req.(cfs) 0 0 1.6 0 1.6
for Adelaide Cr.
Min Flow Req.(cfs) 2 1.3 1.3 1.3 1.3
for Buckley Cr.
Min. Pool Regq. 0 0 0 838 838
(ac=ft)
Annual Reservoir
Yield (ac-=ft)
8 out of 10 yrs 1100 4100 4100 3500 3500
10 out of 10 yrs 1100 3900 3500 3500 3450
Average Annual 1200 4100 4100 3500 3450

Percent of time that Shell Canal can meet diversion requirements (15,680 ac-
ft/yr).

100% Water Supply 52% 73% 70% 68% 68%

Greater than 90%
Water Supply 60% 88% 88% 88% 883%

Greater than 80%
Water Supply 80% 98% 98% 98% 983%

Greater than 70%
Water Supply 90% 100% 100% 100% 100%
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D. FLOOD STUDIES

1. Probable Maximum Fiood

The Probable Maximum Precipitation (PMP) 1is the maximum
precipitation, associated with a duration, that could occur over a
given land area. Two types of storms can occur; local and general.

Both were evaluated to determine the critical event.

The Adelaide Creek drainage basin is approximately 3.58 square
miles in area and has an average elevation of {0,000 feet. It was
determined that a local storm over Adelaide Basin would produce 10.6
inches in 6 hours while a general storm would produce 27 inches over a
seventy-two hour period (NOAA, 1984). The general storm was
determined to be the critical storm and all reservoir and stream flood

routings utilized this storm.

The PMP storm is most likely to occur between the months of June
and September. Should the event occur in June there is a high
probability that a ground cover of snow may still be present. This
condition would result in additional runoff. A three day snow melt
value of 3.6 inches (HKM, 1985) was estimated. This results in a
total event of 30.6 inches (Figure IV-6) for the general PMP. The
temporal distribution of the PMP over a 72-hour period was made using
a procedure specified in the HEC-1 flood hydrograph package (COE,
1979).

The Probable Maximum Flood (PMF) hydrograph that would result
from the PMP was estimated using HEC-1, which includes a number of
hydrograph simulation techniques. The SCS Dimensionless Unit
Hydrograph approach which was used for this study. Inputs required

for the model include an SCS curve number and lag time.

The SCS curve number is related to the infiltration
characteristics of the various soil groups. Curve numbers range from
0 to 100 and, as the value of the curve number increases, the runoff
excess increases. The SCS provides information on relating soil group
type to the curve number as a function of soil cover, land use type
and antecedent moisture conditions. The soils in the Sheil drainage
basin were evaluated and weighted by percent, utilizing the soil
survey for Big Horn County (SCS, 1982). The analysis provided an SCS

curve number with a value of 68.
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The lag time is defined as the lag (hours) between the center of
mass of the rainfall excess and the time of peak discharge as defined
by the hydrograph. The lag time for this basin was computed as 1.35

hours, wusing the U.S. Army Corps of Engineers lag time formula shown

below.
.38
LAG = 24n/L Lc
J s
Where: n is the Manning’s roughness coefficient,
L is the maximum travel distance along the main stream

measured in miles.
L is the distance along the main stream to a point
opposite the centroid of the basin measured in miles.

s is the weighted slope of the channel in feet per mile.

The PMP hydrograph developed is shown in Figure [V-7. The peak
inflow was estimated to be approximately 6800 cfs. This can be
compared to flows of 10,300 cfs developed by HKM (1985) and 7800 cfs
developed by the COE (1979). Different results were largely due to
the different model parameters used such as rainfall amount, rainfall
distribution, and watershed characteristics. The present study is
based on the most current information and the most detailed
ivestigation of the watershed. In addition, a8 comparison of the value
of 6800 cfs with PMP estimates in similar watersheds in Wyoming were
found to be reasonable.

2. 100 Year Storm

The Level Il Study (HKM, 1985) estimated the 100-year peak flow
to be 340 cfs using a formula developed by the USGS. This USGS
formula was developed based upon a regional frequency analysis. When
used on a specific region, i.e., a mountainous region like the present
area of study, this USGS equation could produce erroneous results. A
re—-evaluation of the 100-year frequency storm event was conducted in
this study. Utilizing the Precipitation-Frequency Atlas of the Western

United States (National Weather Service, 1973), a storm with a 24-hour
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duration resulted in a total rainfall of 4.2 inches. Applying this
storm over the basin and using the procedures previously described, a
peak inflow of 670 cfs was developed (Figure IV-8).

3. Reservoir Routing

Both the 100-year and the PMF inflow hydrographs were applied as
design floods to evaluate routing through Lake Adelaide. For flood
routing purposes, the dam crest was assumed to be at elevation 9287.
In the preliminary stages of the flood routing analysis, assumptions
were made regarding the spillway arrangement in order to provide
general outifow criteria for the final spillway design. The
preliminary spillway concept was a combination of a primary ogee
spillway, 45 feet wide with a 9280 crest elevation, operating in
tandem with a 120 foot wide auxiliary spillway with a crest elevation
of 9283 feet. The final recommended spiliway configuration is a side
channel service spillway operating in tandem with an emergency
spillway in the borrow area. Flood routing for the recommended
spiliway arrangement must be evaluated and optimized during final
design.

Applying the PMP inflow hydrograph to the ogee-auxiliary
combination, the peak outflow was approximately 5300 cfs at a stage of
9286.7 feet elevation, or 0.3 feet below the dam crest. The PMP
inflow and outfliow hydrographs are shown in Figure [V-7.

The peak outflow for the 100-year storm event was 212 cfs at an
elevation of 9281 feet through the ogee spillway only. The 100-year
hydrographs are shown in Figure [V-8.

4. Dam Break Analysis

An analysis of the effects of a catastrophic dam break was also
considered. The PMP was routed into the reservoir and through a
spillway capable of passing approximately 2800 cfs (1/2 PMP peak).
It was assumed that the dam would start breaking if the water overtops
the dam by 0.25 feet and approximately seventy percent of the dam
would be eroded in 15 minutes. In reality, the erosion due to over

topping would occur much more sliowly. In addition, the dam would
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probably not be eroded below the elevation of the rock toe, which for
the Alternative B configuration is estimated will be about 9260 feet.
Thus, only about 34 percent of the total embankment height would be
lost.

For comparison purposes, both the PMP outfiow without a dam break
and the dam break outflow were routed downstream of the dam. Channel
cross—sections were taken along Adelaide and Shell Creeks to aid in

the evaluation of flood evaluations (Figure IV-9 and [V-13).

Figures 1IV-11 - [IV-13 compare the water depths along Shelil and
Adelaide Creeks associated with the PMP event and a dam failure event.
A dam break does have considerable impact on stream depths as compared
to a controlled PMP event. There are two reaches of the stream where
a dam failure event would cause major damage. The first reach of
concern is along Shell Creek at the Shell Creek campground. The
estimated depth of water at this point would flood the campground and
damage may result. The second area of concern is just below the
highway bridge at the mouth of Shell Canyon. A residence is located
in the floodplain and inundation would be highly likely.
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V. EMBANKMENT DESIGN

A. INTRODUCTION

The embankment design alternatives considered for the Level III
studies are discussed in this chapter. Also, the engineering
properties of the construction materials and the detailed analyses
performed to evaluate the various designs are presented. The designs
presented herein are intended to be conceptual in nature and, as such
they have been carried to a level of evaluation that has enabled an
assessment of their viability, safety, constructability and associated
cost. The designs presented herein are not intended to represent a
final design level of effort. All required construction drawings and
specifications will be prepared during the Phase Il portion of the
Level [Il studies.

[t should be noted that the conceptual designs presented herein
are based on the results of the field and laboratory studies completed
during the Level Il and Level [l studies. As such, the designs are
based on the interpretation of limited data which requires the
application of considerable engineering and geologic judgement. For
dam construction in general, and earth dams in particular, the final
design must be based on actual conditions encountered during
construction. For example, it is only during construction when the
entire foundation and abutment conditions are exposed and the true
variations of borrow materials are determined. During all stages of
construction, therefore, the design engineer must be prepared to
evaluate new or changed conditions and be prepared to modify the final

design, if necessary, in light of actual field conditions.
B. ENGINEERING PROPERTIES OF CONSTRUCTION MATERIALS

The engineering and classification characteristics of the founda-
tion and borrow area materials were determined primarily by
laboratory testing except for the field permeability tests in the
foundation as discussed in Section III.E. Due to the large diameter
cobbles and boulders present in both the foundation and borrow area
materials, it was necessary to limit to 6—inches the maximum particle
size of the samples collected for the laboratory investigation. Due
to the large size, it was also not possible to obtain undisturbed

samples of the foundation material.

V-1 ESA Geotechnical Consultants



The rationale for determining the engineering properties of the
minus 6-inch fraction of the borrow materials is that this will be the
maximum particle size allowed in the primary (random) zone of the
embankment. Materials larger than 6-inches will be used for upstream
slope protection (rip rap) and, depending on cost, may be used in a
downstream rockfill zone. A complete description of the Ilaboratory
testing program is presented in Appendix B.

1. Classification of Materials

In the field of soil mechanics and earth dam design, it |is
advantageous to have a standard method of identifying soils and
classifying them into categories or groups that have similar or
distinct engineering properties. The most commonly used method at
present is the Unified Soils Classification System (USCS) as described
by the American Society for Testing and Materials test method ASTM D
2487. The USCS 1is based on recognition of the various types and
significant distribution of soil constituents, considering individual
grain-size magnitude, gradation characteristics, and plasticity of
materials. The resulting classification of a material according to
the USCS is defined by a two letter designation, the first of which
defines the predominant size of the material and the second of which
defines the type of gradation characteristics for coarse-grained
materials or the type of plasticity for fine-grained materials. A
summary of the USCS classifications of the soils tested are presented
in Appendix B.

a. Foundation Materials - The results of 11 gradation tests

performed on materials obtained from the foundation area are presented
in Figure V-1. As can be seen on this figure, the average gradation
of the near surface foundation soil indicates that about 30 percent of
that material (based on dry weight) is larger than the No. 4 sieve
(particle size of 4,76 mm). The No. 4 sieve size separates sand and
gravel according to the USCS. The range of percentage retained on the
No. 4 for the 11 samples was from 4 percent to 52 percent. Also, it

can be seen that the average gradation had 1l percent of the material
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passing (finer than) the No. 200 sieve (particle size 0.074 mm), which
is the size separating sand from silt or clay material. The average
gradation characteristics of the foundation material, therefore,

classify as a cobbly, gravelly, well-graded, silty sand.

b. Borrow Area Materials. In total, 18 gradation tests

were performed on materials from the borrow area. For comparison
purposes, the classifications have been separated for the glacial till
and the underlying decomposed granite materials. The gradation
results for 13 tests of the glacial till are presented in Figure V-2.
These results show the tili in the borrow area to be finer grained
than the till within the foundation areas. The average till material
from the borrow area has !4 percent gravel, 6! percent sand, and 25
percent non-plastic silt to moderately plastic clay. The majority of
the till is non-plastic; however, the till within the margin of the
borrow area adjacent to the existing high water line tends to be more
plastic. The average gradation characteristics of the glacial till
within the borrow area therefore classifies as a gravelly, silty sand.

Gradation results for five tests from the decomposed granite
which underlies the till in the borrow area are presented in Figure V-
3. These results show that on average the material contains 32
percent gravel, 57 percent sand, and ll percent non-plastic silty
fines. In fact, the decomposed granite material within the borrow
area can be generally separated into two materials with either more or
less than about 5-6 percent fines. This gradational separation will
be used to identify materials within the borrow area for use as a
filter/drain separating foundation and embankment material from the
rockfill and as a bedding material for the riprap.

2. Compaction Characteristics

The investigation of compaction characteristics in the laboratory
is an attempt to define the moisture-density relationships of a given
soil using a prescribed standard method of compaction. There are two
basic types of compaction tests performed in the laboratory.
Materials with less than about 10 percent fines densify better by
vibratory energy than by impact energy. For materials with more than
about 10 percent fines, however, the amount of water present within
the soil at the time of compaction has a very pronounced effect on the

resulting dry density that can be achieved.
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For the till material present within the borrow area, impact
compaction tests were performed in accordance with two compaction
standgrds; namely, ASTM D 1557 (compactiveaenergy equal to 56,000 ft-
Ib/ft ) and ASTM D 698 (12,500 ft-1b/ft ). The compaction test
results indicate thet the majority of the gravelly, non-plastic, sands
constituting the till material have a maximum dry density between 137
pcf and 141 pcf and an optimum moisture content of between 5.7 percent
and 6.7 percent (based on dry weight). The clayey fraction of the
till, which -as stated previously is only found in a small portion of
the borrow area, has a maximum dry density of 116 pcf and an optimum
moisture content of 14.5 percent.

The compaction standard that will be used during construction to
evaluate the adequacy of the compactive effort will be a minimum of 95
percent of the maximum dry density achieved in the laboratory using
ASTM D 698. For design purposes, we have assumed that this compactive
effort will result in an average total density of the random fill
equal to about 140 pcf.

3. Permeability Characteristics

The permeability characteristics of the borrow area materials
were evaluated on samples fabricated in the laboratory to the approxi-
mate density that similar materials will be compacted in the dam
during construction. The coefficient of permeability for the non-
plastic till material compacted to approximately 95 percent of the
maximum dry density defingg by ASTM D 698 varied between l.lxlO-
cm/sec (11 ft/yr) and 4.1x10 cm/sec (0.4 ft/yr). One sample of the
gravelly, clayey sand portion of the till was tested and found to have
a permeabilty of l.lxlo_ cm/sec (0.1 ft/yr). The cleaner fraction of
the decomposed granite was also tested and found to have a
permeability of about 4.9 xlO- cm/sec (5,020 ft/yr).

The coefficient of permeability determined in the laboratory on
fabricated samples measures a value essentially in the vertical
direction. For material compacted in the field, the coefficient of
permeability in the horizontal direction will tend to be higher by a
factor of perhaps 2 to 50 times that of the vertical permeability,
depending on the percentage of fines and the degree of compaction.

Based on a visual observation of the structure of samples compacted in
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the laboratory, we do not believe that the till material from the
borrow area will exhibit a high degree of anisotropy that could affect
the resulting permeability. For design purposes, we have assumed an
average coefficient of permeability of 10 ft/yr and 50 ft/yr for the
vertical and horizontal directions, respectively.

As discussed in Section [II.E, a multiple well pumping test was
performed in the maximum foundation section. The results of field
pump tests and the laboratory tests were used in the seepage analyses
for the three concpetual design as discussed in Section D of this
chapter.

4, Shear Strength

The shear strength characteristics of the materials to be used
for construction of the primary embankment zone were determined by
fabricating samples in the laboratory to the approximate dry density
that is expected to be achieved during construction. The samples were
then saturated, consolidated to a range of pressures similar to those
expected to develop within the dam, and then failed under triaxial
compression. Pore pressures developed during failure were measured in
order to determine both the effective and total stresses.

Shear strength parameters based on effective stresses are
presented in Figure V-4. As shown thereon, the effective stress based
friction angle of the compacted till was measured at 37.7 degrees and
the cohesion intercept was very small. These strength results are
consistent with a well compacted cohesionless gravelly silty sand.
very little data scatter was observed for the six samples tested.
Shear strength parameters based on total stresses are presented in
Figure V-5, These results indicate that the total stress based shear
strength parameters are different for the two borrow area materials
tested. The total stress friction angle was measured at 22.5 degrees
for samples from Trench 15 and 33.5 degrees for samples from Trench 5.
The difference in total stress-based friction angles is apparently due
to a slightly higher percentage of fines and compacted density for the

materials from Trench 5.

The shear strength properties of the foundation materials could
not be measured directly in the laboratory due to its large grain size

(estimate of 40 - 50 percent greater than 6 inches). A review of the
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the drill hole logs obtained during the Level Il and Level 111 studies
indicates that the minimum Standard Penetration Test result (N value)
was 47. In many instances, the SPT sampler could not be advanced
greater than 0.1 - 0.3 foot due to the presence of the coarse
material. Based on a correlation of N value vs. Relative Density, the
foundation materials classify as dense to very dense (D value of
probably between 75 and 90 percent). Based on the infer;ed relative
density, the foundation materials were assumed to have a minimum
effective stress—-based friction angle equal to 36 degrees and zero

cohesion.

The shear strength parameters discussed above were used to assess
the stability of the embankment under various critical loading condi-

tions. These analyses are discussed in Section E of this chapter.

C.  CONCEPTUAL DESIGN ALTERNATIVES

Three alternative designs for new dams were considered as a part
of the Level IIl studies. The foundation and abutment preparation
required for all designs is discussed in this section along with a
discussion of the materials that will make up each zone within the
dam. Following the discussion on zonation, each alternative design is
presented.

l. Foundation Preparation

As mentioned in Section 111-B, the conditions within the channel
section that will form the foundation of the new dam are such that
relatively limited foundation preparation will be required. Existing
trees, shrubs and other deleterious material will be removed and the
resulting ground surface will be leveled to remove irregular surfaces.
Prior to the placement of new fill, it will be necessary to compact
the foundation surface to achieve a minimum dry density equal to 95
percent of the maximum dry density defined by ASTM D 698 or a minimum
relative density (D ) of 75 percent for the minus 6-inch material
fraction. The methog of evaluating the resulting dry density will
depend on the percentage of fines within the materials. It is intended
that the principal compaction equipment to be specified for the

project will be a 10-ton vibratory roller.
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During foundation preparation, wet areas will be encountered in
the channel section from about station 3+20 to 6+20. The extent of
wet areas encountered will depend on reservoir levels during
construction. However, the wet areas are concentrated in the
topographic lows within the channel section. These low areas include:
(1) the present discharge channel near the base of the left abutment;
(2) an old channel in the right center portion of the area; and (3)
the present spillway channel at the base of the right abutment. The
approximate stationing along the centerline of Alternative B of these
three depressions are: (1) 3+20 to 3+50; (2) 4490 to 5+70; and (3)
6+10 to 6+25. Within these zones the foundation soils may be
saturated to the surface and may have ponded or fiowing water in small
amounts (1-10 gpm). These areas will require drainage prior to finai
foundation preparation. A series of shallow open trenches 1-2 feet
deep oriented in a downstream direction should be adequate to drain
these areas and continue construction. It is anticipated that three
trenches will suffice; one each for the three areas. The middle
trench may require some laterals or fingers to cover the broader
depression. A specification will be provided for backfilling these
trenches prior to placing fill. A summary of the foundation prepara-

tion areas for the three design alternative is presented in Table V-1.

2. Abutment Preparation

Special consideration must be given to limiting the amount of
reservoir seepage that could occur through both abutments at the
embankment foundation contact with any of the design alternatives.
The objective of abutment preparation during construction will be to
remove loose material down to solid bedrock and then place slush grout
(2 parts sand and | part cement), if necessary, within any voids in
order to prepare a relatively smooth foundation surface prior to the
placement of fill material. Since the two abutments present such

different conditions, treatment procedures are discussed separately.

a. Left Abutment - Preparation and treatment within the

left abutment will be limited to excavation of the till material above
bedrock elevation 9250 in the abutment. This work is intended to
remove the till, most likely using a dozer, working from the higher to
Jower elevations. The cut slope to expose the bedrock surface will be

an inclination of 1.5 to 1.
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TABLE V-1

Foundation Preparation Requirements

Design Alternative Preparation Area
(sq ft
131,800
146,100
C 138,400
Notes:

The foundation areas include only the area within the
channel section and up to Elevation 9265 on the left
abutment. It does not include foundation preparation areas
within the right and left abutment_which will require
special  preparation as shown on Tables V-2 and V-3,
repsectively.

The foundation preparation will require the removal of
trees, brush and other deleterious material to a depth of up
to 36 inches in isolated areas.

Following the clearing and grubbing, the foundation area
will be leveled to remove irregular surfaces and compacted
to a Relative Density (Dr) of not less than 75 percent_ as
determined for the minus 6-inch material by ASTM Test
Designation D-2048.



Once the bedrock has been exposed, slush grouting of required
areas will be performed. Depending on the sequence of construction,
the preparation of the foundation to receive fill may be deiayed until
the second construction season in order to limit the detrimental
effects of frost-heave on the treated areas. This detail will be
covered in the specifications. A summary of the required treatment
for the left abutment area is presented in Table V-2.

b. Right Abutment - As mentioned in section I[11-B, the
right abutment consists of a massive boulder field that will require
special treatment in order to found the dam on the underliying intact
granitic bedrock. Foundation preparation will require that the
boulders be removed, probably by using a combination of light blasting
and pre-splitting techniques.

Within the area of foundation contact, the boulders range in size
up to 15 feet or more in diameter and several appear to be intact
outcrops that have not yet been dislodged. Once the rock has been
reduced to a maximum of 3 feet in diameter, they will be incorporated

as a rock-fill at the downstream toe of the dam.

Prior to placement of the fill, it will be necessary to form a
relatively smooth foundation surface by slush grouting of required
areas. It is anticipated that the excavated foundation surface in the
right abutment will be more irregular than in the left abutment. As a
result, the specifications will require that the contractor submit a
plan for how he intends to complete the right abutment treatment for
approval by the engineer. A summary of the required treatment for the

right abutment area is presented in Table V-3.

for both abutment areas, after the surface has been treated using
slush grouting, the initial 1ift of fill will be selected to include
the more plastic (less pervious) materials of the borrow area. This
material will tend to 1imit the amount of seepage occurring along the

embankment-foundation contact.

3. Embankment Zones

The three conceptual designs have common materials and
construction requirements associated with the different embankment

zones that are discussed below.
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TABLE V-2
LEFT ABUTMENT TREATMENT REQUIREMENTS

Design Treatment Excavation Surface
Alternative Area Quantity Preparation
{sq. ft.) (cu. yd.) (cu. yd.)
A 10,700 4,800 20
15,000 6,600 28
C 13,300 5,900 25
Notes:

The treatment requirements for the left abutment area
consist initially of removal of trees, brush and other
deleterious material. The area_of required treatment is
noted for each alternative under Treatment Area.

Following removal of organic materials, all glacial till
within the left abutment above bedrock Elevation 9250 will
be excavated and hauled to the borrow area. The maximum
depth of cut is estimated to be about 18 feet. Required cut
slopes have been assumed to be limited to an inclination of
1 1/2 to 1. The estimated quantity of required excavation
for each alternative design is shown hereon.

Following excavation of the till, the exposed bedrock
surface may require treatment prior to the placement of
embankment material. It has been assumed that only 10% of
the exposed surface (treatment area) will require slush
grouting of an average thickness of 6 inches.
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TABLE V-3
RIGHT ABUTMENT TREATMENT REQUIREMENTS

Design Treatment Excavation Surface
Alternative Area Quantity Preparation
(sq. ft.) (cu. yd.) (cu. vyd.)
A 28,700 16,000 175
36,900 20,500 225
C 33,400 18,600 205
Notes:

1. The primary treatment requirement in the right abutment is to
remove the existing rocks down to sound granitic bedrock.
The maximum depth of cut is estimated to be about 20-25 feet.

2. It is anticipated that the contractor will use a combination
of light blasting and splitting to reduce the rock to a
max&mgm allowable size of 3 feet for use in the downstream
rock toe.

3. Following removal of the rock, the exposed bedrock surface
mag require treatment prior to placement of embankment
material. It has been assumed that 1/3 of the exposed
surface (treatment area) will require slush grouting equal to
an average thickness of 6 inches.
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a. Zone l1-Random Fill - The random fill material will be

derived primarily from excavation in the auxiliary spillway area, if
required, and from the borrow area. Also, material from the required
excavations within the left and right abutment will be allowed in Zone

1 if it meets the following minimum requirements.

Zone |1 material will be limited to 6-inch maximum particle size.
In order to 1limit the possibility of developing too pervious an
upstream shell, the specification for the Zone | material to be placed
upstream of the dam axis will be limited to those materials with a
minimum of 12 percent fines (i.e., material finer than No. 200 sieve).
This limitation is intended to preclude the use of the cleaner frac-

tion of the decomposed granite in Zone 1|.

The maximum size limitation of 6-inches for Zone 1 is to
facilitate compaction of the zone. It is not intended to allow
oversize to be brought to the fill and then raked off to the edges.
Rather, it will be necessary for the contractor to set up a grizzly to

remove the oversize material in the borrow area.

As mentioned in the previous section, the compaction
specification that will be used to ensure adequate compaction of the
Zone | material will be 95 percent of the maximum dry density obtained
in accordance with the ASTM D 698 compaction standard. It is also
intended that the specifications will allow the moisture content of
the fill to deviate plus or minus 1.5 percent of the optimum moisture
content as defined by the above standard. The moisture content of the
borrow area materials during the time that samples were obtained in
July and August were within plus or minus 0.5 percent of the range of
optimum moisture contents determined from the previously referenced
compaction tests. As the borrow area is developed, however, it is
possible that it will tend to dry out. A water truck will be
necessary during placement of Zone | material to apply additional

water in the event of moisture deficiencies.

[t is also intended to allow use of the existing embankment
material above Elevation 9240 for the Zone | material. This material
source is designated as Zone 5 and is discussed in more detail later

in this section.



b. Zone 2-filter - A filter material will be necessary to
protect against possible migration of embankment and foundation
materials into the rockfill section. The principal requirements for
this material are that it be iimited to 3-inch maximum particle size
and not more than 8 percent fines. These specifications were designed
specifically to enable the wuse of the cleaner fraction of the
decomposed granite material in the borrow area without any special
processing except the removal of oversize material. It is estimated
that materials meeting the Zone 2 specifications will have a minimum
coefficient of permeability equal to 3000 feet per year.

The compaction requirement of the Zone 2 material will be a
minimum dry density equal to 95 percent of the maximum dry density
achieved by ASTM-D 2048. The resulting dry density will be equal to a
relative density of about 75 or 80 percent.

c. Zone_ 3 -Rockfill - The Zone 3 rockfill is intended to
receive the oversize material from the required excavation in the
right abutment area. The use of this material will be mandatory for
all the alternative configurations. The rockfill will be limited to
a maximum rock size of 36-inches. Also, although not shown on the
drawings, a 2-foot thick zone will be included in the specifications
that will provide a secondary transition at the base of the rockfill.
This material will be limited to 12-inch maximum size and have a

minimum of 20 percent finer than 1.5-inch.

Due to the large rock size aliowed in this zone, it will be
difficult to compact the rockfill unless some minus 6-inch material is
incorporated into the top of each lift, which will be limited to 3-
feet. It is anticipated that the contractor will incorporate such
material from the decomposed granite source in the borrow. The need
to incorporate minus 6-inch material will probably only be required if
Alternative B is selected, since it is anticipated that rock material
from the required excavation in the right abutment will not be lacking
the gravel size fraction required for equipment access and compaction
of the rockfill.

d. Zone 4-Riprap Slope Protection - The upstream sliope of

the dam and other elements of the project including the auxiliary
spillway, the plunge pool area of the side channel spillway and the

Buckley Creek Diversion structure, will need to be protected against
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the erosive forces of flowing water by the use of large rock (riprap)
slope protection. The riprap required for the upstream face of a dam
is usually designed on the basis of the wave height expected to occur

within the reservoir during sustained high wind conditions.

One of the best approaches to the design of a riprap section is
to evaluate comparable existing structures. For the case of Lake
Adelaide Dam, the riprap section on the existing dam affords an excel-
lent opportunity to evaluate a riprap section that has been in use for
about 70 years and appears to be in excellent condition. The existing
riprap facing appears to be about 12-14 inches thick (measured normal
to surface), contains a maximum particle size of l2-inches, a median
particle size of 6~inches, and is not underlain by a bedding layer.

The maximum wave height anticipated within the reservoir is 3-
feet based on an effective fetch of less than | mile and sustained
winds of 75 mph. Based on recent work completed at Colorado State
University (Nelson, et al., 1983), the required median size of the
rock is estimated to be 12 inches and the required thickness of the
protective layer is 18-inches. Both of these numbers are slightly
larger than the existing slope protection layer and appear reasonably
conservative. It was also decided to provide a 6-inch thick bedding
for the riprap since the upstream zone of the new dam will, most
likely, be finer grained than the existing upstream zone. The cleaner
portion of the decomposed granite will provide an excellent filter and
bedding for the riprap design mentioned above.

e. Zone_5-Existing Dam - The existing dam will be used as

a borrow source, assuming that the reservoir can be drawn down, and
that the materials are effectively dewatered prior to their use. The
materials should provide a very reasonably priced source for Zone 1

material since they are located so close to the construction site and,

most likely, contain a very small percentage (if any) of oversize
material. Compaction control for these materials will be the same as
for Zone 1.

The potential cost savings of using the Zone 5 material is

discussed in Section VII, Construction Cost Estimates.



5. Embankment Design Alternatives

The following discussion presents the design objectives
associated with constructing a dam to safely and effectively retain
the reservoir at some preferred new storage level. The design of a
dam is evolutionary in nature as the results of field and laboratory
investigations become available, and geologic and hydrologic analyses
and assessments are completed. A similar process is followed for the
hydraulic structures associated with each alternative design. The
following discussion, however, is limited to the embankment alterna-
tives. The design alternatives associated with the different
hydraulic structures considered during this study are presented in the
following chapter of the report.

A summary of the embankment design alternatives evaluated during
this study is presented on Table V-4.

TABLE V-4
SUMMARY OF DESIGN ALTERNATIVES

Alternative Crest Elevation Design Option/Objective

A 9280 Modification of dam proposed in
Level [1] study.

B 9287 New dam conceived to  retain
sxgn\Flcgntly larger reservoir than
Alternative A. Also, designed to
incorporate all materials to be
encountered within the borrow area.

C 9287 Same as Alternative B but provide
option to not require large rockfill
zone.

The various embankment alternatives are discussed below.

a. Alternative A - This design represents a similar

structure to that proposed during the Level 1] study with the
following exceptions.

1. As discussed in Chapter 11, after reviewing the results of
the field investigation performed during the Level [l studies

and completing preliminary settlement analyses, it was de-
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cided that the new dam must be moved far enough downstream to
eliminate the need of structural support from the existing
dam.

2. Preliminary seepage analyses indicated that a major cutoff

trench, or some other seepage barrier, would not be reqguired.

3. Since the boulder field in the right abutment would have to
be excavated in order to properly found the dam on bedrock,
it was decided to consider this volume of rock as mandatory
excavation. For all alternatives, therefore, the material
from this excavation will be incorporated as a downstream

rock toe.

Using the concepts described above, a maximum cross section
through the dam was developed and is presented in Figure V-6. The
cross section shown for Alternative A was evaluated for its potential
seepage losses. As a result of the seepage analyses, which are
discussed in Section D of this chapter, it was discovered that the
inclined drain shown on figure V-6 was not necessary. The reason for
this is directly related to the effectiveness of the pervious founda-
tion acting as a drain. It was decided therefore toc eliminate the
inclined drain from the design and it was not included in the

construction cost estimate.

b. Alternative B - A cross section depicting this design

alternative is presented in Figure V-7. After the hydrologic studies
were finished and it was apparent that a reservoir vyield of
approximately 4100 acre-feet could be reliably developed, a new dam
configuration was considered that would raise the crest 7 feet, from
Elevation 9280 to Elevation 9287.

As mentioned previously, the resuits of the field investigation
indicate that a substantial quantity of plus 6-inch size material
would be developed during the processing of the borrow area. Design
Alternative B represents a balanced design in that a major downstream
rockfill section is included to accommodate the oversize material that
would be produced from the borrow area and other areas of required

excavation.
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c. Alternative C - The third alternative design evaluated
as a part of the Level 111 studies considered the possibility that the

cost of incorporating the rock as described for Alternative B may be

too expensive. This alternative design is similar to Alternative A
except that it is a larger dam, and has a steeper upstream siope.
Alternative C is the same height as B and is adequate to expand the
reservoir to its optimum size. A cross section for Alternative C is

presented in Figure V-8.

The computed volumes for each zone associated with the three
design alternatives discussed above are presented on Table V-5. These
volumes, along with the associated foundation cleanup and required
excavations, formed the basis for the construction cost estimates
associated with embankment construction.

TABLE V-5
COMPUTED EMBANKMENT VOLUMES

Embankment Volumes (cu. vyd.)
Design Total

Alternative
Zone | Zone 2 Zone 3 Zone 4 Zone 5

A 140,600 3,500 16,000 3,300 34,000 163,400
128,600 6,000 58,400 4,600 34,000 197,600
172,600 4,000 18,600 3,300 34,000 198,500

Notes:

1. The volumes shown for each zone represents compacted in-place
volumes. No shrinkage or expansion factors have been

considered in representing embankment volumes.

2. The volume of Zone 2 filter required for Alternative A does
not include the inclined filter depicted on Figure V-6 since

seepage analyses indicated that such a zone was not required.

3. The Zone 5 material represents the volume that can be
obtained from the existing dam with excavation above
Elevation 9240. This volume however has not been included in
the total volume since its possibie use as a borrow source
will be determined by the reservoir operations during
construction.
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D. SEEPAGE ANALYSIS

1. Introduction

One of the major concerns identified in the Level Il study of
Adelaide Dam was the apparent high seepage loss thought to be
occurring through the foundation of the existing dam (HKM Associates,
1985). Based on results of in-situ constant head tests conducted in
that investigation, permeability coefficients ranging from 7500 to
55,000 feet per year were used in the seepage analysis. The results
of the Level 1]l analysis indicate approximate seepage losses of up to

2900 acre-feet per year through the foundation materials.

The results of this investigation indicated significantly lower
permeability coefficients for the dam foundation, and correspondingly
reduced estimated seepage losses. In-situ pump test results,
described in Section III.E, provided estimates of permeability
coefficients ranging from approximately 300 to 1600 feet per year in
the vicinity of the maximum section of the proposed dam. Using an
average value of 1200 feet per year, seepage analyses were performed
for the three alternative design configurations described in the
previous section. The resulits of these analyses indicate a maximum
seepage loss through the foundation and new embankment of less than
250 acre-feet per year. This maximum value results from using the
most conservative assumptions regarding permeability coefficients,
total available head under full reservoir all year, and maximum cross

sectional area of seepage.

2. Layouts and Assumptions

Seepage analyses were performed for three different design
configurations; Alternative A (Figure V-6), Alternative B (Figure V-7)
and Alternative C (Figure V-8). Design Alternative A has a crest
elevation of 9280 feet and maximum normal pool elevation equal to 9273
feet. Because the inclined drain configuration in the original
Alternative A design has been abandoned for reasons discussed in the
preceding section, detailed results of the seepage analyses for that
configuration are not presented, although total predicted discharges
for Alternative A are summarized later in this section. Each of the

design Alternatives B and C has a crest elevation of 9287 feet with
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maximum normal reservoir elevation equal to 9280 feet. Alternative B
has a 3:1 upstream slope with a large rockfill section, whereas
Alternative C has a 2.5:1 upstream slope with a small rock toe. These
differences affect the location and shape of the seepage line or
phreatic surface through the new embankment, and the total amount of
predicted annual discharges.

The following paragraphs describe the physical layouts and
assumptions that were made in modelling the proposed raised dam and

existing foundation conditions for seepage analysis:

l. All design alternatives have three distinct zones of material
with respect to permeability characteristics, as follows:
(1) an earthfill section composed of compacted silty sand,
(2) a downstream rockfill toe and, (3) filter/drain zones
which act as transition zones between the rockfill and

embankment or foundation materials.

2. The existing dam was modelled as an upstream blanket or berm.
It was assumed the existing structure was excavated down to
the elevation where the upstream toe of the proposed dam
would intersect the downstream face of the old dam (Elevation
9240 feet).

3. The glacial till foundation was assumed to have a constant 40
foot depth above bedrock in extension well upstream and

downstream from the maximum section.

4. All materials were assumed to have isotropic permeability
characteristics except for the earthfill section of the
proposed dam. An anisotropy ratio of 5 to 1| for the
horizontal to vertical permeability coefficients was assumed
for the new earth fill section. Permeability values used in
the seepage analyses for all of the embankment and foundation
materials are summarized in the individual figures which show
the results.

5. Two different assumptions were made regarding the perme-
ability of the foundation tiil. For conservative analyses,
the foundation was assumed isotropic and homogeneous with

respect to permeability. The entire depth of till was
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assumed to have a constant permeability equal to 1200 feet
per year. However, the results of the field investigation
suggested that the lower portion of the till material
contained a higher percentage of large boulders compared with
the upper portion. For the less conservative analysis, it
was assumed that a large percentage of the total seepage area
is blocked by these large boulders in the lower half of the
foundation, thus reducing the effective permeability in that
zZone. A two layer foundation having a permeability of 1200
feet per year in the upper half and 100 feet per year in the
lower half was modelled for the Aiternative B and C
configurations.

6. All seepage analyses were based on maximum reservoir
elevation conditions, assumed to act year round at the
maximum section of the embankment (maximum available head

conditions).

3. Methodology and Results

a. Flow Net Sketch - A preliminary seepage analysis was

performed by drawing a flow net through the foundation for the maximum
section of the Alternative B design configuration as shown in Figure
V-9. For purposes of drawing the flow net, it was assumed that the
permeability of the new embankment was sufficiently less than the
foundation and existing dam to be considered impervious by comparison.
Also, the existing embankment, or upstream blanket, was assumed to
have the same permeability as the foundation (1200 feet per year).
Based on the flow net shown in Figure V-9, a seepage discharge of
14,400 ft. /yr. (0.33 acre-ft./yr.) per foot of seepage area (length
perpendicular to flow net section) was computed. Since the flow net
was drawn for the maximum section, and therefore the maximum seepage
area in two dimensions, the equivalent length of the seepage area was
approximated by proportioning the length of the reservoir water line
at maximum pool (730 ft.). The equivalent 1length was found by
computing the ratio of the rectangular area equal to the maximum water
line length times the maximum foundation depth (730 ft. x 40 ft. =
29,200 ft. ) to the actual seepage area determined by the centerline
section shown in Figure 11[-2 (20,567 ft. ). The area porportionality
ratio was thus 20,567 Ft.2/29,200 Ft.z = 0.704. The equivalent length
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of seepage area was thus 0.704 x 730 ft. = 514 ft., or about 515 ft.
As shown in Figure V-9, the total seepage from the flow net

calculations was approximately 170 acre-feet per year.

b. Finite Element Method Modelling - Seepage analyses for

each alternative design configuration were also performed using finite
element method (FEM) modelling. The FEM analyses were performed on a
Cyber 825 mainframe computer at Colorado State University in Fort
Collins. The model used in this analysis was CFLOW3 (Edgar, 1979),
which is a modified version of the CFLOW and FPM500 codes developed by
the U.S5. Bureau of Mines (1976). CFLOW3 provides solutions to
Poisson’s equation, the partial differential equation which describes
steady state flow through a porous media. The model solves for the
location of the phreatic surface in unconfined flow problems using an
algorithm originally developed at the University of California,
Berkeley, by Taylor and Brown (1967). The program output consists of
pressure head and potential at each node, and "Darcy" velocity (the
product of permeability and hydraulic gradient) at the center of each
element of the finite element mesh.

Three meshes were drawn for the FEM analyses, one for each of the
alternative design configurations. Several preliminary runs were
performed to evaluate the model and to determine optimum error
criteria and underrelaxation factors for locating the phreatic
surfaces. Assumptions regarding input parameters such as maximum
reservoir elevation, tailwater elevation and permeability coefficients
for each material feature are designated in Figures V-11 through V-13.
Appropriate notes summarizing the assumptions and methodology related
to the FEM analysis are presented in Figure V-10.

The results for three final runs; two for Alternative B and one
for Alternative C; are presented in the form of equipotential diagrams
in Figures V-1! through V-13. Figures V-11 and V-12 illustrate the
location of the phreatic surface and rate of head loss for the
Alternative B design configuration under the two different foundation
conditions discussed previously. A comparison between these results
for Alternative B shows that a reduction in permeability in the lower
half of the foundation has little effect on either the location of the

phreatic surface or the rate of head loss. However, the total amount
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of predicted seepage for the two layer model (Figure V-12) is
significantly less than the total discharge for the singie layer model
(Figure V-11). The results for total seepage are summarized in Table
V-6 .

Figure V-13 shows the seepage analysis results for Alternative C.
With this configuration, the phreatic surface is intercepted by the
inclined filter of the smaller downstream rock toe. When compared
with Figure V-11, it is seen that the phreatic surface for the
Alternative C design remains at a higher eievation much further dow-
nstream than in the Alternative B design with a large rock fill
section. This extended and elevated phreatic surface would result in
higher pore pressures developing in the downstream section of
Alternative C compared with the downstream section of Alternative B.
Slope stability analyses of the downstream siope, which are discussed
in the following section, indicate that the factor of safety for the
Alternative C design is about 17 percent lower than for Alternative B,
which in part is due to the higher location of the phreatic surface.

The equipotential diagrams show that the majority of the head
loss at maximum reservoir elevation occurs within the earthfill zone
of the new embankment. Figures V-11 and V-12 for the Aiternative B8
design show that more than 80 percent of the total head is lost before
the phreatic surface encounters the inclined drain. Figure V-13 shows
that 90 percent of head loss occurs through the embankment earthfill
for the Alternative C configuration. The greater percentage of head
loss in the earthfill embankment of the Alternative C may be
attributed to the longer seepage path of that design compared with
the Alternative B configuration.

Total seepage quantities were estimated from the CFLOW3 results
using the Darcy velocity data output. The results are summarized on

Table V-6 for two methods of analysis.

Method 1, which is the more conservative analysis, consists of
summing the flow across each element in a vertical column of elements
to determine the total discharge across any vertical plane in the
section. Using the vertical column of eiements at the centerline of
the maximum section of the embankment, total discharge per foot width

of seepage area was determined. The total width of the discharge area
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TABLE V-6
Summary of Total Seepage Analysis by FENM

DESIGN

NETHOD |

NETHOD 2

TOTAL DISCHARGE

LENGTH

FOUNDATION AT MAX. SECTION =~ EMBANKMENT AT MAX. SECTiON
AT TOTAL AVE.  TOTAL FOUNDATION  AVE,  TOTAL EMBANKMENT  TOTAL

ALTERNATIVE ACROSS MAX. NAX. RESERVOIR MAXIMUM  VELOCITY AREA  DISCHARGE VELOCITY  AREA DISCHARGE  MAXIMUM
SECTION ELEVATION  DISCHARGE 2 01SCHARGE
{ac-ft/yr/ft) (ft) (ac-ft/yr) (ft/yr) (ft ) (ac-ft/yr) (ft/yr) (ft) (ac-ft/yr) (ac-ft/yr)
A 0.29 692 200 306 20567 145 i2 22063 6 151
B 0.32 130 230 333 20567 157 17 27182 I 168
(homogeneous
foundation)
380 10284 99
8 0.20 130 146 17 27182 1 108
(two layer 3 10284 1
foundation)
0.26 130 190 276 20567 130 12 27182 8 138
(homogeneous
foundation)
294 10284 10
¢ 0.16 130 i 12 27182 8 84
(two layer 24 10284 6

foundation)
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was assumed equal to the length of the upstream waterline at maximum
reservoir level. No adjustments of the length of seepage area were
made in this analysis, as described previously in the flow net
analysis. This method of analysis assumes conservative approximations
for both seepage area and unit discharge.

Method 2 provides a more reasonable approximation for total
seepage quantity. Instead of calculating the discharge at a vertical
plane on the maximum section, the average Darcy velocity in each
material layer is determined. It is assumed that the velocity is
constant across the width of the seepage area. The total area of the
embankment and of the foundation was then determined based on the
centeriine section shown in Figure [[[-2. The seepage area times the
average velocity of each layer at centerline gives the quantity of
discharge for both the embankment and foundation.

Also, it should be noted that all of the seepage quantities
reported on Table V-6 were determined based on discharge rates
corresponding to maximum reservoir elevation conditions. Since the
reservoir will not generally be operating at maximum level year round,
an approximation was made for seepage losses corresponding with a
lower reservoir level. The estimated total discharge corresponding to
a reservoir elevation of 9260 feet was less than 100 acre-feet per

year.

E. SLOPE STABILITY ANALYSES

1. General Methodology and Assumptions

All analyses for evaluation of sliope stability for the raised
embankment were performed using the latest version of STABL; a
computer code originally developed at Purdue University (Siegal,
1975). The version used in this investigation, STABL4, was adapted to
IBM microcomputer software. The STABL4 program solves for factors of
safety against slope movement along an assumed surface of sliding.
The analysis involves dividing the soil mass inscribed by the assumed
failure surface into vertical slices. The driving and resisting force
components for each slice is computed, and force and moment

equilibrium is evaluated for the entire sliding mass.
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The program offers several options for the analytical method
used in the analysis; all of which wuse the theory of limit
equilibrium. In this theory, the factor of safety is defined as the
ratio of available shear strength to the shear stress that is
mobilized along each failure surface under the given loading
conditions.

The Bishop Simplified Method (Bishop, 1955) was used for this
analysis. Circular failure surfaces were assumed. The following
assumptions are required to set up a determinant equilibrium equation
(in terms of a factor of safety) using the Bishop Simplified Method:

1. The soil behaves as a Mohr-Coulomb material; that is, the
shear strength is linearly dependent on the effective normal
stress and 1is composed of both cohesional and frictional
components.

2. The factor of safety for the cohesional and frictional
components of strength are equal.

3. The factor of safety is the same for each "slice" in the soil

mass inscribed by the assumed failure surface.
4. The resultant interslice forces act horizontally.

5. The normal force at the base of each slice is equal to the

summation of forces in the vertical direction.

Based on this set of assumptions, the program iterates using a
search routine which can be controlled by the user to evaluate factors
of safety for "critical" failure surfaces. "Critical" surfaces as
used herein are defined as those failure surfaces which would cause
potentially significant distortion of the embankment and loss of
freeboard or structural integrity. Lower factors of safety can
usually be computed for non-critical surfaces, such as shallow
"infinite slope" type failures, particularly when the slope material
is noncohesive. The factors of safety computed for infinite slope
conditions are significant only in terms of slope maintenance, or
"ravelling" problems, and do not reflect the factor of safety against

failure of the embankment.
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The STABL4 program also solves for earthquake loading effects
using a pseudo static method of analysis. In this method, the
earthquake force is assumed to act as an additional horizontal force
equal to some percentage of gravitational force times the weight of
each slice. For example, a specified acceleration of 0.05g means that
an additional horizontal force equal to 0.05 times the weight of each
slice was considered to act 1in an unstabling direction in the
stability analysis. The horizontal earthquake force is assumed to act
at the mid-height of each slice. For these analyses, the pseudo-
static earthquake coefficient was increased until the corresponding
factor of safety was equal to 1.0. The shear strength values used for
the pseudo static stability analysis were the same as those used for

the static analysis. No reductions were applied.

2. Slope Stability Analysis Results

In order to evaluate the results of the stability analyses, it is
necessary to compare them with some accepted standard set of values
used in the design and analysis of dams. One such standard is shown on
Table V-7, which presents the proposed minimum factors of safety set
forth by the National Research Council (1983). As shown, the
aliowable minimum factor of safety varies depending on the loading

condition.

TABLE V-7
MINIMUM ACCEPTABLE FACTORS OF SAFETY

Loading Condition Minimum Factor of Safety
Long Term 1.5
Temporary ‘ 1.2 - 1.3
Pseudo-Static 1.0 - 1.1

Slope stability analyses were performed for design Alternatives B
and C only (Figures V-7 and V-8). Alternative A was not analyzed, but
due to the smaller dam size and similar slopes, it can be concluded
that the factors of safety for that configuration will be higher than
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those determined for Alternative B. Several different cases were
evaluated to simulate critical upstream and downstream loading
conditions, as follows:

Case 1. Upstream Slope Stability
A. Steady State Seepage at Maximum Reservoir Level
B. Steady State Seepage at an Intermediate or Partial
Pool Level
C. Rapid Drawdown Conditions

D. Pseudo Static Analysis at Maximum Reservoir Level

Case 2. Downstream Siope Stability
A. Steady State Seepage at Maximum Reservoir Level

B. Pseudo Static Analysis at Maximum Reservoir Level

The shear strengths and unit weight values used in the stability
analyses for each embankment zone are shown in Figure V-14. Due to
the cohesionless nature of the borrow materials and dam foundation
soils, the cohesion intercept was assumed equal to =zero for all
materials. All analyses were performed using effective stress-based
strength parameters.

Since material property values were assumed constant, the major
differences between the Alternative B and C designs, in terms of
stability, are the upstream slopes (3:1 for Alternative B and 2.5:1
for Alternative C), the downstream section geometries, and the

location of the long-term phreatic surface.

The computed factors of safety for the cases listed above are
summarized for both design configurations in Table V-8. In these
analyses, ranges of factor of safety values are shown for the static
stability analyses. Factor of safety ranges are provided rather than
a single value, to indicate the variation in factor of safety
corresponding to a selected band of surfaces which were considered
critical.

Alternative B

The results for the Alternative B static analyses for the various
cases evaluated are presented in Figures V-15 through V-18. The
shaded regions in those figures show the range of potential critical

failure surfaces, which were determined to have the minimum factor of
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safety range indicated. The failure surface having the minimum value
of all the surfaces judged to be "critical" in terms of stability of

the structure is also shown on each figure.

The lowest factor of safety for the upstream (Case 1) analyses
was for the rapid drawdown loading condition, with a minimum factor of
safety equal to 1.44. This value is well above the minimum acceptable
factor of safety for temporary conditions shown in Table V-7, even
though conservative assumptions were used for the rapid drawdown
loading. These assumptions were that the reservoir is drawn down
instantaneousiy from maximum elevation to minimum pool, with the pore
pressures in the embankment defined by the maximum steady state
phreatic surface. These assumptions, which are referred to as
"vertical equipotentials," are very conservative considering the
actual rate at which the reservoir will normally be drawn down, and
the relatively free draining nature of the granular embankment
materials. The long term factors of safety are also well above the

acceptable values shown in Table V-8.

The pseudo-static results for Alternative B are presented in
Figure V-19, for both upstream and downstream slopes. These results
indicate a yield acceleration (i.e. factor of safety equal to 1.0) of
0.25g for the upstream siope and 0.30g for the downstream sliope. As
indicated in Section Ill.H, the seismicity of the project site is
considered low to moderate in nature. The expected peak Dbedrock
acceleration at the site is 0.09g to 0.13g. The peak bedrock
acceleration is not to be confused with the sustained horizontal force
used in the pseudo static analysis. Based on the peak bedrock
accelerations, a design horizontal acceleration for evaluating the
pseudo static stability analyses of 0.05 was assumed. As shown on
Table V-8, the factor of safety at 0.05g, for both the upstream and
downstream slope, is well above the 1.0-1.1 minimum value.

Alternative C

The static analyses for Alternative C are presented in Figures V-
20 through V-22. The critical failure surface range for the upstream
partial pool condition 1is not shown for Alternative C, but the
locations for the potential failure surface range and minimum critical
surface are identical with those shown in Figures V-20 and V-21 for

maximum pool and rapid drawdown conditions. The minimum factor of
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TABLE V-8
Summary of Factors of Safety for Slope Stability-Alternatives 8 and C

FACTORS OF SAFETY

I 14
CASE CONDITIONS lg{égéTE RANGE FOR CRITICAL FAILURES SURFACES

ALTERNATIVE B8 (FIG. NO.) ALTERNATIVE C (FIG NO)

] Upstream Siope
Alternative 8 (3:1) 2.3
Alternative C (2.5:1) 1.9

(A) Steady State Seepage at Maximum 2.62-3.14 (V-15) 2.13-2.50 (v-20)
Reservoir Level (Elev. 9280 ft.)

(8) Stead¥ State Seepage at Partial 2.62-2.94 (V-16) 2.05-2.38 {None)
Pool (Elev. 9260 ft.

{C) Rapid Drawdown 1.44-1.85 (V=17) 1.16-1.46 (V-21)

{D) Pseudo Static 3 3
{i) 0.05g horizontal accelaration 2.02 1.76
(ii) 0.10g horizontal acceleration 1.63 (Vv-19) 1.49 (V-23)
{iii) 0.15g horizontal acceieration 1.36 1.28
{iv) 0.20g horizontal acceieration .16 1.13

2 Downstream Slope

Upper Earthfill Section (2:1) 1.5
Lower Rockfill Section (1.5:1) 1.5

(A) Steady State Seepage ot Maximum 1.81-2.03 (V-18) 1.54-1.58  (V-22)
Reservoir Level (Elev. 9280 ft.)

(8) Pseudo Static 3 3
{i) 0.05g horizontal acceleration 1.62 1.36
{ii) 0.10g horizontal acceleration 1.45 (V-19) 1.23 {v-23)
{iii) 0.15g horizontal acceleration 1.32 1.12
{iv) 0.20g horizontal acceleration 1.20 1.02

fFactors of safety correspnding to infinite siope conditions are significant only in terms of siope
saintenance.

2
*Critical" failure surfaces are herein defined as potential failure surfaces which would result in
significant distortion of the embankment and loss of freeboard or structural integrity.

Hinimum factors of safety reported for pseudo static analyses were evaluated using the minimum critical
failure surface from the static analyses.
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safety for rapid drawdown for Alternative C was 1.16; slightly below
the acceptable value shown on Table V-7. However, considering the
grossly conservative assumptions for that loading condition, the
factor of safety value is acceptable. The minimum long term factor of
safety for the downstream slope is also very close to the minimum
acceptable value, due to the high phreatic line at which results for

this configuration.

The pseudo static results for Alternative C are shown in Figure
v-23. For this configuration, the minimum yield acceleration is for

the downstream siope, with a value of 0.21g.

A 2.5:1 upstream sliope was evaluated for the Alternative C design
because the results for the 3:1 slope of the Alternative B design were
very conservative. Since the stability results for the 2.5:1 upstream
slope inclination for Alternative C are questionable, the final design
will consider and evaluate an intermediate slope, say 2.7:1 or 2.8:1,
in order to optimize the safety and overall cost of the embankment.

v-30



HYDROMETER ANALYSIS

SIEVE ANALYSIS

z z
% ’—2: r’iMr l{iﬁf?{‘»l!’g{kt;
© - = S STAND i CLEAR SGUARE OPENINGS
3 g : | !
2 by & g5 ‘ ; w0 s 4 375 8 1eig2n a» RS 8"‘)
S S o i . e ;
. P £ : i $ e b
s +-NOTES T L N g R : : i , e ; - 10
i o i Efo
‘1. Gradation results presented = : T b
hereon are from trenches 10 o T 3 - i o
through 14 and from drill hole ! 1 SN AN T
) 7. See Appendix B for detailed A A
\ results. ; Cor - - T )
These gradation results are rep- , SR N L
resentative of the minus 6 inch ~j | ;"g T [ =
fraction of the foundation | g s e B
ok material. . = ? S S { i
> 13. The average gradation shown has ’g ] g
a Unified Soil Classification of , -k . o
e a cobbly, gravelly, well-graded, ~{ . - i
- silty SAND (SW-SM) ' ? S
i 84
G0
fdd 1
R &
[ «
L0 -
CLAY {plastic] T¢ e e CORBLES

AVERAGE RESULTS FOR 11 GRADATION TESTS

————— UPPER AND LOWER BOUND COMPRISING 9 OF 11 TESTS
(82 PERCENTILE)

UPPER AND LOWER BOUND FOR ALL TESTS

ESA Geotechnical Consultants

tort Collins. Colorado

SHELL VALLEY WATERSHED - LEVEL III STUDY

GRADATION TEST RESULTS
DAM FOUNDATION AREA

Checked by .. _Ay_ A 4
Approved by WX Votpl

~,.. Date /0-7Z-85 |Project No.| Figure No.
Date /"ﬁe’-/?f 3235 V-1




z , HYDROMETER YIS SIEVE ANALYSIS
2 f: TIME BLAD NG
o bt .
<, ©y rd o4
x Z < L ITANGA R AL s -
5 i o ; {
o e v (5 a3 i E;{,’i 4 \)). ﬁ” 8 ,v)
(RAY ~ fi i o s % VVVVV : .
.1 NOTES: ot A S
1 N i
1. Gradation results presented 5
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2. These gradation results are é ' ' ‘ S i :
- representative of the minus 6
inch fraction of the averaqe
& ‘ material from the auxiliary
T spillway borrow area.

3. No decomposed granite samples
o are included in these results..
4. The average gradation shown
has a Unified Soil Classifica-
tion of a gravelly, silty o
SAND (SM).
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Gradation results presented
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inch fraction of the decomposed
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% TEST RESULTS: ‘
-~ 6" = 37.7°
6.0 c” = 0.03 ksf U
[aV]
2
w 4.0
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(V2]
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x.
= LEGEND:
o ® T-5, B1
S 2.04- [¢] T-15, B1 -
<
<
0 T T T T T 1
0 2.0 4.0 6.0 8.0 10.0 12.0
0] 4 03
AVERAGE PRINCIPAL STRESS, , ksf
Ax KEY:
o 4
R
o 6” = sin 1 (tang)
/(
3 a
—g_ — ¢ 7 Cose~
1 (OI + 05)
2
NOTES:
1. The test results presented hereon
were determined from consolidated
undrained triaxial shear tests.
2. A1l samples were compacted in the
laboratory to 95% of the maximum
dry density as defined by ASTM -
D 698 prior to failure. ESA Geotechnical Consultants
3. These test results are considered Fort Collins, Colorado
representative of the borrow area WYOMING WATER DEVELOPMENT COMMISSION
materials. SHELL VALLEY WATERSHED - LEVEL III STUDY
4. See appendix B for a discussion EFFECTIVE STRESS STRENGTH RESULTS

of test procedures and results.
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1. The test results presented hereon
were determined from consolidated
undrained triaxial shear tests.

2. ATl samples were compacted in the
laboratory to 95% of the maximum
dry density as defined by ASTM
D 698 prior to failure.

3. These test results are considered
representative of the borrow area
materials.

4. See appendix B for a discussion
of test procedures and results.
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1| N
© 8.0
n
o
o //
7 T
o
< ~
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= //Er/ |
O 1 | ¥ l 1 4 L]
0 4.0 8.0 12.0 16.0 20.0
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2
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ELEVATION, FEET

9300 =

9270 -

9240 -

9210 -

9180

9150 -~
NOTES:

SCALE
0 15 30 FEET
ey S—

HORIZONTAL = VERTICAL

ORIGINAL GROUND SURFACE

1.

CONCEPTUAL DESIGN
ALTERNATIVE A

20 FT

I l CREST ELEVATION 9280

MAXTMUM NORMAL
WATER SURFACE ELEVATION 9273

3

Ill <

J————— e
s e i
e e s e

- 9300

- 9270

- 9240

TILL (Qg)

= 9210

~9180

GRANITIC BEDROCK (p€q)

The inclined drain (Zone 2) shown for this alternative was
initially thought to be required. Subsequent seepage analyses
indicate that the drain will not be required. Cost analysis

for this alternative does not include the inclined drain, but
rather the filter and rock toe configuration shown in Alternative
C. ’

The rock toe (Zone 3) was sized to receive only the volume of
manditory rock excavation from the right abutment area.

The existing dam (Zone 5) will be removed for use in construction

(:) RANDOM FILL

(:) FILTER
(:) ROCK FILL

(:) RIP RAP SLOPE

(:) EXISTING EMBAN

PROTECTION

KMENT

L 9150

of the new dam, assuming that the reservoir operation is
sufficiently Towered to allow the safe removal of the existing
dam down to approximately Elevation 9240. The cut slope will

ESA Geotechnical Consultants

Fort Collins, Colorado

be inclined upstream at a slope of 20:1.

WYOMING WATER DEVELOPMENT COMMISSION
SHELL. VALLEY WATERSHED - LEVEL III STUDY

CONCEPTUAL DESIGN

ALTE

. —

RNATIVE A

Checked by #% Date /0-22-85
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ELEVATION, FEET

CONCEPTUAL DESIGN
ALTERNATIVE B

9300 = 20 FT. - 9300
CREST ELEVATION 9287
MAXIMUM NORMAL 7
WATER SURFACE ELEVATION 9280 —
9270 = 3 r;__?_..l - 9270
() 1= ‘| BERM ELEVATION 9260
2404 —_ 9240
— 2 FT.
ORIGINAL GROUND SURFACE : f ) —
9210 - B ; ~ 9210
TILL (Qg) 2 FT. \@)
9180 = -9180
//W
GRANITIC BEDROCK (p€g) ZONES s
9150 (1)  RanDOM FILL . L o150
@ FILTER
NOTES: 1. This alternative design reflects an option whereby the contractor @ ROCK FILL
would elect to use rock for Zone 3 from both the mandatory excavation
within the right abutment area as well as the +6 inch oversize @ RIP RAP SLOPE PROTECTION
material from the borrow area.
2. The existing dam (Zone 5) will be removed for use in construction @ EXISTING EMBANKMENT
of the new dam, assuming that the reservoir operation is sufficiently
lowered to allow the safe removal of the existing dam down to .
approximately Elevation 9240. The cut slope will be inclined ESA Geotechnical Consultants
upstream at a slope of 20:1. Fort Collins, Colorado
: WYOMING WATER DEVELOPMENT COMMISSION
SCALE SHELL VALLEY WATERSHED - LEVEL III STUDY
0 15 30 FEET CONCEPTUAL DESIGN
, N ALTERNATIVE B
HORIZONTAL = VERTICAL Checked by,ﬂ%/« Date_#-22-85 [Project No.| Figure No.
Approved by 7? : ’é"‘ g DateQZl_f—ZZ{ 3235 V-7




ELEVATION, FEET

CONCEPTUAL DESIGN
ALTERNATIVE C

9300 = 20 FT. - 9300
’ l CREST ELEVATION 9287
MAXIMUM NORMAL
WATER SURFACE ELEVATION 9280 -
9270 - - 9270
2404 : ] 9240
ORIGINAL GROUND SURFACE
9210 = o - <:5/ f ~9210
TILL (Qg) 2 FT.
9180 = 9180
7/@
GRANITIC BEDROCK (p€g) 7ONES ;
9150 4 (D) ranoom FILL | 5150
@ FILTER
NOTES: 1. The rock toe (Zone 3) was sized to receive only the volume (:) ROCK FILL
of manditory rock excavation from the right abutment area.
2. The existing dam (Zone 5) will be removed for use in construction <:> RIP RAP SLOPE PROTECTION

of the new dam, assuming that the reservoir operation is

sufficiently lowered to allow the safe removal of the existing (:) EXISTING EMBANKMENT

dam down to approximately Elevation 9240. The cut slope will

be inclined upstream at a slope of 20:1. ESA Geotechnical Consultants

Fort Collins, Colorado
WYOMING WATER DEVELOPMENT COMMISSION
SCALE SHELL VALLEY WATERSHED - LEVEL III STUDY
0 15 30 FEET CONCEPTUAL DESIGN
s "—— ALTERNATIVE C :
HORIZONTAL = VERTICAL : Checked byﬂﬂ%— Date _/-22-85 |Project No.| Figure No.
Approved by _4_721{[/0-‘;‘(_ Date fo/23/g5" | 3235 V-8




ELEVATION, FEET

9300 =
ALTERNATIVE B CREST ELEVATION 9287
DESIGN CONFIGURATION
MAXIMUM RESERVOIR ELEVATION ‘/’///,,///f TAILWATER ELEVATION
9280 o 9280 v 9215
9260 — ST TN
|~ ~
~N
N
N
\\\\ k (PROPOSED DAM)=0
9240 o N
k (EXISTING DAM)
= 1200 ft./yr.
9220 —
k (FOUNDATION)
= 1200 ft./yr.
9200 — {
C///fq<><:s\(//' C////\sté// OQO‘AC/QSQS?\
.
9180 FLOW NET COMPUTATIONS:
ng = 13 NOTE :
n, = 2.4 n Ground surface shown horizontal for sketch,
=k h _f however total head (h) used in analysis
g Ny accounts for slope of actual ground surface.
q = (1200 ft./yr.) (65 ft.) (557)
3
q = 14,400 TLLYT-
- *_ ft.3/yr. ESA Geotechnical Consultants
SCALE Q - q ] - ( 14400 ft . ) ( 515 ft - ) fort Colliny. Colorado
3
0 10 20 FEET Q = 7,416,000 ft. /yr. = 170 ac-ft./yr. WYOMING WATER DEVELOPMENT OMMISSION ‘
SHELL VALLEY WATERSHED - LEVEL 1 TUDY

* 1 = corrected length of seepage

FLOW NET SKETCH

Figure No.

area (see text)
V-9
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THE  FOLLOWING NOTES BRIEFLY DESCRIBE THE METHODOLOGY  AND
ASSUMPTIONS USED FOR THE FINITE ELEMENT METHOD SEEPAGE ANALYSIS
RESULTS THAT ARE PRESENTED IN FIGURES v-11, V-12, AND V-13:

l. The seepage analyses were performed using the finite element
method groundwater flow model CFLOW3. CFLOW3 was modified at Coiorado
State University (Edgar, 1979) from previous version computer codes
developed by the U.S. Bureau of Mines (1976), which were based on the
original model developed at the University of California, Berkeley
(Taylor and Brown, 1967). The mathematical model provides solutions
for steady state flow conditions and predicts flow velocity, pressure
head, potential, and the location of the phreatic surface.

2. A finite element mesh was drawn for each maximum Cross
section for Alternative A (Figure V-6), Alternative B (Figure V-7),
and Alternative C (Figure V-8) design condiqurations.

3. Permeability coefficient values were selected based on
laboratory test results using fabricated samples from the borrow anc
dam site areas, and on in-situ pump tests conducted in the dam founa:-
tion arec.

4. All materials were assumed isotropic with respect tc
permeability except for the earthfill portion of the proposer
embankment . An anisotropy ratio of 5 to | for the horizontal (K,) t
vertical (k) permeability values was assumed for .the silty san-
material that will be used to construct the earthfill section of trn.

new embankmen:

5. Tne dam foundation material at maximum section consists C-
approximately 40 ft. of glacial till above granite or monzonite
bedrock.. The till was assumed isotropic and homogeneous with respect

to permeability for one computer run each, for Alternative A, Alterna-
tive B, and Alternative C design sections. A second run was performed
for the Alternative B and C design sections assuming a two layer
foundation till; with the permeability in the lower 20 ft. assumed one
order of magnitude lower than the permeability in the upper 20 ft. of
till, The two layer foundation model, with a8 reduced permeability in
the lower portion of the till as suggested from the geologic evidence,
was investigated to provide a more realistic, if less conservative,
estimate of seepage losses through the existing foundation soils.

6. The results from the finite element computer analysis are
presented in the form of equipotential diagrams for the maximum
reservoir elevation conditions as shown in Figures V-11 through V-13
for Alternatives B and C only.

ESA Geotechnical Consultants

tonn Colhiny Colorado

WYOMING WATER DEVELOPMENT COMMISSION
SHELL VALLEY WATERSHED - LEVEL III STUDY
-NOTES FOR EQUIPOTENTIAL DIAGRAM FIGURES
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ELEVATION, FEET

SUMMARY OF PERMEABILITY COEFFICIENTS

MAXIMUM RESERVOIR ELEVATION 9280

(<

9300 = MATERIAL PRINCIPAL PERMEABILITIES
DESIGNATION FEATURE (Ft/yrs)
G By

A EXISTING DAM 500 500

B UPSTREAM EARTH FILL ZONE 50 10
#E80 € DOWNSTREAM ROCK FILL ZONE | 100,000 100, 000

D INCLINED FILTER/DRAIN 2,000 2,000

E HORIZONTAL FILTER/DRAIN 10,000 10,000

F UPPER TILL 1,200 1,200

G BEDROCK 50 50
9260 - e LR

-~
//
-
i
s
= N
T L
N
9240 — ;
9220 —
9200 =
9180 —
y
9160 —
X
9140 —
SCALE
R 1) 20 FEET
—

HORIZONTAL = VERTICAL

MAXIMUM SECTION

G

(SINGLE LAYER FOUNDATION TILL MODEL)

20%

NOTES:
1

£s

7

See Figure V-10 for appropriate notes related
to these analyses.

See Figure V-7 for zonation and detailed
description of all embankment and foundation
materials.

C TATLWATER
ELEVATION
9214.1

!

ESA Geotechnical Consultants

Fort Collins, Colorado

WYOMING WATER DEVELOPMENT COMMISSION
SHELL " VALLEY WATERSHED — LEVEL TI1T-STUDY

ALTERNATIVE DESIGN B-EQUIPOTENTIAL DIAGRAM
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FEET

ELEVATION,

SUMMARY OF PERMEABILITY COEFFICIENTS

9300 = MATERIAL PRINCIPAL PERMEABILITIES s .
DESIGNATION FEATURE i fve.] 1. See Figure V-10 for appropriate notes related
————— T to these analyses.
- L 2. See Figure V-7 for zonation and detailed
A EXISTING DAM 500 500 description of all embankment and foundation
B UPSTREAM EARTH FILL ZONE 50 10 MAXIMUM RESERVOIR ELEVATION 9280 W materials.
9280 — € DOWNSTREAM ROCK FILL ZONE | 100,000 100,000 =
D INCLINED FILTER/DRAIN 2,000 2,000
E HORIZONTAL FILTER/DRAIN 10,000 10,000
F UPPER TILL 1,200 1,200
G LOWER TILL 100 100
H BEDROCK 50 50
9260 - T s
= = B
L \\
i ~ 60%
-~ \ o
- s
~
B
9240 o A D
s - TAILWATER
ELEVATION
30% 9214.1
20%4‘I.n.. E
9220 o BT : \\\\
10% ————-_:;;;;;iSl
F =
K—i
\
9200
N, G
\'
9180 — <7
y
' H
9160 —
X
9140 -
ESA Geotechnical Consultants
SCALE Fort Collins, Colorado
- LY il WYOMING WATER DEVELOPMENT COMMISSIGN
o | MAXIMUM SECTION SHELL VALLEY WATERSHED — LEVEL III STUDY
HORIZONTAL = VERTICAL (TWO LAYER FOUNDATION TILL MODEL) ALTERNATIVE DESIGN B-EQUIPOTENTIAL DIAGRA
' Checked by _ Date #-2Z-85 |pPioject No.| Figure No.
Approved by Date @ 3235 V=12




ELEVATION, FEET

9300,

9280 =

9260 =

9240 =

9220 =

9200 =

9180 =

9160 =

9140—‘

MAXIMUM RESERVOIR ELEVATION 9280

SCALE

0 10 20 FEET

HORIZONTAL = VERTICAL

s

60%

MAXIMUM SECTION

20%

10%

SUMMARY OF PERMEABILITY COEFFICIENTS

MATERIALS FEATURE PRINCIPAL PERMEABILITIES
DESIGNATION (fe./yr.)
_____ T
KX KU
A EXISTING DAM 500 500
B EARTHFILL ZONE 50 10
L ROCK TOE 100,000 100,000
D EILTER 2,000 2,000
E FOUNDATION TILL 1,200 1,200
F BEDROCK 50 50
TAILWATER
ELEVATION 9215
AV,
NOTES: 1. See Figure V-10 for appropriate notes related

to these analyses.
2. See Figure V-8 for zonation and detailed
descriptions of all embankment and foundation

materials.

Sl

ESA Geotechnical Consultants

tort Collins. Colorado

WYOMING WATER DEVELOPMENT COMMISSION

SHELL VALLEY WATERSHED - LEVEL III STUDY
ALTERNATIVE DESIGN C-EQUIPOTENTIAL DIAGRA!
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(FEET)

ELEVATION,

ALTERNATIVE B

1 IN. = 50 FT.

93007
CONFIGURATION
EXISTING DAM : f 2

DAM: v = v, = 130 pcC 1 —=

9250 ] $° = 32 \\\ NEW EARTHFILL:
- Y N
FOUNDATION TILL: Yo = Yoat

9200 = T = 36°

S

BEDROCK LIMITING SURFACE
9150 -
NOTE: Material properties for the

Alternative C Configuration
are the same as those shown
here for Alternative B.

= 135 pcf

DRAIN: Yy = 140 pcf
Ygat = 144 pcf
¢" = 45°

ROCK FILL:

= = cf
Yp = Ygar T 145 P

¢ = 45°

= 14 cf
Yo 140 p .
- 1 f .
Yoat 144 pcC
¢ = 37°

ESA Geotechnical Consultants

fort Collins. Colorado

WYCMING WATER DEVELOPMENT COMMISSION
SHEELL VALLLEY WATERSHED — LEVEL ITI STUDY

MATCRIAL PROPERTIES FOR STABILITY ANALYSES
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ELEVATION, FEET

NOTE: CASE 1(A) CONDITIONS
UPSTREAM SLOPE
STEADY STATE SEEPAGE
MAXIMUM RESERVOIR LEVEL

1 IN. = 30 FT.
9320 = i

9290 = MAXIMUM RESERVOIR
ELEVATION 9280

ESA Geotechnical Consultants

fort Collins. Colorado

WYOMING WATER DEVELOPMENT COMMISSION
SHELL VALLEY WATERSHED - LEVEL III STUDY

SLOPE STABILITY ANALYSIS - ALTERNATIVE B

Checked by ;y% m Date A-72- 85 |Project No.| Figure No.
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ALTERNATIVE B CONFIGURATION

9260

9230

9200 =

RANGE OF POTENTIAL FAILURE SURFACES
WITH MINIMUM FACTORS OF SAFETY
VARYING BETWEEN 2.62 AND 3.14




NOTE: CASE 1(B) CONDITIONS

ELEVATION (FEET)

UPSTREAM SLOPE
STEADY STATE SEEPAGE
PARTIAL POOL ELEVATION 9260

/’/\%@
@
1 IN. = 30 FT.. /y/(:&_
9320 -
9290
PARTiAL POOL ELEVATION 9260
9260 BV W

9230 ~

9200 —

D
N

RANGE OF POTENTIAL FAILURE
SURFACES WITH MINIMUM FACTORS
OF SAFETY VARYING BETWEEN
2.62 AND 2.94

ESA Geotechnical Consultants

tort Colhins, Colorado

WYOMING WATER DEVELOPMENT COMMISSION
SHELL VALLEY WATERSHED - LEVEL III STUDY

SLOPE STABILITY ANALYSIS -ALTERNATIVE B
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ELEVATION, FEET

ESA Geotechnical Consultants

tort Colling, Colorado

NOTE: CASE 1(C) CONDITIONS
UPSTREAM SLOPE
RAPID DRAWDOWN CONDITIDN

WYOMING WATER DEVELOPMENT COMMISSION
SHELL VALLEY WATERSHED - LEVEL III STUDY

SLOPE STABILITY ANALYSIS - ALTERNATIVE B

Checked by s M Date £0°22 -85 |Project No| Figure No.
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9320 - + 1

ALTERNATIVE B
CONFIGURATION

DRAWDOWN FROM MAXIMUM
RESERVOIR ELEVATION
9280

9290 ™

9260 =

9230

RANGE OF POTENTIAL FAILURE SURFACES
WITH MINIMUM FACTORS OF SAFETY
9200 — VARYING BETWEEN 1.44 AND 1.85
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ELEVATION, FEET

NOTE :

9320

9290 ~

9260 -

9230 =~

9200 o

9170 J

ESA Geotechnical Consultants

fort Colhins. Colorado

CASE 2(A) CONDITIONS WYOMING WATER DEVELOPMENT COMMISSION

DOWNSTREAM SLOPE SHELL VALLEY WATERSHED - LEVEL III STUDY
STEADY STATE SEEPAGE AT SLOPE STABILITY ANALYSIS - ALTERNATIVE B
FULL RESERVOIR Checked by ‘l ’ N, Date/2-22-85 (Project No| Figure No.
Approved by /¢ g Uale’f[‘_’/“ 3235 V-18
%\
< >
N2

1 IN. = 30 FT. @*\0 _

F { @3

MAXIMUM RESERVOIR

ELEVATION
9280

ik

ALTERNATIVE B CONFIGURATION

&

RANGE OF POTENTIAL FAILURE SURFACES
WITH MINIMUM FACTGORS OF SAFETY
VARYING BETWEEN 1.81 AND 2.03

W




FACTOR OF SAFETY

2.5= CASE 1(D) CONDITIONS

UPSTREAM SLOPE
ALTERNATIVE B CONFIGURATION
PSEUDO STATIC ANALYSIS

= o

L

<C

(0]

LL

(wn]

o

o

5

< 1.5‘-

L

1.0 T T T T |
0.0 .05 0.1 0.15 0.2 0.25
HORIZONTAL ACCELERATION (g)
CASE 2(B) CONDITIONS
o DOWNSTREAM SLOPE
. ALTERNATIVE B CONFIGURATION
PSEUDO STATIC ANALYSIS
.5 —
T r I T T =
0.0 0.05 0.10 0.15 0.20 0.25 0.30

HORIZONTAL ACCELERATION (g)

ESA Geotechnical Consultants

Fort Collins, Colorado

WYOMING WATER DEVELOPMENT COMMISSION
SHELL VALLEY WATERSHED - LSVEL III STUDY
PSEUDD STATIC STABILITY — ALTERNATIVE B

Checked by i/ Date (0-22-85 |Project No.| Figure No.

Approved by ;_5 & ¢4 %':4‘&27 Date ‘_’[&’-jyf 3235 V-19




NOTE :

ELEVATION, FEET

ESA Geotechnical Consultants

fort Collins, Colorado

Case 1 (A) Conditions
Upstream Slope WYOMING WATER DEVELOPMENT COMMISSION
Steady Stdte_Seepage at SHELL VALLEY WATERSHED - LEVEL III STUDY
Full Reservoir SLOPE STABILITY ANALYSIS-ALTERNATIVE C
Checked by #&. 7 Reand<r, Date 10-22-85 [Project No [ Figure No.
/f/‘/l/ Approved by F_J,Z%:&t? Date "/‘37"&' 3235 v-20
Ly
0 N
/9/(\
)
1 IN = 30 FT N
+ ] <3.
NG
9320 =
9290
ALTERNATIVE C
MAXIMUM RESERVOIR ELEV. 9280 CONF IGURATION
9260
9230
RANGE OF POTENTIAL FAILURE SURFACES
VITH AINIMUM FACTORS OF SAFETY
9200+ RANGT G BETWEEN 2.13 TO 2.50




ELEVATION, FEET

ESA Geotechnical Consultants

tort Collins, Colorado

NOTE: Case 1 (C) Conditiouns

WYCMING WATER DEVELOPMENT COMMISSION
SHELL VALLEY WATERSHED - LEVEL III STUDY

SLOPE STABILITY ANALYSIS-ALTERNATIVE C

Upstream Slope
Rapid Drawdown Condition

/%/\ Checked by _&J: /. Zwmbe  Dare /02285 [Project No | Figure No.
4/‘/\/9(/ Approved by 2. Lo Date 2/22/%5] 3235 v-21
47/0
N
1 IN = 30 FT \\/
+ —f JG
9320 -
92904 ALTERNATIVE C
DRAWDOWN FROM MAXIMUM : CONF IGURATION
RESERVOIR ELEV. 9280
9260 -
v
9230
RANGE OF POTENTIAL FAILURE SURFACES
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Vi. HYDRAULIC STRUCTURES AND ACCESS ROAD

A. SPILLWAY ALTERNATIVES

The Wyoming Water Development Commission has instructed the ESA
team to design a spillway configuration for Lake Adelaide which will
handle a Probable Maximum Flood (PMF) event. Two different flood
routing schemes have been developed to accomplish this task, with
various spillway combinations associated with each scheme. Due to the
need to route the full PMF event, the higher embankment design
alternatives (Alternative B or C, with crest elevation 9287 feet) are
more economical than Alternative A (crest elevation 9280 feet) in
terms of spillway construction costs. This is because significantly
more bedrock excavation would be required for the Alternative A design
configuration, independent of which flood routing scheme is selected.
Therefore, the spillway concepts described below were designed for use
with the Alternative B embankment configuration, since the B option is

recommended over Alternative C for other reasons.

1. Side Channel Spillway and Emergency Spiliway

The recommended flood routing scheme utilizes a side channel
service spillway, located on the left abutment, which will be capable
of handling about one half of the PMF event. The side channel
spillway will operate in tandem with an emergency spillway capable of
passing the other one half of PMF flows. The emergency spilliway will
be located in the vicinity of the borrow area, on the south rim of the

reservoir.

The side channel has been sized to pass 2800 cfs, which is
approximately one-half of the PMF outflow. The spiliway would be
constructed in granitic rock on the left abutment, with a spillway
crest elevation of 9280, or the maximum normal pool elevation for the
Alternative B design. The right abutment is unsuitable as a spillway
location due to geotechnical probliems. Water would initially spill
over a 50 foot long, concrete capped weir section into the side
channel. The weir section would be aligned at an angle of nearly 90
degrees to the axis of the dam, paralleling existing topographic
contours on the left abutment. The side channel itself is designed to
maintain low velocity, subcritical flows in its upper reaches and to

accelerate the flow to supercritical velocities as the water moves
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further downstream away from the dam. In final design, it will be
necessary to further explore bedrock elevations along the side channel
and discharge chute so that the exact alignment can be defined and the
extend of any concrete lining can be estimated.

The spillway Igygth (L) was determined according to the formula Q
(flow in cfs) = CLH . A conservative C value of 3.1 was selected.
The channel along the spillway is designed for spatially varied flow
and is 15 ft. wide at the base with 1/2:1 side slopes. Downstream,
the channel narrows to 12 ft. at the bottom with a 1/2:1 slope in rock
and a l:1 slope in till, The channel narrows to a 10 ft. width with
1:1 slopes where the flow is directed perpendicular to the slope and
is then channeled into a plunge pool at the valley floor. A Manning
"n" value of 0.035 was used in channel flow calculations. A stage
discharge curve for the side channel spillway is shown in Figure VI-1.
A plan and cross section of the side channel spillway are shown in
Figure VI-4.

Use of this spillway for the Alternative A design will result in
either increased till excavation to reach bedrock or increased
concrete lining of the upper discharge chute.

[t should be noted that the side channel configuration requires
considerable rock excavation for construction of the access road onto
the dam. In addition, a bridge over the side channel may be required.
The bridge would be constructed using twin tees approximately 37 feet
in length. Current plans are to eliminate the road and bridge over
the spillway.

In the preliminary design effort, an uncontrollied ogee service
spillway was considered, as an aiternative to the side channel. This
spillway concept was eliminated from further recommendation by the
design team because of non-competitive cost considerations. The ogee
crest would have been constructed within the left abutment ridge area
at elevation 9280, and aligned paraliel to the dam axis. The ogee
spillway concept proved unsuitable because of the resulting
undesirable amounts of rock excavation and/or required concrete
lining. However, this section was used in the hydrology flood routing

analysis presented in Section IV.E.
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The side channel and ogee spillway concepts were designed to
operate in tandem with a 36-inch outlet pipe extended through the
embankment, and capable of carrying 120 cfs at low reservoir levels.
The outlet facilities are discussed in more detail in Section B of
this chapter.

The emergency spilliway will be a relatively shallow, broad weir,
located in the vicinity of the borrow area. The emergency spillway
will divert extremely rare flood waters from Lake Adelaide over the
ridge separating the Lake Adelaide and Shell Reservoir drainages.
Flood waters will be channeled down into Shell Creek below Shell
Reservoir, The emergency structure will require minimal shaping and
excavation in the borrow area to form the approach apron and weir of
the spillway. A detailed analysis and description of this facility
will be presented in the final design. However, preliminary analyses
indicate that this spillway will have a crest approximately 2.5 feet
below the crest of the dam and will start spilling when flood outflows
reach about 1500 cfs in the side channel.

2. Drop Inlet Spillway and Auxiliary Spillway

A flood routing scheme which was first proposed in the Level I
study, would utilize a drop inlet, or morning glory spillway in
combination with an auxiliary spilliway. The drop inlet spillway,
which would tie into the outlet works pipe extending through the dam,
can be practically designed to handle only about a 100-year flood
event on its own. Therefore, the drop inlet was designed to operate
in tandem with an auxiliary spillway, which would accommodate inflows
greater than the 100-year flood, up to the PMF event. The auxiliary
structure would be constructed on the south rim of the reservoir in
the vicinity of the borrow area. The auxiliary spillway crest would
be set two feet higher than the drop inlet spillway crest, which is
designed at the maximum minimal pool elevation of 9280 feet. This
arrangement takes advantage of reservoir storage to dampen the effects
of normal flooding.

The auxiliary spillway will be designed as a broad-crested weir
that converges into a discharge channel that will be 30 feet wide with
1:1 side slopes. The approach apron and convergence transition
section will be lined with rock riprap to minimize maintenance

requirements at low flow usages. Although the facility is not being
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armored to prevent erosion damage at full design capacity, dam
integrity will not be affected. The riprapped portion of the facility
is designed using a Manning’s "n" of 0.035 while the uniined chute is
sized with a "n" value of 0.025. A "C" factor of 3.087 for a broad
crested weir was selected for spilliway length determination. A stage

discharge curve for this spillway is shown as Figure No. VIi-2.

The upper portion of the auxiliary spillway will be located on
the western side of the planned borrow area. This location will alliow
for a straight alignment of the spillway and chute centerline. Flows
from the auxiliary spillway will enter Shell Creek below Shell
Reservoir. It should be noted that the access road to Lake Adelaide
will unavoidably pass through the auxiliary spiliway. A plan and

section of the auxiliary spillway are shown on fFigure No. VI-5.

The drop inlet spiliway will consist of a 6-foot diameter inlet
which converges into a 36-inch reinforced concrete drop pipe. The 36-
inch drop pipe will be increased at the base to a 54-inch reinforced
concrete pipe outlet tube which will extend outward well beyond the
toe of the dam. The transition between the 6-foot inlet to the 36-
inch drop pipe will be field formed and poured in-place. The base
elbow will be encased entirely in concrete. The drop inlet spillway
will be capable of passing 155 cfs with two feet of surcharge and 307

cfs under PMF flood conditions, with 7 feet of surcharge.

A stage discharge curve for the drop inlet spillway is shown as
Figure No. vVi-3. The spillway will function under submerged
conditions above a 100-year release. The 54 inch discharge tube is
designed to remain at less than full flow under all flow conditions
enabling air passage up the discharge tube to prevent formation of
subatmospheric pressures. A Manning "n" value of 0.014 was used in
pipe friction calculations. The 6-foot inlet will be fitted with an

anti-vortex baffle and trash rack as shown in Figure VI-6.

B. QUTLET WORKS

I. Existing Outlet

The existing outlet conduit is made up of 30-inch reinforced
concrete pipe which is in poor condition. Numerous cracks and spalled

concrete have been noted at several locations along the conduit
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interior. Water has been noted seeping into the pipe through cracks
and holes at several locations. Flow control within the pipe is
provided by a vertical slide gate which is stem operated from above
the dam. The existing outlet is in marginal condition at present and
could develop serious operating problems with further deterioration of
the pipe. The entire conduit is in need of replacement. The existing
gate appears to be in fair condition, but badly in need of a
replacement seal. Also, the inlet wing walls have collapsed inward,
partially blocking the inlet.

2. New Facilities

A new outlet works is required consisting of a cut and cover
conduit placed in the till near the base of the left abutment.
Depending upon which spillway alternative is selected, the outlet pipe
would consist of 36-inch reinforced concrete pipe extending beneath
the entire embankment or connecting into the 54-inch pipe of the drop
inlet spillway outlet. Flow control through the 36-inch outlet will
be provided by a sluice gate mounted on the upstream end of the pipe.
The gate will be stem operated from the top of the dam embankment. A
trash rack will be placed immediately upstream of the sluice gate.
The trash rack, sluice gate and outliet conduit are shown on Figure No.
VI-4 and VI-6.

The 36-inch outliet pipe is sized to carry 120 cfs with 12 feet of
water depth above the pipe invert. Maximum flow through the outlet
pipe is set at 190 cfs to coincide with a maximum reservoir water
level of 9,280 feet.

Selected bedding for the outlet pipe, to be derived from the
minus 3-inch fraction of decomposed granite material in the borrow
area, will be placed 2 feet around and over the pipe to prevent
undesirable contact of the pipe with boulders. The outlet pipe will
be extended approximately 40 feet beyond the toe of the embankment
slope and will terminate in a headwall structure that is riprapped to
prevent erosion of the structure. Due to the erosion resistant
grading characteristics of the bedding material, 1in addition to the
relatively low hydraulic head and imposed load conditions on the
outlet pipe, no cutoff collars or concrete cradles are considered

necessary.
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As shown in the plan views on both fFigure No. VI-4 and Figure No.
VI-6, the invert elevation of the outlet pipe has been set at 9233.0,
the same as the existing outlet pipe. The new alignment for the
outlet pipe will be located between 80 feet and 100 feet west (left
abutment direction) of the existing outlet. In order to maintain
existing discharge requirements during the two year construction
period, a temporary pipe will connect the existing outliet pipe to the
planned outlet pipe. The alignment of the connector pipe will be
decided during final design, Most likely, the connector pipe will
include an elbow and short section of pipe approximately parallel to
the crest of the raised dam. Once construction is complete, the
entrance to the new outlet will be formed by cutting through the
existing dam to establish a minimum 15-feet wide entrance channel. As
discussed previously, all design alternatives have considered using
the existing dam as a borrow source during the second vyear of
construction. As shown on Figure No. V-7, for example, it is planned
to remove the existing dam down to Elevation 9240 at the upstream toe
contact and then slope the surface at 20:1 (horizonfal to vertical).
The resuiting cut required for the entrance channel to the entrance to
the outlet conduit will vary from a maximum of 7 feet near the
entrance to daylight at the upstream side, a distance of approximately
120 feet.

C. BUCKLEY CREEK DIVERSION

1. Existing Diversion Structure

The existing diversion structure consists of a steel fabricated
"L" shaped diversion dam placed across Buckley Creek. The long
portion of the "L" serves to dam the flow in the creek and to force
flow toward the short portion of the "L". The short portion of the
"L" supports a steel irrigation gate which directs water into an
estimated 27-inch diameter pipe leading to the diversion ditch. The
dimensions of the "L" shaped diversion structure are approximately 9
feet x 5 feet x 4 feet deep.

The "L" shaped structure appears capable of withstanding only
minimal flood flows and would probably be washed out with flows in
excess of 100 cfs. Adjacent to the diversion structure the diversion

pipe discharges into a small pool which contains an 8-inch pipe for
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routing minimum flows back to Buckley Creek. From the small earth-
lined pool water flows into an unlined canal which carries the flow
to Mud Lake and then into Adelaide Lake.

2. Proposed New Structure

A gated reinforced concrete structure is proposed to divert
water from Buckley Creek into a diversion ditch which will carry a 50
cfs flow into Mud Lake upstream from Adelaide Reservoir, The
diversion structure will be located at the existing diversion site.
The new structure has been designed to allow flows greater than 52 cfs

to flow over a weir and to continue down Buckley Creek.

The structure is sized to accommodate the estimated 100-year flow
on Buckley Creek of 600 cfs. Minimum flows up to 2 cfs will be
diverted similar to the existing method and will be routed back to
Buckley Creek through an 8-inch pipe. The culvert is designed to
return all flows up to 1.3 cfs before any diversion occurs.

A drawing showing the proposed new Buckley Creek Diversion,
stilling pool, minimum flow bypass pipe and diversion ditch entrance
is shown on Figure No. VI-7.

D. ACCESS ROAD

The access road proposed makes maximum reuse of the existing
access road. The roadway into Shell Reservoir will be improved in
its’ existing location as required for contractor access during
construction. The proposed alignment between Shell Reservoir and Lake
Adelaide was selected based upon discussion with Forest Service
officials and is designed to avoid the designated wilderness area to
the northwest.

The new roadway between Shell and Adelaide Reservoirs will be
designed for maximum slopes of 10% except in one short stretch where a
12% grade will be used to avoid some large boulders. One new switch-
back 1is being added to improve grades along the route. The roadway
wiil have a 12-foot driving surface with | 1/2:1 side slopes. Two
large trees, six feet in diameter, will require removal along the
route as well as several smaller ones. improvements between Shell

Reservoir and Lake Adelaide are shown on Figure No. VIi-8.
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VIT. CONSTRUCTION COST ESTIMATES

A. INTRODUCT {ON

The construction cost estimates presented in this section were
completed based on the various design options for the overall project
as discussed in Chapter V, Embankment Design and Chapter VI, Hydraulic
Structures and Access Road. Estimated construction costs for each
element of required construction were developed and then combined to

provide total project costs.

B. BASIS OF THE CONSTRUCTION COST ESTIMATE

The construction cost estimates for this project were developed
in the same manner that a contractor would to prepare a bid estimate.
The proposed site was visited with attention given to the overall
features of the left and right abutment, dam location, borrow sources,
outlet works, and access road, Of particular concern is the access
road and its upgrading to a point that heavy equipment can be brought
into the site.

After the wvarious bids items and quantities were derived, the
unit costs were computed on expected production rates commensurate
with the appropriate labor, equipment, material and overhead costs.
These costs also take into account the elevation, short work season,
and the remoteness of the project site. All costs are based on 1985
mid-summer rates. The following is a recap of what the aforementioned

items consist of:

Labor Costs: Labor rates are based on the labor classifiications
as published in the Wage Determination Decision rendered on
August 1, 1985, for the Fourth Judicial District, ©State of
Wyoming. The labor rates used include Unemp | oyment
Compensation, Workman’s Compensation, FICA, and empioyee
benefits.

Equipment Costs: An equipment rental rate was established for

each major item of equipment which would be wutilized. The
rental rate includes fuel, maintenance and repairs, and

operating costs.
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Material Costs: Material suppliers were contacted to obtain

current prices for the various materials required.

Overhead Costs: The overhead rate used for this project is

slightly higher than a contractor would normally use due to
the location of the project. An unknown in this area is

predicting future insurance costs.

Profit: A higher rate of profit was applied than normal because

of the risk factor and remoteness of the project.

Production rates were established for each item of work and the
estimated number and types of equipment were assigned to these items
based on cycle times, load capabilities, etc. Based on these factors
the amount of labor hours and equipment usage was determined and was

factored together to arrive at the estimated cost for the project.

C. ESTIMATED COST_OF INDIVIDUAL PROJECT ELEMENTS

1. Dam Construction

The estimated direct cost of construction for Alternatives A, B
and C are presented on Tables VII-1 through VII-3. Alternative A,
which would provide a dam to retain a 3,500 acre-feet reservoir, is
shown to have a total direct cost of $1,010,555. A potential savings
of about $68,000 can be realized if the reservoir level during the
second year of construction can be regulated to enable using the
existing dam as a borrow source. This possibility must be evaluated
by the SVWID and, if selected, would be incorporated in the project
specifications.

Alternative B and Alternative C cost estimates indicate that
either option can be built for about $1,200,000. Both of these
alternates will provide the maximum possible reservoir storage of
about 4,550 acre-feet. The same potential savings of about $68,000
for utilizing the existing dam as a borrow source also occurs for the
B and C design alternative. It will be noted that a $100,000
mobilization cost has been applied to the cost of dam construction.
A separate mobilization cost was considered for the Buckley Creek
Diversion. No mobilization cost has been considered for the hydraulic
structures since an appropriate figure is already included for dam

construction.
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2. Side Channel Spillway and Outlet Facilities Combined

The estimated cost of providing outlet facilities and a left
abutment side channel spillway is presented on Table VII-4. As shown,
the estimated direct cost for these facilities is $216,000. It will
be noted that $60,560 of this total is associated with providing
vehicle access across the spillway to the crest of the dam. A far
less expensive option may be desired by the sponsors, if such direct

access is not required.

3. Morning Glory Spillway and Qutlet Facilities Combined

Table VII-5 presents the estimated direct cost of providing a
Morning Glory Spillway and outlet facility combined as a continous
structure. As shown, the estimated direct cost will be $216,600.

4. Auxiliary Spillway

The estimated cost of constructing an auxiliary spiliway is
presented on Table V-6 and is shown to be $i11,500. It should be
noted that the cost of the auxiliary spillway, which has been designed
to pass the full PMF should be added to the cost of the Morning Glory
Spillway option since both of these spillway structures would be

required in tandem.

5. Buckley Creek Diversion

The estimated cost of the Buckley Creek Diversion is $24,850 as
shown on Table VH-7. Due to the remoteness of the area, an additional

mobilization cost of $3,000 has been included for this work.
6. Access Road

The cost of improving the 4 miles of access road to the project
site has been estimated at $60,000, which correlates to a cost of
$15,000 per mile. Details regarding the exact improvement scheme can
not be developed until the U.S. Forrest Service has completed an
environmental assessment of the proposed project. This cost assumes
that road improvements will be made under a separate contract and

during the summer prior to the start of dam construction.
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D. ESTIMATED COST OF TOTAL PROJECT

The estimated cost of the total project in 1985 dollars is
presented below. As a result of the direction that the design process
fol lowed, estimated total project costs are presented for two
alternatives. Dam Alternative A is the minimum cost to provide a
reservoir storage of 3,500 acre-feet, which is essentially the project
envisioned from the Level [1 study. Dam Alternative B or C reflects
the minimum estimated cost of providing a reservoir storage of 4,500
acre-feet. The latter reflects the largest practical reservoir
capacity at the Adelaide Creek site.

1. Dam Alternative A

The minimum direct cost of the required project facilities for
Dam Alternative A, is $1,332,000 as shown on Table VII-8. A potential
savings of $128,600 can be realized if the road and bridge across the
spillway are deleted and the existing embankment is used as a borrow
source. This option will provide a new reservoir capacity of 3,500
acre-feet, an increase of 1,800 acre-feet over the existing capacity.
The approximate cost for the project expansion, therefore, is about

$740 per acre-foot of storage increase, neglecting potential savings.

It should be noted that the costs presented for Alternative A do
not reflect the additional cost which would be associated with routing
a full PMF event with this configuration. The costs developed for
Alternative A were based on the assumption that routing only up to
approximately one-half of the PMF through the side channel spillway
alone would be acceptable.

2. Dam Alternative B or C

The minimum estimated total direct cost for the required project
facilities to provide the maximum practical storage at the site is on
Table VII-9. The two options costed differ in their spilliway
configurations. Option | is recommended and includes a side channel
spillway coupled with an emergency spillway. The cost of the
emergency spillway is roughly equivalent to the final grading and

revegetation costs required in the borrow area for all the
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alternatives. Option 2, which incorporates a drop inlet and auxiliary
spillway, is more costly and is more difficuit to construct. The
approximate minimum cost for Option | is $1,400,000 or about $535 per

acre-foot of storage increase.

E. SUMMARY OF ESCALATED PROJECT COSTS

A summary of the escalated project costs for construction
commencing in 1987 for Dam Alternative A are shown in Table VII-10 and
for Dam Alternative B or C in Table VII-11. As shown in the
referenced tables, a contingency of 15 percent was applied to the
estimated total direct costs. -These total costs were then escalated
by 7 percent per year compounded (15%) for the two year delay before
construction could begin in 1987.

In addition to the escalated total direct cost, we have also
included other costs related to construction. The cost of field
engineering, surveying, construction control and office engineering
support during construction has been estimated at 10 percent of the
toal construction costs. Also, a cost for contract administration

equal to 5 percent of total construction cost has also been included.

As shown on Table VII-10, the total construction cost for a
facility to provide 3,500 acre-feet of storage is $1,800,000. A
larger facility to provide a maximum of 4,500 acre-feet of storage has

a total construction cost estimated at $2,100,000.
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TABLE VII-1

ESTIMATED DIRECT_COST _OF DAM CONSTRUCTION

ALTERNATIVE A

ITEM QUANTITY UNIT  UNIT COST TOTAL
Mobilization LUMP SUM - — $100,000
Foundation Clearing and

Preparation 131,800 SF $ .15 19,770
Left Abutment

earing 10,700 SF .05 535

Excavation 4,800 CcY 3.00 14,400

Surface preparation 20 cY 300.00 6,000
Right Abutment

Surface preparation 175 CcY 300.00 52,500
Embankment

one 140,600 cY 4.75 667,850

Zone 2 3,500 cY 7.00 24,500

Zone 3 16,000 CY 5.75 92,000

Zone 4 3,300 cY 10.00 33,000

Zone 5 34,000 cY 2.75 -

TOTAL DIRECT COST $1,010,555

NOTE: The cost savings for this alternative if the Zone 5 material can
be used in Zone 1 is $68,000.
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TABLE VII-2

ESTIMATED DIRECT_COST_OF DAM CONSTRUCTION
ALTERNATIVE B

1TEM QUANTITY UNIT UNIT COST  TOTAL
Mobilization LUMP SUM - - $100,000
Foundation clearing 146,100 SF $ .15 21,915
Left Abutment
Clearing 15,000 SF .05 750
Excavation 6,600 CYy 3.00 19,800
Surface preparation 28 cY 300.00 8,400
Right Abutment
Surface preparation 225 cY 300.00 67,500
Embankmkent
Zone 1 128,600 cY 4.75 610,850
Zone 2 6,000 CY 6.10 36,600
Zone 3 58,400 CY 5.20 303,680
Zone 4 4,600 CcY 10.00 46,000
Zone 5 34,000 CcY 2.75 -
TOTAL DIRECT COST $1,215,495

NOTE: The cost savings for this alternative if the Zone 5 material
can be used in Zone | is $68,000.
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TABLE VII-3

ESTIMATED DIRECT_COST OF DAM CONSTRUCTION
ALTERNATIVE C

ITEM QUANTITY UNIT UNIT COST TOTAL
Mobilization LUMP SUM - - $100,000
Foundation clearing 138,400 SF $ .15 20,760
Left Abutment

CTearing 13,300 SF .05 665

Excavation 5,900 cY 3.00 17,700

Surface preparation 25 (04 4 300.00 7,500
Right Abutment

Surface Preparation 205 cY 300.00 61,500
Embankment

zZone | 172,600 CcY 4.75 819.850

Zone 2 4,000 cY 7.00 28,000

Zone 3 18,600 CY 5.75 106,950

Zone 4 3,300 cYy 10.00 3,000

Zone 5 34,000 cY 2.75 -

TOTAL DIRECT COST $1,195,925

NOTE: The cost savings for this alternative if the Zone 5 material
can be used in Zone 1 is $68,000.
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TA

BLE VII-4

ESTIMATED DIRECT COST OF SID
SPILLWAY AND OUTLET FACILITIES COMBINED

E CHANNEL

ITEM QUANTITY UNIT  UNIT COST  TOTAL
A. Side Channel Spillwa
Common excavaf%on
1) Till material 6,700 CY $ 2.50 $16,750
2) Bedrock 6,200 cY 10.00 62,000
3) Road across spilliway 2,600 CYy 10.00 26,000
Bridge . 576 SF 60.00 34,560
Concrete wier cap 12 cYy 500.00 6,000
Rock anchors 6 EA 200.00 1,200
Riprap 400 CcY 10.00 4,000
B. OQutlet Facilities
=-in w/bedding 340 LF 90.00 30,600
36-in RCP elbow 2 EA 1200.00 2,400
Concrete headwal | . 6 CY 500.00 3,000
Concrete support at sluice
ate and trash rack 14 Cy 500.00 7,000
36-in sluice gate with
with appurtenances | EA 16000.00 16,000
Trash rack 1 EA 2000.00 2,00
Concrete stem supports 17 EA 200.00 3,400
Riprap 175 cY 10.00 1,750
TOTAL DIRECT COST $216,660
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TABLE VI1-5

ESTIMATED DIRECT COST OF MORNING GLORY
SPILLWAY AND OUTLET FACILITIES COMBINED

[TEM QUANTITY UNIT  UNIT COST TOTAL
A. Morning Glory Spiliway
6-ft a%amefer concrete inlet 5 cy ¢ 700 $ 3,500
Conical Trash Rack 1 EA 2,500 2,500
36-in. RCP 40 LF 80 3,200
36—-in. x 54-in. Steel Elbow 1 EA 7,500 7,500
Concrete Eibow Support 40 cYy 500 20,000
B. Reservoir Qutlet
-in. 150 LF 90 13,500
36—-in. Elbow . 2 EA 1,200 ,40
Concrete Support at Sluice
Gate and Trash Rack 14 cY 500 7,000
36-in. Sluice Gate with
Appurtenances 1 EA 16,000 16,000
Trash Rack 1 EA 2,000 2,000
54-in. x 36-in. Lateral 1 EA 2,100 2,100
C. Discharge Facilit
54=1n. ECP 208 LF 150 31,200
Concrete Headwall 10 CcY 500 5,000
Riprap 25 cY 10 2,500
TOTAL DIRECT COST $118,400
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TABLE VII-6
ESTIMATED DIRECT COST OF AUXILIARY SPILLWAY

ITEM QUANTITY UNIT UNIT COST TOTAL
Excavation and 28,000 (9 $ 3.00 $ 84,000
Shaping
Riprap 2,750 CcYy 10.00 27,500

TOTAL DIRECT COST $ 111,500
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TABLE VII-7
ESTIMATED DIRECT COST OF BUCKLEY CREEK DIVERSION

ITEM QUANTITY UNIT UNIT COST TOTAL
Mobilization Lump Sum - - $ 3,000
E;ggaugeg??gnment Lump Sum - - 2,000
Excavation & Backfill Lump Sum - - 750
Concrete 25 cY $ 600 15,000
Stoplogs Lump Sum - - 1,000
Riprap 30 cY 10 300
Canal Gate Lump Sum - - 1,500
30-in diameter pipe 10 FT 50 500
8-in diameter pipe 40 FT 20 800

TOTAL DIRECT COST $ 24,850
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TABLE VII-8

MINIMUM DIRECT COST OF PROJECT FACILITIES
TO PROVIDE RESERVOIR STORAGE OF 3500 ACRE FEET
(DAM ALTERNATIVE A)

PROPOSED FACILITY ESTIMATED DIRECT COST
Side Channel Spitiway and Outlet Facilities $ 216,600
Dam Enlargement (Alternative A) 1,010,555
Buckley Creek Diversion 24,850
Access Road 60,000
Final Grading and Revegetation 20,000

Total Direct Cost $ 1,322,005

Potential Savings

Delete road and bridge across spillway $ 60,560
Use of existing dam as Zone | 68,000

Total Potential Savings $ 128,560

MINIMUM DIRECT COST § 1,203,445

VII-13 ESA Geotechnical Consultants



TABLE VII-9

MINIMUM DIRECT COST OF PROJECT FACILITIES
TO PROVIDE RESERVOIR STORAGE OF 4500 ACRE FEET
(DAM ALTERNATIVGE B OR C)

PROPOSED FACILITY ESTIMATED DIRECT COST
Option !
Side Channel Spillway & Outlet Facilities $ 216,600
Dam Enlargement (Alternative B) 1,215,495
Buckley Creek Diversion 24,850
Access Road 60,000
Final Grading and Revegetation
(Emergency Spillway Area) 20,000
Total Direct Cost $ 1,536,945

Potential Savings

Delete Road and Bridge Across Spilliway 60,560
Use of existing dam as Zone | 68,000
Potential Savings $ 128,560
MINIMUM DIRECT COST $ 1,408,385
Option 2

Auxiliary Spillway $ 111,500

Morning Glory Spillway and Outlet
Facilities Combined 118,400
Dam Enlargement (Alternative B) 1,215,495
Buckley Creek Diversion 24,850
Access Road 60,000
Final Grading and Revegetation 20,000
Total Direct Cost $ 1,550,245

Potential Savings
Use of Existing Dam as Zone 1 $ 68,000

MINIMUM DIRECT COST

»

1,482,245
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TABLE VII-10

SUMMARY OF ESTIMATED PROJECT COSTS
TO PROVIDE RESERVOIR_STORAGE OF 3500 ACRE-FEET
(DAM ALTERNATIVE A)

COST ELEMENT ESTIMATED COST
Minimum Direct Cost (1985) $ 1,203,500
Contingency (15%) 180,500

Subtotal $ 1,384,000

Escalation to 1987 (15%) $ 207,600
Total 1987 Construction Costs $ 1,591,600

Other Construction Related Cost
Engineering During Construction (10%) $ 159,200
Contract Administration (5%) 80,000

TOTAL CONSTRUCTION COST ¢$ 1,830,800
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TABLE VII-11

SUMMARY OF ESTIMTED PROJECT COSTS
TO PROVIDE RESERVOIR STORAGE OF 4500 ACRE-FEET
(DAM ALTERNATIVE B OR C)

COST ELEMENT

ESTIMATED COST

Minimum Direct Cost (1985)
Contingency (15%)

Subtotal
Escalation to 1987 (15%)

Total 1987 Construction Cost
Other Construction Related Cost

Engineering During Construction (10%)
Contract Administration (5%)

TOTAL CONSTRUCTION COST

$ 1,408

211
$ 1,620,000
$ 243,000
$ 1,863,000
$ 186,300

93,000

$ 2,142,300
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VIIT. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

The following concliusions have been reached regarding the
conceptual design studies described in this report.

Geotechnical Considerations

1. Interpretations of existing and new field data revealed no
geologic conditions that would constitute a "fatal flaw" in the
planned enlargement of Lake Adelaide reservoir. No evidence was found
that the boulder field on the right abutment is the result of a
landslide, as thought possible during the Level Il studies. Instead,
detailed field mapping, aerial photo interpretation and drilling
indicates the boulder field is the result of stress relief (glacial
unloading) along widely spaced fractures and freeze-thaw cycles.
Preserved joint structures indicate the boulders are essentially in
place with little migration downslope. The boulders are 20 to 25 feet
thick along the dam axis, underliain by competent granitic bedrock that

exhibits little weathering.

2. New field data based on multiple well pumping tests, indicates
that the till deposits forming the foundation of the dam in the
channel section and left abutment areas have a relatively low
permeability. As a result, expensive seepage cutoff measures are not
needed to control reservoir seepage losses. However, there is a
possibility that small undetected zones of high permeability may exist
within the foundation. These zones, if present, would not threaten
the safety of the dam. If higher than anticipated reservoir losses
are sustained, they can be controlled by later upstream blanketing or
chemical grouting. Computed feservoir losses of up to 250 acre-feet
per year can be easily accomodated. Most of this seepage would occur
during normal releases from the reservoir after the spring runoff.
Reservoir rim seepage losses should not be significant even under

worst case scenerios.

3. The right abutment boulder field is about 20-25 feet in
maximum thickness at the proposed contact area of the dam and is
underiain by competent granitic bedrock. [t will be necessary to

remove this rock by blasting in order to expose a relatively smooth
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contact surface to form the right abutment. In order to limit the
possibility of excessive seepage occurring along the embankment
abutment contact, provisions will be incorporated in the plans and
specifications to provide a compacted layer of relatively plastic
clayey sand to blanket the abutment before placement of the less
plastic embankment material.

4. The area in and around the original borrow area was explored
and found to have an ample supply of materials to adequately construct
a new dam. The materials contain about 25 percent by volume of
cobbles and boulders greater than 6 inches in maximum size. It will
be necessary to segregate this oversize material for use in the
rockfill zone. The construction materials exhibit an excellent shear
strength when compacted.

5. The seisimicity of the region is considered to be low to
moderate, although the seismicity could be significantliy higher than
generally thought as new evidence is accumulated for this relatively
unknown area. Pseudo static stability analysis indicate that all of
the alternative embankment designs will easily withstand any major

earthquakes that can be reasonably expected to occur in the site area.

Hydrologic Considerations

6. A hydrologic analysis of the Adelaide Creek and Buckley Creek
drainage areas indicates that the optimal reservoir storage capacity
is 4500 acre-feet.

7. By increasing the Lake Adelaide storage capacity to 4500
acre-feet, Shell Canal will be able to meet more than 80 percent of
the diversion requirements 98 percent of the time. One hundred
percent of the diversion water demands will be satisfied 68 to 73
percent of the time, depending upon environmental operating

constraints such as minimum pool and instream flow requirements.

8. Analyses indicated the design floods will be a 100-year storm
event resulting in a peak inflow to the reservoir of 665 cfs, and the
probable maximum flood (PMF) event resulting in a peak inflow of 6765
cfs.
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Dam Design Alternatives

9. Three embankment alternatives are proposed, all of which are
constructable and will result in safe economical structures under all
critical loading conditions. A special series of seepage analyses
were performed and these results indicate that seepage cutoff measures
in the foundation are not required. Embankment and foundation seepage
will be collected and controlled by a filter and drain zone.

10. Due to the relatively short construction season at the
project site, a two year construction period will be required. The
design will permit continued operation of the reservoir during
construction. However, it will be necessary during the second
construction season to operate the existing reservoir so that it will
be completely drawn down during the last 4 to 8 weeks of the
construction season. This will permit the use of the existing

embankment as a borrow source and to finish the outlet works.

Hydraulic Structures

11. Two different spillway combination schemes have been
developed to route the PMF event through Lake Adelaide. One scheme
utilizes a side channel spililway on the left abutment which is
designed to handle up to approximately 50 percent of the PMF. The
remaining 50 percent of the PMF will be routed using the side channel
in tandem with a low cost emergency spillway located in the borrow

area.

The second scheme utilizes a drop inlet (Morning Glory) spilliway,
which ties directly into the outliet works. The drop inlet spillway is
designed to pass flood flows up to the 100 year storm on its own.
Flows in excess of the 100-year storm will be routed through an
auxiliary spillway constructed in the borrow area. The auxiliary
spillway is designed to handle nearly the full PMF outflow and is
therefore more difficult to construct and more costly than the

emergency spillway described above.

12. [t is concluded that an entirely new outlet works is needed
to provide both reliable performance and adequate capacity. The new
outlet will be located about 80 to 100 feet west of the existing
outlet in the left abutment area.
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13. Because of potentially unstable stream channel conditions
during a large flood event, a relatively simple diversion structure on
Buckley Creek was judged to be appropriate at this site. However,
considerable repairs may be necessary after a major flood event. The
structure as designed, will divert the required flow for optimum

reservoir yield.

Construction Costs

14, The optimum reservoir capacity of 4,500 acre-feet can be
developed for an estimated construction cost of about 2.2 million
dollars.

15. A reservoir capacity of 3,500 acre-feet will have an
estimated construction cost of about 1.8 million dollars.

B. RECOMMENDATIONS

Based on the Level IIl studies presented in this report, and
discussions with both the Shell Valley Watershed Improvement District
and the Wyoming Water Development Commission, the following
recommendations are provided with regard to proceeding with Phase 2 of
the Level 11l studies:

I. It is recommended that the optimum reservoir storage capacity
of 4548 acre-feet be developed because it provides the most cost
effective and reliable water supply.

2. The Alternative B design configuration is recommended. This
design allows for the optimum use of construction materials and

provides the safest embankment in terms of structural stability.

3. The side channel and emergency spillway combination is
recommended. The side channel spillway is designed to route up to
one-half of a PMF event on 1its own. Therefore, the emergency
spillway, which will probably never go into operation, can be
adequately constructed by a minimal amount of earthwork in the borrow

area.

4, We recommend that the existing outlet pipe be abandoned and
the new 36-inch diameter outlet pipe be installed in the left abutment
area. The new outlet pipe should be installed early during the first

construction season and then connected to the existing outlet pipe by
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a temporary pipe. This will enable controlled reservoir releases
during construction. After the new dam is completed, the existing

outlet pipe will be abandoned.

5. [t 1is recommended that the access road be improved under a
separate contract. The road should be constructed a year prior to the
start of construction of the remainder of the project. The bidders
should be shown the site after the road improvement has been
completed.
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APPENDIX A
FIELD INVESTIGATIONS

A. Surface Geologic Mapping

The geology of the dam site, reservoir rim, borrow area, and
access road was mapped using 1" = 50’ to 1" = 200’ scale topographic
maps. Aerial photographs were used to supplement ground observations.
Particular emphasis was placed on physical characteristics and
structural features that would affect foundation conditions,
availability of construction materials, reservoir rim stability, and
reservoir seepage potential. The rock slope on the right abutment was
examined in detail. The contact between in-place bedrock and the
loose rocks was examined and a tape and hand level survey was made of
this abutment along the center line of the Alternate A dam layout.
Using the results of this survey, a schematic cross section was
developed and is presented in Figure II1I-3.

B. Seismic Refraction Survey

A seismic refraction survey was pérformed at the site and is
discussed in Appendix C of this report.

C. Subsurface Exploration

A total of six exploratory borings and sixteen exploratory
trenches were logged and sampled by ESA engineering geologists and
geotechnical engineers from July 14 through August 15, 1985. The
borings included four holes in the dam foundation area and two holes
in the borrow-auxiliary spillway area. Bore hole depths varied from
29.0 to 52.0 feet. Six trenches were located in the dam foundation
area and eight trenches were located in the borrow-auxiliary spiliway
area. Trench depths varied from 5.0 to 11.2 feet. The locations of
the borings and trenches are shown on Figures I1lI-1 and 1IlI-5 and
detailed field drilling and sampling logs are presented following the
text of this appendix.

Rotary drilling and diamond coring were performed using a
Longyear 35 skid mounted drill rig which was moved using an Allis
Chalmers DH-6 tractor. Hole diameters varied from 3" to 5 5/8". Two
holes (DH-7 and DH-11) were completed as wells with 4" slotted steel
casing. The other holes (DH-8, DH-9, DH-10 and DH-12) had 2" Schedule
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40 plastic PVC placed in them. The exploratory trenches were
excavated using a International Harvester rubber tired backhoe with a
two foot wide bucket.

D. Permeability Tests

Water pressure tests were conducted in three of the exploratory
boreholes (DH-8, DH-9, DH-10). The water pressure testing program
utilized constant head pump-in tests with a single mechanical packer
providing a seal at the desired interval. Holding tests were
performed after flow during a packer test had stabilized and all
necessary readings had been taken.

Multiple well pumping tests were performed at the dam site and
auxiliary spillway-borrow area. DH-7 at the dam site was used as a
pumping well and drawdown/recovery measurements were made in DH-8 and
DH-1. Two constant discharge tests were performed at different
discharge rates to provide a thorough analysis. A single constant
discharge test was performed in the emergency spillway-borrow area
using DH-11 as the pumping well with drawdown/recovery measurements
recorded in DH-12.

Data plots for the pumping test resuits are presented in Figures
A-1 through A-6. Two different analysis methods were used to evaluate
the pump test data. The Theis Analysis method shown by Figures A-l
through A-3, is a graphical procedure for determining transmissivity
values (permeability times the saturated thickness). The procedure
involves matching actual measured data with theoretical type curves to
determine the appropriate values for the Theis well function W(u),
which is an expotential integral. The Theis well function varies with
the Boltzmann variable (u), which is a function of t/r ; wherer is
the distance between the pumped well and the observation well and t is
time. Once the Theis well function is determined, the transmissivity
can be calculated knowing the pump rate (Q) and the drawdown (s)
corresponding to the match point. The match points and calculations
for transmissivity are summarized in Figures A-1 through A-3 for Tests
1 and 2 in the foundation area and Test 3 in the borrow area.

For small values of the Boltzman variable (u ¢ 0.01), the Theis
well function W(u) can be approximated by the first two terms in an
infinite series. This allows the drawdown to be expressed as a simple
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closed form function of u. This is the basis and restriction for
using the Jacob method of analysis shown in Figures A-4 through A-6.
In the Jacob Analysis, the drawdown versus time data is plotted on
semi-log paper and the slope of the relationship is determined at
large time (i.e., u < 0.01). The slope of the line is related to
transmissivity as shown by the equations for T in Figures A-4 through
A-6. The values s in those calculations is equal to the drawdown
over one log cycle of time. Both the pumping drawdown and recovery
drawdown data were analysed using the Jacob method.

The resuits of the pumping and packer test data analysis are
presented in Section III.
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WATER PRESSURE TEST CALCULATION SHEET
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227<

BORING NO. DY- 3

BORING SIZE NA

DEPTH TO GROUND WATER 4.0 FT

HEIGHT OF PRESSURE GAGE
ABOVE GROUND (Ah) 3.2 FT

L _H L. = =
HOLE RADIUS (r) 0.3 FT Cu f(b+Ah, =) Cs £(3) F -ogu-r K = g (70267)
(From USBR G-97 Chart) F = (Cs+d)r
(a) (b) (c) (d)
TEST | LENGTH |WATER | APPLIED DEPTH TO DEPTH FRICTION | EFFECTIVE WATER | Cu F CALCULATED
NO. | OF TEST | LOSS | PRESSURE | CENTER OF | TO Ah HEAD l PRESSURE 1IN o VALUE |PERMEABILITY
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WATER PRESSURE TEST CAVCULATTON SHEFT
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WATER PRESSURE TEST CALCULATTON SHFET
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APPENDIX B
LABORATORY INVESTIGATION

A. INTRODUCTION

This appendix includes a discussion of test procedures and
results of the conventional laboratory investigation performed by ESA
Geotechnical Consultants for the engineering evaluation of Lake
Adelaide Dam. The purpose of the laboratory investigation was to
study the soil engineering characteristics of the various foundation
and embankment materials, in order to determine the soil engineering
parameters to be used in the various engineering analyses associated
with the Level 11l design studies. The investigation program was
carried out employing, wherever possible, currently accepted test
procedures of the American Society of Testing and Materials (ASTM).
Certain Phases of the investigation, such as the triaxial testing,
were carried out employing laboratory testing techniques which have
not yet been standardized by ASTM. These testing procedures were
carried out in accordance with methods developed by our firm or by
other researchers in the field of soil engineering.

Samples used in the laboratory investigation were obtained from
various drill holes and trenches during the course of the field
investigation. ldentification of each sample is by trench or drill
hole number, sample number, and depth as defined by the drill hole and
trench 1logs presented in Appendix A. All of the various laboratory
tests performed during the course of the investigation are described
below. A discussion of the material properties test results, and an
interpretation of their engineering significance, 1is presented in
Chapter V of this report.

B. INDEX_PROPERTIES TESTING

In the field of soil mechanics and earth dam design, it is
advantageous to have a standard method of identifying soils and clas~
sifying them into categories or groups that have similar or distinct
engineering properties. The most commonly used method at present is
the Unified Soils Classification System (USCS) as described by ASTM
D2487-69. The USCS is based on recognition of the various types and
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significant distribution of soil constituents, considering individual
grain-size, magnitude and type of gradation characteristics, and
plasticity of materials.

Since all soils are a natural product of geological and environ-
mental factors, their engineering properties are inherently variable,
especially when compared to other typical construction materials such
as steel or concrete. From a macroscopic standpoint, this variability
certainly influences the major soil engineering properties of
strength, compressibility, and permeability. For economic reasons,
however, it 1is not possible nor economically desirable to perform
sophisticated engineering properties tests on each different sample
type found at a particular project site. Instead, as in the approach
used in this investigation, an attempt is made to delineate completely
the range of pertinent engineering properties for all of the major
soil types encountered. Then, by interpolating the USCS results, a
far more realistic picture can be obtained of the materials’ engineer-
ing properties variability.

The index properties test results presented in this report in-
clude the determination of natural water content and in-place dry
density, specific gravity, Atterberg Limits and grain-size distribu-
tion for both the foundation and borrow area materials.

1. Natural Water Content and Dry Density

Due to the coarse grained nature of the foundation and borrow
area materials it was not practical to attempt to recover undisturbed
samples. Two drive samples were attempted in drill hole DH-7 with
limited success. Water contents were determined for all bulk samples
and are summarized on Table B-1. The two drive samples were collected
in 2.5 inch diameter rings and the dry density results are also
presented on Table B8-1. The 1list of sample numbers and depths
presented on Table B-1 is a handy reference of all samples.

2. Grain-Size Distribution

The gradation characteristics of the borrow area and foundation
materials were determined in accordance with ASTM designation D421-58.
Due to the large grain size of the foundation and borrow area
materials, the samples tested in the laboratory were limited to

approximately 6 inches for the maximum particle size. I[f necessary,
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the entire sample was mechanically sieved down to the 3/4-inch size
and then a representative portion of the minus 3/4 inch fraction was
used to determine the remaining gradation. The final results reflect
the engire gradation of the sample.

The samples were soaked in water until individual soil particles
were separated and then washed on a #200 mesh sieve. That portion of
the material retained on the #200 mesh sieve was oven-dried and then
mechanically sieved. A hydrometer analysis was performed for those
materials with more than approximately 30% passing the #200 sieve.
The hydrometer analysis was performed on the minus #40 material.
Sodium hexametaphosphate was used as a dispersing agent. The grain-
size distribution test results are presented on Figure B-1, sheets |
through 8.

3. Atterberg Limits

Most of the materials received in the laboratory were nonplastic.
The liquid and plastic limits for those samples determined to be
plastic were determined in accordance with ASTM designation D423 and
D424. Results of the Atterberg Limits are presented on Figure B-2.

4., Specific Gravity

Specific gravity determinations were made primarily on samples
used for compaction or triaxial testing in accordance with ASTM
designation D854-58. The specific gravity test results are presented
in Table B-2.

5. Soundness Tests

The general soundness of the granitic rock at the site was
evaluated using the resistance to degradation of large-size coarse
aggregate by abrasion and impact in the Los Angeles Machine (ASTM
C535) and the soundness of aggregates by use of sodium sulfate (5
cycles - ASTM C88). These results are presented on Table B-3.

C. ENGINEERING PROPERTIES TESTING

The engineering properties testing performed in conjunction with
the Level Il studies consisted of compaction, permeability and

triaxial shear strength tests. The principal focus of these tests was
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to determine the engineering properties of compacted materials from
the borrow area for use in constructing the new dam to be located
downstream of the existing Lake Adelaide Dam.

1. Compaction Tests

Compaction tests were performed on the minus 3/4-inch fraction of
materials in accordance with ASTM D-698 Method C except for trench T-
5, B-1 which was performed in accordance with ASTM D-1557, Method C.
The compaction results were used to control the compacted dry
densities. for samples used for permeability and triaxial shear
testing. The compaction test results are presented in Figure B8-3,
sheets 1 through 4.

2. Triaxial Shear Tests

a. Fabricated Sample Preparation - Samples for triaxial
testing were handled in the same fashion as those for compaction

testing in that they were initially scalped on the 3/4 inch sieve in
order to limit the size (diameter) of sample. Each sample was
moisture conditioned to a water content approximately equal to the
optimum moisture content as determined from the compaction test re-
sults. The samples were then compacted in a 2.875-inch diameter moid
to a dry density equal to approximately 95% of the maximum dry density
as determined from the compaction test. For materials from trench T-
5, B-1, since the compaction standard was higher than ultimately
selected for use in the triaxial test, it was necessary to perform a
single point using ASTM D-698 procedures and use this point for con-
trol of the triaxial samples. A height to diameter ratio of
approximately 2.0 was achieved during sample preparation.

b. Sample Saturation and Consolidation - After trimming,
the initial weight and volume measurements were determined; the sample

was placed in the triaxial cell, encased in a rubber membrane and
sealed to the bottom pedestal and topcap with rubber "0" rings. After
securing the triaxial chamber, the cell was filled with water, fitted
with a 0.5-inch diameter stainless steel piston for load application,
and tran§ported to the saturation bay.

Qur main laboratory is equipped with a panel of 3 bays, with
individual pressure control to each bay, such that 3 triaxial samples

can be simultaneously saturated and/or consolidated at different
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individual pressures. Bleeding air regulators capable of delivering
air pressure up to 200 psi are used to control the top, bottom, and
chamber lines leading to the triaxial cells. Each saturation bay is
also equipped with constant diameter Pyrex sight tubes, each with a
cross—-sectional area of 0.155 square inch, which connect with the base
of the triaxial cell, and thus to the sample. The sight tubes are
easily read to the nearest 0.01 cubic inch.

Where specimens were to be saturated, a back pressure of at least
30 psi was necessary to obtain a sufficient degree of saturation prior
to the consolidation phase of the test. In order to determine whether
the back pressure applied was causing complete saturation, Skempton’s
"B" parameter was measured for all samples. A value in excess of 0.95
was considered to represent a fully saturated condition. After
achieving complete saturation, the samples were either consolidated
isotropically or failed without consolidation.

c. ICU Tests - A total of 6 specimens were tested under
isotropically-consolidated-undrained conditions. The chamber pressure
was increased to a value in excess of the back pressure by an amount
equal to the designated consolidation pressure. The top and bottom -
drainage 1lines were simultaneously opened, and the total volume of
water expellied from the samples was monitored as a function of time.
In some cases, strips of filter paper, placed along the sides of the
specimen during setup, were used to accelerate the consolidation
process. Once consolidation was complete, the samples were failed in
an undrained condition with pore pressure, axial load, and sample
deformation monitored as described in (d) below. The results of the
ICU triaxial shear testing are presented on Drawing B-4, sheets | and
2.

d. Sample Failure - All triaxial specimens were failed by

compression loading at a constant rate of strain while maintaining a
constant minor principal stress. The rate of strain selected for
sample failure, which varied between 5.0 and 10.0 percent per hour,
was dependent upon the materials consolidation characteristics. The
axial load and pore pressure readings were obtained during the test

using an automatic scanning technique. The adopted failure criterion
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used for the presentation of the Mohr circle of stress for the
triaxial tests was the point of maximum principal effective stress
ratio.

3. Permeability Tests

Permeability tests were performed using either constant head or
falling head test procedures as appropriate. All samples were
initially compacted using the same procedures as described above for
the triaxial tests. For those samples that did not have a compaction
test to determine density control, a maximum dry density was estimated
based on gradation characteristics.

All samples except those from T-4, B-1 and T-7, B8-1, both of
which are decomposed granite from the borrow area, were back pressure
saturated prior to performing the permeability tests. All samples
except the decomposed granite, were also consolidated prior to testing

to an effective consolidation pressure ranging from 5 psi to 40 psi.

The results of the permeability tests are presented on Table B-4.
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Samples designated by S were approximately 2 pound samples

from the side wall of the trenches.

l.

NOTES:

he interval noted.

2. Samples desi%nated by B were approximately 50 pound
samples from

gnated by DH were drive samples 2.5 inches in

Samples desi
diameter.

3.
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TABLE B-2
SPECIFIC GRAVITY RESULTS

TRENCH SIZE SPECIFIC ABSORPTION
NUMBER SAMPLE TESTED GRAVITY (%)
T-5 B8-1 MINUS NO. 4 2.67 -
T-15 B-1 MINUS NO. 4 2.66 -
COMBINED* - 6" - 1/2% 2.69 0.6

*Approximately 5 pounds of representative coarse material was selected
from several different trenches for testing.
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TABLE B-3
SOUNDNESS TEST RESULTS

LA ABRASION PERCENT WEAR = 14%
(ASTM C535) (1000 revolutions)
SODIUM SULFATE SIEVE SIZE PERCENT LOSS
(ASTM C88) 3/4" - 1 1/2" 0.17
1 ty/2" -2 172" 0.19
TOTAL LOSS = 0.36%

Note: Ihe materials for the LA Abrasion and Sodium Sulfate soundness

ests were obtained as representative coarse grains

(in
accordance with the specific test requirement) from virtually
all samples.
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TABLE B-4

SUMMARY OF PERMEABILITY TEST RESULTS

I

TRENCH SAMPLE USCS  PASSING Y W e K
NO. 200 ¢ d
(%) (psi) (pcf) (%) (cm/sec)
T-4 B-1  SW-SM 3.0 0 118.2 14.8 0.40 5.2x10
T-5 B-1 SM 22.6 10 132.4 9.7 0.26 l.4x10:$
T-5 B-1 SM 22.6 20 132.5 9.6 0.26 4.1x10
T-6 B-1 SM 31.5 5 127.5 11.4 0.30  6.6x10
T-7 B-1  SW-SM 6.0 0  120.4 14.1 0.38 4.5x10
-8 B-1 sC 33.5 5  110.5 18.9 0.50 1.1x10
T-9 B-1 SM 31.6 5  127.4 11.4 0.30 1.lx10:2
T-11 B-2  SM 12.2 5 131.0 10.0 0.27 1.8x10
T-15 Combined* SM 18.4 10  130.5 10.2 0.27 6.6x10
T-15 Combined* SM 18.4 20 130.7 10.2 0.27 5.0x10 -
T-15 Combined* SM 18.4 40  129.9 10.4 0.28 3.3x10

*Sample combined from T-15/8-1, T-15/5-3, T-8/B-1, T-8/S5-2

Where:

Notes:

N

x o ¥ < _Q
[p]

A

Samples

effective consolidation pressure

dry density
water content

void ratio

coefficient of permeability

11 samples were initially compacted to approximately 95
percent of the maximum dr

ASTM D-2434.

pressure,

M
N

The permeab
20°C

OV.,

from T-4 and T-

density defined by ASTM D-698.
were tested in accordance with

All other samples were saturated using back
ressure indicated, and then
.S5. Army Corps of Engineers
ethod (E?1110—2—1906 - Laboratory Soils Testing Manual,

consolidated to the
tested in accordance with the
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IN LBS./CU. FT.

DRY DENSITY

2.0-3.0
SAMPLE NO.1-5/B-1 pDEPTH__FT.
SOIL_ GRAVELLY, SILTY SAND (SM)

ELEVATION 8274 FT.

LOCATION

ADELAIDE LAKE BORROW AREA

OPTIMUM MOISTURE CONTENT
MAXIMUM DRY DENSITY

5.7%

141.0 pcf

METHOD OF COMPACTION__ASTM D-1557 METHOD C

MOISTURE CONTENT IN % OF DRY WEIGHT

IsoO L) K] 20 25
140
130
ZERO AIR
VOIDS CURVE

120
1o \\\

2.8

2.7
100

N .

90
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LOCATION__ADELAIDE LAKE BORROW AREA

MAXIMUM DRY DENSITY
METHOD OF COMPACTION_ASTM D-1557 METHOD A

OPTIMUM MOISTURE CONTENT_ 6-0%

137.0 pcf

MOISTURE CONTENT IN % OF DRY WEIGHT

5 15 20 25
\
/[
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\\\
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IN LBS./CU. FT.

DRY DENSITY

0.8-2.5
SAMPLE NO.T-8/B-1 DEPTH__FT. _ ELEVATION_9273 FT.
SOIL__ CLAYEY SAND (SC)

LOCATION__ ADELAIDE LAKE BORROW AREA

OPTIMUM MOISTURE CONTENT___ 14.5%
MAXIMUM DRY DENSITY__ 116.0 pcf
METHOD OF COMPACTION__ASTM D-698 METHOD C

MOISTURE CONTENT IN % OF DRY WEIGHT
S 10 15 20 25

150 7
\

o\

\

L~

ZERO AIR
VOIDS GURVE

120 \
N

1o \ \\\\
- \
90

Earth Sciences Associates
Palo Alto, California

WYOMING WATER DEVELOPMENT COMMISSION
SHELL VALLEY WATERSHED - LEVEL III STUDY
GOMPACTION TEST RESULTS

Checked by . j. __Date /0-22-85 [Project No.| Figure No.
Approved by {4 . ' _Date /_"/L (85| 3235 B-3

SHEET 3 OF 4




IN LBS./CU. FT.

DRY DENSITY

2.
SAMPLE NO._T1-15* DEPTH

SOIL_GRAVELLY, SILTY SAND (SM)

.0
FT. ELEVATION.9273/9256 FT.

LOCATION

ADELAIDE LAKE BORROW AREA

OPTIMUM MOISTURE CONTENT_ 6-7%

MAXIMUM DRY DENSITY

137.0 pcf

METHOD OF COMPACTION__ASTM D-698 METHOD C
*SAMPLE COMBINED FROM T-15/B-1, T-15/5-3, T-8/B-2,

T-8/5-2
MOISTURE CONTENT IN % OF DRY WEIGHT
0 5 10 15 20 25
150
\
130 / N
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N
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APPENDIX C
SEISMIC REFRACTION SURVEY

A. INTRODUCTION

A total of seven seismic refraction lines with a combined spread
length of 3,780 feet were recorded in the vicinity of Lake Adelaide
during the week of June 21-26, 1985. The purpose of these 1ines was
to evaluate the depth to and characteristics of various subsurface
materials to provide preliminary design information for the proposed
expansion of Lake Adelaide. For the purposes of this report, a
seismic refraction 1line consists of 12 geophones spaced at equal
intervals of 10 or 30 feet along a straight line and monitored simul-
taneously while explosive charges are detonated, or while a large

sledge hammer is impacted 10 or 15 feet off both ends of each line.

Locations of the seismic refraction lines are shown on Figures
[[I-1 and I1[-5 of this report. Subsurface layers were distinguished
on velocity zones constructed from interpretation of the seismic
refraction -data. The depths and velocities of these layers are
summarized in Table C-1.

B. METHOD AND EQUIPMENT

The seismic refraction survey procedure used for lines | through
5 consisted of placing 12 geophones in as straight a line as possible
(in plan) spaced at 10-foot intervals along as constant a slope as
possible (in profile). A sledge hammer was impacted 10 feet off both
ends and in the center of each iine to serve as an energy source. The
seismic refraction procedure used for lines 6 and 7 consisted of
placing 12 geophones spaced at 30-foot intervals along as constant of
a slope as possible (in profile) and explosives were detonated at 15
feet off both ends and in the center of each line to serve as an
energy source. The explosion or impact produced seismic compression
waves were refracted through subsurface materials and received by the
geophones. Signals from the energy source initiation and geophones
were monitored (amplified and filtered) simultaneously by a 12-channel
seismograph, stored in a stacker memory for addition of subsequent

signals or further amplification and/or filtering, and displayed

c-1 ESA Geotechnical Consultants



graphically in analog form on a digital CRT. Hard copy records,
produced by a printer on impace sensitive paper, were catalogued and
returned to the office for data reduction and interpretation.

The data reduction and interpretation procedure consisted of
visually picking first breaks of compression waves on the hard copy
recods, plotting of time-distance graphs, determination of apparent
velocities, application of static corrections (shot depth and topo-
graphy), refinement of apparent velocities, correlation of results
with geologic factors and the preparation of interpreted subsurface
velocity profiles.

The equipment used for the seismic refraction survey consisted of
12 geophones at one time of 60 HZ natural fregquency. The geophones
were connected to 10-or 30-foot take—out spacing cables using split
take-out connectors. A Bison Model 8012 Geo Pro 12-channel seismo-
graph was used throughout the entire investigation. The energy source
was provided by Kinepak, Inc. two-component explosives in 1/3-pound
cartridges (ammonium nitrate and nitro methane) detonated with Dupont
geophysical blasting caps connected to an SIE model PCD-49R blaster.
A 16-pound sledge hammer equipped with a solid state piezoelectric
trigger was also used as an energy source in lines | through 5.

C. LIMITATIONS

The subsurface velocity profiles presented in this report
represent the most reasonable interpretation of seismic refraction
survey data based on our knowledge of existing geologic conditions.
The results are presented for design information only and are not
intended to serve as information for determining construction
procedures.

Although in general the seismic refraction data quality for this
survey was good, the reliability of data was limited due to irregular

terrain and many large boulders scattered at the surface and near

surface. These factors invariably produced some scatter in the
recorded data, limiting the accuracy of first break compression wave
picks.

The seismic refraction method used has some inherent limitations

such as the possibility of undetectable hidden layers, blind zones and
velocity inversions. Variations in the degree of weathering of the

C-2



bedrock surface and the proximity to the surface of various horizons
may result in possible innacuracies and data scatter. In addition,
the impact hammer method may not produce adequate energy to provide

sufficient data for making reliable picks under certain conditions.

The maximum depth of reliable seismic information obtained during
this survey can be assumed to be approximately one-third of the length
of the individual lines, with information at maximum depth underlying
the middie one-third of the line. Ffor example, a seismic refraction
Iine 300 feet in length will typically yield reliable data on
materials to a depth of about 100 feet beneath the middle 100 feet of
the line. The most reliable data available were used to estimate
depths reported in Table C-1. These data supplemented drill hole and
test pit data and were all used in development of sections in the dam
site foundation area and in the borrow area.

c-3 ESA Geotechnical Consultants



TABLE C-1
SUMMARY OF SEISMIC REFRACTION SURVEYS

LINE* ENERGY LENGTH LAYER DEPTH VELOCITY MATERIAL

NO. SOURCE (feet) (feet) (ft./sec.) DESCRIPTION

1-1 Hammer 120 A 0-5 900 Loose to Firm Till
B 5-30 5,150 Dense Till
C > 30 19,950  Bedrock

1-2 Hammer 120 A 0-6 1,250 Firm Till
B 6~-33 8,175 Dense Till
C > 33 19,900 Bedrock

1-3 Hammer 120 A 0-11 1,170 Firm Till
B 11-44 8,330 Dense Till
C > 44 19,900 Bedrock

2-1 Hammer 120 A 0-10 1,760 Firm Tili
B 10-41 4,325 Dense Till
C > 41 19,760 Bedrock

2-2 Hammer 120 A 0-11 1,250 Firm Till
B8 11-43 6,190 Dense Titl
C > 43 20,000 Bedrock

2-3 Hammer 120 A 0-5 560 Loose to Firm Till
B 5-38 6,020 Dense Til
C > 38 20,000 Bedrock

3-1 Hammer 120 A 0-6 780 Loose to Firm Till
8 6-40 6,760 Dense Till
C > 40 18,030 Bedrock

3-2 Hammer 120 A 0-3 670 Loose to Firm Till
B 3-47 4,230 Dense Till
C > 47 19,990 Bedrock

4-1 Hammer 120 A 0-6 1,400 Firm Till
8 6~-30 4,260 Dense Till
o > 30 19,950 Bedrock

4-2 Hammer 120 A 0-10 1,550 Firm Titl
B > 10 20,000 Bedrock

4-3 Hammer 120 A 0-10 1,380 Firm Till
B > 10 20,000 Bedrock

5-1 Hammer 120 A 0-14 1,500 Firm Till
B > 14 20,000 Bedrock

5-2 Hammer 120 A 0-5 630 Loose to Firm Till
B 5-42 6,265 Dense Till
C > 43 19,990 Bedrock

5-3 Hammer 120 A 0-4 690 Loose to Firm Till
B8 4-46 7,340 Dense Till
C > 46 19,425 Bedrock

5-4 Hammer 120 A 0-9 1,320 Firm Till
B 9-29 7,385 Dense Till
C > 29 19,860 Bedrock

7-1 Explosives 390 A 0-29 3,570 Dense Till

. B > 29 19,420  Bedrock

7-2 Explosives 390 A 0-39 1,340 Firm Til
B > 39 19,290 Bedrock

7-3 Explosives 390 A 0-33 3,460 Dense Till
B > 33 18,720 Bedrock

> is used to denote "greater than".

*.ines not listed (1-4, 1-5, and 6) had unreliable results.
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