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EXECUTIVE SUMMARY 

This summary presents the results of a Level II Feasibility Study for a 

project on Smiths Fork of the Bear River. The need for this study was de

termined by the Wyoming Water Development Commission. As proposed, the 

proj ect cons i sts of construct i ng a d am and a 125,000 acre-foot storage res

ervoir at a location identified in a Level I Feasibility Study as the Lower 

Teichert-Bagley Site. The site is north of Cokeville in Lincoln County, 

Wyoming. 

A second reservoir site identified by GBR Consultants Group is approx

imately 2,900 feet downstream from the Teichert-Bagely site. The lower site 

is similar in character to the upper site. The sides of the Smiths Fork 

valley have uniform slopes that will make good dam abutments. There is a 

saddle on the west side which can be used as a borrow area for the dam and 

also will serve as an emergency spillway for the reservoir. Following a field 

review of both sites with representatives of the Wyoming Water Development 

Commission, it was decided to include the lower site in the Level II study. 

In July, 1984, the Water Development Commission retained GBR Consultants 

Group, Inc. to complete the Level II Feasibil ity Study. Specific tasks to 

be completed by the Engineer were detailed in Contract No. 9-00246, between 

the Water Development Commission and GBR Consultants Group, Inc. 
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Smiths Fork Dam and Reservoir are intended to create a mult i-purpose 

facility. Storage of irrigation and municipal waters, hydropower generation, 

flood control, recreation and enhancement of downstream water quality are the 

principal benefits anticipated. 

The Level II Feasibility Study evaluates in detail the potential of the 

project and identifies conditions that would impair or preclude advancement of 

the project into final design and construction. Specific technical areas 

evaluated in the Study include: 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Advanced Hydrologic Analyses 

Legal and Institutional Impact Analyses 

Hydropower Potential Analysis 

Geotechnical Analyses 

Preliminary Design and Cost Analyses 

Formulation of an Operating Plan 

Aerial Mapping and Ground Survey 

Economic Analysis Emphasizing Agricultural Benefits 

Downstream Water Quality Impacts Analysis 

The following paragraphs sunmarize the results obtained in completing 

the various analyses identified above. Since two (2) dam sites were ulti-
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mately investigated, the first being the Lower Teichert-Bagley Site identified 

in the Level I Study and the second located approximately 2,900 feet down

stream from the fi rst site, appropri ate reference is made in the summari es 

where conditions are applicable. 

HYDROLOGIC ANALYSIS 

Reservoir simulations utilizing the State of Utah's Bear River Model and 

a model developed by GBR were based on in the following assumptions: 

• 

• 

o 

o 

60,000 acre-feet of water storage rights would be transferred 

from Bear Lake to Smiths Fork. Thi s storage woul d be released 

during the irrigation season, with total release in the year in 

which it was stored • 

The minimum release for downstream aquatic life would be 65 cfs. 

Minimum pool storage would be 25,000 acre-feet. 

Maximum pool storage would be 125,000 acre-feet. 

The model indicates that after all Bear River Compact, irrigation, 

municipal and low flow demands or allocations have been satisfied, shortages 
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would occur in eighteen of the fifty-three years of record while maintaining 

a 25,000 acre-foot pool. In addition, the analysis shows that the projected 

inflow to the reservoir will exceed 65 cfs 77 percent of the time, and an 

outflow greater than 65 cfs, including spills, can be met 93 percent of the 

time. Minimum flows for hydropower generation, 50 cfs, can be met 98 percent 

of the time and hydropower bypasses will occur 10 percent of the time. 

FLOOD ROUTING 

Probable Maximum Flood Flows were computed for the sites. The analyses 

indicated a potential for inflow rates in excess of 40,000 cfs, and a total 

volume of storm inflow anounting to 55,686 acre-feet. In the past strean 

flows in excess of 1,200 cfs have caused downstream flood damage. The design 

and operations pl ans therefore propose to regul ate release flows to approx

imately 1,000 cfs. The emergency spillway has been designed to pass the 

full probable maximum flood, if such an event should occur while the reservoir 

is at the 125,000 acre-foot level. 

LEGAL AND INSTITUTIONAL IMPACTS 

The legal and institutional impacts of storage and discharge of water 
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at Smi ths Fork were researched and eval uated. It was determi ned that an 

agreement must be drafted and implemented whereby the States of Idaho and Utah 

and Utah Power & Light Co. agree to the proposed transfer of downstream 

storage rights to Smiths Fork. Further, storage and discharge must occur in 

accordance with a procedure approved by the Bear River Commission. 

HYDROPOWER ANALYSIS 

The potential capacity to generate hydro-electric power has been analyzed 

for both sites. Studies were completed to determine the impacts of fluctuat

ing flows and available heads, voltage to be produced, maintenance costs, 

physical limitations, initial purchase costs and installation costs. Equip

ment was selected in full consideration of these factors. 

Predicted annual power generation is 13,905,336 kW hrs at either site 

based on flows fluctuating between 50 cfs and 475 cfs. at heads varying 

from 110 to 150 feet. Two (2) 2.5 MW Francis turbines/synchronous generators 

with spare hi gh head runner to accommodate peak flows were se 1 ected. Power 

output level of the facility will be 25 KV, 3 phase, 60 hertz. 

The cost of the hydroplant is estimated to be $3,552,788. Total annual 
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revenues, less expenses, after an initial payoff period of 7 1/2 years, and 

assuming the life of the plant at thirty-five years, is anticipated to be 

$18,311,068 assuming levelized avoided cost payments for a 20-year period 

equal $0.052 per kW-hr. 

GEOTECHNICAL ANALYSIS 

A preliminary geotechnical evaluation of both sites was canpleted along 

with core boring analyses, field geologic studies, seismic refraction studies, 

bore hole permeability testing and a laboratory testing program. 

Three major considerations resulted from the geotechnical studies. 

o 

• 

o 

An absence of high quality construction materials in the project 

area • 

Evidence of highly permeable foundation conditions within the 

bedrock foundation of the dams. 

Knowledge that the project exists within a seismically active 

region. Although evidence of active faulting was not discerned in 

the investigation. 
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These factors indicate that the mass of the embankment must be in

creased, the geometrics of the embankment will require incorporation of 

filter zones, and extensive grouting will be required in the foundation 

area. 

State-of-the-art geotechnical techniques are available to compensate 

for the noted conditions. Utilizing these techniques in the final design will 

assure construction of an acceptably safe structure. 

PRELIMINARY DESIGN AND COST ESTIMATES 

An earthfill/rock dam has been designed with provision to accommodate the 

physical dimensions of either site. 

Basically, the dam as designed incorporates three horizontal to one 

vertical slopes, both upstream and downstream. A central core of impervious 

material extends through a cut-off trench excavated into bedrock. An upstream 

filter zone between the core material and random fill comprises the bulk of 

the upstream section. Downstream, three (3) specially graded filter zones 

provide a transition from the core material to the random fill. 
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Preliminary cost estimates for the facilities are: 

o 

o 

Upper Site: Dam and Powerhouse 

Lower Site: Dam and Powerhouse 

$79,266,650 

$61,632,125 

The Lower Site was found to be more favorable from the standpoint of 

cost and construct i on and is the recommended 1 oc at i on for the structure. 

OPERATING PLAN 

An operating plan to meet the intents of the project and adhere to known 

legal and institutional requirements has been formalized. The plan provides 

for maintaining downstream flow demands during the initial filling of the 

reservoi r. Once the reservoi r is fi 11 ed, downstream dem ands wi 11 be met by 

adjusting the inlet structure gates, turbine valves, outlet structure valves 

and the by-pass valve. 

The Wyomi ng all oc at i on wi 11 be re 1 eased to meet 1 oc a 1 demand and any 

excess will be carried over as storage from one water year to the next. 

Transferred storage will be released in the water year in which it is stored. 
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Flows through the principal spillway in excess of 500 cfs, the upper 

capacity of the turbines, wi 11 be routed through a bypass to the stream. 

AGRICULTURAL ECONOMICS 

Initially an attempt was made to gather data from agricultural users 

for in-put into the AGNET program to evaluate the economic benefits to agri-

cultural users. The standard AGNET questionnaires were distributed to a 

representative group of individuals who were generally unanimous in stating 

that they have not maintained records in sufficient detail to complete the 

questionnaire. A subjective area-wide analyses replaced the AGNET analysis. 

Contact was made with a representative sampling of agricultural users in 

an attempt to determine their willingness to purchase supplemental irrigation 

water and establish an agreed to cost. Approximately one-half of those 

surveyed indicated a willingness to pay for supplemental water, but expressed 

no price they would consider reasonable. Other users expressed no interest 

and an unwillingness to participate. 

In an attempt to identify a reasonable cost that could be used in the 

economic analysis, data was obtained from the Covey Canal Company, an irri-
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gat ion system in the Smiths Fork area. Covey distributes irrigation water 

to three (3) sub-systems, Covey A, Covey Band Mau. Rates vary from a low of 

$1.35 per acre irrigated/per year in the Mau sub-system to $5.24 per acre 

irrigated/per year in the Covey B sub-system. Rates in the Covey A sub-system 

are $2.04 per acre irrigated/per year. 

CONCLUSIONS 

The following conclusions are based on an evaluation of data generated 

during the course of the Level II Study. 

• 

• 

• 

Strictly from the standpoint of economics the Smiths Fork Project 

is not feasible. The cost-benefit analysis prepared as part of 

the study indicates a ratio of less than 0.5. The analysis was 

prepared using primary benefits only and did not attempt to mone

tarily quantify secondary socio-economic factors. 

The Lower Site is more favorable than the Upper Site. 

The transfer to Smiths Fork of a minimum of 60,000 acre-feet of 

downstream storage rights is required to make the project feasible. 

In the event storage rights from downstream in excess of the 
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• 

• 

• 

60,000 acre-feet are identified and negotiated the probability 

of meeting low flow hydropower demands will be enhanced. 

A Bear River Compact IICommission Approved Procedure ll is required to 

accommodate accounting procedures covering the storage and dis

tribution of the newly revised water rights. 

Hydropower generation is feasible at either dansite. Analyses 

indicate 13,905,336 kW-hrs of energy can be generated dependent upon 

the successful negotiation of downstream storage rights transfers. 

Geotechnical studies identified three (3) major areas of concern: 

(a) the absence of high quality construction materials in the 

project area creates the need to zone the dam to provide 

internal drainage and prevent migration of the core soils into 

the coarser random fill. 

(b) bore hole permeability testing identifies numerous zones 

of highly porous bedrock that require extensive consolidation 

grouting during construction. 

(c) although no indications were discerned to indicate the presence 

of active faults at either damsite, the location of the project 
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o 

• 

o 

in a seismically active region requires the design of the 

structure to include measures minimizing damage a seismic 

event could create. 

State of-the-art geotechnical techniques are available for utiliza

tion in final design. It is anticipated such techniques will ensure 

construction of a safe structure. 

The construction of the dam will enhance downstream water quality. 

It is anticipated that phosphate removal by treatment at Bear Lake 

will require less effort, and thus be less costly • 

Primarily, agricultural benefits will be in the potential avail

ability of supplemental water in dry years. Flood protection 

will mainly result within the river banks due to the ability of 

controlling the volume of flow from the facility during periods of 

peak run-off. 

Agricultural water rates in effect as of December, 1984, in the 

Smiths Fork area range from $1.35 to $5.24 per acre irrigated/per 

year. These rates were obtained from the Covey Canal Company. 

Anticipated fees for supplemental water from the Smiths Fork Project 

are in excess of the upper limit of this range. In a representative 
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samp1 ing of agricultural users those interviewed who expressed an 

interest in participating were unanmimous in stating that they could 

not place a value on supplemental water. In this study a figure of 

$5.70 per acre irrigated/per year has been used. 

RECOMMENDATIONS 

1. Unless either or both of the following scenarios become reality 

the Smiths Fork Project is not recommended for further development 

as it is presently constituted: 

a. Conditions unknown to the Consultants exist that will bring 

the cost-benefit ratio nearer to unity. Examples of such 

factors could include the necessity for Wyoming to store its 

Smiths Fork allocation in a reservoir that is part of a long 

range plan comprising the entire Upper Bear River Basin. 

b. Downstream States elect to participate financially in con

struction of the project based on flood protection, primarily 

for regulating flows during peak run-off, and in conjuction 

with other plans for regulating flows or transferring water 

rights on an inter-basin basis. 
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2. In the event that neither of the above scenarios can be sati sfi ed, 

the Wyoming Water Development Commission should consider studying 

the possibility of a smaller project at Smiths Fork. 

3. In the event that the cost-benefit ratio is amended as defined in 

Recommendation I above, or a smaller project is selected, the 

Lower Dam site studied in this investigation should be advanced 

for final design. In the case of a smaller reservoir, and thus a 

smaller dam, it wi 11 be necessary to revise the geometric con

figurations of the structure. For example, an over-the-crest chute 

type emergency spillway would prove satisfactory and eliminate the 

excessive depth of excavation and waste associated with constructing 

an off-site spillway to an elevation compatible with a lower res

ervoir. Materials for construction of the embankment would then be 

obtained from borrow sources. 

4. Efforts should be made to obtain downstream storage rights agree

ments before proceeding to final design. 

5. Bear River Coomission criteria governing the resolution of ques

tions identified in the Legal and Institutional Impacts Chapter of 

this report should be established prior to undertaking final project 

design efforts. 
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CHAPTER I 

ADVANCED HYDROLOGY 



Introduction 

A. Site: 

CHAPTER I 

ADVANCED HYDROLOGY 

The proposed Smiths Fork dam and reservoir project is located approx

imately twenty miles northeast of Cokeville, Wyoming on the main stream 

of Smiths Fork. Smiths Fork is a tributary to the Bear River, therefore 

the stream flow is included in the Bear River Compact. (A copy of the Compact 

and Amendment is included in the Appendix of this report.) 

Smiths Fork drainage basin is approximately twenty-eight miles long and 

varies in elevation from 6,670 at the damsite to 10,100 at the high peaks. 

The terrain is typical narrow mountain valleys with steep side slopes. Ground 

cover varies from grasslands and sagebrush to quaking aspen and pine. 

Two dam sites have been studied for this report, one of which is the 

Tiechert-Bag1ey Site identified in the Level 1 Study and is referred to as the 

Upper Dam for this study. The second site is approximately 2,900 feet down

stream and is called the Lower Dam. The location of dam sites are shown on 

Figure 1-1. The reservoir outlines for the Upper and Lower Dams are shown on 

Figures 1-2 and 1-3. 
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B. Hydrology: 

Smiths Fork is the water source for irrigating approximately 16,300 

acres. In order to control water delivery to the water rights, several 

gaging stations have been constructed on Smiths Fork and the Bear River. 

Stream flow records from these stations were used as data base for the 

hydrologic study. Flood flow determinations for probable maximum flood 

were calculated using the Corps of Engineers procedure for the Colorado River 

and Great Basin Drainages. 

C. Water Demands: 

The quantity of water required for irrigation is calculated from crop 

water demand data obtained from the Soil Conservation Service. This data 

confirms the irrigation demands used in the Level 1 Study. Delivery of 

irrigation water from the reservoir system assumes that the irrigation re

quirements will be met from stream flow. When the stream flow is greater than 

the irrigation demand, water is stored and released as necessary to supplement 

the stream flow to meet the demand. 

A municipal annual demand of five hundred acre feet for Cokeville has 

been used. It is assumed that the municipal release will occur in equal 

increments with the release occuring during the irrigating season. 
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Water in excess of the Wyoming allocation is assumed to be avilable 

for temporary storage during high flow periods but must be released during the 

water year of such storage. 

D. System Constraints: 

The irrigated lands to be served by the reservoir were divided into two 

areas in order to est imate the impact of the reservoi r on the flow at the 

Border gaging station and the inflow of Bear Lake. The irrigation season 

is assumed to run from May through September each year. The irrigation 

diversion is adjusted for efficiency and monthly variation in crop demand. 

The area-volume-elevation data from mapping was used to develop the 

curves shown in Figures 1-4 & 1-5 and the tabular data required for the 

computer. 

The Bear River Compact includes the flow from Smiths Fork. Smiths 

Fork waters must be allowed to flow downstream during water emergencies 

defined in the Compact as a divertable flow at the Border gaging station of 

less than 350 cfs or a divertable flow at Stewart Dam of less than 870 cfs. 

In this study it is assumed that water emergencies for Smiths Fork occur when 

the gaging station flow at the Border station is less than 350 cfs. The 

Compact allows no storage at Smiths Fork during periods of water emergencies. 

Monthly flows were analyzed resulting in no allowance for storage during those 

months which have flows less than the Border minimum. An analysis without the 

Border restraint was also run. 
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The Bear River Compact and Wyoming State Engineer have allocated storage 

and depletion limits to Smiths Fork. The 1958 Bear River Compact provided a 

storage allocation of 4,100 a.f. for Smiths Fork. This allocation was 

subject to no depletion. The 1980 Compact Amendment provides for an addi

tional 10,420 a.f. storage with a depletion limit of 2,200 a.f. Irrigation 

diversions have a depletion of .50 and municipal diversions are .45 by defini

tion in the Compact. 

Additional considerations for the project are possible water use require

ments by the Game and Fish Department, consideration of a 20 percent of 

reservoir maximum capacity for fish propagation, and an instream flow equal to 

one-third of the annual daily average stream flow or when the stream flow is 

less than one-third of the annual stream flow. 

E. Computer Model: 

The St ate of Ut ah Water Resources Di vis i on Be ar River Computer Mode 1 

was used to determine Smiths Fork Reservoir Capacity. This model uses the 

Smiths Fork gaging station flow records. The Model calculates the irrigation 

demand from the crop area, an average monthly demand coefficient and an 

efficiency. Municipal and industrial uses are considered to be an annual 

demand allocated by a percentage of the annual total for each month of use. 

Return flow is calculated as a percentage of the initial diversion and includes 
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a lag to simulate actual flow conditions in the stream below the use area. 

Irrigation releases and shortages are tabulated to indicate the reservoir 

efficiency. Data are reduced to monthly and annual mean values as is ap

propri ate. 

The model tabu1 ates the end of the month storage, surface area pool 

elevation, available hydropower head, stream inflow, outflow, hydropower 

spills and shortages. The stream flow data is used to develop a duration 

curve. 

The following assumptions were made for the computer runs on Smiths 

Fork DCIn sites: 

Storage from downstream could be transferred to Smiths Fork Reser

voir. The transferred storage would be released in even increments during the 

five-month irrigating season. This storage transfer represents a fixed annual 

demand to be met by reservoi r release and not reduced by spi 11 s when the 

reservoir is full. Shortages are made up from reservoir storage. 

The following data was used for Smiths Fork reservoir runs: 

• Irrigated area: 15,700 acres. 

• Crop demand data was obtained from the S.C.S. office at Cokevi'~ ie. 
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• Average monthly demand data resulted in uniform annual demand released 

by month over the irrigating season. 

• A 100-acre foot per month demand for Cokeville Municipal use for the 

five-month irrigating season • 

• Irrigation has first right to stream flow with shortages made up from 

available storage releases. 

• A Wyoming depletion of 2,200 acre-feet is included as a 4,400 acre 

foot demand released in equal increments over the irrigating season. 

• Downstream storage transfer to the Smiths Fork Site - Thi s water to 

be released in equal increments concurrent with the irrigating season. 

• Minimum stream flow one-third of annual daily average of the flow or 

the stream inflow when it is less than one-third of the annual daily 

average. No releases are made to make up the minimum stream. 

Several computer runs at various proposed transfer volumes determined the 

maximum vollJTle which could be met. At the 60,000 a. f., transferred storage 

level shortages would have occurred in eighteen of the fifty-two years of 

record. 
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A computer run made with the reservoir at a minimum pool of 25,000 

acre feet and no withdrawals allowed below that level revealed the inflow data 

includes the drought period of 1931 to 1935 during which the total annual 

stream flow was 44,275 acre feet, the recorded mi nimum. Shortages occurred 

from 1931 to 1934, 1937 to 1942, 1944 and 1945, 1955, 1960, 1961, 1977 and 

1981. These shortages represent times that the total demand for irrigation, 

municipal, allotted depletion and transferred storage could not be met by 

release from the reservoir storage. No priority for curtailing a specific use 

at low inflow was made. The resulting quantity is the maximum that can be made 

available for storage transfer. 

The Bear River Compact imposes conditional restrictions on storage and 

diversions from the Bear River flows. The central division is considered to 

have a water emergency when the divertab1e flow in the Bear River is less than 

870 cfs or the Bear River at the Border Gaging station is less than 350 cfs. 

No storage can be made during an emergency. 

The concept of storage transfer has been discussed briefly with Wally 

Jibson, Consulting Water Engineer for the Bear River Commission. He expressed 

that the Compact does not specifically address transferring storage from one 

location to another. Any upstream changes in diversion, water use, added 

storage or other improvements must not adversely affect the downstream water 

ri ghts. Smiths Fork Dam wi 11 have a regul at i ng impact on the stream flow 
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by reducing high runoff. Storage releases to meet the late summer demands will 

result in a more uniform flow in the stream and a greater utilization of the 

avai 1 ab 1 e water. 

A second computer model was written to approximate the impact of the 

Compact on the stream flow. The water emergency condition of a flow less 

than 350 cfs in the Bear River at Border was considered in the model. All low 

flow emergency was ignored during the winter months, and water in excess of 

one-third of the annual daily average flow was stored. The stream inflow 

was bypassed when it was less than the one-third requirement. No release from 

storage to maintain one-third of annual daily average was made during the 

period of low flow. 

The model assumes that downstream demands wi 11 be met from the stream 

flow, and adds to storage during excess or releases from storage when stream 

flow is less than the demand. The program is written to store the maximum 

Wyoming allocation in all years that quantity is available. Transferred 

storage volume is limited to the remaining reservoir capacity. The trans-

ferred storage is released in the year when stored with none made up from 

Smiths Fork storage. Assuming that 60,000 a. f. were transferred to Smiths 

Fork, there would have been fourteen years out of the forty years on record 

that shortages would have occurred. 
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The storage allocation of 14,520 a.f. per year for Wyoming results in 

thirteen years when shortages occured in the period covered by the data. The 

Compact provides for additional upstream storage when the Bear Lake is spill

ing. This provision of the Compact has not been addressed, as data to deter

mine when Bear Lake is full have not been adequately identified and is de

pendent on the Bear Lake operating plan. 

Hydropower generation assumes flows greater than 50 cfs and less than 

475 cfs. The turbines and generators are sized to operate between the minimum 

and maximum flows. 

The flow regul ation provided by Smiths Fork reservoir wi 11 impact the 

downstreClll reaches of the Bear River and Bear Lake. The stream flow in the 

spring runoff wi 11 be reduced by the amount of water stored at Smiths Fork. 

This will reduce the flooding potential. 

Outflow from the reservoir will be releases required to meet all down

stream demands. In addition, the transferred storage will be released, 

resulting in a change from an unregulated minimum annual average flow of 56 

cfs in February and a maximum annual average of 603 cfs in June, to a reg

ulated minimum flow of 64 cfs in February and a maximum 384 cfs in June. 

This stream flow can by-pass the Bear Lake and eliminate part of the phosphate 

and other deleterious materials which would be added to the Bear Lake if the 

water were stored. 

-28-



F. Synopsis of Reservoir Computer Model: 

The purpose of the computer model developed by GBR Consultants Group, 

Inc., is to provide a means of modeling Smiths Fork reservoir operation with 

consideration of the Bear River Compact constraints. 

G. Constraints: 

Specifically, the constraints used within the model are: a maximum 

amount of water stored in any given year of 14,520 acre-feet for Wyoming and 

an emergency condition that a flow less than 350 cfs in the Bear River at the 

U.S.G.S. border station requires a 57 percent streamflow bypass. The program 

is also constrained by a number of parameters, listed as follows: 

1. A mi n;mum release as suggested by the Wyom; ng Game and Fi sh of 65 

cfs. 

2. A maximum capacity of 125,000 acre-feet. 

3. A minimum pool capacity of 25,000 acre-feet. 

The irrigation and municipal water requirements placed on the model are 

based on actual or expected amount3 for the Cokeville area. 
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H. Input: 

Input is received by the model through four files, namely Inter, Indat, 

Updat, and Downdat. 

Inter supplies the initial parameters for the reservoir given on the 

first page of printout, i.e., years simulated, reservoir parameters, release 

requirements, etc. Indat gives the various "factors" along with the surface 

area capacity curve data. 

Updat and Downdat are, respectively, recorded Smiths Fork River flow, 

and Bear River recorded flow at the Border gaging station. 

I. Bypass and Releases: 

Bypasses are assumed to be water requirements taken directly from river 

flow through the reservoir and therefore not included in storage calcu

lations. For purposes of this model only water for irrigation is taken as a 

bypass. 

Releases are those water requirements taken from reservoir storage. 

Such as power releases, irrigation requirements which cannot be supp1 ied by 

river flow, and municipal requirements. 
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The order i~ which the releases are taken is 1 - Irrigation, 2 - Power 

and 3 - Municipal. Each is supp1 ied based on the amount of water avail able 

up to the maximum amount required. 

J. Assumptions: 

The program assumes a certain specified amount of water is "borrowed" 

from downstream. In other words, flow wh ich wi 11 eventually reach Bear Lake 

is stored in Smiths Fork to be released in equal increments over the summer 

months for power generation. 

I n add it ion, ev aporat i on is assumed to occur May through October , all 

releases are assumed to occur May through September and municipal releases are 

assumed to be divided equally over the five months. Irrigation efficiency is 

assumed to be 50 percent. 

K. Flowchart and Definitions: 

Figure 1-6 is a basic flow chart showing the layout of the operation of 

the program. 
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L. Definition of Program Output 

1. Years Simulated: The number of years for which streamflow records 

were available for both Smiths Fork and Border Stations, including 

the beginning and ending years. 

2. Starting Year: Beginning year of data. In this case, data from 

1943 to present was used. Border data was not regressed to 1931. 

3. Reservoir Parameters: 

a. Maximum Capacity: The maximum capacity of the proposed reservoir 

at this level of analysis. 

b. Minimum Pool: The minimum capacity of the proposed reservoir, 

assumed to be present at all times. 

c. Initial Storage: Amount of storage assumed to be present the 

month prior to the month in which simulation begins. 

d. Maximum Available Storage Per Year: This amount includes the 

14,520 acre-feet annually allotted Smiths Fork by the Bear 

River Compact plus the assumed 60,000 acre-feet transferred 

storage for power generation. Smiths Fork may not cumulatively 
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store more than the sum of these two in any given year. Trans

ferred storage is stored and released in the same water year. 

The Wyoming allocation not required for shortages is carried 

over for future use. 

4. Release Requirements: 

a. Irri gated Land: The amount of 1 and below the reservoir re

quiring irrigation (irrigation occurs May through September). 

5. Irrigation Efficiency: Efficiency of water used for irrigation. 

This increases the amount of water released from the reservoir to 

include losses due to irrigation. 

6. Muni c i pal Demand: Est imated amount of water to be released for 

municipal use (distributed May through September). 

7. Borrowed Storage: Amount of water "borrowed ll from Bear Lake and 

subsequently released for power generation at Smiths Fork. (IiBor-

rowed Storage" is Synonymous to IITransferred Storage ll
.) 

8. Minimum Flow Allowed in Downstream River before Reservoir can 

keep inflow: Amount of flow at Border station below which, the Bear 

River Compact defines an emf~gency condition. In this event, the 

Compact requires that 57 percent of the inflow to Smiths Fork 
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Reservoir be bypassed without regard to normal flow requinnents. 

9. Surface Area, Capacity Table: This table gives the planimetered 

reservoir surface areas at the corresponding elevations from en

larged U.S.G.S. quadrangle maps. It also gives the reservoir 

volume for each elevation. 

10. Consumptive Use Factors: Consumptive use typical of land irrigated 

in the Cokeville, Wyoming area during irrigation season. 

11. Borrowed Storage and Municipal Use Factors: Distribution factors 

for the borrowed storage bypass and the municipal release. 

12. Net Evaporation Rates: Based on a pub 1 i shed report of a study 

of evaporation rates in the Green River Basin, Wyoming and pre

cipitation data for the area. 

13. Seepage: Seepage through the earth dam, input in a.f./month. In 

this case it is assumed to be zero. 

14. Minimum Streamflow: Flow requested by Wyoming Game and Fish in 

Smiths Fork below the reservoir. 

15. Recorded Smiths Fork Inflow: U.S.G.S. recorded flows at Smiths 
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Fork stat ion. 

16. Recorded Flow at Border: U.S.G.S. recorded flows at Border Station. 

17. Irrigation Bypasses or Minimum Streamflow: Amount of streamflow 

bypassing reservoir storage to meet irrigation or minimum streamflow 

requirements (subject to Bear River Compact). 

18. Power Releases: Amount released from transferred storage and used 

for power generation. Transferred storage demand is to be equal to 

a storage of 60,000 a. f. released in equal increments over the 

irrigating season. 

19. Monthly Available Storage: Amount of streamflow that may be stored 

after bypass requirements are met. 

20. End of Month Storage: Reservoir storage after all re 1 eases and 

losses are included. 

21. Irrigation Releases (shortages): Amount of irrigation requirement 

not met by streamflow (irrigation bypass) which is delivered by 

using reservoir storage. 

22. MUi';cipa1 Releases: Amount released from reservoir storage to meet 
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municipal demands. 

23. Spills: Water released because available storage has exceeded the 

maximum storage allowed in any given year, or because reservoir is 

full. 

24. Reservoir Yield: Water available for use (usable storage) after 

bypasses and losses are accounted for. 

25. Evaporation: Calculated by multiplying net evaporation rates by 

reservoir surface area. 

26. Downstream Flow: Amount occurring downstream of the reservoir 

assuming irrigation and municipal requirements return 50 percent 

including spills and power bypasses. (The Compact depletion for 

Municipal use is 45 percent.) 

27. Percent of Recorded Inflow: Downstream flow appeari ng as a per

centage, greater or less, than Smiths Fork recorded flow. 

The inflow duration curves are shown as Figure 1-7 and the outflow 

duration curves are Figure 1-8. 

An inflow mass curve, Drawing No 18 of 24, was developed as a check for 

calculated values. The annual stream flow was accumulated and plotted to show 

the total quantity of water in the Smiths Fork for the data period. Various 

operating demands were plotted to determine the storage required to meet that 
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demand. This graph substantiates the use of a 125,000 acre foot reservoir 

for the project. 

The computer program was modified to provide for two irrigated areas 

and treating the Wyoming and transfered storage as seperate operations. 

An analysis was made of the impact on the various gaging stations. 

This analysis is based on the assumption that the flow data at the Smiths Fork 

gaging station at the dam site represents the full stream flow before irri

gation diversions. 

The upstream flow rate of the Bear River at Cokeville is assumed to 

be the gaging station flows less Smiths Fork adjusted for irrigation diver

sions and returns. The adjustments to the Smiths Fork flows are calculated 

for conditions before and after the proposed dam. Similar adjustments were 

made for the Border and Rainbow gaging stations. The analysis assumes that 

the changes in flow would affect only the Rainbow gaging data and the diver

sions at Stewart Dam would not change. 

The quanitity of water stored for Wyoming is restricted to 14,520 acre

feet of annual storage and a 40,000 acre-feet maximum reservoir volume. The 

water avail able for storage was assumed to be the stream flow in excess of 

that required to be diverted to meet the irrigation demand of the water right 

holders on the Smiths Fork. Irrigation diversions are assumed to be the 

theoretical crop demand and only that amount of water is diverted and no 
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additional releases would be made. These diversion requirements were to be 

made from the stream flow as was the assumed instream flow requirement. The 

instream flow was assumed to be one third of the average daily flow. 

The instream flow requirement does not have a significant impact on 

the Wyoming segment of the reservoir operation as the total annual Wyoming 

storage allowed is 14,520 acre-feet which is available for thirty-nine of the 

forty-one years of the analysis. Figure 1-9 shows the annual flow available 

for storage with lines showing the requested instream demand and no instream 

demand. The Wyoming storage demand is less than the 20,000 acre feet 

minimum shown on the graph. This clearly indicates that there are two years 

when the available storage is less than 20,000 acre feet. The total storage 

demand line is the sum of the Wyoming allocated storage and the proposed 

transferred storage. Transferred shortages occur in twenty-three of the 

forty-one years if the instream flow is required. If no instream demand 

is required and all flow can be stored shortages occur in ten of the forty-one 

years of record. These shortages assume that no carryover for transferred 

storage will be allowed and that no release for shortage will be made from the 

Wyoming allocation. If the Border flow minimum requirement can be waived the 

transferred storage shortages are reduced to two years of the forty years of 

record. 

The transferred storage in the computer model was charged with an evap

oration l$)ss that is pr-oportioned to the amount of Wyoming and transferred 

storage each month. This evaporation deduction shows as a shortage in the 

September release which is not considered to be a short year. 
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Reservoir yield for the model is defined as the reservoir releases 

made to meet municipal demands, and irrigation shortages plus the end of the 

month storage at the end of the year. With this definition the minimum 

reservoir yield is the first year and is 13,438 acre feet. A low yield of 

25,334 acre feet occurred in 1978. The maximum yield is near the 40,000 acre 

feet of the reservoir. 

The maximum long term yield of the reservoir is 1 imited by the 14,520 

acre feet of annual storage and the max imum annual dep 1 et i on allowance of 

6,600 acre feet. The depletion 1 imit, using the fifty percent efficiency 

would require a release of 14,300 acre feet which is within the yield of the 

reservoir and could be met as either supplemental irrigation or potential 

additional water rights. This is assuming that the shortages of present 

irrigation rights are made up from carried over stored water that is not 

subject to the annual depletion allowances. 

The transferred storage yield based on the project criteria is zero 

which occurs once in the period of record and a maximum of 59,054. If there 

is no instream flow the minimum yield is 15,970 acre-feet and the maximum is 

59,070 acre-feet. 

A Wyoming reservoir of 40,000 acre-feet wi 11 provide adequate storage 

to meet the proposed 500 acre-feet future municipal release and meet the 

calcu1 ated irrigation shortages for present water rights. A firm yield of 

13,340 acre-feet can be provided for future development. Computer runs are 

included in the Appendix. 
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M. FLOOD ANALYSIS: 

An evaluation of precipitation and resulting runoff for the Smiths Fork 

drainage basin was performed to determine the following: 

1. Storage and/or discharge requirements for downstream flood protec

tion. 

2. Emergency spillway design. 

3. Flow routing during construction of the dam. 

4. Operating plan and reservoir routing through the primary spillway 

(lower pipe discharge). 

5. Supplement historical stream flow data developed for reservoir 

yield, discharge requirements and hydropower analysis previously 

developed. 

In accordance with the requirements of the Wyoming State Engineer's 

procedures, rainfall and runoff were computed using methods developed by the 

Department of Commerce National Oceanic and Atmospheric Administration (NOAA) 

and the U.S. Army Corps of Engineers (COE) for the geographical region in 

wh'ich the reservoir is located. Since this procedure predicts extreme condi-
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tions, and as a check on the initial results, additional evaluations were made 

utilizing other accepted procedures such as those used by the U.S. Bureau of 

Reclamation, Design of Small Dams, The U.S. Soil Conservation Service and by 

developing intensity-duration-frequency curves for the site from historical 

precipitation data. 

The format in which the raw data has been developed and the informa

tion stored, will permit the rapid evaluation of operating scenarios and flood 

spillway discharges other than those used in this study. As an example, 

storage may be provided for the Probable Maximum Precipitation (PMP) co

incident with "bank-ful1" natural runoff without emergency spillway dis

charges. 

N. Description of the Smiths Fork Watershed: 

The proposed dam site is on the Smiths Fork located near Cokeville in 

Lincoln County, Wyoming. For this study, the point of interest is coincident 

with Department of Interior-Geological stream gaging station 1003200 at 

1 atitude 42· 16 1 52" and longitude 110· 52 1 05". 

The watershed is generally the shape of a pear with its main axis 

north to south, contains approximately 167.5 square miles and ranges in 

-45-



elevation from 6,640 near the dam to peaks of elevation 10,323. The maximum 

reach of the basin is along the narrow main stem of Smiths Fork and is 28.2 

miles. 

The drainage basin is comprised of four sub-drainage areas: 

1. Smiths Fork - main channel 

2. Hobble Creek 

3. Coantog Creek 

4. Lake Alice 

Figure 1-10 shows the general boundaries of the subbasins. Table 1-1 

tabulates the areas, length, outlet-to-dam site distance and stream slope. For 

the purpose of this study, slopes were calculated using elevations and dis

tance between points 10 percent from the outlet to the upper 85 percent of the 

reach. By eliminating the high peaks from the slope calculation, the re

sulting slope is a better approximation of the basin hydraul ic gradient. 

TABLE 1-1 

SMITHS FORK RESERVOIR SUB-DRAINAGE AREAS 

Total Distance Length Elev. Slope 
Area Length to Month 10~ to 85% 10~ to 85% 10% to 85% 

1 • Smith Fork 82 28.2 -0- 21.1 mi 1680 ft 79.6 ft/mi 
Main Channel sq mi mi (0.015) 

2. Hobble Creek 39.5 1~1 .4 8.9 13.1 mi 1060 ft 80.9 ft/mi 
sq mi mi mi (0.0153) 

3. Coantog 28 11.4 14.0 8.5 mi 1280 ft 150.6 ft/mi 
Creek sq mi (0.0285) 

4. Lake Al ice 18 6.8 17.0 5.1 mi 955 ft 187.2 ft/mi 
(+220A) sq mi mi (0.035) 
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The smallest of the basins, Lake Alice, contains a lake of approximately 

220 acres. This lake will alter the instantaneous peak flow from the basin to 

Smiths Fork reservoir but will not significantly affect the total storm 

volume. No attempt has been made to route the storm flow through this basin. 

We believe this to be reasonable because the flow rate from Lake Alice basin 

is conservative and no reduction in discharge volume is assumed. 

The characteristics of the sedimentary geologic environment above the 

reservoir high water elevation can generally be classified as siltstone, 

limestone and sandstone. Generally the soils can be classified as inorganic 

clays of low to medium plasticity, gravely clays, sandy clays and clean 

clays. The soil supports herbaceous ground cover with shallow root systems 

and fair pine grasses. For runoff evaluations, it is considered to be Soil 

Conservation Service Hydrological Group C. 

O. Development of Probable Maximum PreCipitation Estimates (PMP): 

In accordance with the requirements of the Wyoming State Engineer, 

PMP's were developed following the procedures of the NOAA and Corps of 

Engineer's Hydrometerological Report No. 49 IIPMP Estimates, Colorado River 

and Great Basin Drainages. 1I The method provides for calculating both general 

storm and local storm probable maximum precipitation estimates for a specific 

area. These calculations were made for Smiths Fork drainage basin above 
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the project. General storm estimates are given for durations between six and 

seventy-two hours and 1 oc a 1 storm est i mates cover dur at i on s between fi fteen 

minutes and six hours. 

Total PMP is the sum of convergence and orographic components. Estimates 

can be made for each month of the year. For the Smiths Fork Site, both 

General Storm and Local Storm PMP's were developed for the Months of June and 

August. 

Tables 1-2 and 1-3 show the result of these calculations. Detailed 

calculation sheets of the development of these figures along with the appur

tenant charts and graphs used in the calculation are included in the Appendix. 

Table 1-2 
Probable Maximum Preci2itation 

SmitFis ForK 
General Storm {lncnes of rainfall) 

Hours 

Month 6 12 18 24 48 72 

June (inches) 3.47 5.16 6.40 7.63 10.03 11.37 

August (inches) 3.40 5.50 6.50 7.40 9.70 10.70 

Table 1-3 
PMP - Cocal Storm 

Increments Hours 
1 2 3 4 5 6 

June 0.30 0.37 0.94 3.31 0.66 0.34 

(4 
1.59 

1arHest 15 minutes) o. 4 0.48 0.40 inches 

August 0.30 0.70 0.90 3.1 0.3 0.3 
1.5 0.7 0.5 0.4 inches 
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The procedure also permits refinement of the local storm given the 

areal distribution of the PMP. These calculations are included for the June 

storm. The use of this refinement did not significantly alter the flows for 

this size basin and were not further applied in the analysis. 

For check and reference, procedures as outlined in U.S. Department 

of Interior, Bureau of Reclamation, "Design of Small Dams," Flood Flow for 

General Type Storm West of 105 0 Longitude were followed. Thi s produced: 

o Probable maximum six hour point source rain = 4.0 inches. 

o Ratio of point rainfall to area rainfall, 167.5 sq. mi. 0.84. 

o Six hour general rainfall (4.0 inches x 0.84 = 3.36 inches). 

This does not significantly differ from the June 3.47 inches developed 

from the NOAA procedure. 

Utilizing the intensity/duration curves developed for the site, the 

100 year, six hour storm produced 2.70 inches of rainfall. 

P. Storm Runoff 
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In order to estimate the impact of the precipitation event developed 

in Section 0, the rate of runoff and the total volume of storm contribution 

was estimated utilizing Soil Conservation Service procedures. The watershed 

soils and ground cover are sufficiently simi1iar to justify using one classi

fication for the entire basin. As described in section N, the soils have 

been classified as S.C.S. group C which have a slow rate of infiltration into 

the soi 1 surface when wetted and a slow transmi ss ion rate through the soi 1 • 

The land use and ground cover includes fair pasture range and good herbaceous 

cover. The hydrologic soil-cover complex for Smiths Fork has been identified 

to have a S.C.S. Curve Number of CN75 for an average antecedent moisture 

content II, or average prestorm moisture conditions during the previous thirty 

days. 

For the purpose of predicting the maximum runoff from the PMP storm, 

this factor has been adjusted to an antecedent moisture condition of III which 

assumes heavy rainfall and nearly saturated soil conditions have occurred 

during the previous five days or that the ground is frozen. Since the maximum 

general storm potential occurs in June, the potential for saturation and/or 

residual snow cover is possible for this area. The direct runoff resulting 

from the projected rainfall is based on an adjusted S.C.S. curve number of 

eighty-eight because of the above soil and moisture conditions. Table 1-4 

shows the projected runoff from the general storm and table 1-5 shows the 

runoff projected for the intense local storm under these conditions. 
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Tab le 1-4 
Projected Runoff - PRP General Storm 

Hour I ncrement a 1 Total Total 
~endingl Rainfall ~inchesl Rainfall Runoff 

1 0.18 0.18 0.01 
2 0.22 0.40 0.10 
3 0.55 0.95 0.30 
4 1.94 2.89 1.80 
5 0.39 3.28 2.20 
6 0.20 3.48 2.35 

12 1.69 5.16 3.90 
18 1.24 6.40 5.15 
24 1.23 7.63 6.30 

Table 1-5 
Projected Runoff - PRP Local Intense Storm 

Hour I ncrement a 1 Total Total 
(Ending) Rainfall (inches) Rainfall (inches) Runoff (inches) 

1 0.30 0.30 0.01 
2 0.37 0.67 0.13 
3 0.94 1.61 0.72 
4 3.31 4.92 3.70 
5 0.66 5.58 4.30 
6 0.34 5.92 4.75 

N. Runoff Hydrographs: 

The theoretical probable maximum storm and the runoff from these storms 

were modeled onto each of the four subdrainage basins above the proposed 

reservoir. Time of concentration, lag time, time to peak, and runoff for one 

inch of rainfall were developed for these storms for each area, and hydro

graphs were plotted. Hydrographs were constructed utilizing manual procedures 

and by computer modeling. The Appendix includes the calculated data. 
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Total drainage basin hydrographs were developed by "adding" the subbasin 

hydrographs and routing these flows to the reservoir site. Figure 1-11 shows 

the individual hydrographs for each subbasin and the combined total drainage 

basin hydrograph for the June PMP general storm. This shows a general storm 

peak inflow rate of 40,000 cfs with a short duration peak of 45,000 cfs 

Since Lake Al ice discharges are not controlled, an accurate flood routing 

through the lake has not been studied. Such routing could reduce the instan

taneous peak, but it does not alter the total volume of storm contribution. 

Figure 1-12 shows the individual hydrographs of each of the subbasins 

for the PMP Intense Local Storm. A combination of these storms over the 

entire basin has not been added because the combination probability of these 

storms simultaneously occurring is extremely remote. Figure 1-13, however, 

shows the combination of the intense Local PMP occurring over the main 

stem of Smiths Fork, coincident with the PMP General Stonn occurring over 

the other subbasins. This scenario produces a peak inflow rate of 38,000 

cfs. 

Figure 1-14 shows a hydrograph developed utilizing the probable 1-in

SOO-year storm utilizing S.C.S. rainfall data. 

Table 1-6 shows the total inflow volwnes predicted by the hydrograph 

analysis. 
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Table 1-6 
Total Projected Storm Volume 

~Acre Ft.~ 

Drainage PMP PMP SCS 
Basin General Local 500 yr. Storm 

Storm Storm 

7.63" rain 5.92" rain 5.10" rain 
6.20" runoff 4.55" runoff 3.76 runoff 
24 hours 90 Minutes 24 hours 

Smith's Fork 27,280 19,990 16,545 
Hobble Creek 13,140 9,630 8,000 
Coantog Creek 95,207 6,830 5,670 
Lake Al ice 5,950 4,368 3,620 

Total 55,690 AF 40,810 AF 33.840 AF 

Q. Application of Hydrological Data to Design: 

In order to provide maximum downstream flood protection, spillway 

design considerations were based on the assumption that the normal or base 

line stream flow will be routed through the reservoir utilizing the principal 

spillway. The maximum flow of record is 1,800 cfs. Estimations of flood 

damages below the dam site indicate stream flows of 1,200 cfs have caused 

minor damage. The proposed operating plan would regulate total discharges to 

less than 1,000 cfs under normal conditions. At maximum pool elevation the 

principal spillway (drain) will be capable of discharging approximately 2,700 

cfs. Figure 1-15 shows the stage discharge relationship of the main spillway 

control valve at various openings. 

If a PMF occurs at reservoir full pool, the flood waters will be routed 

through an emergency spillway. 
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The proposed emergency sp ill way wi 11 pass the PMP storm at a max imll11 

discharge rate of 26,000 cfs and a surcharge depth of nine feet. The flow 

line of the emergency spillway has been set five feet above the full reservoir 

pool to preclude overtopping due to wind-created waves in the reservoir at 

full pool. 

R. EVAPORATION: 

The evaporation rate used in the study is the loss due to evaporation 

minus precipitation. 

Precipitation Data for the Smiths Fork area was obtained from NOAA 

Data, Wyoming, Station Border 3~ for the years 1972 though 1982. The 

monthly values shown in Table 1-7 are the averages of the monthly records over 

the eleven year period. 

Gross evaporation for Smiths Fork was estimated from the U.S.G.S. profes

sional paper, Evaporation from the .lZ. Western States "Average Annual Lake 

Evaporation,·· to be 36 inches per year. The monthly distribution of this 

total evaporation correlates with that used by Banner and Associates, based on 

records from an evaporation pan located near Green River, Wyoming. 

Table 1-7 gives the various monthly average evaporation, precipitation 

and net evaporation used in calculation of the reservoir evaporation. 
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Evaporation loss is calculated within the computer model by multiplying 

the net monthly evaporation loss factor in feet by the average monthly surface 

area of the reservoir. 

Table 1-7 
Average Precipitation 

Gross and Net Evakoration Values 
for Smlths For Reservolr 

Month: Oct Nov Dec Jan Feb Mar Apr May Jun Ju1 Aug Sept 

Precipitation 1.34 1.15 1.27 1.39 1.00 1.10 1.01 1.92 1.08 1.22 1.16 1.53 
(in.) 

Gross Evap. 2.16 0.0 0.0 0.0 0.00 0.0 0.0 4.68 5.04 7.44 6.12 3.84 
(in.) 

Net Evap. 0.82 0.0 0.0 0.0 0.0 0.0 0.0 2.76 3.96 6.22 4.96 2.31 
(in.) 
(ft.) 0.07 0.0 0.0 0.0 0.0 0.0 0.0 0.23 0.33 0.52 0.410.19 
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CHAPTER II 

LEGAL AND INSTITUTIONAL 

A. Assumptions and Bear River Compact 

The assessment of the impact upon existing water rights associated with 

Bear Lake are based on the following assumptions: 

1. To satisfy Wyoming's portion of additional storage rights under the 

amended Bear River Compact of 1980 the storage of water in the dam 

will be utilized primarily to supplement and satisfy the delivery of 

water for the identified down-stream water right holders as spec

ified in the tabulation of adjudicated water rights - Water Division 

No.4 (May 1983) published by the Wyoming State Board of Contro1~ a 

copy of which is attached hereto. This tabulation of water rights 

is summarized in Table 1-1 of the Levell Feasibility Study~ page 

11. We have confirmed that as of the date of this study, October, 

1984~ this tabulation is still current insofar as the office of the 

Wyomi ng State Engi neer is concerned and the admi ni strat i on of the 

stream by the superintendent of Water Division No. 4~ John Tiechert~ 

is concerned. 

2. The deli very of water to the vested i rri g at i on water ri ghts as 
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specified in Table 1-1 Levell Feasibility Study, will be in accor

dance with the schedule adopted and administered by the Super

intendent of Water Division 4. The hydrologic model as developed in 

this study contemplates delivery of said water based upon the 

historic demands and requirements of said water right holders. 

3. Any additional storage beyond that amount of water stored by the 

State of Wyoming to satisfy water rights and its allocation under 

the Bear River Compact of 1958 or as amended in 1980 shall be water 

stored in conjunction with a transfer of storage rights from Bear 

Lake now held by Utah Power and Light as discussed below. 

4. The depletion allocations considered are from the Wyoming State 

Engineers "Fina1 River Allocations, November 1983 For Amended Bear 

River Compact, 1980." The transfer of storage rights from the Bear 

Lake are in addition to the Wyoming rights. 

5. The water rights held by Utah Power and Light in Bear Lake are 

those specified in Table 11-1 attached hereto which summarize the 

existing water rights related to the operation of the Bear Lake and 

Bear River. 

6. Any proposal to store water in the Smiths Fork Project based on a 

transfer of storage rights by the State of Utah in addition to those 

rights for storage which have been allocated in Bear Lake could not 
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satisfy the criteria necessary for delivery of domestic water 

for the area below Bear Lake in the State of Utah. This assumption 

is based on the fact that the low flow peri ods of the Bear Lake 

already have ample and sufficient storage capacities to be held in 

the Bear Lake proper. Additional storage constructed beyond this 

capacity would be useful only to capture extraordinary flows in 

those years where the requirement for delivery of water downstream 

has been satisfied and would not occur at a frequency sufficient to 

quarantee a long-term domestic water supply under current pol icies 

and procedures for use of water for year-round domestic water 

supp 1 ies in the State of Utah. If however, certai n exchanges or 

agreements could be entered into between other entities and other 

drainages to allow for supplemental deliveries and/or exchanges, 

such a use of storage water in the Smiths Fork System could be 

accommodated. For purposes of this study, the assumption is that 

the sole option of storage beyond the Wyoming Allocation would be to 

transfer certain existing storage rights now held in the Bear Lake 

by Utah Power and Light into the Smiths Fork System, as discussed 

below. 

Storage allocation in the reservoir based on the above assumptions 

shall include the following or a combination thereof: 

(a) Water stored pursuant to Article 6A of the Bear River Compact 

as amended. 
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Therein, the state of Wyoming has allocated under its appro

priation system 4,100 acre/feet of its entitlement under this 

article to the Town of Cokeville and the Cokeville Development 

Association for domestic and industrial use. This allocation 

is from the 1958 Compact and does not have a depletion limita

tion. 

(b) Water stored pursuant to Article 6B of the Bear River Compact 

as amended. 

Under this provision, the State of Wyoming has allocated by its 

appropriation system and through the office of the State 

Engineer 10,420 acre/feet of storage water rights to the 

Cokeville interests as specified above with the limitation of 

2,200 acre/feet of annual depletion. 

(c) Water stored on a temporary annual basis, which otherwise 

would be storable in the Bear Lake proper under the vested 

water rights held by the Utah Power and Light Company in the 

State of Idaho and State of Utah. Such water could be held for 

only a part of the season and would have to be released to flow 

downstream to the Bear Lake at a poi nt spec i fi ed in any 

agreement and as required under the current vested rights 
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deliveries which have priority to any subsequent temporary 

storage allotment in the Smiths Fork Dam. 

(d) Water stored pursuant to Article 6C of the Bear River Compact 

as amended. 

Such waters under this article, once stored, become the prop

erty of a project i.e. sponsors thereto, and would not be 

subject to releases for Bear Lake storage rights as specified 

in the above other options. There is no depletion limitation 

attached to this storage. Storage options 1 and 2 under the 

Articles 6A and 6B, respectively are the bearers of a compact 

by the State of Wyoming and would be subject only to the 

demands and requirements for releases and be dictated thereto 

by those demands and requirements for releases of Wyoming water 

rights according to the tabulations discussed above in the 

basic assumptions in this analysis. Storage right no. 4 under 

Article 6C of the Bear River Compact, specifies that the 

"storage rights under this paragraph shall be exercised with 

equal priority on the following bases: 6 percent thereof 

to Idaho, 47 percent thereof to Utah and 47 percent thereof to 

Wyoming." The term "exercised with equal priority" contained 

in the Compact does not specify how this clause is to be 

applied where storage is constructed jointly between two 

states. For example, if Utah and Wyoming participated in 
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the construction of this project, one interpretation may be 

that both states can share equally in the storage created under 

this option in the project. Another interpretation could be 

that whatever storage is constructed above Bear Lake under this 

paragraph is required to be allocated in the proportions set 

forth in the Compact. Contained in the paragraph is a state

ment as follows. "The availability of such water and the 

operat ion of reservoir space to store water above Bear Lake 

under this paragraph shall be determined by a Commission 

approved procedure." Currently, there is no specific procedure 

for this storage and operation of reservoir space, therefore, 

it would be necessary to have a Commission adopted procedure to 

be implemented prior to the operation of the reservoir to 

interpret this paragraph and clarify the operation of any 

reservoir storage space under this paragraph to satisfy the 

conditions set forth therein. 

Relative to priorities of other water stored in the reservoir, 

Article 6C, water clearly would be subject to the downstream 

requirements of vested water right holders and other direct 

flow rights downstream. This would also include, of course, 

the water rights downstream from the project within the 

States of Idaho and Wyoming, as specified in the tabulations. 

Because water stored under storage rights No. 3 (temporary Utah 

-67-



Power and Light transfer) considered to be existing storage 

rights in Bear Lake de 1 i very re 1 ease of water from th is 

temporary storage would theoretically satisfy replacement 

of the storage downstream in Bear Lake. Under this assumption, 

Article 6C, water could be managed independently of the release 

schedule for water stored under the temporary transfer. 

Under the proposed project there are certain instream flow and 

minimum pool requests to be assumed in the hydrologic model. 

There is no specification in the Bear River Compact of the 

existing water rights allocated in Wyoming as to whose re

sponsibility or what entity's responsibility it is to satisfy 

the instream flow demands and minimum pool demands. In the 

hydrologic model as developed herein, the instream flow demands 

will not jeopardize any water rights of downstream users within 

the State of Wyoming or storage rights in Bear Lake owned by 

Utah Power and Light. The major question remaining is, 

of the storage ri ghts di scussed above to be allocated to the 

reservoir, how are the allocations for a minimum pool demand to 

be divided among the various storage rights existing in the 

reservoir? Before any such storage right is approved as 

discussed through the procedures below, an allocation should be 

determined between the various storage rights to be put within 

the existing reservoir as to allocations for satisfying the 
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minimum pool volume and minimum pool requests. This issue will 

become critical in years of relative shortage of stream flows 

above the dam wherein requirements to satisfy the various 

downstream water rights for Wyoming and Bear Lake will be 

beyond the capacity of the storage within the reservoir. It is 

recommended herei n that an agreement be entered into between 

the State of Wyoming, State of Idaho, and State of Utah under 

the auspices of the Bear River Commission to allocate among the 

various storage rights in the reservoir. 

B. Application Procedures and Discussion 

Based on the above assumptions and the above possibilities for storage 

within the project, the following are the procedures which must be followed 

and complied with relative to the storage rights in the reservoir: 

1. An application must be filed in the State Engineer's Office of 

the State of Wyoming titled, "App1ications Permit To Appropriate 

Surface Water." This application must be filed by all entities who 

desire to store water in the reservoir. Each app1 ication must 

specify the legal source for such application of storage. For 

example, the town of Cokeville, or Cokeville Water Development 

Association as applicants, would file to store 14,520 acre/feet 
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pursu ant to the ent i t 1 ement for a water right rece; ved from the 

State of Wyoming under paragraph 6A of the Bear River Compact as 

amended. For water to be transferred to Bear Lake by Utah Power and 

Light, the application would be specified to be a temporary applica

tion and would be pursuant to an agreement with Utah Power and Light 

as discussed below. This application would also reference the water 

rights held by Utah Power and Light in Idaho. 

2. F or water temporar i 1 y transferred by Utah Power and Light, an 

application for transfer, a point of diversion and use would be 

filed with the State of Idaho Department of Water Resources to allow 

temporary upstream storage of Bear Lake water belonging to Utah 

Power and Light. This application would also reference the agree

ment with Utah Power and Light discussed below as a condition 

governing such application for transfer. 

3. Any supplemental storage to augment or increase irrigated 1 ands 

in the State of Wyomi ng must proceed formally through the appl ica

t i on procedures of the Wyomi ng St ate Engi neer IS Offi ce. The 

allocation of any storage to these augmentations or increases in 

irrigated lands would also have to an application for storage 

in the project and relating to the specific water rights so obtained 

in areas irrigated and specifying points of diversion. 
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C. Agreement With Utah Power and Light Company 

As discussed above, one option for increasing storage would be to have 

Utah Power and Light consent and apply to temporarily transfer part of 

its storage rights into the reservoir from existing storage rights related to 

Bear Lake. Under the Bear Lake storage ri ghts management, certai n requi re

ments for releases and storage affect the review and assessment of potenti al 

flood damage and liability. Because of this liability issue and other re

quirements imposed in protecting existing water rights, it is recommended 

herein that a formal agreement ultimately approved by the Bear River Commis

sion be drafted between Utah Power and Light Company, the State of Idaho, the 

State of Wyomi ng and the State of Utah. It is suggested herei n that thi s 

Agreement be ratified by the Bear River Commission to assure compl iance and 

compatibility with the existing Bear River Compact as amended. This Agreement 

would be both an enabling agreement allowing the transfers to occur as well as 

the appropriate permitting by the State of Wyoming and the State of Idaho. 

This Agreement would also govern the operation to the extent that it affect 

the required releases of that water temporarily stored, to satisfy downstream 

water rights and other agreed to conditions. Legally, this Agreement would 

supercede and preempt any intervention by the State of Idaho, State of Wyoming 

or any other operating entity which may adversely affect the required release 

criteria as specified in the Agreement. This would help insure Utah Power and 

Light's concern as to the liabilities for entering into and in fact trans-
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ferring the water rights herein. Another part of this Agreement would include 

the relationship between temporarily stored water and any water stored 

under Article 6C as discussed above. The Agreement would specify the required 

releases and priorities thereof between the two different storage rights. It 

is assumed herein that the Comnission would adopt procedures for Article 6C 

and those criteria and procedures would be incorporated into this Agreement by 

reference. Another part of this Agreement would include clarification as to 

assignment and assignability, and beneficiaries of the storage rights so 

transferred including the relationship between the temporary storage and any 

hydropower generation occurring as a result of this project. Theoretically, a 

subsequent hydropower nonconsumptive right could be filed on for the site 

including any releases from the reservoir governed by this Agreement and any 

other requi rements so imposed on the operat i on of the reservoir. Th i s sub

sequent hydropower right would obviously be subject to these releases and have 

no ability to pre-empt or modify the necessary releases specified in the Utah 

Power and Light Agreement which is discussed further in the hydropower 

analysis. 

D. Depletion Effects 

A determination must be made and must be included in this operation 

plan from above discussed applications procedures as to the allocation of 
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dep 1 et i on to the v ari ous storage ri ghts in the reservoi r. The Bear Ri ver 

Commisssion has not adopted a procedure for charging depletion against devel

opments of storage projects therefore, it is necessary here to recommend that 

the Conmission adopt a procedure at least relative to these applications and 

storage rights for making such a determination. The only water which carries 

a depletion limit in this assessment and project is the 10,420 acre/feet which 

could be stored under Article 6B of Bear River Compact. Assuming a combined 

state storage facility is constructed, the states will have to evaluate 

evaporative loss from storage, and make an equitable apportionment for 

evaporation depletion. 

If the studies show that there would be a net decrease and depletion 

from temporary storage of water in a smaller reservoir over water stored in 

the Bear Lake, a credit could conceivably be given in the accounting pro

cedures under the management of the Bear River system. Ultimately, a method 

for accounting for chargeable quantities of water either depleted or saved on 

this project must be presented to the Bear River Commission at one of its 

regular meetings and the concurrence of the Commission obtained prior to the 

ultimate approval of the net storage rights under the above discussed appli

cations. 
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TABLE 11-1 

SUMMARY OF BEAR LAKE - BEAR RIVER 
wATER RIGHTs 

Lifton - Dietrich Decree 1911 - 3,000 cfs - BR into BL 
.. .. 1912 2,500 cfs .. .. 
.. II .. 300 cfs BL tribe 
.. .. .. 200 cfs ML tribe 

Water License 8962 1918 - 400,000 ac. ft. - BL storage 

Soda - Water License 15596 1922 - 1,500 cfs - direct flow 
Claim No. 13-4128 1980 - 16,4712 ac. ft. - storage 

.. .. II II .. 700 cfs direct flow 

Grace - Dietrich Decree 1905 - 500 cfs - direct flow .. .. 1908 500 cfs direct flow 

Cove - Dietrich Decree 1916 - 1,500 cfs - direct flow .. .. .. 4,000 ac. ft • - storage 

Oneida - Dietrich Decree 1910 - 1,000 cfs - direct flow .. .. 1911 1,500 cfs - direct flow 
Cl aim No. 13-4129 1980 - 11,485 ac. ft. - storage 

II .. II II II 700 cfs direct flow 

Cutler - Dietrich Decree 1903 - 270 cfs - direct flow .. .. 1906 135 cfs direct flow .. .. 1908 135 cfs direct flow 
II .. 1912 500 cfs direct flow 

Certificate 528 1917 - 1,434 cfs - direct flow 
.. 1624 1924 75,000 ac. ft. - storage .. .. .. 2,500 cfs direct flow 

*Paris - Water License 6032 1911 - 70 cfs - direct flow 

Note: Paris Creek, tributary to Bear River 
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E. FEDERAL ENERGY REGULATORY COMMISSION PERMIT FOR CONSTRUCTION 
AND OPERATION OF NON-FEDERAL 
HYDROELECTRIC POWER PROJECT 

The Federal Energy Regulatory Commission (FERC) is the primary federal 

agency responsible for the issuance of licenses or exemptions from licensing 

for non-federal hydroelectric projects under its jurisdiction. 

Hydroelectric projects fall under the jurisdiction of FERC if any of 

the following apply: 

1. The project will be located on, or will use water from, a 

navigable waterway. 

2. The project will affect interstate commerce i.e. will be connected 

with regional transmission grid. 

3. The project will utilize, wholly or partially, federal land. 

4. The project will use water from a federal dam or impoundment. 

The intended project will certainly be subject to FERC jurisdiction 

and must comply with FERC permitting, licensing or exemption procedural 

requirements. FERC requirements will govern the construction, operation and 
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maintenance of project features, including impoundments, water conduits, power 

houses, transmi ss ion 1 i nes and other works necessary for the deve 1 opment, 

transmission and utilization of power. 

FERC regulations offer a number of alternative procedures to the project 

owner, and to complete the licensing process in the most cost-effective and 

timely manner. A careful screening of permitting or licensing alternatives 

will be required. 

F. Preliminary Permit 

As a first step, the prospective developer may elect, to apply to FERC 

for a preliminary permit, which is issued for a period of eighteen months to 

three years and secures the developer a priority for later filing for a 

license or exemption. The preliminary permit allows the developer time to 

prepare economic, engineering and environmental studies and analyses as 

necessary to support the license or exemption application. This is an op

tional step and the developer may choose to file directly for the license or 

exemption. The determination of whether or not to apply for a prel iminary 

permit must be made after careful consideration of project characteristics and 

the length and complexity of preliminary studies and analyses. (18 CFR 4.80 

through 4.83). 
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G. Licensing 

FERC issues 1 i censes to construct and operate hydroe 1 ectri c proj ects 

for a term of up to 50 years. There are several categories of FERC licenses, 

and several possible categories of exemption from licensing depending on 

project characteristics. In the case of the intended project it is doubtful 

that an exemption from licensing would be available, although a short form 

license application may be a valid option. 

The license application is required as well as to consulting with an 

extensive list of local, state and federal agencies during the process of the 

license application preparation. Evidence of consultation is required with 

the application. The details of FERC license application requirements are set 

forth at 18 C.F.R. 4.30 through 4.35, 18 C.F.R. 4.40 and 4.41, 18 C.F.R. 4.50 

and 4.51, 18 C.F.R. 4.60 and 4.61. 

All required forms and further information are available from: 

Federal Energy Regulatory Commission 
825 North Capital Street, N.E. 
Washington, D.C. 20476 

The following list of Exhibits required in connection with a FERC license 

appl ication for a major project is included to indicate the general scope of 

information that must be included in a major project license application: 

Exhibits Required for FERC License 

Application - Major Projects 
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A. Organization Papers 

B. Authorization for Application 

C. Pertinent Hydroelectric, Waterpower, or Irrigation Laws 

D. Compliance with State Laws 

E. Water Rights 

F. Ownership of Lands 

G. Financing of Project 

H. Operation of Project 

I. Capacity and Energy Generated 

J. General Map 

K. Detailed Map 

L. General Design Drawings 

M. General Description of Mechanical, Electrical, and 

Transmission Equipment 

N. Cost Estimate 

O. Construction Schedule 

R. Public Recreational Use Plan 

S. Effect on Fish and Wildlife 

T. Statement on Benefits of Development by Non-Federal Entity 

U. How Generated Power Will be Utilized 

V. Architectural Design, Landscaping, and Scenic Values 

W. Environmental Report 

Source: 18 CFR 4.41 
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A. Introduction 

CHAPTER III 

HYDROPOWER ANALYSIS 

This section presents the results of a study performed to determine the 

feasibility of including hydropower in the Smiths Fork project. 

The results of the hydrologic analyses for the upper site and lower site 

were used to determine available heads, maximum and minimum flows and heads 

at the hydroturbine facility. The generating capacity was analyzed under 

maximum, normal and minimum flow conditions with due consideration for the 

release demands. 

Equipment was selected considering the fluctuations of flow, available 

head, voltage to be produced, maintenance costs, physical limitations and 

purchase and i nsta 11 at i on costs. Conceptua 1 drawi ngs were prepared to show 

layout of the hydropower plant and miscellaneous equipment including switch

gear and transformers. 

A preliminary power house design and cost estimate for the configuration 

selected was prepared for the Upper and Lower sites. 
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Operating and maintenance costs were estimated along with revenue from 

power sales based on a levelized avoided cost of $0.052 KW-hr over a 20 year 

period. The avoided cost payment of $0.052 KW-hr is in accordance with 

discussions between the Wyoming Water Development Commission and Utah Power 

and Light Company. 

Figure 3.1 shows the hydropower calculations utilized in the economic 

analysi s. 

All data preparation, studies, preliminary design, reports and recom

mendations were prepared considering FERC licensing requirements. 

B. Annual Energy 

Annual energy is defined as the quantity of energy that a hydropower 

turbine will produce at a given site over a period of one year. It is a 

function of the flow and head available. 

Annual energy is extremely useful in comparing alternate designs and 

estimating revenue for computing the return on investment. 

When calculating annual energy potential it is assumed that the turbine 
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Figure 3. 1 

Annual Energy Production 

N = 600 RPM D 34.0" 

Gross Head Net Turbine Turbine Gen. Gen. Total 
Head Disch. Loss Head Eff. Output Eff. Output Energy 

Month ( ft) (cfs) ( ft) (ft) tlUnits (%) (KW) ( %) (KW) IIDays (KW-hrs) 

Jan. 114. 1 58.5 0.1 114.0 1** 90.0 506 93.4 473 31 351,912 

Feb. 113.2 63.1 0.1 113.1 1** 90.0 541 93.7 507 28 340,704 

Mar. 113.4 56.7 0.1 113.3 1** 90.0 488 93.3 455 31 338,520 

Apr. 116.7 60.7 0.1 116.6 l*i~ 90.0 538 93.7 504 30 362,880 

May 131. 0 198.5 0.7 130.3 1 92.3 2015 96.0 1934 31 1,438,896 

~ Jun. 145.2 455.7 3.6 141.6 2 90.0 2451 96.0 2353 30 3,388,320 
~ 

I Jul. 139.5 539.3* 3.9 135.6 2 88.0 2357 96.0 2263 31 3,367,344 

Aug. 123.5 330.6 1.9 121.6 2 92.2 1564 95.9 1500 31 2,232,000 

Sep. 114.1 168.4 0.5 113.6 1 92.2 1489 95.9 1428 30 1,028,160 

Oct. 111.8 59.1 0.1 111.7 1 *i~ 90.0 501 93.4 468 31 348,192 

Nov. 113.3 61.0 0.1 113.2 1 *,'c 90.0 525 93.6 491 30 353,520 

Dec. 113.9 59.0 0.1 113.8 1** 90.0 510 93.5 477 31 354,888 

TOTAL 13,905,336 
*Turbine Flow Limited to 475 cfs KW-hrs. **Low Flow Runner Applied 



is operated at maximum possible output. Figure 3.2 is a turbine performance 

curve for the equipment that was considered in this study. 

Data required for conducting the annual energy study, are available 

flow and head as functions of time and the operational characteristics of the 

plant. 

Numerous methods exist to summarize hydrologic data so that flow duration 

curves can be constructed. Tabular data exists for the Smiths Fork stream 

flow from an established gaging station. 

This data was used to develop in-flow and out-flow duration curves 

for the project. For the purpose of the annual energy calculations, the Utah 

State Water Resources, Bear River Model was used to estimate the annual 

energy. It summarizes monthly flow, storage, reservoir elevation and out flow 

to calculate the energy produced. 

Monthly mean flows can be misleading in calculating annual energy. 

In periods of low monthly flow, several days of high flow due to localized 

storms may result in exceeding the volume utilized by all of the turbines 

at the site. These high flows may bias the monthly average to an extent that 

higher energy outputs are calculated than realistically exist. The monthly 

flow data is considered to be sufficiently accurate for the assumptions of the 

model. 

-82-



.. J! 
I 

>-
CJ 

90 :2 
ul 
CJ .. It w 
w 
2 
co 
tl ,. :l 
l-

I 
(Xl 
W 
I 

,~ &000 , 

TUR6UJE. OUTPUT - KW 

~E.T l-I E.AD· 120' 

CAvrrATIO~ UHrr 
fOR 5l-tAFT 'E ~T 
3' ABOVE HUJ. TW.L. 

I~O' 115' 

(XPE.C.TE.O TURBltJ~ PRE.tORMA~CE. 
HORIZOtJTAL FRAllC.IS 1lJRBltJE:. 



The hydropower estimates derived by the computer show the expected 

variation in flow and head during the operation of the reservoir. The stream 

bypasses and reservoir releases required to meet downstream demands are 

considered to be available for power generation. This data indicates that 

the minimum flow will be 50 cfs and the minimum net head is 108 ft. the 

maximum flow is 550 cfs and the maximum net head is 145 ft. 

Computer runs were made for minimum pools of 25,000 acre-foot and 5,000 

acre-foot. The annual power generated when considering no instream demand or 

an instream demand is approximately the same. With no instream flow provided 

throughout the year power generation is limited to the period of May through 

September. This generating period coincides with the summer peak months and 

may provide the maximum sale price for the power. 

C. Equipment 

The hydraulic information has been reviewed by turbine manufacturers 

for equipment selection. Preliminary investigation indicates that two units 

will be required to match the available flow. The first suggestion is that 

standard Francis turbines and generators be installed. Due to the wide 
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variation in flow the turbines will have to be equipped with high head run

ners. The wide range of flow and head will result in a varying efficiency in 

the system. Equipment which will function under the encountered conditions 

at the sites available. 

D. Capital Cost Estimate 

Cost estimates were prepared, based on two 2.5 MW Standard Francis 

turbi nes and generators. Powerhouse construct i on costs were est imated on the 

basis of simple, straight forward construction. Capital cost estimates for 

the proposed scheme is presented in Figure 3-3. 
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Rock excavation 
Earth exc av at ion 
Backfi 11 
Concrete foundation 
Concrete walls 
Concrete columns 
Membrane waterproofing 
Concrete roofing 
CO.ncrete steps 
Stilling basin 
Miscellaneous steel 

Building subtotal 

Equipment including: 

Figure 3-3 

Power Plant 
Cost Estimate 

2 horizontal 2.5 MW Francis 
turbine generators, governing 
systems, inlet valves, excitation 
systems, low voltage switch gear, 
control cabinets, high voltage 
modules, main power transformers 

Other plant equipment: 
SCADA system, instrumentation, 
sump pumps, HVAC, cone valves, etc. 

Power plant subtotal 

Installation of power equipment 

Shipping 

Engineering and Design 

Total 
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$ 725 
$ 5,041 
$ 13,971 
$ 99,552 
$ 27,760 
$ 3,840 
$ 30,060 
$ 41,300 
$ 1,140 
$ 50,833 
$ 44,449 

$1,975,000 

$ 279,367 

$ 493,750 

$ 100,000 

$ 386,000 

$ 318,671 

$2,573,038 

$3,552,788 



E. Assumption for Hydropower Benefits 

The use of a 5.2 cent/kwh figure in the hydropower economic feasibility 

analysis is based upon the following factors and assumptions: 

1. U.P.& L. has indicated an intent to file the order of the Utah 

PSC in other states having jurisdiction over the U.P.& L. system, to 

include Wyoming. 

2. In communications with the Wyoming Public Service Commission staff, 

they indicate a significant probability that the Wyoming PSC 

would follow the determination of the Utah PSC regarding avoided 

costs for the U.P. & L. System. The avoided costs are to be deter

mined on the basis of the whole U.P.& L. service area and the above 

findings of the Utah PSC would carry great weight in any subsequent 

Wyoming hearings. 

3. A hydroelectric project on the proposed site may be appropriately 

sized and designed to meet the necessary criterion to receive the 

full capacity payment indicated above. 

Economic Evaluation 

A preliminary assessment was made to evaluate the economic merits of 
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development of the upper and lower sites. The annual costs were calculated in 

terms of a percentage of capital costs. 

The benefits were calcul ated as revenue derived usi ng repl acement power 

costs. Avoided cost is the term used in the FERC regulations implementing 

section 210 of PURPA to indicate that a qualifying facility must receive a 

price roughly equal to the utility energy cost savings and demand cost sav

ings, if the util ity can el iminate or del ay new capacity construction or 

retire an existing inefficient plant. The current value of avoided cost of the 

power to be generated at Smiths Fork is estimated to be $0.052/kwhr levelized 

for 20 years. Replacement cost is defined as the payment to the PURPA qual

ified facility including both the fixed payment for the capacity the utility 

does not have to install and the variable payment based on the current price 

for the fuel, operation and maintenance costs that the util ity will avoid 

paying. In this way, the qualifying facility receives the full value of 

avoided costs even as energy prices change. 

A cost analysis assuming the Construction Cost estimate to be the hydro

power cost, and an annual production of 13,905,336 KWH per year and twenty 

year levelized cost of $0.052 per KWH is shown in figure 3.4. The analysis 

assumes 9 percent debt serv i ce, 1 percent operat i ng and mai ntenance and 3 

percent down time. The twenty-year period of levelized power cost was used as 

the time for the analysis. 
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FIGURE 3. 4 

SMITHS FORK PROJECT 

H Y D R 0 POW ERA N A L Y SIS 

Capital Cost • . • . • . . • • . . . • • . • 
Annual Production. • . . . . • . • • • . . • 
Avoided Cost (Levelized for 20 YR Contract • 

Total Sales ($13,905,336.00 x .052). . 
Debt Service (9% for 35 YRS) 
o & M (1% C.C.). · · · · Downtime (3%). . · · · · · · · 
Total Annual Revenue · · · · · . · . . . . · Total Annual Expenses (Debt Service, o & M, 
Total Profit . . · · · · · · · . · · 

REVENUE (35 YEAR LIFE) · . · 

· · · · · · · · · · · · · · 
· · · · 

· · · · · · · Downtime) . 

· · · 
· · · · · 

· 
· · 
· · . . 

· · 

· · 

$ 3,552,788.00 
13,905,336.00 KWH 

.052/KWH 

$ 723,077.00/YR 
336,221.00/YR 

35,528.00/YR 
21,692.00/YR 

$ 723,077.00 
393%441.00 

$ 329,636.00 

$11,537,260.00 

TOTAL NET ANNUAL REVENUE APPLIED TO DEBT SERVICE 
Total Sales ... 
o & M and Downtime . 

N Balance. • • • . • . 
=-= 
o 
~ 

~ @ 9% 
ffi payment @ $665,857.00/YR 
~ Term = 7! YRS. 

Hydroplant Paid Off In 7! Years 
Total Annual Revenues Less Expenses X 27! Years 
= $18,311,068.00 

Scenario #1 NPV = $3,483,205.00 

TOTAL NET PRESENT VALUE 

HYDROPOWER FACILITY = $3.5 MILLION 

-89-

$ 

$ 

723,077.00 
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665,857.00 

#2 NPV = $3,514,080.00 
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CHAPTER IV 

GEOTECHNICAL INVESTIGATION 

I. DATA COLLECTION AND REVIEW 

A. General Geology 

1. Physiography: The dam site is located in southwestern Wyoming in 

a mountainous area near the western sect ion of the Western Wyomi ng 

Over Thrust Belt. 

This section of Wyoming exhibits signs of intense folding and 

faulting. Smiths Fork lies in a north-south trending synclinal 

valley resulting from the intense tectonic activities that took 

place during the late Jurassic and early Eocene time. The slopes of 

Smiths Fork Valley are moderate to steep. In the vicinity of 

the proposed dam, the slopes on the east are approx imate 1 y two 

horizontal to one vertical, while on the west the slopes are about 

two-and-a-half or three horizontal to one vertical. The proposed 

dam sites and reservoir area exhibit relief of about 1,000 feet. In 

the immediate area of the proposed dam sites, the relief is about 

430 feet on the west and about 500 feet on the east. 

Smiths Fork is the major stream flowing through the area. Its upper 
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reaches and tributaries comprise the drainage basin for the proposed 

dam. The ridges on either side of the valley exhibit a rectangular 

drainage pattern, more pronounced to the east than to the west. 

Possibly the reason for this is that the strata on the east do not 

dip as steeply as those on the west. The dip of the strata in the 

east is about 30· to 60· west, while in the west the dip is about 

65· to 85· east. 

Other than those associated with perennial streams, no springs were 

visible during the time of the field investigation in the months of 

July, August, and September. Erosion gullies were observed on the 

valley slopes indicating wet weather springs. Since Smiths Fork 

lies in a synclinal valley, conditions exist for artesian ground 

water conditions. 

Few 1 and owners reside in the dam site or reservoir area. Those 

interviewed indicated that the area is used primarily for summer 

cattle grazing. Severe weather conditions exist throughout this 

area during the winter months. During the period of the field 

investigation, the weather was hot and dry with an occasional 

afternoon thunder shower. 

Access to the area is 1 imi ted to one all weather, improved surf ace 

light-duty dirt road on the east side of the valley. 
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2. Str at i graphy and Litho logy: Bedrock format ions in the study 

area are units of the Lower Cretaceous Period of the Mesozoic Era. 

The sequence of rocks that will be encountered during the construc

tion of the dan and spillway at both proposed dam sites, ranging 

from oldest to youngest, are the Smi ths Format i on over 1 ai n by the 

Thomas Fork Formation overlain by the Cokeville Formation. Qua

ternary alluvium and colluvium are found at various locations along 

Smiths Fork. The following description of units was obtained 

from the United States Geological Survey Bulletin 1372-1 and Map 

1-11129 and observations made in the field. 

a. Smiths Formation: The Smiths Formation contains interbedded 

quartzitic sandstone, shale and an occasional thin 1 imestone. 

The prominent characteristics of the rocks of this formation 

are ferruginous black fissile shale and tan fine-grained 

quartzitic sandstone. The sandstone rocks grade laterally into 

s hal e and s i 1 t s ton e i nth e up per par t 0 f the form at ion, 

while the main sandstone development is in the lower portion of 

the formation. Limestone strata present in this formation are 

generally one foot or less in thickness. The limestone strata 

may contain fossi 1s. Some may contain hard ferruginous con

cretions. 

b. Thomas Fork Formation: The Thomas Fork Formation overlies 
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the Smiths Formation and consists of banded and variegated red, 

purple, brown, and green mUdstone and gray, tan, and buff 

sandstone. The sandstones are conglomeritic in part with 

pebbles as much as four inches in diameter. These beds may be 

the parent bedrock for some of the redd i sh soi 1 s observed in 

the study area. 

c. Cokeville Formation: The Cokeville Formation overlies the 

Thomas Fork Formation and is the youngest bedrock formation 

present in the dam site area. This formation consists of 

1 ight-gray to medium-gray fossi 1 iferous sandstone and sandy 

siltstone, light to dark gray claystone and mudstone, cal

careous concretions, abundantly fossi 1 iferous tan 1 imestone, 

and some beds of light gray, tan, and pink porcelanite and 

bentonite. A few thin coal seams are present in the upper 

portion of the formation. Reference material indicates the 

soils derived from this unit are sandy in nature. Soil samples 

obtai ned from the core bori ngs contai n hi gh percentages of 

silt and clay. 

d. Quarternary Deposits: Present at various locations along 

Smiths Fork are Quarternary recent alluvium and older alluvium 

terrace gravel deposits. The recent alluvial soils consist of 

poorly to moderately wel1-sorteti clay/silt, sand and gravel 
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found in the floodplains bordering Smiths Fork. Older alluvial 

terrace gravel deposits are present mainly on the higher 

terraces at various locations along Smiths Fork. These terrace 

deposits consist of silt, sand and gravel, poorly to moderately 

sorted and are unconsolidated and dissected. Some of these 

terrace deposits probably contain glacial outwash. 

A short distance south of the dam site older gravel deposits 

(Pleistocene and Pliocene) are present. These deposits consist 

of clay, silt, and pebble to boulder-size gravels. These 

deposits may be a suitable source of gravel for construction. 

3. Structure: The study area is located in the Idaho-Wyoming Over

thrust Belt which is the eastern unit of the Cordilleran Mountain 

System. Concentric (disharmonic) folds and their associated zones 

of detachment are typical of deformation in the Idaho-Wyoming Over

thrust Belt (Conrad, 1977). This type of folding indicates that the 

shape of the folds varies greatly with depth below the erosional 

surface and the competency of the rock units. 

The proposed dam sites lie within a synclinal valley across the 

axis of an unnamed syncline. Attitude measurements taken on outcrops 

on the valley slopes indicate that the structure is a syncline. 

Approximately one-and-a-half miles west of the dam site lies the 
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Muddy Ridge Fault, and to the east about one-and-a-half miles lies 

an unnamed fault. Both these high angle faults dip to the west. No 

review of geologic references or examination of aerial photographs 

indicate any faults directly at the dam site. 

4. Geomorphology: Both proposed dam sites are located in a syn

clinal valley that is tightly folded in the dam area and is less 

tightly folded as the syncline extends to the north. A series of 

parallel ridges is present on either side of the valley. The 

ridges are fonned by resistant sandstone strata with valleys or 

saddles between the ridges. One of these valleys will be utilized 

for the spillway. These valleys are formed by the weathering of the 

soft, less resistant shales and mudstones. 

The nose on the west side of the valley on the axis of the upper dam 

site is possibly the remnant of a slump block that may have orig

inated on the steep western slope. This condition is indicated by 

the dip direction measured on the north side of the nose. Bedding 

planes in the rock outcropping on the north of the nose dip to the 

west. 

5. Site-Specific Geology and Cross Sections: A geologic reconnaissance 

of the site was performed and observations made of bedrock outcrops. 

The observations are listed in Figure 4-1 and the locations ~re 
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OBSERVATION NO. 

1 

1A 

2 

3 

4 

5 

6 

7 

8 

8A 

10 

11 

12 

13 

Figure 4-1 

INDEX TO ROCK OUTCROPS 
SEE DWG. 9 

ROCK DESCRIPTION 

light grey claystone 

Black fissi1 shale, highly 
weathered, iron-stained 

Tan fine-grained sandstone 

Tan fine-grained sandstone, 
bedding visible 

Tan grey medium-grained sand-
stone, bedding visible, cross 
bedded 

Grey siltstone, massive 

Dark grey arenaceous limestone. 
some fossi 1 s 

Grey white conglomerate, 
containing, sandstone, chert, 
and limestone gravel 

light grey claystone 

Black fissi1 shale, highly 
weathered, iron-stained 

Tan fine-grained sandstone 

Tan grey fine-grained sandstone 
bedding visible 

light grey medium-grained sand-
stone, calcareous 

Grey brown medium to coarse-
grained sandstone, bedding 
visible 
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ATTITUDE 
STRIKE DIP FEATURES 

-

N 07 E 43 NW BEDDING 

N 07 E 65 NW BEDDING 

N 09 E 36 NW BEDDING 
N 60 W 86 SE JOINT 

N 04 E 62 NW BEDDING 
N 08 E 48 SE JOINT 

N 10 E 40 W BEDDING 
N 35 E 55 SE JOINT 
N 55 W 73 NE JOINT 

N 11 W 41 NW BEDDING 
N 45 W 64 SW JOINT 
N 54 W 78 SW JOINT 
N 16 E 55 NW JOINT 

N 07 E 45 NW BEDDING 
N 45 W 64 NE JOINT 

N 07 E 37 NW BEDDING 
N 05 W 64 NE JOINT 
S 65 E 82 SW JOINT 

N 02 W 60 SW BEDDING 
E - W 80 N JOINT 

N 02 W 60 SW BEDDING 
E - W 80 N JOINT 

N 07 W 30 SW BEDDING 
N 40 E 34 E JOINT 

DUE N 45 W BEDDING 
N 20 W 40 NE JOINT 

N 08 E 34 NW BEDDING 
N 64 W 90 JOINT 
N 16 W 50 NE JOINT 

N 06 W 65 NE BEDDING 
5 70 W 65 NW JOINT 
5 85 W 73 SE JOINT 



OBSERVATION NO. 

14 

15 

16 

17 

18 

19 

20 

21 

Figure 4-1a 

INDEX TO ROCK OUTCROPS 
SEE DWG. 9 

ROCK DESCRIPTION STRIKE 

Light grey fine-grained sandstonE N 09 W 
iron-stained, thin bedded,calcitE 
filled fractured 

Light grey coarse-grained sand- N 01 W 
stone S 10 W 

Light grey fine-grained sand- N 13 W 
stone, bedding visible S 81 W 

N 07 W 

Light grey fine-grained sandstonE N 15 W 
S 85 W 
N 40 E 

Light grey fine-grained sand- N 14 W 
stone, trace carbonaceous N 71 E 

E - W 

Grey siltstone, massive N 05 W 
N 07 W 
N 65 E 

Dark grey shale N 07 E 
N 85 E 

Grey medium-grained sandstone N - S 
calcite N 52 W 

N 50 E 
N - S 
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ATTITUDE 
DIP FEATURES 

01 NE BEDDING 

79 NE BEDDING 
17 NW JOINT 

56 NE BEDDING 
15 NW JOINT 
32 SW JOINT 

40 NE BEDDING 
90 JOINT 
44 NW JOINT 

72 NE BEDDING 
66 SE JOINT 
90 JOINT 

85 NE BEDDING 
16 SW JOINT 
30 NW JOINT 

78 NW BEDDING 
90 JOINT 

62 W BEDDING 
15 NE JOINT 
48 SE JOINT 
20 E JOINT 



shown on Drawing 9. The outcrops observed were primarily those of 

Smiths Formation and younger rocks. The Thomas Fork Formation above 

Smiths Fork Formation outcrops periodically throughout the area 

however, the Thomas Fork Formation is overlain by the Cokeville 

Formation. Recent and older gravel formations of Pleistocene and 

poss i b 1 e Pl i ocene age are also present on benches throughout the 

study area. The ferrugi nous black shal e at the bottom or base of 

Smiths Fork Formation was observed both to the east and west of 

Smiths Fork. (It is noted in Geological Survey Bulletin 1372-1.) 

The fine-grained quartzitic sandstones noted in this publication are 

a 1 so present as a res i stant zone formation. The approx imate loca

tion of this unit can be noted on the Geologic Cross Section, 

Drawing 8. 

The Thomas Fork Formation, although not specifically defined or 

noted in the field, is probably outcropping in the study area. The 

lithologic descriptions in the literature describe units typical to 

those observed in the field. The mudstones and tan and buff sand

stones noted in Geological Survey Bulletin 1372-1 indicate char

acteristics similar to outcrops measured near the dam locations. 

The formation above the Thomas Fork formation and the Cokeville 

Formation, is also present and outcropping in the study area. Field 

observations indicate rock units that correspond with the general 

lithologic descriptions in the literature. The gravel formations, 
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primarily the bench areas directly above Smiths Fork, are typical of 

glacial deposits with a poorly sorted nature. Stratification 

mentioned in the literature was not observed in the field. The 

alluvial deposits along Smiths Fork, of Quaternary age, seem to 

consist heavily of silt-sized and clay-sized particles however, 

there is a definite sand and gravel concentration within the matrix. 

Near surface conditions indicate a fairly well-sorted silt size 

particle makeup. The older formations, that is those formations 

older than the Smiths Formation, consist of the Gannett group. 

These are a series of mudstones, 1 imestones, and conglomerates that 

were noted somewhat to the east of the project site. However, they 

are well out of the immediate project area. 

6. Airphoto Interpretation: Three sets of aerial photographs were used 

in the interpretation of geologic features in the study area, 

1:24000 color, 1:24000 black and white, and 1:40000 black and 

white. The 1 :24000 photographs were obtained from the Bureau of 

Land Management and are dated 1981. The 1 :40000 photographs were 

obtained from the U.S. Department of Agriculture and are dated 1976. 

These photographs were studied to delineate outcrops for measurement 

during field observations and to observe any indications of struc

tural features primarily significant faulting that might have an 

effect on the proposed dam site. Numerous outcrop locations were 

noted. Field observations indicate a correlation at what is 
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probably the base of the Smiths Formation defining a bl ack shale 

utilized as a marker bed. 

11. Seismic 

A. Site Seismicity 

1. Seismic Zone: Any damsite is subject to earthquake activity, 

the risk being greater in some regions than in others. The map 

appearing as Figure 4.2 is a seismic risk map prepared by the Water 

and Power Resources Services, U.S. Department of the Interior and is 

based on the known distribution of earthquakes, earthquake inten

sities associated with known earthquakes, and evidences of strain 

release associated with earthquake activity. Proposed sites 

for the Smiths Fork Dam are located in an area classified as Zone 

2. 

2. Active Faults: Earthquakes result from movement along faults 

in the earth's crust. The area of the fault surface over which 

movement occurs determines the magnitude of a particular earthquake. 

Faults exist to the east and west of the project site and are 
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Figure 4.2 



described in the previous section of this report. 

However, accord i ng to II Pre 1 imi nary Map Showi ng Known and Suspected 

Active Faults in Wyoming, II U.S.G.S. Open Fi le Report No. 75-279 

dated 1976, the nearest fault to the site on which movenent was 

reported during historic times is the Rock Creek Fault about 6 miles 

southeast of the site. A section of this map is included as Figure 

4.3. Figures 4.3A and 4.38 provide additional fault data including 

names for those faults which have been named. 

3. Historic Earthquakes: The record of earthquakes in the past 

100 years withi n 200 mi 1 es of the site obtai ned from the Nat i ona 1 

Oceanographic and Atmospheric Administration (NOAA) shows the 

earthquake nearest the site occurred 13.6 mi les northeast of the 

site in 1965 and was of low intensity. A series of earthquakes is 

1 isted from 1884 to 1981 centered from 16.8 to twenty-five miles 

southwest of the site. The Modified Mercalli Scale intensities for 

these earthquakes range from very low to VII, with the VII for the 

1884 quake, which is of limited reliability. A table of the Mod

ified Mercalli Intensity Ratings ;s reproduced in Figure 4.4. An 

earthquake having an intensity of VIII occurred 139 kilometers 

southwest of the site in March, 1975. 

4. Conclusions: No faults were observed at either proposed site. 
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Figure 4.3.A KNOWN AND SUSPECTEU ACTIVE FAULTS 
Source: USGS Open File Report No. 75-279 

EXPLANATION 

0~ 26 

o 
® o 
o 
o 

FAULT--Known and inferred; approximately located 

NUMBER IDENTIFYING FAULT--See accompanying 
material describing fault 

CATEGORIES OF FAULTS 

Break along fault that occurred during historic 
timeo 

Youngest beds broken are of Holocene age. 

Youngest beds broken are of late Quaternary age 
(essentially Wisconsin time in the Pleistocene). 

Youngest beds broken are of Quaternary age (ess
entially Pleistocene time)o 

Fault has been recurrently active since middle 
Miocene time (essentially during last 20 
million years). 

Other fault that may be active. 
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Figure 4-3 B 

FAULT NUMBER 16 
Name of fault-Rock Creek Fault 
Latest movement-Historic--100 yrs old 

(Red)(Age of fault) 
Type of fault-High angle normal 
Re1 dire movement-Downthrown on west 
Length of fau1t-24-25 miles 
Attitude of fault-Trends about N., 

dips val1eyward (westward) 
Susceptibility to eq.-High 
Confidence (reliability) level-High 
Recurrence interval-
Fault density-One scarp 

FAULT NUMBER 17 

Source-Steve Oriel 
Address-USGS, Fed. Ctr. 

Denver, Colo., 80225 
Phone-(303) 234-3337 
State map-Wyoming 
County-Lincoln 
Reference-
Geo1. map Sage Quad. 
Cokeville quad-No edge of Rock 
Creek fault 

Province-
Remarks-

l-Steve indicates that this 
fault has moved in past 100 yrs. 
2-Scarps 50-60 ft.in alluvium. 

Name of fault-En echelon sower of faults Source-Steve Oriel 
Latest movement-Cut Mio-Plio(?), AddreSS-USGS, Fed. Ctr. 

Late Cenoz(Yel10w)(Age of fault) Denver, Co10.,80225 
Type of fault-High angle normal Phone-(303) 234-3337 
Rel. dire movement-Downthown on west State map-Wyoming 
Length of fault-25 miles+ County-Lincoln 
Attitude of fault-Trends about N.SE., Reference-Rubey, Tracey, Oriel, 

dips NW Pre geo1. map of Sage Quad., 
Susceptibility to eq.-Low-moderate Lincoln Co., Wyo. 
Confidence (reliability) level- Province-
Recurrence interva1- Remarks-
Fault density-En echelon series 

FAULT NUMBER 18 
Name of fault-Unnamed fault east side 

of groben,West side Subb1ette Rg. 
Latest movement-Late Cenoz(Blue) 

(Age of fau1 t) 
Type of fault-High angle normal fault 
Rel. dire movement-Downthown va1leyside 

(west side down) 
Length of fault-45 miles ± 
Attitude of fault-Trends generally north, 

Source-Steve Oriel 
AddreSS-USGS, Fed. Ctr. 

Denver, Colo., 80225 
Phone-(303) 234-3337 
State map-Wyoming 
County-Lincoln 
Reference-Preston 2·sheet 

Sage Quad.-Rubey,Tracey, Oriel 

dips west Province-
Susceptibility to eq.-High Remarks-
Confidence (reliability) level-High 1-Connects with fault in Utah 
Recurrence interva1- along west front of Crawford 
Fault density-No modern movement Mtns. East fault of groben, 

epicenter near Randolph, Ute 
Preston 20 sheet. See also 
Ogden AMS sheet. 
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Figure 4-38 

FAULT NUMBER 19 
Name of fault-Unnamed fault-west flank 
groben(West side Bear River Valley) 
(East side Boundary Ridge), west of 
Cokeville 

Latest movement-Late Cenoz(Blue) 
(Age of fault) 

Type of fault-High angle normal 
Rel. dire movement- East side (valley) 
downthrown 

Length of fault-Uncertain, but probe 
about 10 miles 

Attitude of fault-Trends N., dips east 
Susceptibility to eq.-Low to moderate 
Confidence (reliability) level-Low 
Recurrence interval-
Fault density-No modern scarplets 

Historic-Red- 1237 
Ho1ocene-Orange- 1214 
Maj. Late Quat.-Yellow- 1209 
Maj. Quat.-Green- 1208 
Late Cenoz.-Blue- 1206 
Other anomal.-Purple- 1210 
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Source-Steve Oriel 
Address-USGS, Fed. Ctr., 

Denver, Colo., 80225 
Phone-(303) 234-3337 
State map-Wyoming 
County-Lincoln 
Reference-Preston 20 

Cokeville Quad-Unpubld 
Province-
Remarks-

Preston 20 sheet 



Figure 4.4 

MODIFIED MERCALLI INTENSITY (DAMAGE) SCALE OF 1931 
(abridged) 

I. Not felt except by a very few under especially favorable circum-
stances. (I Rossi-Forcel Scale) 

II. Felt only by a few persons at rest, especially on upper floors 
of buildings. Delicately suspended objects may swing. (I to II Rossi-Forcel 
Scal e) 

III. Felt quite noticeably indoors, especially on upper floors of build
ings, but many people do not recognize it as an earthquake. Standing motor
cars may rock sl ightly. Vibration 1 ike passing truck. Duration estimated. 
(III Ross-Forcel Scale) 

I V • Dur i ng the day fe 1 t indoors by many, outdoors by few. At ni ght 
some awakened. Di shes, wi ndows, and doors d i stured; wall s make creaki ng 
sound. Sensation like heavy truck striking building. Standing motor cars 
rocked noticeably. (IV to V Rossi-Forcel Scale) 

V. Felt by nearly everyone; many awakened. Some dishes, windows, etc., 
broken; a few instances of cracked pl aster, unstable objects overturned. 
Disturbances of trees, poles and other tall objects sometimes noticed. 
Pendulum clocks may stop. (V to VI Rossi-Forcel Scale) 

VI. Felt by all; many frightened and run outdoors. Some heavy furniture 
moved; a few instances of fallen plaster or damaged chimneys. Damage slight. 
(VI to VII Ross-Forcel Scale) 

VII. Everybody runs outdoors. Damage negligible in buildings of good 
design and construction; slight to moderate in well-built ordinary structures; 
considerable in poorly built or badly designed structures. Some chimneys 
broken. Noticed by persons driving motor cars. (VIII - Rossi-Forcel Scale) 

VIII.Damage slight in specially designed structures; considerable in 
ordinary substantial buildings, with partial collapse; great in poorly built 
structures. Panel walls thrown out of frame structures. Fall of chimneys, 
factory stacks, columns, monuments, walls. Heavy furniture overturned. Sand 
and mud ejected in small amounts. Changes in well water. Persons driving 
motor cars disturbed. (VIII+ to IX Rossi-Forcel Scale) 

IX. Damage considerable in specially designed structures; well-designed 
frame structures thrown out of plumb; great in substantial buildings, with 
partial collapse. Buildings shifted off foundations. Ground cracked con
spicuously. Underground pipes broken. (IX* Rossi-Forcel Scale) 

X. Some well-built wooden structures destroyed, most masonry and 
frame structures destroyed with foundations, ground badly cracked, Rails 
bent. Landslides considerable from river banks and steep slopes. Shifted sand 
and mUd. Water splashed (slopped) over banks. (X Rossi-Forcel Scale) 

XI. Broad, if any (masonry) structures remain standing. Bridges de
stroyed. Broad fissures in ground. Underground pipelines completely out of 
service. Earth slumps and land slips in soft ground. Rails bent greatly. 

XI I. Damage total. Waves seen on ground surfaces. Lines of sight and 
level distorted. Objects thrown upward into the air. 
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There is no indication of geologic features which would preclude 

construction of the Smiths Fork Dam. The dam will be located 

ina sei smi c all y act i ve zone. Modern earth d an des i gn procedures 

are available to reduce the risks associated with construction of an 

earth dan in a seismically active zone. For example, the Palisades 

Dam, completed in 1958 about 70 miles north of Smiths Fork is an 

earth dam 249 ft. high and 1,401,000 acre-feet capacity constructed 

in Seismic Zone 2 in an area with a greater concentration of faults 

than Smiths Fork. 

Stability analyses performed for this study included a horizontal 

acceleration of 0.15 g from an earthquake. Features to provide 

flexibility, must be included in the design of the concrete outlet 

conduit. The gradation of the filter zones and the moisture content 

and compaction of the core zone should be selected to accommodate 

possible earthquake movements. 
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111 SUBSURFACE INVESTIGATION 

A. Exploration 

The subsurface investigation was conducted from August 9, to October 2, 

1984. The drilling and test pit excavation work was performed by Fred 

Anderson and Son Exploration Drilling, Inc., 711 West 1400 South, Woods Cross, 

Utah 84087. 

B. Core Borings 

Eleven standard core borings were drilled at the approximate locations 

shown on the IITest Boring and Test Pit Locations,1I Drawing.No. 2. About 

1,224 lineal feet of test borings were drilled. The depth of the borings 

ranges from a maximum of 230 feet in TB-1 to a minimum of fifty feet below the 

existing ground surface in TB-2. 

Soil samples were generally obtained at three-foot depth intervals using 

a standard two-inch 0.0. split spoon sampler and the Standard Penetration 

Test, ASTM Method 0-1586. The penetration test results are plotted to the 

left of the core borings on the IITest Boring Logs and Seismic Data,1I Drawing 

Nos. 3 through 6. 

Samp1 es of bedrock were obtai ned from each test boring usi ng standard 

-109-



rotary coring methods. A double tube core barrel of NX size was used. The 

percent core recovery and the Rock Quality Designation (RQD) is indicated to 

the left of the test borings on the drawings referenced above. 

The subsurface materi a1 obtai ned from the core borings was vi sua11y 

examined and described in the field. Copies of the drilling logs are included 

in the Appendix to this report. 

C. Pressure Testing 

Pressure test i ng of the bedrock was completed at selected depths in 

TB Nos. 3, 4, 5, 6, 7, and 8. The testing was conducted in the drill holes by 

using a single packer directly after each core sample had been retrieved. The 

data obtained was used to determine the apparent permeability of the material 

tested. 

In many zones pressure testing was not possible because the strata 

were so pervious the packer tests would not hold pressure and the permeability 

of the materials exceeded the capacity of the pumps. Where pressure testing 

was possible the rate of permeability ranged from 10-2 to 10-5• Full details 

of pressure and permeability test results are shown on the Pressure Tests Data 

Sheets, Figures 4.5 through 4.20. 
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I ...... ...... ...... 
I 

TB NO. .3 

DEPTH TiME AT 
INTERVAL (MIN) 

\lO' - 23' 

2.3' - 30' LOST C1Rc..UL~T1 

30'-34' No PA( J<.ER 

34'-44' LOST CI Rc..U LA." 

FOR NX HOLE 
10' INTERVAL 
Cp = 4900 

METER 
(GALLONS) 

bN - COR 

IoN -co~ 

PRESSURE TESTS 
FIGURE 4-5 

ELEV. b713 

AQ PRESSURE HP 
(GALLONS) (PSI) (FT) 

=. VERY f RACTURE D 

EVERY f RACrURE ) 

PRESSURE GAGE HT. (HG) 4.4 

HD H K K 
(FT) HPtHDtHG (FT IYR) (eM/SEC) 

K(FT/YR) = Cp ~Q 
PRES. HEAD = Hp 

f u\ ll44 SI~ l CF ~ 
\ilJ \ SF 7 \62.4#) = FT 

....E.!.x 9.665 X 10-7 == CM I SEC 
VI:" 

BY (;PL 
DATr: to -Q -~4 



I 
t---A 
t---A 
N . 

TB NO. 3 

DEPTH TIME t:J.T METER 
INTERVAL (MIN) (GALLONS] 
44' -54' 8:0((, I '030.0 

8:07 , 1040.0 
8:0S , IOE,2.0 

8:0~ I 1078.0 
8:10 , 1094.0 
8:11 I 1111.0 

54/-~' LOST CIRCULA." ION - C,Of 

(04'-74' ,2.: IS I 1172. .0 
"2: IfO I 11'6.0 
12.: 17 I 1180.S 
12.: '6 I 1184.S 
12: '9 I 1189.0 
12.:20 I '193.0 
If.: 2.. I 1t~7.S 

74' LOST CIRCULAT tON - COl 

PRESSURE TESTS 
FIGURE 4-6 

ELEV. b713 

t:J.Q PRESSURE HP 
(GALLONS) (PSI) (FT) 

2.0 46.2-
ttD I, " 

'6 II 
II 

tG " " 
\6 II II 

17 I, 
.. 

~E FRA.CT uRED 

70 'bl.S 
4.0 II II 

4.5 " .. 
4.0 " " 
4.5 II " 

4.0 '1 tl 

4.5 " tt 

~E FRACTl RED 

PRESSURE GAGE HT. (HG) 4.4 

HD H K K 
(FT) HPtHDtHG (FT/YR) (CM/SEC) 
49 ~9.G I, 't 787 .. 1 7.6 X 10-4 

It II 187.1 7.6 X 10-4-

" " 787.' 7.6 X 10-4 
II II 787.1 7.b X 10-4 
I, II 836.~ 8.1 x 10-4 

E»9 234.9 
" 'I 83.4 8.1 X 10- 5 
II It Q3.9 ~.I X 'O-S 

" II 83.4 B.IX lO-s 
" II q3.9 9.1 X 10"s 
" I, 83.4 8.1 )( 10-5 

I, " q"5.~ 9.1 )( 10-5 

K(FT/YR) :I Cp 'HQ PRES. HEAD = Hp 
f UJ ll44 51) L CF ~ FOR NX HOLE 

10' INTERVAL 
Cp = 4900 

-.E!... x 30.48 CM X YR DAYS eM 
YR FT 365 DAYS X 86,400 SEC == SEC 

FT X 9.665 X 10-7 == CM / SEC 
YR 

\SlJ \" SF 7 \62.4%lJ = FT 

BY CPL 
DATE \0-9- 84 
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t---A 
t---A 
W 
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PRESSURE TESTS 
FIGURE 4-7 

TB NO. .3 ELEV. b713 PRESSURE GAGE HT. (HG) 4.4 

DEPTH TIME ~T METER ~Q PRESSURE HP HD H K K 
INTERVAL (MIN) (GALLONS) (GALLONS) (PSI) (FT) (FT) HPtHD+HG (FT IYR) (CM/SEC) 
74'-84' 2.:14 12~O.O "70 161.6 79 244.~ 

2.: IS 1 1234.0 14.0 I, " I, I, 2.80. , 2..7 X 10-4 

2.: I~ I 12.48.5 14.S I, II " " 2'0·1 2.8 X 10-4 

2: 17 I 12.62..15 14.0 " II 'I '1 280.1 2..7 )C 10-4 

2: IS I 12.77.0 14.S II II I, II 2~.1 2.8 X '0-4 

2: I~ , 12.~I.Q 14.0 " ,., II II 280.1 2..7 )( 10-4 

84'-94-' IO:o~ I 1330.0 30 b9.2. 89 I"2..{O 
10:07 I 1345.S 16.2- II II II " 488.2. 4.7 X 10-4 

10:08 I '361.7 Ib.2. 'I 
I. II II 488.2. 4.7 X 10-4 

IO:O~ I 1377.9 ".2- II " II II 48&.2- 4.7 X 10"4-

'0: lO I 13~3.4 ,s.c; II 
II I, It 4f>7.1 4.5 X 10-4 

lO:lI , 140~.B \~.4 II II II II 4Q4.2.. 4.8 X 10- 4 

~4-' PRILL WITHOUT WATER CI RCUL~T'~~ , -CORE FRACTUI R.ED 

K(FT/YR) = Cp 't.Q PRES. HEAD = Hp 
I:a:~ {144 SI~ { CF ~ FOR NX HOLE 

10' INTERVAL 
Cp = 4900 

-EL X 30.48 CM X YR DAYS CM 
YR FT 365 DAYS X 86,400 SEC ~ SEC 

.!.!.X 9.665 X 10-7 = eM/SEC 
V~ 

\SlJ \ SF 7 \62.4#) = FT 

BY r:,PL 
DATE \0-9-B4 - -



PRESSURE TESTS 
FIGURE 4-8 

TB NO. 3 ELEV. 1::,713 PRESSURE GAGE HT. (HG) 4.4 

DEPTH TIME Il.T METER Il.Q PRESSURE HP HD H K K 
INTERVAL (MIN) (GALLONS] (GALLONS) (PSI) (FT) (FT) HPtHDtHG (FT/YR) (CM/SEC) 
94'-lo4r 1\:, 0 142.I.B 30 69.2. ~9 '''''2.6 ":,, I 14'37. S 15.7 " " " I, 445.1 4.3 X 10-4 

1\: 12- I 14S~.3 \5.S I, II I, .. 44e.E» 4.3 X 10-4-

I': 13 , 1469.2 15.9 ., I, II II 4SI.4 4.4. X 10-4 

I': 14 I 1485.0 15.8 ,II I, I. I, 

448.~ 4.~ X 10-4 

'I: 15 I ISOO.S IS.8 I, I, II '1 44B·b 4.3 X 10-4 

\04' DR\LL WITHOl{r WATER C \RCULATU 16 - COl R£ FRAC lruRE.D 
104'-114' , :35 152.1. 2- 30 69.2- 109' 182..~ 

, :3E, \ 15~'7.e '6.~ I, II I, II 4.4S.4 4.3 X 10-4 

\:37 I 1555.0 '''1.2. I, " " II 4.E,1.~ 4.':> X ICf4 
I: 38 I 1570., 15.7 I, " " II 421.3 4.1 X 10-4 

1=39 I 1587.4 10."1 II 'I I, II 448.1 4.'3 X 10-4 

1:40 I 1604.0 '~.f, 'I 'I I, II 445.4- 4.3)( 10-4 
1;41 I 1~20.!i Ib.S II " " II 442..8 4.3 X 10-4 

,:~ I lE,37.S t7.0 II " I, I, 456.2- 4.4 X \0-4 

114' DRILL WITJ.40t.\T WATER. (.IRCULA WING - CORE F RACTUR ~D 

K(FT/YR) = Cp 'teO 
PRES. HEAD = Hp 

~ :.~ ~14:FSlj t6~~~ = FT 
FOR NX HOLE 
10' INTERVAL 
Cp :: 4900 

-E!.. X 30.48 CM X YR X DAYS CM 
YR FT 365 DAYS 86,400 SEC == SEC 

FT X 9.665 X 10-7 == CM / SEC 
YR 

(_PS~ (2.308) ==_FT 

BY G.PL 
DATE 10-9':84 
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PRESSURE TESTS 
FIGURE 4-9 

TB NO. 3 -- ELEV. h713 PRESSURE GAGE HT. (HG) 4 4 

DEPTH TIME 6T METER 60 PRESSURE HP HD H K K 
INTERVAL (MIN) (GALLONS) (GALLONS) (PSI) (FT) (FT) HPtHDtHG (FT/YR) (CM/SEC) 

"4' - \2.4' 3:2.0 'b67.0 ~O b~.2. 119 'Q2.6 
3:21 I IE,85.4 18.4 I, II I, I, 4G~8.1 4.5 X 10-4 

3:2.2 , 1703.5 18.1 II I, 
'I II 4bO.S 4.5 X 10-4 

3:23 , 172.1.8 '8.~ 
I, II I, " 46S.b 4.S X 10-4 

3:2.4 , 1740.0 IB.2 I, 'I I, " 463.0 4.5 X 10-4 

3:25 1 11S8.5 18.5 II 'I I, " 470.7 4.S X 10-4 

\'2..4' D~ILL WITHOUT WATERC IRCULATII ~G - COR t FRPcr JRED 

K(FT/YR) I: Cp ~Q 
PRES. HEAD == Hp 

Z:a:~ ~ l CF ~ 
\s.) \SF7 '\62.4#1 = FT 

FOR NX HOLE 
10' INTERVAL 
Cp = 4900 

-EI. X 30.48 CM X YR X DAYS eM 
YR FT 365 DAYS 86,400 SEC == SEC 

...E!.x 9.665 X 10-7 == CM/SEC VR 
BY (;PL 
l)/lTE' J.2-9-'84 
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PRESSURE TESTS 
FIGURE 4-10 

TB NO. 4 ELEV. b7bO PRESSURE GAGE HT. (HG) 4.5 

DEPTH TIME t1J.T METER t1J.Q PRESSURE HP HD H K K 
INTERVAL (MIN) (GALLONS) (GALLONS) (PSI) (FT) (FT) HPtHDtHG (FT /YR) (eM/SEC) 
'=:»5'-75' 30 hg.2.. 70 143.7 

I 4 II 'I " " \3(0.4 1.3 X 10-4 

I 4- II I, I, I, 13G.4 1.3 X 10-4 

I 4 I, II " I, 136.4 1.3 X 10-4-
I 4 " 'I " II l36.4 1.3 x 10-4 

I 4 " 'I " II 13b.4- ,.~ x 10-4 

PoOR CC RE Rt COVERY To 65' 

75~ -8S' 30 69.2- 80 153.7 , 4- I, II " I, 12.7.5 1.2 X 10-4-

I 4 " I, "1 II 12.7.5 1.2 X 10-4 

I 4 I, " " I, 1'1.7. S 1.2. X 10-4 

I 4 I, I, " II 127.5 t.2. X 10""4 
I 4 II I, .. II 127.5 1.2 X 10-4 

K(FT/YR) = Cp ~Q 
PRES. HEAD = Hp 

f..:!!:...\ ll44 51 ~ l CF ~ = FT 
\ 511 \ SF 7 \62.4:11) 

FOR NX HOLE 
10' INTERVAL 
Cp = 4900 

..fI. x 30.48CM X YR X DAYS CM 
YR FT 365 DAYS 86,400 SEC:: SEC 

.£.!..X 9.665 X 10-7 = CM I SEC 
YR 

BY GPL 
DATE 10-9-84 
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TB NO. 4 

DEPTH TIME AT METER 
INTERVAL (MIN) (GALLONS) 

90'- \00' 

I 
I 
\ 
I 
I 

AQ 

PRESSURE TESTS 
FIGURE 4-11 

ELEV. b760 

PRESSURE HP 
(GALLONS) (PSI) (FT) 

30 b9.2 
5 II II 

5 II II 

S I, I, 

5 I, II 

5 I, II 

PRESSURE GAGE HT. (HG) 4.5 

HD H K K 
(FT) HPtHD+HG (FT/YR) (CM/SEC) 
qS 1~8.' 

" II 145.2- 1.4 X 10-4-
I, " 145.2- 1.4 X 10"4 

" II 141E>. ~ 1.4 )( 10-4-

" I, 145.2- 1.4 X \0-4-
I, I, 14S.~ \.4 X \0-4 

K(FT/YR) :I Cp~Q 
PRES. HEAD = Hp 

(:a:~ {144 SI~ l CF ~ FOR NX HOLE 
10' INTERVAL 
Cp = 4900 

FT X 30.48 CM X YR DAYS CM 
YR FT 365 DAYS X 86,400 SEC == SEC 

..E!.x 9.665 X 10-1 - eM/SEC vo 

\Ttl '\ SF 7 \62.4tiJ = FT 

BY GPL 
DI'Tf: .J2-Q -'84 



TB NO. 5 

DEPTH TIME I:i.T METER 
INTERVAL (MIN) (GALLONS) 
b'2..' -72..' PUMP RUNNING AT FULL 
72.'- 82,' PUMP RUNNlN6 AT FULL 
82'- 92.' '3:07 10 

'3:08 I la.s 
3:0Q 2.8.5 
'3: 1O 41.S 

3: " 59.0 
'3 : 12- bh.O 

9Z' -102.' S:2.4 0 66 
5:27 3 ~6 

5:2~ 2- b6 

PRESSURE TESTS 
FIGURE 4-12 

ELEV. bb68' 

I:i.Q PRESSURE HP 
(GALLONS) (PSI) (FT) 

C,APAClTV 0 0 
CAPACITV 0 0 

s.c; 0 0 

10.0 0 0 

13.0 0 0 

17.S 0 0 

7.0 0 0 

DIDN'T *(0 13.8 

TAkE *6 

* 6 

PRESSURE GAGE HT. (HG) 4.5 

HD H K K 
(FT) HPtHDtHG (FT/YR) (CM/SEC) 
2..5 7 
'2.5 7 
2.S 7 

I, 'I 5950 5.8 X 10-3 

" 
I, 7000 6.7 X 10-3 

'1 I, <:)100 8.8 X 10-3 

" I, 1'2.,2.50 1.2 X 10-2-
I, " 41~OO 4.7 X 10-~ 

2.S 20.S 
II 

" 

*' PRESSURE FROM GAGE OBTAINED FROM ~C.ETYLENE TANk. -NoT CORRECT Does NOT PORTRAY WATER PRESSURE 
\-ID = 2,1/'2.' 

K(FT/YR) = cp"ff- PRES. HEAD = Hp 
I U\ {144 Sl~ l CF ~ FOR NX HOLE 

10' INTERVAL 
Cp = 4900 

-E!.. x 30.48 CM YR DAYS eM 
YR FT X 365 DAYS X 86,400 SEC == SEC 

.£.!.X 9.665 X 10-7 
=: CM/SEC 

YR 

\SlJ '\ SF 7 \62.4%1) = FT 

BY GPL 
DATE \0-9':84. 



PRESSURE TESTS 
FIGURE 4-13 

TB NO. b ELEV. ~G70 PRESSURE GAGE HT. (HG) 4.5 

DEPTH TIME t:.T METER t:.Q PRESSURE HP HD H K K 
INTERVAL (MIN) (GALLONS) (GALLONS) (PSI) (FT) (FT) HPtHDtHG (FT /YR) (CM/SEC) 
20'-30' 12.:50 181. 2. 2.1 48.5 4.S 57.5 

12.: 51 I IQ2.0 10.8 " I, II " 920.3 8.9 X 10-4 

12.: 52 t 20"3.0 II. 0 
II II II I, c:l"37.4 9.1 X 10-4 

1~:53 , 2.13.<3 \0.9 .. II 
'I 'I Q2a.9 9.oX fO-4 

12:54- I 2.2.5.0 11.1 .. I, I, 'I Q4S.9 9.' X 10-4-
12.:55 1 2'36.0 ',"0 .. I, II I, C)~7.4 _9.1 X 10-4-

30' -40' 6:09 356.0 12- 27.7 4.S 36.7 
~:IO I 3~5.5 9.5 II " " II 12.£8.4 1.2 X 10-3 

&:11 I 374.7 cl.2. " II 'I II 1228.3 1.2. X 10-3 

~: \2- I 384.5 9.S 'I " 'I 'I I'~08.4 1.3 X 10-3 

6: 13 I 393.4 s.q 'I 'I I, I, 1I88.~ 1.1 X 10-3 

G:14 I 402..8 Q.4 II I, " I, 12.55.0 1.2. X '0-3 

ELEV. G.W. -:: bGbS.S 
\4D ':: bb7 0 - ~b"S.S = 4.5' 

FOR NX HOLE 
10' INTERVAL 
Cp: 4900 

K(FT/YR) = Cp~ 
PRES. HEAD = Hp 

l U~ ll44 SI~ l CF ~ 
\iI} \" SF 7 \62.4DJ = FT 

-EL x 30.48 CM X YR X DAYS CM 
YR FT 365 DAYS 86,400 SEC == SEC 

...EI. x 9.665 X 10-7 - eM/SEC vn 

(;PL 
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PRESSURE TESTS 
FIGURE 4-14 

TB NO. b ELEV. b670 PRESSURE GAGE HT. (HG) 4.5 

DEPTH TIME I::.T METER I::.Q PRESSURE HP HD H K K 
INTERVAL (MIN) (GALLONS) (GALLONS) (PSI) (FT) (FT) HPtHDtHG (FT /YR) (CM/SEC) 
40'-50' 10: 3(0 418.1 30 69.2- 4.5 78.2. 

10:3.7 I 418.9 0.8 '1 II I, I, so. I 4.B X lO-S 

10:38 I 419.1 0.8 I, " I, " 50. , 4-.6 X 10-5 

10:39 1 4-20.5 O.B I, II " I, 50.1 4.8 X 10-5 

10:40 , 42..1.9 1.4- " " I, I, 8,.7 8.SX 10-5 

(0:4\ I 42.2..7 O.s '1 I, " I, SO.I 4.5 X 10-5 

SO' -59 2.:34- 42.7.1 50 115.4 4.S 12..4.4-
'2.:35 I 42.8.3 1.2- It " " I, 47.3 4.b X 10-5 

2.:36 I 4'30.0 1.7 " " ff I, 67.0 b.S X 10-5 

2.:!7 I 431.3 1.3 I, " I, '1 51.2. 4.9 X 10-s 

2:38 , 4"32.b I.~ " II 'I I, 51.2 49 X lO·S 

2:39 , 4=!.:s.4 0.8 " 
II II " 31.5 3.1 X 10-S 

140 = 4.5' 

K(FT/YR) = Cp~Q 
PRES. HEAD = Hp 

FOR NX HOLE 
10' INTERVAL 
Cp = 4900 

FT X 30.48 CM X YR DAYS CM 
YR FT 365 DAYS X 86,400 SEC =: SEC 

FT X 9.665 X 10-7 - CM/SEC 
YR 

PsT) 
(_PS~ (2.308) == _FT 

BY GPL 
'DATE 10-9-84 
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PRESSURE TESTS 
FIGURE 4-15 

TB NO. b ELEV. fOG70 PRESSURE GAGE HT. (HG) 4.5 

DEPTH TIME ""T METER .60 PRESSURE HP HD H K K 
INTERVAL (MIN) (GALLONS) (GALLONS) (PSI) (FT) (FT) . HPtHD+HG (FT/YR) (CM/SEC) 
59'-73 ~:27 4bO.E> 70 1'-1.5 4.5 170.5 

~:28 I 463.5 Z.~ I I " I, II 8'3.'3 8.1 X 10-5 

~:2.9 I 472..(0 ~.I II " " I, 2bl.S 2..5 X 10-4 

~:30 I 482.4 ~.8 'I 'I " I, 2.Sl.b '1..7 X .. 10-4 

b:~1 I 492..4 10.0 I, " I, I, 287.4 2..8 X 10-4-

":~2. I 602.5 10.1 I, 
" " " 2.90.3 2.8 X '0-4-

73'-80' PIDtJ'T TAkE 

-

"D = 4.S 

FOR ~ HOLE 
10' INTERVAL 

K(FT/YR) = Cp ~Q 
PRES. HEAD = Hp 

I' :rr. \ {144 SI~ { CF ~ 

Cp = 4900 
\Ttl \ SF 7 \62.4"iiJ = FT 

FT X 30.48 CM X YR DAYS CM 
YR FT 365 DAYS X 86.400 SEC =: SEC 

..E!.x 9.665 X 10-7 == eM/SEC 
VD 

BY 
OJ\TF -19-9-84 

GPL 
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PRESSURE TESTS 
FIGURE 4-16 

TB NO. 7 ELEV. b138 PRESSURE GAGE HT. (HG) 3.b 

DEPTH TIME fl.T METER fl.Q PRESSURE HP HD H K K 
INTERVAL (MIN) (GALLONS) (GALLONS) (PSI) (FT) (FT) HPtHD+HG (FT /YR) (CM/SEC) 
42/-5~' ~~:Je SILl SO 2.1., 4, "2.~ 

10:19 I 5t2...2- 1.1 I, II I, I, 74.55 7.2. X IO-s 

10:2.0 I £>I~.~ 1.1 II II I, I, 14.5S 7.2 X 10-5 

10:2.1 I 514.2- O.~ 
I, I, 

I, " ~I.OO 5.~ )(,10-5 

.IO:~2. , SIS.2 1.0 I, II 

" 
, , 

~7.77 "5 X 10-5 

10 :2.3 1 SIE,.I O.~ 'I 'I " I, 

52.'-(02.' 12: 3.9 S2.0.S <00 26.0 S7 ~.~ 

12:40 I s~o.4 C).q 'I I, '1 II 560.2- 6.4 X 10-4 

12:4\ I 540.3 ~.9 ., " I, I, 
SGO.2. 5.4)( 10-4 

12.:4~ I 550.2- ~.9 " I, II I, S~o.2. 5.4 X 10-4-

12:4"3 I S~O.2 10.0 I, 'I II II ~S.S 5.S X \0-4 

12.:44- I 570.1 9.C) II I, I, I I S~.2. S.4X 10-4-
fa'l' - 7'2.. 3:0~ bOO."S ,0 30.3 fa7 IOO.<} 

3:10 ~lo.S4 9.89 Ir I, I, I, 480.'3 4.b X 10-4-

3: I' b 2.0. 42 9.sa II 
I, 

'I " 4-79.8 4.~ 1:. 10-4 

3.: 12- "~O.4£ '0.03 I, I, " II 487.1 4.71. 10-4 

3:13 ~40.'33 ~.se I, 
" II If 4-'i<7.~ 4." X 10-4 

3:14- "so.2.1 9.88 ' , 'I 
., II 47q.8 4.6 X 10-4 

K(FT/YR) = Cp 'i.Q PRES. HEAD = Hp 
f U~ {144 Sl~ ( CF J 
\iI) \" SF 7 \62.4Ji} = FT 

FOR NX HOLE 
10' INTERVAL 
Cp = 4900 

-E!... x 30.48 CM X YR DAYS eM 
YR FT 365 DAYS X 86,400 SEC := SEC 

FT X 9.665 X 10-7 - CM/SEC 
YR 

BY AR 
DATE 9-19-84-
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TB NO. 7 

DEPTH TIME tJ.T METER 
INTERVAL (MIN) (GALLONS) 
72.'- 82.' 5:3.0 bSO.S 

5:31 I b90.4 
S;~'2. I 7oo.~3 

S:-:r3 I 710."3a 

5:34 I 720.40 
5;35 1 7~O.47 

aX-92..' LO~T CIRc.uLA1' ION DURI~ 

~/-IOO' I : '2.S 800.15 
C~=5BOO 1:2.<0 I eIO.3~ . 

1:2., 1 82.0.10 
, :'2..8 I 8~·ao 
I: 2.C) 1 840·10 
':3,0 I ~SO.7 

PRESSURE TESTS 
FIGURE 4-17 

ELEV. b738 

tJ.Q PRESSURE HP 
(GALLONS) (PSI) (FT) 

80 34.b 
~.9 " II 

9.93 'I I, 

10.OS II II 

10.02- II II 

10.07 I I II 

[;. DRILUN~ ~ - AL<1lo P< oR CoRE 

80 34.(0 
'3.78 " 

I, 

<3.Sz. I, II 

'0.;0 I, II 

9.~o I, ., 

lo.co " " 

PRESSURE GAGE HT. (HG) 3.6 

HD H K K 
(FT) HPtHD+HG (FT/YR) (CM/SEC) 
,7 tis. 2-

I, I, 41l. , 4.1 X 10-4 
I I 'I 42.1.3 4.1 X Ic-4 
I, I, 427.5 4.1 X \0-4 
II II 42.'l.~ 4.1 X 10-4-

" " 428.~ 4.1 X 10-4 

RecoVER" 

87 12.6.2 

" " 4S~.1 4.4 X 10-4-
II II 454..9 4.4X 10-4-
I, II 4'15.7 4-.8 X 10-4 

" " 4~.a 4.~ X 10-4-
,. I, 491.1 4.7 X 10-4 

K(FT/YR) = Cp~Q 
PRES. HEAD = Hp 

t U \ {144 S I ~ "- CF ~ FOR NX HOLE 
10' INTERVAL 
Cp = 4900 

.J:L x 30.48 CM YR DAYS CM 
YR FT X 365 DAYS X 86,400 SEC == SEC 

...E.!.x 9.665 X 10-7 == CM/SEC 
Vr') 

I 

\SlJ '\ SF 7 \62.4:EiJ = FT 

BY AR 
UATE_q -,q~84 
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PRESSURE TESTS 

FIGURE 4-18 

TB NO. B ELEV. ~f>70 PRESSURE GAGE HT. (HG) 3.B 

DEPTH TIME ~T METER ~Q PRESSURE HP HD H K K 
INTERVAL (MIN) (GALLONS) (GALLONS) (PSI) (FT) (FT) HPtHDtHG (FT IYR) . (CM/SEC) 
22. ... - 32.' 30 h9.2. 27 100 

I Ib I, II I, " 794-.0 7.' )( 10-4 

I lin " '1 II I, 764-.0 7.~ X 10-4 

I 16 " 
I, 

" II 184.0 7.6 X 10-4-

I Ib I, fl I, " 7S4-.0 . 7." X 10-4 

I I~ II II " " 784.0 7.6 X 10-4 

LOST c.:U:: CULATI bN AT '2.2.' 

31' -42' 30 b9.2- 37 110 
I 3 II I, '1 " 13~.~ l.~ X 10-+ , 3 I, f, I, I, 13~.<'o 1.3. X 10-+ 

I 3 'I II I, If '33 .. ~ 1.3 'J. 10-4-

I 3 'I " " " 1~"3.b 1.'5. X 10-4-

\ 3 " I, I, , , 1~"3.G I.~ ~ 10-4 

K(FT/YR) = Cp~ 
PRES. HEAD = Hp 

f U~ ll44 SI~ l CF ~ FOR NX HOLE 
10' INTERVAL 
Cp = 4900 

.£L x 30.48 CM X YR DAYS CM 
YR FT 365 DAYS X 86,400 SEC == SEC 

...E!.x 9.665 X 10-7 - CM/SEC 
YR 

\SlJ \" SF 7 \62.41iJ == FT 

BY GPL 
DATE lo- <1-84 
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TB NO. B --
DEPTH TIME AT METER 

INTERVAL (MIN) (GALLONSJ 
4'2'-52.' 

I 
I 

I 
I 

I 

52' - b'J...' ~O TJ kE 

AQ 

PRESSURE TESTS 
FIGURE 4-19 

ELEV. b670 

PRESSURE HP 
(GALLONS) (PSI) (FT) 

30 h9.2. 
5 " 

I, 

5 II 'I 

5 II 'I 

5 II 'I 

5 I, II 

PRESSURE GAGE HT. (HG) 3.8 

HD H K K 
(FT) HPtHDtHG (FT/YR) (CM/SEC) 
47 120 

II I, 2.04-.2 2.0 X 10-4-
I, II 204.2. 20 X 10-4 

I, " 204.2- 2.0 X 10-4 . 
I, I, 204.2 2.0 X. 10-4 
II II 204.Z 2.0 X 10-4-

K(FT/YR) :I Cp~ 
PRES. HEAD = Hp 

f:..E...S' J {144 SI~ l CF ~ FOR NX HOLE 
10' INTERVAL 
Cp = 4900 

, . 
-E.!.. x 30.48 CM YR DAYS eM 
YR FT )( 365 DAYS X 86,400 SEC = SEC 

:.~ x 9.665 X 10 -1 == eM I SEC 

~ J \" SF 7 \62.4'D:J = FT 

BY GPl 
t>"T~ .J..O-() -84 



TB NO. 8 

DEPTH TIME AT METER 
INTERVAL (MIN) (GALLONS) 
b2'-72..' ~O Tl kE. 

7Z'-eo' ~O T~ ,KE 

AQ 

PRESSURE TESTS 
FIGURE 4-20 

ELEV.bb70 

PRESSURE HP 
(GALLONS) (PSI) (FT) 

PRESSURE GAGE HT. (HG) 3.8 

HD H K K 
(FT) HPtHDtHG (FT/YR) (CM/SEC) 

K(FT/YR) • Cp 1.0 PRES. HEAD = Hp 
t:a:~ ll44 51) l CF ~ FOR NX HOLE 

10' INTERVAL 
Cp. 4900 

FT 30.48 CM X YR X DAYS CM 
YR X FT 365 DAYS 86,400 SEC == SEC 

..E!.x 9.665 X 10-7 == CM / SEC 
YR 

\ill \ SF 7 \62.4'#) = FT 

BY .... b .... P_L __ _ 
DATE \0 - 9-84 



D. Test Pits 

A total of ten test pits were excavated at the approximate 10cat ions 

shown on "Test Boring and Test Pit Locations," Dwg. No.2. The depth of the 

test pits varied from ten feet in TP-4 to sixteen feet in TP-7. The test pits 

were excavate~ in order to provide data on subsurface conditions and to obtain 

soil samples for visual classification and laboratory testing. Descriptions 

of the material encountered in each test pit appear on "Test Pit Logs", 

Drawing No.7. 

IV LABORATORY INVESTIGATION 

A. Visual Descriptions 

Soil samples obtained from the core borings and test pits were visually 

examined and described by our geologist. To aid in classifying the soils and 

to determine general soil characteristics, natural moisture content, grain 

size distribution, specific gravity, Atterberg limits and Standard Proctor 

compaction tests were performed on selected samples. In addition, one

dimensional consolidation and direct shear tests were performed on sClJlp1es 

selected to be critical based on the preceding test program. 

The results of all tests, with details shown as necessary, are summarized 
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in Appendix H of this report. 

V CONCLUSIONS - UPPER SITE 

A. Soil Conditions 

1. Flood Plain Section 

a. General: The soils sampled in the test borings drilled in 

the valley flood plain consisted of a layer of clayey silt or 

silty clay overlying sandy gravel. A layer of residual soil 

was encountered over1 yi ng bedrock ina 11 three test bori ngs 

drilled on the valley flood plain. The total thickness of 

soils overlying bedrock varied from about twelve feet at TB No. 

8, drilled near the west side of the valley flood plain, to 

about thirty-seven feet at TB No.5, drilled near the center of 

the valley. 

The seismic refraction survey indicates that the depth to 

bedrock is about thirty feet over most of the middle portion of 

the valley flood plain. 

b. Clayey S i 1 t or S i 1 ty Clay: The 1 ayer of clayey s i 1 t or s i 1 ty 
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clay sampled beneath the ground surface varied from about two 

feet thick at TB No.5, near the center of the valley, to about 

six feet thick in TB Nos. 6 and 8, near the east and west 

sides of the valley flood plain. The clayey silt or silty clay 

is alluvial in origin and was observed to vary in consistency 

from soft to firm and in moisture from damp to wet. The clayey 

silt or silty clay is unsuitable as a foundation for the dam 

because of its estimated low shear strength and moderate 

compressibility. The clayey silt or silty clay is suitable for 

use in the core section of the dam if the surface organic soil 

and organic material is removed. 

c. Sandy Gravel: The sandy gravel layer underlying the clayey 

s i 1 t or s i 1 ty clay was not encountered in TB No.8, dri 11 ed 

near the west side of the valley flood plain. The thickness of 

this soil type was about thirty-one feet at TB No.5, near the 

center of the valley, and about four feet at TB No.6, near the 

east side of the valley. The sandy gravel varied from medium 

to very dense based on resistance to penetration of the split 

spoon sampler, and contained from a trace to little silty clay. 

This material is alluvial in origin and probably is glacier 

re 1 ated materi a 1 transported and depos i ted by runni ng water. 

(The sandy gravel layer is very permeable.) It is suitable as a 

foundation for the dam if a cutoff is provided to reduce 
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seepage. Settlement of the dam due to compression of the sandy 

gravel is not estimated to be large and would probably largely 

occur during dan construction. The sandy gravel is suitable 

for use in fi 1 ter and drai n zones in the dam if processed to 

appropriate gradations. 

d. Residual Soil: The layer of soil originating from the in-place 

weathering of bedrock varied in thickness from about five or 

six feet in TB Nos. 6 and 8, at the edges of the valley flood 

plain, to about twelve feet in TB No.5, near the center of the 

valley. The residual soil types reflect the type of parent 

bedrock and varied from clayey silts to silty clays. The soils 

sampled varied in consistency from soft to hard and in moisture 

from damp to wet. In TB No.5, the residual soil and weathered 

bedrock was hard. Residual soil and weathered bedrock similar 

to that sampled in TB No. 5 are suitable as foundation for the 

dam. Hard residual soil will probably contribute only slightly 

to the settlement of the dam if the dam is constructed on the 

residual soil zone. In that case, the cutoff or core of the 

dam should extend through the residual soil zone. The material 

excavated should be suitable for use in the core zone of the 

dam. 

2. Right Abutment 

-130-



a. General: TB No.4 was drilled at about a 10· angle westward 

from the vertical in the right abutment area. 

b. Silty Clay: Silty clay soil was sampled to a depth of about 

twelve feet below the existing ground surface. The consistency 

of the silty clay sampled was firm and the soil was damp. This 

soil will be stripped to prepare the abutment. The excavated 

soil will be suitable for incorporation into the core zone of 

the dam if organic topsoil and other organic matter are 

removed and the material compacted at an appropriate moisture 

content. 

3. Left Abutment 

a. Genera 1 : TB No. 7 was dri 11 ed at about ala· ang 1 e eastward 

from the vertical in the left abutment area. 

b. Clayey Silt: Clayey silt soil was sampled to the top of 

bedrock at a depth of about five feet below the existing ground 

surface. The consistency of the soil was firm and the soil was 

damp. This soil will be stripped to prepare the left abutment. 

The excavated soil will be suitable fer incorporation into the 

core zone of the dam if organic materi a1 is removed and if 
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compacted at the appropriate moisture content. 

4. Topographic Nose 

a. General: A topographic anomaly exists at the west side of 

the valley flood plain on the axis of the dam. The surface of 

the nose is about forty feet above the v all ey floor to the 

east. TB No.3 was drilled through this material. The thick

ness of the soil zone overlying bedrock was about sixteen feet 

at TB No.3. 

b. Silty Clay: The soil sampled beneath the ground surface in 

TB No.3 was a silty clay layer about six feet thick. The 

silty clay sampled is firm in consistency and damp in moisture. 

This soil will be excavated in preparing the site. The ex

cavated soil will be suitable for incorporation into the core 

zone of the dam if organic material is removed and if compacted 

at the appropriate moisture content. 

c. Gravel: The soil sampled in TB No.3 beneath the silty clay 

and overlying the bedrock was a coarse, subrounded to angu1 ar 

gravel about ten feet thick. This soil will be excavated 

d uri n g sit e pre par at i on • The ex c a vat e d mater i a 1 wi 11 be 

stdtab1e for incorporation into the downstream drain zone of 

the dam. 
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5. Emergency Spillway 

a. General: The proposed location of the emergency spillway at 

the upper site is a topographic saddle north and west of the 

axis of the dam. TB No. 1 was drilled on the axis of this 

saddle. TB No.2 was drilled on the east side slope of the 

saddle. The total thickness of soil sampled was about sixteen

and-a-ha1f feet in TB No. 1 and about ten feet in TB No. 

2. 

b. Calcareous Silts and Silty Clays: The soils sampled in both 

TB Nos. 1 and 2 varied from silts to silty clays. The soils 

were brownish or tan in color with significant white calcareous 

material. The calcareous material occurred both as small 

inclusions and as incrustations on soil particles in thin, 

lenticular zones. 

c. Caut ion: Whi 1 e these soi 1 s are probab 1y sui tab 1 e for i ncor

poration into the core zone of the dam, with a risk that 

seepage through the core may dissolve the calcareous material 

possibly increasing the permeabi1 ity. The resulting increase 

flow of water could cause underground erosion. The downstream 

filter should be designed to reduce this risk. Laboratory tests 

performed during the current study indicate that the amount of 

soluab1e material is less than 1 percent by weight. Additional 
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B. Bedrock 

tests to measure the quantity of calcareous material should be 

performed. 

1. Flood Plain Section 

a. Bedrock Types: The bedrock cored in TB Nos. 5, 6 and 8 

generally consisted of siltstone. A layer of fine grained 

sandstone about four-and-a-half feet thick was cored through at 

a depth of about thirty-one feet in TB No. 6 on the east side 

of the valley flood plain. A layer of silty fine grained 

sandstone about ei ght feet thick was cored through at a depth 

of about three feet in TB No.5 in the center of the valley. A 

layer of fine grained sandstone about four-and-a-half feet 

thick was cored through at a depth of about thirty-nine feet in 

TB No.8 on the west side of the valley flood plain. Probably 

the sandstone layers do not correlate based on the elevations 

and observed bedding pl ane dips. The color of the bedrock 

observed in the bedrock cores was generally gray with occa

sional reddish brown zones. 

b. Bedrock Condition: The bedrock sampled varied from soft to 

hard. The RQD varied from 0 percent to 100 percent and the 
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bedrock varied from very broken to massive. Frequent irregular 

fractures were observed. These fractures were generally 

calcite filled. Disintegrated sections of core represented by 

fragments were observed in the core box. Sections of core 

placed in water deterioriated rapidly to rock fragments. Some 

sections deteriorated to silt size particles when placed in 

water. 

c. Structure Attitude: Bedding planes were observed in the 

sandstone layers previously mentioned. The bedding was ob

served to dip about 45° in the sandstone in TB No.5 and to be 

about horizontal at a depth of about twenty feet in TB No.8. 

However, dips of about 40° at depths of twenty-one feet, thirty 

feet and forty-three feet were observed in TB No 8. No bedding 

was observed in the rock cored in TB No.6. The axis of the 

syncline may be close to TB No.8 based on published maps and 

on the bedrock attitude observed in the sandstone in TB No.8. 

However, the bedd i ng planes observed in the sandstone cores 

might represent cross bedding depositional features. The 

attitude observed might not indicate true bedding. 

d. Permeabi 1 ity: The pressure tests performed in TB Nos. 6 and 

8 indicate that the bedrock joints are open and with 1 arge 

effective permeability of ",he bedrock. A program of pressure 

grouting to reduce underseepage through bedrock will be 

required. 
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2. Left Abutment 

a. Bedrock Types: The upper about five feet of bedrock cored in 

TB No. 7 was a quartzitic sandstone. The bedrock cored beneath 

the sandstone and to the bottom of bori ng at a depth of 100 

feet was generally a siltstone. A one foot thick section of 

fine grained quartzitic sandstone was cored through at a depth 

of about ei ghty-two feet. The sandstones were gray and the 

siltstone color varied from dark gray to reddish gray. 

b. Bedrock Condition: The top five-foot section of sandstone 

was massive. Frequent irregular calcite filled and stained 

fractures were observed. The rock was hard. The rock cored 

beneath the sandstone to the bottom of the boring varied from 

mass i ve to very broken and from med i urn hard to hard • Several 

sections were very broken with frequent calcite filled frac

tures. 

c. Permeability: The results of the pressure tests in TB No.7 

indicate that the bedrock is very permeable. 

d. Suitability for Abutment: Excavation to key the dam into 

-136-



bedrock at the left abutment will probably encounter quartzitic 

sandstone and massive to very broken siltstone. An appropriate 

program of pressure grout i ng wi 11 be requi red to reduce the 

risk of excessive seepage. 

3. Right Abutment 

a. Bedrock Types: The bedrock types cored in TB No. 4 drilled 

on the right abutment include 1 imestone, s i 1 tstone, sandstone 

and claystone with occassional shaley layers. The limestones 

cored were fossiliferous. The bedrock color varied from dark 

gray to light brown. 

b. Bedrock Condition: The bedrock cored varied from very broken 

to massive and from soft to hard. Frequent irregular-calcite 

filled joints were observed. RQD values were typically low and 

varied from 0 percent to a maximum of about 56 percent. 

c. Bedding Plane Attitude: The di p of beddi ng plane features 

observed in sandstone cored in TB No. 4 varied from about 80 0 

at about forty-fi ve feet to about 45 0 at about ei ghty feet. 

The observed bedding might be cross bedding depositional 

features and may not represent the at t i tude of true bedd i ng • 
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d. Permeability: The bedrock at the location of TB No.4 is 

very permeable based on the loss of water during drilling and 

the pressure test results. 

e. Suitabi 1 ity as Abutment: The qual ity of bedrock at the right 

abutment is probably generally poor. Removal of highly frac

tured bedrock with excavation of a key into bedrock should be 

performed. The excavated bedrock will be suitable for incor

poration into the upstream and/or downstream random fill zones 

of the dam if large fragments are broken down or removed. 

An appropriate program of pressure grouting should be performed 

to reduce the risk of excessive seepage. 

4. Topographic Nose 

a. Bedrock Types: The bedrock types cored in TB No. 3 dri 11 ed 

to a depth of 124 feet in the topographic nose at the west of 

the valley flood plain included layers of sandstone, siltstone, 

and shale. The sandstone layers were gray and calcareous. The 

siltstone layers were dark gray to light brown. A two foot 

thick layer of black shale was cored through at ninety-three 

feet depth. 

b. Bedrock Condition: The bedrock cored in TB No. 3 varied from 

-138-



soft to hard. RQD values varied from 31 percent to 100 percent 

and the rock brokenness from blocky to massive. Frequent 

calcite filled fractures were observed. 

c. Beddi ng: Beddi ng planes were observed in the sandstone cored 

from about seventy-seven feet to ni nety-three feet and from 

th i rty-n i ne feet to about fi fty-ni ne feet. The observed dip 

was about 55°. The direction of dip cannot be determined from 

the bedrock core alone. Observations of outcrops on the north 

side of the nose indicate that the bedrock dips in an easterly 

direction in the upper portion. The direction of the dip at 

depths of seventy-seven feet to ninety-three feet in the 

rock cored is not known. 

d. Landslide Feature: Aeri a 1 photo interpret at i on and the 

anomalous dip of bedrock observed in outcrops along the north 

end of the nose indicate that the nose is probably a slump 

block type landslide feature. If the nose is a landslide 

feature, then a failure zone exists between the nose and 

bedrock west of the nose and beneath the block over in-pl ace 

bedrock. A zone indicative of sliding was recovered in TB No. 

4 at a depth of about forty feet. 

e. Foundation r,'eparation: The nose should be excavated and 

removed to a depth matchi ng the foundat i on preparat ion in the 
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valley flood plain east of the nose. An appropriate pressure 

grout i ng program shou1 d be performed to match the pressure 

grouting in the valley flood plain to the abutment grout 

program. 

f. Permeability: Based on water loss during drilling and the 

pressure test results, the rock in the nose at TB No. 3 is very 

permeable. 

g. Suitability of Excavated Material: Bedrock excavated duri ng 

removal of the nose will be suitable to incorporate in the 

random fill zone of the dam if adequately broken down and the 

large pieces removed. 

5. Emergency Spillway 

a. Bedrock Types: Bedrock cored in TB No. 1 to a depth of 230 

feet and TB No. 2 to a depth of about fifty feet generally 

consisted of siltstone, sandstone, claystone, and shale. 

Sandstone layers were cored through from a depth of forty-four 

feet to about forty-seven feet, from 106 feet to 107 feet, and 

from 170 feet to 182 feet in TB No.1. The remainder of the 

bedrock cored in TB No.1 was siltstone. In TB No.2, a two 

foot layer of claystone was cored at the top of bedrock. nlack 

shale was cored through from about nineteen feet to twenty-
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eight feet and twenty-ni ne feet to the bottom of the bori ng 

at a depth of about fifty feet. 

b. Bedrock Condition: The bedrock cored varied from soft to 

hard. RQD values varied from 7 percent to 100 percent and the 

degree of brokenness from very broken to massive. Frequent 

disinteg~ated layers were observed in the bedrock core. These 

layers probably disintegrated as a result of drilling. Sec

tions of rock core disintegrated rapidly when immersed in water 

in the laboratory, some disintegrated to silt. Frequent 

irregul ar calcite-fi 11 ed fractures were observed in the rock 

core. 

c. Suitability as Embankment Material: The bedrock material 

excavated wi 11 be sui tab 1 e to construct the random fi 11 zones 

of the dam if sufficiently broken down and large pieces removed 

and thorough 1 y compacted. Compact i on wi th appropri ate equi p

ment to break down the material and the removal of large pieces 

should be performed to reduce the risk of pieces breaking down 

following compaction. There is a risk that poor construction 

procedures could result in undesirable voids in the embankment. 

d. Erodibility: The bedrock exposed as a result of spillway 

excavation will probably be siltstone or shale. Either rock 

type will deteriorate rapidly upon exposure to air and will be 
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subject to erosion. Riprap or special vegetation should be 

used to reduce the risk of erosion of the exposed spillway 

surface. 

6. Groundwater Conditions 

a. Valley Flood Plain: The groundwater levels in the valley 

flood plain are probably controlled by the water elevation in 

Smiths Fork. The only water encountered during drilling was 

i n T. B • No • 5 • 

b. Abutments and Spi 11way: No water was encountered in the 

test borings drilled in the abutment zones and in the spillway. 

It was reported that water was lost during core drilling. The 

fractured condition of bedrock and the results of the pumping 

tests indicate that the permeability of bedrock is high. 

VI • CONCLUSIONS - LOWER SITE 

A. Soil Conditions 

1. Flood Plain Section 

a. General: No test borings were drilled in the center portion 
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of the valley flood plain. TB No.9 was drilled at the western 

edge of the flood plain and TB No. 11 was drilled at the 

eastern edge. Silty clay and clayey silt soils were sampled in 

TB No.9. Silty clay and clayey silt soils overlying sandy 

gravel were encountered in TB No. 11. A three foot thick layer 

of clayey silt, probably residual in origin was sampled over

lying bedrock in TB No. 11. The thickness of soil overlying 

bedrock was twenty-eight-and-a-ha1f feet in TB No. 9 and 

twenty-one feet in TB No. 11. The seismic survey results 

indicate a depth to bedrock varying from thirty-five feet to 

forty-five feet over the valley flood plain. 

b. Cl ayey Si lt and Si 1ty Cl ay: The c1 ayey si lt and si lty cl ay 

encountered to a depth of twenty-eight-and-a-ha1f feet in TB 

No. 9 and to a depth of about nine feet in TB No. 11 was firm 

in consistency and damp to wet in moisture. These soils will 

be removed during site preparation. The excavated material 

will be suitable for incorporation into the core zone of the 

dam if organic topsoil and organic material is removed, and the 

soi 1 pl aced and compacted at an appropri ate water content. 

c. Sandy Gr ave 1 : A 1 ayer of sandy gr ave 1 was encountered from 

a depth of nine feet to eighteen feet in TB No. 11. Sandy 

gravel similar to that encountered in TB No.5 at the upper dam 

site probably exists across the flood plain valley. This is 
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indicated by the seismic survey results. The seismic velocity 

of 6,000 ft./sec. across the valley flood plain is similar to 

6,000 to 7,000 ft./sec. across the upper site valley flood 

plain. The sand and gravel condition and suitability as 

foundation material for the dam is probably similar to that at 

the upper site. A cutoff wi 11 be required to reduce under

seepage through the sandy gravel. 

d. Clayey Silt (Residual): The clayey silt overlying bedrock 

encountered in TB No. 11 is probably residual in origin. The 

clayey silt sampled was very stiff in consistency and was 

moist. Soil similar to the soil sampled would not be expected 

to contribute significantly to settlement of a completed dam. 

It will be excavated through during construction and the 

excavated soil will be suitable for incorporation into the core 

zone if compacted at an appropriate moisture content. 

2. Abutment Zones 

a. Similar to Upper Dam Site: No borings were drilled in either 

the right or left abutment zones. Based on the results of the 

seismic survey, the soil depths and conditions in the abutment 

zones are probab ly simi 1 ar to those encountered in TB Nos. 4 

and 7 drilled at the upper site. 
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3. Emergency Spillway 

a. Clayey Silt: TB No. 10 was drilled on the axis of the saddle 

to the west of the dam. It is proposed th at the emergency 

spillway be excavated through this saddle. Clayey silt with 

1 itt 1 e rock fragments was encountered to a depth of sixteen 

feet in TB No. 10. The clayey silt soil was moist and stiff to 

hard in consistency. The excavated soil will be suitable for 

incorporation in the core zone of the dam if compacted and 

placed at an appropriate moisture content. 

b. Weathered Claystone: A two feet thick layer of weathered 

calcareous c1 aystone was encountered overly; ng bedrock ; n TB 

No. 10. The soil sampled was soft and damp. The excavated 

soil will be suitable for incorporation in the core zone of the 

dam if placed at an appropriate water content and compacted. 

B. Bedrock Conditions 

1. Valley Flood Plain Section 

a. Genera 1 : TB No. 9 was dri 11 ed near the west edge of the 

valley flood plain and TB No. 11 was drilled near the east 
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edge. No borings were drilled near the center of the valley 

flood p 1 ai n. No water was found in ei ther of these bori ngs. 

Ground water can be expected in the areas near the stream. The 

elevations of the ground water will be controlled by the stream 

level. 

b. Bedrock Types: Sh ale, s i 1 tstone and 1 imestone bedrock were 

cored in TB No.9. Sandstone, siltstone and limestone were 

cored in TB No. 11. The seismic survey results indicate that a 

lower velocity bedrock layer may outcrop beneath soil west of 

the valley center. 

c. Bedrock Condition: The bedrock cored in TB No. 9 varied from 

soft to hard. The RQD varied from 69 percent to 95 percent and 

the rock cored was broken to massive. Frequent irregular 

calcite-filled and stained fractures were observed in the rock 

cores. The RQD of the bedrock cored in TB No. 11 varied from 

17 percent to 90 percent and the rock cored was very broken to 

massive. Based on the results of the seismic survey, the 

condition of bedrock across the valley flood plain is probably 

similar to that encountered in TB Nos. 9 and 11. 

d. Permeabi 1 ity: The condition of bedrock and the assumed 

similarity to conditions at the upper dam site indicate that 
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the bedrock joints are open and that the effective permeability 

of the bedrock is probably 1 arge. A program of grouting to 

reduce underseepage through bedrock will be required. 

2. Abutments 

a. Similar to Upper Dam Site: No test borings were drilled in 

the abutment zones at the lower dam site. Based on the seismic 

velocities measured in the seismic survey, bedrock conditions 

in the abutment zones are probably similar to those encountered 

in TB No. 7 drilled at the upper site. Bedrock conditions on 

the right abutment may not be simi 1 ar to those at TB No. 4 

because of the absence of the topographic nose. 

3. Emergency Spillway 

a. Bedrock Types: The bedrock cored in TB No. 10 dri 11 ed on 

the proposed axis of the emergency spillway consisted generally 

of siltstone. A two feet thick section of limestone was cored 

at a depth of about ninety-nine feet. Another two feet thick 

1 ayer of 1 imestone was cored through at a depth of about 106 

feet. 

b. Bedrock Condition: The bedrock cored varied from soft to 

medium hard. The RQD varied from 8 percent to 100 percent and 
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the rock cored v ari ed from very broken to blocky. Irregul ar 

calcite-filled and stained fractures were observed. 

c. Similar to Upper Dam Site: The bedrock conditions and the 

tendency of the bedrock to disintegrate when exposed to water 

are probably similar to conditions existing at the upper site. 

This is because the seismic velocities measured in the seismic 

survey are similar and because the aerial photos indicate that 

the rock formation involved is probably the same as the upper 

site. 

d. Suitability as Embankment Material: The bedrock material 

excavated will be suitable to construct the random fill zones 

of the dam if sufficiently broken down, large pieces removed 

and thoroughly compacted. Compaction with appropriate equip

ment to break down the materi a 1, and removal of 1 arge pi eces 

should be performed to reduce the risk of pieces breaking down 

following compaction. There is a risk that poor construction 

practice could result in undesirable open void spaces in the 

embankment. 

e. Erodibility: The bedrock exposed as a result of spillway 

excavation will probably be siltstone or shale. Either rock 

type will deteriorate rapidly upon exposure to air and will be 
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subject to erosion. Riprap or special vegetation should be 

used to reduce the ri sk of eros i on of the exposed spi 11 way 

surface. 

VIi SEISMIC REFRACTION STUDY 

A. Introduction 

During the month of August, 1984, GBR Consultants Group, Inc. performed 

seismic refraction studies at both the proposed Smiths Fork Dam Sites. 

The study areas are in the Smiths Fork Drainage Basin northwest of Cokeville, 

Wyoming. 

B. Purpose 

The purpose of the seismic refraction investigation was to provide 

subsurface geotechnical information to be used as part of GBR's geotechnical 

study of the proposed dam locations. 

Information obtained in this survey was used to estimate depths of 

soil, and the depths to the soil-rock interface. The seismic velocities 

measured were used to estimate bedrock type and condition. The results of 
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this investigation used in conjunction with the subsurface boring program 

further defined the subsurface geologic conditions of the proposed dam 

locations. 

C. Procedures 

Instrumentation used in the seismic survey was a Bison Instruments, Inc., 

Model 1580 six-channel signal enhancement seismograph. The seismic signal was 

initiated both by a hammer and by detonated charges. Charges were detonated 

after the initial procedure using the hammer was determined inadequate 

to produce strong signals at the required depths. Investigation procedures 

used in this survey are described below: 

1. Twelve geophones or seismic detectors were placed at either twenty 

foot or thirty foot intervals along the seismic survey lines. 

2. At the end of each survey 1 i ne a signal setup was placed at the 

twenty or thirty foot interval depending on the geophone spacing. 

Either the hammer at the twenty foot intervals or the explosive 

charges at the thirty foot intervals were utilized at these loca

tions. When the hammer was used, the procedure consisted of strik

ing an aluminum pl ate on ground surface with the sledge hammer to 

initiate the signal. When charges were used, about half pound of 

dynamite was detonated about two fee-+: below the ground surface. 

Where physical restrictions were encountered, the length of the 
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seismic line and geophone spacing were increased or decreased to 

comply with restrictions of the site. 

3. When explosive charges were utilized to initiate the seismic signal, 

a blaster box was used as a remote detonat i ng devi ce. When the 

hammer was used, an accelerometer on the handle of the hammer 

triggered the seismograph when the aluminum plate was struck. 

4. The travel time from the signal initiation point to the various 

geophones was measured in mi 11 i seconds by the signal enhancement 

seismograph. A recording of this Signal was made using a strip

chart recorder. 

5. The travel time of the waves to the various geophones was computed 

and used to make a velocity determination. The velocity deter

minations identify the approximate physical character of the bed

rock. A change in velocity indicates a change in materials present. 

The most obvious changes, those noted in this survey, are between 

soil and rock. This information is used to estimate the depth of 

rock in the study areas. 

D. Approximate Locations of the Seismic Profiles 
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There were two proposed dam and spillway locations investigated in 

this seismic resistivity study, referred to as the upper and lower dam sites. 

Seismic profiles were performed along the centerline and parallel to the 

centerline of the upper dam site. There were also two seismic profiles 

performed perpendicular to the baseline of the spillway. At the lower dan 

site one seismic profile was performed along the centerline of the dam and 

another perpend i cu 1 ar to the center 1 i ne of the proposed spi 11 way 1 oc at ion. 

E. Presentation of Results 

Results from the seismic resistivity survey are plotted as profiles on 

"Test Boring Logs and Seismic Data," Dwgs Nos. 3 through 6. Information 

presented on these profiles consists of estimated depth of rock and the 

velocities of material encountered. 

F. Classification of Velocities 

General velocity material classifications are presented based on pub

lished information and GBRls past field experience. The classifications 

presented in table 4.1 below are typical but great variation in seismic 

velocities of materials can occur. 
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Typical Seismic Velocities 

1,000-2,000 ft./sec.: 

2,000-4,000 ft./sec.: 

3,500-5,000 ft./sec.: 

4,500-5,500 ft./sec.: 

4,000-6,000 ft./sec.: 

6,000-8,000 ft./sec.: 

8000-10,000 ft./sec.: 

10,000-14,000 ft./sec.: 

Tab1 e 4.1 

dry unconsolidated overburden, containing soil 
and broken rock fragments. 

clay, colluvium, very badly weathered shale. 

fractured bedrock, highly weathered, in a fracture 
system often associated with poor energy trans
mission. 

ground water. 

shale, badly weathered rock. 

sandy shale, calcareous shale. 

sandstones, slightly weathered limestones. 

1 imestones. 

As can be seen from the above tabulation, there are no distinct bound

aries between the seismic wave velocities of some materials. General rules in 

evaluating the engineering significance of a seismic velocity would be: 

1. Velocities below 3,000 ft./sec. indicate dry IInon-rockll material. 

2. Velocities between 3,000 and 6,000 ft./sec. indicate potential areas of 
high weathering and/or potential groundwater saturation. 

3. Velocities above 6,000 ft/sec/ normally represent II rockll materials. 

Observation of the above table shows clearly that there is no distinct 

division between materials interpretations. Seismic resistivity studies 

should take this point into consideration. Although there are some general 

rules that may be followed when inter~ieting seismic resistivity data, what 

may be the most important in this type of study is that velocities above 6,000 
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ft./sec. usually indicate consolidated material, i.e., rock. The nature of 

some of the glacial material, however, may indicate somewhat higher velocities 

than 6,000. Approximately 7,000 ft./sec. may be encountered in glacial 

till. 

G. Discussion of Results 

1. Upper Dam Site: As shown on the seismic profile for the upper dam 

site, the velocities of 4,500 ft./sec. to 7,000 ft./sec.encountered 

in the soil or unconsolidated zone materials indicate the possi

bility of glacial outwash and inundated unconsolidated material. 

The rock velocities of 9,000 ft./sec.to 10,500 ft./sec.correspond to 

the limey siltstones or limestones encountered in Borings TB-5 and 

TB-6. 

2. Upper Dam Spillway Location: Interpretations of the seismic pro

files conducted perpendicular to the spillway centerline indicate 

fairly shallow soil zones along the slopes and deeper zones near the 

centerline of the spillway. Velocities indicate materials similar 

to those encountered along the Smiths Fork flood plain zones. 

3. Lower Dam Site Centerline: Velocities in the soil or unconsolidated 

zone along the lower dam site centerline range from 4,000 ft./sec.to 

6,000 ft/sec. across the Smiths Fork flood plain area. Velocities 

measured in the abutment areas were somewhat lower, rangi ng from 
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2,500 ft./sec/ to 3,500 ft./sec. The range in velocities in the 

consolidated zone is primarily in the 8,000 ft./sec. to 10,000 

ft. / sec. range. Thus the bedrock may be simi 1 ar to the bedrock 

encountered in the upper dam spillway. However, there are several 

zones as noted on the profile that are in the 7,000 ft./sec. range. 

This indicates a slightly different bedrock condition than that 

encountered along the majority of the dam centerline. Causes for the 

variation could be parent material, stream channelization, or 

depositional environment of the unconsolidated material. 

4. Lower Dam Site Spillway 

The spillway location exhibits several velocities of 5,000 ft./ sec. 

in the saddle area and lower velocities of 2,500 ft./sec. to 3,000 

ft./sec. in the upslope areas. This change in velocity may be 

attributable to the more loosely compacted colluvial material on the 

upslopes, and/or the residual nature of the. unconsolidated zone at 

the center of the saddle location. Depth to rock is typically 

deeper in the saddle area with a shallower soil zone in the upslope 

area. The rock velocities in the 7,000 ft./sec. to 8,000 ft/sec. 

range should correlate with the lithologic units in the spillway of 

the upper dam site. 

H. General Conclusions 
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An overview of the seismic refraction study indicates no major structural 

dislocations at either dam site, with the exception of the potential block 

displacement at the west embankment of the upper dam site. There is no 

indication of any significant faulting at either site. 

V111 SUMMARY AND RECOMMENDATIONS 

A. Conclusions 

1. The results of the soils testing and a preliminary dam design 

indicate that a dam for 125,000 acre foot reservoir can be con

structed and wi 11 have a mi nimum safety factor of 1.15 for the 

upstream site and 1.13 for the downstream site under sei smi cally 

loaded conditions. 

2. The bedrock excavated from the spillway area is suitable for random 

fill to construct the upstream and downstream sections of the dam, 

if the recommended slopes are used. The rock cored was generally a 

siltstone. Many sections of core disintegrated during drilling. 

Selected sections of core disintegrated when placed in water in the 

laboratory. When placed in a fill, it is expected that some of the 

e}fr:avated rock will be broken down to a soil size material while 
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other portions will not. Compacted rock will be subject to further 

deterioration as water seeps through the dam. This will probably 

lead to the existence of zones of varying permeability and the risk 

of interior erosion. 

3. A core section should be used to reduce the quantity of seepage 

through the dam. This is because of the probable zones of varying 

permeability and possibility of zones of high permeability in the 

random fi 11 shell sections if constructed of rock from spi 11 way 

excav at i on. 

4. A drai n shou1 d be inc 1 uded downstream of the core to reduce the 

risk of downstream slope failure due to high pore water pressures in 

the downstream random fi 11 shell section. The drain wi 11 also 

reduce the ri sk of the phreat i c 1 i ne ex i st i ng on the downstream 

slope of the dam which could lead to erosion and piping. It will 

also control leakage in case of cracks through the core and seepage 

from the bedrock. 

5. A filter zone should be included between the downstream drain 

and the core. Soil sampled from test pits in the vicinity of the 

proposed construction is generally classified as CL-ML according to 

the Unified Classification System based on laboratory tests. Based 

on the laboratory classification tests and observations of existing 

erosion gu11eys in the field, the available soil would probably be 
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highly erodab1e if used for the core. A filter is required to 

reduce the ri sk of pi pi ng fi nes from the core into the downstream 

drain during steady state seepage. The filter also offers pro

tection against a piping failure should cracking of the core occur 

during an earthquake. 

6. A filter zone should be included between the downstream drain 

and the downstream random fill shell. The purpose of the filter is 

to reduce the risk of clogging the downstream drain due to piping 

fi nes as water seeps from the downstream random fi 11 zone into 

the drain. Water may flow from the downstream random fill zone into 

the drai n when the flow of water in the drai n is reduced after a 

period of high pool. 

7. A filter zone should be included in the dam section between the 

core and the upsteam random fill zone to reduce the risk of piping 

fi nes from the core into coarser or more permeab 1 e zones in the 

upstream random fill zone as water seeps from the core after draw

down of pool. 

8. The upstream and downstream slopes should be 3H:1V to provide 

acceptable factors of safety for operating conditions. This con

clusion is based on stability analyses. The stability analyses 

ut i 1 i zed soi 1 and rock strengths obtai ned from 1 aboratory tests ;~'nd 
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included a .15g horizontal earthquake acceleration. 

The shear strength values used were as follows: 

Core 

a. Long term stability 0 = 28° c = 1000 psf based on the results 

of laboratory S direct shear tests. 

b. Drawdown: 0 = 23° c = 840 psf these valves are the average of 

laboratory S direct shear test results and R strength values 

calculated from the S test results by assuming a pore pressure 

parameter A = 1/2. 

c. Earthquake: Same as for drawdown 

Random Fill Zones: 

a. Long Term stability: 0 = 30.5° c = 500 psf based on laboratory 

S direct shear tests. 

b. Drawdown: ,,= 27° c = 400 psf these valves are the average 

of laboratory S direct shear test results and R strength 

values calculated from the S test results by assuming a por<.. 
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pressure parameter A = 0.3. 

c. Earthquake: Same as for drawdown. 

Drain and Filter Zones: 

Values of 0 = 35°, c = 0 were assumed for all conditions. These 

values are typical for granular material such as will be used 

in the filter and drain zones. 

The calculated Safety Factors based on the above strength values 

are: 

Table 4-1 

Condition Calculated Safety Factor 

UEEer Site Lower Sit.e 

Downstream Slope, Steady Seepage, 

Full Pool 2.14 2.14 

Downstream Slope, Steady Seepage, 

Earthquake 1.24 1.22 

Upstream Slope, Full Pool, 

Earthquake 1.15 1.13 

Upstream Slope following 100 ft. 

drawdown from full pool 1.49 1.41 
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9. The results of the pressure tests performed in the test borings 

in the field indicate high apparent hydraulic conductivities, in 

excess of 10-2 eM/sec in several tests. Based on these valves, 

the dam foundat i on must be grouted. A grout curtai n in the foun

dation bedrock consisting of three rows of grout holes 200 feet deep 

has been assumed for preliminary design purposes. 

10. While ground water was observed in TB-5 only the material above 

bedrock is highly permeable. The extent and quantity of ground 

water to be expected during construction is not expected to be a 

significant problem from the results of this study. Addition test 

borings required for final design should be located and analyzed to 

determi ne the areas and quantities of ground water that can be 

expected during construction. 
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PRELIMINARY DESIGN & COST ESTIMATES 



CHAPTER V 

PRELIMINARY DESIGN & COST ESTIMATE 

A. Introduction 

1. Alternative Locations: Two alternative locations were considered for 

the axis of the dam in this study. The upper location is that 

recommended in the Level I study. The lower location is about 2,900 

feet downstream. The lower location was selected for study based on 

the narrower valley and the more favorable location for the emergency 

spillway. Drawings 10 and 11 of 24 show the proposed plans of the 

two facilities. 

B. Dam Cross Sections 

1. Emergency Spillway Elevation: The inlet elevations of the emergency 

spillways at both dam locations were set five (5) feet above the 

elevation required for storage of a 125,000 acre-foot pool. The 

five (5) foot freeboard will minimize loss of water caused by wave 

run-up due to wind forces during full reservoir periods. The emer

gency spillway has been sized and designed to pass the full Probable 

Max imum Flood (PMF). In computing the PMF the Probab 1 e Max imum 

Precipitation (PMP) from a general storm over the watershed was 

utilized. 
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2. Dam Crest E 1 ev at ion: The dam crest e 1 ev at ions were des i gned to 

provide a storage capacity equal to 125,000 acre-feet plus fifteen 

feet of freeboard. 

3. Upstream and Downstream Slopes: Three horizontal to one vertical 

were used for both upstream and downstream slopes. The 3H:1V slope 

was selected based on stability analyses. The stability analyses 

considered soil strength values based on laboratory test results and 

included consideration of horizontal pseudo-static forces using 

0.15g acceleration from an earthquake. 

4. Random Fill Zones: The bulk of the dam will be constructed using 

random fill. Most of the random fill will be obtained from excava

tion for the emergency spillway. The bedrock cored in the proposed 

emergency spillway area contained many sections where the rock had 

disintegrated. Typically, sections of core placed in water dis

integrated. It is expected that the rock wi 11 break down duri ng 

excavation and further disintegrate upon contact with water. 
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It is anticipated that, when placed in the random fill zones and 

compacted, variability in the grain size distribution will occur 

resulting in some variation in permeability. For example, some 

areas may consist of relatively sound rock fragments broken down 

during excavation and compaction. Other zones may contain dis

integrated or decomposed rock with a high percentage of sand and 

silt-sized particles, resulting in zones of high and low per

meabi1ty. 

In the zones of high permeability, long term disintegration and 

underground erosion are possible, and considerations to el iminate 

the risk of adverse effect on the completed dam must be included in 

the design. 

5. Low Permeability Core Zone: Because of the expected variable 

permeability and zones of high permeability in the random fill 

zones, a core zone of low permeability has been included in the dam 

cross section. The core zone will be incised into relatively sound 

bedrock. 

6. Cutoff Trench: The core zone wi 11 be cont i nuous wi th a cutoff 

trench excavated into bedrock bplow the core. 
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7. Drain Zone: A drain zone consisting of graded coarse gravel has 

been included in the dam cross-section downstream of the core zone. 

The drain zone continues horizontally on the top of bedrock to the 

toe of the dam where it connects with the toe drain. The purpose of 

the drain is to collect water seeping through the bedrock under the 

dam and core zone and transport it to the toe drain with little risk 

of water seeping into the downstream random fill zone. 

The drain zone is shown on the dam cross section on drawing No. 12 

of 24. 

8. Filter Zones! 

a. Filter zones are included to prevent loss of fines from fine 

grained zones such as the core zone, into more permeable zones 

such as the drain. Filters must be constructed to a gradation 

based on accepted filter criteria and considering the material 

on both sides of the filter. Four filter zones are included in 

the design and are shown on the dam section on drawing No. 12 

of 24 and described as follows: 

Filter Zone 1, between the core zone and the drain, has been 

included in the downstream section of the dam. This filter 
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zone continues to bedrock on the downstream side of the cutoff 

trench. The fi 1ter zone consists of sand and gravel with a 

grain size distribution selected to prevent fines from piping 

from the core zone into the drain. 

b. Filter Zone 2, between the drain and the downstream random fill 

zone has been provided to prevent pi pi ng of fi nes from the 

random fill section into the drain. While the risk is slight, 

pi pi ng of fi nes from the downstream random fi 11 sect ion into 

the drain could occur during periods when the reservoir level 

i s low. 

c. Fi 1 ter Zone 3, between the core zone and the upstream random 

fill zone is included to prevent piping of fines from the core 

zone into the upstream random fill zone during periods of 

reservoir drawdown when water may drain from the saturated core 

zone. 

d. Filter Zone 4, is included to prevent piping of fines from the 

upstream random fill zone into the riprap during periods of 

reservoir drawdown and wave action. 
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9. Riprap: Riprap has been included on the upstream face of the dam to 

reduce the risk of erosion due to wave action and rainfall. Other 

options for downstream face stabilization should be investigated 

during final design. 

10. Toe Drain: A toe drain has been included in the preliminary design. 

The purpose of the toe drain is to: 

a. Collect discharge from the drain zone. 

b. Concentrate and collect underseepage through bedrock. 

c. Collect seepage which may pass through to the downstream random 

zone. 

11. Crest Width and Camber: A crest width of thirty feet has been used. 

The elevation of the crest at the middle of the dam axis has been 

established four-and-a-half feet higher than the elevation at the 

abutments. The camber is provided to compensate for possible 

settlement of the embankment. Longitudinal sections of the dam are 

shown on drawing No. 13 of 24. 
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C. Foundation Treatment 

1. Strip to Bedrock: The area in the valley floor to be covered 

by the dam should be cleaned and stripped to the top of bedrock. 

The topsoil should be stockpiled for future use. The silty clay and 

clayey silt should be stockpiled for use in the core zone. The 

sandy gravel should be stockpiled for processing to use in drain and 

filter zones. 

2. Excavate Cutoff Trench: The cutoff trench should be excavated 

into bedrock. Excavation should be continued into bedrock to remove 

very broken and weathered bedrock. The excavated material should be 

stockpiled for use in the random fill zones. 

3. Slush Grout: Slush grout the exposed surface of bedrock beneath 

the core zone and the sides and bottom of the cutoff key. 

4. F 0 u n d at ion G r 0 uti n g: A s tag e g r 0 uti n g pro gram to form a g r 0 u t 

curtain should be designed and implemented. Grouting should be 

performed from the bottom of the cutoff trench exc av at i on. The 

depth of the grout curtain and staging should be designed based on 

an extensive exploration program. For preliminary design purposes a 

grout curtain 200 feet deep with three rows of holes on an average 

spacing of fifteen feet center to center has been assumed. 
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D. Abutment Treatment 

1. Strip to Sound Bedrock: The areas on the right and left slopes 

which will form the dam abutments should be excavated to relatively 

sound bedrock. The depth of excav at i on for pre 1 imi nary est imat i ng 

purposes has been based on data obtained at the test boring loca

tions. Additional test borings prior to final design will be 

required to better establish the estimated depth of excavation. 

However, the actual depth of excavation should be based on observa

tions in the field during excavation. The estimated excavation is 

as follows: 

a. Upper Dam-Right Abutment: At the right abutment edge of the 

valley a topographic nose exits. The origin of this nose is 

not known but examination of airphotos indicates that it is 

probably a landslide or rocks1ide remnant. This nose should be 

completely removed. TB No.4 drilled in the right abutment 

slope above the nose and encountered material containing 

bedrock fragments in a clay matrix which may be the slide plane 

on which the landslide occurred or may represent deep weathered 

bedrock. In either case, the excavation should extend to a 

depth of about sixty feet in this area to reach reasonably 

sound bedrock. Thus it is assumed for preliminary design 

purposes that the right abutment zone at the upper dam should 
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be excavated to a depth of sixty feet at the base of the dam 

and fifteen feet at the crest. 

b. Upper Dam-Left Abutment: Based on the data obtained at TB No. 

1, it is assumed that the upper twenty feet will be excavated 

from the left abutment zone, over the entire contact area. 

c. Lower Dam: Only limited information is available at the lower 

dam site. Based on TB Nos. 9 and 11 and the seismic survey 

information, it is assumed that about twenty-five feet of soil 

and bedrock should be excavated at the base of the dam at both 

the right and left abutment zones tapering to an excavation of 

about fifteen feet at the crest. It is assumed that an exca

vation of about twenty-five feet over the valley flood plain 

will be required to reach relatively sound bedrock. 

2. Grout: The foundation curtain grouting program should be extended 

up both abutments. For preliminary design it has been assumed that 

the three rows of grout holes, on the average of fifteen feet 

center-to-center-spacing will be extended to the crest of the dam. 

The depth of grout holes is assumed to be about 200 feet. 

E. Principal Spillway: 

1. Upper Dam Site: 
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a. Location and Size: The principal spillway at the upper dam is 

a reinforced concrete conduit. The conduit is located at the 

extreme east of the valley flood plain. The total length of 

the outlet conduit is about 1,500 feet. The inlet to the 

outlet conduit will be at the mouth of Tuffield Creek. 

In the design the principal spillway and outlet works are 

combined. Flows between 50 cfs and 500 cfs are routed through 

two 36" diameter conduits to the turbines for power generation. 

Flow in excess of 500 cfs by-passes the turbines and discharges 

directly into the afterbay. 

b. Installation: The outlet works should be placed on or in 

bedrock. The grade of the conduit should be selected based on 

test borings conducted during the final design phase along the 

selected conduit alignment. 

The outlet conduit should be low enough to pass through the 

cutoff trench incised into bedrock. Concrete should be used to 

backfill the trench beneath the cutoff. To reduce the risk of 

rupture of the conduit during an earthquake, special con

sideration should be given to the size and spacing of joints 

and the joint detail to provide flexibility. Frequent joints 
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appropriately designed to allow flexibility should be included 

in the conduit and concrete encasement where the conduit passes 

beneath the cutoff trench. Seepage collars should be provided 

on the concrete conduit where it passes through the cutoff 

key. 

c. Upstream Control: The upstream i n1 et structure to the out 1 et 

conduit should be designed to bypass stream flow during con

struction. The inlet works should include protection for fish 

in addition to a trash rack and should permit withdrawing 

reservoir water at several depths for downstream temperature 

control and water quality control. The lowest inlet gate 

shoul d be placed near the bottom of the in 1 et structure or 

could be combined with the gating system for the construction 

bypass to allow the total storage to be released if required. 

2. Lower Dam Site: 

a. Location and Size: The outlet conduit for the lower dam can be 

located in the east abutment with the same size and capacity 

as that assumed for the upper dam site. The principal spillway 

and outlet works are combined. Flow will be routed in the same 

manner as described for the Upper Dam Site. 

b. Installation: The outlet works at the lower dam site should 
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be installed in bedrock below the bottom of the cutoff key in 

the left abutment zone. The trench should be backfilled with 

concrete to reduce the risk of underground erosion of bedrock. 

The design of the joints in the conduit and encasement should 

include joints to provide flexibility in case of an earthquake. 

c. Upstream Control: The upstream i n1 et detai 1 s shou1 d be de

signed to bypass stream flow during construction. A trash rack 

and fish protection should be included. Provisions for with

drawing water at several depths in the reservoir should be 

provided for control of downstream water temperature and water 

quality control. The lowest inlet gate should be placed near 

the bottom of the inlet. 

F. Emergency Spillway: 

1. Upper Dam Site: 

a. Purpose: The emergency spillway has been provided to protect 

the dam from overtopping by the PMF. 

b. Location: The emergency spillway location proposed for the 

upper dam site is located in a topographic saddle beyond the 

west abutment. 
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c. Size and Grade: The emergency spi 11 way shown for the upper 

site is 100 feet wide and about 3,700 feet in length. The flow 

line grade is 0.28 percent. Cut slopes above the invert are 

designed on a slope of two-and-a-half horizontal to one ver

tical. 

d. Capacity: The emergency spi llway has been designed to pass 

the full PMF when the pool elevation is at the 125,000 acre

foot storage elevation plus five (5) feet of freeboard and ten 

feet of flood surcharge. 

e. Erosion Protection: The bedrock through which the emergency 

spillway is cut is probably extremely erodable. It is likely 

that considerable erosion damage would occur to the emergency 

spillway and the stream channel into which it discharges if 

significant water should flow. The first 100 feet of the 

emergency spillway is shown as paved with concrete and the next 

400 feet as paved with ri prap. The remai nder of the cut for 

the emergency spi llway shoul d be enri ched, mul ched and seeded 

with appropriate grasses. 

2. Lower Dam Site: 

a. General: The emergency spillway for the lower dam site has the 
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same purpose as the emergency spillway at the upper dam site. 

It has been sized and designed with the same criteria and 

consideration. 

b. Size: The emergency spillway at the lower dam site is 400 

feet wide and 1,300 feet long. The flow line slope is 0.32 

percent. 

The spillway width has been established to provide sufficient 

excavation for the construction of the random fill zones of 

the dam. 

The side slopes have been selected at three horizontal to one 

vertical. The side slopes will be subject to erosion and 

should be enriched, mulched and seeded with appropriate grasses 

to minimize their erosion. No concrete lining or riprap is 

included as the flood flow velocity will not be high enough to 

create high eros ion in the rock 1 ayers of the bottom of the 

ditch. 

G. Material Sources: 

1. Random Fill Zone: The following sources will contribute material 
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for the random fill zones: 

a. Spillway excavation 

b. Rock stripping on abutment zones 

c. Rock stripping beneath core zone 

d. Excavation for cutoff key and outlet conduits 

2. Core Zone: The following sources will contribute material for 

the core zone: 

a. Silty clay and clayey silt soil below topsoil stripped from 

the dam and spillway areas and from borrow areas. 

b. Residual clayey soil overlying bedrock. 

c. Borrow areas in the alluvium of the side valleys (Tuffield 

Creek, Preacher's Creek, Claudia's Creek). 

3. Drain Zone and Filter Zones: Material from the following sources 

can be processed through an aggregate processing pl ant to provide 

material with appropriate gradations for the drain zone and filter 

zones: 

a. Sandy gravel excavated from the flood plain valley over the 

area to be covered by the dam. 

b. Sandy gravel excavated from borrow pits in the flood pl ain 

valley upstream from the dam. 
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4. Riprap: No suitable source has been located for durable riprap in 

the immediate vicinity of the dam. Riprap will have to be quarried 

and imported from an offsite location. 

H. Quantity and Cost Estimate 

a. Quantities 

The construction of an earth embankment dam and hydroelectric 

facility at the upper and lower sites has been separated into 

identifiable construction items. The quantities of each item have 

been estimated based on the preliminary design presented in this 

report. The items and quantities are listed in Tables 5.1 and 5.2 

"Prel iminary Cost Estimate." The quantities 1 isted may change with 

final design. 

b. Costs 

Unit costs for the construction items identified above were esti

mated based on data supplied by the WWDC, our experience, published 

unit costs, published bids on similar projects and discussions with 

1 oca 1 contractors. The actual uni t costs and actual estimated 

project cost may vary from that presented and cannot be known until 

final design is complete and bids are received. 
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FIGURE 5.1 

COST ESTIMATE - UPPER SITE 

Estimated Cost 
Item No. Description 

1. Mobilization 

Quanity Unit Total 

2. Dewater i ng 

L.S. 

L.S. 

Price 

3. Clear & Grub 200 Acres 3,000.00 

4. Excavate Cut off Key 88,000 C.Y. 

5. Slush Grout Cut off Key 50,000 bags 

6. Drill Grout Holes 132,000 L.Ft. 

7. Portland Cement Grout 200,000 bags 

8. Excavate, Transport, Place 
and Compact Core Material 2,118,000 C.Y. 

9. Process, Transport, Place 
and Compact Filter 
Material 965,000 C.Y. 

10. Excavate, Transport, Place 
and Compact Random Fill 
Material 7,960,000 C.Y. 

11. Haul & Place Riprap (from 
off-Site Source) 237,500 C.Y. 

12. Excavate for Outlet Conduit 22,000 C.Y. 

13. Outlet Conduit 17,200 C.Y. 

14. Inlet Works & Controls L.S. 

8.00 

6.00 

7.25 

6.00 

3.75 

9.25 

2.75 

18.00 

6.75 

275.00 

15. Pave Spillway Entrance 6,000 sq. yd. 18.00 

16. Riprap Spillway 400' 7,000 C.Y. 18.00 

17. Seed & Mulch 132 Acres 1,200.00 

18. Power House L.S. 

* Includes $200,000 for cone valve 
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1,158,000 

190,000 

600,000 

704,000 

300,000 

957,000 

1,200,000 

7,942,500 

8,926,250 

21,890,000 

4,275,000 

148,500 

4,730,000 

750,000 

108,000 

126,000 

158,400 

3,553,000* 



FIGURE 5-1a 

Table 5-1 Cant. 

Item No. Description 

19. Stilling Basin & Discharge 
Works 

20. Upstream and Downstream 
Flow Measuring and 
Instrumentation 

21. Demobilization 

22. Road Relocation 9 miles 

23. Land Acquisition 

Estimated Cost 
Quanity Unit Total 

Price 

L.S. 610,000 

L.S. 250,000 

L.S. 150,000 

@215,000/per mi 1,935.000 

SUBTOTAL 

ENGINEERING 

SUBTOTAL 

CONTINGENCY 

TOTAL ESTIMATED COST 
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2,000,000 

$62,661,650 

6,266,000 

$68,927,650 

10,339,000 

$79,266,650 



TABLE 5.2 

COST ESTIMATE - LOWER SITE 

Est imated Cost 
Item No. Description Quanity Unit Total 

Price 

1 • Mobilization L.S. 1,100,000 

2. Dewatering L.S. 250,000 

3. Clear & Grud 135 A.C. 3,000.00 405,000 

4. Excavate Cutoff Key 70,000 C.Y. 8.00 560,000 

5. Slush Grout Cutoff Key 50,000 bags 6.00 300,000 

6. Drill Grout Holes 115,000 L.F. 7.25 833,750 

7. Portland Cement Grout 175,000 bags 6.00 1,050,000 

8. Excavate, Transport, Place 
& Compact Core Material 1,649,000 C.Y. 3.75 6,183,750 

9. Process, Transport, Place 
& Compact Filter Material 782,000 C.Y. 9.25 7,233,500 

10. Excavate, Transport, Place 
& Compact Random Fill 
Materi al 5,231,000 C.Y. 2.75 14,385,250 

11. Install riprap (From Off 
Site Source) 168,700 C.Y. 18.00 3,036,600 

12. Excavate for Outlet Conduit 18,500 6.75 124,875 

13. Outlet Conduit 14,300 C.Y. 275.00 3,932,500 

14. Inlet Works & Controls 750,000 

15. Seed & Mulch 65 A.C. 1,200.00 78,000 

16. Power Plant 3,553,000* 

17. Stilling Basin and Di s-
ch arge Work s 610,000 

* Includes $200,000 for cone valve 
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Tab 1 e 5-2 cont. 

Item No. Description 

18. Upstream and Downstream 
Gaging Stations and 
Instrument at ion 

19. Demobilization 

20. Road Construction 9 miles 

21. Land Acquistion 

FIGURE 5-2a 

Estimated Cost 
Quanity Unit Total 

@215,000 per mi 

SUBTOTAL 

ENGINEERING 

SUBTOTAL 

Price 

10% CONTINGENCY 

TOTAL ESTIMATED COST 
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250,000 

150,000 

1,935,000 

2,000,000 

$48,721,225 

4,872,000 

$53,593,225 

8,038,900 

$61,632,125 
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A. Introduction: 

CHAPTER VI 

OPERATIONS PLAN 

The operations of the completed dam and power facilities include con

sideration for instream flow, reservoir storage, irrigation demand, municipal 

demand, transferred storage release requirements, recreational use and flood 

control. 

For the reservoir to provide an adequate water supply to meet all of the 

downstream demands on a firm basis, the full Wyoming storage allocation must 

be made in all years that flow is available. Streamflow measuring devices 

and recording equipment are proposed that will measure streamflow into the 

reservoir above the reservoir and at a location downstream from the dam to 

measure instream flow including dam seepage and reservoir spills. The 

data from the measuring devices wi 11 be sent to a control room where the 

operator can make storage and release adjustments as conditions require. 

B. F ac i 1 it i es : 

The Smiths Fork facilities include an earth fill dam that develops a 
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125,000 acre foot reservoir, controlled outlet works, powerhouse, instru

mentation for flow control, power generation and an emergency spillway. 

The outlet works wi 11 be a reinforced concrete chanber designed with 

multiple inlets to provide a dead storage of 10,000 acre feet and gated 

outlets to provide variable draw off elevations through the operating range of 

25,000 to 125,000 acre feet. The different levels for the outlets will allow 

the dam operator to adjust levels of discharge to meet downstream water 

quality requirements. 

The outlet structure will connect to a pressure conduit through the dam. 

The conduit will supply the turbines and provide the release capacity when 

downstream demand is greater than the flow requirements of turbines or when a 

reservoir spill must be made. The turbine supply has been designed to reduce 

the head loss to the turbine. The conduit will have control valves for flow 

control to the turbines and bypass releases. The controls will be located in 

the power house with remote operators on the valves. 

A powerhouse building will house the turbines, generators, controls, 

and operator's room. Main transformers will be outdoor type. 

c. Initial Filling: 
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After the completion of the dam construction the gates of the construc

tion bypass will be closed to store streamflow. During the filling operation 

a low level bypass will be used to maintain flow for downstream requirements. 

Once the reservoir has reached the 25,000 acre foot minimum pool elevation, 

reservoir outflow will be switched to the outlet structure gates and the low 

level bypass closed. The low level bypass is an emergency outlet that would 

be used in the event that the reservoir would have to be completely emptied 

for some unforseen reason. The outflow can be adjusted as requi red to meet 

the irrigation and downstream demand during the filling operation. 

D. Normal Operation: 

After the reservoir reaches the minimum 25,000 acre foot pool elevation 

there will be sufficient head available to begin power generation. The 

turbines have a minimum operating flow of 50 cfs. When the downstream demand 

is greater than 50 cfs, flow from the reservoir will be diverted through the 

turbines to generate power. The turbines are equipped with valves that allow 

flow control. These valves will be operated to meet the variation in down

stream demand. Each turbine has a maximum flow capacity of 250 cfs. Flow for 

each turbine can be varied from the 50 cfs minimum to the 250 cfs maximum. 

During periods when the downstream demand is greater than the flow capacity of 

one turbine and less than that which will operate both turbines the bypass 
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cone valve will operate to provide the additional flow capacity required. Once 

the total outflow is sufficient to operate both turbines the flow will be 

divided between them and the bypass closed. The bypass will operate again 

during periods when the outflow requirements are greater than the capcity of 

both turbi nes. Flows through the bypass are hydropower spi 11 s that do not 

contribute to power generations. A minimum 25,000 acre foot pool for fish 

and recreational use can be maintained by limiting reservoir releases to 

stream inflow at this elevation. 

E. Release Requirements 

The operation of the reservoir requires that downstream prior water 

rights be met and that storage allocations and depletion allowances are not 

exceeded. An accounting procedure must be developed which will provide 

sufficient data for the reservoir operator to determine the Wyoming storage 

carried over each year that will be available for future Wyoming demand 

requirements during shortage years, current year storage that will contribute 

to Wyoming's storage allocation, and the amount that is the transferred 

storage. During years when the total inflow is sufficient to store the total 

transferred storage quantity, the release will be the total transferred 

quantity with no provision for holdover. During shortage years the prorated 

transferred storage quantity wi 11 be held and only that quantity wi 11 be 

released. A shortage year storage and release plan, acceptable to all 
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parties, must be prepared to describe the transferred storage outflows. For 

this study the flow which would result from releasing the full transferred 

storage amount during the five month irrigating season was assumed. This flow 

rate would be maintained during shortage years until the annual stored quan

tity was reached then flow would be discontinued. All transferred storage 

shall be released in the water year stored unless otherwise agreed to by the 

parties and adopted by the Bear River Commission. 
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A. Introduction 

CHAPTER VII 

PHOTOGRAMMETRY AND MAPPING 

The photogrammetry and mapping for the project provided the data to 

determine the reservoir stage-area-volume curve and the earth work quantities 

for the proposed dams. 

B. Reservoir Maps 

The one inch to 200-foot maps required for the project were obtained 

by enlarging the U.S.G.S. Contour Maps which were combined to make a map 

that included all of the Smiths Fork drainage basin. The area that will be 

covered by the reservoir was identified and a control grid drawn on the map. 

This was photographed and enlarged to the required one inch to 200-foot 

scale. The resulting mapping was photographed on mylar sheets so that blue 

line prints could be run. Additional contours were drawn on the larger maps 

by interpolation from the original contours. These contours were planimetered 

to determine the stage-area-volume curves for each site. 
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C. Field Work and Photogrammetry 

The County and Bureau of Land Management records were obtained to iden

tify the nearest land corners in the vicinity of the dam sites. Several land 

corners were found and included as part of the control set for the aeri al 

photography. A preliminary center line for the dam was selected and staked in 

the field. These points and those required for photography control were 

marked with aerial targets. The points were tied together by a field survey 

that measured the horizontal and vertical location of each point. The final 

mapping was drawn on mylar from the photography. The scale of the maps of the 

dam sites and spillway are one inch to 100 feet and have five foot contours 

drawn on them. Ground control data are shown on Drawi ngs 10 and 11 of 24. 

The proposed centerline of the dams were temporarily staked in the field 

to provide control for the seismic survey and to locate the drill holes. 

-188-



CHAPTER VIII 

AGRICULTURAL BENEFITS 



CHAPTER VIII 

AGRICULTURAL BENEFITS OF DAM CONSTRUCTION 

A. INTRODUCTION 

A very important factor in the development of the potential impact of dam 

construction is the assessment of possible economic benefit to agricultural 

producers located in the affected drainage area. 

The scope of work for the dam feasibi 1 ity study requests the analys is 

of the benefits attributable to an increased supply of water to existing 

i rri gated 1 ands. The Wyomi ng Water Development Commi ss i on suggested th at 

a Consul tant assess the economic impact to agricul tural producers by use of 

the AGNET crop analysis computer program developed by the University of 

Nebraska. 

B. METHODOLOGY 

In response to the suggestion of the Water Development Commission, 

the Consultant gained access to the AGNET program. The program provides a 

questionnaire which when properly completed provides the detailed cost 

information from the agricultural producers and allows the information to be 

analyzed to determine current profitability of the farm operations. With the 
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assistance of Mr. Demont Grandy, Soil Conservation Service, Cokeville, several 

farm operators were identified as representative of the local agricultural 

enterprise and were personally contacted by the Consultant. A questionnaire 

was presented to each operator to campl ete. As the operators perused the 

questionnaire; they were generally unanimous in their reaction that they do 

not maintain records in sufficient detail to thoroughly complete the ques

tionnaire. 

Severa 1 operators made thei r best effort, however, and thei r quest i on

naires were returned to the Consultant. Some of these questionnaires, which 

are included in the Appendix, were processed by the use of the AGNET program. 

After a substantial number of hours of time at the computer, it became ap

parent that because of the lack of detailed information and the variations in 

farm operation that could not be adopted to the computer program, the results 

would be unreliable and misleading. 

It was the Consultant's judgement, therefore, that a more useful assess

ment of potential economic impact of dam construction could be made by produc

ing an educated but more subjective area-wide analysis. For this purpose, 

discussions with farmers were summarized and reports and studies prepared by 

the Soil Conservation Service have been reviewed. 

C. Economic Overview 
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The economy of the Cokeville area is dominated by its agricultural 

base. The farms and ranches in the vicinity of the dan site are almost en

tirely indivdua1ly owned and operated. A recent survey of southern Lincoln 

County performed by the Soil Conservation Service ascertained that the largest 

proportion of the agricultural operations in the area, 41 percent, is devoted 

to beef production. Approximately 24 percent is in a combination of cattle 

and sheep production with 9 percent in sheep production exclusively. Four 

percent of agricultural use is irrigated crop lands for growing barley and 

oats and 2 percent is in dairy production. 

Cattl e production provides the economic base of the Cokevi lle area as 

it represents a substantial export product. It is important to note that the 

beef producers are almost entirely dependent upon the local production of hay 

and grains for winter feed. The climate in the Cokeville area is such that 

snow covers the ground for 6 to 7 months during the year placing considerable 

importance upon the ready av ai 1 ab i 1 i ty of wi nter feed at a reasonab 1 e cost. 

Although hay and grain producers are a relatively small proportion of 

the total agricultural operations in the area, it is obvious that as a resi

dential industry, feed production provides major support to the cattle 

producers. 

The most common practice among cattle producers is the cow-calf produc

tion in which calves are raised to about 300-400 pounds and sold. Many 
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producers, however, keep their calves over the winter months and finish their 

growth peri od in 1 oca 1 feed lots. Sheep producers move thei r stock to the 

Rock Springs area for the winter where the climate is less severe. 

Of the crops raised in the Cokeville area, the highest production is 

alfalfa hay/grass mix. Relatively little pure alfalfa is produced. The 

hay/grass is preferred by cattle producers. Some grains, primarily barley and 

oats, are raised for winter feed, mostly by cattle producers themselves. Most 

of the hay production, therefore, is by cattle producers for their own use or 

is raised by farmers for sale to the local cattle producers. 

Because of the importance of hay/grass production to the base economy 

of the area, it is obvious that an adequate supply of water to farms be 

assured. The supply of water from the Smiths Fork and Bear River drainage 

areas has generally been steady. A review of past records reveals that there 

have been periods (most recently 1977-78) during which a drought condition 

existed and the natural water supply was low. Ground water sources at that 

time were relied upon more heavily. 

The drought condition of stream flow not equall ing the stream demand 

occurs once in twenty years. During the period covered by the data it was 

found that the stream had adequate water to meet the strean demands on an 

annual basis. The monthly flows do not peak at the same cycle as the irri

gation demand. In the forty-one year period additional water would have been 
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used as follows. 

May - 1 year 

June - 4 years 

July - 15 years 

Aug. - 27 years 

Sept. - 30 years 

The construction of a dam will develop a reservoir that stores the 

early high runoff for release during the periods of high irrigation demand. 

There are farmers in the area who have drilled wells. The wells are 

deep however, and pumping the water would be prohibitively costly if it 

became necessary to rely entirely upon well water. 

Many hay and grain producers in the area have installed side roll sprin

kler systems. These systems are expensive to acquire and low cost of opera

tion is important. Information received from producers reveals that fuel 

and lubrication costs to operate the sprinkler systems range from $9.00 to 

$27.00 per acre per year. Repair and maintenance costs are additional. 

Sprinklers normally make five trips across the planted area in a growth 

season. A major cost to this operation is the electric power to operate the 

system. 
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Other producers are relying upon traditional flood irrigation. The 

past two to three years have been "wet" cl imatically and water suppl ies have 

been adequate. The most noticeable problem during the current wet seasons has 

been occasional flooding by excessive water flow in the Smiths Fork and other 

streams. Farmers have indicated that several acres are currently out of 

product i on because of high water. Others have incurred extra expenses to 

clear flood debris. 

Hay producers can depend upon two crops ina normal growi ng season. 

Production ranges between two-and-a-half to three-and-a-half tons per acre. 

Most producers find a market in the local area but naturally, costs of pro

duction are high and an adequate market price is essential. Market value is 

normally about $45.00 to $50.00 per ton. Some producers have held on to their 

crop into the winter months to assure a higher price, or have sold outside the 

area. In those instances, market value can rise to a range of $50.00 to 

$100.00 per ton. Producers normally add an additional $20.00 per ton if the 

hay is trucked to the buyer. 

Hay producers generally are attempting to achieve an optimum net return 

of $30.00 per acre. Typically, the net return is closer to $16.00 to $20.00 

per acre. 

D. Dam Impact 
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Although the need for a dam on the Smith Forks is not unanimously favored 

by farmers in the area it is supported by a majority. The presence of a dam 

for water storage will provide for controlled flow to meet the peak irrigation 

demands and assure that there is adequate water to support the end of the 

season plant growth. 

The County Agricultural Agent indicates that having sufficient water at 

the end of the season hay yi el d per acre coul d be substanti ally improved to 

above the three-and-a half ton per acre normal yield. An increased water 

supply would allow for faster operation of the sprinkler systems. Greater use 

of the sprinklers, however, would also increase electric power use. The 

current cost of electric power is perhaps one of the most critical concerns of 

hay producers. 

Farmers in the area have recently organized opposition to rate increases 

proposed by the Utah Power and Light Company. It has been estimated that the 

power cost to operate a sprinkling system is approximately $18.75 per acre per 

year. The rate increases presently proposed could result in costs of up to 

$28.00. Producers feel that power costs are already excessively high and 

they could not absorb a rate increase. Farmers point out that Utah Power and 

Light Company assured them several years ago that power rates would not 

increase above the then current level. It was on the strength of that 

commitment that many farmers in the area invested in costly sprinkler systems. 
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Flooding has not traditionally been a serious problem to local agri

culture. The possibility of the control of excessive water by a dam is 

considered as a positive contribution, but is not a 1 arge factor in a cost/ 

benefit equation. 

It has been generally observed that the economy of the Cokeville area 

is slowing. Several businesses in the city have closed recently. Reports 

from the Employment Security Commission of Wyoming point out that as of 

mid-1984, Lincoln county was suffering from the highest unemployment rate 

(11.9 percent) in the State. The average rate for the entire State is 6.5 

percent. 

In summary, it can be stated that dam construction could produce gener

ally a positive impact on agricultural operations in the area and to the 

economy in general. The potential availability of supplemental irrigation 

water is favorably received by at least 50 percent of the representative 

agricultural users contacted. The survey also revealed that some users were 

not interested in participating in purchasing water from the project. Most 

significantly, the survey failed to identify any potential users willing to 

place a value on available supplemental water. 

A sup p 1 em e n tal i r rig at i on sup ply wi 11 inc rea s e y i e 1 d on all of the 

crop. The type of agriculture in an area is dependent on climate and avail

able moisture. The Cokeville Climate provides a short forty to fifty day 
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frost free growing season that 1 imits the types of crops that can be eco

nomically produced. The uncontrolled flow of Smiths Fork provides an abun

dance of water in the early part of the growing season when the temperature is 

low and soil moisture is high. A reservoir will provide for a controlled 

release of the available water so that irrigation can be scheduled to match 

the moisture requirements of the crop. The availability of supplemental 

irrigation water with good farming practices will allow additional types of 

crops to be produced and increase yields of existing ones. The County Agri

cultural Agent inidicates that the late summer supplemental irrigation will 

increase hay yield. 

As a follow-up to the preliminary draft of the agricultural benefit 

analysis, the Wyoming Water Development Commission has asked that an addi

t i anal i nqui ry be made of 1 andowners in the $mi ths Fork Drai nage Area. The 

Commi ss i on requested th at a representat i ve select i on of 1 andowners and pro

ducers in the area be contacted and asked if they would be willing to pay a 

fee for water (as would be required if the dam were constructed) and if so, 

approximately how much would they be willing to pay. 

The quest ions were presented to 1 andowners in the area by telephone 

and generally the area ranchers were unwilling to pay for supplemental irri

gat i on water. 
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CHAPTER IX 

DOWNSTREAM WATER QUALITY 



CHAPTER IX 

DOWNSTREAM WATER qUALITY EFFECTS 

The construction of an impoundment within the area, volume and depth 

proposed for Smiths Fork will affect water quality parameters such as tem

perature, dissoved oxygen, sediments, dissoved minerals and nutrients in the 

downstream waters of Smiths Fork, Bear River and Bear Lake. These effects 

generally tend to improve downstream quality by removing sediment and nutri

ents which accelerate eutrophication. Those which could have negative 

effects such as the release of water devoid of dissovled oxygen, or water with 

temperatures incompatable with the seasonal aquatic activity in the stream. 

can be mitigated to a great extent by providing the operator of the facility 

sufficient flexibility in selecting the depth within the impoundment from 

which discharges are drawn. This will enable the reservoir operator to 

discharge water of a quality which minimizes downstream impact during the 

various seasonal changes of flow and other stream requirements. 

The conceptual design for the dam intake structures provides for a 

minimum of three elevations from which reservoir discharges can be made. 

Computer analysis of the projected seasonal thermal stratification may reveal 

additional ports need evaluation or pl acement of the openings should be at 

elevations other than those initially selected. 
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In addition to the multiple withdrawal levels, the design of the hydro

power turbi ne t ai 1 races and energy di ss i pators at the dam di scharge wi 11 

provide for mixing and re-aeration of waters which may be low in dissolved 

oxygen below the hypolimnion or lower layer during certain times of the 

year. 

The Bear Lake Regional Commission is currently conducting a detai led 

environmental survey to evaluate the effect of the reservoir on Smiths Fork, 

Bear River and Bear Lake quality in terms of: 

a) nitrogen 

b) phosphorus 

c) sediments 

d) temperature 

e) trophic state of the 1 ake 

This study will also address cost/benefit factors relative to eutrophica

tion problems which exist in Bear Lake, the effect of projected flow altera

tions, and to summarize the potential impact to the Bonneville cutthroat trout 

species. 

During the course of developing this Level II report, the Consultant 

has met with members of Bear Lake Regional Commission team involved with the 

impact evaluation to brief them on the scope and general concept of the study 

and to appraise them of the general flow release rate parameters with which we 
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were working, the proposed dam configuration, depths, areas, volumes and 

proposed intake e 1 ev at ions. Subsequent correspondence has provi ded copi es 

of the reservoir simulation computer runs and flow/duration curves as used in 

this study. This information will enable Bear Lake Regional Commission to 

model thermal stratification and predict discharge quality parameters on 

the same criteria as used throughout this study. 

The Preliminary Draft of the "Environmental Evaluation Smiths Fork 

Reservoir project prepared for the Utah Division of Water Resources prepared 

by the Bear Lake Regional Commission" predicts the impact of the reservoir on 

the Bear River and Bear Lake. The study estimates a phosphorus removal 

benefit to the Bear Lake of $7,366,000 from the Smiths Fork Dam. An alternate 

evaluation of the phosporus removal estimates a $900,820 per year value. 

The controlled reservoir outflow will have an impact on the wetlands 

created by spring flooding along the Bear River. The controlled release of 

the stored waters wi 11 reduce the spri ng flood but wi 11 increase the 1 ate 

summer flow which may reduce the overall wetland along the river. The Level 

II Smiths Fork Study does not address the river water surface profiles or the 

impact on the wet lands. 

The Bear Lake Regional Commission report provides additional information 

concerning the impact of the reservoir on the Bear Lake below Smiths Fork. 
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i 

.. 0 
I I I i I Co ITAT.ON.'" 

6500 

BORING NO.II 
EL.W66112 

DARK BROWN SILTY CLAY. WITH TRACE OF ROCK FRAGMENTS. 
FIRM, MOIST 

6.0·---------
BROWN CLAYEY SILT, WITH SOME FINE GRAVEL, FIRM, MOIST 

9.0' 
BROWN SANDY GRAVEL, LIMY, MEDIUM TO DENSE, MOIST 

-WITH L.ITTLE SILT FROM 13' TO la' 

la.O·..., ..... ·I':.",---=-BRO::-:-W'"'N..,...."CL-A""Y"'"'E:""Y-S""I...."LT. WITH SOME FINE GRAVEL. VERY STIFF, MOIST 

ZlO·'--~G~RA-Y~F-IN-.:E~G~RA-IN-E-:-D C:-AL~C-AR:-E:-O:-U-.:S-S:-A~N-.:D~S~TO:-N~E:-.-W-I~T-H-.:F~R-:E-O:-UE~N-:T~""'~-3I!-~ 
CALCITE FILLED AND STAINED FRACTURES, VERY BROKEN TO 
MASS IVE, HARD 

- BEDDING DIP:Ie 50· AT 48'. CROSS BEDOUIIG NOTED 

::18.0·---------
REOOISH BROWN AND GRAY CALCAREOUS SILTSTONE. WITH SOME 
CALCAREOUS NODULES, VERY BROKEN TO BLOCKY. SOFT TO 

~t~~~~ ;:~~N FROM 118' TO 60' • , 
- WITH FREOUENT IRREGULAR CALCITE FILLED FRACTURES FROM 63 -TO 77 

-DECOMPOSED FROM 74' TO 711' 

77.0'--_________ =--_____ ...,..--::--:-"""':-:---::-::-:-::::::--:-::-:-::-:-:: ___ =-=:-:
LIGHT BROWN AND GRAY FINE GRAINED CALCAREOUS SANDSTONE. WITH 
FREOUENT CALCITE FILLED AND STAINED FRACTURES, VERY BROKEN 
TO BLOCKY, HARD 

97.0·---------- --___ --_____ -----,-----
8ROWN AND GRAY SILTY LIMESTONE. 8ROKEN, MEDIUM HARD 

100.0' 
. LIGHT BROWN AND GRAY CALCAREOUS SANDSTONE. WITH OCCASIONAL 
IRREGULAR CALCITE FILLED AND STAINED FRACTURES, BROKEN TO 
MASSIVE. MEDIUM HARD TO HARD, BEDDING DIP = 4!1· 

1.0.0·---:R-:E~OD:-I':'S:-H-:8-:RO=W-N-:-A:-N=-D-.:GR:::-:AY-C-A-L-CA-R-E-D-U-S-S-IL-T-S"'T-O-N-E-. -VE-R-Y-

BROKEN. SOFT TO MEDIUM HARD. 

-BROKEN TO MASSIVE FROM III'TO 123.::1' 

1Z3.d----------------------

lOi:~.D.C.IO.ri~===:::5'fC:==::5I~O ~nT 

SMITHS FORK DAM 
BORm l.DGS AN) SEISMIC DATA 

LOWER DAM SITE 
1211.0 ~~~~~LR~:~~Tr:~L~:,OC!RoE~:I~:~~~~~~~R~~~H 

8.0.B AT 125.0' BROKEN. MEDIUM HARD GER c-_ 0.--. •• ,. !eko ol • .,.u""" _III 
_IS _ch 300 •••• CIIOI J 3_·1 ... 

!RY HCLE -
01' ~4 



'T2OO 

1100 

'Tooo 

6800 

6Boo 

6100 

7000-8000 

SEIsa-c VELOCITIES"/ 

11 

:II 

86 

REC.' 93"1'. 
ROO' go"l'. 

REe. • 91"1'. 
ROO' 81% 

REt. • 77"1'. 
RQD • 77"1'. 

REC .• 88"1'. 
RQO • 83'1. 

80RING NO. 10 
STA.4+50 
ELEV. &94~ 

SEE SHEET 3 OF 24 fOR SEISMIC VELOCITY CLASSIFICATION 

NOTE: 

REOOISH 8ROWN Q..AYEY SILT, WITH LITTLE 
ROCK FRAGMENTS AND TRACE OF ROOTS, LIMY 
STIFF TO HARD, MOIST 

STATIONING IS BASED ON SPILLWAY 
SVlTIONING SEE SHEET 10 

::.~ REDOISH BROWN WEATHERED CALCAREOUS CLAYSTONE I SOFT, DAMP 
. )))iii'J); REDDISH BROWN ANO GRAY CALCAREOUS SILTSTONE WITH SOME =;. ..... A...,,'''''» .... ':I='"''~0;11'''!;! .... .-

CALCAREOUS I()OULES AND IRREGULAR CALCITE FILLED FRACTURES, 
VERY BROKEN TO BROKEN, MEDIUM HARD 
-SOFT FROM IB' TO Z2' 

- SOFT FROM 34' TO 40' 

- WITH STAINED FRACTURES AT 48' 

-SOFT TO MEDIUM HARD FROM 68'T074' 

98.0'---~=,."...-__ ---
100.0' REDDISH GRAY FINED GRAINED LIMESTONE, WITH DARK GRAY NODULES, BROKEN ,MEDIUM HARD 

REDDISH GRAY CALCAREOUS SILTSTONE, WITH SOME CALCAREOUS NODULES AND STAINED 
FRACTURES, BLOCKY, MEDIUM HARD . 

~ao·----~~0.7~~~~~~ 
108.0' REDDISH GRAY HARD LIMESTONE, WITH OARK GRAY NODULES ANO STAINED FRACTURES ,IIROKEN, MEDIUM HARD 

REDOISH GRAY CALCAREOUS SILTSTONE. WITH SOME CALCAREOUS NODULES AND STAINED FRACTURES, BLOCKy,MEOI~ 
- WITH IRREGULAR CALCITE FILLED FRACTURES FROM liZ' TO 114' 

130.0' ----;GR:;;:-::/{'{::-.S::-:IL·T:-;:S""T"'"ON=:"E::-, ""W""IT"'HC-:-::IRREGUlAR CALCITE FILL.ED FRACTURES, 8R)KEN TO BLOCKY, MEDIUM HARO 

1!lD.0 
B.OS. AT 150.0' 

-WITH SOME CALCAREOUS NODULES BELOW 140' 

DRY HOl.£ 

noo 

1100 

1000 

&900 

6800 

6100 

IOOIOlioIOIDIl:lli:0====icO===siO 'lU 

SMITHS FORK DAM 
BORN; LOGS AND SEISMIC DATA 
LOWER DAM SPILLWAY 

CD'I 
c---....~ _,._ •• '.y,u""'. _'II 
_ ....... 30C •••• '.0'13_" __ 

H 



TEST PIT TP-I TEST PIT TP-2 TEST PIT TP- 3 

-- - - - - --- -------- ---- ---
DARK BROWN CLAYEY DARK BROWN CLAYEY DARK BROWN CLAYEY 
SILT. WITH TRACE Of SILT. WITH TRACE OF 

...!...L- ~~"~~~S<r ROOTS. FIRIoI • DAIoIP COBBLES AND ROOTS. 

~ ~ FIRM.~ __ 
REooiSH BROWN SILTY 
SAND. WITH SOME 

BROWN SILTY CLAY. 
GRAVEL. LOOSE. DAMP 

DARK BROWN SILTY WITH SOME ROCK ~ 
SAND. WITH LITTLE FRAGMENTS. FIRM, 
CLAY AND GRAVEL At#:) MOIST 
TRACE OF ROOTS, LOOSE _6_.0_' __ DAMP 

~ REDDISH BROWN 
CLAYEY SILT, WITH 
SOME GRAVEL • LOOSE. 
DAMP 

DARK BROWN SI LTY BROWN CLAYEY SILT, 
:~~D~~~~{SO,ML~~t WITH SOME GRAVEL 

LENSES, STIFF, WET 11.0' DAMP 

~ 
REDDISHiiROWNCLAYE 

14.0' SILT STIFF MOIST 

15.0' 

TEST PIT TP-6 TEST PIT TP-7 TEST PIT TP-8 

--------- ---- -----
DARK BROWN CLAYEY DARK BROWN CLAYEY 

~b'o;'S~~WF~~~~~F ~~t~IJ~IJ~~~~?, 
~ Z Q' ---- DARK BROWN' CLAYEY 

BROWN SILTY CLAY, ~~LJtS~li~11F~~i~~F 
WITH TRACE Of ROOTS. TAN AND LIGHT GRAY 

~ 
STIFF, MOIST 

~ 
SILT, WITH SOME CLAY, 
MEDIUM STIFF, DAMP 

BROWN SILTY CLAY, ~ 
STIFF, MOIST 

BROWN COBBLES,WITH ~ 
SANDY GRAVEL BINDER, TAN AND LIGHT GRAY 
AND SOME CL AY, SI LT. WITH SOME CLAY, 
DENSE, DAMP 

~ 
MEDIUM STIFF, MOIST 

BROWN SILTY CLAY, 
VERY STIFF, MOIST BROWN COBBLES, WITH 

~ SANDY GRAVEL BINDER, 
DENSE,OAMP 

_1_1._0_' __ 

BROWN AND GRAY 
MOTTLED SILTY CLAY, 

BROWN COBBLES, 
13.0' 

VERY STIFF, MOIST 
WITH SANDY GRAVEL 
BINDER, DENSE, 
DAMP 

I~.D· 

16.0' 

TEST PIT TP-4 

---- ----
DARK BROWN CLAYEY 

~L~l~~DS.fR'i~E a' 
~ ROOT!..!!!I~IST 

LIGHT BROWN SIL TV 
SAND. WITH LITTLE 
UlltESTOHE FRAGIoIENTS 
AND CL AY, LOOSE, 
DAMP 

~ 

LIGHT BROWN CLAYEY 
SILT, WITH LITTLE 
LIMESTONE FRAGM 

10.0' 
STIFF, MOIST 

TEST PIT TP-9 

---------
DARK BROWN CLAYEY 
SILT, WITH TRACE OF 
ROOTS, STIFF, DAMP 

~ 
BROW NSi.iiiYGRAVEL 

4 5' 
WITH LITTLE SILT, 
DENS~M.1:..-

BROWN SILTY CLAY, 
STIFF, MOIST 

...!.U.- ----
BROWN COBBLES, WITH 
SILTY CLAY BINDER, 

DENSE, MOIST 

13.0' 

NOTE: 

TEST PIT TP-5 

--------

DARK BROWN CLAYEY 
SILT. WITH TRACE Of 
ROOTS. MEDIUM STIFF. 
DAMP 

~ 

~~~:~~~Y~~'rS, 
~ 

STIFF, DAMP ----
BROWN SANOY GRAVEL. 
WITH LITTLE SILT, 
DENSE, DAMP 

~ 
BROWN CLAYEY SILT, 
STIFF. MOIST 

_1_1._5_' __ 

~~~~NC E2~Bal~5t~:TH 
DENSE,MOIST 

14.0' 

TEST PIT TP-IO 

--- ------

DARK BROWN CLAYEY 
SILT, WITH TRACE Of 
ROOTS, MEDIUM STIFF, 

DAMP 

reROwN'SANO'YGR~ 
4 Q' :~~H ~'lJf1Jl h~TS, _4_._5' __ 

DENS~~ 

BROWN SI LTY CLAY, 
STIFF, MOIST 

~ ----

~rL<}~N C~~~~d~~~H 
DENSE, MOIST 

~ 
DARK""GiiAv SiLTY CLAY. 

I~.O· VERY STIFF MIST 

TEST PIT LOCATIONS SHOWN ON 
DRAWING NUMBER 2 OF 24 

SMITHS FORK DAM 
TEST PIT LOGS 



LEGEND 

GANNET GROUP (Lower Cretaceous) Bechler Conglomerate 

GANNET GROUP (Lower Cretaceous) Peterson Limestone 

GANNET GROUP (Lower Cretaceous) Ephraim Cong lomerate 

GANNET GROUP (Lower Cretaceous) Middle and Lower port 

STUMP FORMATION AND PREUSS RED BEDS (Stump Formation-Upper ond Middle Jurassic) 

STUMP FORMATION AND PREUSS RED BEDS (Preuss Red Beds-Middle Jurassic) 

APPROXIMATE SCALE: ,"" ~OO' 

H TERRACE ~LS a Ot..I:ER AlllJVIUM (Quaternary, see dwg. no. 9) 

~ ALLUVIUM (Ouaterrory, see dwg. no. 9) 

SOURCE : 

"GEOLOGIC MAP ANa STRUCTURE SECTIONS 
OF THE COKEVILLE 30 - MINUTE QUADRANGLE" 
DEPARTMENT OF INTERIOR U. S. GEOLOGICAL SURVEY, 1980 
GEOLOGICAL CROSS SECTION IS APPROXIMATELY 1.10 MILES 
NORTH OF ' SMITHS FORK UPPER DAM SITE. 

PLAN 
APPROX IMATE SCALE: I"' I MILE 

SMITHS FORK DAM 
OEOLOGIC CROSS SECTION 

..*'= ....... '.y,ut.ah. ......11 
'.0113_"'" 



t. \..DWER DAM SITE 



:too-C! !:!H:J;"D:!:J; .. ;;:::ri0====:tOO'E::====::§400 fEET 





~ST ELEVATION' 
~ 00",=6896 
Law ... Dam: 6868 

CAN8ER. 4 112 f •• 1 

AlEEBOARO' Ilj ftt' 

MAX ....... WATER ELEVATION' 
l.WOt ()ooft. 6881 
L..awe< Dam = 68:14 

25,000 ACRE-FOOT STORAGE ELEVATION, 
l.WOt 00", = 6788 
L""'" Oom .6756 

f'RffICIAtlL SPlLL-Y INTAKE GATE ELEVATIOtiS, 
Upp« 0o", • 6860, 6820, 6780 
Low_ 00", • 6835, 679lj, 67ljlj 

PRlNCIPo\L SPILLWAY INVERT ELEVATION' 
Upper ()ooft. 6670 
Lower ()ooft = 6632 

PRINCIPAL SPILLWAY OUTLET ELEVATIOti, 
Upp« ()ooft. 6665 
Low.r Dom' 6632 

EKRGENCY SPILLWAY INLET ELEVATION' 
Upper 0 .... ' 6886 
Lower Com. 6859 

DESIGN CRITERIA 

GROJTlNG REQUflEMENTS' 
3 rows d holes 
I!i ft. SC>OtinQ, center 10 cenl. 
200 fl. dept" • 

FOlNOATION PREPARATION' 
Slrip.,..,_ .- dOlll 10 ._ btdroc_ 
s...sII "out bedrock foundOllon 

CUT - OFF TRENCH' 
_~ I!i feet to bedrock 

7:1 ft. width '" top 
I H. 1o I V. .. de slope. 
40 ft. bollom widtb 

FLTER ZONES' 
l.\>tIreom ·fitt., 1o protecl 1ICjO.... mior"'.... d cor. mol.,iat. 
Downstr..... fill.. to prolecl oo; ..... t miorOlion of cor. mot .. iot. 
Downstr..... crain 10 corr, "'pOQe 
Downstre<rn filter to ","ot.c:! OQain .. mi901ion d rondom fiR in'" 

drainoQe f~I" 
CUTOFF KEY 

(TYPICAL) 

~'.?~H~W~HCwwOil=======~~O======3~ FEET 

SMITHS 
TYPICAL 

CEIl 

FORK DAM 
DAM SECTION 

c.c:.n.u~~ QI'"'OIo.tp •• I~ lak.cil:y'ueah. 8411. 
15158 ........ h 30C ..... '.01 J 3e4·tRRIl 

-" PC --- ./-



T 

27 RIIBW 

N 

32 !33 

T JT 
26 

N 

~
LEV6898' 

v/l' - ........... --...... 
. 1- ..... 

I I 

6869' 

ELEV. 6900' 

ESTIMATED TOP OF BEDROCK 

-------------------.. ESTIMATED STRIP LINE 

TOP OF BEDROCK 

.... _-- ..... _----- .... ......... 
" 

........ 

',--------------,---~--

UPPER DAM 

DOWNSTREAM ELEVATION 

ELEV. 6873' 

ESTIMATED STRIP LINE 

-..-------_______ J-----------

LOWER 

DOWNSTREAM 

DAM 

ELEVATION 

ELEV. 6896' 

CREST OF DAM 

EXISTING GROUND 

CREST OF DAM 

R 118 W 

T+4'"' 26 
It 98 

I 
100 0 100 zoo FEET 

~~~~~~~====~~====~I 

LEH ABUTMENT 
(SURVEYED) 

~MITHS FORK DAM 
DOWNSTREAM ELEVATIONS 

CEIl 
c.on.u"'-n~ CJroup •• ft: I.k.clt:y.u~h. 84111 
fUUS --. .. h 300 ..... ,eOI) 3_·111_ __ n :51t1 

--J,.." 
._- JP 13 OIF 24 



7000 

6900 

6eoo 

6700 

6600 

6500 

7000 

6900 

6800 

67GO 

6600 

6500 

CRITICAL FAIUJRE S~FACE 
STEADY SEEPAGE, SEISMIC CONDITION 
CALCULATED F.S." I.I~ 

----------------------------------------------------------~~-----------------------------------------+----------------------------------------------------------------------------~7000 

~ NCRoIAL ~ AT IZ5.ooo A.F': ~ .. {V'"'"._"'68;::;8"'"1 _____ ~-

CRITICAL FAIUJRE SURFACE 
STEADY SEEPAGE, FULL POOL CCHJITION 
CALCULATED F.S. -2.14 

CRITICAL FAILURE SURFACE 
STEADY SEEPAGE, SEISMIC CONtlTlON 
CALCULATED F.S. " 1.24 

)-;;;_ ... )2 

6900 

6eoo 

6700 

6600 

--------------------__________________________________________________________________________________ ~-+--------------------------------------------------------------------------~6500 
I \ 

I I \ 
I I \ 

UPPER DAM STABILITY ANALYSES 

TYPICAL DAM SECTION - VICINITY OF CB-5 

CRITICAL FAILURE SURFACE 
FOLLOWING ORAWOOWN CONDITION 
CALCULATED F.S.· 1.49 

SCALE: I" - 100' 

______________________________________________________ ~--------------------------------------~--------------------------------------------------------------------~7ooo 

T POOL LEVEL 

III 
/11 

6900 

6800 

6700 

6600 

I 1\ ________________________________________________________________________________________________ -+-L+-______ --------________________________________________________________ ~6500 
I \ 
/ \ 
I \ 

UPPER DAM STABILITY ANALYSES 

TYPICAL DAM SECTION - VICINITY OF CB-5 
SCALE: I"· 100' 

~ F>tIRAMETERS.EQ!L: 

2eNE NO. ----<D 
® 

® 

I. STEADY SEEPAGE. f'Ut.L POOL CONDITIONS 

APPoIIRENT APPARENT 
DESCRIPTION FRICTION ANGLE COMES ION 

USED FOR ANAL.YSES USED FOR ANAL 'yS£S 

CORE ta " ze" c- 1000 PSF 

SHEll ta - 30.5" 
C • 

500 PSF 

DRAINS a 410 • 35" C " 0 RIPRAP 

PORE PRESSURE 
PARAMETER A 

USED fOR ANALYSES 

A" 0 

.-0 

A"O 

SOil PARAMETERS FOR: 

I. SE ISMIC CONDITIONS (HORIZ. ACCELERA TlON FORCE : 0.1591 
Z. ORAWDOWN CONDITIONS 

APPARENT APPARENT PORE PRESSURE 
2DNE NO. DESCRPTION FRICTION ANGLE COHES ION II~!~A::~;,~ :'<F'< 

<D CORE 

® SHELL 

G) DRAINS a 
RIPRAP 

USEP FOR ANAlYrei USED f(J! ANAlYSES 

ta • 

fa • 

ta . 
Z3" 

Z7" 

35" 

C = 840 PSF Aa 0.5 

C • 400PSF . ~ 0.3 

c· 0 ."0 

IOC~ -IOMnMO-D-CO ====I0:i:0===:JljO I"ET 

SMITHS FORK DAM 
STABILITY ANALYSIS OF 

IT M 

GBi I 
..... diy, ut.h 84111 

'MOl J 3_'1'" 

____ ../,0 no tot OF 24 



7000 

6900 

6800 

6700 

6600 

CRITICAL FAILURE SURFACE 
FULL POOL, SEISMIC CONDITION 
CALCULAT EO F.S.· I.I! 

30' 

Y NORMAL f'.qOl. AT 125.000 I.E' ELEV. 685:' •• ___ ~ ____ CR£_" "', .... --==tif= 

;;;.:-)/).=-

ELE~6580--------------------'~~ 

;;is))'..:.. 

CRITICAL FAILURE SURFACE 
STEADY SEEPAGE, FULL POOL CONDITION 
CALCULATED F.S .• 2.14 

».1$»_ 

CRITICAL FA ILURE SURFACE 
STEADY SEEPAGE. SEISMIC CONDITION 
CALCULATED F.S.· 1.22 

-~---

1000 

6900 

6800 

6100 

6600 

6500 6500 

1000 

6900 

V POOL LEVE!..~RIOR TO DRAWOOWN AT -'~.OOO AF. • ELEV.6854 

6800 

6100 

6600 ELEV.6605 

6500 

LOWER DAM STABILITY ANALYSES 

TYPICAL DAM SECTION -VICINITY OF SMITHS FORK RIVER 
SCALE: 1".100' 

CRITICAL FAILURE SUR FACE 
FOLLOWING DRAWDOWN CONDITION 
CALCULATED F.S.· 1.41 

»)-»}= 

r 

;;>..:;;'-

LOWER DAM STABILITY ANALYSES 

;;'- ;;;-

TYPICA L DAM SECTION -VICINITY OF SMITHS FORK RIVER 
SCALE: I· • 100' 

7000 

6900 

6800 

6700 

;;,~);;~ 6600 

6500 

IJlli. ".RAMETERS EQ.!!.: 
I. STEADY SEEPAG£ , FULL POOL CONOITIONS 

APPARENT APPARENT PORE PRESSURE 
ZOI£ 101O. OESCRIPTION FRICTION ANGLE COtiE SIOI\I PARAMETER A 

USED FOR ANALYSES USED FOR ANAL~ USEO FOR ANALYSES ..-
CD COM: +a • 2'- C· 1000 PSF A' 0 

® SHELL + .. • ,Q.S· 
C • 

500 PSF A • 0 

@ DRAINS a .0 • 35- C' 0 A .0 
RIPRAP 

~ PARAMETEAS FOA: 

201£ NO. 

r--
CD 
® 

@ 

I. SEISMIC CCt()ITIONS (HQRIZ. ACCELERATION FORCE' O. '59) 
2. DAAWOOWN CONDITIONS 

OESCRIPTION 

CORE 

SHELL 

ORAINS a 
RIPRAP 

APPARENT APPARENT PORE PAESSURE 
FAICTION ANGLE COHESION PARAMETER A 
USE D FOR ANALYSES USED FOR ANAL'1SES ~ roR ANALYSES 

fo 

+" • 
+0 • 

2'" C' 840 PSF A • 0.5 

21· 

35" 

C • 400 PSI' A • 0.3 

C' 0 A :I: OC 

IO'C,O.M:JMOM[]IM::JMi:0====IOO:rI===:SZO,O ~UT 

SMITHS FORK DAM 
STABILITY ANALYSIS OF 

LOWER SITE DAM 

OBI I 
... lake city, ue.tI .. ", 

'.01)3_'1_ 



./ 
./ 

./ 
./ ----.-.-----------/' -.--/" 

i--""./ 

~ 

~ 
~ 

oJ J. ...... 

3'00 4-00. 5.00 6tOO 7-00 8+00 9-00 10·00 11.0<) 12-00 

;/ 
", 

./ 
/' 

./ 
./ 

-5.'00 -3-00 -2'00 

", - - -./ ----- ...... 
", "' -./ -.. 

"' ./ "-
/' ....... - " -.- ...... 

,/' ....... 
", ....... 

./ "-
./ ........ 

./ 
", 

f:U'V>o .... OS" .... ~ .~ ..... w ... y ". 
MULC. ... C.O ~o -..cc.pc.o wIT'" 
APP'.QnltIA--rCo ... 1It ........ a; •. 

-~ 51"IL _'WAY l, 

13-00 14-00 15+00 16"00 17·00 18+00 19t()0 20'00 21.00 22"00 23.00 

6950 

6925 

6900 

6875 

-50()0 -4+00 -3-00 -20()0 -1+00 1+00 2o()0 3"00 

",- ..... 
./ "-

./ "-
_ ", "~A.TUF(AL "~OUIJO 

/' 
", 

-1'00 

-- ;/ -

0"00 

"\ -

LOWER DAM SITE EMERGENCY SPILLWAY PROFILE 

\ 
\. 

" " , 
\. 

'\. 

7"00 

, 
" 

8'00 9-00 

7075 

7050 

7025 

........ 
....... 

"-
........ 7000 

..... 
"-

" " ........ 6975 
"- ..("IJATURA.L. (,ROIJIJP "' 

"-
........ 

........ 
........ 69SO 

" " ........ 
...... 

" 6925 , 
" " ~ " ..... ~ 6900 

...... 
,. 

..... ~ 
~J, 

........, -
(ff,In .. V' •• l.·t> .... V' 4A.~"T·"'·1'\.A.": 

COIJC.~'-T~; I'''' 0€-~9' 6875 

24+00 25-00 26-00 27.0<) 280()0 29'00 3()oQO 31-00 32"00 

UPPER DAM SITE EMERGENCY SPILLWAY PROFILE 

6950 

6925 

6900 

6875 

6850 
__ SMITHS FORK DAM' 
EMER~~~~;(~CILLWAY 

GEJlI 

-- J,.., 

... Ilk. diy, utah 84111 
'.01 J 3_·1&_ 

1-
I ......... 
I *no fill. 16 OF 24 



CVt" ~ot~~~ W'TIL. L .... I~,.II.J" ~~~ .... rt 
~QI.M.L 0& A.tNI;;.~"'("o Z"Is:' 

STATION 32+20 to 34+00 

&IPJUo,P .... 'Prt,O"/.'''''''''(..L'( 
p~p -----

STATION 31+00 to 21+00 

~"'IZI"I.\. MULC.I.\. "'~P ~~o ~url~ 
o;PlL.L'H .... O( ... ~ WI"f\\ ... ~ .... ~ 
rou.~o; 

STATION 27+00 to -5+00 

UPPER DAM SITE 

"'" • __ uom&. ~""I1n'_ 

k~~ I-&€ _VAl. ()It "'1N~"'4C. 
TO ,.:, 

LOWER DAM SITE 

SMITHS FORK DAM 
TYPICAL 

SPILLWAY CROSS SECTI~S 

....... diy ...... &4111 
'.0113_-1 __ 



iL 
< 
i 
o 
...J 
U. 
~ 

4.s",cf 

4.0",0' 

2.0x let 

1,Ox ,0' 

.75)110' 

.50xlo' 

953 1954 1955 1956 

4--

1957 1958 1959 1960 1961 

145.000 IF /." @ 
130.000 _n." @ 
125,000 IF/." (!) 

1~2 1~3 1964 1965 1966 1~7 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 

TIME (years) 

1978 1979 1980 1981 1982 1983 

SMITHS FORK DAM 
INFLOW MASS DIAGRAM 

CEIl 

-- "".., 
• ........- ,jp 

....... diy, utah &4 t t t 
,.01 J a_'la_ 



UPPER 
LOWER 

No Sea'. 

UPPER 
SLUICE 
UPPER 
LOWER 

INTERMEDIATE INTAKE 
SLUICE GATE 
UPPER EL 6820' 
LOWER EL 6711&' 

INTAKE TUNNEL 

B-B 

TUNNEL 

I" J-----10' --------101. I 
.~ ____________ ~L~EV~E=L~A~f~I'~OO~~C~~'~~~'~~~~.~E ____________ ~ ~ 
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