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I. INTRODUCTION 

Sandstone Reservoir is intended to meet future municipal and industrial 

water needs and to provide supplemental water supplies for irrigated lands 

within the Little Snake River Basin in the southern portion of Carbon 

County, Wyoming. See Figure 1-1. The reservoir is located on Savery Creek 

just below its confluence with Little Sandstone Creek such that it could 

provide supplemental irrigation supplies to lands along Savery Creek and 

the main stem of the Little Snake River below the mouth of Savery Creek. 

The reservoir will develop a portion of Wyoming's share of the flow of the 

Little Snake River under the provisions of the Upper Colorado River Basin 

Compact. Supplemental irrigation water will be supplied to approximately 

5,500 acres along Savery Creek and 15,100 acres along the main stem of the , 
Little Snake River all with valid Wyoming water rights. The amount of 

supplemental irrigation water supplied will depend upon the amount of water 

furnished for industrial needs. With the industrial demand used herein, 

the reservoir will supply an average annual release of 12,000 acre-feet to 

meet supplemental irrigation demands. 

Industrial water might be required for in-basin industrial uses such as 

coal-fired power plants, coal-gasification plants, etc. A firm industrial 

supply of 20,000 acre-feet can be provided in order to be attractive to an 

industrial water user. 

The reservoir will supply water for future municipal needs within the 

basin. Future annual demands allocated for municipalities is 200 

acre-feet. This amount would supply a population increase of approximately 

1,000. In the operating scenarios described later in this report, the 

municipal water is released during the late summer months, when water use 

is at its peak. 

Sandstone Reservoir has been modeled to operate with a minimum pool for 

recreation. Minimum flows were furnished below the reservoir on Savery 

Creek even if a release from storage were necessary to provide that minimum 

flow. 
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A. PROJECT AUTHORIZATION 

In its 1985 

Development 

session, 

Commission 

the Wyoming Legislature authorized the Wyoming Water 

(WWDC) to conduct a Level III, Phase II Concept 

Design of the Sandstone Dam project. As outlined in House Bill 275, a 

report was to be presented at the completion of Level III, Phase II 

activities in sufficient detail to allow the WWDC to request Level IV 

construction funding from the 1986 Session of the Wyoming Legislature. 

Stone and Webster Engineering Corporation (SWEC) in contract with the WWDC 

for Engineering services dated March 15, 1985 was commissioned to conduct 

the required Level III, Phase II studies and provide a draft report by 

November 1, 1985 and in final form by December 1, 1985. 

Near the end of the scheduled 1985 geotechnical field exploration program, 

it was determined that the mechanism and significance of the ancient 

landslide mass on Savery Creek was not adequately understood. An 

additional exploration and monitoring program was proposed and adopted by 

WWDC in August 1985. In that a final determination of project costs as 

effected by the potential impacts of the land mass movement and some of the 

project benefits being determined by others would not be completed in 

sufficient time to meet the 1985 scheduled report deadline, an extension to 

the completion dates for the Conceptual Design Report was authorized by 

contract amendment dated September 23, 1985. This revised the draft report 

due date to October 1, 1986 and the final report due date to December 1, 

1986. This revised schedule allowed one year of monitoring data to be 

gathered from the instrumentation placed in the areas of two defined land 

mass movement areas, as well as additional time for evaluation of the slide 

mechanism and the potential impact upon project design and operation. 

This Concept Design Report dated November 1986, presents the results of the 

additional monitoring program and the recommended development plan for the 

Sandstone Dam and Reservoir on Savery Creek. 
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B. PROJECT HISTORY 

Under the direction of studies by the WWDC, the Sandstone Dam and Reservoir 

Project emerged from the Little Snake River Water Management Project 

(LSRWMP) in 1984 as a preferred solution to the in-basin (Little Snake and 

Savery Creek drainage) storage requirements established by the Wyoming 

Legislature in various -enactments of Legislature dating back to the 

creation of the Commission in 1979. 

Diversion and storage of the Little Snake River waters has been considered 

during planning and development of Stages I, II and III of the Cheyenne 

Water Project dating back to mid century. The Sandstone Dam site was also 

considered as a potential candidate for storage of multipurpose waters by 

the U. S. Bureau of Recla~ation dating back to the late 1940' s and most 

recently in the 1970's. 

The WWDC has been involved with development of the Sandstone Dam and 

Reservoir since its formation in 1979. A summary of project history as a 

part of the Wyoming Water Planning Program Legislation was included in the 

November 1984 Technical Summary Report on the LSRWMP by Stone & Webster 

Engineering Corporation (SWEC). Briefly summarized the outline of the 

history of WWDC involvement in the Sandstone Dam project from 1979 to date 

is as follows: 

1979 Session of Wyoming Legislature 

1. Formation of the Wyoming Water Development Commission (WWDC) 

2. Authorization of Stage III of the Cheyenne Water Project as 

the Little Snake River Water Management Project (LSRWMP). 

3. The Governor's Interdepartmental Water Conference (IDWC) was 

directed to coordinate and prepare a report on water needs 

in 8 counties and to determine the feasibility of collecting 

and transporting water from the Little Snake into the North 

Platte River. A reservoir on Savery Creek was to be 

included as a part of the Stage III plans. 
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1980 Session of Wyoming Legislature 

1. WWDC was directed to prepare a feasibility study, 

preliminary engineering plans and draft legislation for the 

1981 session for Stage III of the LSRWMP. 

2. The WWDC was to study an in-basin reservoir above the 

confluence of Savery Creek with the Little Snake River of at 

least 3000 acre feet capacity. 

1981 Session of Wyoming Legislature 

1. An appropriation of $5,000,000 was provided to WWDC to 

develop final plans and specifications for the Stage III 

Project. Transbasin diversion facilities were identified as 

well as an in-basin storage facility at Upper Savery 

Reservoir. 

1982 Session of Wyoming Legislature 

1. Provided $20,000,000 from the Water Development Account for 

the LSRWMP. 

2. Specific components of the project to be considered included 

a dam and reservoir on the upper reaches of Savery Creek as 

well as several alternative transbasin diversion schemes. 

3. An alternative development plan was to be selected by WWDC 

after project impacts on the hydrological, environmental, 

geological, institutional and economic communities were 

evaluated. 

4. A final Level III report was due in 1985. 

1984 Session of Wyoming Legislature 

1. Groundwater was excluded from consideration as a source of 

supply in the Stage III program. 

2. At least 10,000 acre feet of storage was to be provided for 

use in the Savery Creek drainage; and 50,000 acre feet of 

storage for use in the Little Snake River drainage. 
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1984 Session of Wyoming Legislature (Continued) 

3. A report to the 1985 Session by WWDC was to recommend 

project configuration, construction costs and a schedule for 

implementing the project. 

4. A report on water needs and an ability to pay was to be 

contracted to the North Platte Joint Powers Board by WWDC. 

1985 Session of Wyoming Legislature 

1. As a part of the LSRWMP, the Sandstone Dam proj ect as the 

in-basin storage reservoir on Savery Creek was to proceed 

under WWDC direction, developing a concept design during 

1985 and Environment Impact Statement (EIS) permitting in 

1986. 

2. The Fish I Creek Collection System was authorized as the 

transbasin diversion portion of LSRWMP with a five year 

development and permitting schedule. 

C. 1985 WORK SCOPE 

The Wyoming Water Development Commission (WWDC) contract with Stone & 

Webster Engineering Corporation (SWEC) for Level III, Phase II Conceptual 

Design of the Sandstone Dam project includes a scope of work comprised of 

thirteen individual tasks: 

II-A - Site Access 

II-B - Topographic Mapping and Surveying 

II-C - Geotechnical Investigation 

II-D - Stream Flow and Water Quality Gaging 

II-E - Reservoir Operation and Sedimentation Studies 

II-F - Flood Analysis and Flood Routings 

II-G - Conceptual Design 

II-H - Hydropower Analysis 
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II-J - Economic Analysis 

II-K - Permitting & Land Acquisition 

II-L - Environmental Impact Statement Assistance 

II -M - Meetings 

II-N - Reports 

SWEC subcontracted portions of this work scope to Western Water Consultants 

Inc. (WWC) of Laramie, Western Research Corporation of Laramie, and Robert 

Jack Smith and Associates of Rawlins. 

When the Contract was issued, its included schedule required completion of 

the Concept Design Report by December 1, 1985. During 1985, the products 

from each of the Tasks, (except Tasks II-K Permitting and Land 

Acquisition and II-L - E~vironmental Impact Statement Assistance), were to 

be developed and used in the Concept Design Report. Tasks II-K and II-L 

were to be implemented upon the direction of the WWDC as the Project moved 

forward. During September 1985 the Contract schedule was revised so as to 

delay the delivery of the Concept Design Report for one year. 

In August of 1986 the WWDC submitted to the Corps of Engineers (COE) an 

application for a 404 Dredge and Fill Permit for the Sandstone Project. 

WWDC then gained approval from COE to proceed with an applicant prepared 

EIS. 
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II HYDROLOG IC INVESTIGATIONS 

A. PREVIOUS HYDROLOGIC STUDIES 

The feasibility of storage on Savery Creek has been studied for more than 

fifty years. Investigations have focused primarily on two potential dam 

sites, Sandstone and Upper Savery. The Sandstone damsite is located just 

below the mouth of Little Sandstone Creek about two miles above the 

recently re-activated U.S. Geological Survey (USGS) gage 9-2560 (Savery 

Creek near Savery), while the Upper Savery site is about eight miles 

further upstream just below the mouth of Coal Creek near the location of 

inactive USGS gage 9-2555 (Savery Creek at Upper Station). The discussion 

to follow highlights previous hydrologic studies with emphasis on the 

Sandstone damsite, the site of interest in the current study. 

The Savery site was first studied in the late 1940's by the U.S. Bureau of 

Reclamation (USBR) as part of the proposed Savery-Pot Hook Proj ect, a 

participating project in the Colorado River Storage Project. Their early 

work looked at an active reservoir capacity of about 18,000 acre-feet in 

conjunction with a 65,000 acre-foot reservoir at the Pot Hook site on 

Slater Creek in Colorado. 

The USBR continued to study the Savery site into the early 1970' s. The 

Savery-Pot Hook project report of June 1971 (revised January 1972) included 
\ 

the Savery site in the project plan. In subsequent studies, however, the 

Savery site was abandoned because of landslide problems, and the Sandstone 

damsite replaced it as a Savery-Pot Hook project component. In the 1977 

Savery-Pot Hook Project Definite Plan Report, Sandstone Reservoir, with a 

16,600 acre- foot capacity, was proposed to provide supplemental water to 

12,940 already irrigated acres and 3640 acres of to-be-developed land. 

After the Wyoming Legislature authorized the Wyoming Water Development 

Commission (wwnC) in 1979, Banner Associates, Inc. (BAI) was awarded a 

contract by the Commission to study the feasibility of developing unused 

water in the Little Snake River basin. Their study included an evaluation 

of the previously identified Sandstone Reservoir site. In the BAI study 

(BAI, 1980), a mass curve analysis was used to size Sandstone Reservoir. 
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Their study recommended a 52,040 acre-foot· reservoir (including 1,460 

acre-feet of dead storage) which they found would provide an average annual 

yield of 32,500 acre-feet after upstream out-of-basin transport of Savery 

Creek tributary water through the Stage III pipeline. The reservoir as 

studied was to provide water to agricultural, municipal and industrial 

needs within the basin. 

In 1984, the WWDC authorized further study of developable water in the 

Little Snake River basin and contracted with SWEC for the work. The 

purpose of this study was to comprehensively review previous work and 

arrive at a preferred development plan for the LSRWMP. Sandstone Reservoir 

emerged from this study as the preferred component to be constructed to 

mee t in - bas in needs (SWEC , 1984). The inves t iga t ion conf irmed that, from 

hydrologic considerations, the 52,000 acre-foot size is the most desirable 

for meeting in basin agricultural and industrial demands, with or without a 

collector system for exporting water from the basin. Sandstone Reservoir 

yield estimates varied between 15,200 and 39,000 acre-feet, depending on 

demands and whether or not depletions due to the proposed Stage III 

collection system were considered. 

B. HYDROLOGIC DATA 

With funding from the WWDC and beginning in the spring of 1985, the USGS 

reactivated the Savery Creek near Savery streamflo~ gaging station. Data 

collected to date are provisional, but appear consistent with earlier 

measurements made at the same location. Comparisons with the earlier data 

and with long term records at the Savery Creek gage indicate runoff during 

the spring and summer of 1985 to be slightly above average. 

1 . Streamflow Records 

A streamflow analysis was prepared by BAI as part of the Little Snake River 

Water Management Project Feasibility Study prepared for the WWDC in 

November 1980 (BAI, 1980). The period of study used by BAI was 1940-1978. 

Records for strategically located gaging stations were not available for 

the entire study period, so. streamflow estimates for missing periods at 
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those stations were made using linear regression techniques with existing 

data from other gages with complete records. Table 11-1 lists the gages 

used in the Feasibility Study and the period of record for each gage. The 

regression equations used by BAI were reviewed and checked by WC to 

determine if a better relationship could be discovered, especially since 

there are now four additional years of data. In most cases, no changes 

were made in their estimated flows. 

The study period adopted for this analysis was 1940-1982, an extension of 

four years beyond that used in the Feasibility Study. USGS published 

records are available at some stations for the additional four years, and a 

longer period of record is considered desirable. The additional four years 

of values were estimated for the missing records at the desired stations 

using the same regression equations. These regression equations are .given 

in Appendix I.a-1. 

Streamflow records were estimated for the Sandstone Reservoir site for the 

period of study using the Savery Creek near Savery, Wyoming gage (9-2560). 

Flows at the reservoir site were synthesized using the ratio of drainage 

areas to the 0.6248 power (BAI, 1980). 

Flows of the Little Snake River at the mouth of Savery Creek were estimated 

using records from the Little Snake River near Slater gage (9-2530), the 

Battle Creek near Slater gage (9-2535), and t?e Slater Fork near Slater 

gage (9-2550). Estimated depletions by the City of Cheyenne's Stage I and 

II transmountain diversion projects, taken from a yield study done by BAI 

(Operation Study No. CL008), were applied to flows at the Little Snake 

River near Slater gage. Streamflow data for important gages in this study, 

the modelled Stage I and II depletions, and computed inflows to Sandstone 

Reservoir are presented in Appendix I.a-2. 

During the course of this study, questions arose concerning published and 

measured drainage areas for the reactivated Savery Creek gage. Although the 

published drainage area above the Savery Creek near Savery gage was 330 

square miles, the USBR determined that this value appeared to be in error 

11-3 



USGS 
Gage 

Number 

9-2518 

9-2519 

9-2530 

9-2534 

9-2535 

9-2550 

9-2555 

9-2560 

9-2570 

9-2515 

Table II-I. 

Little Snake River Basin Streamflow Gaging Stations 
Used in the Banner Study. 

Gage Name 

North Fork Little Snake River 
near Encampment, Wyoming 

North Fork Little Snake River 
near Slater, Colorado 

Little Snake River 
near Slater, Colorado 

Battle Creek 
near Encampment, Wyoming 

Battle Creek 
near Slater, Colorado 

Slater Fork 
near Slater, Colorado 

Savery Creek at Upper Station 
near Savery, Wyoming 

Savery Creek 
near Savery, Wyoming 

Little Snake River 
near Dixon, Wyoming 

Middle Fork Little Snake River 
near Battle Creek, Colorado 
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Drainage 
Area 

(sq. mi.) 

12.8 

29.3 

285.0 

85.3 

161.0 

200.0 

330.0 

988.0 

120.0 

Period 
of 

Record 

1956-65 

1956-63 

1942-47 
1950-Present 

1956-63 

1942-51 

1910-12 
1931-Present 

1940-44 
1952-71 

1941-46 
1948-72 

1910-23 
1938-Present 

1912-22 



USGS 
Gage 

Number 

9-2520 

9-2525 

9-2540 

9-2545 

9-2554 

9-2559 

9-2565 

9-2575 

9-2580 

9-2590 

Table 11-1. 

Little Snake River Basin Streamflow Gaging Stations 
Used in the Banner Study (cont'd). 

Gage Name 

South Fork Little Snake River 
at Flemings, Colorado 

South Fork Little Snake River 
near Battle Creek, Colorado 

Roaring Fork of Slater Fork 
near Baxter Ranch, near 
Slater, Colorado 

Slater Fork at Baxter Ranch 
near Slater, Colorado 

East Fork Savery Creek 
near Encampment, Wyoming 

Big Sandstone Creek 
near Savery, Wyoming 

Savery Creek 
at Savery, Wyoming 

Willow Creek 
near Baggs, Wyoming 

Willow Creek 
near Dixon, Wyoming 

Muddy Creek 
near Baggs, Wyoming 
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Drainage 
Area 

(sq. mi.) 

22.0 

·46.0 

7.0 

80.0 

9.85 3 

354.0 

5.0 

24.0 

904.0 

Period 
of 

Record 

1922-23 

1912-20 

1922 

1911-20 
1922 

1956-58 

1956-58 

1915 -16 
1918-22 

1911-23 

1953-Present 

1915-16 
1918 



USGS 
Gage 

Number 

9-2595 

9-2597 

9-2600 

Table 11-1. 

Little Snake River Basin Streamflow Gaging Stations 
Used in the Banner Study (cont'd). 

Gage Name 

Fourmile Creek 
near Baggs, Wyoming 

Little Snake River 
near Baggs, Wyoming 

Little Snake River 
near Lily, Colorado 

Drainage 
Area 

(sq. mi.) 

4 

3,020 

3,730 

Period 
of 

Record 

1911-23 

1961-58 

1904 
1921-Present 

USGS drainage area corrections (1985): 

1 Previously published 12.8 mi. as sq. 

2 Previously published 7.91 mi. as sq. 

3 Previously published 10.3 mi. as sq. 
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and in 1976 requested the USGS check the value. The USBR estimated the 

area to be 309 square miles. The apparent reason for the difference was the 

inclusion of the Big Gulch drainage area, even though early descriptions of 

the gage location indicate it to be above the mouth of Big Gulch. This 

lower value (309 square miles) was used by the USBR in their Definite Plan 

Report reservoir operation and sedimentation studies. Confirmation of the 

lower value was again sought from the USGS in the summer of 1985. Their 

response was that the current location of the reactivated gage is indeed 

below Big Gulch but that earlier records do not conclusively reveal whether 

Big Gulch entered Savery Creek above the gage or not. Following a field 

trip in August 1986, the USGS indicated by letter that to the best of their 

knowledge, and that of a long time resident in the area, the mouth of Big 

Gulch had always been above the gage. Thus, the 330 square mile drainage 

area appears to have been correct, and it is the value used in the current 

studies. The USGS letter referred to above is included as Appendix I. a-3. 

c. SEDIMENTATION STUDIES 

1 . Review of Previous Work 

In August of 1976 the USBR published a sedimentation study for the 

Sandstone Reservoir site. Estimates of sediment production and deposition 

for the USBR study were based on suspended sediment samples taken near the 

location of USGS gage 9-2560 (Savery Creek near Savery), located about two 

miles downstream of the damsite. From the sampling data a sediment rating 
( 

curve was developed and used in conjunction with a flow duration curve to 

estimate sediment inflows. A ten percent increase in sediment inflow as 

bedload was assumed and a reservoir trap efficiency of 96 percent was used. 

The study concluded that the sediment accumulation in the reservoir after 

100-years/would be 1,570 acre-feet. The USBR allocated 1,100 acre-feet of 

storage capacity for sediment, resulting in a total reservoir capacity of 

16,600 acre-feet. Disposition of sediment within the reservoir basin was 

computed by the Empirical Area-Reduction Method, a description of which may 

be found in "Design of Small Dams" (USBR, 1977). 
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A review of the USBR study revealed the following concerns: 

• Bedload in a sand bed stream can be much greater than the 10% 

adjustment factor used by the USBR. Because Savery Creek is a 

sand and cobble bed stream, evidenced by changes in the shape of 

the cross-section at the gage over time and sampling data 

averaging 54.3 percent by weight sand, it was felt that a stronger 

effort at computing bedload was warranted. 

• If in fact the majority of sediments entering the reservoir are 

sand size and larger, the Empirical Area-Reduction Method may not 

be the most suitable method for estimating sediment disposition. 

Sands entering the reservoir will likely deposit as deltas and 

should be "accounted for in this fashion. 

2. Bedload Computation 

Bedload discharge was estimated using procedures presented by Colby (1964). 

The method was selected because of its simplicity and because it is 

apparently well suited to the sand-bed characteristics of Savery Creek. 

To apply the method, rating curves and cross-sections are needed at the gage 

location. These data were obtained from the USGS office in Cheyenne. 

Unfortunately the two cross-sections received (were quite old (dated 8-9-41 

and 10-16-47) and did not correspond in time to the three rating curves also 

received (dated 1966 and later). However, the rating curves did not display 

great fluctuations over time and were therefore used to develop hydraulic 

characteristics of the cross-section dated 8-9-41. 

discharge curve developed from the mismatched 

successfully for purposes of this part of the study. 

The mean velocity versus 

data turned out quite 

Using the mean velocity versus discharge curve, bedload discharge was 

computed from flow-duration data in the same manner as suspended load. "These 

computations produced an estimated annual bedload transport of about 60,000 

tons or 6 million tons in 100 years. This value is more than twice the 
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annual suspended sediment contribution computed by the USBR and many times 

higher than the 10 percent increase assumed in their report. Total sediment 

transport (bed and suspended load) past the gage is estimated to be about 

88,000 tons per year. 

Sediment unit weight was estimated by the USBR to be 82 pounds per cubic foot 

(pcf) after 100 years of settlement with moderate to considerable reservoir 

drawdown. WC made an independent check of this value using a procedure 

presented by Miller (1953) and estimated a unit weight of sediment of 90 

pcf. Because this value is within ten percent of 

that used by the USBR, and the smaller number is more conservative for volume 

estimates, the value of 82 pcf was maintained. 

3. Oepos ition 

It was assumed that fifty percent of suspended load by weight and all of the 

bedload consists of particles sand size or larger. Sand will deposit upon 

entering the reservoir, forming a delta at each major inlet (Savery Creek, 

Big Sandstone Creek, and Little Sandstone Creek). The shape of these deltas 

can be estimated, using procedures given in USBR (1977). 

Suspended sediment samples obtained by the·USBR for sedimentation studies at 

Savery (1969) and Sandstone (1976) reservoirs indicate significantly higher 

sediment yields in the lower Savery Creek basin than in the upper reaches. 

Estimates of sediment inflow to Sandstone Reservoir considered these 

incremental yields. Adjustment of the total sediment flow past the Savery 

Creek gage for drainage area and incremental contribution gives the following 

estimated amounts of sediment inflow to Sandstone Reservoir for a 50-year 

period: 

Savery Creek 
Big Sandstone Creek 
Little Sandstone Creek -

Total 

686 AF/sO yr. 
686 AF ISO yr. 
434 AF 150 yr. 

1,806 AF/sO yr. 
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In determining a reservoir elevation-capacity relationship corrected for 

sediment accumulation, the 50-year volumes given above were used to 

represent the average condition at each point of major inflow. A rounded 

value of 1,800 AF /50 yr. is the sediment accumulation used in developing 

the revised relation. 

The initial portion of the delta at each inlet location was assumed to be 

at the normal high water line (NHWL) of 6,932 feet elevation. The extent 

of the delta into the reservoir was found by trial and error using 

cross -sectional information taken from the USGS quadrangle sheets and the 

average end area method of volume computation for irregular shapes. A trap 

efficiency of 100% was used because it is a conservative value and the size 

and shape of the reservoir could result in all sediment inflow remaining in 

the reservoir basin. The following assumptions (USBR, 1977) were made in 

order to determine the delta configuration: 

• The topset slope will be one half of the channel slope 

• The foreset slope will be 6.5 times the topset slope 

Additionally, it was assumed silts and clays, as well as sands, will settle 

out in the deltas. This is conservative because it maximizes the estimated 

effect of sediment encroachment on active storage. For the three sediment 

inflow points, the following values were comp,uted using channel slopes 

measured from USGS topographic maps: 

Channel Topset Foreset 
Slope Slope Slope 

Savery Creek 0.005 0.0025 0.0163 

Big Sandstone Creek 0.023 0.0115 0.0748 

Little Sandstone Creek 0.019 0.0095 0.0618 
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Area-capacity relationships assuming 50 years of sediment accumulation were 

arrived at by estimating the amount of area lost to sediment as a function 

of elevation. Delta configuration provided the first estimate of this lost 

area. A trial and error procedure was then followed until the resulting 

capacity at NHWL differed from the original capacity at that elevation by 

the ,amount of sediment inflow (1,800 acre-feet). Table 11-2 lists 

area-capacity information for both the with and without sediment cases. 

Figure 11-1 shows graphically the effects of 50 years sediment accumulation 

on Sandstone Reservoir area and capacity versus elevation relationships. 

Although it was concluded that most sediment will probably settle out as 

deltas in the Savery, Big Sandstone and Little Sandstone creek inlets, some 

sediment deposits could also end up at the dam, especially considering the 

proximity of the mouths of Big and Little Sandstone Creek to the dam. The 

USBR Empirical Area - Reduction method was therefore used to provide an 

estimate of sediment accumulation at the dam for proper placement of the 

outlet works. 

The 50-year accumulated depth at the dam was estimated to be 8.4 feet and 

the 100-year depth is 16.7 feet. These values assume 1,800 and 3,600 

acre-feet of sediment inflow, respectively, and a reservoir trap efficiency 

of 100 percent. 

D. FLOOD ANALYSES 

1 . Introduction 

The objectives of the flood studies undertaken for Sandstone Dam were to: 

• Provide discharge values to be utilized in principal and 

emergency spillway design; and 

• Show the reduction in the 100-year and probable maximum flood 

plains due to the influence of Sandstone Reservoir. 
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Elevation 
ft, msl 

6,765 

6,770 

6,775 

6,780 

6.785 

6,790 

6,795 

6,800 

6,805 

6,810 

6,815 

6,820 

6,825 

NOTE 1: 

Table 11-2. 

Sandstone Reservoir Area - Capacity Information 
With and Without Sediment 

WITHOUT SEDIMENT WITH SEDIMENT 

Avg. Incr. Accum. Avg. 
Areas Area Cap. Cap. Area Area 

(acres) (acres) (ac-ft) (ac-ft) (acres) (acres) 

0 0.5 2.5 .0 

1 4.5 22.5 2.5 NOTE 1 

8 11.5 58 25 

15 21.5 108 84 

28 37 185 191 

46 53 265 376 

60 71 355 641 

92 92 460 996 

102 112 560 1,456 

122 132 658 2,016 

141 151 755 2,674 

161 171 866 3,429 

181 194 968 4,284 

(1800 AF) 

Incr. Accum. 
Cap. Cap. 

(ac-ft) (ac-ft) 

Sediment accumulation not evident until Elevation 6,840. No change 
in area-capacity characteristics are indicated until that point. 
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Table 11-2. 

Sandstone Reservoir Area - Capacity Information 
With and Without Sediment (cont'd) 

WITHOUT SEDIMENT WITH SEDIMENT (1800 AF) 

Avg. Incr. Accum. Avg. Incr. Accum. 
Elevation Areas Area Cap. Cap. Area Area Cap. Cap. 
ft, msl (acres) (acres) (ac-ft) (ac-ft) (acres) (acres) (ac-ft) Cac-ft) 

6,830 206 219 1,095 5,252 

6,835 232 245 1,223 6,347 NOTE 1 

6,840 249 270 1,350 7,570 257 269 1,345 7,570 

6,845 283 296 1,478 8,920 281 293 1,465 8,915 

6,850 308 319 1,593 10,398 305 315 1,573 10,380 

6,855 329 339 1,695 11,991 324 333 1,665 11,953 

6,860 349 360 1,798 13,686 342 351 1,755 13,618 

6,865 370 380 1,900 15,484 360 370 1,848 15,373 

6,870 390 400 2,002 17,384 379 389 1,945 17,220 

6,975 411 428 2,138 19,386 399 409 2,043 19,165 

6,880 444 460 2,300 21,524 418 433 2,165 21,208 

6,885 476 493 2,463 23,824 448 463 2,313 23,373 

6,890 509 525 2,625 26,287 477 491 2,453 25,685 

6,895 541 558 2,785 28,912 504 518 2,588 28,138 

Note 1: Sediment accumulation not evident until Elevation 6,~40. No change 
in area-capacity characteristics are indicated until that point. 
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Table 11-2. 

Sandstone Reservoir Area - Capacity Information 
With and Without Sediment (cont'd) 

WITHOUT SEDIMENT WITH SEDIMENT (1800 AF) 

Avg. Incr. Accum. Avg. Incr. Accum. 
Elevation Areas Area Cap. Cap. Area Area Cap. Cap. 
ft, msl (acres) (acres) (ac-ft) (ac-ft) (acres) (acres) Cac-ft) Cae-ft) 

6,900 584 592 2,958 31,697 531 548 2,740 30,725 

6,905 609 626 3,130 34,655 566 583 2,915 33,465 

6,910 643 661 3,303 37,785 600 625 3,123 36,380 

6,915 678 697 3,483 41,088 649 674 3,368 39,503 

6,920 715 731 3,655 44,571 698 719 3,593 42,870 

6,925 747 764 3,817 48,226 739 758 3,790 46,463 

6,930 780 788 1,576 52,043 777 786 1,572 50,253 

6,932 795 53,619 795 51,825 1 

Total Capacaity 53,619 51,825 

1. Tabulated Capacities differ by 1,794 acre-feet. This 6 acre-foot difference 
between tabulated sediment storage and computed deposition is well within 
the accuracy of the data. 
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Specific tasks performed for the flood analysis were: 

• Develop the 100-year maximum discharges at the damsite and 

downstream at Baggs, Wyoming; 

• Develop the reduction in the downstream 100-year flood boundary 

resulting from construction of the reservoir; 

• Develop the Probable Maximum Flood (PMF) hydrograph at the 

damsite according to the latest applicable procedures; 

• Calculate the attenuation effects of the reservoir on the PMF, 

and develop the reservoir outflow hydrograph resulting from the 

inflow PMF using the Modified PuIs routing method; 

• Develop the hydrograph at the damsite caused by a fair weather 

breach of a proposed 60,000 AF reservoir at the Fish Creek 

Damsite; and 

• Develop the flood boundaries downstream to Baggs, using USGS 

maps, resulting from the PMF without Sandstone Dam, and the 

incremental change in the flood boundary in downstream areas 

resulting from a flood caused by the following conditions: 

• PMF routed through Sandstone Reservoir; and 

• An assumed dambreak due to the inflow of the PMF and a 

Sandstone Dam spillway sized to handle one-half PMF. 
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2. Flood Frequency Analyses 

General 

This section describes the flood frequency analyses for the Sandstone Damsite 

on Savery Creek and for the Little Snake River at Baggs, Wyoming. For the 

analyses ,records for the Savery Creek near Savery, Wyoming, USGS gage no. 

9-2560 and Little Snake River near Dixon, Wyoming, USGS gage no. 9-2570 were 

utilized. 

Savery Creek at Sandstone Damsite 

Since there are no measured streamflow data at the damsite, recorded data at 

the gaging station two miles downstream were analyzed and the results 

transposed to the damsite. There are thirty years, 1942-1972, during which 

instantaneous peak discharge values were recorded at the Savery Creek near 

Savery, Wyoming gage. These data are presented in Table 11-3. Analysis 

techniques used were those given in USGS Bulletin No. 17B (USGS, 1982) for 

the Log-Pearson Type III procedure with corrections for high and low outliers 

and a regionally weighted average coefficient of skew. 

Following these guidelines, the 1959 peak flow of 266 cfs was found to be a 

low outlier, however, the low outlier adjustment resulted in a frequency 

curve which visually did not fit the data as well as the curve developed from 

the historic data. Therefore, the low outlier ad~~stment was ignored and the 

entire period o~ record was utilized in the final frequency analysis. The 

coefficient of skew for the recorded data was -0.93 while the regionally 

weighted coefficient of skew was -0.6. This latter value was used. 

Using the results of the flood frequency analysis for Savery Creek at the 

gage near Savery with a drainage area of 330 square miles, floods at the 

Sandstone damsite (287 square miles drainage area) were developed using a 

ratio of drainage area size raised to the 0.6248 power as derived from gaged 

relationships by BAl. The flood frequency curve associated with peak 

discharges recorded at Savery Creek near Savery is shown in Appendix l.b-l. 
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Table 11-3. 

Recorded Peak Discharges and Maximum One, Five, Ten, and Fifteen-Day 
Flood Volumes, Savery Creek near Savery, Wyoming (9-2560). 

Peak Discharge Flood Volume 

Year Date CFS 1-Day 5-Day 10-Day 15-Day 

(AF) (AF) (AF) (AF) 

1942 Apr 12 1,320 2,182 10,005 15,800 21,283 
1943 Jun 02 1,280 2,341 7,119 9,995 12,254' 
1944 May 22 1,490 2,579 11,100 17,479 23,858 
1945 May 11 1,380 2,539 12,456 23,302 31,825 

1946 Apr 17 706 1,085 5,153 9,505 12,934 
1948 Apr 29 1,050 1,448 5,169 8,812 22,939 
1949 May 17 1,630 2,400 9,566 18,123 25,833 
1950 May 17 1,160 1,829 8,412 16,090 22,624 

1951 May 06 602 904 4,019 7,500 11,248 
1952 May 04 2,670 4,839 23,028 43,796 58,632 
1953 May 20 1,440 2,182 6,766 11,853 15,810 
1954 Apr 06 1,170 1,301 3,410 6,391 8,971 
1955 May 07 680 1,031 4,419 7,829 11,183 

1956 May 05 792 1,131 5,338 9,699 13,777 
1957 May 06 1,460 2,360 11,187 19,069 24,679 
1958 May 10 1,470 2,460 10,286 20,398 27,126 
1959 May 02 266 442 2,013 3,691 5,252 
1960 May 11 1,340 2,142 9,138 14,829 17,032 

1961 Apr 04 441 645 1,829 , 3,350 4,840 
1962 Apr 16 2,360 3,253 13,646 24,064 33,359 
1963 Mar 24 750 988 4,130 7,553 9,830 
1964 May 17 1,620 2,380 10,870 18,478 24,171 
1965 May 17 1,150 1,753 8,303 15,981 21,949 
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Table II-3. 

Recorded Peak Discharges and Maximum One, Five, Ten, and Fifteen-Day 
Flood Volumes, Savery Creek near Savery, Wyoming C9-2560) Ccont'd) 

Peak Discharge Flood Volume 

Year Date CFS I-Day 5-Day 10-Day IS-Day 

CAY) CAF) CAF) CAY) 

1966 May 11 1,240 1,617 6,873 9,854 12,996 
1967 May 11 755 1,254 6,117 11,860 16,780 
1968 May' 21 1,830 2,598 11,921 23,140 33,501 
1969 Apr 23 1,500 2,261 9,436 14,727 22,051 
1970 May 18 1,610 2,499 11,941 21,424 30,290 

1971 May 31 1,270 2,241 9,432 16,356 22,558 
1972 May 06 548 978 4,612 8,116 11,814 
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Similar frequency analyses were performed for maximum 1, 5, 10, and IS-day 

volumes recorded during each year of record at the Savery gage and adjusted 

to the damsite. Bulletin No. 17B refinements to the standard Log-Pearson 

Type III analyses, including outliers and weighting of skew factors, were 

not used in this instance because they are applicable only to instantaneous 

peak flow analyses. The flood volume frequency curves associated with 

streamflows recorded at Savery Creek near Savery are shown in Appendix 

I.b-1. Results of the frequency analysis of flood peaks and volumes at the 

Sandstone damsite, as adjusted for drainage area, are presented in Table 

11-4. 

Baggs, Wyoming 

There is no streamflow gaging station at Baggs so although the Dixon gage 

is upstream of Baggs, flows recorded at the Dixon gage were considered to 

be representative of flood magnitudes at Baggs (excluding Muddy Creek). 

Fifty-three years ,during which instantaneous peak discharge values' were 

recorded at the Dixon gage were used to develop flood frequency 

information. These data were obtained during water years 1917, 1919-1923, 

and 1938-1984, and are presented in Table 11-5. Analysis techniques given 

in USGS Bulletin No. 17B were also applied to these data. 

Before the frequency analysis was begun, it was necessary to adjust the 

1984 recorded peak. In the spring of 1984, the Little Snake River 

experienced unusually large flows resulting from rapid melting of an 

ext ens i ve snow pack. A peak discharge of 14,680 cfs was observed at the 

Little Snake River near Dixon, Wyoming gaging station. During the flood, 

Grieve Dam, located on East Sweetwater gulch, failed and added 

approximately 375 acre-feet to the flow in the Little Snake River. Because 

of the dam failure, a portion of the 1984 peak of 14,680 cfs was considered 

to be an unnatural and nonrandom flood event. A dambreak and flood routing 

analysis of the failure of Grieve Dam was undertaken. Using the dambreak 

and flood routing capabilities of the HEC-1 flood hydrograph computer 

program, the dam failure contribution to the peak flow measured at Little 
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Table 11-4. 

Flood Frequency Estimates for Savery Creek at Sandstone Damsite. 

Maximum Volume 
Recurrence Peak 

Interval Discharge 1-Day 5-Day 10-Day 15-Day 

(Years) (CFS) (AF) (AF) (AF) (AF) 

2 1,100 1,700 7,000 12,200 16,600 

5 1,600 2,400 10,700 18,900 25,700 

10 1,900 2,900 13,000 23,300 31,700 

25 2,200 3,400 15,500 28,600 39,200 

50 2,400 3,700 17,200 32,400 44,700 

100 2,600 4,000 18,800 36,000 50,000 
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Table 11-5. 

Recorded Peak Discharges and Maximum One, Five, Ten, and Fifteen-Day 
Flood Volumes, Little Snake River Near Dixon,Wyoming (9-2570) 

Peak Discharge Flood Volume 

Year Date CFS 1-Day 5-Day 10-Day 15-Day 

(AF) (AF) (AF) CAF) 

1911 5,951 25,791 50,159 73,747 
1912 12,169 55,340 103,866 146,882 
1913 5,157 24,092 44,254 62,514 
1914 13,369 56,966 104,570 150,270 
1915 5,891 22,592 43,702 65,690 

1916 8,668 39,749 68,689 90,567 
1917 May 20 5,350 10,433 50,817 90,646 134,124 
1918 7,835 36,020 61,746 90,606 
1919 Apr 23 3,960 7,855 33,045 64,662 93,740 
1920 May 26 9,600 17,772 83,624 158,085 227,706 

1921 May 29 7,350 13,250 60,933 114,309 171,117 
1922 May 27 5,860 10,136 47,544 90,785 128,551 
1923 May 26 4,360 8,217 37 , 151 70,652 102,388 

1938 May 19 5,880 10,909 45,878 76,166 112,464 
1939 May 02 3,290 5,792 27,035 49,746 69,581 
1940 May 13 3,470 6,585 29,257 56,530 81,066 

1941 May 14 4,920 8,866 38,956 69,720 96,834 
1942 May 27 5,350 9,640 41,932 75,254 106,018 
1943 Jun 02 6,060 11,167 38,222 60,715 81,830 
1944 May 23 4,960 8,767 38,222 70,632 106,653 
1945 May 12 4,980 9,283 44,371 80,570 110,878 

1946 Apr 27 3,060 5,474 25,468 48,695 68,867 
1947 May 09 4,400 7,974 38,400 72,021 99,135 
1948 May 20 3,960 5,474 35,366 64,979 91,221 
1949 May 18 4,570 8,489 38,658 71,743 105,959 
1950 May 25 4,580 8,291 38,619 74,143 103,321 
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Table 11-5. 

Recorded Peak Discharges and Maximum One, Five, Ten, and Fifteen-Day 
Flood Volumes, Little Snake River Near Dixon, Wyoming C9-2570) Ccont'd). 

Peak Discharge Flood Volume 

Year Date CFS I-Day 5-Day 10-Day IS-Day 

(AF) CAF) CAF) CAF) 

1951 May 29 3,290 6,268 28,919 55,280 78,348 
1952 May 05 7,330 13,646 62,956 113,595 156,657 
1953 May 20 3,910 6,665 28,999 53,316 76,761 
1954 May 23 2,170 3,193 14,757 25,944 37,369 
1955 May 08 3,110 5,395 21,342 41,237 56,867 

1956 May 25 3,400 6,744 32,529 60,576 87,115 
1957 Jun 14 5,780 10,116 45,323 83,962 118,435 
1958 May 26 5,340 9,789 47,921 93,978 132,696 
1959 May 14 2,420 3,372 15,471 26,619 37,508 
1960 Apr 23 4,510 5,911 26,024 46,037 61,786 

1961 May 12 2,260 3,630 17,375 32,867 46,711 
1962 Feb 11 9,200 10,235 48,933 87,453 112,881 
1963 May 10 3,130 4,979 22,929 39,154 53,872 
1964 May 21 6,020 10,235 49,250 90,210 122,957 
1965 Jun 11 5,580 9,957 47,287 82,950 110,104 

1966 May 11 4,210 7,041 27,313 47,564 63,234 
1967 May 26 4,290 7,279 33,958 63,254 94,672 
1968 May 31 5,020 9,521 46,017 90,745 126,349 
1969 May 07 3,600 6,308 28,900 55,657 80,490 
1970 May 20 6,410 11,405 54,685 101,952 145,391 

1971 May 30 5,750 10,017 45,323 78,824 111,592 
1972 Jun 09 3,560 6,367 28,800 54,586 76,226 
1973 May 21 6,120 11,108 50,381 91,757 131,070 
1974 May 10 7,360 12,774 55,240 98,223 131,843 
1975 Jun 04 5,720 10,394 47,802 78,963 110,025 
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Table 11-5. 

Recorded Peak Discharges and Maximum One, Five, Ten, and Fifteen-Day 
Flood Volumes, Little Snake River Near Dixon, Wyoming (9-2570) (cont'd) 

Peak Discharge Flood Volume 

Year Date CFS 1-Day 5-Day 10-Day 15-Day 

(AF) (AF) CAF) CAF) 

1976 May 15 3,410 6,149 26,202 48,814 71,466 
1977 May 18 964 1,477 6,873 12,744 16,602 
1978 Jun 11 5,000 9,104 40,186 74,857 105,165 
1979 May 25 4,940 8,846 42,090 80,292 114,349 
1980 May 24 5,800 9,739 41,098 70,513 101,000 

1981 May 23 3,900 6,446 24,298 47,326 67,241 
1982 May 04 4,090 7,537 33,541 59,604 85,588 
1983 May 28 7,690 13,765 65,872 115,519 158,303 

* 1984 May 16 14,680 20,252 92,134 168,875 259,164 

* Adjusted to 14,000 cfs because of the failure of Grieve Dam upstream. 
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Snake River near Dixon, Wyoming, was estimated to be about 700 cfs. The 

1984 peak was therefore adjusted to 14,000 cfs. The frequency analysis was 

completed using an adjusted peak of 14,000 cfs for the 1984 flood event at 

the Dixon gage. 

Following the guideline in Bulletin No. 17B, the 1977 peak of 964 cfs was 

considered to be a low outlier while the 1984 estimated peak of 14,000 cfs 

was shown to be a high outlier. The low outlier was discarded from the 

data and the frequency curve recalculated. Because no useful historic 

information was available to adjust the high outlier, the 1984 peak of 

14,000 cfs was retained in the frequency analysis. The coefficient of skew 

of the recorded data, after adjustment of the 1984 peak, is -0.71, while 

the regionally weighted coefficient of skew is 0.1, after the elimination 

of the low outlier. Table 11-6 shows the flood peak magnitudes and 

frequencies for the Little Snake River near Dixon gage. The flood peak 

frequency curve for flows at Dixon is shown in Appendix I.b-1. 

Similar frequency analyses were performed for maximum 1, S, 10, and lS-day 

volumes recorded at the Little Snake River near Dixon, Wyoming gage (Table 

11-4). Bulletin No. 17B refinements to the standard Log-Pearson Type III 

analyses, including outliers and weighting of skew factors, were not used 

in this instance because they are applicable only to instantaneous peak 

analyses. Result of the frequency analysis of flood volumes at the Dixon 

gage are presented in Table II -6. The associated flood volume frequency 

curves are shown in Appendix I. b-1. 

3.. Probable Maximum Flood Studies 

General 

This section describes the development of the probable maximum flood for 

Sandstone Reservoir. The flood has two components: 

• a hydrograph representing estimated runoff from a probable maximum 

precipitation (PMP) event; and 

• a maximized snowmelt flood. The hydrograph resulting from the 

combination of both events is the probable maximum flood. 
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Table 11-6. 

Flood Frequency Estimates for Little Snake River Near Dixon, Wyoming 

Maximum Volume 
Recurrence Peak 

Interval Discharge 1-Day 5-Day 10-Day 15-Day 

(Years) (CFS) (AF) (AF) (AF) (AF) 

2 4,600 8,600 38,700 70,900 100,500 

5 6,300 11,500 52,300 95,600 136,000 

10 7,500 12,900 59,100 107,900 153,500 

25 9,000 14,100 65,700 120,000 170,400 

50 10,100 14,800 69,500 126,900 180,000 

100 11,300 15,400 72,600 132,600 187,700 
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Flood Envelope Curves 

Peak Discharges 

Envelope curves of recorded flood events were developed to provide a 

reference comparison with the synthetic floods developed for design. A 

plot of the maximum recorded peak discharges for 28 gaging stations in the 

vicinity of the Little Snake River Basin is shown on Figure 11-2. A list 

of the specific data points is given in Appendix 1.b-2 Table 1.b-2-1. For 

the Sandstone Damsite with a drainage area of 287 square miles, the 

envelope curve indicates that a peak discharge of about 7,100 cfs might be 

expected as the maximum recorded flood. At the Little Snake River near 

Dixon, Wyoming gaging station, the 1984 peak discharge of about 14,000 cfs 

for a drainage area of 988 square miles is a control point for the 

enveloping line. 

Fifteen-day Volumes 

The maximum recorded 1S-day flood volumes for the 28 gaging stations in the 

vicinity of the Little Snake River basin are plotted on Figure 11-3 with 

the specific data points listed in Appendix I.b-2 Table 1.b-2-2. From the 

resulting envelope curve, maximum 1S-day flood volumes of 130,000 and 

260,000 acre-feet are indicated for the Sandstone Damsite and the Little 

Snake River near Dixon, Wyoming gaging station, respectively. Again the 

1984 flood at Dixon was a control point for the envelo~i~g line. 

Probable Maximum Precipitation Induced Flood 

Runoff from the PMP event is obtained by applying unit hydrograph 

principles to a dimensionless unit hydrograph developed for the watershed 

above Sandstone Reservoir. The precipitation flood hydrograph is 

determined for the Sandstone Damsite using appropriate values for lag and 

duration. From previous studies by the USBR and BA1, the probable maximum 

flood reSUlting from a general storm PMP is more critical than that 

resulting from a thunderstorm PMP. Therefore, only the general storm PMP 

was considered in the analyses. 
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Probable maximum precipitation values for general. storms in the months of 

May and June were obtained from HMR-49 (NOAA, 1984). The 24-hour PMP 

values were determined to be 10.1 inches and 10.3 inches for May and June 

general storms, respectively. Copies of the HMR-49 worksheets used to 

develop the PMP values are presented in Appendix I. b-3. The May and June 

precipitation events were distributed over time according to the Zone B, 

24-hour pattern recommended in USBR (1977). 

Unit Hydrographs 

For purposes of estimating the runoff from the precipitation events, a unit 

hydrograph was developed based on dimensionless unit hydrographs from 

recorded precipitation-runoff events. The USBR had previously presented 

dimensionless unit hydrographs for the Upper Green River above Green River, 

Wyoming; the Florida River near Hermosa, Colorado; and Buckhorn Creek near 

Hasonville, Colorado. They had used the Florida River hydrograph in their 

Savery-Pot Hook Definite Plan Report. A June 1943 flood on Savery Creek 

near Savery, Wyoming was analyzed by WWC and plotted along with the USBR 

data. The Savery Creek flood was especially important since the gage is on 

the same stream and essentially at the proposed damsite. These 

dimensionless unit hydrographs are shown in Figure 11-4. 

hydrographs were averaged to obtain the average dimensionless 

shown on Figure 11-5. 

The four 

unitgraph 

There are three major tributaries to Sandstone Reservoir, i.e. Savery 

Creek, Big Sandstone Creek, and Little Sandstone Creek. Two-hour unit 

hydrographs were developed for each stream using the average dimensionless 

unitgraph of Figure 11-5. The lag parameters and lag times used for each 

basin were those presented by the USBR (1976) as shown on Table 11-7. The 

lag curve used by the USBR is shown in Appendix I.b-4. 

Initial Loss and Retention 

A constant retention rate of 0.20 inches per hour was used as was done by 

the USBR (1976). There was no allowance for initial losses because for PMF 
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Table II-7. 

Lag Parameters for Savery Creek, Big Sandstone Creek, and 

L" 1 S d C k D" B" 1 1tt e an stone ree ra1nage aS1nS . 

Big Little 
Parameter Savery Sandstone Sandstone 

Area (sq mi) 211.3 46.3 28.9 

Length of Longest Water Course, 
L (mi) 25.2 15.1 12.1 

L (mi) 9.5 8.0 6.3 cg 

Maximum Elevation (ft) 8,475.0 10,500.0 8,850.0 

Normal Water Surface Elevation (ft) 6,868.0 6,868.0 6,868.0 

Difference (ft) 1,607.0 3,632.0 1,982.0 

Slope, S (ft/mi) 63.7 240.5 163.8 

Lag Factor L (L /S-) 29.8 7.8 6.0 cg 

Lag Time (hrs) 17.7 9.9 8.8 

1. Taken from USBR (1976). 
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determination it is reasonable to assume that the ground would be saturated 

prior to the precipitation event. Also, for the combination of rain on 

snow, the initial loss would be low. 

Probable Maximum Precipitation Runoff 

Direct runoff for the May and June general storms was estimated to be 5.4 

inches (82,500 acre-feet) and 5.6 inches (85,600 acre-feet), respectively. 

Three flood hydrographs were developed by applying the May and June direct 

runoff depths to the 2-hour unit hydrographs for each of the three 

sub-basins. The combination of the three precipitation runoff hydrographs 

resulted in May and June peaks of 37,300 cfs and 38,500 cfs, respectively. 

Maximized Snowmelt Flood 

Procedures for estimating the maximized snowmelt flood for the damsite 

involved the development of temperature-runoff correlations between 

accumulated daily temperatures and recorded snowmelt runoff volumes. 

Temperature data collected at Dixon, Wyoming for 1922-1976 were used to 

develop frequency curves for maximum accumulated daily temperatures of 1, 

5, 10, and lS-day durations. The maximized accumulated daily temperatures 

were determined by extending the frequency curves to the 1,000-year 

recurrence interval. Temperature and streamflow data for ten of the 

largest lS-day snowmelt events were selected from the record. A two-day 

lag was assumed between temperature at Dixon and the resulting runoff at 

the Savery Creek near Savery, Wyoming gage. Data used in developing the 

snowmelt flood are presented in Appendix l.b-S. 

The combination of the enveloping curve for the temperature-snowmelt 

relationship and the maximized accumulated daily temperatures resulted in 

maximized snowmelt depths for 1, 5, 10 and lS-day duratio~s. The maximized 

snowmelt volumes for Sandstone Damsite were obtained by multiplying the 

maximized depths by the drainage area above Sandstone Dam (287 square 

miles). The peak of the snowmelt flood at the damsite was estimated to be 

10,400 cfs and the maximum lS-day volume was 71,300 acre-feet. 
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Probable Maximum Flood 

The recommended PMF for Sandstone Reservoir is the combination of the 

maximized snowmelt flood and the PMP-induced flood. Since peak flows from 

snowmelt typically occur on Savery Creek near Savery between the last week 

of April and the first week in June, only the May PMP-induced flood was 

combined with the maximized snowmelt flood. Following USBR procedures, the 

PMP flood is superimposed to begin at the peak of the snowmelt flood, with 

the PMF resulting as the sum of the ordinates of both hydrographs. The PMF 

and its two component hydrographs are illustrated on Figure 11-6. The PMF 

hydrograph has a peak of 41,500 cfs and a volume of 153,800 acre-feet. 

Review of Previous Inflow Design Flood Studies 

Banner Associates, Inc. 

As part of the "Little Snake River Water Management Project, Substantiating 

Report, 1980" published by the Wyoming Water Development Commission, BAI 

developed a probable maximum flood hydrograph for the Sandstone Dam. The 

general storm PMF was developed from the data in USBR (1977) which shows 

the 24-hour PMP to be 7.29 inches. 

Using the runoff relationships given in USBR (1977) and a minimum retention 

loss of 0.20 inches per hour, BAI determined a direct runoff depth of 2.33 

inches. Triangular unit hydrographs were developed .. tor the three major 

drainage areas based upon the topographic characteristics of the basins. 

The combination of the direct runoff hydrographs for the three sub-basins 

resulted in a PMF hydrograph with an instantaneous peak of 44,650 cfs and a 

volume of 35,700 acre-feet. A snowmelt flood was not considered in the BAI 

study. 

U. S. Bureau of Reclamation 

The U. S . Bureau 

Sands tone Dam. 

of Reclamation computed a probable maximum flood for 

As presented in their Inflow Design Flood Study (USBR, 

1976) the PMF was a combination of a major snowmelt flood and the maximum 
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probable spring general 

immediately after the 

characteristics: 

storm 

peak 

Peak discharge 
Rainfall Volume 
Snowmelt volume 
Total 15-day volume 

flood, 

of the 

with the rainfall flood 

snowmelt, and had the 

21,100 cfs 
37,880 acre-feet 
57,200 acre-feet 
95,080 acre-feet 

occurring 

following 

The USBR assumed a constant retention rate of 0.20 inches per hour with no 

initial losses. The excess rainfall from the general storm PMP was 

calculated to be 2.42 inches. A unit hydrograph was developed for the entire 

basin from a dimensionless hydrograph for the Florida River near Hermosa, 

Colorado. The rainfall excesses were arranged in the most critical sequence 

and then applied to the unit hydrograph to determine the general storm PMF 

hydrograph. The resulting hydrograph had a peak of 18,850 cfs and a volume 

of 37,880 acre-feet. 

The USBR developed the 100-year snowmelt volume for the Savery Creek near 

Savery, Wyoming (092560) gaging station. Using the Log Pearson Type III 

frequency distribution, a 100-year, 15-day snowmelt volume of 53,600 

acre-feet was computed. However, a maximum 15-day volume of 58,600 acre-feet 

was measured at Savery Creek near Savery, Wyoming in 1952. Because this 

volume was greater than the predicted 100-year volume, the 1952 maximum 

15-day volume was used to model the snowmelt flood, after the volume was 

adjusted to 57,200 acre-feet to account for the difference in drainage area 

between the gaging station and the damsite. The adjusted volume was 

distributed according to the daily percentages of the 1952 maximum 15-day 

volume to obtain the snowmelt flood. The flood resulting from the PMP and 

the 1952 snowmelt flood was used as the probable maximum flood. 
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Fish Creek Dambreak 

Flood peaks associated with a fair weather breach of the proposed Fish 

Creek Dam were also estimated using the National Weather Service (NWS) 

DAMBRK model (National Weather Service, 1984) . A number of dam breach 

parameters were estimated for model input. Table II-8 shows typical ranges 

in values for these parameters as suggested by the NWS. A breach width of 

160 feet, breach side slopes of 0.0, and a failure time of 1 hour were the 

values used in the analysis. At the time of failure, the reservoir water 

surface was assumed to be at the spillway crest, elevation 7,815 feet. The 

resul ting Fish Creek dambreak outflow peak was estimated at 659,000 cfs. 

Routing the flood wave downstream, the DAMBRK model estimated a peak flow 

of 372,300 cfs at the Sandstone Damsite. The Fish Creek Dam failure 

hydrographs are shown in Appendix I. b-6. 

Flood Boundary Determination 

Sandstone Dam and Reservoir will affect the extent to which lands along 

Savery Creek downstream of the dam and along Little Snake River downstream 

from the mouth of Savery Creek are subj ect to flooding. Flood boundaries 

along Savery Creek and Little Snake River down to Baggs, for the lOO-year 

and Probable Maximum Flood at the damsite were ~stimated by routing 

techniques. To depict the effects of the dam and reservoir on flooding, 

flood boundaries prior to and following the construction of Sandstone Dam 

were determined. In addition, the flood boundaries along Savery Creek and 

Little Snake River due to a Sandstone Dam failure coincident with the PMF 

were estimated. 

Flood Routing 

To determine the attenuation effects of Savery Creek and Little Snake River 

upon the 100-year flood and the PMF, these flood events were routed from 

the Sandstone damsite to a point downstream of Baggs, Wyoming. The 

Muskingum method, as presented in the HEC-1 computer model (U.S. Army Corps 

of Engineers, 1981) was utilized for the routing. In the application of 

the Muskingum method, empirical values related to the attenuation 
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Table 11-8. 

Suggested Typical Ranges of Breach Parameters for the 

Failure of an Earth Dam1 

Parameter 

Breach Width at Bottom 

Side Slope of Breach 

Failure Time 

Pool Elevation at which 
failure begins 

Typical Range of Values 

1/2 to 4 times dam height 

o to 1 

0.5 to 4 hours 

1 to 5 feet above dam crest 

1. Taken from NWS DAMBRK Users Manual (February 1984). 
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characteristics of the river reach, denoted as X (a storage indicator) and 

K (a time-of-travel indicator), were derived from hydrographs of a May 1964 

flood event recorded at the Little Snake River near Dixon, Wyoming (092570) 

and the Little Snake River near Baggs, Wyoming (092597) gages. From the 

analysis, values of 0.2 and 28.8 hours for variables X and K, respectively, 

were calculated. The effects of stream and reservoir routing on the peak 

discharges and hydrograph shapes are shown in Appendix 1.b-7. 

The HEC-2 computer model (U. S. Army Corps of Engineers, 1982) for water 

surface profiles was used to determine 100-year flood and PMF water surface 

elevations along Savery Creek and Little Snake River. Cross-section data 

used in flood boundary determinations are presented in Appendix 1.b-B. 

Stream Channel Cross Sections 

Stream cross -sections for model input were developed from gaging station 

cross-section data and from USGS 7.5 minute topographic maps, with contour 

intervals ranging from 10 to 40 feet. The backwater effects due to the 

several bridges that cross Savery Creek and Little Snake River, as well as 

other local features such as buildings, dikes and other heavy vegetation, 

were not considered in the analyses. These features do not show up on the 

USGS Quadrangle sheets used for this study. 

100-Year Flood Boundaries 

For use in determining the extent of reduction of the flood boundaries due 

to Sandstone Reservoir, pre- and post-development 100-year flood flows 

immediately below the damsite were determined. The pre-development 

100-year hydrograph, with a peak discharge of 2,600 cfs was estimated using 

the 100-year peak discharge and the 1, 5, 10, and IS-day volumes presented 

in Table 11-4. To determine the post-development 100-year peak 

discharge and hydrograph, the pre-development hydrograph was routed through 

Sandstone Reservoir using the Modified PuIs method. The inflow peak 

discharge of 2,600 cfs was attenuated to an outflow peak of 2,200 cfs. 
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Both hydrographs were routed downstream to Baggs, Wyoming using the 

Muskingum method. The attenuation through the study reach of the pre- and 

post-development 100-year floods was determined. The pre-development flood 

peak was reduced from 2,600 cfs at the dams i te to 2,380 cfs at Baggs and 

the post-development peak attenuated from 2,200 cfs to 2,170 cfs. These 

values were determined assuming no inflow below the damsite. The 

attenuation would be the same with inflow considered, however it would be 

masked by the increase in flow in the downstream direction. 

For purposes of presenting the 100-year flood boundaries on Savery Creek 

and Little Snake River it was assumed that there was no increase in flow 

along Savery Creek and the inflow from the Little Snake River at the mouth 

of Savery Creek was 3,500 cfs which approximates a 2-year flood event on 

the Little Snake River at that point. Thus, the 100-year flood boundaries 

were calculated us ing flows of 2,600 cfs in Savery Creek and 6,100 cfs in 

the Little Snake River for the pre-development case, and flows of 2,200 cfs 

in Savery Creek and 5,700 cfs in Little Snake River for the 

post-development case. 

From these calculations, post development water surface elevations were 

estimated to range up to 1.3 feet lower than the pre-development 

elevations. The reduction in water levels is attributed to Sandstone 

Reservoir. The attenuation effects of the stream channels and flood plains 

upon the 100-year flood peaks (up to 1.3 feet) was le~s than the accuracy 

of cross -sections and could not be shown on USGS maps, therefore the 

unattenuated flood was used to determine the water surface elevations along 

the rivers. The HEC-2 program of the U.S. Army Corps of Engineers was used 

to calculate the water surface elevations. 

Using the water surface elevations calculated at each cross-section, 

100-year flood boundaries along Savery Creek and Little Snake River were 

plotted on USGS topographic maps. Due to the large contour intervals (10 

to 40 feet) of the maps, it was difficult to show two separate and distinct 

flood boundaries. Therefore, only one line is shown as the 100-year flood 

boundary in Appendix 1, Plates 1 and 2. 
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Probable Maximum Flood Boundaries 

Flood boundaries associated with the PMF were determined for the 

pre-development and the post-development cases. The difference represents 

the reduction in the PMF flood boundaries due to Sandstone Reservoir. 

Without Sandstone Dam, the PMF peak immediately below the damsite is 

estimated to be 41,500 cfs. To determine the post-development PMF peak and 

hydrograph, the PMF was routed through Sandstone Reservoir using the 

Modified PuIs procedure. The peak of the routed outflow hydrograph is 

35,600 cfs. By routing both hydrographs downstream to Baggs, Wyoming using 

the Muskingum method, the attenuation of the pre- and post-development PMF 

was estimated. The pre-development PMF peak is reduced from 41,500 at the 

dams i te to 36,350 cfs at Baggs and the post -development peak attenuated 

from 35,600 to 32,260 cfs. These values were determined assuming no inflow 

below the damsite. 

For the PMF event at the damsite a 100-year concurrent flood event was 

assumed to occur on the Little Snake River. A flow of 8,700 cfs 

approximates a 100-year flood event on the Little Snake River above Savery 

Creek. Thus flows used in the determination of the flood boundaries were 

41,500 cfs on Savery Creek and 50,200 cfs on Little Snake River for the 

pre-development case, and 35,600 cfs on Savery Creek and 44,300 cfs in 

Little Snake River for the post-development case. ~e analyses showed 

post-development water surface elevations to range up to 1.7 feet below the 

pre-development elevations. 

As with the 100-year flood boundaries, the stream attenuation upon the PMF 

events was not considered in computing the water surface elevations due to 

the minimal differences between the water surface elevations of the 

attenuated versus the unattenuated floods. Using the water surface 

elevations calculated at each cross-section, PMF boundaries along Savery 

Creek and Little Snake River were plotted on USGS topographic maps. Due to 

the large contour intervals (10 to 40 feet) of the map, it was difficult to 

show two separate and distinct flood boundaries. Therefore, only one line 
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is shown as the PMF boundary on Plates 1 and 2 in Appendix I. The pre- and 

post-development PMF levels are also shown on the cross-section at Baggs 

(Figure 11-7). 

Sandstone Dambreak 

A study was conducted to ,evaluate the incremental change in the flood 

boundary in downstream areas caused by the PMF flood routed through the 

Sandstone Reservoir and a case of a hypothetical dambreak due to the PMF 

with the spillway for Sandstone Dam sized to handle one-half of the PMF. 

Flood boundaries along Savery Creek and Little Snake River were estimated 

using the NWS DAMBRK computer model. DA~1BRK simulates the failure of a 

dam, computes the resultant outflow hydrograph and simulates movement of 

the dambreak flood wave through the downstream river valley using unsteady 

flow equations. 

The breach parameters used were within the range of typical values 

suggested by the NWS (Table 11-8). For the Sandstone dambreak analysis, a 

breach width of 200 feet (about 1 times the dam height), breach side slope 

of 0.0, a failure time of 1 hour, and a pool elevation of 6959.0 feet (1 

foot above dam crest) at failure time were the values used. The reservoir 

water surface elevation was assumed to be at 6,932 feet (NHWL) prior to the 

start of the PMF. The resulting Sandstone dambreak outflow peak was 

estimated to be 1,210,000 cfs in the stream reach below t~~ dam. 

Using the DAMBRK model, the DAMBRK flood wave was routed downstream through 

the river valley. The routed flood peak at Baggs, Wyoming was estimated to 

be 630,000 cfs, with' a flow depth of approximately 37 feet. The flood 

boundaries due to a Sandstone Dam failure are plotted on Plates 1 and 2 of 

Appendix I. Because the magnitude of a flood at Baggs due to failure of 

Sandstone Dam far exceeds the PMF, and because the incremental damages 

caused by increased flow would exceed the savings in cost resulting from a 

smaller spillway, sizing the emergency spillway to handle the PMF is 

recommended. 
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E. RESERVOIR SIZING 

Sandstone Reservoir was sized by BAI in 1980 using mass curve techniques. 

Their analysis determined the optimum reservoir capacity for the Sandstone 

site was 52,040 acre-feet (BAI, 1980). 

In 1984, reservoir operation studies were prepared by WWC for five 

identified reservoir sites in the Little Snake River Basin for the purpose 

of selecting the desired alternative for further investigation. The 

operation study for Sandstone Reservoir confirmed that a 52,000 acre-foot 

capacity was appropriate, hydrologically, for the irrigation and industrial 

demand scenarios modeled. The model simulated reservoir operations over a 

43 year period of record using several different reservoir capacities and a 

capacity-yield curve was developed. The operating criteria used in the 

1984 study were different from those used herein with the main difference 

being the current use of a recreation pool. The capacity-yield curve 

developed from the 1984 study is shown on Figure 11-8. Incremental gains 

in yield decrease markedly with increases in capacity above a total 

reservoir capacity of about 52,000 acre-feet. The 52,000 acre-foot 

Sandstone Reservoir was chosen for that part of the preferred development 

plan for the LSRWMP as a result of this analysis (SWEC, 1984). 

In 1986 after more definite operating criteria had been accepted by WWDC, 

additional model runs were made using various reservoir sizes to determine 

if the 52,000 acre-foot capacity was still appropriate. The capacity-yield 

curve showed no well defined change in slope, but neither did it contradict 

the choice of the 52,000 acre-foot size. The yield for the 52,000 

acre-foot size using current operating criteria is shown on the curve on 

Figure 11-8. 

To refine the choice of reservoir capacity, agricultural, municipal, and 

industrial demands within the Little Snake River area were established by 

the WWDC and the appropriate reservoir size that would provide yields to 

meet the defined demands was determined. It was estimated that any 

industry that might be interested in water from Sandstone Reservoir would 
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require at least 20,000 acre-feet. 

at Ba¥gs were not considered to 

computation of reservoir yield. 

permitted. 

Industrial diversions from natural flow 

be part of the 20,000 acre-feet for 

No shortage in industrial supply was 

Agricultural demands were defined by the WWDC to be for those lands having 

a currently valid Wyoming water right. Prior to storage in the reservoir 2 

cfs per 70 acres of land with a water right were provided. Releases from 

the reservoir were limited to providing a supplemental supply equal to 0.5 

cfs per 70 acres to all lands with Wyoming water rights. The reservoir was 

operated to provide that minimum supply with only one small shortage. The 

average annual release was 12,000 acre-feet. 

WWDC estimated that the municipalities of Dixon and Baggs might require a 

supplemental supply of 200 acre-feet per year. These municipalities in the 

Little Snake River Basin would require the additional water in equal 

increments during the months of July, August, and September when water use 

is greatest. 

Sandstone Reservoir operation studies for each scenario were run at various 

capacities to find the smallest capacity which would provide the required 

yields as well as meet the minimum flow and minimum pool requirements. The 

52,000 acre-foot capacity was the minimum capacity which would provide the 

required yields, therefore, this size was maintained for the final 

operation studies. 

F. RESERVOIR OPERATION STUDIES 

A computerized reservoir operation model was developed and used for the 

reservoir operation studies for Sandstone Reservoir. The model is a 

subroutine in the USBR generalized operation model OPSTUDY. 

The model includes the proposed Sandstone Reservoir, Savery Creek from the 

dam to its mouth and the Little Snake River downstream to the town of 

Baggs. Operating criteria, assumptions, and data utilized in the model are 

summarized below. A more detailed discussion of the model and its 
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flexibility to accommodate other criteria is included in Appendix I. c-1. 

Data used in the model, including reservoir evaporation, agricultural water 

rights, and crop consumptive use are presented in Appendix I.c-2. 

1. Reservoir Capacity and Storage Allocation 

Sandstone Reservoir was operated with a total storage capacity (after 

50-year of sediment deposition) of 52,000 acre-feet at a NHWL of 6,932 

feet. Dead storage (below the lowest outlet) was 100 acre-feet. A minimum 

pool for recreation was specified to be 20 percent of total capacity or 

10,400 acre-feet. Storage was also allocated to Municipal and Industrial 

(M & I) uses and for agricultural purposes. 

2. Agricultural Water Requirements 

Water rights for the Little Snake River Basin were tabulated by Wright 

Water Engineers (WWE) for the Wyoming Attorney General's Office (1983) and 

used in the Black and Veatch (BV) 1984 Water Supply Needs Assessment. The 

WWE tabulations of Wyoming water rights were reviewed using records of the 

Wyoming Board of Control and the Wyoming State Engineer's Office. The WWE 
tabulations of Colorado water rights were checked as far as possible using 

tabulations of prepared by the Colorado District Engineer in Steamboat 

Springs, Colorado. Recently filed Colorado water rights listed in the WWE 

tabulations were assumed to be correct. This same metho~ology was used in 

the Water Supply Needs Assessment for the Little Snake River Basin (B. V. , 

1984) . Appendix I. c-2 Table I. c-2-2 shows the water rights used in the 

study. 

Water. rights below the Sandstone Reservoir site were totaled for the 

purpose of determining bypasses and demands for the reservoir. Wyoming 

rights were assumed to divert their entire legal entitlement under Wyoming 

water law. This entitlement provides that all rights prior to 1985 may 

receive 2 cfs per 70 acres befor.e water rights with priority dates later 

than 1985 (including Sandstone Reservoir) are entitled to receive any 

water. Thus, no storage is permitted in Sandstone Reservoir unless all 

current Wyoming water rights are receiving 2 cfs per 70 acres and all 
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Colorado rights are satisfied. Colorado rights were assumed to be entitled 

to the amount shown in the District Engineer's tabulations. Wyoming water 

right acreages used were as follows: 

Savery Creek 
Main Stem Little Snake River 

above Savery Creek 
Main Stem Little Snake River 

(Savery Cr. to Trowel Ditch) 
Main Stem Little Snake River 

(Trowel Ditch to State Line) 

5,432.7 acres 

480.3 acres 

13,555.92 acres 

1,577.0 acres 

The assumption was made that all valid Wyoming water rights should be 

included in the above totals. The Wyoming rights that irrigate lands in 

Colorado are regulated under Wyoming law, and the acreage in Colorado is 

included in the above figures. 

Colorado water rights have not always been issued for a specific flow rate 

per acre. Therefore, Colorado water rights included in the model were 

entered at their adjudicated flow rates. Colorado water right totals used 

in the model are: 

S later Creek 5.16 cfs 
Main Stem Little Snake River 

above Slater Creek 91.53 cfs 
Main Stem Little Snake River 

(Slater Cr. to Savery Creek) 1.60 cfs 
Main Stem Little Snake River 

(Savery Creek to Trowel Ditch) 11.9.2· cfs 
Main Stem Little Snake River 

(Trowel Ditch to Yampa River) 158.34 cfs 
(+ Conditional) 155.00 cfs 
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The irrigation season was considered to be April 26th through September 

30th of each year. This season corresponds with the average growing season 

for grass and alfalfa at the Dixon weather station. Consumptive use 

demands in October are assumed to be met by soil moisture stored during the 

irrigation season. 

A return flow analysis was conducted on Savery Creek and the main stem of 

the Little Snake River to estimate which water rights might be satisfied by 

return flows. Consumptive use on the lands under the ditches was assumed 

to be the amount shown in Report No. 5 of the Wyoming Water Planning 

Program (Trelease, et al. 1970) for grass, hay, and pasture at Dixon, 

Wyoming as shown in Appendix I. c-2 Table I. c-2-3. Losses, including 

seepage losses, evaporation losses, and incidental consumptive use, for the 

purpose of this preliminary study were assumed from experience to be 

fifteen percent of the total amount diverted. Return flows were estimated 

to be the diversion minus consumptive use and losses. Fifty percent of the 

return flow was assumed to return in the same month as the diversion with 

30 percent returning in the following month and 20 percent returning in the 

second month following. 

The ditches along Savery Creek from which return flow would be to Savery 

Creek were determined from maps prepared by WWDC. The return flows were 

used to reduce the monthly irrigation season diversion requirements from 

Savery Creek. 

The same methodology was used on the main stem of the Little Snake River to 

locate a cutoff point downstream of which return flows would meet the 

diversion requirements. An assumed diversion of one cfs per seventy acres 

for all Wyoming rights resulted in the cutoff point being located just 

above the Trowel Ditch diversion (below Baggs). One cfs per seventy acres 

was used throughout the year even through the diversions in the Spring 

would be two cfs. This assumption should make the results conservative. 

Water rights for the Trowel Ditch and those downstream therefrom were 

assumed to place no demand on the flows at the reservoir or on reservoir 
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releases. An example return flow calculation is shown in Appendix I. c-2 

Table I.c-2-4. 

Bypasses were made from the reservoir for senior water rights downstream. 

The reservoir operation model first checks to see if water rights on Savery 

Creek are being met, by inflow to the stream below the reservoir. Any 

additional amount of water needed to meet prior rights is quantified or set 

equal to zero if the inflow is meeting those rights. The model then checks 

to see if the rights on the main stem of Little Snake River are being met 

by inflow needs of Savery Creek water-users. The amount needed to meet 

rights on the main stem is then quantified or set equal to zero if they are 

being met by other inflows. The total amount needed to meet senior rights 

below the reservoir is obtained by adding the amount needed on the stream 

below the reservoir and on the main stem below the reservoir. This number 

is compared with the reservoir inflow to see if the inflow can meet the 

requirements. Bypasses are made, as needed, up to the total amount of 

reservoir inflow. Bypasses for senior rights cannot exceed the inflow to 

the reservoir. 

The agricultural supplemental water requirements were established as a 

function of water rights rather than consumptive use. The WWDC concluded 

that the reservoir should be used to supplement natural and return flows, 

such that all lands, with Wyoming water rights would receive at least 0.5 

cfs per 70 acres. 

Irrigation releases required from storage are estimated to be that which 

would supply the total acreage of land with Wyoming water rights, 0.5 cfs 

per 70 acres including natural inflow from other sources. It was 

cons idered that the reservoir would be a Wyoming reservoir and would not 

store water for Colorado water rights. Irrigation water is released only 

during the irrigation season of April 26th through September 30th of 

each year. Supplemental irrigation releases from storage are the lowest 

priority releases in the reservoir operation model. 

Industrial water is released year-round in order to supply the demand at a 

constant rate recognizing that the diversion will take place at Baggs. 
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Municipal water is released at an equal rate during July, August and 

September. 

3. 1nstream Flows For Fishery 

The Wyoming Game and Fish (WGF) Department requested that flows below 

Sandstone Reservoir be not less than 24 cfs at any time. Since the natural 

flow of Savery Creek is below 24 cfs at times, meeting this request entails 

releasing water from storage whenever the natural flow is insufficient. 

4. Operation Criteria 

The Sandstone Reservoir operation model was run using several different 

operating scenarios during 1984 and 1985 for the purpose of aiding the 

selection of reservoir capacity and recommended criteria. 

summaries of these runs are included in Appendix 

Descriptions and 

I. Yields for 

agricul tural, municipal, and industrial users were determined under each 

scenario in order to find the operation which provided the maximum yield 

for each user group without violating operating criteria. The operating 

criteria for the reservoir were based on requirements of each type of user, 

including fisheries and recreation. 

As a result of these studies, four major operating criteria have been 

selected for use in the operation studies presented in this study. They 

are as fo llows : 

• The specified minimum pool of 10,400 acre-feet (20% total 

capacity) for recreation must be available an average of 9 out 

of 10 years (90th percentile probability). 

• The specified supplemental irrigation demand of 0.5 cfs/70 acres 

must be met in at least 8 out of 10 years (80th percentile 

probability). 
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• Industrial demands should be met 100 percent of the time . 

• Municipal demands should be met 100 percent of the time . 

If the recreation pool is violated it is refilled as a first priority 

otherwise the M & I pool fills first from inflows to the reservoir. 

Additional storage during any water year is used to fill the remaining 

storage space which is allocated to agricultural use. The statutory 

one-fill limitation was not followed because there are no Wyoming water 

right holders who would be~efit and because it resulted in a waste of about 

30,000 acre-feet of water annually. 

The pre-industrial use scenario was modelled in run number 29. The 

criteria for this run are summarized in Table 11-9 and the results are 

summarized in Table 11-10. 'Output from run number 29 is included in 

Appendix I. c-5. 

Run number 29 shows the results of providing 0.5 cfs per 70 acres minimum 

supplemental irrigation demand during the years before there is a demand 

for municipal and industrial supplies. Natural flow was bypassed through 

the reservoir to provide, along with inflows below the dam, 2 cfs per 70 

acres of pre-1985 priority irrigation water rights in Wyoming. 

Minimum flows below the dam were set at 24 cfs and were met using both 
(' 

natural flow bypasses and storage releases. The one-fill limitation was 

not imposed upon the reservoir and seepage and bank storage effects on 

reservoir storage were not calculated. 

Run number 29 resulted in no shortages to municipal or industrial demands. 

The reservoir also was not drawn down to the minimum pool during the period 

of record. Spills occurred in 37 of the 43 years of the study and averaged 

21,000 acre-feet during those 37 years. The results of run number 29 show 

that the 0.5 cfs per 70 acre minimum supplemental irrigation supply can be 

met with no shortages during the years before industrial and municipal 

demands materialize. 
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The post-industrial use scenario was modelled in run number 33. The 

criteria for this run are also summarized in Table 11-9 and the results are 

summarized in Table II -10. Output from run number 33 is included in 

Appendix I. c-S. 
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Table 11-9. 

Sandstone Reservoir Operation Model - Summary of Operating Criteria 

Run Number 

Parameter 29 33 

Maximum Capacity Cac-ft) 52,000 52,000 

Minimum Capacity Cac-ft) 100 100 

M & I Pool Cac-ft) 0 20,000 

Irrigation Bypass Requirements 2 cfs/70 ac 2 cfs/70 ac 

Minimum Flow for Fish 24 cfs 24 cfs 

Industrial Demand Cac-ft) 0 20,000 

Municipal Demand Cac-ft) 0 200 

Supplemental Irrigation 
Demand 0.5 cfs/70 ac 0.5 cfs/70 ac 

One-Fill Limitation? No No 

Trans-mountain Diversion? No No 

Industrial Diversion Point N/A Baggs 

Reservoir Seepage Accounted For? No No 

Industrial Use of Natural 
Flow Permitted? N/A No 

Industrial Right Prior to 
Reservoir Right? N/A No 
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Table 11-10. 

Sandstone Reservoir Operation Model - Summary of Operational Results. 

Item 

Average Reservoir Inflow 
Cae-ft) 

Average Irrigation Bypass 
Cae-ft) 

Average Minimum Fish Flow 
Bypass Cae-ft) 

Average Fish Flow Release 
From Storage Cae-ft) 

Average Irrigation Demand 
Cae-ft) 

Average Irrigation Shortage 
When Short Cae-ft) 

Number of Years of Irrigation 
Shortage 

Average Municipal Shortage 
When Short Cae-ft) 

Number of Years Municipal 
Shortage 

Average Industrial Shortage 
When Short Cae-ft) 

Number of Years Industrial 
Shortage 

Average Fill Limit Bypass 
Cae-ft) 

Average Spill 
Cae-ft) 

Number of Years of Spill 
Number of Years in the 

Minimum Pool - Total 
Number of Years in the 

Minimum Pool - to 20% 
Number of Years in the 

Minimum Pool - 90% 
Average Reservoir Yield 

Cae-ft) 
Average Irrigation Yield 

Cae-ft) 
Average M & I Yield 

Cae-ft) 

29 

68,100 

6,250 

8,000 

450 

12,000 

o 

o 

o 

o 

o 

o 

o 

20,400 
38 

o 

o 

o 

12,000 

12,000 

o 

11-48 

Run Number 

33 

68,100 

6,250 

5,800 

o 

12,000 

60 

1 

o 

o 

o 

o 

o 

18,500 
30 

3 

1 

2 

32,100 

11,900 

20,200 



Run number 33 is a model of Sandstone Reservoir operation after municipal 

and industrial demands become established. Industrial water supply, from 

reservoir releases has been maximized while meeting the operating 

criteria. Bypasses of natural flow through the reservoir provided, along 

with inflows below the dam, 2 cfs per 70 acres for pre-1985 priority 

irrigation water rights. Supplemental irrigation demand on the reservoir 

was set at 0.5 cfs per 70 acres of land with Wyoming water rights. Minimum 

flows below the dam were 24 cfs and were met using natural flow and 

releases from storage. The one-fill limitation was not imposed upon the 

reservoir and seepage and bank storage effects on reservoir storage were 

not calculated. It was assumed that water delivered from the reservoir to 

meet industrial demands would be released into Savery Creek and diverted 

from the Little Snake River at Baggs. 

An industrial demand of 20,000 acre- feet can be met at all times from 

reservoir releases. 

33. This is well 

operating criteria. 

study. 

One year of irrigation shortage occurred in run number 

above the 80th percentile supply required by the 

There were no municipal shortages during the period of 

The recreation pool was violated three times during the study period. 

Twice the reservoir was drawn down to about 1000 acre-feet and once it was 

drawn down to 8000 acre-feet. Storage in the minimum pool was therefore 

intact for more than an average of 9 out of 10 years as required by the 

operating criteria. 

Appendix I. c-6 presents a copy of the FORTRAN program written to model 

Sandstone Reservoir operations. This appendix includes only the COMPUTE 

subroutine and OPSTUDY data file which are specific to this project. The 

OPSTUDY driver program is not listed. 
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III. GEOTECHNICAL INVESTIGATIONS 

A. SITE INVESTIGATIONS 

, . Previous Investigations 

The United States Bureau of Reclamation (USBR) began investigating the 

Sandstone dam site in 1974 and stopped their site work in 1976 when federal 

funding ended. The partially completed investigations by USBR, published 

in a report dated 1977, titled Savery-Pothook Project Definite Plan Report, 

included: dam foundation explorations with 6 drill holes along the dam 

axis contemplated at that time; evaluation of reservoir borrow areas with 

10 test pits and auger holes; preparation of an earthquake epicenter map; 

and performance of laboratory tests on foundation rock core and soil borrow 

samples. Drill hole explorations at the dam site included field 

permeability tests and installation of observation wells. Data gathered by 

the USBR is included in Appendix II. 

The Wyoming Water Development Commission (wwnC) selected Banner Associates, 

Inc. of Laramie and Cheyenne, Wyoming to conduct a feasibility study of the 

Little Snake River Water Management Project in 1980. The Sandstone Dam 

site was a part of this study. The November 1980 Substantiating Report by 

Banner Associates, Inc. discussed the feasibility of the dam site from a 

geotechnical point of view, including the geology and seismicity of the 

area. 

Stone and Webster Engineering Corporation (SWEC) of Denver, Colorado 

prepared a Technica 1 Summary Report for wwnc in November 1984, which in 

part discussed geotechnical aspects of the Sandstone Dam site. Dr. Ralph 

Peck, an internationally recognized expert in the area of embankment dams 

and geotechnical engineering, reviewed these aspects. No additional field 

explorations were performed for the report other than site reconnaissance. 
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2. Current Investigations 

In 1985, the WWDC selected SWEC to prepare a conceptual design report for 

the proposed Sandstone darn and reservoir. Geotechnical investigations for 

this report supplemented past investigations and included: 1) review and 

evaluation of regional and site specific geology; 2) study of the 

seismicity of the site; 3) subsurface exploration program for the dam site, 

reservoir borrow areas, reservoir lands lides, and fault traces; and 4) 

laboratory tests on selected samples for evaluating the dam foundation, 

borrow materials, and landslide materials. 

The subsurface explorations for this report included: 1. 4 boreholes, 4 

test pits and 5 seismic refraction traverses in the dam foundation area; 

2. 1 borehole in the spillway area high on the left abutment at the dam 

site; 3. 50 test pits and 3 seismic refraction traverses in the reservoir 

borrow areas; 4. 2 boreholes in the Savery Creek landslide area; and 5. 1 

test trench in the fault trace downstream of the darn site. The major 

lands lides in the area were also monitored by means of surface monuments 

and an inclinometer installed in borehole SB-7. 

Geotechnical field investigations for this report began in June, 1985 and 

were completed in September, 1986. Information gathered from the 

investigations is presented in Appendix II. 

B. REGIONAL GEOLOGY 

This section summarizes the physiographic, stratigraphic and structural 

geologic conditions of the region surrounding the site. The regional 

geology is illustrated by Figure III-lA & B. 

1 . Physiography 

The Sandstone site is located in a transitional area between two major 

physiographic provinces, the Wyoming Basins province to the west of the 

site and the Southern Rocky Mountain province to the east. In the 
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immediate vicinity of the project, the Wyoming Basins province includes the 

Washakie Basin, which lies to the west of the site, the Sand Wash Basin to 

the south in Colorado, and the Great Divide Basin/Red Desert area to the 

north and northwest. The Southern Rocky Mountain province is represented 

by the Sierra Madre mountain range, which lies east of the site. 

The Sierra Madre range contains landforms typical of Alpine-type mountain 

terrain. The continental divide passes through this range and the rugged 

mountain landforms give way westward to dissected pediments, which in turn 

blend into the subdued topography of the basin areas. The project site 

lies in an area characterized by dissected pediments and is described in 

Section III.F. Elevations range from 11,000 + feet at summits in the 

Sierra Madre mountains to about 6,000 feet in the basin terrain. Incised 

drainage patterns are generally to the southwest and west in the vicinity 

of the site. 

2. Stratigraphy 

The bedrock of the site region can be grouped into two general 

subdivisions: the sedimentary deposits of the Little Snake River drainage 

area (including the project site area and the Washakie Basin) and the 

Pre-Cambrian igneous and meta-sedimentary rocks of the Sierra Madre range 

east of the site. 

The sedimentary rock formations above the Pre-Cambrian rock in the basin 

areas consist of conglomerates, sandstones, shales (siltstones and 

claystones are included in this category), mudstones, and occasional 

marlstones. Thin, highly carbonaceous shale to sub-bituminous coal 

deposits occur, particularly within formations of Cretaceous age. The 

sedimentary rock formations range up to 16, OOO± feet in thickness near 

Baggs, Wyoming, about 18 miles south-southwest of the project site. The 

age of the formations varies from Cambrian to Miocene (600 million to 14 

million years old). 
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The Late Cretaceous age rock formations (78 to 82 million years old) to 

Recent aged deposits are of primary interest at the project site and are 

discussed in more detail below. 

The Cretaceous age Steele Shale Formation, consisting primarily of 

fossiliferous marine siltstone and claystone shales, is nonresistant to 

erosion, is subject to landslides, and commonly forms broad areas of low 

relief. It is generally poorly exposed, but the upper part outcrops where 

protected by the cliff-forming sandstone of the overlying Haystack Mountain 

Formation. In the northwestern part of the Laramie Basin, the upper part 

of the Steele Shale includes several persistent bentonite beds. The 

Cretaceous sea generally retreated eastward across Wyoming after the Steele 

Shale was depos i ted but was interrupted by temporary westward advances. 

Thus the contact of the Steele Shale with the overlying Haystack Mountain 

Formation is conformable and transitional with the upper part becoming 

-increasingly sandy upward until it merges with the sandstone in the 

overlying Mesa Verde Group. The Steele Shale is reported to be about 2,400 

feet thick 11 miles northeast of Rawlins and about 3,800 feet thick 22 

miles farther south. This thickness change results from a stratigraphic 

rise in the Steele Shale-Haystack Mountain contact. 

The Cretaceous age Mesa Verde Group overlying the Steele Shale is divided 

into the following formations in ascending order: Haystack Mountain 

(lower, middle and upper parts), Allen Ridge, Pine Ridge Sandstone and 

Almond Formations. Only the Haystack Mountain and Allen Ridge Formations 

outcrop at the project site and are discussed below. 

The Haystack Mountain Formation, consisting primarily of slightly 

fossiliferous shallow water marine sandstones with deeper water marine 

siltstone and claystone shale interbeds, contains two major cliff-forming 

sandstone members called Hatfield (lower part) and Savery Creek (middle 

part) Sandstone. Other parts of the formation are exposed at the project 

site where recent landslide scarps or active stream erosion have removed 

alluvial and colluvial materials that normally mantle the bedrock. 

Scattered turbidite deposits can be found in the formation locally, where 

turbid water currents eroded and deposited intermixed sands and silts in a 
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random fashion. The basal sandstones grade eastward into shales and 

intertongue with the Steele Shale Formation. The contact of the Haystack 

Mountain Formation with the overlying Allen Ridge Formation is sharp and 

conformable. It is generally located by a change from marine sandstone to 

carbonaceous shale or coal. The upper part of the Haystack Mountain 

Formation may locally contain a few beds of carbonaceous shale, but the 

lower part of the Allen Ridge Formation does not contain beds of marine 

sandstone. The Haystack Mountain Formation is less than 600 feet thick 

locally, with a portion of the formation truncated by Post-Cretaceous 

erosion on the east side of Savery Creek valley. 

The Allen Ridge Formation, consisting primarily of brackish-water or 

fluvial sandstones and shales, is a widespread and distinctive unit that 

can be recognized throughout much of south-central Wyoming. However, it 

has also been locally truncated by Post Cretaceous erosion and outcrops 

only along the west side of the Savery Creek valley and on the east side 

near the mouth of Big Sandstone Creek. Maximum thickness locally is 

estimated to be a few hundred feet. 

The Tertiary age (Miocene) Browns Park Formation, consisting primarily of 

continental deposits of subangular to subrounded boulders, cobbles, and 

gravels embedded in sandstone and volcanic ash, unconformably overlies all 

the older formations with which it is in contact. It blankets the 

topographically higher broad uplands so that the older formations are 

exposed only along incised drainage paths such as the Savery Creek valley 

at the project site. The Browns Park formation was deposited during and 

after the period of maximum uplift of the Sierra Madre Mountains and ranges 

up to 1,800 feet thick. The sediments generally are sufficiently permeable 

to allow free movement of water and numerous domestic and stockwells have 

been developed in the formation. 

The Quaternary age deposits, consisting primarily of transported soils 

mantling the bedrock surface, include alluvium (fans, terraces and stream 

beds), colluvium, landslide and glacial deposits. The glacial deposits are 

located east of the project site, and may be masked locally by more recent 
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soil deposits. The ancient landslides in the area are mainly located along 

the east and south valley walls of local drainages. where the Steele Shale 

outcrops. These ancient lands lide movements are believed to have started 

at the end of the Ice age some 10,000 years ago when water from melting ice 

scoured the valleys and wetter climatic conditions prevailed. The slide 

movement appears to continue into the present. Small surficial soil 

movement can also be seen in several places in the reservoir area. 

3. Structure 

The long geologic history of subsidence and more or less continuous 

deposition in the region came to a close in Late Cretaceous time. The 

Laramide revolution, a major mountain-making geologic disturbance, began 

during Late Cretaceous and ended during Early Tertiary time, elevating 

western Wyoming above sea level. The disturbance and uplift formed the 

Sierra Madre-Park anticline about 16 miles northeast of the site, which 

trends northwest and dips northeastward into the Saratoga basin and 

southwestward into the Little Snake River drainage. 

A less dominant structural feature in the region is the Cherokee Ridge 

Anticline about 9 miles south of the site. This anticline is considered to 

be a westward extension of the Sierra Madre Mountain uplift and extends 

along the Colorado-Wyoming border to the southeast margin of the Washakie 

Basin. The anticline dips southward into the Sand Wash Basin and northward 

toward the site and is believed to be the east end of a broad west-plunging 

feature. Volcanic material from the Elkhead Mountain events has been 

deposited on, intruded into, and extruded upon the south flank of the 

Cherokee Ridge Anticline, such as the igneous rock deposits at the Pot Hook 

site east of Savery, Wyoming. 

Faults in the vicinity of the site trend from N 80° W to N 50° E and are 

thought to be related to these Late Cretaceous to Early Tertiary anticline 

features. There has been no evidence to date of fault movements since 

Miocene time (14 million years ago) and existing faults are considered to 

have low susceptibility to earthquake movements. Faults are discussed in 

more detail in Section III.D. under Seismicity. 
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The near-horizontal, southwestwardly dip of the sedimentary rock formations 

in the vicinity of the site, the Tertiary sedimentary deposits, and the 

incised drainage patterns in the uplifted pediments are related mainly to 

the Sierra Madre uplift to the east. The conformable Late Cretaceous 

sedimentary rock formations locally dip about 2° to 3° to the southwest at 

the damsite. The beds appear to become steeper to the north and west of 

the damsite with beds dipping about 4° to 7° to the southwest at the upper 

end of the reservoir area. The angularly unconformable contact of the 

Tertiary Browns Park Formation with older formations is relatively level or 

dipping slightly eastward. 

c. SITE GEOLOGY 

1. Reservoir Geology 

The valleys of the upper reaches of Savery Creek and its easterly 

tributaries, in which the proposed reservoir would be located, are eroded 

through the Browns Park and Mesa Verde Group, and into the Steele Shale 

Formation as shown on Figure III -2. The most prominent valley features 

pertinent to the reservoir are the Quaternary-age lands lides occurring in 

the Steele Shale Formation. These ancient landslides, discussed in more 

detail below, were likely activated in post-glacial time and are contInuing 

to move in recent time as evidenced by displaced streams and fresh scarps. 

The major landslides in the vicinity of the reservoir include one slide on 

the east side of Savery Creek downstream of the mouth of Hell Canyon and 

one slide at the upper end of the reservoir on Big Sandstone Creek. A 

cross ssection through the slide along Savery Creek is shown on Figure 

III -3 and located on Figure III -4. The reservoir would inundate only the 

lower margins of these landslides when the reservoir is at maximum 

capacity. These ancient landslides appear to have moved translationally on 

bedding planes with the primary direction of movement to the southwest, 

roughly parallel to the dip of bedding planes of the sedimentary rock, and 

a secondary direction of movement to the northwest along steeper north 

facing slopes. A localized section of the Big Sandstone landslide appears 

to include part of a south facing slope slide that moved southeastward. 
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Major landslides also occur on both sides of Savery Creek upstream of the 

reservoir area, where the Steele Shale Formation outcrops, but should not 

have any effect on the reservoir other than sedimentation from upstream 

erosion that will continue as in times past. Smaller landslides, typically 

surficial sloughing involving a few feet of soil material, are also found 

along Savery Creek and its tributaries generally in locally steep areas. 

The large landslides in the vicinity of the reservoir are thought to have 

been triggered by rapid erosion of the stream valleys at the end of the 

last glacial period roughly 10,000 years ago. At that time the erosion was 

accelerated by large flows of melt-water from glaciers nearer the Sierra 

Madres. At the same time, the abundance of water would have been reflected 

in higher ground water tables and uplift pressures beneath the sliding 

material. 

Other Quaternary age deposits mantling valley drainage areas within or 

above reservoir level include alluvium and colluvium. The alluvium is 

exposed in localized fans and terraces along the valley walls and in the 

stream beds. It generally contains clean to clayey and silty sands, 

gravels, and cobbles. The larger rock sizes are derived from the highly 

erosion resistant components of the Browns Park conglomerate. The 

colluvium mantles the base of valley walls between the alluvial fans and 

consists of material similar to the alluvium except it is more clayey and 

may contain boulder-sized blocks of sandstone. 

Alluvial deposits in the valleys are believed to be generally less than 20 

ft. thick, with a near-surface water table. Alluvial fan and colluvial 

deposits along the west side of Savery Creek valley appear to have deep 

water table conditions. The maximum depth of these soil deposits may 

approach 90 feet, but the lateral extent of the deposits toward the valley 

is small as they rapidly thin out at the base of the slopes. Incised 

ephemeral stream beds have formed on the alluvial fans. These stream beds 

were dry during 1985 field investigations. 

Several unnamed faults were reported to be present in the reservoir area 

including two faults crossing the Big and Little Sandstone drainages and 

one fault originally shown as terminating on the west side of Savery Creek 

111-8 



across from the landslide. The fault on the west side of Savery Creek is 

now believed to extend across the valley into the vicinity of the canyon 

south of Hell Canyon based on the difference in elevation of the Savery 

Creek and Hatfield Sandstone members on opposite sides of the unnamed 

canyon. The presence of these older faults, thought to be of Late 

Cretaceous age or younger, may have contributed to the relatively recent 

landslides in that the fault lines disrupt drainage of the more pervious 

southwest dipping sandstone beds and may cause pore pressures to build up 

on the eastward side of the fault. This may have occurred in the Big 

Sandstone Creek slide. The fault locations are shown on Figure 111-2 and 

discussed in more detail in Section III.D. 

2. Dam Site Geology 

The Sandstone dam site is underlain by relatively flat-lying sedimentary 

bedrock consisting entirely of the upper and middle parts of the Haystack 

Mountain Formation mantled by alluvial and colluvial soils. Bedrock 

outcrops along most of the steep-sided right abutment, in two existing road 

cuts on the left abutment near or below the proposed high water level, and 

also along the steep-sided base of the left abutment in the valley bottom. 

The left abutment is a predominant bedrock ridge that extends into the 

valley. It appears to be related to outcropping of the cliff-forming 

Savery Creek sandstone member. In addition, sediment and stream hydraulics 

from Little Sandstone Creek protect the abutment by forcing Savery Creek 

over to the right side of the valley in the damsite area. Geologic cross 

sections of the dam site are located on Figure 111-5 and shown on Figures 

111-6 and 111-7. 

The soil overburden above bedrock is estimated to be about 10 to 25 feet 

thick in the present valley bottom. Subdued more resistant sandstone 

ledges are expected to be present on the abutments, beneath the areas 

covered by soil overburden, such that the soils should be variable in 

thickness at the base of the right abutment and on the left abutment above 

the valley bottom. Maximum thickness may be on the order of 50 feet. The 

soils consist of alluvial terrace, fan and stream deposits of 
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clean to 

deposits. 

clayey and silty sands, gravels and cobbles, and colluvial 

The colluvium consists of highly compressible silty clays eroded 

from clayey siltstones on the left abutment, and variable density clay to 

boulder sized material at the base of the right abutment. An alluvial fan 

with clay to cobble sized material is also located at the base of the steep 

right abutment below a small drainage along the proposed dam axis. The 

more granular alluvial and colluvial soils are highly pervious. 

The damsite sandstone and siltstone/shale bedrock units are consistent 

across the valley. The proposed dam axis is nearly parallel to the strike 

of the bedding planes, based on outcrop and borehole correlations. The 

beds generally dip in the downstream direction about 2 to 3 degrees. The 

USBR boreholes in the valley and on the left abutment were not used in the 

correlations since no distinction was made by the USBR between the 

sandstone and siltstone units. 

The bedrock foundation beneath the footprint of the proposed dam will be 

entirely in the Savery Creek Sandstone member except for the crest area of 

the embankment. The Savery Creek sandstone member is about 160 feet thick 

with a gradational change at its base from turbidite sandstones to 

underlying turbidite siltstones. Above the Savery Creek member in the left 

abutment spillway area, are about 64 feet of siltstone and claystone/shales 

overlain by an eroded remnant of the 35 feet thick, unnamed sandstone unit 

that outcrops high above the right abutment. The proposed spillway on the 

left abutment will be cut mainly through the overburden soils and shales to 

the Savery Creek Sandstone near the crest elevation of the dam. The 

proposed low-level outlet tunnel at the base of the left abutment will be 

driven through the Savery Creek sandstone. 

Barclay (U.S.G.S., 1976) has mapped a small landslide approximately 100 

feet by 200 feet in size near the upstream crest of the proposed dam on the 

right abutment. The landslide appears to be near-surface sloughing 

resulting from weathering of the steep slope. The small size of this 

potential landslide would cause it to have little if any effect on the 

embankment and reservoir, should movement occur. Near-surface sloughing on 
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steep slopes was also found along the upstream side of the left abutment as 

evidenced by Aspen trees with curved trunks. The surface soils on steep 

slopes in this area will be removed during stripping. The Steele Shale 

Formation lies beneath the dam at an estimated depth of about 360 feet 

below the valley bottom. The depth, in combination with the downward dip 

of bed~ in the downstream direction, makes landslide movement at the 

damsite very unlikely. 

An unnamed fault is present approximately 900 to 1200 feet downstream of 

the dam site. It has been mapped as about 14 miles long and extends 

southeastward across the Savery Creek valley. This fault is discussed in 

more detail in Section III.D., below. 

D. SEISMICITY 

1 • Introduction 

For purposes of the following discussions of the tectonic setting and the 

seismic history and potential seismic activity, various geographic 

subdivisions are defined as follows: 

• Site Region 

• Site Area 

• Site 

2. Tecton ics 

the area within a 100-mile radius of the Project 

site. Certain notable features and/or seismic events 

outside this radius will also be included in this 

category. 

the area within about 25 miles of the Project 

boundaries. 

the area within and immediately adjacent to the 

Project boundaries. 

The site is situated in a structural transition zone between the main 

ranges of the Southern Rocky Mountain uplift, to the east, and a series of 

intermountain basins (Wyoming Basin province) with localized uplifts, to 

the west. 
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a. Regional Tectonic History 

The Precambrian tectonic record is not well defined in the site region. 

Metamorphic and igeneous rocks are exposed in the Sierra Madre, Medicine 

Bow, Laramie and Granite Mountains. Intrusive igneous rocks in the 

Medicine Bow range have been dated by radio- isotopic methods and indicate 

two separate events of about 2.7 billion and 1.7 billion years ago. The 

youngest known Precambrian intrusive event within the site region is the 

emplacement of large granitic plutons, in the Laramie Range, about 1.4 

billion years ago. Precambrian metamorphic and igneous rocks are also well 

exposed in the Colorado Front Range and in the low ranges forming the 

western boundary of North Park (Colorado). 

Rocks of the Paleozoic are not commonly exposed within the site region. 

Exposures are present along the western flank of the Laramie uplift and 

north of the area between Medicine Bow and Rock River, Wyoming 

(Pennsylvanian/Permian in age) and in the White River uplift between Meeker 

and Kremmling, Colorado (Pennsylvanian age). Paleozoic rocks are probably 

present at depth in most of the structural basins in the region. The 

Paleozoic era in Wyoming was dominated by relative tectonic stability, with 

the area covered by seas of varying depths. Calcareous rocks are common in 

the Paleozoic sequence. The relative stability of this era appears to have 

been interrupted by general uplift during the Silurian and by localized 

uplifts in southcentral and southern Wyoming, including the site region, 

during the Pennsylvanian period. 

The transition from the Paleozoic to Mesozoic eras was not marked by any 

significant change in tectonic conditions. The Triassic period was 

characterized by shallow seas and widely fluctuating shoreline locations. 

Triassic rocks are sparsely exposed within the site region and are 

characteristically clastic redbeds. Exposures occur along the west flank 

of the Laramie uplift, at the north end of the Medicine Bow uplift, and in 

the Shirley Mountains. The Early Jurassic was a time of broad but subdued 

regional uplift which did not result in sufficient relief to prevent 

inundation by advancing seas in the Late Jurassic. Deposits of this period 
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are typically marine clastic rocks. Near the close of the Jurassic, 

possible broad, gentle uplifts again resulted in clastic terrestrial 

deposition. Jurassic deposits are found in similar occurrences as the 

Triassic rocks described above. The Cretaceous was characterized by 

repeated and pervasive subsidence, resulting in thick sequences of marine 

sandstones and shales with interlenses of coal-bearing, shallow water and 

swamp-derived sediments. These are well represented in the basins within 

the site region. Thicknesses of Cretaceous sediments in these basins range 

up to thousands of feet. For example, the maximum depth of sedimentary 

rock in the Hanna Basin is about 36,000 feet. 

Late Cretaceous time was marked by the beginning of a period of intense 

crustal deformation known as the Laramide orogeny; this event continued 

into the Cenozoic Era at least into Late Eocene time (40 m.y.b.p. ± 10 my). 

Events of the Cenozoic (Tertiary) Era molded the bulk of the structural 

geologic and tectonic features recognized in the site region today. It is 

cons idered that the most 

and deformation. extended 

Oligocene per iod . This 

interisive episodes of differential displacement 

from the Paleocene into the Late Eocene/Early 

mountain-building episode is now known as the 

Laramide orogeny. Many of the faults recognized in the site region were 

initially formed during this event . Faulting is discussed in more detail 

in Section D2c, below. The Oligocene period was a time of active vulcanism 

in the southern portion of the site region and also outside the site region 

in the Yellowstone and Absaroka Plateau regions of Wyom.ing. Very large 

amounts of volanic ejecta (ash and cinders) were deposited throughout an 

area including Wyoming, Montana, Colorado, the Dakotas, and Nebraska. 

Basins formed during the Laramide orogeny accumulated, in some cases, many 

thousands of feet of ash deposits. Much of the topography resulting from 

the Laramide orogeny was buried beneath accumulating volcanic debris. This 

deposition continued in varying degrees into Early Pliocene time. 

region is believed to have been only slightly above sea level 

The site 

at this 

time. Within the site region, the bulk of intrusive and volcanic activity 

was centered in Colorado in the area north of Steamboat Springs and south 

of the Little Snake River. A few volcanic centers are present in Wyoming; 
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these are typically represented by volcanic necks (injection pipes) and 

eroded remnants of surficial basaltic lava flows. The northernmost of 

these are a group of three injection pipes (Horse Mountain group) located 

about five miles south-southeast of the Sandstone site. 

A period of major uplift, involving the entire continental interior, 

followed the cessation of volcanic activity. This initiated a period of 

extreme erosion during which much of Late Tertiary cover was removed, 

Larimide-period topography exhumed, and the erosional formation of many 

current land forms begun. This erosional cycle continues into the present 

time. 

The period of major regional uplift, which has resulted in about 5,000 feet 

vertical movement in the Rocky Mountain region of Colorado and Wyoming, 

started about 10 million years ago in the Early Pliocene. The regional 

uplift was accompanied by reactivation of some of the Laramide faults as 

indicated by displacements of the late Tertiary sedimentary rocks. 

Locations of faults in the site region are shown by Kirkham and Rogers 

(1981) and Witkind (1975). 

The U. S. Geological Survey considers these faults to be suspected active 

faults (Witkind, 1975). However, detailed studies of the Late Quaternary 

history of the post-Laramide faults' movements have not been made, and it 

cannot be demonstrated with current information if these faults have been 

active recently enough to be classified as capable faults as defined by the 

U. S. Army Corps of Engineers (1977). Since the Late Quaternary history of 

the post-Laramide faults is presently unknown, these faults have been 

assumed to be possible capable faults for purposes of this analysis. 

b. Structural Features - Site and Site Area 

Structural features at the site and in the site area are discussed in 

Section III.C and Section III.B, respectively, and are summarized below: 

• The site may be considered to lie on the western flank of the Sierra 

Madre anticline or uplift, a northern extension of the Park Range 

(Colorado) and part of Southern Rocky Mountain chain. 
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• Bedding at the site dips generally west-southwesterly and is uniform, 

with dips in the range of 2-5 degrees. 

• Four faults are known within the site boundaries. Three of these are 

minor features with offsets measured in tens of feet and lengths of a 

few miles. The fourth has an offset of 500-900 feet and a length of 

about 14 miles. These will be discussed in detail in Section D3b. 

• Structural elements adjacent to the site include the Cherokee Ridge 

anticline to the south, the Washakie Basin to the west, the Wamsutter 

Arch (anticline) to the north, and the Sierra Madre-Park anticline to' 

the east. 

c. Structural Features - Site Region 

Fold-type structural elements are the dominant features within the site 

region. The Washakie Basin, west of the site, is in turn bounded on its 

west by the Rock Springs anticline, a north-south trending uplift. The 

Wamsutter Arch separates the site area from the Great Divide Basin to the 

north, which in turn is bounded by the Granite Mountains. To the northeast 

lie the Hanna Basin, Shirley Mountains, and the Shirley Basin. To the east 

lies a succession of basins and uplifts represented, from west to east by 

the Sierra Madre, the Saratoga Valley, the Medicine Bow Mountains, the 

Laramie Bas in, and the Laramie Mountains. The Laramie Mountains are the 

easternmost (front) range of the Southern Rocky Mountains in Wyoming. 

Beyond the Cherokee anticline, to the south, lie the Sand Wash and Piceance 

Basins (southwesterly) and the White River uplift. To the southeast, the 

Sierra Madre-Park uplift and the Laramie Mountains coalesce into the 

Colorado Front Range uplift. 

The site region contains a number of faults, only a few of which are known 

to exceed several tens of miles in length. The evaluation of probable age 
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of last movement is after Witkind (1975) for Wyoming and Kirkham and Rogers 

(1981) for Colorado. A general description of the prevailing faulting in 

the region is given below: 

• A series of (possibly) enechelon faults cut the northern site region, 

trending about N70W, immediat&ly south of the Granite Mountains 

(Sweetwater Uplift). Both normal and reverse displacement are 

present. The youngest known rocks involved in displacement are 

Tertiary in age. Probable date of last movement is Late Cenozoic, 

with a low susceptibility to seismic events. 

• The Hanna Basin contains a number of faults of no obvious trend in 

strike; displacement modes are typically normal. The youngest rocks 

involved are of Cretaceous age. Much of the faulting is suggestive 

of differential compaction during deposition. These are not 

considered potentially active. 

• Faulting is uncommon in the Laramie Basin, with a few minor N-S 

trending faults near the city of Laramie and several reverse faults 

in the northern part of the Basin, near the boundary of the site 

region. The minor faults cut Carboniferous age rocks, while the 

reverse faults displace Cretaceous rocks. None of these faults have 

been considered potentially active. 

• The Medicine Bow Uplift contains a number of faults which cut the 

Precambrian core rocks. The orientations are typically nearly N-S, 

about N50E, and N35W. The age of last movement is unknown on the N-S 

and N50E faults but the faults are considered inactive. The age of 

last movement on the N35W trending faults is believed to be Late 

Cenozoic with a low recurrence probability. 

• The northern portion of the Saratoga Basin contains numerous short 

(typically two miles or less) faults oriented generally N-S, with 

very steep to vertical dips. The youngest formations displaced are 

Tertiary in age. These faults are not considered potentially active. 
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• Faulting, oriented generally E-W, has been mapped in the Sierra Madre 

Uplift. The mode of displacement is typically reverse, with the 

hanging walls on the south. These faults displace Precambrian rocks 

and are not known to cut the younger sedimentary rocks flanking the 

Uplift. The faults are not considered potentially active. 

• The southern portion of the Washakie Basin is characterized by 

numerous, roughly parallel, faul ts which trend about N60W. 

Individual mapped lengths rarely exceed about 10 miles. 

Displacements are typically normal, with the north side downthrown. 

These faults displace Tertiary (Miocene) deposits, but not Quaternary 

deposits. The site area and site, located in a transitional area 

between the Washakie Basin and the Sierra Madre Uplift, exhibits 

faulting features more characteristic of the Washakie Basin than of 

the Sierra Madre. Site area and site faulting will be discussed in 

more detail in Section D3, "Seismicity". Washakie Basin faults are 

estimated to have had last movements in the Late Cenozoic and a low 

susceptibility to earthquakes. 

• The Rock Springs Uplift is cut by pervasive faulting which trends 

from about N30E to N70E, with the latter trend most prevalent. The 

mode of displacement is dominantly normal, with the downthrown blocks 

typically to the north. The youngest units displaced are Paleocene 

in age. The faults are not considered potentially active. 

• The general N70E trend of faulting is continued eastward into the 

Great Divide basin, becoming nearly E-W in the eastern part of the 

Bas in. The dens i ty of observed faults is much lower in the bas in 

than in the Rock Springs Uplift. In the basin, rock units displaced 

by the faults are as young as Middle Miocene. As above, these faults 

are not considered potentially active. 
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• To the south, in Colorado, faulting in the Front and Park Ranges is 

typically aligned with the overall structural and topographic trend 

of the ranges. The trend is generally north-south to slightly 

northwest-southeast. Some cross-faulting is present, particularly in 

North Park - an area of relative downwarping between the two Ranges. 

Most of the faulting, or at least the last major movements, is 

attributed to the Laramide Orogeny. A number of faults in this area 

exhibit evidence of Late Cenozoic (Quaternary) activity, while one, 

near Milner, Colorado, is suspected of Holocene movement. No 

recurrence probability estimates are kpown. 

• Faulting in the White River Uplift area of Colorado shows no 

preferred orientation. Much of the faulting may have been initiated 

by the stresses induced by intrusion of Tertiary magmas which in 

turn, produced numerous volcanic deposits. Few faults in this region 

are considered potentially active. The few which are, located near 

Gypsum, Colorado, 

area. Thes e are 

movement. 

trend northwest near the boundary of the site 

classed as having Quaternary (undifferentiated) 

• The Sand Wash Basin exhibits faulting similar to that of the Washakie 

Basin, immediately to the north. Fault trends are generally E-W to 

N60W and displace Tertiary (Eocene) age units. In Colorado, these 

faults are believed to exhibit typically last movements in the 

Quaternary (Late Cenozoic), although several west of Craig, Colorado 

are suspected of Holocene displacement. No recurrence data are 

available. 

Discussion of faulting considered pertinent to the determination of seismic 

considerations for the site is included in Section D3, immediately 

following. 
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3. Seismicity 

Determination of the probable seismic effects which could be experienced at 

the site includes examination of the historical seismic record and an 

evaluation of the structural/tectonic conditions, ranging from within the 

site region to the site itself. Certain seismic events outside the limits 

set for the site region will also be included. 

a. Historical Seismicity 

Reports of seismic events in the region data back to about 1882, although 

reports prior to about 1915 are uncommon. Reliable instrumental data for 

the region dates from only about 1955. It is evident that a historical 

record of only about 100 years is, in itself, an inadequate basis for 

determining a possible maximum seismic event within the site region. The 

historical record does, however, establish a lower limit for any seismic 

event which might occur within the region. 

The largest recorded earthquake within the site region was a Magnitude 4.4 

(Richter Scale), which occurred about 15 miles north-northwest of Steamboat 

Springs, Colorado in 1971. This is about 38-40 miles from the Sandstone 

damsite. A 1973 earthqua.ke, located about 20 miles east of Rawlins, was 

assigned a body magnitude (mb) of 4.1 and was designated an Intensity V·, 

Modified Mercalli CMM) Scale at its epicenter. In addition, several 

1966-67 earthquakes about midway between Steamboat Springs and Glenwood 

Springs, Colorado were in the 3.8-3.9 magnitude (mb) range and were 

assigned MM Intensities of IV. These are among the few examples available 

for the area where both intensity and magnitude determinations are 

available for a single event. While not definitive, they do serve as a 

general guideline in the area for correlation between the two schemes of 

evaluating the severity of an earthquake within the region. 
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Evident on Figure III -8, "EPICENTER MAP", is a concentration of seismic 

events near Rangely, Colorado (about N40.2°, W109o) and located immediately 

outside the site region limits. The magnitudes range from 2.6 to 4.6. 

Most of these events have been attributed to changes in the local stress 

regime caused by oil and gas withdrawals and/or experiments conducted by 

the u.s. Geological Survey. The Geological Survey experiments consisted of 

injection of fluids at high pressures, oriented toward duplicating 

injection well conditions which were believed to have caused seismic events 

at the Rocky Mountain Arsenal, northeast of Denver. The Geological Survey 

succeeded in establishing a cause-and-effect relationship between altered 

pressures and initiation of small to moderate seismic events in the Rangely 

area. 

Within the site region, the historical record, illustrated by Figure 111-8, 

indicates a general background seismicity not exceeding roughly 4.0 in 

magnitude. There are no evident correlations between known surface fault 

traces and epicenter locations and no anomalous ly large, isolated events 

are known within the site area. It should be noted, however, that larger 

earthquakes have occurred within 50 miles (about 150 miles from the site) 

to the north of the site region boundary (see Figure 111-8). Most notable 

of these are a magnitude 4.3, near Lander, and a magnitude 5.5, about 30 

miles southwest of Douglas. Both occurred in 1984-1985. The magnitude 5.5 

event is believed to be the largest known in Wyoming outside of the 

Yellowstone area, in the northwest corner of the state. These events have 

not been correlated with any known fault system. 

b. Site Earthquake Magnitudes 

Three approaches to extablishing an estimate the maximum probable 

earthquake (MPE) will be examined below. These include: 1) historical 

seismicity, 2) evaluation of possible effects of remote events (outside the 

selected site region) and 3) evaluation of the possible effects of 

reactivation of site, site area, and site region faulting. 
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Historical Eart~guakes 

Historic records indicate no earthquakes exceeding magnitude 4.4 within the 

site region. The recent occurrence (1984-1985) of earthquakes ranging up 

to 5.5 magnitude and located immediately adjacent to the selected site 

region (see Section D3a, above) suggests that this magnitude should pe used 

as a minimum probable seismic event within the site region. Considering 

the lack of historical data, lack of correlations with known faulting, and 

the overall tectonic setting both within and adjacent to the site region, 

this minimum probable magnitude is considered reasonable. 

It should be noted that Thenhaus, et. al. (1979-1980) estimated a maximum 

magnitude of 6.0 for the site region, with an estimated recurrence 

(relative to the Wasatch, Utah fault zone) of 1 to 40. Algermissen, et. 

al. (1982) estimate a maximum horizontal bedrock acceleration not exceeding 

0.09 g,. corresponding to a magnitude 3.5-4.0 event, as having a 90 percent 

probability of not being exceeded within a 250 year period. Events 

postulated for shorter return periods are of lower magnitude. In the 

portion of Colorado included within the site region, Kirkham and Rogers 

(1981) designated the area as part of the Uinta-Elkhead seismotectonic 

province and suggested a maximum credible earthquake magnitude range of 5.5 

to 6.5. 

Remote Events 

Two areas of well-documented and continuing seismic activity, the Wasatch 

Fault Zone, Utah and Idaho, and the Yellowstone, Wyoming region lie about 

300 and 350 miles, respectively, from the site. Using the equations of 

Howell and Schultz (1975) for attenuation within the Cordilleran zone, a 

maximum probable event (Thenhaus 1979-1980) in the closer (Wasatch) region 

could result in on-site effects corresponding to a local event of about 5.0 

magnitude. The Yellowstone area, with a lower maximum probable event and a 

greater distance, is obviously not a controlling factor. 
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Attenuation of the 1984 magnitude 5.5 event (southwest of Douglas), using 

the same basis as above, indicates probable 4.0 magnitude effects at the 

site. A 1977 4.2 event, located about 15 miles northeast of the site would 

be expected to produce essentially the same effects at the site. 

There are no other seismic events outside the designated site region which 

are considered to have an effect on seismic considerations for the site. 

Site Considerations 

A number of faults have been mapped at the site and within the site area by 

Barclay (1976) and others (see Figures III-1B and 111-2). The most notable 

of these is a northwest-trending, high angle, normal fault system, down 

thrown on the southwest, which crosses the Savery Creek Valley about 900 -

1200 feet downstream of the damsite. Combined surface traces indicate a 

total length of about 14 miles. Witkind (1975) classifies the probable 

last movement as Late Cenozoic (at least 1 million years ago) and the 

recurrence probability for seismic activity as low. 

Though the probability of seismic activity along this fault is considered 

low, it will be considered a capable fault in this analysis in the 

interests of conservatism. Based on this assumption, it will be necessary 

to examine the possible effect of a possible seismic event generated by 

this fault. The methods of Slemmons (1977) will be utilized to estimate 

maximum probable magnitudes. The only available hard datum is the fault 

length. Total maximum displacement is known to be about 700 feet but no 

data is available for the maximum displacement in one single episode of 

movement and no recorded seismic event is known to be associated with this 

fau1 t. The relationship M = a + b (log L) is applicable' where only the 

possible fault length is known. "M" is the Richter magnitude, "L" is the 

fault length in meters, and "a" and "b" are emperica11y derived factors 

based on studies of actual seismic events. For the general North American 

case, "a" = -0.146 and "b" = 1.504; for the normal-slip case based on 

worldwide events "a" = 1.845 and "b" = 1.151. 
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If the entire length of the fault (14 mi, 22500 m) is considered capable of 

rupture in a single event, the following magnitudes might be produced: 

General North American Case: 6.4 

Worldwide Normal-Slip Case: 6.8 

Average: 6.6 

This is considered an extremely conservative assumption. In the current 

tectonic setting it is very unlikely, probably impossible, that the entire 

length of the fault could be mobilized. A more realistic approach is to 

consider rupture of one-half the fault length (7 mi, 11250 m) centered on 

the closest approach to the site. The magnitudes thus produced are as 

follows: 

General North American Case: 5.9 

Worldwide Normal-Slip Case: 6.5 

Average: 6.2 

Because of the close approach of the fault, no attenuation factor is used. 

Examination of a maximum event for the longest fault zone within the site 

region, the N70W system south of the Granite Mountains mentioned in Section 

D2c, will include the appropriate attenuation factor. This system is about 

75 mi (120.5 km) long and a reverse-slip feature. Emperical factors are as 

follows: 

General North American Case: 

Worldwide Reverse-Slip Case: 

a = -0.146, b = 1.504 

a = 4.145, b = 0.717 

Assuming full-length simultaneous rupture, magnitudes would be: 

General North American Case: 7.5 

Worldwide Reverse-Slip Case: 7.8 

Average: 7.65 
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Attenuation over 80 miles (130 km) yields an on-site effective magnitude of 

only about 3.0 (max). 

Site Exploration - Faulting 

Reconnaissance of the site and site area was conducted on foot and by 

four-wheel drive vehicle in order to examine faulting mapped by others and 

to check for any faults which may not have been mapped. Aerial and orbital 

imagery were also examined in correlation with previous mapping and field 

observations. A series of trenches were dug across the trace of the 

14-mile long -fault which crosses Savery Creek immediately downstream of the 

proposed dam site. 

Field observations confirm the validity of previous mapping with respect to 

the location and extent of faulting within the site and site area. Of 

particular interest were the faults shown on the Tullis 7 1/2 minute 

Quadrangle (Barclay, 1976); this map includes most of the reservoir area, 

but does not completely cover the dam site. This map was found to be quite 

accurate. No additional, previously unmapped faulting was revealed by the 

field reconnaissance, either at the site or within the site area. 

Trenching, us ing a Cat 225 backhoe with a maximum reach of about 20 feet 

was done on a bench on the left bank of Savery Creek and across the 

projected trace of the 14 mile long fault. The location of the trenching 

is in the vicinity of N16550, E489400, at an Elevation of 6830+. Trenches 

were aligned generally parallel to Savery Creek. 

The object of trenching was to investigate the possibility of locating the 

fault trace in a post-teritary deposit which could be dated or to 

demonstrate that a post-teritary deposit was not displaced by faulting. 

The location of the trenching was constrained by access considerations. 

It was hoped that the rough bench was a stream terrace deposit whose 

elevation could be correlated with terraces of known age in the surrounding 

region. The test trenches revealed the material to be thick colluvial 
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(slope wash) deposit. This material is so lacking in homogeneity that it 

is unlikely that even recent fault rupture could be detected within it. It 

should be noted, however, that no scarps or other topographic anomalies are 

present in the colluvium along the projected trace of the fault. 

Unfortunately, the results of the trenching program are considered 

inconclusive for determining an age of last movement on the fault. 

Reservoir - Induced Seismicity 

Most guidelines for evaluating the possibility of reservoir-induced 

seismicity are based on case histories and similar empirical considerations. 

Only one case is known where a water depth and reservoir volume similar to 

those proposed for the site is believed to have induced an earthquake 

exceeding about magnitude 5.0. This was the Marathon Reservoir in Greece; 

the earthquake occurred in 1938 and was a magnitude 5.0+. It should be 

noted that the eastern Mediterranean is a region of high seismicity and 

that the relationship between the Marathon earthquake and the Marathon 

reservoir is not established in a completely conclusive manner. 

Minor induced earthquakes (magnitude 2.5-4.9) have been attributed to 

several reservoirs throughout the world, including the United States, which 

fall into the general dimensions of the proposed Sandstone Reservoir. 

Changes in microseismic activity (magnitude less than 2.5) are not uncommon 

for reservoirs of all sizes. 

There seems to be more of a correlation between seismic activity and depth 

of water than between total volume of water at reservoirs where activity 

has been induced. Activity is most common with water depths exceeding 330 

ft. (100 m). By comparison, water depth at the site would be about 180 ft. 

(55 m). 
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There is some controversy over the question ~f whether the influence of ·a 

reservoir can modify (increase or decrease) the magnitude of possible 

seismic activity or whether it only changes the time scale of potential 

naturally occurring events. In general, the latter case seems to be the 

favored circumstance. 

In conclusion, it is considered that the probability for reservoir-induced 

seismicity at the Sandstone Site is low, in view of the modest water depth 

and reservoir volume. Furthermore, it is improbable that an induced 

earthquake could exceed the maximum probable earthquake resulting from 

tectonic considerations and as specified in Section III-D.3.c, below. 

c. Maximum Probable Site Seismicity 

The selection of maximum probable seismic effects at the site is based on 

the conclusions of various researchers, as outlined above, and on the 

evaluations presented in this document. 

There is general agreement that the maximum probable earthquake (also 

called "maximum credible earthquake") which could occur at or near the site 

would be in the magnitude range of 5.5-6.5. In view of the uncertainties, 

due to limited data, in selecting a maximum event in this region, a nominal 

6.0 magnitude is considered reasonable. This corresponds to a horizontal 

peak bedrock acceleration of 0.3 g. This acceleration will be utilized in 

design of critical project structures. As demonstrated above, probable 

effects of large, but remote earthquakes would not exceed, or even 

approach, those of a local magnitude 6.0. 

E. CONSTRUCTION MATERIALS 

Preliminary estimates indicate construction of the embankment will require 

a total of approximately 6,125,000 cubic yards of fill including 1,430,000 

cubic yards of impervious material, 1,190,000 cubic yards of granular 

material, 3,380,000 cubic yards of random fill, and 125,000 cubic yards of 

riprap. 
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Investigations for borrow within the reservoir area included 10 test pits 

and boreholes by USBR in 1976, and 50 test pits and 3 seismic traverses by 

SWEC in 1985. The reservoir borrow areas under consideration generally 

include the alluvial and colluvial deposits on the right side of the 

reservoir below high water level, designated Borrow Area 1; and the Savery 

and Little Sandstone Creek valley ~ottoms, designated Borrow Area 2. 

Borrow Area 2 was located east of Savery Creek for borrow estimating 

purposes, but could be expanded westward with the stream channel realigned 

to increase borrow quantities, if needed. Locations of test pits, 

boreholes and seismic traverses are shown on Figure 111-5. 

Data gathered from explorations in Borrow Area 1 indicate more than 20 feet 

of generally clayey sands and gravels with scattered cobbles and boulders 

and isolated pockets of gravelly or sandy clays lie beneath a topsoil of 

silts and clays. The maximum depth of the soil deposits may approach 90 

feet. Topsoil and roots are generally concentrated in the top one foot of 

soil. It was assumed that soil materials below the reach of the backhoe in 

this area are generally clayey sandy gravels with rock particles becoming 

coarser with depth. A natural, near-vertical stream cut eroded deep within 

an alluvial fan just upstream of the dam exposed about 25 feet of 

relatively uniform clayey, silty sands and gravels above a clean gravel and 

cobble layer at the stream level. This, along with test pit data, 

indicates that some alluvial fans or areas within a fan may have uniform 

materials but the majority of the borrow will likely need to be mixed to 

obtain a uniform fill material. The water table appears to be deep in 

these soil deposits, based on the relatively steep surface slopes, dry 

stream beds on the fans and no observed seep areas in bedrock exposed above 

the deposits or in soil or rock at the base of the deposits. The only wet 

area observed was within a few feet above stream level in the stream cut 

discussed above, which indicates the water table is deep within this 

alluvial fan. No wet materials or free water were found in the test pits 

in Borrow Area 1. Natural moisture content in the upper soils is slightly 

dry of optimum moisture content based' on laboratory test results shown in 

Appendix I I . 
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Data gathered from explorations in Borrow Area 2 indicate a variable 

thickness (generally 0 to 5 feet) of silts and clays with some organics and 

scattered roots, overlying clean to silty and clayey sands and gravels with 

occasional to numerous cobbles. Bedrock is expected to be typically 10 

feet beneath ground surface based on the exploration data. Cobbles were 

generally more numerous with depth and consisted of rounded to subrounded 

very hard and durable igneous and metamorphic rock. The water table is 

shallow, as anticipated. Free water was found in all the test pits in the 

valley bottom except for USBR Test Pits TP-201 and TP-205 excavated on 

higher ground in 1976. The Borrow Area 2 surface materials, which mantle 

the granular materials, are generally wet of optimum and may not be 

suitable for construction material due to wetness and variable organic 

content. 

For preliminary estimating purposes, assumptions were made of 1 foot of 

stripping in Borrow Area 1 and 3 feet of stripping in Borrow Area 2 to 

uncover useable construction materials. Stripping volumes could be on the 

order of 80,000 cubic yards in Borrow Area 1 and more than 700,000 cubic 

yards in Borrow Area 2. Some wetting of the upper materials and drying 

and/or dewatering of deeper materials in Borrow Area 1, as well as 

inorganic valley bottom materials in Borrow Area 2, may be needed to 

produce materials near optimum moisture content. Blending of wet and dry 

materials in the borrow areas may be practical by selective excavation 

(cross cutting laterally or vertically through differing materials) to 

produce more uniform moisture contents and gradations. Oversized cobbles 

and boulders could be raked from borrow areas or from the fill, and used 

for slope protection, processed for drain and concrete aggregate, or 

wasted. Sands and gravels in the valley bottom are the most likely on-site 

source for drain and aggregate materials but will require removal of a 

relatively thick overburden followed by washing and screening of the rock 

sizes. Cobbles would require crushing and screening. 
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An estimated 6,000,000 cubic yards of material are available from Borrow 

Area 1 for primarily Zone 1 and Zone 2 fill. See Section V-C for the 

Conceptual Embankment Design. An estimated 1,200,000 cubic yards of 

materials are available from Borrow Area 2 for the upstream free-draining 

zone fill and processing for drain material and concrete aggregate. The 

quantity of materials in Borrow Area 2 from gravel to boulder sized is 

about 500,000 cubic yards. The majority of this material is less than 3 

inch size based on field estimates and laboratory test results. 

Concrete aggregate and drain material may be more economical from offsite 

in the Little Snake Valley sources versus onsite, depending on the cost of 

stripping overburden and processing alluvial deposits. Hard and durable 

riprap greater than 1 foot in diameter is not available on site. The most 

probable sources of riprap are igneous rock materials, similar to that 

found about 7 miles east-southeast of the town of Savery, Wyoming. 

The investigation of soil borrow material in the reservoir area indicates 

sufficient material is probably present for construction of the dam. 

Materials from required excavations would supplement the available soil 

borrow. These include material removed from the proposed spillway, outlet 

works, cut-off trench and foundation excavations. Weathered or rippable 

bedrock in the reservoir area; soils above the reservoir level along the 

right side of the Savery Creek valley; alluvial terrace deposits above the 

left abutment of the dam; and landslide deposits in and above the reservoir 

area could also be considered as sources. Further investigation is needed 

to determine more precisely the quality and extent of the useful materials 

available and to select off-site sources for some materials. 
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F. RESERVOIR AREA CONDITIONS 

1. Surface Conditions 

The proposed reservoir will inundate the valleys of Savery Creek and the 

lower drainages of Little Sandstone and Big Sandstone Creeks. Hell Canyon 

near the upper end of the reservoir lies above the high water level. The 

proposed reservoir will also inundate the toe of an ancient landslide about 

2 miles upstream of the damsite, on the east side of Savery Creek and 

another landslide on the south side of Big Sandstone Creek. Location of 

the drainages, landslides and the topography are shown on Figure 111-2. 

The Savery, Big Sandstone and Little Sandstone Creek valleys are discussed 

in more detail below. 

The Savery Creek flood plain is relatively flat and typically about 600 to 

800 feet wide with an overall stream gradient of about 0.4 percent 

downstream of the Hell Canyon drainage. Above Hell Canyon, the Savery 

Creek flood plain and gradient are more variable due to landslide movements 

into the valley bottom. Valley slopes along the west side are typically 

about 7: 1 (horizontal to vertical) where soil deposits mantle the lower 

s lopes and about 1.5: 1 to 2: 1 above the soil deposits where bedrock 

outcrops. The steeper parts of the valley slopes along the east side 

typically are about 1.3: 1 in the proposed reservoir area, flattening to 

about 5: 1 or flatter high above the reservoir level downstream of the 

landslide area. Within the Savery Creek landslide area near the mouth of 

Hell Canyon, the overall slopes in the sliding mass are about 8:1, not 

including locally steep blocks of bedrock outcropping in a series of ridges 

within the landslide masses. 

The sliding masses in the Savery Creek valley extend 1.8 miles along the 

east wall near the upstream end of the reservoir and range from 0.5 to 1 

mile wide from the valley toe to the uphill scarps. Numerous small 

drainages dissect the valley t s west wall. Four drainages deeply dissect 

the east wall of the Savery Creek valley. These are Hell Canyon, an 

unnamed canyon south of Hell Canyon, Big Sandstone and Little Sandstone 

Creeks. 
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The Big Sandstone Creek flood plain is generally flat and typically about 

500 to 600 feet wide with an overall stream gradient of about 0.9 percent 

in the reservoir area. A landslide mass about 1.5 miles long and 0.4 miles 

wide borders the valley near the reservoir high water level. Valley slopes 

along the north s ide vary from 8: 1 at the mouth to 2: 1 further upstream. 

Valley slopes downstream of the large sliding mass on the south side are 

typically about 1.7:1. The overall slope of the Big Sandstone sliding mass 

is about 10:1, not including locally steep blocks and ridges. 

Barclay has mapped the south side of Big Sandstone Creek along the flood 

plain, indicating a series of 5 small slides. The maximum width of the 

slides was 400 feet and the maximum length was 500 feet. A small slide 

also appears to be developing high on the north valley wall. 

The Little Sandstone Creek flood plain is relatively flat and straight, and 

typically about 300 to 400 feet wide with an overall stream gradient of 

about 1.2 percent in the reservoir area. The valley is entrenched into 

cliff-forming sandstones such that valley walls are steep near the valley 

bottom, with near-vertical to 1:1 slopes, and flatten out typically to 3:1 

slopes or flatter higher above the valley on the south side and 1.7: 1 

slopes on the north side. 

Manmade structures in the reservoir include fences, narrow unpaved roads 

and abandoned log cabins. Access on the roads is difficult after rain. 

The valley bottoms are generally covered with grasses, while a sage brush 

type vegetation regime covers the lower valley slopes. Small stands of 

trees are present in the valley bottom and along the slopes. Aspen and 

evergreen trees are commonly found on north facing slopes. 

Savery Creek and its easterly tributaries had water flowing during 1985 

field investigations. The streams generally meandered and beaver dams were 

found in the Savery Creek Valley between the Big and Little Sandstone 

drainages. The numerous small drainage channels along the steep valley 
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walls were dry. A number of wet seep areas were observed along the east 

side of Savery Creek at the base of outcropping sandstone units. The 

landslide areas contained scattered ponds with some of the ponds remaining 

full and overflowing. 

2. Subsurface Conditions 

Numerous sandstone cliffs outcrop throughout the reservoir. The bedrock 

surface is generally covered with alluvial fans and colluvium on slopes and 

with a relatively thin veneer of alluvium across the valley bottoms. 

Ground water flows appear to be coming from the east, as indicated by 

springs. Free water level is estimated to be generally deep in the valley 

walls along the west side of the reservoir, shallower in the east valley 

walls and at or near the surface in the valley bottoms. The depth of the 

water table in the valley slopes is likely to be more variable on the east 

side due to the fact that the primary source of recharge is the overlying 

Browns Park Formation which supplies water to the southwestward dipping 

sandstone beds sandwiched between siltstone and claystone/shales. This is 

evidenced by the artesian flow from Boreholes SB-6 (at the dam site) and 

SB-8 (in the landslide area) upon drilling into deep, confined sandstone 

layers. High free-water levels are indicated also by localized ponds in 

the lower swales of the large landslide masses. Borehole SB-8 also 

encountered water levels near the surface in the lands lide debris before 

drilling into apparently undisturbed bedrock at a depth of 138 feet. 

Seepage losses from the reservoir area are not anticipated to be 

significant to the east, the direction from which recharge occurs, and are 

expected to be small to the west after the first reservoir filling 

recharges the sandstone beds in that direction. The primary seepage losses 

should occur in the dam site area and through the dam site left abutment 

between the Little Sandstone and downstream Savery Creek drainages. 
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The sandstones of the Mesa Verde Formation in the reservoir and dam areas 

are quartzose sandstones with no soluble constituents. For this reason, 

seepage of water through the sandstone will not increase it's permeability. 

Field and laboratory tests on the sandstone have indicated permeabilities 

well within the expected range for primary permeability of sandstone. 

Primary permeability is permeability due to intergranular porosity. 

Secondary permeability on the other hand is due to such things as fractures 

or solution channels in the rock. Two points are of significance with 

respect to this primary permeability. First, a survey of the literature 

and discussion with several individuals with extensive experience in the 

study and evaluation of permeability, indicates that primary permeability 

has not been identified as a cause of significant seepage losses from 

existing reservoirs. Second, the pores in the sandstone found at the 

damsite are of such a size that they could be easily plugged by silt 

particles in the reservoir water. 

Some of the field tests indicated apparently relatively high secondary 

permeability of the sandstone. This would be the result of fractures and 

joints, or possibly of improperly sealed packers used during the test. 

These higher permeabilities were found in isolated areas of a few boreholes 

relatively high in the abutments. They correlated well with areas of 

closely jointed or weathered rock. These areas of relatively significant 

secondary permeability are apparently isolated and are probably not capable 

of providing through-going seepage paths. Also, secondary permeability is 

susceptible to improvement by grouting. Thus, these zones will be sealed 

in the abutments by the proposed grout curtain. 

On the basis of our preliminary investigation and calculations, the 

estimated seepage losses through the left abutment are expected to be on 

the order of 100 gallons per minute. A lesser amount of seepage is 

anticipated through the right abutment at the damsite so that the total 

seepage losses from the reservoir after first filling are expected to be 

less than 200 gallons per minute (320 acre-feet per year). The average 

head of water and inundated sandstone surface in the reservoir would be 

reduced when the reservoir level is lowered; thus seepage losses would be 
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reduced at lower reservoir levels. Actual permeability of the rock may 

vary significantly from the permeability values estimated from packer 

tests. As a result, seepage losses from the reservoir may also vary from 

the estimated values. Further investigation will be needed to allow 

verification and refinement of the estimate. 

3. Landslides 

a. Investigations 

Several areas around the proposed reservoir exhibit signs of movement, 

either recent or ancient. Most of these are associated with the movement 

of surficial soils which is commonly associated with weathering of 

hillsides and particularly with wet seasons. These account for the signs 

of recent movement. Ancient landslides will border the reservoir in two 

places along Savery and Big Sandstone Creeks. These may be seen on Figure 

111-4 along the south side of Big Sandstone Creek and along the east side 

of Savery Creek. These slides consist of a series of roughly parallel 

ridges which appear to have moved toward the streams at progressively more 

recent times. See Figure 111-3 for a cross section of the Savery Creek 

slide. The toe of one of the slides has pushed Savery Creek against the 

right side of its valley along a short stretch of the stream. The ridges 

in the Savery Creek slide are approximately perpendicular to the direction 

of movement. The ridges nearer the streams appear progressively more 

weathered, indicating they separated from the scarp at earlier dates than 

the ridges closer to the scarp. The valleys between these ridges are 

partially filled with colluvium from weathering of the ridges. These 

valleys also exhibit numerous ponds and other signs of a high water table. 

Tall rock pinnacles were observed on the rock ridges within the sliding 

mass suggesting slide movement has been in a 

abrupt movement, with translational rather 

creep fashion rather than 

than rotational movement 

occurring, at least in the upper reaches of the sliding mass. Along the 

northern edge of the Savery Creek slide is an area which appears to be 

subject to creeping of the surficial soils. This area, unlike the main 

part of the slide, shows cracking of surface soils indicating relatively 

recent movement. 
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b. Investigations 

In addition to geologic reconnaissance, investigations in 1985 and 1986 

have included borings, piezometers, an inclinometer, and surveying to 

define the slide geometry and to monitor the slide for movement. Most of 

this work was performed on the Savery Creek slide. Boring SB -8 was made 

near the toe of the slide to a depth of 400 feet. A layer of bentonite was 

found at 138 feet. The material above the bentonite was severely disturbed 

and weathered while the material below 138 feet was sound, undisturbed 

bedrock. 

Boring SB-7 was made from the top of a ridge higher up on the slide. It 

went through relatively intact bedrock of the expected formations. At 

334 feet it encountered the same bentonite layer found in SB-7. All the 

strata below the bentonite correlated essentially perfectly between the two 

borings. Boring SB-7 ended at 510 feet. 

Surveying of points on a marker bed around and within the slide area 

demonstrated that strata within the slide have not rotated and have not 

risen _or fallen stratigraphically. This indicates that the slide is not 

any form of s lumping or rotational slide, but rather is occurring on a 

bedding plane in the rock. 

An inclinometer installed in SB-7 indicated movement of 0.9 inches in 3.5 

months only at the level of the bentonite layer Thus it has been 

demonstrated that this bentonite layer is the layer upon which sliding 

takes place. The direction of movement was S62°W. 

Examining the orientation of the bentonite layer provides some information 

of great interest. The sliding plane, projected downhill, comes out very 

near the level of Savery Creek at the toe of the slide. This supports the 

idea that the slide was triggered by the stream cutting down below or very 

near the sliding plane. Also, based on projection of the bentonite layer, 

the same layer is apparently the sliding plane at the base of the slide on 

Big Sandstone Creek. It should be found at stream level at the toe of that 

slide as well. 
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Projecting the bentonite layer downstream of either of the existing slides 

shows that at the adjacent ridges it.is well below stream level and at the 

damsite it is more than 400 feet below the stream bed. Thus, the adjacent 

ridges have not moved at least partly because erosion at their bases has 

not progressed far enough. 

Two piezometers were installed in boring SB-8. The piezometer above the 

sliding plane has shown a water table near the ground surface. This is 

consistent with the existence of seeps and ponds at various places on the 

slide. The piezometer below the sliding plane has indicated water levels 

up to 70 feet above the ground surface. Also, when SB-7 penetrated the 

bentonite layer, a rise of several feet was noticed in the water level in 

the borehole. 

In tne fall of 1985, surface monuments were installed at points of interest 

on both the major slides. These were surveyed periodically to see whether 

any significant movement would be detected. Due to the precision of the 

surveying techniques used, only movements on the order of a few tenths of a 

foot or larger could be detected with any degree of certainty. Two of the 

monuments on the Savery Creek slide and one monument on the Big Sandstone 

Creek slide moved measurably. The most significant movement, roughly four 

feet during the eleven months of readings thus far, was associated with the 

creeping of surficial soils along the north edge of the Savery Creek 

slide. In this part of the slide, cracking and scarps indicate recent 

movement of highly disturbed surficial material, apparently up to 10 or 20 

feet deep. 

c. History of Movement 

The slides in this area are thought to have started at the end of the 

Pleistocene Epoch roughly 10,000 years ago. This was a period of glacial 

retreat so the streams in the area were much larger and thus eroded more 

rapidly. At the same time, precipitation and groundwater levels were 

relatively high. These factors are all critical in the resulting slide 

movements. Since their initiation the slides have apparently been moving 

at a rate equivalent to the rate of erosion by the streams at their toes. 
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The current appearance of the slides is consistent with a very slow rate of 

movement. Presently the cracking resulting from near-surface creeping of 

soils in the Savery Creek slide is the only sign of recent movement. In 

1983-84 creeping of saturated soils blocked the dirt road across the 

slide. The soils did not advance far beyond the road so it was reopened by 

rerouting the road to go around the toe of the soil mass that had moved. 

Long-time area residents familiar with the area have said they remember no 

other significant movement and that the movement in question happened 

during a period of especially high precipitation (1983-1984). 

d. Factors Affecting Stability 

A number of factors affect the stability and rate of movement of the 

landslides in question. The most significant of these include the low 

strength of the bentonite layer already mentioned, the groundwater above 

and below the sliding plane, and erosion of the toe material. 

In the direction of movement the dip of the bentonite layer which serves as 

a sliding plane is 4°. For movement to occur, the sliding plane must have 

a low friction angle and slope toward the valley. For this reason, similar 

movements are not found on the west side of Savery Creek since the bedding 

planes slope away from the valley. Also, for this reason, sliding does not 

occur on random planes, but only along the bentonite layer. Tests on 

samples and trial calculations indicate the friction angle of the bentonite 

is probably in the range of 10-12°. The friction angle has long ago 

reached its residual value and would not be expected to decrease further. 

Movement is also dependent on the presence of significant uplift forces 

from groundwater beneath the sliding plane, since the friction angle is 

greater than the dip of the sliding plane. However, it is known that these 

forces are present in some areas, though their magnitude and distribution 

are not well defined. Water above the sliding plane is also significant 

since it increases the driving force on the slide as it saturates the soil 

between the scarp and the newest ridge. 
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Erosion at the toe of the slide is essential to the initiation and 

continued movement of the ancient lands lides. Before sliding was 

initiated, the slide area was buttressed by bedrock at its toe. When the 

stream cut its channel deep enough, this resisting force was reduced and 

sliding started. Currently, movement of the slide tends to increase this 

buttressing force and erosion tends to reduce it. Thus, the slide is in a 

sort of equilibrium and moves only as fast as material is removed at its 

toe. 

Since the above key factors governing movement of the slides would not be 

changed by an earthquake, an earthquake would not be expected to have much 

influence on the movement. Seismic acceleration would potentially cause 

slight additional movement during an earthquake, but would not have a 

significant continued effect after the shaking stopped. 

e. Anticipated Movement 

The landslides in the project area are of a type that is well known in 

west-central North America. There are many examples of ancient slides in 

Cretaceous shales similar to the Steele Shale. These slides commonly occur 

on gently dipping bentonite beds in the midst of the shales. They 

typically move slowly when they move and, when disturbed, move relatively 

short distances. Rapid or catastrophic movements are not typical of this 

type of slide. The slides at the Sandstone Reservoir site move relatively 

slowly since their rate of movement is tied ultimately to stream erosion at 

their toes. Background information and examples of similar slides are 

provided in Appendix II. 

The presence of a reservoir at the toe of the existing slides would have 

little or no effect on the slides primarily because the positive and 

negative effects tend to cancel each other. The presence of the reservoir 

would produce a slight increase in uplift pressure beneath the slides, but 

would also provide an additional buttressing effect due to the water 

pushing against the slide. The effect of the reservoir would be minimal 

because the reservoir would contact such a minor part of each slide. The 

most noticeable effect of the reservoir would be possible local slumping of 
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surficial soils if the reservoir is drawn down relatively rapidly. In no 

case is it expected that the slide would move rapidly or significantly 

enough to produce conditions which might endanger the dam. 

The bentonite layer which is critical to movement of the existing ancient 

landslides is not thought to be present elsewhere around the ~eservoir rim 

in locations and orientations that would allow the development of other 

major slides. Thus, the influence of the reservoir on slope stability in 

other parts of the site is expected to be restricted to surficial soil 

movement. Variations in reservoir level could, potentially, cause slumping 

of surficial soils between low and high water levels. This process could 

oversteepen soil slopes causing raveling of the slope up to the next 

resistant sandstone layer. 

An effort was made to estimate the 

movements on the reservoir. The 

potentially move into the reservoir 

maximum possible influence of slope 

maximum volume of soil which might 

from the lands lides and raveling of 

slopes during the life of the project was estimated. For purposes of this 

estimate, it was assumed that both the existing landslides would move 1/2 

foot per year, that the upper 20 feet of the soils on each slide would move 

4 feet per year, and that raveling of slopes would result in movement into 

the reservoir of a volume of soil 10 feet deep extending 100 feet from the 

high water line around the remainder of the reservoir rim. Even with these 

generous numbers, the total volume estimated is about 3400 acre feet over 

the life of the project. This is only slightly greater than the amount of 

borrow to be removed from the reservoir so the resulting lost storage will 

be insignificant compared to the reservoir volume. 

In the very unlikely event that movement of the existing slides along 

Savery and Big Sandstone Creeks totally blocked the valley, it is estimated 

that reservoir storage losses could be on the order of 8,500 acre- feet or 

about 15 percent of proposed reservoir storage capacity. 

f. Recommendations 

Since groundwater is a key element in the movement of the existing 

landslides, drainage of various parts of the slide is one possible approach 
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to stabilizing the slides. For purposes of stabilizing surficial soils, 

the slide surface could be graded to prevent ponding and in areas of 

steeper slopes, French drains could be installed. This would be especially 

important in the area between high and low water levels. For purposes of 

stabilizing the main parts of he slides, water could be drained from the 

rock below the bentonite layer. This would decreases the uplift force and 

increase the stability. Considering the minor amount of sediment expected 

to be contributed by the slides, these remedial measures are not 

recommended at this time. Continued monitoring of the existing landslides 

is recommended. Further investigation to better define their 

characteristics and the extent of possible surficial soil movements that 

might be induces by the reservoir is desirable as well. 

G. DAM AREA CONDITIONS 

1. Surface Conditions 

The dam site is located on Savery Creek in a restricted portion of the 

valley downstream of the confluence of Little Sandstone and Savery Creeks. 

The Boyer Ranch is a short distance downstream of the proposed dam. The 

right abutment is steep sided with slopes on the soil deposits along the 

base of about 4.5:1, and the rock outcrops at about 1.5:1 above the base, 

including localized near-vertical sandstone cliffs. The dam axis is 

located in a small drainage on the right abutment which also slopes at 

about 4.5: 1. The left abutment has a steep or near vertical slope for a 

short distance along its base due to a sandstone outcrop, then flattens 

above the cliff area to about 11: 1 overall to the crest and proposed 

spillway area. 

Manmade features at the site include fences, narrow unpaved roadways and 

irrigation ditches. The valley area contains numerous cottonwood trees and 

a cleared hayfield at the proposed location of the downstream toe. The 

abutments are sparsely covered with a sagebrush type vegetation regime. 

Aspen trees were found along the north-facing left abutment slopes upstream 

of the spillway area. 

111-40 



Savery Creek was flowing at a relatively fast rate during the 1985 summer 

field investigations and was typically about 30 feet wide by about 2 feet 

deep. The stream is relatively straight within the dam foundation area and 

meanders upstream of the toe area. The stream gradient is less than 1 

percent. 

Wet areas were observed on the right abutment downstream of the dam site in 

a rock outcrop above the creek and downstream of the left abutment along an 

existing roadway. The seep along the roadway was flowing at an estimated 2 

gallons per minute and the rate increased during drilling of Boreh~le SB-2 

indicating drilling water, lost along bedding planes, was exiting from this 

seep area. 

Bedrock is exposed in outcrops along most of the steep-sided right abutment 

and also at the base and along two road cuts on the left abutment. 

2. Subsurface Conditions 

Boreholes, seismic traverses and test pits on the abutments and in the 

valley bottom showed 0 to 20 feet of stiff to very stiff clays and silts 

generally overlying 0 to 23 feet of medium dense to very dense sands, 

gravels and cobbles above bedrock. Cobbles were generally more numerous 

with depth. Some of the clays and silts were highly compressible and 

collapsible when loaded and wetted. The depth and type of soils at the 

base of the right abutment were not explored but are expected to be clay to 

boulder sized material up to an estimated 50 feet thick. Bedrock consisted 

of relatively weak, fine to medium grained, silty sandstones and sandy, 

clayey siltstones and shales. The sandstone porosity appears to vary 

considerably as a result of its variable silt or clay content. Some clay 

seams were noted in cores of the sandstone at the damsite. Outcrops of the 

same sandstone beds upstream of the dam show the clay seams to be irregular 

and discontinuous. Further investigation of dam foundation conditions, 

including these seams would be appropriate before final design is complete. 
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Near-horizontal sandstones lie beneath the majority of the dam foundation 

except for the crest areas on both abutments. Thus, the abutments are 

generally resting on sandstone, typically more than 150 feet thick, and the 

valley bottom rests on about 30 feet of sandstone which grades into sandy 

siltstone (turbidites) overlying siltstone and claystone shales at 61.5 

feet in Borehole SB-6 at the upstream toe and at 85 feet in Borehole SB-5 

at the downstream toe of the dam. The difference in depths reflects the 

dip of the sedimentary rock units in a general downstream direction. 

Locations of boreholes, test pits and seismic traverses are shown on Figure 

111-5. Summary-logs including core recovery, rock quality designation, 

standard blow counts, calculated permeabilities and free water levels are 

shown on Figure III -9. Seismic traverse and laboratory test data are 

included in Appendix II. 

Calculated field permeabilities in the overburden soils ranged from 0 to 

93,000 feet per year based on 19 depth intervals tested. The higher 

permeabilities were found in the clean gravel and cobble layers, especially 

near the bedrock surface. 

The calculated borehole permeabilities in the sandstone and siltstone 

ranged from less than O. 1 ft. per year to more than 6,300 ft. per year. 

They were generally found to be higher near t.he top of bedrock and 

decreased with depth. This is generally due to a higher degree of 

fracturing and weathering in the upper portions of the rock and would be 

expected. The higher permeabilities could also be partially due to the 

vertical and horizontal fractures in the upper bedrock being interconnected 

with the more pervious soils directly above bedrock and difficulty 

encountered in sealing mechanical and pneumatic packers in the weakly to 

moderately cemented sandstones. It is believed that insitu permeabilities 

in the fine to medium grained sandstones are in the range of 1,000 feet per 

year or greater near the top of rock and one to two orders of magnitude 

less in the deeper sandstones. 

Radial laboratory permeability tests by the USBR on 2 samples of sandstone, 

indicated the permeability through the rock structure itself ranged from 13 
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to 106 feet per year. This appears reasonable based on void ratios 

measured in petrographic thin sections cut from portions of sandstone 

core. Field and laboratory permeability test results are summarized in 

Appendix I I . 

Water level measurements in borehole piezometers indicate the free water 

level is near reservoir level in both abutments and shallow in the valley 

bottom. See Figure 111-9. Artesian conditions were encountered in 

Borehole SB-6 in 'the valley bottom after drilling into a deep sandstone 

layer. Possible natural gas and traces of oil were found deep in both 

Borehole SB-5 and SB-6 in the valley. Seepage found downstream of the left 

abutment may be from shallow perched water table conditions at the 

soil-bedrock interface or deep relatively horizontal flows through the 

sandstone bedrock. 

Estimates of expected seepage loss beneath and through the dam embankment 

are dependent on assumed parameters based on data gathered; the type of 

foundation preparation planned, such as cutoff trench, grouting and drain 

limits; and the construction materials and their location within the 

embankment. Assuming a nominal-depth cutoff trench excavated 10 feet into 

bedrock, seepage losses were estimated to be roughly 150 to 200 gallons per 

minute (about 300 acre-feet per year to bring the total project seepage 

rate including reservoir and dam embankment to roughly 400 to 500 acre feet 

per year) under full reservoir and steady state seepage conditions. The 

seepage losses would occur primarily through the Savery Creek Sandstone 

member which was assumed to have an overall coefficient of permeability of 

500 feet per year. Estimated seepage losses can be expected to be reduced 

by installation of a grout curtain and blanketing the left abutment. 

Further investigation of the permeability of bedrock at the damsite would 

allow confirmation and refinement of the estimated seepage. 

Seismic refraction traverses at the damsite indicate the soil-bedrock 

contact is masked by the higher velocity shallow alluvial gravels and 

cobbles above the sandstone surface. In general the more porous sandstones 

above water table appear to have velocities of less than 4,000 feet per 

second, the water table produces a velocity of about 5,000 feet per second 
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and the granular soils produce a veloc~ty of about 6,000 feet per second. 

The refraction traverses also showed a distinct high velocity layer deeper 

in the bedrock. High velocities ranging from 10,000 to 11,800 feet per 

second were found in bedrock at depths of about 50 to 230 feet on the left 

abutment. High velocities in the valley-bottom bedrock ranged from 9,500 to 

17,400 feet per second at about 50 feet deep near the upstream toe and 40 

feet deep near the downstream toe of the dam. These high velocities 

generally are about twice the velocity of the overlying bedrock or granular 

soil cover and may be indicative of reduced weathering and fracturing in 

the deeper sandstone. This appears to correlate well with the reduction of 

rock permeabilities with depth, also typically due to reduced fracturing. 
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IV 0 ALTERNATIVE PROJECT CONFIGURATIONS 

Ao PREVIOUS STUDIES 

A brief synopsis of existing reports reviewed which address project 

configuration for the Sandstone Dam and Reservoir follows: 

Savery - Pot Hook Project 

Definite Plan Report 

U 0 S 0 Bureau of Reclamation 

May 1977 

This report is an update to the U.S. Bureau of Reclamation (USBR) report on 

the Savery - Pot Hook project dated June 1971 and revised January 1972. It 

identifies the Sandstone site as the preferred in-basin development along 

the Savery River. Data collected on the Sandstone site is presented, along 

with a recommended project configuration for a 16,600 acre-foot capacity 

reservoir. 

Little Snake River Water Management Project 

Feasibility Study and Substantiating Report 

Banner Associates I nco 

November 1980 

This study was conducted to analyze the feasibility of constructing water 

development facilities to utilize the unused and unappropriated waters of 

the Little Snake River in Wyoming for both in-basin and out-of-basin needs. 

The Feasibility Study contains a general outline of the results of the 

study. The Substantiating Report presents the results of the study for 

five major work areas: Hydrology, Geology, Engineering and Cost, Fish and 

Wildlife, and Evaluation of Alternatives. A project configuration for a 

52,000 acre-foot capacity reservoir at the Sandstone site is presented. 
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Little Snake River Water Management Project 

Technical Summary Report 

Stone & Webster Engineering Corp. 

November 1984 

This study examined the project alternatives for both in-basin and 

out-of-basin development of Little Snake River water. The Sandstone 

Reservoir was identified and recommended as meeting the in-basin 

requirements. A 52,000 acre-foot reservoir capacity was considered. 

B. DAM STRUCTURE 

1. Location 

In order to take advantage of the significant volume of water from Little 

Sandstone Creek, it is desirable to locate the proposed Sandstone Dam 

structure downstream of the confluence of Little Sandstone Creek and Savery 

Creek. In moving downstream from the confluence, the valley becomes wider 

(resulting in a greater volume of structure fill for the dam) and the 

distance from the identified fault located in the area of the Boyer Ranch 

house becomes less. Therefore, structure location at the confluence of the 

two creeks was chosen to minimize the volume of the embankment and to 

preclude having the fault pass beneath the dam or lie in the reservoir 

immediately upstream of the dam, see Figure IV-I. 

2. Function 

The purpose of the dam structure is to impound the reservoir. It must 

provide satisfactory storage with minimal maintenance for the life of the 

project. The dam structure must be economical but technically adequate for 

its function. The dam structure should have characteristics that will 

allow satisfactory seismic performance. To provide a reservoir whose 

normal high water elevation is 6932 ft. requires an approximately 170 foot 

high dam not including free board. 
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3. Arrangement 

Several dam types were considered, including concrete and earth 

embankments. The topography, foundation conditions and available 

the most construction materials were significant factors in evaluating 

suitable dam type for the site. 

The topography along the proposed axis is quite irregular varying from a 

broad steep right abutment to a relatively flat, narrow peninsula-shaped 

left abutment. The foundation is composed of relatively weak sandstones, 

sil tstones and shales. Clay seams, believed to be discontinuous, were 

found in the foundation sandstone. 

The foundation is 

marginal for any 

compacted concrete. 

too weak for a 

concrete gravity 

concrete 

type of 

arch dam and is cons idered 

structure including roller 

In addition, the irregular topography is poor for a 

concrete gravity structure. An embankment dam was therefore considered to 

be most suitable for the irregular topography and the foundation conditions 

at site. It could best accommodate potential differential deformation 

which could result from the irregular topography and it would induce the 

lowest stresses on the foundation rock. 

Rockfill and earthfill types of embankment were evaluated. Suitable rock 

fill was not economically available and therefore, the rockfill alternative 

was eliminated. The available sandstone at the site is very weak and was 

expected to break down excessively on quarrying. Suitable borrow is 

available for an earth embankment. It was therefore chosen for further 

consideration. Further details of the earthfill embankment dam are given 

in Chapter V, Conceptual Design. 
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C. OUTLET WORKS 

A number of alternatives in terms of 

were cons idered for the reservoir 

location, function and arrangement 

low level outlet works. These 

considerations are discussed in this section. 

1. Location 

Attention was given first to selecting the best location. It was desirable 

to locate the outlet on rock. .Placing the outlet conduit on overburden 

under 200 feet of embankment would be unacceptable because of the risk of 

settlement, cracking, leakage and consequent piping of dam material leading 

possibly to failure. 

Location of the outlet on or in rock under the right abutment is a 

possibility but there are several potential problems with this alignment. 

First, the right bank of the stream is concave at the dam site which would 

necessitate a curved alignment for the outlet structure. Second, there 

would be large and difficult excavation of colluvium and talus if a 

cut-and-cover conduit were to be installed. Third, the right bank is quite 

steep and there would be continuing risk from falling rock to an intake 

located on the right bank. 

The left bank is convex and consequently permits a straight alignment 

through the ridge for the conduit. Furthermore the principal conduit could 

be formed by tunnelling through the abutment rock, well below the dam. The 

construction would be reasonably straightforward and the resulting 

structure a relatively low risk arrangement. A left bank arrangement would 

also be more readily accessible. 
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The principal disadvantage of the left bank alignment is the requirement 

for 600 feet of open channel, from the outlet t s stilling basin back into 

Savery Creek. This disadvantage, however, is offset by the left bank 

advantages. 

Accordingly a tunnel alignment under the left abutment was selected for the 

low level outlet conduit. Further details on location of structures are 

discussed in the next chapter on Conceptual Design. 

2. Function 

Low level reservoir outlets can be designed to serve single, dual or 

multiple functions such as diversion during construction, service spillway, 

water supply, and emergency reservoir drawdown and hydropower. All of 

these functions were examined for inclusion in the outlet structure 

requirements. In the design chosen, all were included except the service 

spillway function. 

The Sandstone dam project's principal purpose is the storage and release of 

water and obviously the outlet conduit must serve at least that function. 

The maximum release requirements of 200 cfs under minimum head could be 

provided by a 38 in dia. steel pipe. This conduit size, however, is much 

too small for economic tunnel construction or to serve other project 

purposes. The next consideration was to have the conduit serve for 

diversion puring construction as well as water supply releases. Diversion 

of the 10-year flood would require an 11 foot diameter concrete lined 

tunnel and some auxiliary diversion structures. This is a reasonable 

solution to the diversion problem in this case where it is estimated that 

the dam would take at least two seasons to complete. It will also be shown 

later, when discussing arrangement, that this tunnel can provide a 

convenient access way to a valve chamber near the centerline of the dam. 

Consideration was given to the possibility of assigning some flood spillway 

duty to the low level out let so that it would function as a service 

spillway. This would reduce the frequency of auxiliary spillway use which 

offers the possibility of cost savings by permitting reduced design 
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criteria; as for example, the extent of spillway lining. The service 

spillway concept has several drawbacks, however, which led to its 

rejection. First, and perhaps most important, a service spillway of this 

type must be gated and therefore requires attendant operators or remote 

control automated operation to assure the shut-off and control valves are 

fully open when operating in the spillway mode. Neither of these 

conditions is envisaged for this semi-remote water supply project. Second, 

instead of a simple low level intake, a tall shaft with a morning glory 

type intake would be needed. Such intakes are prone to problems such as 

the possibility of plugging with trees and trash. Further, since the 

conduit passes through the full range of partially full to high pressure 

pipe full flow, it will be required to operate, at times, in the 

undesirable range of slug flow (75-100% pipe full). 

For these reasons it was decided to eliminate flood control as a low level 

outlet function and assign all flood releases to a chute type spillway. 

It is a requirement of any dam built today that provisions be made for 

emergency drawdown of the reservoir in the event this is deemed necessary 

for dam safety reasons. Accordingly the outlet works were investigated to 

meet the drawdown requirements of the Corps of Engineer's Engineering 

Regulation 1110-2-50, August 22, 1975; in particular, the criterion to 

evacuate 90 percent of storage volume within four months with a high 

average monthly inflow. The principal effect of this requirement was to 

increase the size of the outlet pipeline from 38 in. diameter for water 

supply to 42 in. diameter for emergency drawdown. However, in 

consideration of the prospect of future hydropower being added, the 

pressure pipeline was increased to 5.5 feet so as to reduce pipeline 

friction head loss to an acceptable degree for power output. 

The 45 inch diameter Howell-Bunger discharge valve is suitable for control 

to meet normal project operation, but an additional smaller valve, 18 

inches in diameter, is needed for minimum releases which prevail over six 

months of the year. 
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3. Arrangement 

The arrangement of outlet works is directly related to their location and 

conditions of operation. Some of these features have already been 

discussed or alluded to in the above sections. Thus, location in the left 

bank leads to a tunnel in the rock under the dam and the alignment is 

straight. Diversion of a 10-yr. flood during construction leads to an 11 

ft. inside diameter, concrete lined tunnel. Allowance for possible future 

hydropower requirements govern conduit size over water supply and emergency 

evacuation needs and led to selection of a 66 in. diameter outlet pipe 

within the 11 ft. diameter tunnel. Emergency drawdown requirements 

dictated a 42 inch diameter outlet valve. 

The use of steel pipe within the tunnel will satisfy the generally accepted 

criterion that the pressurized section of low level outlets should be 

constrained to the flow line section which is upstream of the dam center 

line. This is a conservative, generalized, criterion aimed at assuring 

that the conduit will not crack and leak from internal pressure which in 

that area will be exceeded by the external pressure. The question then is 

what to do downstream of the dam centerline where the above condition 

begins to change since the hydrostatic external pressure falls along with 

the phreatic line. 

Two solutions are commonly employed in this situation. In both cases, a 

valve chamber is located in the vicinity of the dam centerline. One 

alternative is to equip the chamber with two slide gates; the upstream gate 

for emergency or maintenance shut-off, the downstream gate for flow 

regulation. Sufficient hydraulic losses are built into the conduit through 

the gate chamber, such that flow in the tunnel downstream is always 

partially full, i.e. open channel, non pressure flow. This arrangement 

requires an access way to the valve chamber. 
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The other alternative is to locate a single shut-off valve in the chamber 

and discharge downstream of the chamber through a pressurized steel 

pipeline inside the tunnel. Flow control is at the outlet by means of a 

dispersion type valve. In this case, access to the valve chamber can be 

via the tunnel from the exit portal. 

Both arrangements have advantages and disadvantages. For the Sandstone 

dam, the best suited scheme is considered to be a pressurized pipeline 

within the tunnel leading to two outlet controls which will handle the wide 

range of discharge requirements. A 42 inch diameter valve is required for 

reservoir operation and emergency evacuation whereas an 18 inch valve would 

serve for minimum stream maintenance discharge. These can be installed 

side-by-side discharging into the same stilling basin. 

D. SPILLWAY 

This section covers the alternative considerations that entered into the 

development of the preliminary design of the project spillway. As with the 

previous section, the discussion will address location, function and 

arrangement. The question of optimization is the subject of a later 

section. 

1. Location 

Although there are many types of spillways, it is our opinion that whenever 

a chute type spillway is a practical solution for an embankment dam, it 

should be favored over others as the safest and most easily maintained 

type, especially when ungated. This it the type proposed in the 

preliminary design for Sandstone dam. 

A review of the site topography (see Figure IV-1) bears out that there is 

insufficient room to locate the required width, (90 ft.), chute type 

spillway on the right abutment. The left abutment does have room and 

because it is the convex bank, a straight alignment to the stream is 

possible. 
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The crest of the ogee control structure is located on the centerline of the 

dam sufficiently far into the abutment to ensure that the maximum wetted 

perimeter of the chute when passing the PMF will be below the rock line. 

This places the streamside spillway wall about 100 ft. from the end of the 

dam. 

Location of the ogee further downstream would permit an arm of the 

reservoir to reach downstream of the dam axis which is generally not 

considered good practice. The topography does not offer any advantage in 

locating the control structure further upstream. 

Once the general alignment has been selected, the location of the stilling 

basin at the toe of the chute was determined by the profile of the flow 

line; as shown in Figure IV-2. 

2. Function 

The primary function of the spillway is to ensure the safety of downstream 

population and property by ensuring that the dam and spillway in concert 

can safely accommodate the Spillway Design Flood (SDF). The failure of 

Sandstone dam due to overtopping and consequent breaching would pose a 

potential life threat downstream and severe economic loss to farms, the 

villages of Savery and Dixon and the ·town of Baggs. Hence, the SDF would 

undoubtedly be required by the Corps to be the Probable Maximum Flood (PMF). 

Flood control duties are often divided with high probability floods being 

assigned to a service spillway (which is often combined with the low level 

outlet works), whereas the larger, less frequent floods are passed through 

an auxiliary spillway. In an earlier section of this report on the outlet 

works a discussion was given as to why it was not practical to assign any 

flood duty to the outlet works. Hence, a chute spillway is proposed as the 

main and only outlet from the reservoir responsible for coping with floods 

in conjunction with reservoir surcharge storage. 
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3. Arrangement 

Alignment and location which are major features of spillway arrangement 

have already been discussed, but other aspects of the layout merit 

discussion. Of importance is the fact that the upper zone of bedrock, in 

the area in which the spillway will be located is a structurally weak 

siltstone. 

When the dec is ion was made to abandon the concept of providing separate 

service and auxiliary spillways, as discussed in the section on the Low 

Level Outlet, an alternative was sought which might be accomplished with 

acceptable and cost effective design criteria. This led to the 

investigation of a two level spillway; i.e., one spillway with two parallel 

adjacent sections. The lower outside section would be fully concrete lined 

and sized to handle up to the SOO-year flood. In effect this would have 

been the service section of the spillway. The upper inside section would 

have been unlined and sized so that both sections in concert would safely 

pas s the PMF. 

As the poor structural nature of the siltstone and also the underlying 

sandstone became better understood, this concept of a two level spillway, 

with the upper level unlined, was abandoned as unsafe. The evaluation 

developed that the siltstone could not be depended on to withstand any 

sustained scour and no matter how improbable this occurrence, it would 

quickly lead to erosion and the undermining of the lined section. The 

consequence of this could be an unacceptably high probability of danger to 

the dam. 

The result of these considerations and evaluations was the decision that 

the chute section of the spillway from the ogee control structure to the 

stilling basin should be fully concrete lined. High velocity flows should 

not be permitted to contact the rock. 
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E. DAM/SPILLWAY OPTIMIZATION 

In choosing the optimum crest elevation for the dam, it was necessary to 

optimize the relationship between spillway size and required surcharge 

storage within the reservoir. Spillway size has a direct effect on 

spillway cost and surcharge storage a direct effect on dam height and in 

turn, dam cost. In the case of Sandstone dam, as with any dam, the 

objective is to determine the least costly combination. Live and dead 

storage water requirements have already been determined for the Proj ect 

(see Chapter II; Sections A, C & E). These establish the Normal High Water 

Level, at elevation 6932 and spillway crest at elevation 6933. 

The question then is what is the least costly combination of dam height and 

spillway width to handle the PMF with the spillway crest at elevation 

6933. Three different spillway sizes were reviewed with widths (crest 

lengths) of 50, 100 and 150 ft. The PMF was routed through the reservoir 

by the modified PULS method and the required surcharge storage and height 

of dam were thus determined for each width. For this preliminary design, 3 

feet of freeboard above maximum PMF was assumed for each case. Preliminary 

estimates were made of dam costs over a range of heights covering the 3 

cases. The spillway hydraulics were investigated for each case and 

struc~ures were laid out in sufficient detail to support preliminary design 

level cost estimates. 

Two sets of cost curves were prepared, each a plot of Direct Construction 

Cost versus Dam Crest Elevation, one for the dam itself and the other for 

the spillway as shown in Figure IV-3. These were then combined for a curve 

of Direct Cost of Dam and Spillway versus Dam Crest Elevation as shown in 

Figure IV-4. The figure clearly shows that crest elevation 6958 is optimum 

. i. e. , it provides the minimum total cost of dam and spillway structures. 

The corresponding spillway width (ogee crest length) is 90 feet. Figure 

IV-5 shows the flood routing for this spillway. 
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V. CONCEPTUAL DESIGN 

A. PREFERRED ALTERNATIVE 

The development of the preferred alternative concept is described in 

Chapter IV: Alternative' Project Configurations, and described in some 

detail in the following sections. 

The project consists of a 200 foot high embankment dam storing a total of 

52,000 acre-feet for the purpose of downstream irrigation, recreation, and 

industrial water supply. The project's hydraulic works consist of an 

ungated chute type spillway on the left abutment and a regulated low level 

tunnel outlet in the left abutment. Following is a tabulation of project 

feature data. 

Dam 

Type 
Structural height 
Crest length 
Crest width 
Crest elevation 
Fill volume 
Upstream slope 
Downstream slope 
Freeboard 

Reservoir 

Normal min. water level 
Dead storage 
Normal High water level 
Live storage 
Max. reservoir PMF level 
Surcharge storage (e1 6932- el 6955) 

Spillway 

Type 
Control 
Des ign Capacity 
Chute size 
Stilling basin size 
Design capacity 

V-I 

Zoned earthfi11 
200 ft. 
3100 ft. 
30 ft. 
6958 ft. ms1 
6,125,000 CY 
3H: IV 
2.5H: IV 
3 ft. above PMF level 

6800 ft. ms1 
1300 AF 
6932 ft. ms1 
52,000 AF 
6955 ft. ms1 
21,000 AF 

Concrete lined chute 
Ungated, 90 ft. ogee 
35,600 cfs (PMF) 
90 ft. wide x 1300 ft. long 
90 ft. w x 42 ft. h x 215 ft. 19. 
17,800 cfs (1/2 PMF) 



Outlet Works 

Type 
Tunnel size 
Pipe size 
Closure 

Tunnel with press. pipe 
11 ft. dia. x 1140 ft. long 
5' - 6" dia. x 710 ft. long 
Stop logs at intake 
Shutoff gate at chamber 
1-42" & 1-18" dia valve 
at outlet 

Tunnel construction diversion cap. 
Outlet operating capacity 

1945 cfs (10-yr flood) 
200 cfs project operations 

Stilling basin size 
Basin design capacity 

B. DESIGN CRITERIA 

90% storage volume drawdown in 
4 months 
24 cfs minimum stream flow 
20 to 34 ft. wide x 42 ft. long 
390 cfs (190 ft. head) 

Background discussion as to the development of the conceptual design criteria 

for the project is given in the foregoing chapters on Hydrologic and 

Geotechnic Investigations and Alternative Project Configurations. 

This section will present the criteria in summary form. Further details are 

given in the following sections which describe the project facilities. 

Item 

Hydrologic and Hydraulic 
Min. Res. WL 

Max. Res. WL 
Spillway Design Flood 
Out let Works 

Emergency Drawdown 

Dam 
Min. Freeboard 

Criteria 

Store 100 yr. sediment (19.6 ft.) 
Submerge intake (5 ft.) 
52,000 AF live storage 
Snow Melt +100% PMP 
200 cfs at min. head 
Diversion of 10 yr. flood 
Redundant closure 
90% storage volume in 4 months 

Three Feet 

Stability Design Condition 
End of Construction 

Recommended 
Min. F.S. 

1.3 
Sudden drawdown from Spillway crest 
Steady seepage with max. pool 
Earthquake with seismic loading 

Seepage Control 
Borrow 
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As required 
Use available materials 

1.2 
1.5 

Acceptable 
deformation 



Reservoir 
Rim stability 

Seepage 

Operation 
Min. release 
Min pool for recreation 
Irrigation demands 
Irrigation reliability 
Supple irrigation demand 
Supple irrigation reliability 
Industrial demand 
Industrial reliability 

C. DAM 

1. Embankment Section 

No overtopping waves or large 
storage loss from landslides 
No significant losses 

24 cfs 
20% = 10,400 AF 
1 to 2 cfs/70 ac/and water rights 
8 out of 10 yrs. 
0.5 to 0.75 cfs/70 ac./and water rights 
8 out of 10 yrs. 
Approx. 20,000 AF/yr. 
100~~ time 

The Sandstone dam will be a zoned, earthfill structure, containing about 

6,125,000 cubic yards of fill. The section is consistent with the 

foundation conditions and the available construction materials. The dam 

crest at elevation 6958 would have a length of about 3100 feet and a height 

above streambed of about 200 feet. The crest width will be 30 feet. 

The embankment will be zoned as shown on Figure V-1. A central impervious 

core (zone 1) will extend to sound rock. The more pervious soil will be 

placed in the outer shells. An upstream free draining shell will be 

provided to improve stability during reservoir drawdown. An impervious 

soil blanket will extend upstream over the left abutment ridge to reduce 

po~ential seepage through the ridge. 

Internal drainage is provided by a 10 foot thick chimney drain adjacent to 

the downstream slope of the core and connected to drainage strips under the 

downstream shell. 

The upstream slope will be 3H: lV and protected from wave erosion by 

riprap. The downstream slope will be 2.5 H:lV and either grassed or 

covered by oversize rock. 
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Materials for construction of the dam will be generally available within 

the reservoir area and the required excavations. The on site sandstone is 

not sufficiently strong for riprap so riprap will need to be imported, 

probably from the Pot Hook area. Sands and gravels for the drainage zones 

and for concrete aggregate can be obtained from the stream valley 

alluvium. Processing will be required for Zone 4 drain material and 

concrete aggregate. A more detailed description of available construction 

materials is given in Section III-E. 

2. Foundation Treatment 

Foundation treatment will consist of excavation of unsuitable soil and 

rock, sloping back steep rock slopes, grouting and drainage. 

Dense, pervious sand and gravel was found in the valley bottom and directly 

above the rock on the left abutment. This material will be left in place 

in the valley bottom and under the downstream s lope of the left abutment. 

All other soil overburden will be removed to rock. A core trench will be 

excavated through the all uv ium 1 eft in p lace and ripped about 10 ft. into 

rock. No blasting will be done in the trench. 

A grout curtajn will be installed. A single line curtain on 10 ft. centers 

is assumed in the valley and a triple line curtain on 10 ft. centers is 

assumed on the abutments. The depth of grout curtain holes will range from 

50 feet in the valley bottom up to 150 feet on the abutments. Blanket 

grouting will be performed on 10 foot centers throughout the bottom of the 

core trench to a depth of 10 feet. 

Pressure relief drains will be installed along the downstream embankment 

toe to reduce any undesirable water pressures in the stratified foundation 

rock. 

3. Stab iI ity 

Once the conceptual embankment design was completed, it was analyzed to 

find its degree of stability under various loading conditions. The static 

stability of the proposed embankment section was analyzed by means of the 
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LEASE computer program using the ~1odified Bishop's Method. The loading 

conditions examined and resulting factors of safety are given in the table 

below. 

Results of Bishop's Method Stability Analysis 

Min. Safety Factors 
Case Description VIS DIS Recommended 

- Normal Conditions: Water level 6933 ft. 2.2 1.7 1.5 
Steady State Seepage 

End of Construction: 
Total Stress 1.8 1.5 1.3 
Effective Stress 1.6 1.3 1.3 

(Pore Press. Coef = 0.3) 

Rapid Drawdown from 6933 to 6800 ft. 1.7 1.7 1.3 

Probable Maximum Flood 2.2 1.7 1.5 

As the table shows, the only condition that gives a safety factor not 

significantly above the recommended minimum value is the End of 

Construction case with effective strengths and stresses. The safety factor 

given by the analysis is dependent on the pore pressure coefficient, which 

is estimated. A lower pore pressure would yield a higher safety factor. 

Ideally the safety factor should be identical for the total and effective 

stress analyses. During construction, pore pressures can be monitored and 

controlled as necessary by controlling the moisture content and the rate of 

placement of fill material. Therefore, there is no need to be concerned 

about the End of Construction case. 

For sites with potential peak ground accelerations of about 0.2g or higher, 

it is often desirable to perform a more precise seismic stability analysis 

than the psuedo-static approach. The method applied on this project was 

the Newmark method. This method applies accelerations from actual 

earthquake records of appropriate magnitude to the most critical potential 

sliding blocks found by the LEASE program. The analysis indicates the 

embankment is not expected to experience any defor'mation during the design 

Maximum Credible Earthquake. See Appendix III for more information on the 

Seismic St?bility Analysis. 
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4. Diversion During Construction 

The river flows will be diverted through the low-level tunnel outlet works 

during project construction. An upstream cofferdam, about 10 ft. high, 

will divert flows into the outlet works. The outlet works and cofferdam 

will be capable of diverting the 10 year flood around the Gonstruction area. 

D. OUTLET WORKS 

1. General 

The development of the outlet scheme for this conceptual design through the 

examination of the viable alternatives and selection of the features best 

suited to the project, are discussed in Section IV.C. Individual 

structures and their operation are described herein. Figure V-2 shows the 

overall arrangement and Figures V-3 and V-4 show the individual structures. 

The outlet works are designed to accommodate the functions of diversion 

during construction, water supply, minimum stream flow, emergency reservoir 

drawdown and possible future hydropower. The construction diversion 

criterion selected at this stage of preliminary design is the 10 year flood 

peak, estimated as 1945 cfs. Water supply requirements are from minimum 

needs of 50 cfs or less, to a maximum of 200 cfs over static heads normally 

ranging from 86 to 168 feet. The emergency evacuation criterion is to draw 

down 90% of the storage volume, from spillway crest elev 6933 within 4 

months with maximum average 4 months inflow occurring at the same time. 

2. Intake 

Figure V-3 shows the low level intake and the construction diversion 

conduit. The diversion conduit will be permanently plugged with concrete 

when it is no longer needed. 

The intake crest is set at elev 6795, five feet below normal low water 

level so as to provide some submergence and avoid entrance of air to the 
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pressure conduit. The intake is capped and equipped with stop log slots so 

that shut off is possible, in the unlikely event of a problem with the 

shutoff gate located in the gate chamber. 

3. Tunnel & Pipeline 

The tunnel under the left abutment of the dam will be excavated in 

sandstone of the Middle Haystack Mountain Formation probably by 

conventional drill-and-blast methods. The rock will be supported 

temporarily by rockbolts and protected with shotcrete as necessary. The 

tunnel will slope 0.833 percent and will be excavated roughly 13 ft. in 

diameter to achieve an 11 ft. final diameter with a 1 ft. thick lining as 

shown in Figure V-2. The 11 ft. inside diameter with concrete lining will 

be able to pass the 10 year flood of 1945 cfs during construction. The 

other long term functions of water supply, possible emergency drawdown, and 

possible future hydropower are facilitated by a 66 inch diameter 

pressurized steel pipeline inside the tunnel. This arrangement is shown in 

Figures V-2 & V-4. Emergency drawdown requirements could be met with a 45" 

diameter pipe but a 66" dia. pipe will mean acceptably low head losses for 

hydropower production. This needs to be optimized in final design. 

It· should be noted that the steel pipe inside the tunnel is not required 

upstream of the shutoff gate chamber since this section of the flow line is 

upstream of the dam centerline where the internal water pressure is 

exceeded by the external water and rock pressure. Thus cracking from 

internal pressure is not a problem as it would be for pressurized tunnel 

flow further downstream. This arrangement is also discussed in Chapter IV, 

Section C, Part 3, Arrangement. 

A gate chamber is located just upstream of the dam centerline at the 

beginning of the pressure pipeline. It houses a hydraulically operated 

shutoff slide gate whose purpose is to close off flow to enable servicing 

of the valves in the outlet valve house. Thus it will see infrequent use. 

Access to the chamber is by way of the downstream tunnel portal and a 620 

ft. long walkway. The chamber is large enough for maintenance and repair 

work if necessary. 
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4. Outlet Valve House 

There are two valves in the outlet valve house; a 42 in. diameter 

Howell-Bunger valve and an 18 in. diameter Howell-Bunger valve. These two 

valves have the combined range of capacity to handle discharges ranging 

from minimum flow releases of 24 cfs at minimum net head of 35 feet to 

maximum operation needs of 200 cfs at 117 feet net head. 

5. Stilling Basin 

The stilling basin shown in Figure V-4 is layed out to handle the 

dispersion plume from the 42" dia. Howell-Bunger valve so as to preclude 

damage to the surrounding terrain. The valve as shown in this arrangement 

is partially submerged and the final design would be highly empirical, 

probably requiring hydraulic modeling. The Howell-Bunger valve is 

recommended as one of the most efficient means of dissipating high pressure 

pipeline energy. Figure V-4 indicates the valves would be in a enclosed, 

heated chamber for subfreezing winter conditions. 

6. Discharge Channel 

The discharge channel from the stilling basin to Savery Creek is about 500 

feet long. It's design flow is the maximum operating demand of 200 cfs. 

In the unlikely event of emergency reservoir evacuation with about double 

this flow, the channel banks would overflow resulting in some damage to the 

meadow which could be repaired. The channel would be riprapped along its 

entire length. With a slope of 1.39%, a channel 3 feet deep with a bottom 

width of 6.5 ft and side slopes of 2 horizontal to 1 vertical could satisfy 

the design conditions. Almost all of the time, flows would be less than 

the 3 foot design condition. 
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E. SPILLWAY 

1. General 

The development of spillway requirements and alternative solutions has been 

discussed to some extent in Chapter IV, Section D. In that section it was 

explained that the entire flood control release responsibility was assigned 

to the chute spillway located in the left abutment. That section also 

explained that the optimum spillway size was 90 feet wide with a surcharge 

requirement of 22 feet. "Thus the PMF reservoir surcharge level is the 

spillway crest elevation 6933, plus 22 feet or EI. 6955. Figure IV-5 shows 

the inflow/outflow hydrograph for this condition. 

This section will discuss the spillway structures and their functions in 

some further detail. 

2. Approach Channel 

The approach channel is an unlined slightly curved channel leading from the 

reservoir to the control ogee. Average velocity for the maximum design 

out let flow of 35,600 cfs is about 9 ft/ sec. This could result in some 

bank erosion but would pose no danger to the dam since proper protective 

measures will be taken in the vicinity of ~he overflow ogee section which 

is adjacent to the dam. 

3. Overflow Section 

The overflow control structure is a 90 foot long ogee section with the 

"crest set at elev 6933 for storage requirements. Flow upstream of the 

control is always subcritical and downstream always supercritical. The 

ogee itself is a mass concrete structure. The siltstone/claystone located 

in the spillway area was found to be expansive. To minimize potential 

problems with this material, excavation for the overflow and chute sections 

will be made deep enough that these concrete sections can be founded on the 

underlying sandstone of the" Middle Haystack Mountain Formation. Rock 
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surfaces at the agee and downstream are lined with concrete slabs anchored 

into the rock. Overburden above the rock cuts is behind retaining walls to 

an elevation well above the maximum water line. Details of the control 

structure are shown in Figure IV-2. 

4. Chute Section 

The chute section of the spillway is in two parts; an upper part with a 

s lope of 2% and a lower, steeper, part with a s lope of 50%. The chute 

section is 90 feet wide and all water bearing surfaces are concrete lined. 

Rock cuts are lined with concrete slabs anchored to the rock and provided 

with drains whereas the overburden above the rock is contained by retaining 

walls to well above the water line. Figure IV-2 shows details of the chute 

section. 

5. Stilling Basin 

The spillway stilling basin is a major structure measuring 90 ft wide by 

about 215 feet long and 42 feet deep as shown in Figure V-5. The hydraulic 

jump is about 30 feet resulting from a peak discharge of 17,800 cfs (1/2 

PMF) • 

It is reasoned that design of the stilling basin for less than the PMF is 

acceptable since it is located around the bend well below the dam so its 

unlikely, but possible, failure poses no threat to the safety of the dam. 

6. Discharge Channel 

The discharge channel will be rip-rapped along its entire length of about 

1100 feet to Savery Creek. The design capacity has been selected as 2960 

cfs, the 500 yr flood. With a slope of 0.33% the resulting channel would 

be 5 feet deep and 80 feet wide on the bottom with side slopes of 2 

horizontal to 1 vertical. Any larger flood, which is highly unlikely would 

overtop the channel banks and cause some meadow damage which could be 

repaired. 
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F. ACCESS ROADS 

The Sandstone Dam site lies at the Northern end of a Carbon County Road 

which extends north from State Road No. 70 in the village of Savery, WY. 

Some improvement to the County Road will be required to support increased 

traffic during construction as well as provide permanent access to the 

Project. A short section of trail will be improved in the vicinity of the 

dam to provide access to the dam crest by means of a bridge over the 

spillway (Figure V-6). Four wheel vehicle trails along the east side of 

the reservoir will be provided to maintain limited access to the upper 

reaches of the reservoir. 

G. UTILITIES 

Field reconnaissance has not revealed the existence of electric or 

telephone utilities in the Savery Creek valley north of the Boyer Ranch. 

Therefore, the only relocation or interruption of utilities necessitated by 

the project will occur at the Boyer Ranch as a result of construction of 

the spillway. 

The utilities necessary for operation of the dam, presumably electricity 

and telephone service, are available in limited capacity as far up the 

valley as the Boyer Ranch. Thus, extension of these utilities to the 

project should not be a major consideration. 

H. PROJECT SCHEDULE 

The project schedule (Figure V-7) has three key elements which will 

determine how early the project construction can begin. These are 1. 

Legislative Authorization, 2. Completion of the Final Environmental Impact 

Statement (Draft EIS), and 3. Detailed Engineering Design. As noted in the 

discussion on the construction schedule, an early spring construction start 

is proposed. 

While a delay of one or two months may not be critical to the overall 

construction schedule proposed, there is a point where perhaps delay of 3-4 

months will essentially delay the completion of the project by an entire 
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year. A loss of one year should be avoided if at all possible, due to the 

possible economic consequences of such a delay. 

With this in mind, and with the schedule for the Draft EIS as stated by the 

Corps of Engineers (CDE) being due July 1, 1987, we have indicated that a 

Final EIS could be accomplished in the following six months or by the end 

of the calendar year 1987. While this schedule may be optimistic, we 

recommend that WWDC be prepared to respond to this schedule by being ready 

to start construction in 1988. Critical to being able to achieve this date 

will be the field exploritory program for final design which should be 

scheduled for completion in the summer of 1987. Information available on 

the progress and results of the Draft EIS by Spring 1987 should be used to 

re-evaluate this possibility to insure that if the progress of permitting 

indicates a 1988 construction start possibility, the opportunity is not 

lost because of a late design start. 

I. CONSTRUCTION SCHEDULE 

Considering the scope of work to be performed in constructing the dam 

embankment and its auxiliary structures and considering also the elevation 

of the project and the expected climatic conditions at that elevation, it 

is anticipated that construction work will be underway for three 

construction seasons. 

During the first season while Savery Creek remains free flowing, work will 

best be started immediately following the spring flows. During the 

remainder of that season diversion works and diversion of the creek could 

be accomplished so that at the beginning of the second season immediate 

access could be gained to the dam foundation. During the second season the 

foundation would be prepared and grouted and a beginning made on placing of 

the embankment, which work would continue until winter weather forced a 

hal t. During the third season the embankment would be completed, the 

diversion closed off, and· a start made on filling the reservoir. At the 

same time the outfall structure and spillway with their stilling basins and 

connecting channels would be completed. 

A schedule showing this construction sequence is shown on Figure V-8. 
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J. ESTIMATED COST 

The conceptual cost estimate for construction of Sandstone Dam and 

Reservoir is shown on the second following page. The estimate is based on 

quantities developed from the conceptual designs and present day 1986 unit 

prices. An allowances of 15% for engineering construction management, and 

15% for indeterminates have been included to complete the estimate. 

Basis of estimate and specific items included and excluded from the 

estimate are identified below. 

Included in the estimate: 

• 

• 

• 

• 
• 
• 
• 

Vendor information for major work items 

reservoir costs. 

tunnel costs, dam and 

Balance of estimated items, required for completeness of the 

estimate, developed from recent SWEC information. 

Contracted labor rates, including contractor's 

construction costs. 

Allowance for land and land rights for dam of $1,000,000. 

Mobilization/demobilization. 

Engineering/construction management services @ 15% 

distributable 

Allowance for indeterminates (15%) - defined as an amount added to 

the estimate to complete the estimate for inadequacies of estimating 

data. It is intended to improve the accuracy of the estimate and to 

provide adequate capital cost budget. 

Excluded from the estimate: 

• 
• 
• 
• 
• 
• 

Escalation to complete. 

Environmental studies/permitting/mitigation. 

Allowance for funds used during construction (AFUDC). 

Wyoming Water Development Commission costs. 

State and local taxes. 

Operating and maintenance costs. 
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• 
• 

Costs pertaining to water rights . 

Budget contingency defined as the owner's reserve funds for 

emergency and unforeseen circumstances, such as schedule delays, 

licensing problems, changes in labor availability or productivity, 

financial difficulties, etc. 

• Automated controls for major facilities. 

• Recreation development. 
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Item 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

CONCEPT DESIGN ESTIMATE 

SANDSTONE DAM & RESERVOIR 

($ x 1000) 

Description Unit Quantity 

Mobilization & Demobilization LS 1 

Care & Diversion of Water LS 1 

Clearing Reservoir Acre 290 

Foundation Excavation CY 1,500,000 

Rock Excavation CY 100,000 

Foundation Treatment SY 13,000 

Embankment Fill CY 5,800,000 

Rip-rap CY 125,000 

Slope Stabilization LS 1 

Filter/Drain Material CY 200,000 

Drainage Wells and Pipe LF 7,000 

Grouting LF 85,000 

Spillway LS 1 

Out let Works LS 1 

Road Relocation LS 1 

Land and Land Rights LS 1 

Instrumentation LS 1 

Subtotal Direct Cost 

Engineering/Construction Management 

Subtotal 

Allowance for Indeterminates 

TOTAL ESTIMATED COST (1986) 

V-15 

Unit Estimated 
Rate Cost 

LS 1,500 

LS 200 

1,500 435 

2.00 3,000 

10.00 1,000 

5.00 65 

3.50 20,300 

20 250 

LS 1,000 

12 2,400 

20 140 

30 2,550 

LS 5,500 

LS 4,560 

LS 550 

LS 1,000 

LS 150 

44,600 

6,700 

51,300 

8,700 

60,000 
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VI. HYDROPOWER INVESTIGATION 

A. PREVIOUS STUDIES 

In 1984 SWEC performed a reconnaissance level study of the power potential 

of Sandstone Dam and a number of other alternative possible Little Snake 

River developments. These were subject to economic analysis by Western 

Research Corporation (WRC) and the results included in the "Little Snake 

River Water Management Project Technical Summary Reports, November 1984." 

The Sandstone Dam prospects have been further studied in more detail as 

discussed in this section and Section VIII-B.S. 

B. GENERATION POTENTIAL 

The prospects for installing small scale hydroelectric power has been 

investigated for the two most likely cases of reservoir operation, one for 

pre-industrial development and the other for post industrial development. 

In both cases hydropower was operated in a run-of-river (run-of-reservoir) 

mode since there is no question of altering reservoir operation from its 

legis lated function of agriculture, municipal, and industrial use. It is 

envisioned that any hydropower addition at Sandstone Dam would be an 

adjunct to the outlet works as shown on Figure V-4 and therefore reservoir 

releases to meet water supply requirements would serve to generate power 

within the constraints of equipment capability. 

In order to determine monthly hydropower output for economic analysis over 

the 43 years of reservoir operation study, a number of rules were 

established reflecting definitions and constraints on hydropower 

capability. These are summarized below: 

• Rated head, HR = Maximum net head,_ ~ 

• Net head, HN = Gross head, H minus head loss, HL 
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• 

• 

• 

• 

• 

• 

For Sandst~ne's specific outlet works: 
2 

HL = 0.0097 Q 

Minimum net power head = 50% maximum net head 

Minimum plant flow = 40% maximum plant flow 

Maximum plant flow = rated flow, Q
R 

Overall efficiency = 81.92% (including speed increaser) 

Rated capacity = Q
R 

x H
R

/14.42 

These power constraints served as input to the reservoir operations 

programs and rated plant flow, QR' varied over a wide range of 50 to 260 

cfs. A plot average annual production versus rated Q shows a maximum 

output for the pre-industrial scenario of about 4.2 GWH for a unit with 

rated flow of 210 cfs. Corresponding post - industrial figures are 4.6 GWH 

and 225 cfs. 

Since the pre-industrial is closer in time and possibly more assured, a 

rated flow of 215 cfs was adopted. The corresponding rated plant capacity 

is 1810 KW. The reservoir operation programs were then rerun for Q
R 

= 210 

cfs. These runs brought out the fact that a single 1810 MW unit would be 

out of production six months of the year (October through March) when the 

minimum stream flow of 24 cfs prevails. 24 cfs is far below the minimum 

machine water capability of 40% x 210 cfs = 84 cfs. Therefore, an 

additional mini unit rated 280 KW was added. This mini unit would increase 

output by 1.06 GWH per year for the pre-industrial scenario and 0.90 GWH 

for the post-industrial period; an average increase of about 23% for a,very 

small increase in cost. 
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The averag~ monthly power production results of the above operation studies 

for 1-1810 KW and 1-280 KW unit are as follows: 

Pre-Industrial Post-Industrial 
Month MWH MWH 

JAN 180 153 
FEB 162 138 
MAR 180 153 
APR 319 157 
MAY 1,154 903 
JUNE 1,071 1,000 
JULY 307 734 
AUG 691 965 
SEPT 633 823 
OCT 180 153 
NOV 174 148 
DEC 180 153 
TOTAL 5,231 5,480 

These figures served as basic input to the power economic analysis of 

Section VIII. 

C. POWER USES 

A small part of the project power output would be used for project purposes 

such as heating, lighting, equipment operation, and power station service 

use. This would be in the order of 50 to 100KW, say 3 to 4 percent of 

output. The remaining bulk of the output, about 97%, would be available 

for wheeling from the town of Baggs and sale to an electric utility 

D. CONCEPTUAL LAYOUT 

The hydropower installation would utilize the low level outlet for its 

connection to the reservoir. As previously stated that is the reason for a 

66" steel conduit instead of a 45" conduit. Figure V-4 shows a bulkheaded 

stub branching off the, left side of the pipeline, identified for possible 

future hydropower. The left side was chosen because the access road and 

tunnel walkway are on the right side. 
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The hydropower house would be located closely adjacent to the outlet 

stilling basin and the tailrace would lead to the outlet's open channel to 

Savery Creek. 

There are no foreseen complications in the powerhouse layout. Either a 

horizontal Francis type or a cross flow turbine would fit this site. The 

Francis type has seen much wider acceptance in this country so it will be 

dis cus s ed here. 

As previously discussed under Generation Potent~al, 210 cfs was determined 

to be the best choice for rated plant flow, QR. The corresponding rated 

head, HR and rated capacity, KWR are 124 ft and 1810 KW. A 38 inch 

diameter Francis wheel operating at a synchronous speed of 514.3 rpm would 

meet these performance requirements. This could be set above tailwater,' 

which contributes to simplicity in powerhouse design and construction with 

a 0.9 power factor the generator rating would be 2010 KVA. Whether or not 

a speed increaser is worthwhile to increase the generator speed up to 900 

rpm so as to reduce its cost at a loss of 1 to 1 1/2% in efficiency, is a 

question left to final design. 

It is envisaged that generator voltage would be stepped up to 13.8 KV for 

transmission to Baggs about 20 miles away. 

E. ESTIMATED COST 

The cost estimates for the 2090 KW hydro-installation has been prepared 

from SWEC Guideline cost curves which were developed from cost curves to be 

found in Corps of Engineers, Bureau of Reclamation and Electric Power 

Research Institute small scale hydropower manuals. Updating to July 1986 

was by means of BUREC cost indices. 
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A summary of the project estimated capital cost follows. 

Item 

1. Composite Cost (turbine/generator, elect. & mech. equip., 
powerhouse & yard) 

2. Incremental Penstock (incr 45 tt to 66") 
3. Tailrace 
4. Switchyard 
5. Transmission to Baggs 
6. Mini Unit Package 
7. TOTAL DIRECT COST 
8. Allowance for Indeterminates @ 25% 

SUBTOTAL A 
9. Engineering Administration @ 20% 

SUBTOTAL B 
10. Interest During Construction 
11. TOTAL PROJECT COST 
12. Unit Cost = 2,970,000/2090 = $1,420 per KW 

F • RECOMMENDATIONS AND SCHEDULE 

Thousand $ 

$1,150 
120 

20 
30 

430 
230 

$1,980 
490 

$2,470 
500 

$2,970 
nil 

$2,970 

At this time at $1,420 per kw, hydropower appears to be potentially 

feasible based on the most optimistic forecast for power rates and 

industrial development. This is further borne out by comparing the above 

total preject cost with the disceunted value of the benefit streams 

discussed in VIII B.S. Considering however, the complications ef adding 

FERC license requirements to the Cerps 404 permit procedures, hydropewer 

dees net appear to be an advisable initial functien ef the project. There 

are some advantages in applying to FERC at a latter date when requirements 

weuld be simplified because beth the dam and conduit would be existing. 

Certainly hydropower is teo premis ing to be emitted from future 

censideratien so. adequate pensteck provisions have been made for this 

eventuality, mainly by installing a 66 inch diameter pipeline in the 

initial project. 

The main recommendation at this time is that hydropower be reviewed during 

the detailed design so as to select an appropriate 'time for installation. 
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VII. PERMITS AND LAND ACQUISITION 

A. PERMIT REQUIREMENTS 

Table VlI-1 lists the major permits and other authorizations required to 

construct the Sandstone Dam and Reservoir Project. In addition to those 

listed, the construction contractor will be required to have in its 

possession, valid permits, certificates, licenses, etc. covering all 

government regulated construction equipment, activities, and support 

services (e. g. equipment operation and maintenance, blasting, noise and 

dust control, food handling, sanitary waste facilities). 

The 404 Permit application was submitted by the WWDC in August, 1986 to 

initiate the National Environmental Policy Act (NEPA) process. The WWDC 

and the Corps of Engineers, as the designated lead federal agency, 

subsequently commenced work on the project's Environmental Impact Statement 

(EIS) in September, 1986. The 404 Permit, as well as the Bureau of Land 

Management (BU1) Right-of-Way Grant, will not be issued until the NEPA 

process is complete. 

No other permit applications have been submitted by the WWDC to date. 
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Table VII-1 Permits - Sandstone Dam and Reservoir 

Permit (1) 

404 Permit (Discharge of Dredged 
or Fill Material into Waters 
of the United States) 

Right-of-Way Grant 

Threatened and Endangered 
Species Clearance (2) 

401 Water Quality Certification 

Permit to Construct Temporary 
Waste Treatment Facilities 
(Sediment Ponds) 

National Pollutant Discharge 
Elimination System (NPDES) 
Permit 

Mining Permit 

Waste Disposal Permit 

Burning Permit 

Easement (State Lands) 

Reservoir Permit (Permit to 
Appropriate Water) 

Review and Approval of 
Construction Plans and 
Specifications 

Agency 

U.S. Dept. of the Army, Corps of 
Engineers 

U.S. Dept of the Interior, Bureau 
of Land Management 

U.S. Dept of the Interior, Fish and 
Wildlife Service 

Wyoming Dept. of Environmental 
Quality, Water Quality Division 

Wyoming Dept. of Environmental 
Quality, Water Quality Division 

Wyoming Dept. of Environmental 
Quality, Water Quality Division 

Wyoming Dept. of Environmental 
Quality, Land Quality Division 

Wyoming Dept. of Environmental Quality, 
Solid Waste Management Div. 

Wyoming Dept. of Environmental 
Quality, Air Quality Division 

Wyoming Board of Land Commissioners 

Wyoming State Engineer 

Wyoming State Engineer 
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VIII. ECONOMIC ANALYSIS 

A. AGRICULTURAL ABILITY-TO-PAY ANALYSIS 

1. Introduction 

As a part of the economic studies associated with developing the Sandstone 

Dam and Reservoir on Savery Creek, Western Research Corporation (WRC) was 

authorized to revise the agricultural ability-to-pay analysis set forth in 

a 1984 report to the North Platte Water Development Joint Powers Board 

(Black & Veatch, 1983). The revisions incorporate updated hydrologic data, 

and the analysis was tailored to those agricultural operators who will 

benefit directly from the Sandstone Project. Although these operators 

currently produce substantial amounts of grass and alfalfa hay, production 

is curtailed somewhat by late season water shortages. 

To adapt the previous ability-to-pay analysis, seven of the sample of 24 

operators who were interviewed in the Little Snake River Basin were dropped 

from the data base because their operations are located above the Savery 

Creek-Little Snake River confluence, thus they would not benefit from the 

project. Based upon the revised data base, a new series of crop budgets 

was developed reflecting a 63 percent water supply under current (baseline) 

conditions. The data base was also used to project cropping pattern and 

yield changes that might result if supplemental irrigation water were 

available from the Sandstone Reservoir. Projections of net farm income 

with and without the project were then compared to assess ability-to-pay 

for additional water. Estimates of ability-to-pay were made for two future 

scenarios: 

• most likely scenario agricul tural practices in the region will 

remain unchanged, and additional water will be used only to 

supplement current supplies on existing irrigated lands by adding a 

proportional amount to each crop in the current cropping pattern; 

• alfalfa production scenario - alfalfa production will increase on 

existing irrigated lands due to the increased availability of late 
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season irrigation water. The increase in alfalfa production will 

come about through the reseeding of fields currently devoted to mixed 

grasses (improved hay) production. 

The following sections describe current agricultural practices in the 

region, how production practices and yields might change with supplemental 

water, and estimates of ability-to-pay for additional water. 

2. Present Agricultural Practices 

a. Study Area 

The study area consists of agricultural operations in southcentral Wyoming 

downstream of the confluence of Savery Creek with the Little Snake River 

and to the lowest Colorado-Wyoming border. The 45 ranchers in this region 

are a part of the Little Snake River Water Conservancy District. These 

operators irrigate a total of approximately 20,600 acres. The majority of 

this acreage is in hay production, except for about five percent that is 

devoted to small grains (Little Snake River Soil & Water, 1984). 

Many of these operations have irrigated lands and/or livestock operations 

which extend across the border into Colorado. For purposes of developing 

ability-to-pay estimates, it was necessary to look at each operator's total 

enterprise; not just the portion of his lands within the Wyoming border. 

(For Example, farm implement costs are an important element in an 

ability-to-pay analysis, and for most operations it would be impossible to 

segregate "Wyoming implements" from "Colorado implements" since each 

implement may be used in both states.) Thus, the "typical operations " 
described later in this study may include landholdings in both states. The 

ability-to-pay estimates, however, are intended to reflect each operator's 

ability-to-pay for supplemental water for lands currently under irrigation 

in Wyoming. 

The majority of irrigated lands in the area are relatively high in 

elevation, ranging from approximately 5500 to 6500 feet. Average 

precipitation is approximately 12.6 inches per year, and the average frost 

free growing season is relatively short; approximately 86 days. The 
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relatively high elevation and low precipitation levels tend to discourage 

dry land farming, as most of the crops grown in the region today are 

supported by irrigation (Bureau of Reclamation, 1977). 

b. Crop and Livestock Production 

The agricultural economy of the Little Snake drainage is almost solely 

devoted to the production of livestock. The livestock operations are, on 

the average, relatively large. A typical operation has between 600 and 700 

head of cattle and irrigates about 500 acres of native, improved and 

alfalfa hay to supply winter feed. Cattle are summered on BLM, u.S. Forest 

Service and private land. Cattle typically are moved to summer range in 

May, where they remain until fall. In October or November, cattle are 

brought down from summer range to pasture on hay or alfalfa aftermath until 

winter feeding, which typically begins in December. One of the reasons 

cattle are typically left so long on summer range is that late season water 

shortages restrict the amount of aftermath for fall grazing. 

At the present time, the major irrigated crop in the region is native hay, 

which comprises one-half of all irrigated acres. (Native hay is used in a 

generic sense in this report to denote hay fields that are not periodically 

- plowed and reseeded. Such fields may contain several mixed grasses in 

addition to native hay.) Alfalfa .and improved hay (mixed grasses) make up 

most of the remaining irrigated land. Alfalfa accounts for about 11 

percent of all irrigated hay acreage in the refined study area. Oat hay is 

typically used as a cover crop for alfalfa when it is plowed under and 

reseeded. One reason for the relatively low percentage of alfalfa is that 

sufficient water is often not available in late July or August to ensure a 

good second cutting. Many operators are inclined to view the more 

intensive cultivation practices required by alfalfa as impractical without 

a full water supply. Currently, a typical operation has about 63 percent 

of the water necessary to meet the full consumptive use requirements of its 

crops. Average hay yields in the region today are relatively good, 
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considering the late-season water shortages. Interview data indicates that 

yields for native hay average 2.4 tons per acre; improved hay yields 

average 2.8 tons per acre; and alfalfa yields average 3.9 tons per acre 

under current conditions. 

c. Crop Budgets 

To estimate agricultural ability-to-pay for Sandstone Reservoir water, it 

was necessary to estimate annual crop production costs and returns for a 

typical current (baseline) operation. Crop production costs and returns 

were also estimated assuming supplemental late season water was available 

from the reservoir. Ability-to-pay estimates were based on the differences 

between these scenarios. 

The first step in revising the baseline crop budgets was to determine the 

size of a typical operation. Based upon the 17 field interviews described 

above, the median number of irrigated acres per operation was approximately 

500. That figure was used as the size of a typical operation for crop 

budgeting purposes. Cropping patterns, yields, and production costs also 

were estimated from information obtained from field interviews. The 

results of this analysis, along with a composite net return per acre for a 

typical current operation, is given in Table VIII-I. The results in Table 

VIII-l show that a typical current cropping pattern consists primarily of 

native hay, and improved hay with some alfalfa. Oat hay is included in the 

cropping pattern to reflect its use as a cover crop to reseed alfalfa and 

improved hay. The cropping proportions shown in the first column of the 

table reflect the overall averages from the field survey, with some minor 

adjustments to reflect reseeding practices. 

The yields in the second column of Table VIII-l are weighted average yields 

from the sample of interviewees. Gross returns for each crop are shown in 

the third column of the table, and are based upon average regional market 

prices for each crop, along with an estimated value for aftermath grazing. 

Exact figures used in these computations are given in footnotes to Table 

VIII-I. The production costs shown in column four of the table are based 
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Crop 

TABLE VllI-1 

Baseline Scenario 

Annual Crop Production Costs and Returns for Typical Operation 
(500 Irrigated Acres) 

Per Acre 
Composite 

Cropping Yield Gross Production e Net Net 
Pattern (tonsL acre 2 Returns Costs Returns Return 

Native Hay .50 2.4 $136.50a 
$102.92 $ 33.58 $ 16.79 

Improved Hay .33 2.8 158.50b 111.51 46.99 15.51 

Alfalfa .11 3.9 238.50c 121.24 117.26 12.90 

Oat Hay .06 1.8 99.00d 176.04 (77.04) (4. 62 2 

Overall 
Return $ 40.58/Acre 

a 

b 

c 

d 

e 

Based upon 2.4 tons/acre of native hay at $55/ton and aftermath grazing 
valued at $4.50/acre. 

Based upon 2.8 tons/acre of improved hay at $55/ton and aftermath grazing 
valued at $4.50/acre. 

Based upon 3.9 tons/acre of alfalfa at $60/ton and aftermath grazing valued 
at $4.50/acre. 

Based upon 1.8 tons/acre of oat hay at $55/ton as a cover crop for alfalfa. 

Based upon crop budget analyses in Appendix IV. 
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upon computerized budget analyses. All inputs to the program were based 

upon current equipment, inventories and cultivation practices reported by 

interviewees. (Detailed crop budgets are included in Appendix IV). 

The net returns in the fifth column of the table were obtained by 

subtracting the production costs for each crop from the gross return 

estimates, resulting in a per acre return for that crop. The overall net 

return in the last column of the table is the sum of the net return for 

each crop mUltiplied by the proportion of that crop in the cropping pattern. 

The results show that the overall net return per acre for a typical 

operation is $40.58 per acre. That figure is a return to land and water 

after all other production costs have been taken into account. That is, it 

is the estimated average return per acre that a typical operation 

experiences after paying all production costs, including management and 

labor, but before paying for the acquisition of any land or water rights. 

This figure was arrived at by utilizing average market prices for hay in 

the region. Since most operators consume their own hay production and 

market it through livestock, their actual returns will vary from those in 

Table VIII-1 on a year-to-year basis depending upon the livestock market. 

Nevertheless, over the long run, the figures shown in Table VIII-l should 

reflect the value of irrigated agricultural products regardless of whether 

they are sold or marketed through livestock. 

The $40.58 net return per acre to land and water shown in Table VII I-1 

cannot be used directly in computing ability-to-pay for water; rather it 

must be compared with net returns that might be experienced with increased 

water supplies as discussed in Section 3 below. 
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3. Future Scenarios 

a. Background 

The hydrological investigations described in Section II of this report 

indicate that with the Sandstone Project, 0.5 cfs per 70 acres of late 

season irrigation water would be available to agricultural operators. 

Prior to the sale of industrial water, this supplemental flow could be 

assured every year. Even after industrial usage begins, this supplemental 

flow would be available an average of 42 out of 43 years. 

Irrigators in the Little Snake drainage indicate they usually have 

sufficient water through the first week in August, and need supplemental 

flows only for the remainder of the irrigation season. Providing storage 

releases to assure 0.5 cfs per 70 acres from the second week in August 

through the end of the irrigation season would mean an additional 0.58 

acre-feet per acre, or about 7 inches per acre of supplemental water would 

be available through storage releases. Assuming a 40 percent system 

efficiency, an additional 2.79 inches per acre would be available for crop 

consumptive use from storage releases. In the introduction to this report 

it was noted that ability-to-pay estimates were computed for two different 

future scenarios. The first scenario assumes that agricultural practices 

in the region will remain unchanged, and additional water will be used only 

to supplement current supplies on existing irrigated lands. The second 

scenario assumes some land currently in native and improved hay will be 

converted to alfalfa production. Crop budgets for each of these scenarios 

are described below. 

b. Most Likely Scenario 

During the field interviews in the Little Snake Valley, the majority of 

interviewees expressed the intent to use any supplemental water to extend 

the irrigation season on existing crops. While these operators indicated a 

desire to increase alfalfa acreage, most would maintain current cropping 
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patterns unless a full water supply were insured. Since the provision of 

0.5 cfs per acre for late season irrigation does not represent a full water 

supply, the most likely scenario assumes that there would be no changes in 

current cropping patterns for a typical operation. 

An analysis of water supply and yield relationships indicates that native 

hay yields could be increased to 2.5 tons and 0.7 AUM per acre in the most 

likely scenario. Similarly, improved hay yields could be improved to 3.0 

tons and 0.7 AUM per acre and alfalfa yields to 4.2 tons and 0.7 AUM. 

Thus, with the supplemental water supply, overall hay production would 

increase about seven percent. 

The gross returns, production costs and net returns shown in Table VIII-2 

were determined in a similar manner to that in the baseline scenario (Table 

VIII-I). The overall net return per acre under the most likely scenario is 

$50.20 per acre, an increase of $9.62 over returns in the baseline scenario. 

c. Alfalfa Production Scenario 

This scenario describes crop budgets as~uming that some existing grass hay 

fields are converted to alfalfa production. Based upon field interviews, 

it appears that many operators would not expand alfalfa production without 

assurances of a full water supply. However, the availability of 0.5 cfs 

per acre late in the irrigation season may be sufficient to cause some 

operators to expand alfalfa production. 

The alfalfa production scenario assumes cropping patterns would change to 

those given in Table VIII-3. Under this scenario, alfalfa would account 

for about 48 percent of irrigated acreage , with the remainder devoted to 

native hay and feed barley grown as a cover crop for alfalfa. The crop 

acreage devoted to feed barley in this scenario is based upon a 6 year 

replanting cycle for alfalfa. Feed barley was deemed a more appropriate 

cover crop than the oat hay shown in the baseline scenario because feed 

barley is a good winter feed supplement that would be useful if ranchers 

decide to winter additional calves. 
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Crop 

TABLE VIII-2 

Most Likely Future Scenario 

Annual Crop Production Costs and Returns for Typical Operation 
(500 Irrigated Acres) 

Per Acre 
Composite 

Croppin.g Yield Gross Production e Net Net 
Pattern (tonsLacre) Returns Costs Returns Return 

Native Hay .50 2.5 $143.80a $103.41 $ 40.39 $ 20.20 

Improved Hay .33 3.0 171.30b 113.81 57.49 18.97 

Alfalfa .11 4.2 258.30c 124.20 134.10 14.75 

Oat Hay .06 2.1 115.50d 177.50 (62.00) (3.72) 

Overall 
Return $ 50.20/Acre 

a 

b 

c 

d 

e 

Based upon 2.5 tons/acre of native hay at $55/ton and aftermath grazing 
valued at $6.30/acre. 

Based upon 3.0 tons/acre of improved hay at $55/ton and aftermath grazing 
valued at $6.30/acre. 

Based upon 4.2 tons/acre of alfalfa at $60/ton and aftermath grazing valued 
at $6.30/acre. 

Based upon 2.1 tons/acre of oat hay at $55/ton as a cover crop for alfalfa. 

Based upon crop budget analyses in Appendix IV. 
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Crop 

TABLE VIII-3 

Most Likely Future Scenario 

Annual Crop Production Costs and Returns for Typical Operation 
(500 Irrigated Acres) 

Per Acre 
Composite 

Cropping Yield Gross Production d Net Net 
Pattern (acre) Returns Costs Returns Return 

Alfalfa .48 4.2 $258.30
a 

$148.18 $110.12 $52.86 

Native Hay .44 2.5 143.80b 
111.24 32.56 14.33 

Feed Barley . 08 67 bu . 166.15c 242.68 (76.53) (6.12) 

Overall 
Return $61.07/Acre 

a 

b 

c 

d 

Based upon 4.2 tons/acre of alfalfa at $60/ton and aftermath grazing valued 
at $6.30/acre. 

Based upon 2.5 tons/acre of native hay at $55/ton and aftermath grazing 
valued at $6.30/acre. 

Based upon 67 bu./acre of feed barley at $2.20/bu. and .75 tons of straw per 
acre at $25/ton. 

Based upon crop budget analyses in Appendix IV. 

VIII-I0 



An analysis of water supply and yield relationships indicates that alfalfa 

yields could be increased to approximately 4.2 tons per acre assuming 

supplemental water supplies in August and September. It was assumed that 

native hay fields would yield 2.5 tons per acre, while feed barley, used as 

a cover crop for alfalfa, would yield an average of 67 bushels per acre. 

The estimated net return per acre under this scenario is $61.07 per acre, 

an increase of $20.49 over the figure of $40.58 in the baseline scenario. 

4. Ability-to-Pay 

a. Most Likely Scenario 

The composite overall net return per acre for a typical operation under 

current conditions in the Little Snake drainage is $40.58 (Table VIII-1). 

This figure represents a return to land and water after taking into account 

all production costs for a typical operation including machinery, supplies, 

labor and management. The corresponding figure for the most likely scenario 

(Table VIII-2) is estimated to be $50.20 per acre. The difference between 

these two figures of $9.62 represents a per-acre estimate of ability-to-pay 

for additional water assuming no changes in cropping patterns and 

supplemental water is available every year. 

Before arriving at a final ability-to-pay figure, two other factors must be 

considered. First, the analysis must be adjusted to reflect the 1 year out 

of 43 when supplemental water would not be available. Second, the 

ability-to-pay estimates must be expressed on a per acre-foot basis. 

To account for the 1 year out of 43 ·when supplemental water could not be 

assured (assuming the sale of industrial water), it was assumed that 

returns in those years would approximate baseline levels. Thus, the 

weighted average return for all years with the project is: 

$40.58 + 42($50.20) 

43 
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This figure is $9.40 per acre higher than the baseline case; thus $9.40 

represents maximum agricultural ability-to-pay on a per-acre basis for the 

most likely scenario. To convert this figure to a per acre-foot basis, it 

must be divided by average annual reservoir releases for agricultural 

purposes. Taking into account the 1 dry year out of 43 under the 

industrial use scenario, this figure is .57 acre-feet per year. Thus, 

maximum ability-to-pay on a per acre-foot basis is 

$9.40 

.57 
= $16.49 per acre-foot 

b. Alfalfa Production Scenario 

The alfalfa production scenario shows returns of $61.07 per acre with an 

assured 0.5 cfs of late season irrigation water. In 1 out of 43 years, 

however, this supplemental flow would not be available and yields would be 

below average. Table VIII-4 depicts this dry year scenario and shows that 

returns would drop to an estimated $49.61 per acre in such years. The 

weighted average return over all 43 years is: 

$49.61 + 42($61.07) 

43 
= $60.80 

This figure is $20.22 higher than the baseline return of $40.58 per acre. 

Thus, maximum ability-to-pay under this future scenario is $20.22 per 

acre. Divided by an average of .57 acre-feet of supplemental releases each 

year gives a maximum ability-to-pay of $35.47 per acre-foot. 

The alfalfa production scenario discussed in this section assumes that a 

typical operator would convert 180 acres of existing grass hay production 

into alfalfa production over a six year period. The production costs 

associated with establishing alfalfa stands on the acreage are included in 

the production costs given in Table VIII-2. However, an estimated $125.00 

per acre of additional land improvement costs would be necessary prior to 

planting these lands in alfalfa. Amortized over a 30 year period at 10 

percent interest over all 500 irrigated acres, this figure represents an 
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Crop 

TABLE VIII-4 

Most Likely Future Scenario 

Annual Crop Production Costs and Returns for Typical Operation 
(500 Irrigated Acres) 

Per Acre 
Composite 

Cropping Yield Gross Production d Net Net 
Pattern (tonsL acre 2 Returns Costs Returns Return 

Alfalfa .48 3.9 $258.50
a $144.37 $ 94.13 $45.18 

Native Hay .44 2.4 136.50b 109.13 27.37 12.04 

Feed Barley .08 1.8 99.00c 194.17 (95.17) (7. 61 2 

Overall 
Return $49.61/Acre 

a Based upon 3.9 tons/acre of alfalfa at $60/ton and aftermath grazing valued 
at $4.50/acre. 

b 

c 

d 

Based upon 2.4 tons/acre of native hay at $55/ton and aftermath grazing 
valued at $4.50/acre. 

~ased upon 1.8 tons/acre of barley hay at $2.55/ton. 

Based upon crop budget analyses in Appendix IV. 
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additional cost of $4.91 per acre annually that would be unavailable to pay 

for additional water. Thus, the adjusted maximum ability-to-pay for 

additional water on a per acre basis in the alfalfa production case is 

$15.31 per acre ($60.80 minus $40.58 minus $4.91). On a per acre-foot 

basis, the corresponding ability-to-pay estimate is $26.86. 

It should be noted that this ability-to-pay figure reflects operator's long 

term average ability-to-pay, which would not be achieved until 180 acres of 

existing hay fields were replanted to alfalfa. It might take a typical 

operation five or six years to make this conversion. 

c. Conclusions 

The ability-to-pay calculations described in previous sections are 

summarized in Table VIII-5. The results show that the ability of ranchers 

and farmers in Wyoming's Litt Ie Snake drainage to pay for supplemental 

irrigation water is partially dependent upon the use to which that water is 

put. If the water is used primarily to increase irrigation on the current 

operations, as appears most likely, that the long term average 

ability-to-pay would be about $16.50 per acre foot. If, on the other hand, 

alfalfa production was increased, long term average ability-to-pay could 

approach $27.00 per acre-foot. If this -latter assumption is used, 

ability-to-pay would also be lower during the first five or six years after 

supplemental water becomes available. That is because farmers and ranchers 

would be undertaking land improvement and reseeding operations during that 

period to bring about changes in their current cropping patterns. 

It should also be noted that the ability-to-pay figures presented herein 

are estimates of the maximum that a typical operator could afford to pay. 

That is, they were computed as the breakeven point at which the farmer or 

rancher would be indifferent to purchasing new water. Thus, actual water 

charges may be somewhat lower. 
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TABLE VIII-5 

Summary of Ability-to-Pay Calculations 

Description 

Returns/Acre 
With Project 

Baseline Returns/Acre 

Difference 
-;', 

Land Improvements/Acre 

Ability-to-Pay ($/Acre) 

Supplemental Water/Acre 
(Acre/ft.) 

Ability-to-Pay ($/AF) 

* 

Most Likely 
Scenario 

$ 49.98 

40.58 

$ 9.40 

0.00 

$ 9.40 

0.57 

$ 16.49 

Alfalfa Production 
Scenario 

$ 60.80 

40.58 

$ 20.22/Acre 

4.91 

$ 15.31 

0.57 

$ 26.86 

Costs amortized over a 30 year period @ 10 percent interest. 

Source: Western Research Corporation, Laramie, Wyoming. 
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B. PROJECT BENEFITS 

1 . I ntrod uction 

The following sections describe the direct economic benefits attributable 

to the Sandstone Project. These benefits stem from the consumptive use of 

project water for agricultural, municipal and industrial purposes, as well 

as non-consumptive uses including flood control, recreation and the 

potential for hydroelectric power generation. The benefit streams for each 

use were measured in 1986 dollars and then discounted to a net present 

value as of the beginning of the construction period (1989). Although some 

construction activities may begin prior to 1989, that year was used as a 

base period for comparing benefits and costs throughout the economic 

analysis. A four percent discount rate was used (over a fifty year project 

life) to allow benefit-cost comparisons without future inflation 

considerations. Project benefits attributable to each use are described in 

the following sections. 

2. Agricultural Benefits 

Estimates of the direct agricultural benefits due to the Sandstone Dam and 

Reservoir Project were based upon the same crop budget analyses described 

in Sect ion VI I I A above. The results of that analys is show that the 

provision of supplemental late season irrigation water to area ranchers 

would increase net returns per acre on irrigated lands by approximately 

$9.00 to $15.00 per acre, depending upon what assumptions are made 

concerning cropping patterns. For purposes of the ability-to-pay analysis, 

it was assumed that an average operator would make no significant changes 

in his current cropping patterns. For purposes of estimating project 

benefits, however, it seems likely that at least some operators in the area 

will increase their alfalfa hay production. Thus, net benefits per acre 

attributable to the project were estimated at $12.00 per acre. Multiplying 

this per acre benefit by the 20,600 acres of irrigated land that would 

benefit from the project, and discounting this value back to 1989 yields an 

estimated $4,721,000 in direct agricultural benefits. 
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3. Municipal Benefits 

The Sandstone Dam and Reservoir Proj ect would provide up to 200 acre- feet 

of water annually for municipal use in the towns of Dixon and Baggs. 

Several methods are available for evaluating the benefits of municipal 

water to the towns. The most common approaches are the requirements 

approach and the economic demand valuation approach. Valuing municipal 

water using the requirements approach projects demand from current usage 

rates and assigns a benefit value based upon the cost of the second least 

expensive supply. Estimates of benefits based upon this approach provide 

reasonable results when alternative water sources are sufficiently 

plentiful to keep the marginal cost curve from rising too rapidly. 

However, where readily available alternative supplies are limited, or have 

not been fully studied, the method loses its usefulness. 

For this reason, the economic demand valuation approach was used to value 

the benefits of an increased municipal water supplies for Baggs and Dixon. 

Using this approach, benefits accruing from an increased municipal water 

supply are proje.cted by estimating consumers' demand for water and the 

amount they are willing to pay for that water. Consumption of municipal 

water is influenced by price, consumer habits and income, population, the 

type of industrial and commercial uses and climatic conditions. Although 

some evidence indicates that water consumption is not greatly responsive to 

either price or income, water consumption studies have shown that users are 

more responsive to price changes than might be assumed. 

To implement the demand valuation method, demand projections must be made 

for without project and with project scenarios. Future water use for the 

without project scenario was assumed to follow the annual population growth 

rate of 2.07 percent projected for Carbon County in Wyoming Population and 

Employment Forecast Report, Wyoming Department of Administration and Fiscal 

Control, August, 1985. Under this assumption, water use in Baggs would 

grow from about 100 acre-feet in 1986 to 276 acre-feet in 2036. Water use 

in Dixon would increase from about 35 acre-feet in 1986 to 97 acre-feet 

after 50 years. With the Sandstone Project, it was assumed that increased 
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economic activity in the Little Snake Valley would increase municipal water 

demand by an additional 160 acre-feet in Baggs and an additional 40 

acre-feet in Dixon by the year 2016. This implies annual growth rates of 

3.25 percent for Baggs and 2.58 percent for Dixon. 

Water pricing policies in many communities are such that it is difficult to 

derive inferences about consumer's willingness to pay. However, studies of 

the price elasticity of municipal water demand have shown that price 

elasticities tend to be relatively low, and that elasticities differ 

between major components of use, such as domestic use and lawn irrigation. 

Regional differences in the elasticities also exist. Price elasticities 

for arid areas such as Wyoming have been estimated to be -0. 70 for the 

irrigation season and -0.55 for the winter water demand (R.A. Young and S. 

L. Gray, 1972). 

L. D. James and R. R. Lee offer a procedure for deriving the value of 

municipal water from demand curves and elasticity estimates (L. D. James 

and R. R. Lee, 1971). The value of new municipal water can be estimated by 

comparing the area under the demand curve from the usage without the 

project to that with the project. The estimating equation may be written 

as: 

liE 

1 - liE 
liE 

where V
T 

is total willingness-to-pay for an increment of delivered, treated 

water; P
b 

is its current marginal price ($182 per acre-foot in Baggs; $104 

per acre-foot in Dixon), E is the price elasticity of demand (-0. 70 May 

through September and -0.55 in October through April); and the increase in 

water supply between Q
2 

and Q
1 

is being evaluated. 
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Black and Veatch estimates that annual water usage (Q1) for Baggs is about 

100 acre-feet and for Dixon is about 85 acre-feet (Black & Veatch 

Engineers-Architects, 1984). Q
2 

is 100 acre-feet, plus the additional 160 

acre-feet from Sandstone Reservoir, or 260 acre-feet for Baggs. Q
2 

is 75 

acre-feet for Dixon. To allow for varying summer and winter use, 54 

percent of water usage was assumed to occur May through September and 46 

percent throughout the remainder of the year. Averaging the summer and 

winter results from the estimating equation yields annual benefits of 

$350.48 per acre-foot for the irrigation season and $431.94 per acre-foot 

for winter use. Averaging the results for the winter and summer season 

yields an average annual value of $391.94 per acre-foot for potable 

municipal water in Baggs. Similarly, potable municipal water is valued at 

$201.05 in Dixon. 

Since these values are for treated potable water, the values of raw water 

must be estimated for computation of benefits. Assuming the municipal 

water utilities have set their price to meet the average cost of a water 

supply, then total cost equals total revenue. However, there remains a 

consumer surplus accruing to the water user. Young and Gray have imputed 

the value of raw water using estimates of this consumer surplus (L.D. James 

and R. R. Lee, 1971). They derive the value of raw water as the benefit 

value of treated water minus the current marginal price of treated water. 

The imputed municipal value of raw Sandstone water is $391.94 minus 

$182.00, or $209.94 per acre-foot for Baggs and $201.05 minus $104.00, or 

$97.05 for Dixon using this approach. 

Annual benefits were calculated using these values and the estimated 

incremental demand over a 50 year project life assuming additional 

municipal water becomes available in 1992. The discounted value of 

municipal benefits as of 1989 for both communities is $157,000. 
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4. Flood Control Benefits 

Although the Sandstone Dam and Reservoir would not be operated specifically 

for flood control purposes, it would reduce Savery Creek's 100 year flood 

peaks by about 400 cfs (15 percent) and the probable maximum flood (PMF) 

peak by about 5900 cfs (14 percent). The attenuation of flows in the 

Little Snake River from the Sandstone Dam and Reservoir would be about 3.75 

percent for the PMF on Savery Creek. Increased flows in the Little Snake 

River due to the 100 year flood on Savery Creek would not exceed the 

channel capacity. Thus , although flood control benefits would occur from 

the dam site to the Little Snake River under all flooding conditions, 

benefits along the Little Snake River would only occur with floods 

sufficiently above the 100 year frequency to cause the Little Snake to flow 

out of it's channel. For the purpose of the following analysis, benefits 

were estimated along Savery Creek for all potential flood levels and along 

the Little Snake River for the SOD year flood or greater on Savery Creek. 

For the Little Snake River Valley, historical flood damage costs are 

available for the 1984 flood as reported by the Carbon County Disaster 

Board and the Town of Baggs. This information includes data regarding 

damages that could not be attenuated by the Sandstone Project, so it was 

necessary to analyze the data carefully to relate it to the area that would 

be affected by this project. The 1984 flood in the Little Snake Valley 

resulted in estimated agricultural damages of $170,860 to the 800 irrigated 

acres along the Savery Creek and $1, 186,660 to the 8,000 irrigated acres 

along the Little Snake River from Savery through Baggs. In addition, the 

Carbon County Disaster Board reported $179,000 damage to utilities, county 

roads and bridges, public buildings and private businesses outside of 

Baggs. The Town of Baggs reported $693,688 in damages. 

Although this information is useful, it does not provide definitive 

information on damages that would occur with floods of different severity. 

Thus, to verify potential damage estimates for flood frequencies other than 

the 1984 flood, historical damage estimates from another agricultural area 

were examined. Snowmelt runoff in 1971 caused an estimated $179,000 in 
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agricultural damages over 21,500 acres along the Bear River above Bear Lake 

(Department of the Army, 1972). The peak flow levels associated with these 

damages was about 2346 cfs along a flood plain in an area similar to that 

of the Savery Creek and Little Snake River. The per-acre damage for this 

five year frequency flood reported is about $22 per acre in 1986 dollars, 

or about $0. 01 p~r-acre per-cfs. This figure is virtually the same as 

damage estimates for the 1984 Little Snake River expressed in the same 

terms. 

The $0.01 per-acre per-cfs agricultural damage estimate was applied to the 

flow rates from the hydrological analysis to estimate agricultural damages 

for all flood frequencies that would be attenuated by the Sandstone Dam and 

Reservoir. This procedure resulted in average annual flood damage 

estimates of $3,400 along Savery Creek, and $121,500 along the Little Snake 

River. Using a similar procedure for non-agricultural damages resulted in 

$161,000 of additional average annual damages. 

The Sandstone Dam and Reservoir would reduce these expected damages by an 

average of $6,100 annually. The present value of this flood control 

benefit is $117,000 when discounted to 1989 using a four percent discount 

rate. 

5. Hydropower Benefits 

The "Little Snake River Water Management Project Technical Summary Report, 

SWEC, November 1984" presented a benefit-cost ratio of 1.09 for hydropower 

generation at the Sandstone Dam site under the plant size, hydrological, 

and power purchase assumptions used for the study. These assumptions have 

been revised during the course of this study. 

SWEC, in ,cooperation with Western Water Consultants, has re-analyzed the 

prospects of installing hydropower at the proposed Sandstone Darn. This 

re-analysis led to the conclusion that the optimum installed capacity would 

be one 1,810 Kw horizontal axis Francis type unit plus one 280 Kw 
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horizontal axis Francis type for a total of 2090 Kw. The smaller 280 Kw 

unit would only be used for generation during winter months (Oct. through 

March) when the minimum required reservoir release of 24 cfs prevails. 

In determining KWH output, WC addressed two reservoir operation 

scenarios: pre-industrial and post- i~dustrial. The average outputs are 

somewhat different for each case as shown in Table VIII -6 below. Western 

Research Corporation (WRC) contacted Colorado-Ute, Pacific Power and Light 

Company (PP&L) and Western Area Power Authority (WAPA) to determine their 

policies, payment schedules, and future outlook for power purchases. In 

addition, WRC contacted the Public Service Company of Colorado (PSCo) with 

regard to their potential interest in the power. 

WAPA's rates and potential interest have remained unchanged since 1984, and 

would provide fewer benefits than those of other potential purchasers. 

Colorado-Ute's rate for a facility coming on-line in 1992 would be 3.5¢ per 

KWH (in 1986 dollars). PP&L's avoided cost price schedule is presented in 

terms of a contract price for each year from 1986 through 2020, assuming 

the contract were made in 1986. Converting these prices to 1986 dollars 

yields prices in the range of 1.51C to 1.61C per KWH. For power produced 

after 1995, PP&L adds a capacity component to the energy component of the 

pricing schedule. The average rate per KWH after 1995 would be about 2.89¢ 

per KWH in 1986 dollars. 

PSCC would make a distinction between the purchase price of power from the 

280 Kw unit and the 1,810 Kw unit since they would be operated during 

different months. The 1986 price for power from the 280 Kw unit would be 

about 4.2C per KWH, and the price for the 1,810 Kw unit would be about 4.9C 

depending upon the month. Since PSCC' s rates are the highest available 

when expressed in current dollars, they were used for estimating hydropower 

benefits. 

PSCC's purchase prices were applied to the monthly power output projections 

over a 50 year proj ect life, assuming a O. 6¢ per kwh wheeling charge to 

deliver power "to PSCC's service area. A 15 year pre-industrial period from 

1992 to 2007 was assumed, followed by a 35 year post-industrial period. 
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Month 

JAN 
FEB 
MAR 
APR 
MAY 
JUNE 
JULY 
AUG 
SEPT 
OCT 
NOV 
DEC 

TOTAL 

TABLE VIII-6 

Monthly Potential Hydropower Output for 
Sandstone Dam and Reservoir 

Pre-Industrial Post-Industrial 
MWH MWH 

180 153 
162 138 
180 153 
319 157 

1,154 903 
1,071 1,000 

307 734 
691 965 
633 823 
180 153 
174 148 
180 153 --

5,231 5,480 
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Pre-industrial benefits are. estimated to be about $220,000 annually, while 

post-industrial benefits are estimated to be about $232,000 per year. The 

discounted value of those benefit streams as of the beginning of the 

construction period in 1989 is $3,499,000. 

6. Recreation Benefits 

The Wyoming Game and Fish Department estimates the Sandstone Reservoir 

would draw an estimated 9,233 fisherman days of use per year. Construction 

of the reservoir would result in the loss of 327 stream fisherman days, for 

a net gain of 8,906 fisherman days (Wyoming Game and Fish Department, 

1985) . Assuming $30 as the benefit attributable to a fisherman day, the 

annual recreation benefits of the project would be $267,200. The present 

value of this recreational benefit stream (discounted to 1989) is 

$5,103,000. 

7. I ndustrial Benefits 

The key to the economic viability of the Sandstone Project is the timing of 

demand for industrial water. The area is rich in coal resources, and has a 

past history of uranium mining and milling activities. As of 1986, 

however, there was little activity in either of these energy sectors and a 

good deal of uncertainty concerning the potential for future development. 

Several years ago the Pittsburgh Midway Company filed for a 20,000 

acre-foot water right on the Little Snake River near Baggs. The purpose of 

this water right was apparently to slurry coal from proposed underground 

mines near Baggs to the Union Pacific rail line near Rawlins. Pittsburgh 

Midway, then a subsidiary of Gulf Oil, is now the property of Chevron USA. 

There are apparently no immediate plans to implement the proposal in light 

of depressed energy markets. 

In view of the uncertainty surrounding future industrial demand for water 

in the Little Snake Basin, it is difficult to project industrial demand for 

project water over time. Rather than attempting such projections, an 

alternative method of analysis was pursued. Specifically, the study of 
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industrial benefits was based upon a breakever:t analysis. The breakeven 

analysis was used to determine a set of circumstances under which the total 

benefits of the Sandstone Project to the state exceed the project's total 

cost. To undertake the analysis, it was necessary to specify a quantity of 

industrial water that would be available, a price industrial users would be 

willing to pay for that water, and a portion of the project's costs that 

should be assigned to industrial development. 

Based upon hydrological and reservoir operation studies for the Sandstone 

Project, it appears that approximately 20,000 acre-feet of industrial water 

could be made available at a Baggs diversion point while still satisfying 

in-basin needs for agricultural and municipal use. The economic 

feasibility of the Sandstone Project depends upon the price industrial 

users would be willing to pay for that water. Al though there have been 

relatively few large industrial water sales in the State recently, the 

Water Development Commission has been negotiating with the Exxon 

Corporation for an option on industrial water from the proposed Middle Fork 

Reservoir. Based upon these negotiations, it appears that $250 per 

acre- foot is a reasonable approximation of industry's willingness to pay 

for energy-related industrial water in 1986 dollars. 

The $250 per acre-foot figure could obviously change over time, due to 

either inflation or deflation brought about by changing market conditions. 

Rather than attempting to project the change in the market value of water 

over time, however, an "inflation free" discount rate of four percent was 

used to reflect the changing value of industrial water over time. Thus, 

the analysis assumes that the real (inflation free) value of industrial 

water will remain approximately $250 per acre-foot in the future. This 

procedure is valid to the extent that the future value of water is affected 

only by the monetary effects of inflation. If the real value of water 

increases in the future relative to other commodities, the analysis 

presented here will be somewhat conservative concerning the potential 

benefits of the Sandstone Project. 
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Table VIII-7 lists the non-industrial sources of benefits attributable to 

the Sandstone Project, along with the estimated present value of their 

benefit streams as of the beginning of the construction period in 1989. 

That table shows that non-industrial benefits of the project will total 

approximately $13.6 million, when discounted to the beginning of the 

construction period in 1989. 

The construction cost of the Sandstone Dam including hydropower generators 

is estimated to be approximately $63 million over a three year construction 

period. Discounting to a single point in time (1989) to place these costs 

on a comparable oasis with the benefits in Table VIII-7, gives an estimated 

construction cost of $60.2 million. If $13.6 million of this construction 

cost is allocated to agr icul ture, recreation, hydropower, municipal water 

supplies and flood control as described in Table VIII-7, then a remaining 

construction cost total of $46.6 million must be justified on the basis of 

industrial benefits. 

Table VIII-8 shows the estimated value of industrial benefits (discounted 

to 1989) as a function of the date upon which industrial utilization 

commences. The table assumes that industrial usage will be 20,000 

acre-feet annually provided from reservoir storage releases. If industrial 

usage were to commence in 1992, the present value of industrial benefits 

would exceed $95 million, or more than twice the construction cost 

allocated to industrial use. Under this scenario, the project would return 

over $2.00 in benefits for each $1.00 of the State's investment. 

The benefits attributable to industrial usage decline as the assumed date 

of first utilization moves into the future. The results in Table VIII-8 

show that industrial benefits would be approximately equal to allocated 

costs if industrial water utilization were to begin in the year 2007, 

approximately 15 years after the project was completed. Thus, the project 

would be economically beneficial to the State if 20,000 acre-feet of water 

could be sold for industrial use within 15 years after project completion. 
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TABLE VIII-7 

Non-Industrial Benefits Attributable 
to Sandstone Project 

Source of 
Benefit 

Agriculture 

Recreation 

Hydropower 

Municipal Water 

Flood Control 

Total 

* Estimated Present Value 
of Benefit Stream 

$ 4,721,000 

5,103,000 

3,499,000 

157,000 

117,000 

$13,597,000 

Benefits are in 1986 dollars, discounted to the 
beginning of the construction period (1989). 
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TABLE VIII -8-

Industrial Benefits of Sandstone Project 
As a Function of Demand Timing 

20,000 Acre-feet Supplied 

Year Industrial 
Demand Commences 

* Estimated Present Value 
of Benefit Stream 

(millions) 

* 

1992 $ 95.5 

1997 75.7 

2002 59.4 

2007 46.1 

2012 35.1 

2017 26.0 

2022 18.6 

Benefits are in 1986 dollars, discounted to the 
beginning of the construction period (1989). 
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C. CONCLUSIONS 

The Sandstone Dam and Reservoir Proj ect would provide approximately $13.6 

million in non-industrial benefits attributable to agricultural use, 

recreation, hydropower, municipal water supplies and flood control. While 

these benefits alone will not justify the project's cost, benefits 

attributable to increased agricultural production and recreation in the 

region are significant. An updated agricultural ability-to-pay analysis 

indicates that agricultural users in the proj ect area could afford to pay 

up to $9.00 per acre for benefits associated with supplemental late season 

irrigation water. 

The overall economic viability of the Sandstone Project is a function of 

the price of industrial water and the timing of industrial water demand. 

I f the State can market 20,000 acre- feet of storage from the proj ect at 

$250 per acre-foot (in 1986 $'s) within 15 years of the project's 

completion, then the project will be economically viable. If industrial 

water could be marketed at the same price at an earlier date, the economic 

benefits to the State would be significant. Sales of water after the year 

2007 would have to be at a higher price to justify the project on the basis 

of economic feasibility. 
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IX. SUMMARY AND RECOMMENDATIONS 

A. SUMMARY 

The 1985 Wyoming Legislative Session authorized the Wyoming Water 

Development Commission (WWDC) to conduct a Level III, Phase II Concept 

Design of the Sandstone Project and pursue EIS permitting in sufficient 

detail to allow a request for detail design and construction funding to be 

presented in the 1987 Session. 

This report presents the conceptual design of the Sandstone Dam and 

Reservoir. In August 1986, WWDC filed a draft 404 permit with the Corps of 

Engineers (COE), Omaha District, and embarked on an applicant prepared 

Environmental Impact Statement (EIS) with concurrence of the COE. 

Hydrology 

The Sandstone Dam and Reservoir will provide municipal, agricultural and 

industrial water to portions of the Savery Creek and Little Snake River 

basins located in Carbon County, Wyoming. Approximate annual yields 

available from the project will be 200 acre-feet, 12,000 acre-feet and 

20,000 acre-feet for municipal, agricultural and industrial uses 

respectively. 

The proposed Sandstone Dam will impound a 52,000 acre-foot capacity 

reservoir. Earlier studies of the project identified this size of 

reservoir and the current study confirmed this reservoir capacity. 

Sediment deposition, over the 100 year life of the project, estimated to be 

about 3600 acre-feet based on historical sediment data was factored into 

the operation studies to estimate project yields. Sediment load from 

reservoir slope sluffing or the ancient 1andslide creep in the upper 

reaches of the reservoir was not included in the operation studies. 

Required excavation from the reservoir for construction of the embankment 

was estimated to offset this sediment load. Since timing of the sediment 

contribution of the reservoir rim depends upon reservoir operation 

conditions, further refinement of this impact was not considered to be 

warranted at this level of study. 
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The flood estimated for the Probable Maximum Flood (PMF) event, has a 

volume of about 154,000 acre-feet with a peak flow of 41,500 cfs. 

Reservoir operation studies were conducted to determine average annual 

yields of the reservoir under varying demand scenarios. Agricultural water 

rights in their respective priorities were observed in all operating 

scenarios. An instream flow of 24 cfs was used as the minimum flow to be 

maintained below the Sandstone Dam in Savery Creek. Municipal water was 

assumed to be released from the reservoir in July, August and September, 

while supplemental irrigation was made available from the reservoir at the 

rate of 0.5 cfs/70 acres for Wyoming water rights, during the irrigation 

season as available. The industrial water is assumed to be withdrawn from 

the Little Snake River near Baggs, Wyoming. 

Geotechnical Investigations 

Preliminary site investigations for the Sandstone Dam were initiated by 

Stone & Webster in June of 1985. These investigations expanded upon the 

data developed by the Bureau of Reclamation in the mid 1970' s, for the 

Savery-Pot Hook Project. The field program was expanded in September 1985 

to include additional monitoring of the ancient slide areas on Little 

Sandstone and Savery Creeks. 

The geology of the area is predominantly sandstone and shales, and while 

rock out crops are typically visible along the valley walls, rock quarry 

sites are not easily accessible. The valley bottom will provide both 

impervious core and filter material for embankment construction. The 

foundation of the dam is judged to be suitable for construction of an 

earthfill embankment. 

An examination of faults and seismicity of the project and surrounding area 

resul ted in the selection of a maximum probable earthquake which could 

occur at or near the site of magnitude 6.0 on the Richter scale. This 

corresponds to a peak bedrock acceleration of 0.3g. 

Construction materials for the embankment will come principally from 

excavations for the spillway and diversion tunnel and borrow areas within 
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the proposed reservoir. Rip-rap will probably be imported from the Pot 

Hook area. 

Seepage from the reservoir and beneath the dam are estimated to be within 

acceptable limits based upon the current level of investigations. 

Additional investigations should be conducted prior to final design. 

The ancient landslides on Little Sandstone and Savery Creeks have indicated 

slight movements in recent years. These slides which are thought to have 

started roughly 10,000 years ago, continue to creep along in response to 

stream erosion at their toes and the wetter than normal period experienced 

in the first half of the 1980 t s. Creeping movements of this type in the 

sandstone and shale formations of the North American continent are quite 

common, and rapid or catastrophic movements are not typical of such 

slides. While local slumping of surfical soils along the reservoir rim may 

be expected due to normal reservoir operation in no case is it expected 

that the Savery slide would move rapidly or significantly enough to produce 

conditions which might endanger the dam. 

Alternate Configurations 

Location of the Sandstone Dam just downstream of the confluence of Little 

Sandstone Creek and Savery Creek captures the water available from Little 

Sandstone Creek. This is the last significant tributary to Savery Creek 

before reaching the Little Snake River. Loco Creek enters Savery Creek 

from the west about 1 mile below the site but with its relatively small 

drainage and moderate elevation of terrain, contributes relatively small 

amounts of additional water. Considering the added width of the valley as 

it widens below the proposed site and the location of the fault in the 

vicinity of the Boyer Ranch, it was judged prudent to maintain the axis of 

the dam just below the confluence of Savery and Little Sandstone Creek,. 

Several dam types were considered in the conceptual design stage; earth 

embankment, rockfill and concrete. The foundation was judged to be too 

weak for a concrete arch dam and marginal for any concrete gravity 

structure including roller compacted concrete. The irregular topography 

along the axis of the dam is not suited for a concrete gravity structure. 
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Earth or rockfill structures best accommodate such topography. 

rockfill was not economically available. Materials for 

embankment were available in the proposed reservoir area. 

Suitable 

earthfill 

The outlet works will serve first as a diversion facility during 

construction and then permanently as the reservoir low level outlet. The 

right abutment is considered unacceptable due to the steep slope and 

concave shape of the creek channel at the damsite. The preferred location 

is through the left abutment by tunneling through the rock below the 

foundation of the dam. Cut and cover construction beneath the earth 

embankment was not considered acceptable for this site. The 11 foot 

diameter tunnel, used for diversion during the construction of the 

embankment, will permanently house a steel outlet pipe with control valves 

for regulated project releases. A blind flange stub from the outlet pipe 

will be provided for the installation of possible future hydropower at the 

site. 

The only practical location for the emergency spillway for the earth 

embankment is through the left abutment. The emergency spillway is 

designed to pass the PMF with reservoir surcharge and is an ungated 

overflow ogee crest with chute spillway and energy dissipation basin. A 

rip-rap channel directs the flow back to Savery Creek. Spillway width and 

height of the darn crest were optimized to obtain the least costly 

combination. 

Preferred Alternative 

A zoned embankment was chosen as the preferred darn type for the Sandstone 

Darn. It has a crest width of 30 feet and crest length of 3100 feet at 

Elevation 6958. The embankment with upstream and downstream slopes of 

3H:1V and 2.5H:1V respectively is designed to safely withstand the maximum 

credible earthquake as well as all construction and normal operating 

conditions. 
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The reservoir will have a storage capacity of 52,000 acre-feet at normal 

high water Elevation 6932. A flood surcharge pool of 21,000 acre-feet 

located above the normal high water pool will provide retention of some of 

the PMF and reduce spillway discharge to 35,600 cfs. The stilling basin 

and channel to Savery Creek are designed for one-half of the PMF and would 

sustain some damage if design capacity is exceeded. However, safety of the 

dam would not be compromised. 

The diversion tunnel is sized for a 10 year flood (1945 cfs) and the low 

level outlet capacity ranges from 24 cfs for minimum flow releases to 200 

cfs for project releases. 

The benefit of including hydropower facilities at the Sandstone project 

appears to be marginal at the current market value of electric energy in 

the area. However, future electric rate increases may materialize during 

the permitting, design and/or construction period of the project and may 

indicate that hydropower would be an economical addition to the project. 

Consequently conceptual design has made provisions for hydropower to be 

added to the project at a later date. 

Access roads to the site, utilities and instrumentation have been included 

in the conceptual design of the project. 

Schedule 

With the initiation of the Environmental Impact Statement (EIS) activities 

in August 1986, it is considered possible that the Corps of Engineers 

proposed schedule for the Draft EIS by July 1987 may allow construction to 

begin early in 1988. To achieve this schedule, Legis lative authorization 

for detailed design and construction should be granted during the 1987 

Session and final geotechnical exploration and detailed design should be 

completed during 1987. 
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Concept Design Cost Estimate 

Cost estimates for the facilities at the Sandstone project were prepared 

from the conceptual designs. The total estimated cost of the Sandstone Dam 

and Reservoir in 1986 dollars, based upon the concept designs presented 

herein is 60 million dollars. 

Economic Analysis 

The economic analysis evaluated the benefits attributable to the Sandstone 

Proj ect from agricultural, recreational, municipal and industrial water 

supply, hydropower and flood control. 

Several options were analyzed when considering agricultural benefits of the 

supplemental water supply: current conditions, most likely future scenario 

and alfalfa production scenario. 

Municipal water benefits reflect a modest increase in water demand in Baggs 

and Dixon occasioned by increased economic activity from the Sandstone 

Project. 

Flood control benefits were evaluated for the lower re'ach of Savery Creek 

and then along the Little Snake River through Baggs. 

Hydropower benefits were evaluated using three potential power marketing 

options: namely, Colorado-Ute Electric Association, Western Area Power 

Administration and Public Service Company of Colorado. 

Recreational benefits were based upon use estimates made by the Wyoming 

Game and Fish. 
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Approximately 13.6 million dollars of benefits are attributable to the 

above listed non-industrial accounts. The overall economic viability of 

the Sandstone Project is a function of the price of industrial water and 

timing of the industrial demand. If the State can market 20,000 acre-feet 

of storage from the project at $250 per acre-foot (in 1986 dollars) within 

15 years of the project completion, the project will be economically 

viable. Sale of industrial water sooner than this will significantly 

increase the benefits to the State. Sale of water after the year 2007 

would have to be at a higher price to justify the project on the basis of 

economic feasibility. 

B . RECOMMENDATIONS 

It is recommended that a zoned earthfill embankment with an uncontrolled 

chute type spillway and a low level outlet be considered for design and 

construction at the Sandstone Project site on Savery Creek if the 

Legislature elects to proceed with project development. The preferred 

project design will provide a live storage capacity of 52,000 acre-feet 

with a normal water level at El. 6932. 

If the Wyoming Legislature approves Level IV funding during the 1987 

Session, it is recommended that land acquisition be initiated by the ~~DC. 

Also, that final geotechnical field investigations be initiated in the 

Spring of 1987 with completion of final design specifications and drawings 

by the end of 1987 in order to be prepared for an early construction start 

in 1988. 
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