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1 INTRODUCTION 

1.1 PROJECT DESCRIPTION AND PURPOSE 

The Horse Creek Reservoir Project is located in Goshen County 
approximately 12 miles south of Torrington in eastern 
Wyoming. Horse Creek is a tributary to the North Platte 
River. The purpose of the study is to determine the costs 
and benefits of constructing the Project on the Lower Horse 
Creek drainage. The reservoir would serve as a regulating 
reservoir to meet downstream commitments, while storing 
excess flows from Horse Creek, the Goshen Irrigation District 
canals, and possibly the Laramie River. 

1.2 AUTHORIZATION 

The Wyoming Legislature has authorized the Water Development 
Commission to conduct a Level II Feasibility Study of the 
Horse Creek Reservoir Project. The study investigates the 
feasibility of a reservoir on the Lower Horse Creek Drainage 
to regulate flows of Horse Creek and the Goshen Irrigation 
District ("GID") canals. The tasks and requirements are 
outlined in Chapter 228 of the 1985 Session Laws of the State 
of Wyoming. 

1.3 SCOPE 

The study is designed to establish the cost associated with, 
and the resultant benefits of, a reservoir on the Lower Horse 
Creek on a Level II feasibility study basis. 

The Scope of Services was broadly organized into four phases. 
PHASE A: HYDROLOGY was intended to identify and quantify the 
potential flows available for storage. In PHASE B: DAM SITE 
SELECTION a single site was to be selected for further 
feasibility studies. PHASE C: FEASIBILITY INVESTIGATIONS was 
to determine dam site geology and prepare a preliminary design 
for the selected site. PHASE D: ECONOMIC ANALYSIS AND REPORT 
would quantify the agricultural benefits. 

At the completion of each phase, draft sections of the report 
were submitted to the WWDC and GID for review. As it turned 
out, the Phases were not completely sequential but were more 
interactive than originally contemplated. After each step, the 
available information was considered and adjustments were made 
to the study tasks as necessary to best accomplish the overall 
study objectives. 
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At the beginning of PHASE C: FEASIBILITY INVESTIGATION, it was 
decided to perform a feasibility level investigation on two 
proposed sites identified as the Lower Bureau Dam site and the 
Upper Bureau Dam site. To keep the cost impact of adding a 
second site within acceptable limits, several tasks were 
reduced in level of effort, while others were eliminated 
entirely. These changes are discussed in section 7 of the 
report. 

The study develops the hydrology necessary to determine the 
potential flows available for storage, the operations model 
required for yield determination, and the design flood 
inflows and sediment studies necessary to determine spillway 
and dead storage requirements. 

The determination of potential flows available for storage 
include natural streamflow, historically "wasted" flow, and 
flow gains attributed to irrigated return flows. The 
development of potential flows consist of using correlation 
techniques to improve gaged streamflow data, obtaining GID 
records of flow diversions, and obtaining state records of 
water rights within the GID. 

The reservoir operation model was developed to evaluate yield 
possibilities and to study optional reservoir sizes and 
regulating scenarios at the Horse Creek Reservoir site. The 
operation model has a one month time increment utilizing flow 
volumes during each month. The operation model of the 
reservoir and the Horse Creek system incorporates the 
following features: 

- The Wyoming water rights priority system. 

- Diversions, and return flows. 

- Reservoir evaporation and seepage. 

- Reservoir filling from natural flow on a 
once-per-year basis as per the regulations of the 
State Engineer. 

- A 34-year historical period operation. 

Inflow design hydrographs for alternative dam sites were then 
developed for evaluating spillway sizes and costs. The 
50-year and IOO-year peak discharges at the alternative dam 
sites were evaluated using standard frequency methods based 
on the flood records at gaged locations. The U.S. Water 
Resources Council guidelines were implemented using 
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appropriate regional skew coefficients. The Probable Maximum 
Flood (PMF) and the one-half PMF flood hydrographs were 
generated using an event simulation model on the entire Horse 
Creek basin above the reservoir sites. Input data were 
determined from USGS maps, county soil reports, and regional 
rainfall depths based on Hydrometeorological Report No. 51 
(HR51). 

The expected rate of reservoir sediment accumulation was 
estimated to determine the dead storage requirements over the 
selected life expectancy. This estimate was based upon the 
sediment accumulation of the Hawk Springs Reservoir and 
Oliver Reservoir, as well as a literature review. 

The study develops the criteria to evaluate alternative dam 
sites, resulting in the selection of an optimum site. 
Further feasibility studies were conducted on that site. 

The factors in selecting the alternative dam sites included: 

- Reservoir yield. 

- Embankment volume. 

- Foundation conditions. 

- Emergency spillway site. 

- Borrow source. 

- Diversion locations. 

- Relocations. 

- Rights-of-way. 

These factors were determined through hydraulic routings of 
the design floods, using several normal pool elevations at 
each alternative dam site, various riser and conduit sizes 
for optimizing the principal spillway, and various lengths of 
unlined, excavated channels to optimize the emergency 
spillway. 

Itemized and total cost estimates of the alternative dam 
sites were prepared to determine the relative costs for each 
site. Construction quantities, land acquisition, and 
required relocations were estimated. Estimates of foundation 
treatment and borrow sources were made from previously 
published geological reports. 
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Following the evaluation of alternative dam sites, a detailed 
feasibility investigation of two sites was performed. This 
included geologic field investigations involving field 
explorations and laboratory testing of foundation and 
potential embankment material. Also, surveys were performed 
to establish monuments and dam site cross sections, assuming 
a preliminary design of zoned earth embankments at two sites. 
Emphasis in the preliminary design identified, analyzed and 
quantified the major factors that affect the performance and 
cost of the project, which included: 

- Stability analysis. 

- Settlement analysis. 

- Seepage control. 

- Embankment geometry. 

- Materials usage and availability. 

- Erosion protection. 

- Spillway and outlet works hydraulics. 

- Relocations of roadways, farm and utilities. 

Finally, the economic analysis was performed. This involved 
the probable construction cost estimates and the economic and 
financial analysis. The construction cost estimates were 
generated to reflect total construction costs for the dam and 
reservoir. The economic and financial analyses were to 
provide a clear overall picture of the economic consequences 
of the project, including identification of potential public 
and private benefits and an analysis of the agricultural 
sector's ability-to-pay for additional water. The overall 
scope of the analysis included the following activities: 

- Quantification of agricultural benefits; and 

- assessment of the agricultural sector's ability-to-pay 
for the proposed project. 
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PHASE A: HYDROLOGY 

2 CLIMATOLOGY AND METEOROLOGY 

2.1 CLIMATE 

The climate in the Horse Creek basin is semi-arid. The basin 
experiences a large daily and annual temperature range. 
These fluctuations are the advent of both warm and cold air 
masses and the relatively high elevation of the basin, which 
permits rapid incoming and outgoing radiation. Windy days 
are frequent during the winter and spring months. Quite 
often these winds are warmed by the downslope (Chinook) 
effect from the higher elevations to the west and bring about 
the rapid warming and melting of the snow. 

2.2 PRECIPITATION 

Most of the air masses reaching the project area move in from 
the Pacific. Because the mountains to the west are effective 
moisture barriers, the annual precipitation over the basin 
averages approximately 14.5 inches. About 76 percent of the 
annual precipitation falls between April and September, with 
approximately half the annual precipitation occurring between 
April and June. Precipitation is decreased during the winter 
months, occurring mostly as snow. Measured at Yoder station, 
the greatest daily rainfall recorded within the basin was 
3.00 inches in July, 1937. The Torrington Experimental Farm, 
located several miles north of the basin, reported a maximum 
daily precipitation of 5.44 inches in June, 1955. Rainfall 
in excess of 6 inches (in less than six hours) has also been 
reported at stations in the Lodgepole Creek basin which 
borders the Horse Creek basin to the south. The average 
snowfall is approximately 46 inches. Precipitation records 
for stations within the basin are summarized in Table 2.1. 

2.3 TEMPERATURE 

The mean annual temperature in the basin is 48 degrees, 
Fahrenheit. Temperatures as high as 110 degrees have been 
recorded at LaGrange, Wyoming, and as low as 35 degrees below 
zero at Yoder, Wyoming. July is the warmest month with a 
mean temperature of 72 degrees, while January is the coldest 
month with a mean temperature of 27 degrees. Temperature 
records for stations within the basin are summarized on 
Table 2.1. 

2.1 



2.4 EVAPORATION 

The average annual net lake evaporation rate was estimated 
based on information obtained from the Missouri River Basin 
Comprehensive Framework study, Volume 6, Chapter 4 of the 
Appendix, Missouri Basin Inter-Agency Committee, June, 1969 
(framework study). The derivation of the mean annual lake 
net evaporation is described in the above reference, and 
presented below. 

Gross evaporation values, precipitation amounts and 
appropriate runoff data had been estimated. Gross 
evaporation values were found in TP 37 (Weather Bureau 
Technical Paper 37, "Evaportion Maps for the united states"). 
The precipitation values were determined from normal annual 
precipitation maps for the period 1931 through 1960 as 
published by the u.s. Weather Bureau in the National Atlas 
for the united states. Appropriate runoff data, included 
reservoir and lake net evaporation rates for the Missouri 
Basin. The average annual net lake evaporation for the Horse 
Creek study area was estimated to be 30 inches/year. A 
monthly variation of evaporation values are presented in 
Table 5.4 of this report. 
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TABLE 2.1 - TEMPERATURE AND PRECIPITATION DATA FOR WEATHER STATIONS IN THE HORSE CREEK BASIN 

Temperature Preci pitat i on 

Snow-Sleet 
Monthly Record Year Record Year Mean Daily Year Mean 

mean high low total maximum total 
LaGrange: 
(Elevation 4,587 feet. Data 
based on records 1937-64.) 

January 26.5 67 1953 -34 1963 0.49 0.56 1939 7.0 
February 30.2 79 1962 -32 1951 0.48 0.40 1953 6.6 
March 35.0 82 1946 -25 1943 0.89 1.23 1961 10.5 
Apri l 45.9 86 *1962 ·7 1938 1.99 1.55 1964 6.0 
May 55.3 96 1939 16 1947 2.66 2.00 1938 1.6 
June 64.5 104 1954 27 1951 2.47 2.70 1947 0.3 
July 72.3 110 1939 35 *1952 1.68 1.52 1956 0.0 
August 71.1 103 1941 32 1964 1.44 1.94 1945 0.0 
September 61.4 99 1940 16 1942 1.41 1.14 *1955 0.2 
October 50.5 91 1945 4 1952 1.22 1.28 1947 1.3 
November 36.8 78 *1946 -19 1952 0.57 0.82 1955 5.3 
December 30.3 73 1939 -34 1964 0.70 0.79 1958 7.0 
Year 48.3 16.00 45.8 

Phill ips: 
(Elevation 4,982 feet. Data 
based on records 1947-64.) 

January 27.6 69 1953 -27 1959 0.39 0.40 1949 6.9 
February 30.8 75 1962 -25 1951 0.40 0.49 1961 6.9 
March 33.7 77 1953 -20 1960 0.87 1.08 1961 12.2 
April 44.7 85 1960 5 1959 1.37 1.07 1948 7.4 
May 54.4 91 1954 18 1947 2.93 2.10 1961 2.5 
June 63.4 104 1954 28 *1954 2.63 1.96 1947 0.6 
July 70.5 105 1954 38 *1959 1.84 1.46 1953 0.0 
August 69.3 100 1949 34 *1962 1.10 1.41 1964 0.0 
September 60.4 98 *1960 18 1951 1.15 1.17 1951 0.3 
October 50.3 89 1958 10 1961 0.78 1.15 1947 2.0 
November 37.0 77 *1954 -15 1952 0.52 0.99 1955 6.8 
December 31.6 67 1959 -32 1964 0.42 0.53 1958 7.0 

Year 47.8 14.40 52.6 

Torrington Experiment Farm: 
(Elevation 4,098 feet. Data 
based on records 1931-60.) 

January 26.5 70 1953 -33 1942 0.28 0.52 1944 4.6 
February 29.7 75 1954 -33 1936 0.39 0.88 1953 5.9 
March 35.7 85 1943 -26 1948 0.76 1.36 1946 7.5 
Apri l 46.1 87 *1960 -10 1936 1.80 2.64 1945 4.0 
May 56.0 100 1939 18 1947 2.55 2.11 1955 0.7 
June 65.7 105 1954 29 1951 2.75 5.44 1955 o. , 
July 72.6 107 1939 39 *1959 1.41 2.00 1941 0.0 
August 70.4 105 1960 35 *1932 0.95 1.28 1941 0.0 
September 60.5 101 1960 17 *1942 1.01 1.06 1938 0.0 
October 49.5 92 1947 4 1935 0.72 0.92 1949 0.7 
November 36.1 79 *1954 -20 1941 0.47 0.54 1952 4.3 
December 29.4 77 1941 -29 1932 0.43 0.70 1936 5.3 

Year 48.2 13.52 33.1 

Yoder: 
(Elevation 4,231 feet. Data 
based on records 1936-64.) 

January 27.7 69 1953 ·35 1963 0.28 0.60 1939 5.2 
February 29.9 79 1962 -32 *1962 0.36 0.54 1948 4.7 
March 35.6 83 1943 -27 1948 0.73 1.21 1937 7.4 
April 46.4 86 *1962 ·8 1936 1.78 2.26 1945 4.8 
May 55.7 95 1939 12 1947 2.41 2.40 1955 0.9 
June 65.3 105 1954 27 1951 2.49 2.74 1941 0.3 
July 72.9 108 1939 37 *1959 1.53 3.00 1937 0.0 
August 70.9 105 1937 32 1964 1.03 1.40 1945 0.0 
September 61.1 100 *1960 19 *1964 1.03 1.30 1938 0.2 
October 50.5 94 1953 6 1952 0.78 1.10 1949 0.8 
November 36.8 82 1939 -28 1941 0.42 0.60 1955 3.9 
December 30.7 76 1941 ·33 1964 0.37 0.65 1960 4.7 

Year 48.6 13.21 32.9 
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3 DESIGN FLOOD AND SEDIMENTATION ANALYSIS 

The purpose of analyzing the design flood and sedimentation 
studies were to develop inflow hydrographs, the sediment 
yield for sizing the Horse Creek Reservoir dead storage zone, 
principal spillway, the emergency spillway crest elevations, 
and the top of dam. 

The Flood Hydrology section presents the analysis of 
flooding conditions within the Horse Creek basin. A 
description of the basin's physical characteristics, 
climatological and meteorological data, and runoff 
characteristics are presented. Also described are the 
methods used for the determination of flood flow frequency 
curves and the development of the rainfall-runoff model used 
to produce the reservoirs flood hydrographs. 

The Sediment section presents the techniques used to 
determine the sediment yield of Horse Creek. 

3.1 FLOOD HYDROLOGY 

3.1.1 Basin Description 

Horse Creek is located in the southeastern portion of the 
State of Wyoming (see Figure 3.1). The basin drainage area 
is approximately 1560 square miles. The basin contains the 
towns of Horse Creek, Little Bear, Phillips, LaGrange, Hawks 
Springs and Yoder, all of which are in Wyoming, as well as 
Lyman, Nebraska. The headwaters of Horse Creek begin in the 
Laramie Mountains just west of Horse Creek, Wyoming, and flow 
easterly towards its confluence with the North Platte River 
at Lyman. The major tributaries to Horse Creek, moving 
downstream, include Little Horse Creek, Bear Creek, Lone Tree 
Creek and Dry Creek. The Hawks Springs Reservoir, an 
off-stream storage facility used for supplying irrigation 
water, is the only major reservoir located within the basin. 
This reservoir is located just north of LaGrange about five 
miles east of u.S. Highway 85. 

Horse Creek begins in the Laramie Mountains, and flows 
easterly for about 70 miles at an average slope of 25 feet 
per mile. Then, it turns and flows northerly for another 30 
miles at an average slope of approximately 15 feet per mile. 
within these two reaches, the terrain is moderately steep to 
rolling, and the soil types are well drained, sandy to loamy. 
The soils have a high infiltration rate and permeability. 
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About a mile southwest of the Hawk Springs Reservoir is the 
confluence of Bear Creek, a tributary with a drainage area of 
about 528 square miles. Bear Creek, having an average slope 
of 30 feet per mile, parallels Horse Creek for its entire 
reach until near the confluence with Horse Creek. Bear 
Creek's terrain and soil types are similar to Horse Creek 
above the Bear Creek-Horse Creek confluence. 

The majority of the drainage area immediately below the Horse 
Creek-Bear Creek confluence differs slightly from the 
drainage area above. The terrain between the Horse 
Creek-Bear Creek confluence and the end of Horse Creek's 
northerly flow is level to moderately steep, with sandy to 
loamy soil types. The flat, lowland areas, including several 
non-contributing areas, contain clay beds with low 
permeability. Shallow ponds and the network of diversion 
canals and railroad lines, which are common in this area, 
intercept and delay flood waters. 

From Horse Creek's northerly flowing reach, it turns and 
follows an easterly direction. The average slope through 
this easterly reach is less than five feet per mile. 
Excluding the two right bank tributaries (Dry Creek and Kiowa 
Creek) and the North Platte River confluence, the drainage 
area is a narrow band having a width of about three miles. 
The terrain in this band is nearly level to steep, with well 
drained, sandy to loamy soil types. 

The Dry Creek basin, has a drainage area of 88 square miles. 
The Dry Creek terrain is approximately level to moderately 
steep, with well drained loamy soils on alluvial fans and 
valley fills. These soils have a slightly lower infiltration 
rate and permeability than the soils above the Dry 
Creek-Horse Creek confluence. Kiowa Creek has a drainage 
area of about 112 square miles, with terrain and soils 
similar to Dry Creek. 

3.1.2 Runoff Characteristics 

Flood peaks in the Horse Creek basin can occur as a result of 
runoff from either snowmelt or intense rainfall. However, 
rainfall runoff has been the predominate factor in producing 
flood discharges. Flood events from rainfall are 
characterized by slow rising, broad crested hydrographs which 
are indicative of elongated basins with wide flood plains and 
high transmission losses. Figure 3.2 shows two flood events 
for gage 66775, located near the confluence of Horse Creek. 
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Although these were not large, damaging floods, several 
floods of much greater magnitude have occurred within the 
Lodgepole Creek basin. Lodgepole Creek was further 
investigated, and used as a comparison later in the study. 

3.1.3 Flood Frequency Analysis 

Although the USGS gage near the confluence of the Horse Creek 
basin (gage 66775) has a long historic record (53 years), it 
is influenced by the irrigation spills and diversions 
throughout the gage's record period. Therefore, a gaged, 
hydrologically similar, limited irrigation basin was sought. 
After gathering gaged data throughout Wyoming, Colorado, and 
Nebraska, the gaged flow data at the Bushnell, Nebraska gage 
on Lodgepole Creek were used. This gage has a contributing 
drainage area of about 1361 square miles and a record length 
of 52 years. Its elongated shape and slopes are similar to 
Horse Creek, and its headwaters are located in the Laramie 
Mountains. Its soil complex is comparable to Horse Creek 
with moderately steep to rolling terrain, and well drained 
sandy to sandy loam soil types. It has a high infiltration 
and permeability rate. Although its mean rainfall (17 
inches) is slightly higher than Horse Creek (14.5 inches), 
the synthetic rainfall hyetographs (the hyetograph 
development will be described later) used for events of fifty 
year recurrence intervals or rarer were identical for both 
Horse Creek and Lodgepole Creek. This indicates that both 
the rare event precipitation as well as the physical factors 
of both basins are similar. Therefore, the gaged data at 
Bushnell, Nebraska were used to develop a peak discharge vs. 
frequency and a high volume duration vs. frequency 
relationship for Horse Creek. 

The peak discharge and high volume duration frequency were 
determined from analyzing peak flow data at the gaging 
stations (both Lodgepole Creek and Horse Creek). The methods 
outlined in "Guidelines for Determining Flood Flow 
Frequency," U.S. Water Resources Council Bulletin 17-B were 
used. 

The computed peak discharge frequency curves for both the 
Horse Creek gage and the Lodgepole Creek gage are shown in 
Figure 3.3. The computed volume-duration frequency curves 
for both gaging stations are shown on Figure 3.4. The data 
used in developing the peak discharge and high volume 
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duration frequency curves on Horse Creek included the maximum 
annual peak discharge values for the period 1931 through 
1983. The computed peak discharge frequency curve had a log 
of means of 2.88, a log of standard deviation of .32, and a 
weighted log of skewness of 0.23. The computed high volume 
duration frequency curves displayed a high negative skew, 
which is not reasonable for sandy, elongated, natural (not 
effected by reservoirs or irrigation works) basins. However, 
the high negative skew is indicative of a basin heavily 
influenced by reservoirs and irrigation diversions such as 
the Horse Creek basin. For rare events, off stream 
reservoirs (such as the Hawk springs Reservoir located near 
the Bear Creek-Horse Creek confluence) and diversion 
structures have little effect on flood peaks or volumes. 
Therefore, calibrating Horse Creek high volume-duration 
frequency curves would neither be indicative of basin volume 
potential nor be conservative. 

The data used in developing the peak discharge and high 
volume-duration frequency curves for the Bushnell gage on 
Lodgepole Creek included the maximum annual peak discharge 
values for the period 1932 through 1983. The computed peak 
discharge frequency curve had a log of means of 2.38, a log 
of standard deviation of .77, and a weighted log of skewness 
of 0.31. The high volume-duration frequency curves for the 
Bushnell gage showed a slightly positive skew. A greater 
separation between the one-day, three-day, and seven-day 
curves was noted as compared to the Horse Creek gage curves. 
The Horse Creek curves are indicative of irrigation 
influences on the gaged data, because waste and return flows 
would tend to artificially increase flow volume through a 
gage over an extended period. However, the Lodgepole Creek 
gage volume-duration frequency curves are indicative of short 
duration flood flows. The computed volume duration frequency 
curves for Lodgepole Creek are also shown on Figure 3.5. 

3.1.4 Rainfall Runoff Modelling 

A deterministic method for the calculating of frequency based 
floods was required in the scope of work and a search for 
existing models used in eastern wyoming was performed. It 
was discovered that the wyoming office of the Soil 
Conservation Service (USCS") had simulated the flow 
characteristics of the upper Horse Creek basin using the SCS 
TR-20 model. The upper Horse Creek basin included all 
contributing drainage areas above the Bear Creek-Horse Creek 
confluence (approximately 1160 square miles); consequently, 
the lower 400 square mile area below this confluence needed 
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to be detailed within the TR-20 model. A revised model was 
able to simulate the entire Horse Creek basin. 

The TR-20 model input data were obtained from the sese In 
their model, the SCS had subdivided the basin into sixteen 
subareas, each with corresponding drainage areas, associated 
curve numbers ("CN") and time of concentrations. The convex 
method of routing was utilized with routing coefficients 
determined using Appendix H of TR-20. USGS 7-1/2 minute 
quadrangle maps were used for cross section data and reach 
lengths. 

The lower 400 square mile area was subdivided into ten 
subareas through use of quadrangle maps. Fifteen-minute 
quadrangle maps were available for the area between the Bear 
Creek-Horse Creek confluence and near the Fort Laramie Canal 
spillway (see section 4, Streamflow Hydrology). Downstream 
of the Fort Laramie Canal, 7-1/2 minute quadrangle maps were 
available. Each of the subareas' contributing drainage area 
was determined using the quadrangle maps. The CN value for 
each subarea was aided by the ses Soil Survey of Goshen 
County and upon visual inspection during site visits. The 
time of concentration for each subarea was based on the 
upland method as described in the ses NEH-4, together with 
data obtained from the quadrangle maps. The routing 
coefficients for the reaches were based on stream 
cross-sectional data obtained from the quadrangle maps and 
hydraulic data obtained from the SCS dam breach analysis of 
Hawk Springs Reservoir. Because the routing coefficients are 
a function of the average velocity, a normal depth for each 
cross-section was developed using the 100-year discharge. 
The average velocity was then obtained, using the normal 
depth cross-sectional area and the 100-year discharge, and 
the routing coefficient were then determined. A schematic of 
the basin logic used for the TR-20 model is shown on 
Figure 3.6. 

with the TR-20 model set up to simUlate the physical features 
of the entire Horse ereek basin, the rainfall data was 
developed. The 1-, 2-, 3-, 6-, 12-, 24-, and 48-hour point 
rainfall values for the 10-, 25-, 50-, and 100-year frequency 
events were obtained using the National Oceanographic and 
Atmospheric Agency (NOAA) Atlas 2, Wyoming Volume. The 
rainfall depth-area frequency curves are shown on Figure 3.7. 
The 500-year values were extrapolated from the curve of the 
point rainfalls for each of the above-mentioned frequencies. 
The areal adjustments were based on a storm pattern having an 
elliptical shape, with the major axis 2.5 times the length of 
the minor axis and centered over the basin. The reduction 
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factor was obtained for this elliptical shaped area using 
Figure 15 of the National Weather Service Technical Paper 40 
(TP-40). 

A sensitivity analysis was performed to determine the 
critical centering necessary to produce the greatest peak. 
It was found that a centering of the maximum frequency 
rainfall over the lower portion of the basin, with the 
residual rainfall over the remaining upper portion of the 
basin, produced the greatest peak. However, the resultant 
peak and runoff volume produced by the TR-20 model far 
exceeded the computed peak discharge and volume-duration 
frequency curves based on the gaged data. Therefore, the 
values of CN, time of concentration, and routing coefficients 
were reevaluated. 

It was determined that the time of concentration and routing 
coefficients were reasonable, but the CN values were possibly 
high for this basin. This is based on experiences with 
large, semi-arid basins and on studies conducted by the SCS. 
Horse Creek would also have a high wetted perimeter during 
flood events in a mostly sandy soil; therefore, transmission 
losses needed to be incorporated within the TR-20 model. 

These losses were estimated based on the guideline presented 
in SCS NEH-4, chapter 19. After several trials using the 
10-, 25-, 50-, and 100-year rainfall values, a calibrated 
model was adopted with transmission losses and CN values 
ranging from 45 to 65. The resultant TR-20 discharge 
frequency curve and volume-duration frequency curves are 
shown with the respective derived frequency curves on Figures 
3.3 and 3.5. Figure 3.8 shows the 100-year flood hydrograph 
at the Lower Bureau site. Table 3.1 shows the resultant 
discharge frequency values for the alternative dam sites. 

Table 3.1. Discharge-Frequency Results 

site 
Upper Dam 
Coxbill 
Lower Bureau 

50 yr. 
4,980 cfs 
4,770 cfs 
4,630 cfs 

100 yr. 
6,160 cfs 
5,922 cfs 
5,760 cfs 

500 yr. 
14,500 cfs 
14,100 cfs 
13,800 cfs 

The probable maximum flood (PMF) and half PMF were then 
developed using Hydrometerological Report 51 (HR-51). HR-55 
was not used since the WWDC felt this report over exaggerated 
the probable maximum rainfall within eastern Wyoming. A 
comparison of HR-51 depth-area-duration (D-A-D) values with 
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HR-55 D-A-D values is provided on Table 3.2. There is little 
difference between the two reports; therefore, the HR-51 
values are considered adequate. The PMF depth-area-duration 
curves are shown on Figure 3.9. The probable maximum 
rainfall was developed for a storm with an area of 2,600 
square miles (the area necessary to cover the entire basin 
using the elliptical shape as mentioned earlier and described 
in HR-52). Figure 3.10 shows the PMF hydrograph at the 
Bureau site, one of the locations considered for reservoir 
development. Table 3.3 shows the PMF and half PMF discharge 
values for the alternative dam sites. The resultant peak 
flows increased in the downstream direction, while the 
50-year through 500-year peak flow results decreased in the 
downstream direction. These results are due to the centering 
of the storms. As described earlier, the 50-year through 
500-year had several storm areals analyzed to determine the 
most critical storm area. Likewise, for the PMF, different 
storm centerings were analyzed. The resultant critical storm 
centering for the PMF was different than the critical storm 
centering for the 50-year through 500-year storms. 

It should be noted that the method for determining the 
depth-area-duration reductions (D-A-D) for the PMF is 
different than the D-A-D for the more frequent events. This 
difference in methods can contribute to a difference in 
critical storm size. Because of the difference in centering, 
the timing of the flows for the 50-year through 500-year 
allowed attenuation through the Lower Horse Creek reach, 
whereas the PMF storm has the lower portion of Horse Creek 
contributing to the peak discharge. The hydrographs 
generated with the TR-20 model for the PMF analysis, as well 
as the 100-year hydrographs, were used in the site selection 
task of the study and will be described further in that 
section. 
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Table 3 .2. Comparison of HR-51 and HR-52 D-A-D 

Duration HR storm Area 
(hrs) 250 sg. mi. 2600 sg. mi. 

1 51 6.16 in. 3.38 in. 
55 7.59 in. 3.05 in. 

6 51 16.20 in. 8.90 in. 
55 16.10 in. 9.12 in. 

24 51 19.70 in. 12.50 in. 
55 21.00 in. 13.20 in. 

72 51 23.90 in. 16.00 in. 
55 24.70 in. 16.80 in. 

Table 3.3. Half PMF and PMF Results 

site Half-PMF PMF 
Upper Dam 28,400 cfs 101,000 cfs 
Coxbill 31,100 cfs 117,000 cfs 
Lower Bureau 31,900 cfs 121,000 cfs 

3.2 SEDIMENT 

The original scope of service required a sediment model (such 
as Colby's or Modified Einstein) be used to determine the 
potential sediment yield deliverable to the Horse Creek 
Reservoir. No gaging stations within this region have either 
suspended or total sediment load measurements to allow 
calibration of a sediment model, nor any sediment parameters 
appropriate for the Horse Creek basin. Therefore, the use of 
a sediment model on the Horse Creek basin would not have been 
appropriate. 

Two approaches for the determination of sediment yield were 
analyzed. The first approach involved a literature review of 
studies performed by governmental agencies. The second 
approach involved the investigation of sediment accumulation 
in existing reservoirs within or near the basin. 

The literature review produced three references. These are 
the Missouri River Basin Comprehensive Framework Study, 
(nMRBn), Vol. 6, Missouri Basin Inter-Agency Committee, 
June 1969, the Special Report on North Platte Project -
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Rehabilitation and Betterment Program Investigation, WYO -
NE, Aug. 1983, Bureau of Reclamation ("BURECIt), and the 
Platte River Basin - Nebraska Level B study ("Level B"), Land 
Conservation and Sedimentation Technical Paper, September 
1975. 

The summary of the literature is shown in Table 3.4, below. 

Table 3.4. Summary of Sediment yield Literature Review 

Report 

MRB 

BUREC 

LEVEL B 

Sediment yield 
(AF Iyear Isg. mi. ) 

0.20 

0.17 

0.17 

0.09 

0.11 

0.14 

0.13 

Comments 

Table 14, Chapter 6, Laramie 
River; adjacent to Horse Creek. 

Figure 26, Chapter 5, 
generalized sediment yield map 
for Platte-Niobrara Rivers for 
drainage areas in excess of 100 
square miles. 

Sediment accumulation of 
Guernsey Dam. 

Figure 4-1, using medium soil 
type and 1,000 square mile 
drainage area, a delivery ratio 
of 0.04 was obtained. The 
yield was based on this ratio 
multiplied by the gross erosion 
of 0.3 tons/acre/year for this 
basin as provided by the WWDC, 
Wyoming Erosion Data, June 
1977. The yield was converted 
to equivalent units. 

Table 4-5, Bushnell tributaries 
of Lodgepole Creek. 

Table 4-5, Kiowa Creek, a 
tributary to Horse Creek. 

Table 4-5, Upper Pumpkin Creek, 
a tributary to the North Platte 
River. 
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Following the literature review, two existing reservoir 
site's sediment accumulation data were collected and 
analyzed. Hawk Springs Reservoir, within the Horse Creek 
basin, and Oliver Reservoir, on Lodgepole Creek, 
approximately 1.5 miles downstream of the Bushnell gage. 

Oliver Reservoir was rehabilitated recently and, while the 
reservoir was empty, a survey was performed to determine the 
stage-storage curve which was then compared to the original 
stage-storage curve. Results of this survey revealed a loss 
of storage capacity amounting to 300 AF. Borings were also 
made while the reservoir was empty. An average 2 foot depth 
of sediment deposit over a 150 acre area confirmed the 
accumulation of 300 AF. The period of this accumulation was 
70 years and the 1375 square mile contributing area of 
Lodgepole Creek produced a sediment yield of 0.003 AF/square 
mile/year. Using the Oliver Reservoir sediment rate on the 
Horse Creek basin, the sediment yield would be 450 AF. 

The Hawk Springs Reservoir is maintained by the Hawk Springs 
Conservation District. The District revealed that the State 
of Wyoming has recently conducted a reservoir survey to 
determine the sediment accumulation. According to the state 
survey, the pool had accumulated 950 AF of sediment over a 78 
year period. Since the contributing area to Hawk Springs is 
approximately 1160 square miles, the yield from this basin 
was approximately .01 AF/square mile/year. Translating the 
yield rate to the Horse Creek Reservoir produces a sediment 
yield of 1600 AF for a 100 year life. 

Due to maintenance and the recent evaluation, the Hawk 
Springs Reservoir is considered to have a service life of 
another 100 years. Its operation will continue to divert 
flow from the upper 1160 square miles of the Horse Creek 
basin; consequently, the Horse Creek Reservoir will have an 
effective area of sediment yield much less than the 1500 
square mile contributing drainage area used in the flood flow 
design. Therefore, an effective sediment yield area of 500 
square miles is assumed adequate for sediment design. with 
this information and the Hawk Springs yield rate, a dead 
storage volume of 525 AF would be required for the Horse 
Creek Reservoir. 
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4 STREAMFLOW HYDROLOGY OF LOWER HORSE CREEK 

An analysis of the available streamflow records in the lower 
reaches of Horse Creek was conducted to provide synthetic 
flow sequences at each of five alternative dam sites. These 
estimates were used in an operations analysis (described in 
Chapter 5) to evaluate the potential (1) for increasing water 
supplies (yields), and (2) of re-regulating the historical 
Fort Laramie Canal deliveries to the South Horse Creek 
Lateral. The operations analysis results were combined with 
engineering and cost information to evaluate final site 
selections for the feasibility investigation. 

The streamflow analysis is described in this chapter, and the 
use of the synthesized flows for feasibility investigations 
is described in the Operations Model Analysis chapter. The 
economic considerations are included in the site Selection 
chapter. 

4.1 STREAMFLOW RECORDS 

Daily flow records were available at four USGS gaging 
stations on Horse Creek between Yoder, Wyoming and Lyman, 
Nebraska. The locations are shown on Figure 4.1 and 4.2. 
Three sites had relatively short term (2 to 15 years) 
records, and only the Lyman gage, located immediately 
downstream of the Wyoming-Nebraska State Line, had a 
relatively long term record (53 years). Kiowa Creek, a major 
tributary to Horse Creek just above the Lyman gage, also had 
flow records available. 

The study also incorporated a streamflow gaging program 
during the summer of 1985 to allow the determination of reach 
gains and losses. It also provided a basis for improving 
computation of synthetic flows at intermediate points prior 
to the gaging station locations. 

The 1985 stream-discharge and water-quality data was 
collected by the USGS and compiled in a report, Discharge and 
Water Quality of Horse Creek, Southeastern Wyoming, 
May-November, 1985, by J.F. Meyer and L.W. Lenfest, Jr. Data 
was collected at five sites (see Figure 4.3) in the lower 
Horse Creek drainage basin during the months of May through 
November. The data included stream discharge measurements 
and measurements of specific conductance, pH, and water 
temperature. 

4.1 
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The results of the 1985 stream flow gaging program were not 
used to modify the synthetic flow assumptions utilized in the 
operation model. The wyoming Game and Fish Department had 
recently rehabilitated the ponds in the lower Dry Creek 
basin, and were diverting Dry Creek flows into their ponds 
during the study period. This action was a one-time 
diversion, and decreased the normal streamflow gains in Horse 
Creek below the lakes in 1985. 

In addition to the daily and monthly USGS flow records, 
records of canal operations (see discussion below) were 
available from the GID for water years 1943-44 and 1951-85. 

4.2 GID OPERATIONS 

The Goshen Irrigation District ("GID") operates and maintains 
the Fort Laramie Canal from river mile 0.8 (at the North 
Platte River) to mile 85.5 (state line). Spills and wastes 
into Horse Creek are made at mile 67.5 through a diversion 
structure (shown as the Fort Laramie Canal Siphon in 
Figure 4.1). 

Flows occurring in Horse Creek are made up of contributions 
from three separate sources. These include native Horse 
Creek flows, North Platte River flows, and Laramie River 
flows. The latter two sources are spilled into Horse Creek 
from the Fort Laramie Canal, by the GID, for conveyance of 
irrigation water to the South Horse Creek Lateral. This 
intentional delivery of project water is termed a "spill". 
Because the water is subsequently diverted into the South 
Horse Creek Lateral, it is not considered to be available for 
long- or short-term storage in either an on-channel or 
off-channel reservoir. 

Spills of Fort Laramie Canal water into Horse Creek also 
occur when the supply in the canal exceeds the downstream 
demand. The term "waste" refers to flow in the Fort Laramie 
Canal in excess of the amount needed by downstream canal 
water users which can be diverted into Horse Creek for use in 
the Lawrence Canal and the South Horse Creek Lateral. Orders 
from Nebraska water users are placed 48-72 hours before the 
water is needed. And any subsequent excess volume in the 
Fort Laramie Canal on the actual day of delivery is known as 
"excess" waste. In addition, some flows are wasted during 
rain storms, but the GID reports that these are small 
compared to the excess waste. The total waste flows during 
the period of record are graphed in Figure 4.4. 
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On occasions, the amount of water spilled to Horse Creek for 
use by the South Horse Creek Lateral is less than the amount 
actually diverted into the lateral. The term "pick-up" 
refers to the additional Horse Creek flows diverted that were 
not part of the spills. These flows are considered to be 
natural baseflow and irrigation return flows. 

4.3 WATER RIGHTS 

Water rights for irrigation in the study area were obtained 
from the State Engineer's offices in Cheyenne and Torrington. 
Figure 4.2 shows the locations and direct flow rates for the 
permits in the study reach. The South Horse Creek Lateral, 
which can divert 75 cfs, and the Lawrence Canal are the only 
two active diversions of any size. Both the historical and 
maximum (75 cfs) diversions to the South Horse Creek Lateral 
were considered in the operations model analyses. 

4.4 STREAMFLOW ANALYSIS 

Gaged streamflow data, rather than rainfall data, was 
selected to develop streamflows at the proposed reservoir 
sites. This streamflow analysis was conducted in two steps. 

First, the records at each of the four gaging stations within 
the project area were examined to identify potential changes 
in flows that have occurred due to upstream development, and 
to make appropriate adjustments of the records to reflect 
current hydrologic conditions. The records at three of the 
four stations were too short and lacked sufficient overlap to 
allow use of double mass techniques. Table 4.1, below, 
presents the period of record for the four stations. 

Table 4.1. Period of Record of Streamflow Gages 

Gage Number 

66775.00 

66770.00 

66770.10 

66771.00 

Period of Record 

1931 - Present 

1928 - 1944 

1966 - 1972 

1969 - 1971 

4.7 

Comments 

contains missing months. 

multiple correlation 
techniques require more 
than three years of 
record, thereby 
eliminating gage 66771 
from further analysis. 



The u.s. Army Corps of Engineers HEC-4 model, "Monthly 
Streamflow Simulation", was tested to determine if it could 
analyze monthly streamflows at the two shorter-term gaging 
stations. The computer program determines the statistical 
characteristics of the gaged data and generates a sequence of 
hypothetical streamflows having those characteristics. It 
reconstituted missing streamflows on the basis of concurrent 
flows observed at the longest record location (gage 66775.00) 
and correlated flows at this station to all other stations. 

The HEC-4 correlation coefficients used to estimate the 34 
year generated flows at the shorter-term gage stations 
(66770.00 and 66770.10) were considered too low to provide an 
acceptable estimate of the mean and standard deviation. The 
majority of the correlation coefficients were below 0.5. 
Therefore, the HEC-4 model results and streamflow simulation 
for the two shorter term stations were rejected. 

4.5 STREAMFLOW SYNTHESIS 

The HEC-4 correlation analysis and regression coefficients 
were unsatisfactory for reliable interpolation of streamflows 
at locations between gages. A pro-rating technique was used 
to reconstitute a 34-year flow sequence at the reservoir 
sites. 

The pro-rating technique requires a reliable sequence of 
gaged flows identified at one location, which could then be 
used to estimate flows at other locations on the basis of 
contributing areas. The gaging station at Lyman was selected 
as this base location. 

The gaging station on Kiowa Creek near the confluence with 
Horse Creek (gage 66773.00 shown on Figure 4.2) has 
relatively recent, albeit short, records. Kiowa Creek is the 
only major source of inflow between the project area and gage 
66775.00. Removal of its influence would allow, in essence, 
the generation of a streamflow history at the lower end of 
the project. 

The four years of flow record at gage 66773.00 were 
graphically and statistically correlated with the long term 
record at gage 66775.00. The monthly discharge records of 
Kiowa and Horse Creek sites are shown on Figure 4.5. Through 
linear regression analysis, a 34-year flow record for Kiowa 
Creek was developed and subtracted from the flow records at 
the Lyman gage. 

4.8 
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The GID record of the spills, waste and pick-up, and water 
rights within the project area were inserted into a 
spreadsheet. The generated Kiowa Creek flows and the given 
gage 66775.00 flows were also input. The spreadsheet's 
routine consisted of taking the monthly sum of the spills and 
Kiowa Creek flows, subtracting the monthly diversions 
(including diversions to the South Horse Creek Lateral and 
Lawrence Canal) and comparing the results with the monthly 
flow record at gage 66775.00. When the Kiowa Creek flows 
were subtracted, the difference was the reach gains between 
the Fort Laramie Canal Siphon and the confluence with Kiowa 
Creek. It is this gain term that is distributed as a 
proportion of the area for use in the operations analyses. 

The results of the streamflow study are presented in a 
spreadsheet in APPENDIX A. It shows the various flow and 
diversion quantities for each month of the 34-year period 
from October, 1951 through September, 1985. 

The gain term is positive during the majority of the months, 
and negative only during May and June for a few of the years. 
This predominance of gains versus losses is attributed to 
groundwater discharge and irrigation return flows. The 
spreadsheet indicates that there was essentially no flow in 
Horse Creek above the spill, even though some historical 
flows have been gaged. This assumption was made for all 
subsequent operation model calculations. This is 
conservative because any flow in Horse Creek above the spill 
would permit a smaller required reservoir storage allotment, 
and a "feasible" conclusion would still be valid from a water 
supply standpoint. Administrative staff and the ditch riders 
for the GID state flow is seldom observed above the spill. 
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5 OPERATIONS MODEL ANALYSIS 

A monthly. reservoir operation model was developed and applied 
to five alternative Horse Creek Reservoir sites (as shown in 
Figure 5.1). The purpose was to evaluate the capacity-yield 
characteristics at the sites, and to study re-regulating 
possibilities for each. 

An operations model is a computer program which tests whether 
any particular reservoir size might meet certain objectives. 
One common objective in building a reservoir is to increase 
the yield at a given location. A reservoir provides more 
water than would otherwise be available at some point along a 
river because flows can be stored during wet periods (days, 
months, or even years) to be used during dry periods. with 
enough capacity, the annual yield at a given point can be 
increased to equal as much as, but never more than, the mean 
annual flow arriving at the site. 

Another purpose for building a reservoir is to regulate (or 
re-regulate) flows. A reservoir owner/operator may wish to 
store water during the pre- or post-irrigation season and use 
the carryover storage to meet project requirements during dry 
periods. 

with specific regard to the Goshen Irrigation District, the 
primary objective of this study was to determine the 
feasibility of constructing a reservoir. This reservoir 
would store previously wasted Fort Laramie Canal water and 
use it to supply the South Horse Creek Lateral during peak 
demand periods. 

Because Horse Creek flows are generally small, and no 
additional diversions from the North Platte or Laramie Rivers 
are proposed, the primary objective of a Horse Creek 
Reservoir is to re-regulate future flows. It is assumed they 
will be similar to those of the past 30 or 40 years. 

The operation model looked at re-regulating possibilities for 
five alternative sites. It also examined the yield potential 
to determine if supplies to the South Horse Creek Lateral 
could be increased, without increasing the magnitudes of the 
diversions. The model's development and use for both of 
these purposes is described in the following paragraphs. 

5.1 
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5.1 HISTORICAL OPERATIONS 

The operations model developed recognized actual historic 
practices for non-project water rights. These water rights 
were identified in the Streamflow Hydrology chapter, and were 
incorporated as diversions for the alternative reservoirs. 
The only water rights designated as active were the South 
Horse Creek Lateral and the Lawrence Canal. An objective of 
the operations study was to assure that future diversions to 
these uses would at least equal past values. 

The first series of tests at each reservoir site included 
continued provision of the full historical diversion to the 
South Horse Creek Lateral, plus 3 cfs for the Lawrence Canal 
(this diversion is not gaged, and the water right is slightly 
less). Later tests attempted to increase yields to the South 
Horse Creek Lateral to the full amount permitted under the 
water right for that system (75 cfs). 

The historical use of Horse Creek by the Goshen Irrigation 
District to convey waters from the Fort Laramie Canal to the 
South Horse Creek Lateral diversion point was also 
incorporated in the operation model. All models assumed 
Horse Creek would continue to be available for conveyance. 

Records of the historical operations are available from the 
GID and the USGS. The records were acquired for analysis. 
Statistical summaries of operations in the project area 
during the past 34 years are included in Table 5.1 

Table 5.1. Summary of Historical Operations, 1952 - 1985 

Maximum Values for One Month: 
Maximum Spill into Horse Creek 
Maximum Recorded Waste 
Maximum Recorded Diversion to South 

Horse Creek Lateral 
Maximum Recorded Pickup 

Average Values for the 34-years: 
Average Monthly South Horse Creek 

Lateral Diversion 
Average Annual South Horse Creek 

Lateral Diversion 
Average Annual Spill into Horse Creek 
Average Annual Waste 
Average Annual Pickup 

5.3 

11,092 acre-feet 
6,254 acre-feet 

5,356 acre-feet 
2,148 acre-feet 

3,215 acre-feet 

16,076 acre-feet 
21,455 acre-feet 

6,131 acre-feet 
1,020 acre-feet 



All values in Table 5.1 are based on the May through 
September irrigation season. As indicated in Table 5.1, the 
South Horse Creek Lateral has provided an average of 3,215 
acre-feet (AF) every month, or 16,075 AF per year. The 
actual diversion fluctuates considerably month-to-month and 
year-to-year. The average diversions to the South Horse 
Creek Lateral for each month are shown in Table 5.2. The 
percentage distribution for the 5 months during which 
diversions are made is also tabulated. 

Month 

May 
June 
July 
August 
September 
TOTAL 

Table 5.2. Monthly Diversions to 
South Horse Creek Lateral 

Average Diversion, 
acre-feet 

Percent of Total 

1,410 
2,453 
4,252 
4,602 
3,358 

16,076 

9 
15 
26 
29 
~ 
100 

Table 5.2 indicates diversions to the South Horse Creek 
Lateral are greatest in July and August, amounting to over 
half the annual diversion. The May and September values are 
not full month, because diversions usually occur during part 
of these months. 

Historical spills of water into Horse Creek from the Fort 
Laramie Canal include water for the South Horse Creek Lateral 
diversion and Lawrence Canal, plus water that is called 
"waste". Waste is the GID word for the flow in the Fort 
Laramie Canal that is not needed by either the downstream 
canal water users or the two active water rights being 
supplied along Horse Creek. As shown in Table 5.1, the 
average annual spill is 21,455 AF, which exceeds the sum of 
the two active water rights, South Horse Creek Lateral and 
Lawrence Canal diversions. This indicates that more water is 
spilled than is used by the two downstream projects. 

In operating the system at the Fort Laramie Canal spillway, 
the GID will, on any given day, determine how much water is 
needed by the South Horse Creek Lateral and Lawrence Canal 
and by the downstream users along the Fort Laramie Canal. 
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The amount of water required by the South Horse Creek Lateral 
and Lawrence Canal for that day is spilled into Horse Creek, 
along with any water in the Fort Laramie Canal in excess of 
the requirement in the canal itself. 

At the South Horse Creek Lateral diversion, operators divert 
the amount of water needed for that day's operation and use a 
Parshall Flume to measure the diversion. However, this 
diversion is not always equal to the intended amount, and the 
spill minus waste does not necessarily equal the diverted 
amount. Some days the diversions are greater than 
anticipated, and other days they are less. On any day in 
which the diversion is greater than the intended amount, the 
amount by which the diversion exceeds the intended amount is 
called "pickup". This amount is generally small on any given 
day, and averages 1,020 AF per year. 

The piCkUp is not a significant factor in the long term as 
seen in Table 5.1. The average annual spill intended for 
irrigation is the difference between the actual spillage and 
the calculated waste. Since 21,455 AF of water is spilled, 
and 6,131 AF is considered to be spilled for the purpose of 
wasting, then the actual spillage "intended" for irrigation 
is 15,324 AF. This figure is very close to the value 
obtained from subtracting the pickup from the average annual 
South Horse Creek Lateral diversion (16,076 AF minus 1,020 
AF, or 15,056 AF). This suggests, over the long term, that 
the actual diversion of North Platte River water from Horse 
Creek into the South Horse Creek Lateral (15,056 AF) is close 
to the amount spilled for purposes of irrigation (15,324 AF). 

It also indicates that Horse Creek contributes flows at the 
South Horse Creek Lateral diversion, although the amount 
historically picked up is small. These Horse Creek flows 
are considered to be caused both by occasional flow coming 
down Horse Creek and, primarily, from return flows of 
irrigation water that has been applied to the GID project 
lands. 

However, pickup is not necessarily a portion of the Horse 
Creek flows, because in most months when piCkUp occurred, the 
spill exceeded the diversion. This would indicate that at 
the spillage location, some of the waste flow was later 
required at the diversion. 

To add more perspective to Table 5.1, the average annual flow 
in Horse Creek at Lyman is 59,342 AF, of which 37,279 AF is 
contributed by Kiowa Creek. The difference indicates 
22,100 AF of Horse Creek flow passing the gage at Lyman. 
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Thus the river, on the average, gains considerable water from 
return flows and local run-off between the Fort Laramie Canal 
spill location and Lyman. In terms of drainage area, the Dry 
Creek tributary adds the greatest land area to this reach 
and; therefore, has the greatest potential to add gains. 

5.2 MODEL STRUCTURE 

5.2.1 Flows 

An operation model requires estimates of future flow 
conditions at each reservoir site. A standard practice is to 
assume future flows will be statistically similar to past 
flows. Most reservoir operation models incorporate the 
historical flow record to examine how a reservoir would have 
functioned had it been built at the beginning of the 
historical record. The model is then used to determine the 
future feasibility of the site. 

Monthly records for all available historical operations were 
collected from the GID, USGS, and WWDC. It was determined 
that flow records were coincident only during the 34 years 
from October, 1951 through September, 1985, and contained a 
dry period as well as one or more wet cycles. The dry period 
is particularly important for a reservoir operation study 
because the reservoir will be most stressed during this 
period. The decision of alternative feasibility is generally 
based on the required capacity needed to meet project 
objectives during some "critical period" during which a 
series of dry years occurred. 

The primary input to a reservoir operation model is the flow 
at the reservoir site. Because several sites were evaluated, 
including one not on Horse Creek, a determination of flows 
available at each site was necessary. This was done using a 
pro-rating procedure. 

One common method of pro-rating is to use the drainage area 
above each of the reservoir sites. As mentioned in the 
Hydrology Chapter, stream flows at the upper end of the study 
reach were assumed to be zero. This is reasonable for 
Level II, and conservative, because if a project is feasible 
without incoming flows, it would be more feasible with flows. 

The actual pro-rating of the gains from the Upper Dam site 
(just upstream from the Fort Laramie Canal spill location) to 
Kiowa Creek was based on two different methods for measuring 
areas between damsite locations. One involved the total land 
area, and the other involved the acres of GID project lands 
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between each reservoir site. The latter was considered 
important because return flows from the project lands are 
considered the primary source of the gains. The two types of 
areas are shown in Table 5.3. It was concluded that 27 
percent of the gains occur above the Coxbill site, and 57 
percent of the gains occur above the Lower Bureau site. 

Table 5.3. Contributing Drainage Areas Between 
Fort Laramie Canal and Kiowa Creek 

Intervening Incremented 
From To Sg. Miles Percent 

DRAINAGE AREAS 

Spill Katzer Return 3.5 2.8 
Katzer Ret. Coxbill 6.3 5.0 
Coxbill Above Dry Cr 3.6 2.9 
Dry Cr. Upper Bureau 90.5 71.5 
Upper Bureau Lower Bureau 4.1 3.2 
Lower Bureau Above Kiowa 18.5 14.6 

Subtotal 126.5 
Kiowa Lyman Gage ~ 
Total area to Lyman: 129.7 

GID PROJECT AREAS 

Spill Coxbill 1680 ac. 18 
Coxbill Upper Bureau 3462 ac. 38 
Upper Bureau Lower Bureau 240 ac. 3 
Lower Bureau Kiowa Cr. 3740 ac. 41 

Cumulative 
Percent 

2.8 
7.8 

10.7 
82.2 
85.4 

100.0 

18 
56 
59 

100 

The flow pro-rating was accomplished by first determining the 
Horse Creek flows just above Kiowa Creek. This was 
accomplished by subtracting Kiowa Creek tributary flows, 
generated from the linear regression analysis described in 
the Hydrology Chapter, from the Horse Creek flows gaged at 
Lyman. Then, to determine the flows at any reservoir site, 
the percentage of gains for that reservoir site would be 
applied to each month's flow just above Kiowa Creek. 

The flows at the Upper Bureau site and at the point where the 
Katzer site would return water to Horse Creek were similarly 
pro-rated. As stated above, both the Lower and Upper Bureau 
sites receive large pro-ration of the gains because they lie 
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below the Dry Creek tributary to Horse Creek. Dry Creek is 
considered a major flow contributor, but in recent years 
flows have been reduced due to diversions into the Game and 
Fish lakes. 

5.2.2 Demands 

A schematic of the Horse Creek operation model is shown on 
Figure 5.2. In structuring the model, only the South Horse 
Creek Lateral diversion was incorporated directly as a demand 
on storage. It was assumed that the Lawrence Canal would 
continue to obtain its needs from gains in the river rather 
than specific spills or releases from storage. Also, 
following discussions with the GID and WWDC officials, 
neither the Coxbill Portable Irrigation system nor the 
Russell Pipeline diversions were incorporated in the model. 

A separate model was structured for each of the alternative 
reservoirs at the Upper Dam site, Coxbill Dam site, Upper 
Bureau Dam site, and Lower Bureau Dam site using the 
operations logic expressed in Figure 5.2. The Katzer Dam 
site, located off-channel in a natural depression, uses a 
canal to return waste waters (and possibly spills) to Horse 
Creek for conveyance to the South Horse Creek Lateral. It 
would be possible to operate the Katzer site by diverting the 
wastes into the reservoir, and making spills for the South 
Horse Creek Lateral at the Fort Laramie Canal spillway, 
bypassing the Katzer site. However, the operation model for 
the Katzer site assumed that the entire historic spills 
(wastes and South Horse Creek Lateral water) would pass 
through the Katzer reservoir. 

5.2.3 Evaporation 

Estimates were needed pertaining to the amount of evaporation 
for various surface areas in the reservoir, and of the amount 
of seepage for various impoundment depths to build the 
operations model. Seepage was assumed to be zero, since it 
is planned to impede seepage losses, while evaporation was 
estimated using information as described in the Climate 
section of this report. 

The Climate section provides a net lake evaporation of 30 
inches/year at the Horse Reservoir Study area. Because the 
operation model is based on monthly increments, some form of 
distribution of the 30 inches over the 12 months was needed. 
The Missouri River Basin Comprehensive Framework Study, 
referenced in the Climate section, provides distributions at 
Boysen Dam, Angostura Dam, and at Estes Park, Colorado. 
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Because these three locations are about equal distances from 
the Horse Creek sites, their monthly distributions were 
averaged, giving the mean distribution percentages provided 
in Tab 1 e .5. 4 • 

Table 5.4. Distribution of Net Lake Evaporation 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
ANNUAL TOTAL 

Percent of Annual 

3.33 
3.17 
3.50 
6.50 
7.50 

12.17 
16.00 
16.33 
11.17 
10.67 

5.50 
4.17 

100.00 

5.2.4 Flow Adjustments 

Evaporation, Inches 

1.00 
0.95 
1.05 
1.95 
2.25 
3.65 
4.80 
4.90 
3.35 
3.20 
1.65 
1.25 

30.00 

Upon the completion of the initial runs with the operation 
model, it was determined that in several months of the record 
the South Horse Creek Lateral diversion actually exceeded the 
amount of water spilled from the Fort Laramie Canal. This 
was due to one or more days in those months when the pickup 
exceeded the amount of water wasted. A small artificial flow 
was included at the upstream end of Horse Creek equal to the 
amount of the excess, to allow the model's hydrology to 
balance for those months. This provides an exact match at 
Kiowa Creek of gains and spills when no reservoirs are being 
modelled. 

5.2.5 Sediment Storage 

The sediment analysis described in the Design Flood and 
Sediment chapter indicated that 525 AF of sediment would 
accumulate during the life of the project. Because of the 
uncertainty surrounding the Hawk Springs sedimentation 
estimates, a conservative volume of 1000 AF was incorporated 
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as the sediment storage requirement for all reservoirs, 
except at the Katzer site. Katzer, an offsite reservoir, has 
a negligible contributing drainage area, thus no sediment 
storage.was incorporated. 

5.3 YIELD ANALYSIS 

Once the inflows at each site were determined, an operation 
model was conducted for each site to evaluate the yield 
potential at that site. The potential of re-regulating the 
flows to meet the objectives was also evaluated. 

The purpose of a yield analysis is to determine, for any 
particular reservoir site, what amount of water (yield) can 
be obtained for a range of reservoir sizes. The term "firm" 
yield has been used in various ways, and is often defined as 
that yield which can be supplied in 90 percent of the years, 
with an annual deficit allowed once every ten years. This 
study defined firm yield as the supply amount that can be 
made available, during May through September of every year of 
the historical period, with assurance that there would be no 
years in which a deficit (shortfall) would occur. 

The period of record for which the yields were evaluated is 
the 34 year period up to 1985. It includes several wet 
cycles as well as an extremely dry period from 1952 through 
1963. This dry period created a sUbstantial "sag" in the 
water supply to the reservoir sites forming a good basis for 
conducting yield analyses. 

In conducting the yield analysis, the supply to the South 
Horse Creek Lateral was considered to be the primary demand. 
It should be noted that the historical 4 to 5 month yield to 
the South Horse Creek Lateral has been an average of 3,215 AF 
per month, as shown in Table 5.1, without a reservoir on 
Horse Creek. Therefore, this yield would be the minimum 
tolerable for any reservoir. Any project which could not 
yield at least this mean amount would provide no improvement, 
except to provide a water supply during months when 
historical stream flows were extremely low. 

As noted earlier, a zero inflow pattern was assumed to occur 
at the Upper site. Therefore, the only water available at 
that site would be the water historically spilled from the 
Fort Laramie Canal. Progressing downstream, however, the 
flows available for regulation at each alternative reservoir 
site equals the amounts spilled from the Fort Laramie Canal, 
plus the cumUlative pro-rated gains in the river. 
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A reservoir at the most downstream location would have the 
greatest yield potential, given positive gains. It is also 
true that the maximum firm yield that any reservoir can 
supply is equal to the mean annual supply available. Thus, 
the potential at the more downstream locations is greater, 
since the mean increases in the lower reaches. 

For the five sites evaluated, an annual yield was determined, 
but was distributed during the irrigation season according to 
the mean monthly diversions to the South Horse Creek Lateral. 
This was accomplished by selecting a reservoir size, then 
simulating the 34 years of historical diversions, and making 
an equal diversion every year (equal to the "yield"), with a 
distribution identical to Table 5.2. In this way, an annual 
yield capability for each reservoir size could be determined 
that would have relevance to actual seasonal operations. 

The results of applying the operation model to a 
capacity-yield analysis for four of the alternative sites are 
shown in Figures 5.3 through 5.6. The curve for the Upper 
Bureau site was assumed to be similar to the Lower Bureau 
site because of the geographic proximity. These 
capacity-yield curves show, for each site, the annual yield 
possible for a range of reservoir sizes. 

Figure 5.3, for example, shows that if a 20,000 AF reservoir 
were constructed at the Upper Horse Creek site, the annual 
yield is approximately 15,000 AF. It should be noted that 
this averages 3000 AF per month, which is below the yield the 
river will yield with no reservoir at all. This is due to an 
increase in evaporation and results in a reservoir having a 
negative benefit from a water supply standpoint. Figure 5.3 
shows that the yield could be increased above the historical 
value at the Upper site by building a reservoir larger than 
30,000 AF. 

Figure 5.3 contains a "No Gain" curve and Figures 5.4 through 
5.6 contain a "No Gain" and a "with Gains" set of curves for 
the alternative sites. The "No Gains" curve assumed the 
reservoir would store and regulate only the spilled and waste 
waters. This would simulate a situation whereby the native 
flows in Horse Creek would have to be passed through the 
reservoir, with only the water spilled from the Fort Laramie 
Canal used as a water supply. The "with Gains" curve on 
Figures 5.4 through 5.6 assumed the reservoir would also 
store the native flows in Horse Creek along with the spilled 
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and waste waters. This provided an evaluation of whether 
smaller reservoirs at the alternative sites could provide 
historical yields, or whether yields could be increased over 
the historical amounts. 

The curve for the "with gain" case is provided for the Katzer 
site, although it is an off-channel site. Gains occurred in 
the reach between the point where water is discharged to 
Horse Creek and where water is diverted into the South Horse 
Creek Lateral. 

The curves can be used to compare the relative storage 
efficiency at the sites by comparing the capacities required 
to provide a given yield. For example, to produce the 
historical mean value of 16,076 AF with a no-gains scenario, 
a capacity of approximately 30,000 AF would be needed in the 
Upper Dam site (Figure 5.3), and approximately 25,000 AF at 
the Lower Bureau site (Figure 5.5). 

If storage of gains is allowed, the required reservoir 
capacities (and costs) decrease. A 17,000 AF reservoir at 
the Coxbill site (Figure 5.4) would provide a break even 
situation with no gains, whereas, if gains are counted, a 
break even situation occurs with 11,000 AF of capacity. The 
capacity yield curve for the Coxbill site also shows a 
greater advantage of gains occurring at 8000 AF than with a 
larger capacity. At this size, the gains contribute an 
additional 3000 AF per year to the yield possibility at the 
site. 

As indicated earlier, the gains have the greatest impact at 
the two Bureau sites. The gains at these sites produce an 
increase in yield that is relatively constant over a wide 
range of capacities. From Figure 5.5, it is seen that a 
20,000 AF reservoir at the Lower Bureau site, would produce a 
break even point with no gains. If gains can be included, a 
break even situation occurs at 6000 AF capacity. 

Also, Figure 5.5 displays a 6000 AF per year additional yield 
is possible for the reservoir with an 11,000 AF capacity or 
greater. This suggests that the greatest efficiency of the 
gains at the Lower Bureau site would be achieved with an 
11,000 AF reservoir. A larger capacity would not allow 
greater increments of gain, even though yields increase. 

As a further comment on the capacity-yield curves for the 
on-stream sites, each assumed gains above the reservoir could 
be captured and stored. The sites were actually better than 
indicated by the curves; especially, the Coxbill and Upper 
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Dam sites. There would also be gains in the river below 
these reservoirs, but also above the diversion. These gains 
were included in Figure 5.6 for the Katzer off-channel site, 
but were not included in either Figures 5.3 or 5.4. For 
final design, these might well be incorporated, because the 
system will be operated on a day-to-day basis, and releases 
on any given day could be conditioned by gains below the site 
on the previous day, or on some average of previous days. 

Figure 5.6 shows gains were required for the Katzer site, in 
order to size a break-even reservoir. without gains, a 
12,000 AF reservoir would not produce the 3,215 AF that has 
been historically supplied to the South Horse Creek Lateral. 
If gains can be relied upon, a 6000 AF reservoir would cause 
a break-even situation, and an 11,000 AF reservoir could 
increase the yield to around 4000 AF per month, or 20,000 AF 
per year. 

5.4 GID OPERATIONS 

The yield analysis provided yield capacity curves which 
determines the firm yield possible for various sized 
reservoirs. The discussion in the previous section showed 
how each of the sites could be built large enough to increase 
the yield to the South Horse Creek Lateral Canal. Because 
the objective of this study was primarily to look at 
re-regulating possibilities, an increase in yield may not be 
the GID or WWDC objective for building a reservoir at the 
site. 

However, an objective was to store water during the early 
part of each year, and perhaps carryover surplus wastes from 
earlier years. Surplus wastes could be regulated in each 
season to the South Horse Creek Lateral. This re-regulating 
operation was simulated using the operation model at each of 
the four alternative sites. The possibility of increasing 
the yield of the South Horse Creek Lateral to the full 75 cfs 
capacity for all five months was also evaluated. In 
addition, combined operations involving both objectives 
(re-regulating and increased yields) were also evaluated. 

Table 5.5 presents the results of the first type of analysis. 
It contains information which shows the re-regulating 
potential for each of the sites evaluated. As with the yield 
analysis, conditions of "with gains" and "without gains" were 
evaluated for the re-regulating study. 
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site 

Upper Dam 

Coxbill 

Bureau 

Katzer 

Table 5.5. Capabilities of sites to Meet 
Re-regulating Objectives 

Required Fort Laramie Canal 
Size, July-August Spills 

Acre-feet without Gains with Gains 

74,000 70% Historical 70% Historical 

26,000 80% Historical 20% Historical 
5,000 Not possible 50% Historical 

50,000 75% Historical 0% Historical 
30,000 Not possible 0% Historical 
11,000 Not possible 0% Historical 

5,000 Not possible 38% Historical 

11,000 85% Historical 50% Historical 
5,000 97% Historical 65% Historical 

Note: "Not possible" means not possible to meet historical 
yields without gains. 

The values in Table 5.5 represent the fraction of historical 
spills needed to meet the requirements of the South Horse 
Creek Laterals in July and August. For example, a 5000 AF 
reservoir at the Coxbill site, with gains included, would 
require the GID to deliver half (50 percent) of the water 
historically delivered to Horse Creek during July and August. 
This would free the other half for use in meeting needs along 
the Fort Laramie Canal upstream from Horse Creek. 

Also, Table 5.5 shows that an 11,000 AF reservoir at the 
Katzer site is equivalent, from a re-regulating standpoint, 
to a 5000 AF reservoir at Coxbill. The reason for this 
greater efficiency is that Coxbill can store the gains, 
whereas the Katzer site cannot. 

An 11,000 AF reservoir at either of the Bureau sites would 
allow the District to eliminate July and August spills and 
meet requirements of the South Horse Creek Lateral. Should a 
fraction of the captured gains be required by the Game & Fish 
Department to be released for environmental concerns, a 
reservoir greater than 11,000 AF would be required to provide 
the re-regulating objectives (75 cfs). Natural Horse Creek 
flows, prior to irrigation, should be evaluated before a 
determination to release portions of the inflow is made. 
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An examination of the middle column (without gains) in 
Table 5.5 shows that none of the sizes are particularly good 
for meeting re-regulating objectives. For example, a 50,000 
AF r~servoir at the Bureau sites would require 75 percent of 
the historical deliveries during July and August in order to 
provide the same supply that has historically been provided 
to the South Horse Creek Lateral. Also, a 74,000 AF 
reservoir would be required at the Upper Horse Creek site to 
reduce historical deliveries by 30 percent, assuming no 
gains. 

A secondary objective is to provide 75 cfs throughout July 
and August to the South Horse Creek Lateral without 
deliveries in July and August in the Fort Laramie Canal. 
Table 5.6 summarizes the analysis of the alternative sites: 

Table 5.6. yield Capabilities of Alternative sites 
with Zero July and August Spills 

site 

Upper 

Coxbill 

Bureau 

Katzer 

Size, 
Acre-Feet 

74,000 

26,000 
11,000 

5,000 

50,000 
41,000 
25,000 
11,000 

11,000 
5,000 

July-August yield at 
South Horse Creek Lateral 

without Gains with Gains 

18.5 cfs 18.5 cfs 

12.0 cfs 58.5 cfs 
Not possible 52.0 cfs 
Not possible 35.5 cfs 

16.3 cfs 75.0 cfs 
Not possible 75.0 cfs 
Not possible 71.3 cfs 
Not possible 61.4 cfs 

3.5 cfs 33.0 cfs 
1.1 cfs 22.0 cfs 

NOTE: The average 34 year historical yield to the South 
Horse Creek Lateral is 54.0 cfs. 

Table 5.6 is helpful in evaluating whether increased (greater 
than historical) yields could be met in addition to reducing 
the spills completely during July and August. Historical 
operations provided an average of 54.0 cfs. Table 5.6 shows 
that the yields without gains were less than 18 cfs, or 
one-third the historical yield of 54 cfs. 
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Table 5.6 also shows various reservoir sizes at either the 
Coxbill or Bureau sites that can meet the combined objective 
of supplying historical yields without delivering water 
during July and August. For example, a 26,000 AF reservoir 
at the Coxbill site would allow elimination of spills during 
July and August, and would result in a slightly increased 
yield (58.5 cfs versus 54.0 cfs) to the South Horse Creek 
Lateral. An 11,000 AF reservoir at the Coxbill site would 
provide approximately the historical yields without spills 
during July and August. 

The Bureau sites were the only sites at which the combined 
objective of 75.0 cfs during all five months and zero 
deliveries during July and August could be met. Table 5.6 
shows that a 41,000 AF reservoir would meet these combined 
objectives. However, an 11,000 AF reservoir at the Bureau 
sites would provide zero spills during July and August while 
increasing the yield from 54.0 cfs to 61.4 cfs. The Katzer 
site, with gains, cannot reduce spills to zero nor supply 
historical yields. 

One additional table was prepared to illustrate the 
capabilities of the sites to meet the objectives. Table 5.7 
contains information somewhat similar to Table 5.6, except 
the full 75 cfs during July and August was required while the 
percentage of historical spills was calculated. 

site 

Upper 
Dam 

Table 5.7. Capabilities of Alternative sites to 
Provide a 75 cfs yield During July and August 

size Required July-August Spills 
Acre-Feet without Gains with Gains 

Infinite Not possible Not possible 

Coxbill 26,000 Not possible 7% Historical 
11,000 Not possible 16% Historical 

5,000 Not possible 39% Historical 

Bureau 41,000 Not possible 0% Historical 

Katzer Infinite Not Possible Not possible 
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Table 5.7 reveals that if gains are not considered, yields 
cannot be increased to 75 cfs during July and August and 
still meet historical May, June, and September deliveries to 
the South Horse Creek Lateral. If gains can be included, 
either the Coxbill or the Bureau sites could increase the 
yields to 75 cfs without requiring the full historical spills 
from the Fort Laramie Canal. At the Bureau sites, a 
41,000 AF reservoir will meet both objectives of increasing 
yields to 75 cfs and eliminating spills during July and 
August. Note from Table 5.7 that a 26,000 AF reservoir at 
the Coxbill site practically meets both objectives. This is 
shown graphically in Figure 5.7, which presents the changes 
in the end-of-month storage volume in the Coxbill reservoir 
for the 26,000 AF reservoir and the 34-year period of 
simulation. The curve shown was based on the assumption that 
the reservoir was full at the beginning of the simulation. 

The demand for the simulation shown in Figure 5.7 was a 75 
cfs delivery during July and August to the South Horse Creek 
Lateral. The historical deliveries were made in the other 
months, May, June, and September. The graph shows storage 
starting out the first year at 26,000 AF, then is quickly 
depleted by deliveries to the project, then increases 
slightly due to streamflow and spills, and then decreases by 
the next month's withdrawal. This creates the saw-tooth 
pattern shown in the figure. The simulation also assumes no 
spills would be made during July and August from the Fort 
Laramie Canal into Horse Creek. 

As indicated on Figure 5.7, the storage for the run is 
depleted to 1000 AF (representing the sediment pool) and 
stays there for approximately five years before a wet cycle 
occurs from 1966 through 1974. There were not sufficient 
flows during the 1960's to meet the demands without depleting 
the storage; therefore, a deficit occurred. This is shown in 
Table 5.7 as the 7 percent of the historical spills needed if 
a zero deficit was desired. Figure 5.7 also shows that the 
wet cycle resulted in refilling the reservoir, and that 
during the 70's and early 80's, the reservoir would re-fill 
and then operate at the top end rather than the bottom end. 
Figure 5.7 illustrates the fact that operations should be 
looked at from a month-to-month and a year-by-year 
prospective, rather than from a statistical average 
prospective (as provided in Table 5.5, 5.6, and 5.7). The 
site might be able to meet the objectives on the. average, but 
decisions should be based on the simulated yields during the 
dry cycles, such as are indicated on Figure 5.7. 
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PHASE B: DAM SITE SELECTION 

6 SITE ANALYSIS 

section 6 describes the procedures used to estimate the costs 
of four alternative plans for the Horse Creek Reservoir. The 
costs represent the initial and recurring outlays of monies, 
lands, material, goods and services that would be incurred 
over the life of the project. It also included its 
construction and the relocation of roadways, pipelines and 
transmission lines costs. The costs presented in this 
section represent the preliminary estimate for the four 
alternatives. 

6.1 ALTERNATIVE SITES SELECTION 

The Horse Creek Reservoir project area was defined within the 
boundary of spill and diversion locations on Horse Creek and 
within the control of the Goshen Irrigation District (GID). 
The upper limit for either on-stream dam sites or for 
off-stream return channels was located near the Fort Laramie 
Canal spill structure, and the lower limit was located near 
the South Horse Creek Lateral diversion structure. within 
this boundary, a site reconnaissance was conducted by the 
consultant, Wyoming Water Development Commission (WWDC) , and 
GID personnel to determine four or five potential sites. The 
criteria for the alternative site selection were: 

1. Reservoir axis length; the sites with the shorter crest 
lengths and a 'v' shape would provide the smaller 
embankment volume. 

2. Spillway location; since excavation of the spillway 
could have a significant impact, a location of a natural 
spillway is important. 

3. Foundation and abutment material; obvious outcropping of 
rock formations in the abutment or spillway, or sand and 
gravel mining in the valley floor could indicate high 
excavation or grouting costs. 

4. yield potential; sites downstream of high gains (as 
defined in the Streamflow section) could allow for 
smaller conservation storage allotment. 
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5. Diversion locations; the location of the canal diversion 
points and their location with respect to the dam sites. 

6. Relocations; the cost of relocating utilities and 
raising or relocating roads or buildings could have a 
significant impact on the total cost of the project. 

7. Right-of-way; the number of habitable buildings and land 
uses in the potential reservoir sites could also have a 
significant impact on project total cost. 

8. Borrow source; the nearness of the site to known sources 
of material is important for minimizing hauling costs. 

Based on the above criteria, six sites were located during 
the reconnaissance. Four on-stream sites (Lower Bureau, 
Upper Bureau, Coxbill, and Upper Dam), and one off-stream 
site (Katzer Drain) were selected for further analysis. Five 
of the initial six sites are identified on Figure 6.1. The 
sixth site was an off-stream site on Dry Creek, approximately 
a mile upstream of the state of Wyoming Game and Fish 
Reservoirs (WG&F) which is located on Figure 6.1. The Dry 
Creek dam site was eliminated because: (1) it would not 
capture gains on Horse Creek, (2) it would not capture wastes 
released at the Fort Laramie Canal spill, and (3) it did not 
have a satisfactory emergency spillway location. The Upper 
Bureau dam site was initially eliminated primarily as a 
result of inadequate storage potential without inundating the 
WG&F Reservoirs. The Upper Bureau Dam site was subsequently 
resurrected and is discussed further in section 7. 

The remaining sites were then analyzed using the criteria 
outlined above and utilized available geologic reports, 
topographic maps, the flood design and operation models, and 
observations from the site visit. The process involved 
routing of the design flood hydrographs through the four 
reservoir sites to determine the outlet works, emergency 
spillway requirements, and the embankment volume. The Soil 
Conservation service (SCS) DAMS2 computer model was used for 
the reservoir routings. The foundation condition and any 
zone requirements were then determined, and right-of-way, 
relocation, special structures, and hauling costs were 
calculated. The results were an estimation of the 
construction costs of the four sites. 
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6.2 RESERVOIR ROUTINGS 

Reservoir routings were performed on the three on-stream 
alternative sites to determine a least cost combination of 
outlet works, emergency spillway, and embankment volume. The 
off-stream site did not require reservoir routings since its 
drainage area is essentially slightly larger than the 
conservation pool. 

The SCS DAMS2 model was used for reservoir routing. The 
DAMS2 model uses the continuity equation to develop an 
outflow rate as a function of the reservoir stage-storage 
relationship and the given inflow rate. 

The stage-storage relationships for the three on-stream sites 
and the off-stream site were developed using 7 1/2 minute 
topographic maps and shown in Figures 6.2 through 6.5. The 
inflow rates were based on the design flood hydrograph 
discussed in the Flood Design Section. Figure 6.6 shows the 
100-year inflow hydrograph for the Lower Bureau site. This 
hydrograph was used as the design inflow hydrograph for 
determination of the capacity of the outlet works. Figure 
6.7 shows the probable maximum flood (PMF) inflow hydrograph 
for the Lower Bureau site. This hydrograph was used in the 
determination of the required emergency spillway capacity. 
The other sites 100-year and PMF inflow hydrographs were 
similar to the Lower Bureaus. . 

The routings at each of the three on-stream sites had three 
parts. First, a sensitivity analysis of different riser and 
conduit sizes, using the 100-year inflow hydrograph and 
assuming a full conservation pool, was performed. The 
Operations task had not identified an optimum conservation 
pool; therefore, several conservation pool volumes were 
required to "envelope" the optimum dam size. For the Upper 
Dam site, conservation pools of 7,000 acre-feet (AF), and 
11,000 AF were analyzed; for the Coxbill Dam site, 
conservation pools of 5,000 AF, 7,000 AF, and 11,000 AF were 
analyzed; while at the Lower Bureau Dam site, conservation 
pools of 5,000 AF, 7,000 AF, 11,000 AF, and 25,000 AF were 
analyzed. The riser and conduit sizes analyzed at all 
on-stream sites included 36", 48", and 60" RCP conduits, with 
96", 108", and 120" RCP conduits also analyzed at the Lower 
Bureau site. The riser was assumed to be 1.5 times larger in 
diameter than the conduit. The sensitivity analysis showed 
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little difference in maximum water surface elevations between 
the 36", 48", and 60" RCP conduit for all conservation pools 
less than or equal to 11,000 AF. Therefore, the 36" RCP 
conduit was selected for the preliminary outlet works for all 
on-stream sites having a conservation pool less than or equal 
to 11,000 AF. However, the 25,000 AF conservation pool at 
the Lower Bureau site, exhibited a significant difference 
between the 36", 48", and 60" RCP conduits and the 96", 108", 
and 120" RCP conduits. There was only d slight difference 
within the 96", 108", and 120" RCP conduits. Therefore, the 
96" RCP conduit was selected for the preliminary outlet 
diameter for the Lower Bureau site for the 25,000 AF 
conservation pool. Table 6.1 shows the summary of the outlet 
works analysis. 

Table 6.1. Summary of 100-Year Flood Pool 
Elevations with Various outlet Works 

Spillway Conduit, inches 
storage, 

site AC-FT 36 48 60 97 108 120 
Coxbill 5,000 4200.4 4199.3 4197.9 
Coxbill 11,000 4205.1 4204.1 4202.7 
Lower 
Bureau 11,000 4151.2 4150.4 4149.4 
Lower 
Bureau 25,000 4158.5 4157.9 4157.0 4153.6 4153.0 4152.4 

Second, the emergency spillway was sized to handle the PMF. 
The reservoir initial water level was assumed at the full 
conservation pool. The emergency spillway routings for each 
on-stream site assumed several different conservation pools, 
as did the outlet works analyses described previously. An 
unlined spillway appeared to be the most feasible spillway 
option due to the assumption of rock excavation; therefore, 
it was the only type of spillway considered. Spillway widths 
between 1000 ft. and 2000 ft. were assumed. This range was 
used for the following purposes: (1) the overburden material 
was assumed suitable for placement within the dam. An 
attempt was made to match the fill required within the dam 
with the quantity excavated from the spillway; (2) a wider 
spillway would reduce the velocities and thus provide 
protection against erosion. A summary of the emergency 
spillway analysis is shown in Table 6.2. 
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Table 6.2 Summary of Emergency Spillway Analysis 
Maximum Pool Elevation 

E.S. Width, Ft., E.S. Width, Ft., 
w/96" P.S. Storage w/36" P.S. 

site AC-FT 1000 1400 2000 1000 1250 1500 2000 

Coxbill 5,000 4213.5 
Coxbill 11,000 4219.0 
Lower 

4207.3 
4212.2 

Bureau 11,000 4162.3 4160.3 4158.4 4152.8 
Lower 
Bureau 25,000 - 4165.7 4163.8 4162.8 4161.3 

Third, a dam breach analysis on each of the on-stream sites 
were performed to determine if the potential downstream 
hazard increased when the design flood was increased from a 
half PMF event to a full PMF event. This analysis showed a 
routed dam breach hydrograph produced a more damaging flood 
stage in Lyman, Nebraska; therefore, a half-PMF design was 
rejected. Figure 6.7 shows the dam breach hydrograph for the 
Lower Bureau site. 

6.3 FOUNDATION CONDITIONS 

All available geologic information was examined to ascertain 
the foundation conditions that exist beneath the proposed dam 
sites. The primary sources of information in the site 
analysis include: 

Lower Bureau site: 

Coxbill site: 

All sites: 

U.S. Bureau of Reclamation field 
investigation in October of 1940. 

"Geologic Report of Horse Creek Dam 
Site", U.S. Bureau of Reclamation, 
April 25, 1947. 

"Soil and Foundation Investigation -
Proposed Dam Construction", Panhandle 
Testing Lab, Scottsbluff, Nebraska, 
July 7, 1976. 

"Geology and Groundwater Resources of 
Goshen County, Wyoming", U.S. 
Department of Interior, Geological 
Survey water - Supply Paper 1377, 
1957. 
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6.3.1 Lower Bureau site 

"Annual Meeting - Proposed Reservoir 
on Horse Creek", K & H Engineering, 
Torrington, Wyoming, 1976. 

"Geological Report of Dry Creek 
Damsite", u.s. Bureau of Reclamation, 
April 9, 1947. 

Gsologic Map of the Torrington 10 by 
2 Quadrangle, USGS Map MF-1184. 

In the 1940 subsurface investigation at the Lower Bureau 
site, a total of sixteen soil and rock borings were completed 
along the proposed dam axis. The investigation was intended 
to identify soil and rock layers for classification purposes 
in order that a geologic profile beneath the proposed dam be 
constructed. The resulting geologic profile from the u.s. 
Bureau of Reclamation is presented in Figure 6.8 in refined 
form. No engineering material properties were determined as 
a part of this investigation. 

Borings in the overburden materials were advanced using hand
auger techniques, whereas a churn-drill well machine was 
utilized to advance borings in the deeper gravels and bedrock 
materials. This investigation revealed a deeply incised 
stream channel infilled with pervious sands and gravels with 
thicknesses of up to 60 feet. This cohesionless alluvial 
deposit is overlain by finer-grained soils, classified as a 
sandy loam in soil survey reports. The sandy loam material 
is comprised of a mixture of fine sands, silts, and some 
clays. Bedrock was encountered beneath the sands and gravels 
along the base of the valley. The presence of bedrock in the 
abutments for the proposed embankment was not investigated. 

The bedrock in the area was primarily fine-grained shales, 
siltstones, and sandstones of either the Lance Formation of 
the Upper cretaceous Age, or the White River Formation of 
Tertiary Age. The geologic classifications of the bedrock 
materials were obtained from a USGS geologic map of the dam 
site area. 

The location of the water table was not noted on the boring 
logs. It is believed to be located somewhere within the sand 
and gravel stratum, according to reports of water-producing 
wells both upstream and downstream of the proposed Lower 
Bureau site. 
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6.3.2 Coxbill site 

The 1976 investigation was undertaken at a location near the 
proposed Coxbill site. Horizontal control was not provided 
on the borings to allow the exact location of the field 
investigation to be determined. A total of four soil and 
rock borings were completed along the valley profile. All 
borings were advanced using continuous flight auger 
techniques. Similar subsurface conditions were observed in 
this investigation as was revealed at the Lower Bureau site. 
The primary differences in the two investigations were the 
thickness and depth of the alluvial sands and gravels. Near 
the Coxbill site, the sands and gravels were encountered 
between a depth of 5 and 35 feet below the existing ground 
surface. This difference may be attributed to the lower 
number of borings and limited extent of coverage with the 
valley. 

Field testing was conducted in the sands and gravels using 
Standard Penetration tests (SPT) in two of the soil borings 
at the Coxbill site. SPT blow count values of 26 and 27 
blows per foot were recorded in the upper surface of the 
deposit. The SPT values provided a reasonable assessment of 
the in-place strength and relative density of the material. 
According to published correlations with the SPT, the sands 
and gravels at this location were medium dense, and should be 
fully capable of supporting the loads due to embankment 
construction with minimal short and long term settlements. 
Gradation analyses were conducted on the sandy loam near the 
ground surface to evaluate the potential for infiltration and 
seepage into the more pervious materials. According to 
Panhandle Testing Lab's report, gradation results indicate 
that the topsoil at this location may not contain a 
sufficient amount of clay to prevent a high loss of water. 
These findings warrant further investigation of this material 
to determine whether reservoir sealing shall be required in 
the ponded area of the reservoir. 

6.3.3 Upper Dam site 

No subsurface investigations were performed at the Upper Dam 
site. For purposes of generating preliminary relative cost 
estimates, the same geologic profile was assumed for the 
Upper Dam site as for the Lower Bureau site. In addition, 
because of the limited amount of subsurface information 
available at the Coxbill site, the same geologic profile was 
used at this site. The generalized geologic profile for the 
three sites is shown in Figure 6.9. 
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6.3.4 Katzer site 

No subsurface investigations were performed at the Katzer 
site. It was assumed that the proposed dam will be founded 
on a deep clay deposit underlain by similar bedrock as was 
observed at the mainstream channel sites (See Figure 6.9). 
Since Katzer Drain site is an off-channel location, the 
presence of an incised channel of sands and gravels is not 
anticipated. The proposed site is situated in a low, marshy 
area, with the groundwater table near the existing ground 
surface. 

6.4 EMBANKMENT DESIGN CONSIDERATIONS 

At each alternative dam site, the location of the embankment 
was selected as to provide the shortest crest length and the 
smallest corresponding embankment volume to meet the 
reservoir storage requirements. The embankment type would 
most likely consist of a zoned earth dam for the mainstream 
channel sites, consisting of an impervious clay core and a 
sand drainage blanket to control internal seepage, outer 
shells of more random and cohesionless material, and upstream 
and downstream berms to provide stability for the embankment. 
A constant embankment cross-section, as shown in Figure 6.10, 
was assumed for the three sites in computing the required 
volume of compacted earth material. 

The presence of deep alluvial sands and gravels beneath the 
proposed mainstream dams may pose a problem to stability and 
excessive seepage in maintaining the reservoir level. 
Several potential abatement measures were considered and 
evaluated, namely: 

1. an impervious cutoff trench of compacted clay extended 
from the core of the dam through the pervious layers and 
keyed into competent and relatively watertight bedrock. 
This technique would require extensive dewatering in the 
sands and gravels to permit the excavation to the 
bedrock. The excavation will need to be internally 
supported, because of the cohesionless nature of the 
stratum to be cutoff. 
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2. a slurry wall cutoff trench extended to bedrock as 
described in No. 1 above. This technique could be 
accomplished without dewatering or internal support, 
since the material is excavated and immediately replaced 
with a slurry mixture capable of supporting the 
sidewalls of the cut. The denser slurry would displace 
any water in the excavation. The wall is completed by 
adding select earth material to the slurry to form the 
impervious cutoff. 

3. chemical grouting of the sands and gravels extending to 
the bedrock. This technique also does not require 
dewatering or excavation, but the reliability of 
providing a continuous impervious cutoff is not certain. 

4. implementation of relief wells and/or pervious 
downstream filters. These techniques can successfully 
relieve seepage pressures on the downstream side of the 
dam, if stability is a concern, but does not limit the 
quantity of seepage flow beneath the dam. 

5. an upstream impervious blanket, if required, to minimize 
the quantity of flow into the pervious layers and to 
increase the length of the flow path. 

Combinations of the above measures may be required, depending 
on the results of further investigations. For the 
preliminary relative cost estimates, only the slurry wall 
method will be employed to restrict the flow beneath the 
mainstream dams. 

At the Katzer Drain site, it is anticipated that a 
homogeneous dam would be constructed entirely of cohesive 
material available at the site. Embankment volumes were 
computed assuming 3 horizontal and 1 vertical (3:1) side 
slopes with no stabilizing berms. Internal drainage in the 
form of a vertical and horizontal sand blanket will be 
included to prevent excessive uplift pressures on the 
downstream slope of the dam. A cutoff trench or other 
seepage abatement measures are not required at this 
off-channel site. 

The preliminary embankment quantities for the alternative dam 
sites are found in the tabulation of cost estimates in 
Appendix B of this report. 

The potential for damaging earthquake accelerations has been 
recognized as a design consideration for the embankments. 
The Whalen Fault system is known to exist approximately 25 

6.19 



miles to the northwest of the sites, and trends in a 
southwest to northeast direction. The historical seismic 
activity and regional geology will be evaluated in future 
investigations with the intention of establishing the design 
earthquake. Because the sites are located in a Zone 1 (minor 
hazard) region, the impact of earthquake loading should have 
a minimal effect on the design of the dam. If there exists a 
potential for cracking during earthquake loading, the design 
consequence would be an increased reliance on the drainage 
blanket (Chimney Drain) on the downstream side of the 
impervious core. The drainage blanket would collect internal 
seepage should the core crack and would ensure the ability 
for the crack to "heal" by preventing the downstream 
migration of core material through piping. 

6.5 BORROW SOURCES 

Potential sources of borrow material for embankment 
construction have been examined from soil survey maps of the 
area and from discussions with the Goshen Irrigation District 
(GID) in Torrington, Wyoming. If a zoned earth dam was 
constructed, sufficient quantities of both pervious and 
impervious material must be located and tested. 

From published soil survey maps, the surficial soils found in 
the Horse Creek Valley were generally fine sands and silts. 
This material should be adequate for use in the outer shell 
zones of the embankment. The availability and quantity of 
cohesive materials for use in an impervious internal core of 
the embankment is an uncertainty at this time. The GID was 
contacted about possible sources, and indicated that cohesive 
materials for channel lining are obtained for their use at a 
location near Table Mountain. The total available quantity 
of this material was not known. 

Because of this uncertainty, and relatively long haul 
distance required from Table Mountain, other potential 
sources of cohesive material will be investigated. The 
foundation materials at the Katzer Drain site are believed to 
be cohesive in nature, but again, a relatively long haul 
distance is required. In addition, a high water table is 
anticipated at this location, which would make excavation 
difficult due to wet conditions and require some degree of 
drying due to probable high moisture contents. 

The shales of the Lance Formation available in the Horse 
Creek valley may provide a viable alternative. The 
compaction characteristics and gradation must be determined 
to ascertain its adequacy for use. In addition, the depth of 
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the shales and the quantity available must be determined to 
evaluate the economic feasibility of utilizing this material. 
If the shales prove to be a viable source, it may be 
advantageous to design the emergency spillway such that the 
material excavated would provide a sufficient quantity to 
construct the impervious core. 

6.6 COST ESTIMATES 

Cost estimates were prepared for the three mainstream channel 
sites and the Katzer site for various storage requirements. 
Because of the limited amount of subsurface information 
available, general assumptions concerning the geology and 
embankment configurations had to be made for the development 
of relative cost estimates described earlier. The major 
assumptions used to complete the computation of quantities 
and related construction costs are summarized below: 

Constant embankment cross-section was assumed for the 
three dam sites. Only the height of the embankment 
would vary with each site, depending on storage 
requirements. 

No slope stability analyses were performed in 
determining the embankment side slopes and berm 
dimensions. 

The valley profile was determined at each site from 
topographic maps with 20' contours. 

Embankment heights include an allowance for 5' of 
freeboard. 

Up to 10 feet of surficial alluvium (sandy clay) 
layer will be removed beneath the dam at each site. 

The excavated alluvial material would be used for 
both reservoir sealing and topsoil for seeding, and 
possibly for embankment material (up to 50% of total 
volume excavated). 

Reservoir sealing would only be required for 
surficial sand and gravel deposits. 

Emergency spillway excavation was assumed to be 80% 
soil and 20% rock for all sites. Soil obtained from 
spillway excavation shall be used as embankment 
material. 
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Limits of riprap on upstream face of embankment: 

* bottom level - 1000 AF storage elevation 
* top level - 5 feet above principal spillway 

elevation 

The exposed soil of embankment and emergency spillway 
channel (25% of surface area) shall be topsoiled and 
seeded. 

The unit costs for cost computations were obtained 
from previous dam estimates in this area, discussions 
with vendors, published cost guides, and engineering 
judgement. 

Land acquisition unit costs were based on recent farm 
auctions within the study area. 

Based on the preliminary cost estimates, the Katzer and Lower 
and Upper Bureau Dam sites were recommended for further 
feasibility studies. 
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PHASE C: FEASIBILITY ANALYSIS 

7 FEASIBILITY ANALYSIS 

7.1 ALTERNATIVE LOCATIONS 

Following completion of the site analysis, the GID and WWDC 
decided to include both the Lower Bureau Dam site and the 
Upper Bureau Dam site in the feasibility investigation. This 
involved detailed field and laboratory testing of the two 
sites. Several tasks were reduced in level of effort, while 
others were eliminated entirely. Detailed dam site geology, 
site seismicity, and rock core strength testing were not 
examined as a part of the feasibility investigation. 

The Katzer site was eliminated as an alternative location 
after the completion of the site analysis review with the 
WWDC and GID for the following reasons: 

- Extensive excavation for the Springer Main Canal would 
be required. 

- Adequate site needs may not be available for inlet 
canal. 

- The Goshen Irrigation District was concerned about 
excessive costs associated with the maintenance of the 
channel. 

- The topography of the area would create a flat, 
bowl-shaped reservoir that appears to have a poor 
stage-area relationshiop (i.e., large evaporation 
losses per stage). 

The locations of the Upper Bureau and Lower Bureau sites are 
indicated in the Study Drawings. Area-capacity curves for 
the Upper Bureau Dam site and Lower Bureau Dam site are 
indicated by Figures 7.1 and 7.2, respectively. 

The purpose of the alternative location analysis in this 
report was to provide feasibility cost information. The 
completion of the preliminary conceptual design of the 
earthen embankment, emergency spillway(s), principal 
spillway, outlet works, relocations, etc. was used to 
determine preliminary relative construction cost estimates. 
These estimates, as well as other operational and design 
considerations, were used in making a site recommendation. 
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7.1.1 site Description and Layouts Dam site 

upper Bureau Dam site 

The Upper Bureau site, as indicated in the study Drawings, 
has the following characteristics: 

Top of Dam Elevation 
Normal Pool Elevation 
100 yr. Pool Elevation 
Max. (PMF) Pool Elevation 
Normal Pool storage 
Emergency Crest Elevation 
Total Emergency Spillway width 
pilot Channel Crest Elevation 
Concrete pilot Channel width 
outlet Works Diameter 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

4163.3 
4145.0 
4149.0 
4158.3 
8350 A.F. 
4150.0 
1400 ft. 
4146.0 
325 ft. 

72" RCP 

The layout of the dam, spillway and outlet works was selected 
to provide a maximum of 75 c.f.s. to the South Horse Creek 
Lateral, to pass the Probable Maximum Flood (PMF) discharge 
and to minimize relocations. The dam was located between two 
hills of close proximity to reduce embankment volume. The 
20 ft. top width of the dam was selected to provide stability 
and enough width for a maintenance access. The top of the 
dam was set at 5 feet above the maximum pool. 

The 1,400 foot wide emergency spillway was sized to pass the 
PMF. The PMF discharge passed through the emergency spillway 
is 119,900 cfs, at a maximum pool elevation of 4158.3. A 100 
foot wide crest was used in the analysis of the emergency 
spillway. A 325 foot wide concrete pilot channel, located 
within the emergency spillway, was selected because it would 
maintain a 100 yr. pool below the selected Game and Fish 
reservoirs. Elevation 4150 was set as the maximum 
permissible 100 yr. pool elevation in discussions with the 
State of Wyoming Game and Fish Department personnel. The 100 
yr. pool reaches elevation 4149.0 in the pilot channel which 
allows 1 foot of freeboard below the remainder of the 
emergency spillway. 

The 10 yr. event causes a discharge of 1,230 cfs to be passed 
through the 325 ft. wide pilot channel. More frequent events 
would also cause emergency spillway discharges which creates 
the need for a paved pilot channel. This pilot channel is 
extended from the paved stilling basin through a transition 
section and to Horse Creek as a rip-rapped trapezoidal 
channel. 
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The principal spillway consists of a reinforced concrete 
intake structure. The principal spillway and outlet works 
are combined in this design. The total length of the 72" 
diameter Reinforced Concrete Pipe (RCP) spillway conduit is 
approximately 380 feet. It was sized to pass the August 
through November (seasonal) average annual discharge for 
diversion purposes, 75 cfs to the South Horse Creek Lateral, 
and to release the flows required for a 10-day drawdown. 

The drawdown structure would be a supported grated inlet 
connected to a 60" diameter RCP which would furnish water to 
the Lateral. The principal spillway structure contains a 60" 
wheel-operated sluice gate which controls the discharges to 
the Lateral and can also be used to draw down the pool. The 
size selected was determined by the seasonal average annual 
discharge for diversion purposes. 

The outlet works consist of a 72" diameter RCP, a control 
structure, and a stilling basin. The control structure 
consists of a turnout structure that would allow 75 cfs to 
pass to the Lateral and would be simple to regulate with 
minimal maintenance. A gate would allow the control or 
stoppage of discharges to the Lateral. The stilling basin as 
depicted is a USBR Type III Basin. The final design of this 
structure would be dependent on the geometry selected and 
Froude number (a dimensionless modelling term representing 
the inertial and gravitational forces). 

The structures should be designed to bypass stream flow 
during construction. This may require the construction of 
cofferdams to divert the water. 

Lower Bureau Dam site 

The Lower Bureau, as indicated on the study Drawings, has the 
following characteristics: 

Top of Dam Elevation 
Normal Pool Elevation 
100 yr. Pool Elevation 
Max. (PMF) Pool Elevation 
Normal Pool Storage 
Emergency Crest Elevation 
Total Emergency Spillway width 
Outlet Works Diameter 

7.5 

= 
= 
= 
= 
= 
= 
= 
= 

4167.4 
4135.2 
4148.5 
4162.4 
11,000 A.F. 
4151.0 
1,000 ft. 

72" RCP 



Operational and design features of the Lower Bureau Dam site 
would be nearly identical to those of the Upper Bureau Dam 
site. The only differences would be that the 72" diameter 
RCP outlet works would be about 10 feet longer at the Lower 
Bureau Dam site and the emergency spillway would not require 
a paved pilot channel to keep the lOa-year flood pool below 
elevation 4150. 

The 1,000 foot emergency spillway width, 600 feet right and 
400 feet left, was sized to handle the PMF. The PMF 
discharge passed through the emergency spillway is 
115,500 cfs at a maximum pool elevation of 4162.4. A 
lOa-foot wide crest was used in the analysis of the spillway. 
The lOa-year pool reaches elevation 4148.5. 

7.1.2 Emergency Spillways 

The elevations of the emergency spillways at both locations 
were set based on the following: 

- 100 yr. pool below elevation 4150 (assumed elevation 
of selected Game and Fish reservoirs). 

- Passing the Probable Maximum Flood (PMF) with 5 feet 
of freeboard to the top of the dam. 

- Providing protection for discharges equal to or less 
than the 100 yr. event. 

The analyses of the emergency spillway was performed with 
DAMS2. The principal spillways and emergency spillways were 
iteratively sized to maximize the pool storage and to meet 
the above requirements. 

Both the Upper Bureau and Lower Bureau emergency spillways 
are cut through rock. The Upper Bureau's spillway would have 
a paved pilot channel as previously discussed. It is likely 
that erosion damage to the unpaved portion of the spillway 
and to the Horse Creek channel would occur if significant 
water should flow over it. This should only occur under 
infrequent circumstances as the pilot channel is meant to 
contain the 100 yr. discharge with one foot of freeboard. 
The unpaved and nonrip-rapped portions of the emergency 
spillway should be enriched, mulched and seeded with 
appropriate grasses. 

The Lower Bureau's spillways have their crests cut into rock. 
This rock should be grouted when exposed in the spillway 
crests. The emergency spillway for the Lower Bureau is meant 
to be used for discharges greater than the 100 yr. discharge. 
This infrequent use would suggest that it be seeded with 
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appropriate grasses after enrichment and mulching. It is 
likely that erosion damage to the grassed spillway and to the 
Horse Creek channel would occur if significant water should 
flow over the emergency spillway. 

7.2 SUMMARY OF GEOTECHNICAL INVESTIGATIONS 

Field explorations and laboratory testing were conducted by 
Dames and Moore of Denver, Colorado in August of 1986 at the 
proposed Upper Bureau and Lower Bureau dam sites. The 
primary purpose of the geotechnical investigations was to 
provide sufficient subsurface information for: 

1. The evaluation of the feasibility of constructing 
an earthen embankment at each site, 

2. The completion of the preliminary conceptual design 
of each embankment, 

3. The determination of preliminary relative 
construction cost estimates derived from the 
information obtained at each site. 

The results of the field exploration and laboratory testing 
and an evaluation of the foundation materials at both sites 
are presented in Dames and Moore's report entitled, 
Geotechnical Engineering site Comparison: Feasibility Level 
- Horse Creek Reservoir Project, dated September 18, 1986. 
Readers are referred to this document for detailed 
information that includes the log of borings and locations, 
site geology and subsurface conditions, strength and 
engineering characteristics of embankment and foundation 
materials, and recommendations concerning materials usage, 
seepage control, and future investigations for final design. 
Brief discussions of the field and laboratory testing program 
and subsurface conditions at the dam sites are presented 
herein for clarification purposes. 

7.2.1 Description of Field Exploration Program 

Field explorations completed at the Upper and Lower Bureau 
sites consisted of soil borings and rock corings along the 
proposed dam axis and emergency spillway channel, soil 
borings in potential borrow areas, and single/double packer 
permeability tests in bedrock material. 

In overburden soils, disturbed and relatively undisturbed 
soil samples were obtained using the Dames and Moore Type U 
Sampler. The sampling procedure for this device is similar 
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in operation to the Standard Penetration test (ASTM D1586), 
except greater energy is applied to drive the larger diameter 
Type U sampler. A schematic and description of the Type U 
sampler is presented in the Dames and Moore report. In 
selected borings, the bedrock material was cored with an NX 
size double tube core barrel. All samples were visually 
classified in the field noting the color, consistency, and 
composition. Soil samples and rock cores were wrapped to 
preserve the natural moisture content, and packaged for 
shipment for further inspection and testing. 

At the Upper Bureau site, a total of six borings were 
completed along the dam axis, two borings in the emergency 
spillway channel area, and five borings in borrow locations. 
No known previous investigation of this site had been 
performed prior to this study. 

At the Lower Bureau site, a total of three borings were 
completed along the dam axis, one boring in the area of the 
spillway, and six borings at borrow locations. This 
information was intended to supplement the existing 
subsurface data obtained from the previous investigation 
performed by the Bureau of Reclamation in 1947. 

7.2.2 Description of Laboratory Testing Program 

Laboratory tests that were performed on selected soil samples 
include: moisture and density tests, grain-size analyses, 
Atterberg limit determinations, compaction tests, 
consolidation tests, falling head permeability tests, and 
pinhole dispersion tests on relatively undisturbed and 
recompacted samples. No rock core strength tests were 
conducted on bedrock samples. The Rock Quality Designation 
(RQD) and percent recovery were evaluated based on the length 
of core retrieved. 

7.2.3 Subsurface Conditions 

The subsurface information obtained from the recent 
geotechnical investigations indicate that the Upper and Lower 
dam sites are very similar from a geologic point of view. At 
both sites, the subsurface conditions generally consist of 
four identifiable stratigraphic units, namely; the bedrock of 
the Lance Formation, the incised sand and gravel channel 
deposit, the alluvial terrace deposits, and the surficial 
windblown sediment of sand and silt. A geologic profile at 
Upper Bureau and Lower Bureau sites are presented in Figures 
7.3 and 7.4 respectively. 
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Windblown Sediments - Sandy silt 

Loess-like windblown sediments fill the Horse Creek valley 
overlying the alluvial gravels and mantle the hillside 
slopes. In general, the thickness of the windblown deposits 
increases from the stream towards the left (north) abutment 
at both dam sites. At the Lower Bureau site, Borings B-1 and 
B-2 in the left abutment encountered 18 and 10 feet, 
respectively, of windblown materials. Based on 
interpolations of the subsurface borings, a maximum thickness 
on the order of 20 feet just northwest of the location of 
Boring B-1 can be expected. At Boring B-4 on the south 
abutment a veneer of 4 feet of windblown sandy silt was 
encountered over bedrock. At the Upper Bureau site, the 
thickness of windblown silt ranges from 4 feet at Boring B-22 
to a maximum of 38 feet at Boring B-20. 

The primary difference between the windblown silts at the two 
Bureau sites was their thickness and relative moisture 
content. By comparison, the windblown silts were less thick 
at the Lower Bureau site than at the Upper Bureau site. 
Also, at the Lower Bureau site, the windblown silts had a 
relatively higher moisture content. One reason for the 
higher moisture content at the Lower Bureau site was that the 
ground surface has been substantially wetted by tailwater 
from the East Springer Lateral, which discharges onto the 
hillside immediately uphill of the dam abutment. At the 
Upper Bureau site, the windblown silts were relatively dry to 
within a few feet of the water table. 

Based on the behavior of similar loess-type soils, the dry 
sandy silts may be susceptible to collapse upon wetting. 
This collapse involves a loss of strength and increase in 
compressibility when wetted. Direct shear tests on samples 
of the dry sandy silt indicated a minor loss of strength upon 
wetting. Swell consolidation tests were also performed on 
the dry, sandy silt. When water was added to the sandy silt 
sample, some test specimens exhibited swelling and others 
collapsed. Thus, the collapse potential of the sandy silts 
is indeterminate based on the laboratory test results. 

Terrace Deposits 

Remnants of alluvial terraces were encountered at both the 
Upper and Lower Bureau sites. At the Lower Bureau site to 
the south of the stream, Boring B-3 encountered 8 feet of 
alluvial sands. On the north abutment, in Borings B-1 and 
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B-2, below the windblown silts and above the sand and gravel, 
a 3- to a-foot layer of silty clay was encountered. The high 
plasticity of this silty clay indicates it may be an alluvial 
deposit. 

At the Upper Bureau site, in Boring B-23, which is located 
immediately adjacent to Horse Creek, 4 feet of recent 
alluvium was found overlying the sand and gravel. In Borings 
B-21, B-22 and B-24, 5 to a feet of dark brown silty clay was 
encountered beneath the windblown silts. In Borings B-21 and 
B-22, 7 to a feet of silty fine sand was encountered below 
the silty clay and above the coarse granular channel 
deposits. 

Sand and Gravel Deposits 

The buried alluvial channel was encountered at both the Upper 
and Lower Bureau sites. Based on the gradation of the soil 
samples retained in the Dames & Moore Type U sampler, most of 
the alluvial channel deposits consist of medium to coarse 
sandy gravel and gravelly fine to coarse sand. Based on the 
driller's logs, some cobbles were encountered in the lower 
portion of the channel. Few, if any, boulders were noted by 
the driller. At both the Upper and Lower Bureau sites, the 
stream itself appears to be at the top of the sand and gravel 
layer. The sands and gravels at both sites have incised a 
U-shaped channel in the bedrock material. 

At the Lower Bureau site, the buried channel was located 
almost entirely to the north of the existing Horse Creek 
stream channel. The elevation of the deepest point of the 
channel as determined in the 1940 USBR borings was 4040 feet. 
The elevation of the bottom of the gravels in Boring B-2 was 
approximately 4064 feet. The maximum thickness of the sands 
and gravels at the Lower site is approximately 60 feet. At 
the Upper Bureau site, the maximum thickness is about 35 
feet. 

Bedrock 

Bedrock was encountered at the Upper and Lower Bureau sites 
in all of the sampled borings and in some of the unsampled 
borings. Bedrock consists of alternating layers of 
siltstone, claystone, and sandstone. The extremely weathered 
upper portions of the bedrock are soil-like in consistency. 

At the Lower Bureau site, bedrock was encountered at depths 
ranging from 5 to 60 feet beneath the existing ground 
surface. On the north (left) side of the valley, bedrock is 
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found beneath the incised channel. To the south of the 
stream, depth of bedrock was typically shallow and at some 
locations, especially just uphill from the South Horse Creek 
Lateral, there are bedrock outcrops of the Lance Formation. 

At the Upper Bureau site, bedrock was found beneath the 
channel deposits at depths ranging from 15 to 60 feet. On 
the knoll forming the right (south) abutment, bedrock was 
found at a depth of 5 to 7 feet. In the saddle located to 
the south of the knoll, bedrock deepens to a depth of 25 feet 
or more. 

In general, bedrock encountered below the Lower Bureau site 
was predominantly sandstone. Whereas, siltstones and 
claystones with some sandstones were encountered beneath the 
Upper Bureau site. Borings in the abutments and spillway 
areas at both sites encountered alternating layers of 
sandstone, claystone and siltstone. 

Ground Water 

The ground water table was encountered in each of the borings 
drilled in the alluvial channel. Ground water was also 
encountered at the spillway saddle at the Upper Bureau site. 
Borings into bedrock at higher elevations of the south 
abutment did not encounter the static ground water table, but 
the ground water table was encountered in bedrock at lower 
elevations on the right abutment of the Lower Bureau site. 

Based on the depths at which ground water was encountered, it 
is apparent that Horse Creek is a gaining stream in the reach 
between the Upper and Lower Bureau sites. Most of the 
borings encountered ground water at elevations higher than 
the water surface in Horse Creek. At the Lower Bureau site, 
the water table was found within the upper portion of the 
channel deposit. At the Upper Bureau site, the water table 
was found above the top of the channel deposits in the lower 
portion of the windblown loess/terrace deposit material. 

A special ground water condition was noted at the Lower 
Bureau site. At Boring B-2, the ground water table was not 
encountered when drilling through the sands and gravels to a 
depth of 33 feet. A 2-foot sandy clay layer then was drilled 
through. Immediately upon penetrating through the sandy 
clay, the ground water rose into the boring a height of 5 
feet from the bottom of the sandy clay layer. Later, based 
on the piezometer installed in the boring, water rose to a 
depth of 15 feet below the ground surface. Thus, it would 
appear that at this possibly isolated location, a silty, 
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clayey aquaclude within the gravel layer has created an 
artesian condition in the lower portion of the channel 
deposit. 

7.2.4 Conclusions from Investigations 

significant findings and evaluations identified from the 
geotechnical investigations that are pertinent to the 
preliminary design and final site selection are as follows: 

1. The presence of the incised stream channel comprised of 
pervious sands and gravels at the Upper Bureau site was 
verified and reasonably defined. The depth and lateral 
extent of the channel deposits at the Lower Bureau site 
were determined to be approximately 30% greater than the 
channel encountered at the upper site. 

2. The need for a positive seepage cutoff of the pervious 
channel deposits beneath the proposed dams was sub
stantiated from the results of falling head permeability 
tests and gradation analyses performed on this material. 

3. Emergency spillway excavations in the bedrock material 
at the Upper and Lower Bureau sites can be accomplished 
for the most part with the use of conventional earth 
moving equipment. Only a small amount of blasting, if 
any, would be required in thin, more competent layers. 

4. The thickness of the surficial windblown silts at the 
Lower site was determined to be considerably less than 
those encountered at the Upper site. The silts at the 
Lower site generally had higher moisture contents than 
at the Upper site. The significance of this observation 
is that a dam founded over the silts at the Lower site 
would be less susceptible to abrupt differential 
settlements during reservoir filling than at the Upper 
site. As the reservoir begins to fill and inundates the 
windblown silts at the Upper site, abrupt differential 
settlements could conceivably occur, producing cracks in 
the embankment, especially where the thickness of 
windblown silts vary appreciably in short lateral 
distances towards the upper end of the north abutment. 
A prewetting program could be performed prior to 
constructing the embankment to remove the moisture 
sensitivity of the silts. Because of the relatively 
large surface area and depths of silts, it would be 
economically feasible to remove some of this material 
and reuse it subsequently in the construction of the 
embankment. 
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5. The availability of higher quality borrow materials was 
identified in the emergency spillway excavation at the 
Lower site as compared to the Upper site. The windblown 
silts available at the Upper site lacked significant 
cohesion and plasticity, and therefore are not likely to 
be used as a high quality impervious core material. The 
silts could be used in more random zones on the upstream 
and downstream sides of the impervious core. The 
spillway excavation at the Lower site will be 
predominantly in bedrock formations comprised of 
claystones, siltstones and some sandstones. The clayier 
portions of the bedrock can be used as the impervious 
core. Based on bulk samples of the bedrock obtained 
from the borings, appreciable quantities of clays will 
be found. Bedrock clays may be excavated at a moisture 
content above optimum, and may require some drying prior 
to placement in the embankment. The clay materials for 
the impervious core at the Upper site will have to be 
obtained from off-site sources. The possible locations 
of these sources are discussed in section 7.3.2 of this 
report. 

6. While the natural saddle proposed for the spillway 
channel at the Upper Bureau site appears to have an 
advantage, the bedrock in the saddle along most of the 
channel is deeper than the proposed spillway excavation. 
The windblown silty sands at the spillway level are not 
resistant to erosion under flowing water. Therefore, a 
sUbstantial layer of riprap or other armoring material 
would be required to protect the excavation. Such 
material is not readily available at the site and would 
need to be imported. 

7. At both the Upper and Lower Bureau sites, the windblown 
valley fill materials extend further north than the 
probable north end of the embankment. At the Lower 
site, a substantially smaller amount of excavation will 
be required to tie the impervious core of the dam into 
bedrock at the abutment. 

7.3 EMBANKMENT DESIGN 

7.3.1 Dam Design Considerations 

The following criteria are set forth by the U.S. Corps of 
Engineers as basic design requirements that must be met in 
order to insure a satisfactory structure (U.S. Corps of 
Engineers, 1971). 
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1. The embankment, foundation, and abutments must be 
stable under all conditions of construction and 
reservoir operation. 

2. Seepage through the embankment, foundation, and 
abutments must be controlled to prevent excessive 
uplift pressures, piping, sloughing, removal of 
material by solution, or erosion of material by 
loss into cracks, joints, and cavities. 

3. Freeboard must be sufficient to prevent overtopping 
by waves and include an allowance for settlement of 
the foundation and embankment. 

4. Spillway and outlet works capacity must be 
sufficient to prevent overtopping of the 
embankment. 

As a part of the preliminary design of each embankment, the 
following tasks have been completed: 

1. Slope stability analyses of the embankment and 
foundation material, 

2. Seepage analyses of flow through the embankment, 
beneath the embankment, and through the abutments, 

3. Settlement analyses during and after construction 
of the embankments, 

4. Erosion protection, 

5. Materials usage, sources and compaction 
requirements 

At the Upper and Lower Bureau sites, a zoned earth dam was 
selected to provide the most efficient and economical means 
to satisfy the above requirements. Each embankment will 
consist of an impervious core, chimney drain and drainage 
blanket to control internal seepage, and outer shells of more 
random and cohesionless material. 
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7.3.2 Borrow Sources and Material Usage 

Soil borings and rock corings were completed in the emergency 
spillway excavations and borrow areas upstream of the 
proposed dams. This subsurface investigation at the Upper 
and Lower Bureau sites sufficiently identified several 
sources of borrow material that can be utilized in the 
construction of the zoned earth embankments. The sources and 
types of material available are summarized below for each 
zone of the embankment. The materials comprising the 
embankment have been designated as Zone A, B, and C materials 
on the Study Drawings. 

Impervious Core (Zone B) 

The purpose of the impervious core is to prevent or limit 
seepage through the dam. The design and construction of the 
core will require a material with sufficient cohesion and 
plasticity to resist cracking and provide relative water 
tightness and strength. The selection of the core material 
is the most important of all components of the zoned 
embankment. The restrictions and limitations on this 
material are therefore the most stringent. 

At the Lower Bureau site, the borings in the proposed 
emergency spillway excavation revealed a considerable volume 
of cohesive material with a high clay content. This material 
is predominantly claystones and siltstones of the Lance 
Formation. Approximately 50% of the material that will be 
excavated for the spillway channel at the Lower site was 
estimated to be available for use in the core of the dam. 
Laboratory tests on the recompacted claystones indicate that 
this material can achieve sufficient strength, density and 
low permeability to be satisfactorily used as material for 
the core. 

At the Upper Bureau site, the material in the spillway 
excavation will predominantly consist of windblown sandy 
silts and sandstones. Claystone bedrock is exceptionally 
deep in the area of the spillway, well below the proposed 
spillway elevation. In the laboratory testing program, it 
was determined that the recompacted silts lack sufficient 
cohesion and plasticity that prohibits their use in the core. 
In addition, the results of pinhole dispersion tests on the 
recompacted silts indicated a minor potential for piping 
during seepage according to criteria established by Sherard, 
et ale (1976). Thus, based on the investigations to date, an 
off-site location for the clay core material will be required 
at the Upper site. 
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A possible source of the core material includes a clay borrow 
pit near Table Mountain at an approximate haul distance of 2 
miles. The Goshen Irrigation District utilizes this source 
for channel lining, but the total volume available is 
unknown. Another viable alternative is the claystone bedrock 
of the Lance Formation in the general vicinity upstream and 
downstream of the upper site. Additional borings near the 
top of the Horse Creek valley would need to be completed for 
final design to ascertain the location and quantity of these 
materials. 

The Katzer drain site is a known location for cohesive 
material, but the haul distance of 10 miles or more and the 
high water table in this area would make this borrow source 
uneconomical. 

Embankment Shells (Zone A) 

The purpose of the embankment shells is to provide gravity 
fill and structural support for the impervious core of the 
embankment. The shells of the earth embankment will consist 
of a more random and less stringent selection of materials. 
The restrictions concerning cohesion and plasticity required 
for the impervious core will not apply to the material for 
the shells. Ideally, the shells would be comprised of a 
free-draining, cohesionless deposit that can maintain 
stability during both rapid drawdown of the reservoir and 
steady state seepage (Wilson and Marsal, 1979). Purely 
cohesionless materials are, however, not available in the 
required quantities at either site, but satisfactory 
materials for the construction of the shells are readily 
available in the project area. 

The surficial windblown deposits of sandy silt that blanket a 
large portion of the Horse Creek Valley may be used for the 
downstream shells of each embankment. The extent of its use 
in the upstream shells is not certain at this time, primarily 
because of the minor susceptibility of the sandy silt to 
internal erosion and piping during seepage. The chimney 
drain (to be discussed later) located downstream of the 
impervious core will prohibit the seepage of water through 
the downstream shell. 

The embankment shells may also be constructed of the 
sandstone and siltstone bedrock. This material will be 
suitable to construct the shells if the bedrock is 
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sufficiently broken down and thoroughly compacted with 
vibratory equipment. Careful inspection during construction 
will be required to ensure even and continuous lifts, if 
processed bedrock is used in the embankment. 

At the Lower Bureau site, the shell material will be obtained 
from the sandy silt, sandstone and siltstone produced from 
the emergency spillway excavation, and the sandy silts that 
will be removed beneath the embankment. 

At the Upper Bureau site, it is anticipated that the shell 
materials will be derived from the sandy silt and sandstone 
excavated from the emergency spillway and from the sandy silt 
that will be excavated beneath the embankment. 

chimney Drain and Drainage Blanket (Zone C) 

The purpose of the chimney drain and drainage blanket is to 
prevent soil particle migration and piping of the impervious 
core by collecting and transmitting seepage flow through the 
dam. The materials that will comprise the sand filters 
should be well-graded, contain less than 5% passing the #200 
sieve, and satisfy the following gradation characteristics: 

D15 filter 
---------- < 5 
D85 soil 

D15 filter 
---------- < 5 
D15 soil 

D50 filter 
---------- < 25 
D50 soil 

where D ,D and D85 are the soil particle diameters from a 
gradatibR an~2yses dIstribution plot at 15, 50 and 85%. 
These requirements were developed from tests by Terzaghi 
(1943) and later refined by the Corps of Engineers to prevent 
piping and to accommodate internal deformations due to 
internal cracking of core and during earthquake loading. 

The gradation analyses performed on the potential impervious 
core and embankment shell material provided data on the soil 
particle distribution up to the material passing the #200 
sieve. To ascertain the distribution of particles beyond the 
#200 sieve, hydrometer analyses are required. These tests 
would provide the necessary information to check the 
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gradation requirements stated above, but were not performed 
as a part of this feasibility investigation. Thus, the 
gradation and type of filter material cannot be determined at 
this time. The sand and gravel deposits in the project area 
should be examined as a potential filter material in future 
analyses. 

Riprap 

The purpose of the riprap is to prevent wave and flowing 
water erosion. Riprap protection will be utilized at several 
locations at each dam site, namely, the upstream and 
downstream slopes of the embankment, some portions of the 
emergency spillway channel, and near the outlet of the 
stilling basin. 

No adequate source of riprap material for erosion protection 
of the embankment and spillway was observed in the borings or 
in the geological explorations at the dam sites. Several 
sources of riprap are locally available and are summarized in 
the u.s. Bureau of Reclamation Report on Horse Creek dated 
April of 1947. These sources include Table Mountain 
limestone with a haul distance of 2 miles, sandstone from the 
hills south of Torrington with a haul distance of 12 to 20 
miles, and granites or limestones from locations near 
Guernsey, Wyoming at a haul distance of about 40 miles. 

On the upstream face of the embankment, the riprap should be 
placed on a 4 inch layer of sand, underlain by Mirafi 600X 
filter fabric or approved equal. The sand and fabric bedding 
sequence ensures that no damage to the face will occur during 
placement of the riprap. The bedding will provide both 
additional erosion protection in the event of a discontinuous 
riprap surface and support of the riprap. 

Material Compaction Requirements 

The materials that comprise the embankment shells, impervious 
core and sand drains must be properly compacted to ensure 
that any short or long term problems of instability or piping 
will not occur during the life of the structure. The 
strength properties determined in the laboratory testing 
program provided the basis for the embankment design and must 
be attained during the construction of the entire dam. Thus, 
compaction requirements are specified based on the 
moisture-density compaction tests, strength tests on 
recompacted embankment material, and established criteria 
(NAVFAC, 1980). 
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Modified Proctor compaction tests were performed on samples 
of potential embankment shell and core material. The tests, 
designed to correlate with high energy field compactors, were 
conducted to determine the moisture content at which the 
maximum dry density of the soil is achieved. This moisture 
content, called the optimum moisture content, was found to be 
approximately 11% for the core material (claystones, 
siltstones), and 10.5% for shells (sandy silt). 

The following preliminary guidelines are recommended for the 
placement and compaction of materials that will comprise the 
embankment: 

Table 7.1. Material compaction Guidelines 

Material 

Core 
(claystones, 
siltstones) 

Shell 
(sandy silt, 
sandstone) 

Sand Drains 

compaction 
Method 

Sheepsfoot 
roller 

Vibratory/ 
roller 

Vibratory 

compaction 
Effort 

95% of 
modified 

Proctor 

Same as 
core 

90% of 
modified 

Proctor 

Max. Lift 
Moisture Thickness 

-1 to +2% 6-12 in. 
optimum 
moisture 

Same as 12 in. 
core 

Thoroughly 8 in. 
wetted 

The moisture requirements of the impervious core are not 
always constant at all stages of construction. Near the base 
of the core, the moisture content is usually specified to be 
"dry of optimum" to reduce internal pore pressures during 
construction (USBR, 1973). Above the base, the core material 
is compacted "wet of optimum" to provide ductility in the 
event of cracking due to differential settlements or 
deformations during earthquake loading. 

7.3.3 Slope Stability Analyses 

Background 

As an initial step in the preliminary design of each dam, 
slope stability analyses were performed to determine the 
embankment dimensions and side slopes that meet designated 
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design criteria. Several reservoir and embankment loading 
conditions were examined for each site, namely: 

- end of construction 
- rapid drawdown from maximum pool 
- steady state seepage at maximum pool 
- earthquake loading 

The design criteria used in sizing the dam at each site has 
been established by the Corps of Engineers (U.S. Corps of 
Engineers, 1971). The recommended minimum factors of safety 
for the design conditions are summarized as follows: 

Table 7.2. Corps of Engineers' 
Minimum Factors of Safety 

Condition No Earthquake with Earthquake 

End of Construction 

Rapid Drawdown 
from Max. Pool 

Steady State Seepage 
at Max. Pool 

1.4 

1.0 

1.5 

Description of PCSTABL5 Program 

1.0 

1.0 

1.0 

The slope stability analyses were performed using a computer 
program called PCSTABL5. The program was developed and 
refined at Purdue University to examine a variety of slope 
stability problems using limit equilibrium techniques. All 
of the design conditions stated above can be handled with 
proper adjustments to the program input. 

PCSTABL5 features a searching routine that locates the 
critical failure surface with the minimum factor of safety. 
Two types of failure surfaces can be examined; a circular arc 
and a sliding block or wedge. In computing the factor of 
safety for a circular arc failure surface, the modified 
Bishop's method of analysis was used. In the sliding block 
analysis, Janbu's method was used. The geometry of the 
active and passive failure wedges in the sliding block 
analysis was defined by Rankine earth pressure theory. 

Earthquake loading is modelled with a psuedo-static approach, 
in which a direct relationship is assumed to exist between 
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the earthquake force acting on the sliding mass and the 
weight of the sliding mass. Horizontal and vertical 
earthquake accelerations are specified as a multiple of the 
gravitational constant (i.e., 0.10 g) to scale the earthquake 
force relative to the sliding mass. 

Design Soil and Embankment Profiles 

Design profiles for use in the slope stability analyses were 
developed at the maximum embankment cro~s-section at each dam 
site. Figure 7.5 presents the soil and embankment profiles 
at the Lower and Upper sites, respectively. The design soil 
and rock parameters from the field exploration and laboratory 
testing are also shown in the figures. Since the engineering 
characteristics of the embankment and foundation materials 
were found to be approximately the same at each site, 
identical soil and rock strength parameters were used as 
input to the stability analyses at each site. 

In the analysis of earthquake loading, a horizontal 
acceleration of 0.09 g was chosen as the design earthquake. 
A vertical acceleration was not specified. These design 
accelerations are representative values for this region, 
which is situated in seismic Zone 1 (minor earthquake 
damage), according to a seismic risk map prepared by the 
Bureau of Reclamation, U.S. Department of the Interior. 

PCSTABL5 Results 

Slope stability analyses for both sites were initially 
performed at an upstream (U/S) and downstream (DIS) side 
slope of 3:1 (3 horizontal to 1 vertical). In both cases, 
the stability of the U/S face did not achieve the minimum 
factor of safety requirements for rapid drawdown with 
earthquake loading. To provide additional stability, the U/S 
slope was gradually flattened until the design criteria were 
met. The stability at each site was examined using both the 
circular arc and sliding block failure surfaces. 

The final embankment slopes at the Lower site following this 
iterative process were determined to be 3.75:1 for the U/S 
face, and 3:1 for the DIS face. At the Upper site, the U/S 
face require 3.50:1 side slopes, and 3:1 for the DIS face. 
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The computed factors of safety for each design condition are 
summarized below for the final embankment slopes at each 
site: 

Table 7.3. Lower Bureau Dam site 
Computed Factors of Safety 

Design Condition No Earthquake with Earthquake 
circle block circle 

End of Construction: 
U/S Face 2.86 2.94 2.05 
DIS Face 2.38 2.37 1.80 

Rapid Drawdown: 
U/S Face 1.48 1.47 1.03 

Steady state Seepage: 
DIS Face 2.57 2.51 1.91 

Table 7.4. Upper Bureau Dam site 
Computed Factors of Safety 

block 

2.06 
1.80 

1.04 

1.88 

Design Condition No Earthquake with Earthquake 
circle block circle block 

End of Construction: 
U/S Face 2.84 2.80 2.04 2.03 
DIS Face 2.29 2.18 1.73 1.71 

Rapid Drawdown: 
U/S Face 1.46 1.45 1.07 1.04 

Steady State Seepage: 
DIS Face 2.43 2.38 1.89 1.87 

In the slope stability analyses of both dams, the critical 
failure surface was found to pass through the upstream shell 
and underlying sandy silt material. The searching routine in 
PCSTABL5 examined potential failure surfaces extending into 
the sands and gravels, but the minimum factor of safety in 
all cases occurred when the surface passed through the sandy 
silt. The embankment stability was determined to be 
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inversely proportional to the thickness of the sandy silt 
layer. Thus, the above analyses were performed at the 
maximum embankment section and a representative thickness of 
the sandy silt. 

From the slope stability analyses, it was concluded that some 
of the sandy silt material near the abutments at both sites 
may require removal to meet the stability criteria and to 
prevent each dam from being excessively large. The 
recommended limits of the excavated sandy silt foundation 
material are shown in the drawings. 

7.3.4 Seepage Control 

Seepage Through the Embankment 

Seepage analyses had been performed to quantify the rate of 
flow through the embankment core material. Flow nets had 
been constructed at both sites based upon effective 
permeability values derived from the results of falling head 
permeability tests on remolded claystones. The potential 
embankment materials were compacted to 95% of the Modified 
Proctor density for the falling head permeability tests. The 
effective permeability values derived from the falling head 
tests are: 

Claystones (core): 
Sandy silt (shells): 

4 
KKeff = 8.96 · 10-3 ft/day 
eff = 4.21 · 10- ft/day 

The effective permeability is a computational value that 
permits an isotropic flow net analysis of anistotropic 
material (i.e., K = K ). For purposes of the flow net 
analysis, the horYzontRI permeability was assumed to be twice 
the value of the vertical permeability. This relationship 
was used to construct the transformed embankment section in 
the flow net analysis according to the procedures presented 
in Cedergren (1977). The flow nets for each dam are shown in 
Figure 7.6. It was assumed in this analysis that the 
claystones will be used as impervious core material at both 
sites. 

The computed rate of flow through the embankment core at 
maximum pool was approximately 0.14 sq. ft./day per lineal 
foot of core at the Lower site, and 0.10 sq. ft./day per 
lineal foot of core at the Upper site. The rates of flow are 
considered minimal, and indicate that water loss through the 
embankment is negligible. 
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Under most circumstances when the difference in 
permeabilities between the shell and core material is 
relatively high and filter gradation requirements are met, 
the use of a sand chimney drain on the DIS side of the core 
is not required (Mitchell, 1983). However, the results of 
pinhole dispersion tests on the silty clay comprising the 
shells revealed material to be Figure 7.6 goes here 
somewhat susceptible to internal erosion and piping. Because 
of this possibility, it is desirable to incorporate the use 
of a chimney drain comprised of selected sand material to 
prohibit seepage from exiting on the DIS face of the dam. 
since the rate of flow through the core is low, a minimum 
thickness (3 feet) of compacted sand will be required to 
collect this flow. A horizontal sand drainage blanket will 
be installed to a thickness of 3 feet to transmit flow from 
the chimney drain and away from the embankment. A small 
amount of riprap will be needed to prevent erosion at the 
point of discharge on the DIS face. 

Seepage Through the Abutments 

The control of seepage through the abutments at each dam site 
will be accomplished by keying the impervious core into 
competent bedrock. The lateral extent of the key will range 
from the base of the core to its top elevation along the 
abutment as shown on the drawings. The side slopes of the 
excavation into rock at the abutments are estimated to be 
approximately 2:1. 

Cement grouting of the abutments may be required to further 
control the seepage depending on the permeability, degree of 
fracturing, and type of the bedrock materials encountered in 
the excavation. The results of field permeability tests and 
rock corings indicate that relatively impervious and 
competent bedrock can be expected in the abutments at both 
sites. Further investigation of the sandstones will be 
warranted to finalize this observation. Of particular 
concern is the sandstone found at the knoll near the right 
(south) abutment of the Upper site. The knoll essentially 
acts as an extension of the embankment and its stability and 
loss of water at high reservoir elevations must be 
determined. Some degree of cement grouting is anticipated 
for the sandstone at this location. 

Seepage Beneath the Embankment 

To control the seepage of water beneath the embankment, 
abatement measures have been adopted in the preliminary 
design of the dam sites. The primary source of seepage in 
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the foundation has been identified to occur in the sand and 
gravel deposit. The need for a positive cutoff of the sands 
and gravels underlying both embankments has been recognized 
and sUbstantiated from field and laboratory tests on this 
material. without the positive cutoff, the presence of the 
pervious deposit and subsequent seepage during reservoir 
filling will pose serious problems concerning embankment 
instability and in maintenance of the reservoir level. 

Several potential cutoff methods were evaluated to determine 
an effective and economical solution. Based on this review 
and initial cost estimates, the slurry wall method was 
selected to provide the seepage cutoff. No boulders were 
clearly identified in the subsurface investigation that would 
prohibit its use. A brief summary of the evaluations of 
other potential solutions is presented below. A discussion 
of each solution and design considerations is found in the 
"Site Selection" section of this report. 

1. An impervious cutoff trench of compacted clay was 
rejected because of cost and constructability reasons. 

2. Chemical grouting of the sands and gravels was rejected 
because of the potential for a discontinuous cutoff and 
the generation of excessive uplift pressures on the 
downstream face of the embankment. 

3. The combination of an upstream impervious blanket and 
relief wells system was rejected because this solution 
does not limit the quantity of seepage flow beneath the 
embankment. 

Slurry Wall Construction Technique 

The slurry wall cutoff will be constructed without the need 
for dewatering or internal support of the excavation. The 
slurry technique utilizes a combination of bentonite and 
water for the support of the sidewalls of the excavation. 

As the trench excavation proceeds, slurry is continuously 
added, maintaining a level 1 foot below the working surface 
and a minimum of 3 feet above the water table. The trench is 
excavated to its full depth using a combination of a 
clamshell bucket or backhoe, depending on the total depth of 
the excavation. The slurry wall is keyed into impervious 
rock by extending the excavation until competent material is 
encountered. This operation is performed with a clamshell 
bucket with rock-excavating ripper teeth. Near the base of 
the excavation, a high concentration of solids that have 
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settled out of suspension is normally found. This material 
is removed during the rock excavation operation. 

Upon completion of the excavation, a mixture of soil and 
bentonite is backfilled into the corner of the trench. The 
slurry in the excavation is displaced by the soil-bentonite 
mixture providing a stable and relatively impervious wall. 

A minimum of 20 feet shall be maintained for the working 
surface on the sands and gravels to allow the passage and 
operation of equipment and personnel. The open length of the 
excavation depends upon the stability of the cut, the 
materials to be excavated, and the performance during 
construction. The entire excavation will usually be 
completed by connecting alternating slots using the technique 
described above (Xanthakos, 1979). 

Slurry Wall Specifications 

The following preliminary specifications are recommended for 
the performance and construction of the slurry wall. 

Table 7.5. Slurry Wall Specification 

category 

bentonite 

bentonite-water 
slurry 

water 

Parameter 

source and 
quality 

density at 
mixing 
station 

density in 
trench 

sand content 

pH 

quality 

7.30 

Specification 

high quality sodium 
Wyoming bentonite 
consisting of mainly the 
clay mineral 
montmorillonite, 
meeting API Standard 13. 

64 pcf 

70-85 pcf 

5-6% by weight 

at least 7 

potable, fresh, free from 
oil, acid, alkali and 
organics 



Table 7.5. Slurry Wall Specification (continued) 

category 

soil-bentonite 
backfill 

construction 
techniques 

Parameter 

soil
gradation 

soil
general 

slump 

key into 
stiff layer 

Specification 

10-30% passing #200 sieve 
90% passing 3" sieve 

friable, free of organics 

4-6 inches (ASTM) 

2-4 ft. 

verticality of 1-2% 
trench 

width of 
trench 

permeability 
of trench 

depth of 
trench 

2-4 ft. minimum 

10-6 to 10-7 em/sec 

0-35 ft. Upper Bureau 
0-60 ft. Lower Bureau 

The above information is only a sample of the complete 
specifications for this type of work. Other parameters will 
be specified for final design. The contractor selected to 
perform this work must provide evidence of similar experience 
of participation in the construction of slurry walls. 

7.3.5 Settlement Analysis 

Background 

An analysis at the end of construction and long term 
settlement was performed at each dam site for two general 
purposes: 

1. To determine the potential for damaging 
differential settlements and cracking of the 
embankment, 
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2. To estimate the additional volume of fill material 
that will be required to maintain adequate 
freeboard due to compression of the embankment and 
foundation. 

The anticipated settlements were computed both parallel and 
transverse to the axis of the dam. The total settlement was 
subdivided into the deformation of three components: the 
embankment itself, the sandy silt, and the sands and gravels. 
Terzaghi (1943) one-dimensional consolidation theory was 
utilized in conjunction with the results of laboratory 
consolidation tests to estimate the magnitude and time-rate 
of settlement for the embankment and sandy silt material. 
The compression of the sand and gravel deposit was estimated 
using a technique formulated by Meyerhof (1956) and Bazaraa 
(1967) based on an average blowcount value from Standard 
Penetration test results. Settlement of the sands and 
gravels will take place immediately upon the application of 
the embankment load. Both techniques provide a conservative 
assessment of the settlement for cohesive and granular soils. 

The following values of the rebound (C ) and virgin (Cc ) 
compression indices and overconsolidatIon ratio (OCR) were 
derived from consolidation test results: 

Table 7.6. Compression Indices and 
Overconsolidated Ratios 

Material 

Recompacted claystone 

Recompacted sandy silt 

In-place sandy silt 

Cr ------
1 + eo 

.028 

.015 

.008 

Cc ------
1 + e 

0 

.060 

.037,.076 

.090 

where: = initial void ratio 

OCR 

-2 

-2 

-1.5 

These data were used to establish the load-deformation 
relationship between the applied load from the embankment 
fill and corresponding settlement. The compression indices 
for the potential core and shell material were found to be 
approximately the same. In this analysis of settlement, a 
homogeneous dam with average values of compression indices 
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were assumed for purposes of computing the settlement of the 
embankment material itself. No problems of differential 
settlements are anticipated between the core and shell 
material. 

Because of the relatively low percentage of fines (passing 
#200 sieve) in the embankment and silty clay material, 
secondary consolidation and undrained creep deformations are 
considered negligible. Only deformations due to primary 
consolidation were examined in the settlement analysis of 
these materials. 

In estimating the compression of the sand and gravel stratum, 
an average and representative value of the Standard 
Penetration test blowcount must be determined. As a part of 
the field exploration program conducted at each site, Dames 
and Moore performed a similar procedure as the Standard 
Penetration test with their Type U sampler. For approximate 
correlation purposes, an equivalent Standard Penetration 
blowcount value can be considered to be approximately 1/2 the 
blowcount obtained with the Dames and Moore Type U sampler. 
The average SPT value in the sands and gravels was 
conservatively taken as 15 blows per foot. 

Settlement Results 

The anticipated settlements of each component as a function 
of fill height, have been computed using the above techniques 
and information for both dam sites. Figures 7.7 and 7.8 
present the profiles of total settlement that will occur 
during construction and post-construction for the embankment 
and foundation material at the Upper and Lower Bureau sites 
respectively. As observed in the figures, the approximate 
maximum settlement at both sites was found to occur at the 
maximum embankment section near the Horse Creek channel. 

The maximum settlement during construction at the Upper site 
was computed to be 0.75 ft. for the embankment material, 0.60 
feet for the sandy silt, and 0.14 for the sands and gravels. 
At the Lower site, the maximum settlement during construction 
was computed to be 1.23 ft. for the embankment material, 
0.78 ft. for the silty sands, and 0.18 ft. for the sands and 
gravels. From the consolidation test data, it was determined 
that over 90% of all settlements from the embankment and the 
underlying sandy silts will occur during construction. Thus, 
anticipated post-construction settlements will be minimal, on 
the order of about 0.3 feet at both sites. 
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To Of Dam 

NOTE; Settlements shown in figures are 
total long-term settlements from 
beginning of construction for each 
component. 

Sandy Silt 

Sands/G ravels 

.... ' '...... ... 

0.83' 0.47' 

Bedrock 

0.83' 

Bedrock 

SECTION A-A 

HDR Infratructure.lnc. 
A Centerra Company 

SUMMARY OF SETTLEMENTS AT MAXIMUM 

Settlement 
Component 

Embankment 

Sandy Silt 

Sands/Gravels 

Totals 

54' 

-7' 

-32' 

EMBANKMENT SECTION 

Settlement (Ft.> 

End Of Construction Post-Construction Total 

0.75 

0.60 

0.14 

1.49 

0.08 0.83 

0.07 0.67 

0.07 0.21 

0.22 1.71 

Horse Creek Reservoir Study 
UPPER BUREAU 
ANTICIPATED SETTLEMENT 
PROFILES 
FIGURE 7.7 



NOTE: Settlements shown in figures are 
total long-term settlements from 
beginning of construction for each 
component. 

Sandy Silt 

1.37' 

To Of Dam 

II 1\\ 

Sands/Gravels 

Bedrock 

0.27' 

Sands/G ravels 

Bedrock 

SECTION A-A 

HDR InfrMtructu .... lnc. 
A Centerra Company 

SUMMARY OF SETTLEMENTS AT MAXIMUM 
EMBANKMENT SECTION 

Settlement 
Component 

Embankment 

Sandy Silt 

Sands/G ravels 

Totals 

71 f 

10' 

-50' 

Settlement (Ft.) 

End Of Construction Post-Construction Total 

1.23 

0.78 

0.18 

2.19 

0.14 1.37 

0.09 0.87 

0.09 0.27 

0.32 2.51 

Horse Creek Reservoir Study 
LOWER BUREAU 
ANTICIPATED SETTLEMENT 
PROFILES 
FIGURE 7.8 



The settlement profiles displaying the anticipated settlement 
of the embankment and foundation indicate over 1 foot of 
additional fill will be added to each embankment due to 
settlement during construction. Upon completion of the 
embankment to its design elevation, the contractor should 
overbuild the embankment an additional 0.3 feet. The 
settlement of the embankment and foundation will result in an 
additional 38,000 cu. yds. of fill to be placed at the Upper 
site, and 58,000 cu. yds. to be placed at the Lower site. 

The settlement of the reinforced concrete outlet pipe was 
also examined as a part of this analysis. The maximum 
settlement of the pipe would occur at the maximum embankment 
section. At the end of construction, the pipe would have 
settled approximately 0.75 ft. with 0.15 feet of 
post-construction settlement. 

As observed in Figures 7.7 and 7.8, the magnitudes of 
differential settlement at both sites are very small. The 
greatest potential for excessive differential settlements 
occurs near the abutments at both sites. At the Upper site 
near the left abutment, the differential settlement was 
computed to be about 1.2 ft. in 200 ft. of length along the 
embankment, or 0.6% distortion. At the left abutment of the 
Lower site, 1.5 feet of differential settlement is 
anticipated to occur in 300 feet of embankment, or 0.5% 
distortion. These maximum differential settlements are 
within the tolerable limits of the potential embankment 
materials. 

7.3.6 Recommendations for Further Geotechnical 
Investigations 

The results of the geotechnical investigations conducted at 
the Upper and Lower Bureau sites provided sufficient 
information for the preliminary dam design and the site 
comparison feasibility studies. For the final design at the 
selected dam site, we recommend that the following tasks be 
completed as a minimum for the future investigations of the 
Upper and Lower sites: 

1. Additional borings to completely outline the depth and 
configuration of the incised sand and gravel deposit. 

2. Additional borings to better define the conditions at 
the abutments, including bedrock permeability and degree 
of fracturing, to determine whether grouting is 
required. 
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3. More detailed borings and test pits or trenches in the 
emergency spillway and other off-site borrow areas to 
clearly define the extent of the clayier bedrock layers 
to allow a better estimation of available material 
quantities for the impervious core. 

4. Performance of a pump test{s) in the sand and gravel 
deposit to obtain a better characterization of the 
hydraulic conductivity. 

5. Performance of hydrometer analyses of potential 
embankment core, shell, and filter materials. 

6. Performance of additional field and laboratory tests on 
the dry sandy silt (i.e., density, Atterberg limits, dry 
and saturated strength) to conclusively determine the 
collapse potential upon wetting. This layer was found 
to have a considerable influence on design with respect 
to stability and settlement. 

7.3.7 Recommendations for Embankment Instrumentation 

The following instrumentation is recommended as a minimum to 
monitor the performance of the embankment from the initiation 
of construction through its maintained service life. 

1. Inclinometers - installed near the toes of the upstream 
and downstream shells, to measure the lateral movement 
due to yielding of the foundation. Surface movement 
monuments can also serve this purpose, but with less 
accuracy. 

2. Sondex settlement devices - installed along the 
embankment axis, to measure differential vertical 
deformation at selected intervals along the sondex 
casing. 

3. Casagrande type standpipe piezometers - installed near 
the base of the core and silty clays near the abutments 
to monitor the build-up and dissipation of pore 
pressures that allows the stability of the embankment to 
be assessed. In addition, piezometers should be 
installed near the downstream toe of the dam to monitor 
seepage and uplift pressures and check the performance 
of the slurry wall cutoff. 
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7.4 CONSTRUCTION STAGING 

The potential construction staging sequence is provided to 
appraise the reader of its difficulty and importance. Final 
documents for this project should contain language addressing 
staging, the results desired, and its importance. The 
construction staging sequence for the Upper Bureau and Lower 
Bureau are essentially the same and are as follows: 

1. Remove sandy silts per Geologic and Dam Profile. 

2. Realign Horse Creek channel towards left abutment. 

3. Begin slurry wall construction at right abutment. 

4. As the slurry wall construction approaches the Horse 
Creek Channel, realign Horse Creek toward the right 
abutment. This should be done without disturbance to 
the South Horse Creek Lateral, or if disturbed, kept in 
operation. 

5. Provide a temporary culvert system option for Horse 
Creek flows at the Slurry Wall to minimize wall's 
potential for damage. 

6. continue Slurry Wall construction during the realignment 
and diversion of Horse Creek flows. 

7. Begin construction of earthen embankment over completed 
slurry wall in valley. 

8. Construct Outlet Works and Drawdown Structure along with 
cofferdam. 

9. continue with embankment placement with Horse Creek 
flows diverted through outlet Works. Allow "notch" in 
embankment to pass high flows. 

10. After completion of remaining embankment and spillways, 
close embankment. 

The above sequence does not require that construction proceed 
exactly as indicated, but it indicates that the Contractor 
should provide a detailed Construction staging Sequence prior 
to commencing construction. 
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7.5 RELOCATIONS 

The relocations associated with both the Upper and Lower 
Bureau sites can be identified in the probable construction 
costs for both sites. The Upper Bureau site requires more 
relocations, including two homesteads, the relocation of the 
South Huntley School Road, various return flow laterals, an 
extensive portion of a missile communications cable, and a 
number of Game and Fish reservoirs. Environmental concerns, 
including potential relocation of a Russian Olive tree grove 
and prairie dog village as noted by Game and Fish personnel, 
have been identified for both sites by the Game and Fish 
Department. 

Relocations at the Lower Bureau Dam site include two 
homesteads, relocation of the South Huntley School Road, 
several return flow laterals, and flood-proofing one missile 
communications cable splice point. 

The relocation of the South Huntley School Road was included 
in both sites as this road provides an auxiliary access. The 
estimation for the road includes a rock surfaced road and a 
bridge over Horse Creek. Its inclusion is to provide the 
cost of providing a replacement for a current access and to 
provide a maintenance/recreation access after construction of 
either dam. 

7.6 CONSTRUCTION COST ESTIMATES 

Opinions of Probable Construction Costs for the Upper Bureau 
Dam site and for the Lower Bureau Dam site follow. These 
costs are a portion of the material to be evaluated when 
comparing the feasibility of the Upper Bureau to the' Lower 
Bureau site. 

unit cost for the various construction items were developed 
from information provided by the WWDC, published unit cost 
guides, published bids on similar projects, discussions with 
local suppliers and contractors, and HDR's experience. The 
quantities, unit costs and construction estimates may vary 
depending on future investigations and final design. 

Opinions of Probable Construction Cost for the Upper Bureau 
is $12.7 million and the Lower Bureau is $11.1 million. 
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Table 7.7 
OPINION OF PROBABLE CONSTRUCTION COST (1986 DOLLARS) 
LOWER BUREAU DAM 
EMBANKMENT HEIGHT = 70 ft 
STORAGE = 11000 ac.ft., 600' e.s. width (right abut) 

400' e.s. width (left abut) 

ITEM UNIT QUANTITY UNIT COST TOTAL COST 

land acquisition: 
irrigated acre 114.8 $750.00 $86,100.00 
non' irrigated acre 2,235.0 $120.00 $268,200.00 
farmstead each 2.0 $75,000.00 $150,000.00 

bridge each 1.0 $200,000.00 $200,000.00 
river diversion lump 1.0 $25,000.00 $25,000.00 
relocation of: 

county road l.f. 17,000.0 $15.00 $255,000.00 
missle comm. cable l. f. 0.0 $40.00 $0.00 
floodproof missle 

cable splice box each 1.0 $7,500.00 $7,500.00 
stripping acre 77.3 $1,500.00 $115,950.00 
slurry wall sq. ft. 81,480.0 $12.00 $977,760.00 
grout rt. abutment l UfT1l 0.0 $150,000.00 $0.00 
embankment placement: 

pervious (zone A) cu. yd. ',269,904.0 $1.00 $',269,904.00 
impervious (zone B) cu. yd. 246,678.0 $1.40 $345,349.20 
additional fill due 

to settlement cu. yd. 58,844.0 $1.00 $58,844.00 
spillway dike cu.yd. 0.0 $1.40 $0.00 

excavation: 
emergency spillway cu. yd. 1,571,966.0 $2.00 $3,143,932.00 
offsite impervious cu. yd. 0.0 $2.00 $0.00 
sandy silt (reused) cu. yd. 16,178.0 $1.00 $16,178.00 
key core into rock cu. yd. 3,704.0 $5.00 $18,520.00 

chimney drain/drainage 
blanket (zone C) cu. yd. 27,265.0 $10.00 $272,650.00 

concrete channel sq. yd. 0.0 $15.00 $0.00 
outl et works: 

principal spillway cu. yd. 211.5 $350.00 $74,025.00 
stilling basin/ 

control structure cu. yd. 146.0 $350.00 $51,100.00 
draindown structure each 1.0 $5,000.00 $5,000.00 
RCP - 60", cl. V l. f. 205.0 $172.00 $35,260.00 
RCP - 72", cl. V l. f. 290.0 $233.00 $67,570.00 
RCP - 60", c l. II I l. f. 0.0 $126.00 $0.00 

dp- rap: 
emergency spillway sq. yd. 3,778.0 $14.00 $52,892.00 
dam face (u/s dIs) sq. yd. 70,811.0 $14.00 $991,354.00 
intake/outlet sq. yd. 1,622.0 $14.00 $22,708.00 

reservoir sealing acre 5.0 $5,000.00 $25,000.00 
top soil and seed acre 77.3 $1,500.00 $115,950.00 
instrunentation lump 1.0 $100,000.00 $100,000.00 

*************** 
SUB-TOTAL COST $8,535,796.20 

mobilization-5% $426,789.81 
contingency-15% $1,280,369.43 
engineering-10% $853,579.62 

*************** 

TOTAL COST $11,096,535.06 
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Table 7.8 
OPINION OF PROBABLE CONSTRUCTION COST (1986 DOLLARS) 
UPPER BUREAU DAM 
EMBANKMENT HEIGHT = 54 ft 
STORAGE = 8350 ac. ft. 325 1 p.c. width (right abut) 

1075 1 e.s. width (right abut) 

ITEM UNIT QUANTITY UNIT COST TOTAL COST 

land acquisition: 
irrigated acre 110.2 $750.00 $82,650.00 
non-irrigated acre 2,319.8 $120.00 $278,376.00 
farmstead each 2.0 $75,000.00 $150,000.00 

bridge each 1.0 $200,000.00 $200,000.00 
river diversion lllTlp 1.0 $25,000.00 $25,000.00 
relocation of: 

county road l. f. 17,000.0 $15.00 $255,000.00 
missle comm. cable l. f. 7,000.0 $40.00 $280,000.00 
floodproof missle 

cable splice box each 0.0 $7,500.00 $0.00 
stripping acre 92.6 $1,500.00 $138,900.00 
slurry wall sq. ft. 54,600.0 $12.00 $655,200.00 
grout rt. abutment lump 1.0 $150,000.00 $150,000.00 
embankment placement: 

pervious (zone A) cu. yd. 467,091.0 $1.00 $467,091.00 
impervious (zone B) cu. yd. 118,227.0 $1.40 $165,517.80 
additional fill due 

to settlement cu. yd. 38,252.0 $1.00 $38,252.00 
spillway dike cu. yd. 2,046.0 $1.40 $2,864.40 

excavation: 
emergency spillway cu. yd. 802,873.0 $1.50 $1,204,309.50 
offsite impervious cu. yd. 130,049.0 $2.00 $260,098.00 
sandy silt (reused) cu. yd. 33,956.0 $1.00 $33,956.00 
key core into rock cu. yd. 2,130.0 $5.00 $10,650.00 

chimney drain/drainage 
blanket (zone C) cu. yd. 18,036.0 $10.00 $180,360.00 

concrete channel sq. yd. 50,403.3 $20.00 $1,008,066.00 
outlet works: 

principal spillway cu. yd. 240.3 $350.00 $84,105.00 
stilling bas in/ 

control structure cu. yd. 101.4 $350.00 $35,490.00 
draindown structure each 1.0 $5,000.00 $5,000.00 
RCP - 60", c l. V l. f. 205.0 $172.00 $35,260.00 
RCP - 72", cl. V l. f. 350.0 $233.00 $81,550.00 
RCP - 60", cl. III lof. 2,500.0 $126.00 $315,000.00 

rip-rap: 
emergency spillway sq. yd. 192,250.0 $14.00 $2,691,500.00 
dam face (u/s dIs) sq. yd. 38,427.0 $14.00 $537,978.00 
intake/outlet sq. yd. 1,622.0 $14.00 $22,708.00 

reservoir sealing acre 5.0 $5,000.00 $25,000.00 
top soil and seed acre 66.2 $1,500.00 $99,300.00 
instrumentation lllTlp 1.0 $100,000.00 $100,000.00 

*************** 
SUB-TOTAL COST $9,419,881.70 

mobilization-5% $470,994.09 
contingency-20% $1,883,976.34 
engineering-10% $941 ,988. 17 

*************** 

TOTAL COST $12,716,840.30 
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7.7 FINDINGS OF FEASIBILITY ANALYSIS 

The two potential sites examined in the Feasibility Analysis 
were the Upper Bureau and the Lower Bureau. The operations 
Model Analysis indicated that a 11,000 acre-foot storage 
reservoir is needed to satisfy demands of 75 cfs to the South 
Horse Creek Lateral. The Lower Bureau Dam site provides the 
11,000 AF of required storage, while the Upper Bureau Dam 
site only provides 8,350 AF. It was agreed by the GID, WWDC 
and HDR Infrastructure that the 8,350 AF provides the 
majority of the 75 cfs demand of the South Horse Creek 
Lateral. 

The results of the field investigations and laboratory 
testing conducted at the Upper and Lower Bureau sites 
indicated that the Lower Bureau is preferable to the Upper 
Bureau from a geological and geotechnical point of view for 
the following reasons: 

The exposed silt soils in the emergency spillway 
excavation at the Upper Bureau site will require 
extensive armoring due to their erodability and high 
frequency of useage of the spillway. 

The thickness of undesirable windblown sandy silts 
are greater at the Upper Bureau and will require some 
removal to meet stability and settlement criteria and 
to tie the embankment shells and core into the 
abutments. 

The material that will be used in the core of the dam 
at the Upper Bureau is not available from the 
emergency spillway excavation and will need to be 
imported from an off-site location. 

The right abutment, comprised of sandy silt and 
sandstone, at the Upper Bureau may pose problems due 
to its potential perviousness and seepage and to the 
limited amount of bedrock in which to tie the dam. 

The Upper Bureau poses additional environmental concerns in 
comparison to the Lower Bureau. Some of the Game and Fish 
Reservoirs deemed non-essential, as discussed with the Game 
and Fish Department personnel, located upstream of the Upper 
Bureau may be completely inundated with reservoir levels at 
normal pool and even more will be disrupted with the lOa-year 
pool. 
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The Opinion of Probable Construction Costs for the Upper 
Bureau and Lower Bureau sites indicate that the Lower Bureau 
is not as costly as the Upper Bureau. The potential 
construction problems associated with the Upper Bureau would 
lend credence to increasing the contingency for additional 
costs. The contingency for the Upper Bureau was increased 
due to these potential construction problems and associated 
uncertainties in design. 

It is our recommendation, based on the Feasibility Analysis 
and the above reasons, that the Lower Bureau site be selected 
for the location of the Horse Creek Dam. 
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8 ECONOMIC ANALYSIS 

The Wyoming Water Development Commission (WWDC) and the 
Goshen Irrigation District (GID) are studying the feasibility 
of developing a water storage facility on Horse Creek in 
southeastern Wyoming near Torrington. The purpose of the 
facility would be to store currently "wasted" Fort Laramie 
Canal water and use it to meet a 75 cubic feet per second 
(cfs) water right along the South Horse Creek Lateral during 
peak demand periods. Having additional water available to 
meet this demand during July and August would allow the GID 
to distribute an equal amount of supplemental water to other 
users throughout the district. While the district currently 
produces corn, sugar beets, edible dry beans, and alfalfa, 
production is limited by the GID's restriction of 1 cfs/IOO 
acres during July and August for most irrigators in the 
district. Western Research Corporation was authorized to 
assess the ability of the agricultural users to pay for the 
supplemental water which could be made available through the 
project. This report summarizes the conclusions of that 
study. 

To accomplish the ability-to-pay analysis, Western Research 
Corporation undertook an in-depth analysis of current 
agricultural practices in the GID. First, in-depth 
interviews were conducted with 21 operators selected randomly 
from each of the five districts within the GID as well as 
with agricultural suppliers and commodity purchasers 
throughout the district. Based upon these interviews, a 
series of crop budgets were developed to reflect current 
(baseline) agricultural practices in the district. The 
draft, operations yield Analysis, HDR Infrastructure, Inc., 
August 1986, was used to assess the potential water 
availability increases and project the yield increases which 
may result from the supplemental irrigation water. 
Comparisons were then made of net farm income both with and 
without the project to assess a composite operation's 
ability-to-pay for additional water. 

The remaining sections of this report describe; respectively, 
current agricultural practices in the district, how cropping 
patterns and yields might change with the supplemental water 
supply, and estimates of a composite operator's 
ability-to-pay for additional water. 
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8.1 PRESENT AGRICULTURAL PRACTICES 

8.1.1 Study Area 

The Goshen Irrigation District operates and maintains about 
86 miles of the Fort Laramie Canal from a point near the 
Whalen Dam, located 6-1/2 miles west-northwest of the Town of 
Fort Laramie, to the Nebraska state line. The district 
delivers water to 52,484 irrigated acres through some 280 
miles of laterals 200 miles of drains. Over 400 landowners 
are served by the GID, but there are fewer than 400 farm 
operators because some landowners lease out their holdings. 

The growing season in the GID is approximately 142 days with 
the last frost occurring about May 3 and the first frost 
occurring about September 23. April through September 
precipitation has averaged 10.96 inches over the past 10 
years. 

8.1.2 Agricultural Practices 

The irrigated acreage of the GID is devoted primarily to 
corn, alfalfa for livestock operations, sugar beets, and dry 
beans. Irrigation and rainfall currently provide a~out 78 
percent of the crops' consumptive use requirements. The 
number of acres devoted to each crop by an individual 
operator varies with crop prices, commodity demand, and 
individual perceptions of the most effective cropping 
pattern. An individual operator may grow only one crop or 
may grow each crop. 

For purposes of this analysis, a composite cropping pattern 
was developed from the interviews of operators in the GID to 
reflect the relative percentage of each major crop which is 
grown in the district. The analysis in this report was based 
on the following cropping patterns: 

Table 8.1. Crop Patterns in the GID 

Crop 
Corn grain 
Corn Silage 
Alfalfa 
Oats as a cover crop for 
alfalfa 

Sugar beets 
Dry beans 

8.2 

Percentage 
41.1 
5.4 

21.4 

3.5 
17.9 
10.7 



Average per acre yields for these crops are: 

Table 8.2. 

Crop 
Corn 
Alfalfa hay 
oats 
Sugar beets 
Dry beans 

Crop yields in the GID 

yield 
120 bushels 
4.9 tons 
64 bushels 
20.3 tons 
30.4 cwt. 

These yields reflect averages over the past five years as 
reported by the GID, with the exception of corn silage. The 
GID does not report corn silage yields, so a 20.0 ton per 
acre estimated yield for corn silage was developed from field 
interviews. 

8.1.3 Crop Budgets 

To develop estimates of ability-to-pay, it was first 
necessary to estimate annual crop production costs and 
returns for a composite current (baseline) operation. Next, 
crop production costs and returns were estimated for the same 
composite operation assuming supplemental water wa2 available 
from an 11,000 acre-foot reservoir on Horse Creek. 
Ability-to-pay estimates were based on the differences 
between these scenarios. 

The first step in establishing baseline crop budgets was to 
determine the size of a typical operation. Based upon the 
field interviews, the median number of irrigated acres per 
operation was about 280. That is, one-half of the 
interviewees had over 280 irrigated acres, while one-half had 
fewer than 280 irrigated acres. As previously mentioned, 
this size is larger than the average number of acres per farm 
implied in the 1985 Goshen Irrigation District Annual Report, 
because the GID report is based upon land ownership status. 
Since some owners lease out their land, the average farm 
operation is larger than implied by ownership patterns. 

After farm size was specified, a composite cropping pattern 
which reflects the relative proportion of crops grown in the 
GID was developed. Similarly, production costs and yields 
were estimated for the composite operation using information 
gained during the interviews. (A sample questionnaire used 
in the interviewing process is provided in Appendix D of the 
Technical Appendixes.) 
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The results of the crop budget analysis, along with net 
estimates of return per acre for a current composite 
operation is given in Table 8.3. The results in Table 8.3 
show the baseline cropping pattern consists mainly of corn, 
grain, alfalfa, sugar beets, and dry beans. Some corn is 
also produced for silage, while oats are included in the 
cropping pattern to reflect the use of a cover crop to reseed 
alfalfa. The cropping percentages shown in the first column 
of the table reflect the overall averages from the field 
survey, with some minor adjustments to ~ompensate for 
reseeding practices. 

The second column of Table 8.3 depicts the yields used in the 
crop budget analysis. Gross returns for each crop are given 
in the third column of the table, and are based upon the five 
year average regional market prices for each crop, along with 
an estimated value for aftermath grazing. The values used in 
these computations are provided as footnotes to Table 8.3. 

The production costs shown in the fourth column of the table 
are based upon detailed computerized budget analyses. All 
inputs to the program were based upon the age and composition 
of the equipment set, input supplies, and cUltivation 
practices reported by the interviewees. (Detailed crop 
budgets are provided in Appendix E of the Technical 
Appendixes.) 

The net returns in the fifth column of the table were derived 
by subtracting the production costs for each crop from the 
gross returns for that crop, resulting in a net return per 
acre. The composite net return shown in the last column of 
the table was the sum of the net return for each crop 
multiplied by the production of that crop in the cropping 
pattern. 

The results show the overall net return for all crops grown 
in the composite operation is $102.80 per acre. This amount 
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 the composite 
operation currently experiences after paying all production 
costs, including management and labor, but before paying for 
land or water rights. The $102.80 net return to land and 
water cannot be used directly as an ability-to-pay for water, 
as it must be compared with net returns that might be 
experienced with increased water supplies as discussed in 
section 8.2 below. 
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Cro~ 

Corn, grain 

Corn, silage 

Sugar Beets 

Dry Beans 

Alfalfa 

Oat Cover 

Composite Operations 

TABLE 8.3 

Baseline Scenario 
Annual Crop Production Costs and Returns for a Composite Current Operation 

(280 Irrigated Acres) 

Cropping Per Acre 
Pattern Yield 

Acres % Total {Units/Acre} Gross Returns Production Costs 

115 41.1 120 bu. $ 315.00a $ 278.00 

15 5.4 20.0 tons 400.00b 283.57 

50 17.9 20.3 tons 608.39c 481.91 

30 10.7 30.4 cwt 539.60d 258.96 

60 21.4 4.9 tons 343.82e 194.79 

10 03.5 64 bu. 114.90f 207.95 

280 100.0 $ 395.30 $ 292.50 

a Based upon 120 bu. of corn at $ 2.55 per bu. and aftermath grazing valued at $ 9.00/acre. 

b Based upon 20 tons of corn silage at $20.00 per ton. 

c Based upon 20.3 tons of sugar beets at $29.97 per ton. 

d Based upon 30.4 cwt of dry beans at $17.75 per hundred weight. 

e Based upon 4.9 tons of alfalfa at $69.25 per ton and aftermath grazing valued at $ 4.50/acre. 

f Based upon 64 bu. of oats at $ 1.60 per bu. and 0.5 tons of straw per acre at $25.00 per ton. 

Composite 
Net Returns Net Returns 

$ 37.00 $ 15.21 

116.43 6.29 

126.48 22.64 

280.64 30.03 

149.04 31.89 

(93.05) (3.26) 

$102.80 



8.2 Future Scenario 

It was noted that ability-to-pay estimates are based upon 
future additional water supplies resulting from the proposed 
Horse Creek Reservoir Project. As the final site has not 
been selected, this preliminary analysis is based upon an 
estimated 61.4 cfs which could be provided to the GID during 
July and August by an 11,000 acre-foot capacity reservoir at 
the Lower Bureau site. The assumed 61.4 cfs yield from the 
proposed reservoir would make an additional 3800 acre-feet of 
water available in July and August, or a total of 7600 
acre-feet of additional water during the irrigation season. 
On a per acre basis, an additional 0.07 acre-feet would be 
available each month during the important irrigation months 
of July and August for 52,484 acres in the GID. Assuming a 
combined GID delivery and farm field efficiency of 50 
percent, 0.42 inches per acre per month of additional 
consumptive irrigation water would be available during July 
and August. 

Knowledge of the relationship between crop water requirements 
and crop yields is needed to predict levels of production 
that could be achieved with supplemental water. Also, water 
must be allocated among various crops based upon objectives 
such as maximum production in relation to investment, 
greatest yield per unit of water, or greatest yield per unit 
of land. In the GID, decisions of this type are made by 
individual operators. For purposes of this ability-to-pay 
study, operators were assumed to allocate available water 
first to sugar beets and dry beans in the baseline scenario. 
Thus, the additional water from the project was assumed to be 
applied to corn and alfalfa in the with project scenario. 
This supplemental water would not provide a full consumptive 
water requirement for these crops, but yield increases would 
result from having more water available during a critical 
period in the irrigation season. 

yield increases due to the amount and timing of additional 
consumptive water availability were estimated from crop 
production functions and guidelines developed by the united 
states Department of Agriculture, Economic Research Service 
and the Food and Agricultural Organization of the united 
Nations. Recently developed concepts seem to show the ratio 
of relative harvest yields to relative crop water consumption 
may be assumed to be a constant for a given variety. This is 
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provided that specific crop characteristics and growth stage 
effects are controlled, and growth factors other than water 
are not limiting. 

The crop-water production function assumed for corn may be 
found in the U.S.D.A. 1984 report, Crop-Water Production 
Functions, Economic Implications for Colorado. The 
crop-water production function for corn was estimated from 
experiment station data which indicate crop yield response to 
varying amounts of irrigation water. Agronomic data used to 
estimate the effect of water application levels on crop yield 
was from experiments conducted at the Colorado state 
University Agronomy Research Center located in Ft. Collins, 
Colorado. This study was considered to be appropriate for 
estimating changes in yield within the GID. 

Yc = 337.29 + 17.81W - .576W2 - 11.74 EVAP 

where: Yc = yield of corn grain in bushels per acre, 

W = Irrigation water plus rainfall applied for the 
entire growing season in inches per acre, 

EVAP = Seasonal evaporation from a U.s. Weather Bureau 
Class A pan, in inches 

This production function indicates a potential yield increase 
of 1.67 percent for corn, from the current 120 bushels per 
acre to 122 bushels per acre. For corn silage the potential 
yield increase is from 20 tons per acre to 20.3 tons per 
acre. 

The crop-water production function for alfalfa reported in 
Models of Alfalfa yield and Evapotranspiration, 
Johannes C. Guitjens, American Society of civil Engineers, 
Irrigation and Drainage Division, September 1982 was assumed 
to estimate yield changes for alfalfa. This function is 
expressed as follows: 

yield = 0.139ET + 2.39 

where ET is the annual evapotranspiration from effective 
rainfall and irrigation. This relationship resulted in over 
a 4 percent projected increase in total alfalfa yields 
including both alfalfa tonnage and animal unit months (AUM's) 
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of aftermath grazing. Where crop-water production functions 
were not directly available (such as for corn silage and 
oats), the percentage increase associated with the primary 
crop (corn grain and alfalfa) was assumed. 

The yields shown in Table 8.4 indicate that corn would 
increase about 2 bushels per acre, corn silage about 0.3 tons 
per acre, alfalfa about 0.3 tons per acre, and oats about 3 
bushels per acre. The overall gross returns, production 
costs and net returns shown in Table 8.4 were determined in a 
similar manner as in the baseline scenario (Table 8.3). The 
overall net return per acre under this scenario is $106.45 
per acre, an increase of $3.65 over the net returns of 
$102.80 in the baseline scenario. 

8.3 ABILITY-TO-PAY 

The composite overall net return per acre for a composite 
operation under current conditions in the GID is $102.80 
(Table 8.3). 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 future scenario 
with an additional 0.07 acre-feet per acre during July and 
August (Table 8.4) was estimated to be $106.45 per acre. The 
difference between these two figures of $3.65 represents a 
per-acre estimate of ability-to-pay for the additional water 
assuming no land improvement costs are necessary to use the 
water. This was assumed to be the case as the additional 
water would be used in the current system on currently Table 
irrigated lands. The per-acre estimate of $3.65 resulting 
from an increase of 0.07 acre-feet per month for July and 
August or 0.14 acre-feet for the season was an ability-to-pay 
estimate of about $26.00 per acre-foot of water. It should 
be noted that this estimate represents a breakeven point 
where the operator would be indifferent to the purchase of 
supplemental water. 

8.4 PROJECT AGRICULTURAL BENEFITS 

A preliminary estimate of the direct agricultural benefits 
due to the Horse Creek Reservoir was based upon the crop 
budget analysis described above. The benefit stream was 
measured in 1986 dollars over a 50 year project life. These 
benefits were then discounted at a 4 percent discount rate to 
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TABLE 8.4 

Annual Crop Production Costs and Returns for a Composite Future Operation 
(280 Irrigated Acres) 

Cropping Per Acre 
Pattern Yield 

CroQ Acres % Total {Units/Acre) Gross Returns Production Costs 

Corn, grain 115 41.1 122 bu. $ 320.10a $ 280.47 

Corn, silage 15 5.4 20.3 tons 406.00b 285.70 

Sugar Beets 50 17.9 20.3 tons 608.39c 481.91 

Dry Beans 30 10.7 30.4 cwt 539.60d 258.96 

Alfalfa 60 21.4 5.2 tons 363.70e 203.93 

Oat Cover 10 03.5 67 bu. 119.70f 210.76 

Composite Operations 280 100.0 $ 402.14 $ 295.69 

a Based upon 122 bu. of corn at $ 2.55 per bu. and aftermath grazing valued at $ 9.00/acre. 

b Based upon 20.3 tons of corn silage at $20.00 per ton. 

c Based upon 20.3 tons of sugar beets at $29.97 per ton. 

d Based upon 30.4 cwt of dry beans at $17.75 per hundred weight. 

e Based upon 5.2 tons of alfalfa at $69.25 per ton and aftermath grazing valued at $ 3.60/acre. 

f Based upon 67 bu. of oats at $ 1.60 per bu. and 0.5 tons of straw per acre at $25.00 per ton. 

Composite 
Net Returns Net Returns 

$ 39.63 $ 16.29 

120.30 6.49 

126.48 22.64 

280.64 30.03 

159.77 34.19 

(91.06) (3.19) 

$106.45 



a net present value as of the beginning of a two-year 
construction period, assumed to be 1990. Net benefits 
attributable to the project were estimated at $26.07 per 
acre-foot. Multiplying this per acre-foot benefit by the 
7600 acre-feet of supplemental water made available to the 
GID and discounting this value back to 1990 yields an 
estimated $3,935,000 (in 1986 dollars) in direct agricultural 
benefits. This benefit estimate may be compared with the 
$11.1 million (in 1986 dollars) preliminary cost estimate for 
the Lower Bureau site. The Lower Bureau site was discounted 
to the assumed 1990 beginning of construction. In these 
terms, the direct agricultural benefits are about 36 percent 
of the $10.9 million cost. 

8.10 



Footnotes: 

1 university of wyoming, Water Resources Research Institute, 
"consumptive Use of Irrigation Water in Wyoming", July 1970. 

2 Since actual project site selection has not been made at 
this time, the sizing and potential yield capabilities for 
the Bureau site shown in Table 6 of the "Draft Operations 
Model Analysis", HDR Infrastructure, Inc., August 1986 were 
assumed for this preliminary analysis. Further analysis will 
be necessary following final site selection and yield 
analysis. 
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HORSE CREEK RESERVOIR 
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APPENDIX A 

1985 GID READINGS OF HORSE CREEK GAGED FLOWS 

AND 

COMPUTATION OF GAINS BETWEEN SPILL AND KIOWA CREEK 



1985 GID READING OF HORSE CREEK GAGED FLOWS 

DATE STA 1 STA 2 STA 3 STA 4 STA 5 SPLIT 
CFS DATE 

MAY 10 131.00 0.52 128.00 151.00 98.00 MAY 01 
JUN 05 160.00 5.32 170.00 172.00 164.00 MAY 22 
JUN 20 150.00 2.58 150.00 153.00 115.00 JUN 13 
JUL 03 135.00 3.73 137.00 135.00 80.00 JUN 27 
JUL 25 123.00 5.86 131.00 130.00 80.90 JUL 14 
AUG 08 69.00 8.11 87.00 88.20 42.00 AUG 01 
AUG 22 86.60 6.41 85.70 87.20 43.20 AUG 16 
SEP 06 105.00 0.78 110.00 113.00 61.10 AUG 30 
SEP 25 115.00 0.90 120.00 114.00 103.00 SEP 16 
OCT 08 4.35 2.31 12.40 13.30 26.40 OCT 03 
OCT 21 2.21 2.19 10.00 11.00 20.50 OCT 15 
NOV 06 0.91 1.08 6.80 7.10 15.70 OCT 28 
NOV 21 1.06 1.42 7.40 7.60 17.20 NOV 16 

DEC 01 

ESTIMATED MONTHLY FLOW IN AC-FT BASED ON ASSUMED CONSTANT FLOW RATES BETWEEN SPLIT DATES 
STA 1 STA 2 STA 3 STA 4 STA 5 

MAY 8630 127 8703 9701 7335 
JUN 5053 159 5307 5342 4671 
JUL 7872 305 8210 8122 4951 
AUG 4874 422 5405 5494 2692 
SEP 6545 50 6843 6754 4882 
OCT 624 124 1083 1109 1690 
NOV 59 74 422 437 979 

COMPARISON OF GID MEASURED FLOWS AND ESTIMATED FLOWS FOR MAY-NOVEMBER 1985 

COLUMN 
1 MONTH 
2 HORSE CREEK FLOW ABOVE SPILL, COLUMNS 4-3, AC-FT 
3 SPILL, AC- FT 
4 HORSE CREEK BELOW SPILL, STATION 1, AC-FT 
5 DRY CREEK FLOW, STATION 2, AC-FT 
6 HORSE CREEK BELOW DRY CREEK, STATION 3, AC-FT 
7 GAIN BETWEEN STATION 1 AND STATION 3, COLUMNS 6-5-4, AC-FT 
8 GAIN OR LOSS 
9 HORSE CREEK ABOVE LATERAL, STATION 4, AC-FT 

10 GAIN BETWEEN STATION 3 AND STATION 4, COLUMNS 9-6, AC-FT 
11 GAIN OR LOSS 
12 SOUTH HORSE CREEK LATERAL DIVERSION, AC-FT 
13 HORSE CREEK BYPASS, COLUMNS 9-12, AC-FT 
14 LAWRENCE CANAL, AC-FT 
15 HORSE CREEK NEAR STATE LINE, STATION 5, AC-FT 
16 GAIN BETWEEN STATION 4 AND STATION 5, COLUMNS 15-13+14, AC-FT 
17 GAIN OR LOSS 
18 HORSE CREEK ABOVE KIOWA, AC-FT 

2 3 4 5 6 7 8 9 10 
MAY 5622 3008 8630 127 8703 -54 L 9701 998 
JUN 1203 3850 5053 159 5307 95 G 5342 35 
JUL 4714 3158 7872 305 8210 32 G 8122 -87 
AUG 2596 2278 4874 422 5405 108 G 5494 89 
SEP 3692 2853 6545 48 6843 250 G 6754 -89 
OCT 624 624 124 1083 335 G 1109 26 
NOV 59 59 74 422 289 G 437 15 

11 12 13 
G 996 8705 
G 1375 3967 
L 2163 5959 
G 2149 3345 
L 1469 5285 
G 
G 

14 15 16 17 18 
180 7335 -1190 L 2787 
180 4671 884 G 3928 
180 4951 -828 L 2139 
180 2692 -473 L 2297 
180 4882 -223 L 4899 

1690 581 G 
979 541 G 



COLUMN 
1 

2 
3 

4 

5 
6 
7 
8 
9 

10 
11 

12 
13 

2 

YEAR 
MONTH 

APPENDIX 

COMPUTATION OF GAINS BETWEEN SPILL AND KIOWA CREEK 

FLOW ABOVE SPILL (ASSUMED TO BE ZERO) 
SPILL AT LARAMIE CANAL SIPHON INTO HORSE CREEK (GIVEN VALUES) 
HORSE CREEK PICKUP (GIVEN VALUES) 
HORSE CREEK LATERAL DIVERSION (GIVEN VALUE) 
CALCULATED DIVERSION BYPASS (COLS. 4-6) 
WASTE (GIVEN VALUE) 
LAWRENCE DIVERSION (ASSUMED VALUE) 
FLOW AT 66775.0 
GENERATED KIOWA FLOW (REGRESSION/66773.0 VS. 66775.0) 
FLOW ABOVE KIOWA CREEK (COLS. 10-11) 
GAINS BETWEEN KIOWA AND LAWRENCE DIVERSION (COLS. 12-4+6+9) 

3 4 5 6 7 8 9 10 

FLOWS IN AC- FT 
CALC. 

YEAR MO. ABOVE 67.5 HC HC LAT DIV. GIVEN LAW. FLOWS AT 
SPILL SPILL PICKUP DIV BYPASS WASTE DIV. 66775.0 

1951 OCT 0 5470 
1951 NOV 0 3150 
1951 DEC 0 2067 
1952 JAN 0 1815 
1952 FEB 0 2430 
1952 MAR 0 6639 
1952 APR 0 3989 
1952 MAY 4260 74 2280 1980 1220 180 10087 
1952 JUN 5202 366 3512 1690 626 180 11934 
1952 JUL 4546 600 3504 1042 494 180 8681 
1952 AUG 5188 390 3962 1226 134 180 7383 
1952 SEP 5326 306 3954 1372 1244 180 9807 
1952 OCT 0 7214 
1952 NOV 0 3360 
1952 DEC 0 2461 
1953 JAN 0 2376 
1953 FEB 0 1724 
1953 MAR 0 1847 
1953 APR 0 1345 
1953 MAY 2240 92 1732 508 600 180 4083 
1953 JUN 5430 80 4300 1130 1210 180 11598 
1953 JUL 4697 372 4834 -137 235 180 6168 
1953 AUG 4109 548 4293 -184 364 180 8952 

11 12 13 

GAINS 
GEN. FLOW BETWEEN 
KIOWA ABOVE KIOWA & 
CREEK KIOWA SPILL 

3441 2029 2029 
1962 1188 1188 
1272 795 795 
1111 704 704 
1503 927 927 
4187 2452 2452 
2497 1492 1492 
6155 3572 1772 
7333 4241 2731 
5259 3062 2200 
4431 2592 1546 
5977 3470 2278 
4553 2661 2661 
2096 1264 1264 
1523 938 938 
1469 907 907 
1053 671 671 
1131 716 716 
811 534 534 

2327 1396 1068 
7119 4119 3169 
3657 2151 2468 
5432 3160 3524 
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1953 SEP 
1953 OCT 
1953 NOV 
1953 DEC 
1954 JAN 
1954 FEB 
1954 MAR 
1954 APR 
1954 MAY 
1954 JUN 
1954 JUL 
1954 AUG 
1954 SEP 
1954 OCT 
1954 NOV 
1954 DEC 
1955 JAN 
1955 FEB 
1955 MAR 
1955 APR 
1955 MAY 
1955 JUN 
1955 JUL 
1955 AUG 
1955 SEP 
1955 OCT 
1955 NOV 
1955 DEC 
1956 JAN 
1956 FEB 
1956 MAR 
1956 APR 
1956 MAY 
1956 JUN 
1956 JUL 
1956 AUG 
1956 SEP 
1956 OCT 
1956 NOV 
1956 DEC 
1957 JAN 
1957 FEB 
1957 MAR 
1957 APR 
1957 MAY 
1957 JUN 
1957 JUL 
1957 AUG 
1957 SEP 
1957 OCT 
1957 NOV 

4 

3891 

2918 
928 

2880 
3202 
1894 

o 
o 

2634 
4198 
3775 

1856 
4006 
5405 
4184 
1752 

o 
1176 
5288 
6550 
4134 

5 6 

178 3046 

226 2092 
180 1082 
528 3354 
478 3372 
473 2164 

o 0 
o 0 

310 2519 
556 4494 
104 2648 

64 1658 
129 3533 
294 4935 
494 4394 
332 2025 

o 0 
28 900 
366 4288 
134 4650 
94 3042 

7 

845 
o 
o 
a 
a 
a 
a 
o 

826 
-154 
-474 
-170 

-270 
a 
o 
a 
a 
o 
a 
a 
o 
a 

115 
-296 
1127 
o 
o 
o 
a 
a 
o 
a 

198 
473 
470 
-210 
-273 
a 
a 
a 
a 
o 
a 
o 
o 

276 
1000 
1900 
1092 
o 
o 

8 9 10 

1023 180 8157 
4596 
2279 
1835 
1409 
1073 
1408 
906 

1052 180 5904 
26 180 2258 
54 180 2767 

308 180 3678 
203 180 4567 

2485 
1696 
1289 
914 
938 

1759 
2090 

o 180 2540 
o 180 3411 

425 180 2627 
260 180 4240 
1231 180 7461 

3457 
2005 
1723 
1347 
1057 
1091 
655 

262 180 2682 
602 180 4289 
764 180 5769 
284 180 3276 
59 180 4380 

2281 
2102 
1605 
936 
996 

1045 
1210 

o 180 3694 
304 180 6483 
1366 180 12614 
2034 180 10930 
1392 180 11394 

4084 
2233 

11 

4925 
2884 
1407 
1124 
852 
638 
852 
531 

3488 
1164 
1488 
2069 
2636 
1538 
1035 
776 
537 
552 

1075 

1286 

1344 
1899 
1399 
2428 
4481 
2158 
1232 
1052 
813 
628 
649 
371 

1434 
2459 
3402 
1813 
2517 
1408 
1294 
977 
551 
589 
620 
725 

2079 
3858 
7766 
6693 
6989 
2558 
1378 

12 

2872 
1712 
872 
711 
557 
435 
556 
375 

2056 
734 
919 
1249 
1571 
947 
661 
513 
377 
386 

684 
804 
836 
1152 
868 
1452 
2620 
1299 
773 
671 
534 
429 
442 
284 
888 

1470 
2007 
1103 
1503 
873 
808 
628 
385 
407 
425 
485 
1255 
2265 
4488 
3877 
4045 
1526 
855 

13 

2207 
1712 
872 
711 
557 
435 
556 
375 

1410 
1068 
1573 
1599 
2021 
947 
661 
513 
377 
386 
684 

804 
1016 

1332 
933 
1928 
1673 
1299 
m 
671 
534 
429 
442 
284 
870 
1177 
1717 
1493 
1956 
873 
808 
628 
385 
407 
425 
485 
1435 
2169 
3668 
2157 
3133 
1526 
855 
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1957 DEC 
1958 JAN 
1958 FEB 
1958 MAR 
1958 APR 
1958 MAY 
1958 JUN 
1958 JUL 
1958 AUG 
1958 SEP 
1958 OCT 
1958 NOV 
1958 DEC 
1959 JAN 
1959 FEB 
1959 MAR 
1959 APR 
1959 MAY 
1959 JUN 
1959 JUL 
1959 AUG 
1959 SEP 
1959 OCT 
1959 NOV 
1959 DEC 
1960 JAN 
1960 FEB 
1960 MAR 
1960 APR 
1960 MAY 
1960 JUN 
1960 JUL 
1960 AUG 
1960 SEP 
1960 OCT 
1960 NOV 
1960 DEC 
1961 JAN 
1961 FEB 
1961 MAR 
1961 APR 
1961 MAY 
1961 JUN 
1961 JUL 
1961 AUG 
1961 SEP 
1961 OCT 
1961 NOV 
1961 DEC 
1962 JAN 
1962 FEB 

3 4 

800 
4084 
5546 
4466 
4508 

o 
3554 
2741 
2955 
4477 

o 
3300 
4274 
3704 
1580 

o 
o 

4263 
5354 

750 

5 6 

30 618 
80 3210 
160 3870 
270 4526 
30 3294 

o 0 
20 2738 
400 3416 
210 3800 
o 2976 

o 0 

50 2636 
390 4614 
970 4814 
400 1976 

o 0 

o 0 
28 
4 

140 

4162 
4252 
850 

7 

o 
o 
o 
o 
o 

182 
874 
1676 
-60 
1214 
o 
o 
o 
o 
o 
o 
o 
o 

816 
-675 
-845 
1501 
o 
o 
o 
o 
o 
o 
o 
o 

664 
-340 

·1110 
-396 
o 
o 
o 
o 
o 
o 
o 
o 
o 

101 
1102 
-100 

o 
o 
o 
o 
o 

8 9 10 

1599 
1301 
1851 
4191 
6381 

14 180 5214 
1086 180 12047 
1782 180 10388 
198 180 4976 
1202 180 8978 

4863 
2648 
2176 
1575 
1158 
1267 
1749 

o 180 2078 
1318 180 7199 
154 180 4543 
192 180 4615 
1316 180 8677 

o 
880 

50 
o 
o 

o 
o 

622 
768 
o 

4633 
2295 
1688 
1275 
1254 
1200 
857 

180 1606 
180 3438 
180 2472 
180 2576 
180 4166 

2477 
1595 

1369 
1224 
1097 
1160 

857 
180 2915 
180 1149 
180 3934 
180 4505 
180 4315 

2253 
1626 
1058 

741 
951 

11 

973 
783 

1134 
2626 
4022 
3049 
7405 
6347 
2897 
5448 
3054 
1642 
1341 
958 
692 
762 

1069 
1049 
4314 
2621 
2667 
5256 
2908 
1417 

1030 
767 
753 
719 
500 
748 

1916 
1300 
1367 
2380 
1533 
971 
827 
734 
653 
693 
500 

1583 
457 

2232 
2597 
2475 
1390 
991 
628 
426 
560 

12 

626 
518 
717 
1565 
2359 
1805 
4282 
3681 
1719 
3170 

1809 
1006 
835 
617 
466 
505 
680 
669 
2525 
1562 
1588 
3061 
1725 
878 
658 
508 
501 
481 
357 
498 
1162 
812 
849 

1426 
944 
624 
542 
490 
444 
467 
357 
972 
332 
1342 
1548 
1480 
863 
635 
430 
315 
391 

13 

626 
518 
717 

1565 
2359 
1803 
3588 
2185 
1959 
2136 
1809 
1006 
835 
617 
466 
505 
680 
849 
1889 
2417 
2613 
1740 
1725 
878 
658 
508 
501 

481 

357 

678 
678 
1332 
2139 
2002 
944 
624 
542 
490 
444 
467 
357 
1152 
512 
1421 
626 
1760 
863 

635 
430 
315 
391 



2 

1962 MAR 
1962 APR 
1962 MAY 
1962 JUN 
1962 JUL 
1962 AUG 
1962 SEP 
1962 OCT 
1962 NOV 
1962 DEC 
1963 JAN 
1963 FEB 

1963 MAR 
1963 APR 
1963 MAY 
1963 JUN 
1963 JUL 
1963 AUG 
1963 SEP 
1963 OCT 
1963 NOV 
1963 DEC 
1964 JAN 
1964 FEB 

1964 MAR 
1964 APR 
1964 MAY 
1964 JUN 
1964 JUL 
1964 AUG 
1964 SEP 

1964 OCT 
1964 NOV 
1964 DEC 
1965 JAN 
1965 FEB 

1965 MAR 
1965 APR 
1965 MAY 
1965 JUN 
1965 JUL 
1965 AUG 
1965 SEP 

1965 OCT 

1965 NOV 
1965 DEC 
1966 JAN 
1966 FEB 

1966 MAR 
1966 APR 
1966 MAY 

3 4 

2734 
o 

6146 
5286 
5720 

3244 
554 

4744 
4978 
5034 

1816 
6296 
4760 
4888 
4126 

2672 
1052 
5032 
5250 
5076 

4064 

5 

20 
o 
o 
o 

10 

6 

2302 
o 

3322 
4612 
4408 

44 2374 
o 270 

430 4994 
146 5046 
46 3716 

o 840 
o 3890 

46 4694 
268 5090 
156 4034 

o 1902 
o 750 

50 4340 
540 5356 
32 3996 

36 3132 

7 

o 
o 

432 
o 

2824 
674 
1312 
o 
o 
o 
o 
o 
o 
o 

870 
284 
-250 
-68 
1318 
o 
o 
o 
o 
o 
o 
o 

976 
2406 
66 

-202 
92 
o 
o 
o 
o 
o 
o 
o 

770 
302 
692 
-106 
1080 
o 
o 
o 
o 
o 
o 
o 

932 

8 9 10 

851 
1481 

170 180 7066 
o 180 6812 

2760 180 9738 
530 180 5900 
1330 180 7294 

1012 180 
134 180 
180 180 
86 180 

1368 180 

784 180 
2394 180 
82 180 
64 180 

230 180 

694 180 
442 180 
598 180 
396 180 
1088 180 

1162 180 

4134 
2110 
1708 
1057 
2277 
1254 
912 

6850 
5777 
3083 
3720 
9432 
3546 
2021 
1541 
1319 
1021 
964 

1313 
3578 
10260 
2883 
3319 
5342 
3491 
2132 
1741 
1444 
1291 
1234 
862 

6873 
4595 
7685 
5160 
13717 
4225 
2275 
1817 
1142 
1006 
1315 
828 

5453 

11 

496 
898 

4229 
4067 
5933 
3486 
4375 
2589 
1299 
1043 
628 

1406 
753 
535 

4092 
3407 
1690 
2096 
5738 
2215 
1242 
936 
795 
605 
568 
791 

2005 
6266 
1562 
1840 
3130 
2180 
1313 
1064 
874 
777 
741 
503 

4106 
2654 
4624 
3014 
8470 
2648 
1404 
1112 
682 
595 
792 
482 

3201 

12 

355 
583 
2477 
2385 
3445 
2054 
2559 
1545 
811 
665 
429 
871 
501 
377 

2398 
2010 
1033 
1264 
3334 
1331 
779 

605 
524 
416 
396 
522 
1213 
3634 
961 
1119 
1852 
1311 
819 
677 

570 
514 
493 
359 
2407 
1581 
2701 
1786 
4887 
1577 
871 
705 
460 
411 
523 
346 
1892 

13 

355 
583 
2225 
2565 
801 
1560 
1427 
1545 
811 
665 
429 
871 
501 
377 

1708 
1906 
1463 
1512 
2196 
1331 
779 

605 
524 
416 
396 
522 
417 
1408 
1075 
1501 
1940 
1311 
819 
677 
570 
514 
493 
359 
1817 
1459 
2189 
2072 
3987 
1577 

871 
705 
460 
411 
523 
346 
1140 



2 3 

1966 JUN 
1966 JUL 
1966 AUG 
1966 SEP 
1966 OCT 
1966 NOV 
1966 DEC 
1967 JAN 
1967 FEB 
1967 MAR 
1967 APR 
1967 MAY 
1967 JUN 
1967 JUL 
1967 AUG 
1967 SEP 
1967 OCT 
1967 NOV 
1967 DEC 
1968 JAN 
1968 FEB 

1968 MAR 
1968 APR 
1968 MAY 

1968 JUN 
1968 JUL 
1968 AUG 
1968 SEP 
1968 OCT 
1968 NOV 
1968 DEC 
1969 JAN 
1969 FEB 
1969 MAR 

1969 APR 
1969 MAY 
1969 JUN 
1969 JUL 
1969 AUG 
1969 SEP 
1969 OCT 
1969 NOV 
1969 DEC 
1970 JAN 
1970 FEB 
1970 MAR 
1970 APR 
1970 MAY 
1970 JUN 
1970 JUL 
1970 AUG 

4 

4520 
5376 
6144 
4288 

1030 
1798 
6936 
5628 
5834 

4934 
3494 
5334 
4830 
4481 

3954 
3220 
5264 
4410 
4100 

3446 
5372 
6292 
5186 

5 

o 
58 
o 
6 

o 
o 
o 

234 
10 

o 
o 

214 
532 
40 

6 

2708 
5080 
5090 
3900 

536 
1182 
4214 
5350 
4074 

2168 
2040 
4850 
5230 
4092 

o 2912 
o 2306 

472 5172 
930 5344 
278 4388 

o 1504 
4 2568 

118 5060 
394 5084 

7 

1812 
296 
1054 
388 
o 
o 
o 
o 
o 
o 
o 

494 
616 
2722 
278 
1760 
o 
o 
o 
o 
o 
o 
o 

2766 
1454 
484 
-400 
389 
o 
o 
o 
o 
o 
o 
o 

1042 
914 

92 
-934 
-288 
o 
o 
o 
o 
o 
o 
o 

1942 
2804 
1232 
102 

8 9 10 

1762 180 11156 
762 180 5302 
1428 180 8308 
716 180 9932 

4092 
2372 
1761 
1551 
1152 
1016 
1388 

494 180 3968 
706 180 15085 
2270 180 8647 
500 180 5402 
1764 180 12594 

1856 180 
1386 180 
688 180 
118 180 
450 180 

1142 180 
904 180 
554 180 
o 180 
96 180 

4153 
2099 
1456 
1511 
1222 
1220 
2862 
11920 
9567 
6933 
6027 
10357 
4318 
2392 
1648 
1434 
1367 
1293 
982 

5460 
10674 
4563 
3732 
6715 
5113 
2965 
2128 
1593 
1373 
1252 
1561 

1938 180 6681 
1526 180 15821 
1348 180 8403 
496 180 6455 

11 

6837 
3105 
5021 
6056 
2563 
1466 
10n 

943 
688 
602 
839 

2254 
9342 
5237 
3168 
7754 
2602 
1292 
882 
917 
733 
732 

1779 

7324 
5824 
4144 
3567 
6327 
2707 
1479 
1005 
868 
825 
n8 
580 

3205 
6530 
2633 
2104 
4005 
3214 
1844 
1311 
969 
829 
752 
949 

3984 
9811 
5082 
3840 

12 

3959 
1837 
2927 
3516 
1529 
906 
684 

608 
464 
414 
549 
1354 
5383 
3050 
1874 
4480 
1551 
807 
574 
594 
489 
488 
1083 
4236 
3383 
2429 
2100 
3670 
1611 
913 
643 
566 
542 
515 
402 
1895 
3784 
1570 
1268 
2350 
1899 
1121 
817 
624 
544 
500 
612 
2337 
5650 
2961 
2255 

13 

2327 
1721 
2053 
3308 
1529 
906 
684 

608 
464 
414 
549 
1040 
4947 
508 
1n6 

2900 
1551 
807 
574 
594 
489 
488 
1083 
1650 
2109 
2125 
2680 
3461 
1611 
913 
643 
566 
542 
515 
402 
1033 
3050 
1658 
2382 
2818 
1899 
1121 
817 
624 
544 
500 
612 
575 
3026 
1909 
2333 



2 

1970 SEP 
1970 OCT 
1970 NOV 

1970 DEC 
1971 JAN 
1971 FEB 
1971 MAR 
1971 APR 
1971 MAY 
1971 JUN 
1971 JUl 
1971 AUG 
1971 SEP 
1971 OCT 
1971 NOV 

1971 DEC 
1972 JAN 
1972 FEB 
1972 MAR 
1972 APR 
1972 MAY 
1972 JUN 
1972 JUl 
1972 AUG 
1972 SEP 
1972 OCT 
1972 NOV 

1972 DEC 
1973 JAN 
1973 FEB 
1973 MAR 
1973 APR 
1973 MAY 
1973 JUN 
1973 JUl 
1973 AUG 
1973 SEP 
1973 OCT 
1973 NOV 

1973 DEC 
1974 JAN 
1974 FEB 
1974 MAR 
1974 APR 
1974 MAY 
1974 JUN 
1974 JUl 
1974 AUG 
1974 SEP 
1974 OCT 
1974 NOV 

3 4 

6420 

o 
7490 
6112 
4334 
8208 

4006 
7868 
5574 
6052 
7270 

2540 
10172 
5816 
4966 
9882 

4626 
11092 
4494 
3888 
5996 

5 6 

o 4160 

o 0 
o 3396 

242 4854 
626 4960 
44 3890 

o 1900 
o 4316 

238 5126 
442 5180 
o 3440 

o 1500 
o 4430 

166 4644 
320 4684 
10 3356 

o 2810 
o 4492 

264 4200 
766 4650 
o 3662 

7 

2260 
o 
o 
o 
o 
o 
o 
o 
o 

4094 
1258 
-626 
4318 
o 
o 
o 
o 
o 
o 
o 

2106 
3552 
448 
872 
3830 
o 
o 
o 
o 
o 
o 
o 

1040 
5742 
1172 
282 
6526 
o 
o 
o 
o 
o 
o 
o 

1816 
6600 
294 
-762 
2334 
o 
o 

8 9 

1910 180 

o 180 
4092 180 
1500 180 
o 180 

4740 180 

2108 180 
3562 180 
682 180 
1314 180 
3830 180 

1040 180 
5752 180 
1334 180 
602 180 
6128 180 

10 

13483 
5470 
2531 
1779 
1559 
1410 
1365 
1519 
7818 
21284 
10006 
5198 
20215 
4945 
2600 
1866 
1295 
1503 
1369 
1767 
7742 
12921 
6582 
10039 
17787 
4425 
2874 
1841 
1700 

1761 
2461 
5853 
14691 
15081 
7828 
6660 
19909 
4739 
2963 
2140 
6149 
7351 
6605 
9461 

1856 180 8915 
6254 180 17753 
612 180 6031 
4 180 6901 

2334 180 16158 
5151 
2735 

11 

8320 
3441 
1567 
1088 
948 
853 
824 
922 

4709 
13294 
6104 
3038 
12612 
3107 
1611 
1144 
779 
912 
827 

1080 
4660 
7962 
3921 
6125 
11064 
2775 
1786 

1128 
1038 
10n 

12 

4803 
2029 
964 
691 
611 
557 
541 
597 
2749 
7630 
3542 
1800 
7243 
1838 
989 
722 
516 
591 
542 
687 
2722 
4599 
2301 
3554 
6363 
1650 
1088 
713 
662 

684 
1523 938 
3685 2168 
9091 5240 
9339 5382 
4715 2753 
3970 2330 
12417 7132 
2975 1764 
1843 1120 
1318 822 
3874 
4640 

2275 
2711 

4165 2440 
5986 3475 
5408 3147 
11043 6350 
3569 2102 
4124 2417 
10026 5772 
3238 1913 
1698 1037 

13 

2723 
2029 
964 
691 
611 
557 
541 
597 
2929 
3716 
2464 
2606 
3105 
1838 
989 
722 
516 
591 
542 
687 
796 
1227 
2033 
2862 
2713 
1650 
1088 
713 
662 

684 
938 
2168 
4380 
-180 
1761 
2228 
786 
1764 
1120 
822 
2275 
2711 
2440 
3475 
1511 
-70 
1988 
3359 
3618 
1913 
1037 



2 3 
1974 DEC 
1975 JAN 
1975 FEB 
1975 MAR 
1975 APR 
1975 MAY 
1975 JUN 
1975 JUL 
1975 AUG 
1975 SEP 
1975 OCT 
1975 NOV 
1975 DEC 
1976 JAN 
1976 FEB 
1976 MAR 
1976 APR 
1976 MAY 
1976 JUN 
1976 JUL 
1976 AUG 
1976 SEP 
1976 OCT 
1976 NOV 
1976 DEC 
19n JAN 
19n FEB 
1977 MAR 

1977 APR 
1977 MAY 
1977 JUN 
1977 JUL 
1977 AUG 
1977 SEP 
1977 OCT 
1977 NOV 
1977 DEC 
1978 JAN 
1978 FEB 
1978 MAR 

1978 APR 
1978 MAY 
1978 JUN 
1978 JUL 
1978 AUG 
1978 SEP 
1978 OCT 
1978 NOV 
1978 DEC 
1979 JAN 
1979 FEB 

4 

7212 
9208 
4394 
3958 
4694 

5700 
7854 
4922 
4376 
6354 

5370 
7546 
5246 
5492 
3410 

1852 
5634 
4676 
3328 
3286 

5 6 

o 2920 
o 3900 

540 4790 
1106 5060 

118 3946 

o 2340 
o 3900 

436 4650 
690 4650 
92 4270 

o 2614 
o 4624 

382 4650 
36 4620 
134 2990 

o 810 
6 3160 

506 4460 
1322 4650 
702 3928 

7 

o 
o 
o 
o 
o 

4292 
5308 
-396 

-1102 
748 
o 
o 
o 
o 
o 
o 
o 

3360 
3954 
272 
-274 
2084 
o 
o 
o 
o 
o 
o 
o 

2756 
2922 
596 
872 
420 
o 
o 
o 
o 
o 
o 
o 

1042 
2474 
216 

-1322 
-642 
o 
o 
o 
o 
o 

8 9 

3802 180 
4708 180 
120 180 
2 180 

856 180 

10 

2114 
1539 
1260 
1291 
2085 
11941 
18358 
5239 
4930 
11120 
4907 
2354 
1968 
1345 
1912 
1400 
1275 

3250 180 9502 
3574 180 13217 
708 180 6927 
382 180 7316 
1890 180 13425 

4913 
2684 
1995 
1146 
1263 
1355 

1460 
2516 180 9803 
5068 180 15706 
978 180 5471 
894 180 8734 
400 180 10775 

1042 180 
2480 180 
722 180 
o 180 

128 180 

3850 
2454 
1880 
1359 
1547 
2335 
972 

6406 
13760 
10428 
8468 
12564 
4316 
2559 
1851 
920 

2636 

11 

1302 
935 
757 
n7 

1283 

12 

812 
604 
503 
514 
802 

7337 4244 
11429 6569 
3064 1815 
2867 1703 
6814 3946 
3082 1825 
1455 899 
1209 759 
811 

1173 
846 
767 

5782 
8151 
4141 
4389 
8283 
3086 
1665 
1226 
684 

759 
818 
885 

5974 
9738 
3212 
5293 
6594 
2408 
1518 
1152 
820 
940 

1443 
574 

3808 
8497 
6373 
5123 
m5 
2706 
1585 
1134 
540 

1634 

534 
739 
554 
508 
3360 
4706 
2426 
2567 
4782 
1827 
1019 
769 
462 
504 
537 
575 
3469 
5608 
1899 
3081 
3821 
1442 
936 
728 
539 
607 
892 
398 
2238 
4903 
3695 
2985 
4469 
1610 
974 
717 
380 
1002 

13 

812 
604 
503 
514 
802 
132 
1441 
2391 
2985 
3378 
1825 
899 
759 
534 
739 
554 
508 
180 
932 
2334 
3021 
2878 
1827 
1019 
769 
462 
504 
537 
575 
893 
2866 

1483 
2389 
3581 
1442 
936 
728 
539 
607 
892 
398 
1376 
2609 
3659 
4487 
5291 
1610 
974 
717 
380 
1002 



2 

1979 MAR 
1979 APR 
1979 MAY 
1979 JUN 
1979 JUL 
1979 AUG 
1979 SEP 
1979 OCT 
1979 NOV 
1979 DEC 
1980 JAN 
1980 FEB 
1980 MAR 
1980 APR 
1980 MAY 
1980 JUN 
1980 JUL 
1980 AUG 
1980 SEP 
1980 OCT 
1980 NOV 
1980 DEC 
1981 JAN 
1981 FEB 
1981 MAR 
1981 APR 
1981 MAY 
1981 JUN 
1981 JUL 
1981 AUG 
1981 SEP 
1981 OCT 
1981 NOV 
1981 DEC 
1982 JAN 
1982 FEB 
1982 MAR 
1982 APR 
1982 MAY 
1982 JUN 
1982 JUL 
1982 AUG 
1982 SEP 
1982 OCT 
1982 NOV 
1982 DEC 
1983 JAN 
1983 FEB 
1983 MAR 
1983 APR 
1983 MAY 

3 4 

2836 
7274 
5388 
3214 
4660 

5174 
4734 
2480 
3552 
4524 

o 
5032 
5144 
4998 
3910 

6072 
o 

5728 
4750 
4986 

o 

5 6 

36 1536 
10 3260 
796 4350 

1376 4590 
424 3572 

o 1436 
226 2932 

2148 4638 
1306 4650 
244 3886 

o 
o 
o 

o 
1886 
4230 

120 4640 
164 3620 

o 2230 
o 0 

322 3070 
180 4508 
196 3066 

o o 

7 

o 
o 

1300 
4014 
1038 

-1376 
1088 
o 
o 
o 
o 
o 
o 
o 

3738 
1802 

-2158 
-1098 
638 
o 
o 
o 
o 
o 
o 
o 
o 

3146 
914 
358 
290 
o 
o 
o 
o 
o 
o 
o 

3842 
o 

2658 
242 
1920 
o 
o 
o 
o 
o 
o 
o 
o 

8 9 

1336 180 
4024 180 
1834 180 
o 180 

1542 180 

3738 180 
1856 180 
o 180 

226 180 
882 180 

o 180 
1332 180 
2090 180 

10 

1833 
1269 
4698 
14958 
11602 
7195 
15186 
4738 
2483 
2442 
1611 
2249 
2011 
2239 
12484 
11150 
4561 
7951 
14203 
6873 
2396 
1795 
1392 
1125 
1164 
805 

1900 
7286 
11301 

2122 180 8780 
1206 180 12820 

5137 
2344 
1634 
788 

1020 
1023 
697 

3796 180 9543 
o 180 2724 

1322 180 8308 
410 180 10906 
2206 180 17400 

o 180 

5251 
2886 
2337 
1838 
1444 
2392 
8152 
28890 

11 

1122 
763 

2720 
9261 
7121 
4312 
9406 
2975 
1537 
1511 
981 

1388 
1236 
1381 
7684 
6833 
2632 
4794 
8n9 

4336 
1481 
1098 
841 

671 
696 
467 
936 

4370 
6929 

12 

711 
506 
1618 
5337 
4121 
2523 
5420 
1763 
946 
931 
630 
861 
775 

858 
4440 
3957 
1569 
2797 
5064 
2537 
915 
697 
551 
454 
468 
338 
604 
2556 
4012 

5322 3098 
7898 4562 
3229 1908 
1448 896 
996 638 
456 332 
604 416 
606 417 
398 299 

5808 3375 
1461 903 
5021 2927 
66n 3869 

10818 6222 
3302 1949 
1794 1092 
1444 893 
1126 712 
874 570 

1479 913 
5151 3001 

18143 10387 

13 

711 
506 
498 
1503 
3263 
4079 
4512 
1763 
946 
931 
630 
861 
775 
858 
882 
2335 
3907 
4075 
4606 
2537 
915 
697 
551 
454 
468 
338 
784 
-410 
3278 
2920 
4452 
1908 
896 
638 
332 
416 
417 
299 
-287 
1083 
449 
3807 
4482 
1949 
1092 
893 
712 
570 

913 
3001 

10567 



2 3 4 5 6 7 8 9 10 11 12 13 

1983 JUN 2410 0 1070 1340 740 180 27494 1n53 9881 8n1 

1983 JUL 3930 996 3946 -16 660 180 12412 7638 4414 4610 
1983 AUG 5600 0 4340 1260 950 180 10997 6735 3902 2822 
1983 SEP 6870 0 3040 3830 3540 180 15653 9704 5589 1939 
1983 OCT 0 5294 3329 1965 1965 
1983 NOV 0 2868 1782 1086 1086 
1983 DEC 0 2084 1283 801 801 
1984 JAN 0 3486 2176 1310 1310 
1984 FEB 0 7831 4947 2884 2884 
1984 MAR 0 10637 6735 3902 3902 
1984 APR 0 13626 8641 4985 4985 
1984 MAY 1984 0 824 1160 1156 180 19913 12420 7133 6153 
1984 JUN 8288 0 3030 5258 5238 180 19699 12283 7056 1978 
1984 JUL 7860 0 3560 4300 3370 180 13211 8147 4704 584 
1984 AUG 5082 814 4390 692 1562 180 11182 6853 3969 3457 
1984 SEP 9178 10 3300 5878 5898 180 18092 11259 6473 775 
1984 OCT 0 8977 5677 3300 3300 
1984 NOV 0 6962 4392 2570 2570 
1984 DEC 0 8485 5363 3122 3122 
1985 JAN 0 2828 1757 1071 1071 
1985 FEB 0 1722 1052 670 670 
1985 MAR 0 1888 1158 730 730 
1985 APR 0 1422 860 562 562 
1985 MAY 3008 0 996 2012 1808 180 7923 4776 2787 955 
1985 JUN 3850 0 1375 2475 2140 180 11071 6783 3928 1633 
1985 JUL 3158 0 2163 995 991 180 6134 3635 2139 1324 
1985 AUG 2278 25 2149 129 154 180 6570 3913 2297 2348 
1985 SEP 2853 0 1469 1384 1384 180 13748 8489 4899 3695 
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HORSE CREEK DAMS 

ASSUMPTIONS FOR COST ESTIMATES: 
******************************* 

- Constant embankment cross-section is assumed for the 
the three dam sites. Only the height of the embankment 
will vary with each site, depending on storage requirements_ 

- No slope stability analyses were performed in determining 
the embankment side slopes and berm dimensions. 

- The valley profile was determined at each site from 
topographic maps with 20' contours • 

. Embankment heights include an allowance for 5' of freeboard. 

- Up to 10' of the surficial alluvium (sandy clay) layer will 
be removed beneath the dam at each site. 

- The excavated alluvial material will be used for both 
reservoir sealing and topsoil for seeding, and possibly for 
embankment material (up to 50% of total volume excavated) • 

. Reservoir sealing will only be required for surficial 
sand and gravel deposits. 

- Sources of geologic information: 

* Bureau site: U.S. Bureau of Reclamation investigation 
in October of 1940. (16 borings) 

* Coxbill site: Panhandle Testing Lab investigation 
in July of 1976. (4 borings) 

* Upper site: estimated from above investigations. 

- Emergency spillway excavation is assumed to be 80% soil 
and 20% rock for all sites. Soil obtained from spillway 
excavation shall be used as embankment material. 

- Limits of riprap on upstream face of embankment: 

* bottom level- 1000 ac.ft. storage elevation 
* top level- 5' above principal spillway elevation 

- The exposed soil of the embankment and emergency spillway 
channel (25% of surface area) shall be topsoiled and seeded. 



PRELIMINARY COST ESTIMATE 

LOWER BUREAU DAM 

EMBANKMENT HEIGHT = 72 ft 
STORAGE = 11000 ac.ft., 1000' e.s. width (right abut) 

400' e.s. width (left abut) 

ITEM UNIT QUANTITY UNIT COST TOTAL COST 

land acquisition: 
irrigated acre 0.0 $750.00 $0.00 
non-irrigated acre 1,010.2 $120.00 $121,224.00 

river diversion lump 1.0 $5,000.00 $5,000.00 
relocation of: 

trans. line l. f. 0.0 $45.00 $0.00 
pipeline l. f. 0.0 $95.00 $0.00 
road/highway l. f. 0.0 $95.00 $0.00 

stripping acre 44.8 $600.00 $26,880.00 
borrow excavation: 

pervious cu. yd. 1,200,127.0 $1.00 $1,200,127.00 
impervious cu. yd. 416,968.0 $1.40 $583,755.20 

rock excavation: 
slurry wall cu. yd. 5,296.0 $15.00 $79,440.00 
emergency spillway cu. yd. 231,334.0 $5.00 $1,156,670.00 

slurry wall sq. ft. 113,517.0 $7.00 $794,619.00 
embankment placement cu. yd. 1,422,651.0 $0.75 $1,066,988.25 
internal drainage lump 1.0 $125,000.00 $125,000.00 
outlet works: 

intake (concrete) cu. yd. 60.0 $350.00 $21,000.00 
still ing basin cu. yd. 56.4 $350.00 $19,740.00 
RCP pipe - 36" dia. l. f. 550.0 $62.00 $34,100.00 
low-level intake gate lump 1.0 $12,000.00 $12,000.00 
headgates @ lateral lump 2.0 $15,000.00 $30,000.00 

riprap - U/S slope sq. yd. 28,656.0 $14.00 $401,184.00 
top soil and seed acre 48.7 $1,500.00 $73,050.00 
reservoir sealing acre 12.5 $5,000.00 $62,500.00 

*************** 
SUB-TOTAL COST $5,813,277.45 

mobilization-5% $290,663.87 

contingency-15% $871,991.62 

engineering-10% $581,327.75 

*************** 
TOTAL COST $7,557,260.69 



PRELIMINARY COST ESTIMATE 

LOWER BUREAU DAM 

EMBANKMENT HEIGHT = 74 ft 
STORAGE = 25000 ac.ft., 1250' e.s. width 

ITEM UNIT QUANTITY UNIT COST TOTAL COST 

land acquisition: 
irrigated acre 0.0 $750.00 $0.00 
non· irrigated acre 1,637.5 $120.00 $196,500.00 

river diversion lump 1.0 $5,000.00 $5,000.00 
relocation of: 

trans. line l. f. 0.0 $45.00 $0.00 
pi pel ine l. f. 0.0 $95.00 $0.00 
road/highway l. f. 0.0 $95.00 $0.00 

stripping acre 44.1 $600.00 $26,460.00 
borrow excavation: 

pervious cu. yd. 1,265,000.0 $1.00 $1,265,000.00 
impervious cu. yd. 444,237.0 $1.40 $621,931.80 

rock excavation: 
slurry wall cu. yd. 5,926.0 $15.00 $88,890.00 
emergency spillway cu. yd. 214,117.0 $5.00 $1,070,585.00 

slurry wall sq.ft. 113,517.0 $7.00 $794,619.00 
embankment placement cu. yd. 1,503,852.0 $0.75 $1,127,889.00 
internal drainage lump 1.0 $125,000.00 $125,000.00 
outlet works: 

intake (concrete) cu. yd. 293.0 $350.00 $102,550.00 
stilling basin cu. yd. 134.0 $350.00 $46,900.00 
RCP pipe· 96" dia. l. f. 544.0 $294.50 $160,208.00 
low-level intake gate lump 1.0 $12,000.00 $12,000.00 
headgates @ lateral lump 2.0 $15,000.00 $30,000.00 

riprap . U/S slope sq. yd. 32,136.0 $14.00 $449,904.00 
top soil and seed acre 49.0 $1,500.00 $73,500.00 
reservoir sealing acre 12.5 $5,000.00 $62,500.00 

*************** 
SUB-TOTAL COST $6,259,436.80 

mobilization-5% $312,971.84 

contingency-15% $938,915.52 

engineering· 10% $625,943.68 

*************** 
TOTAL COST $8,137,267.84 



PRELIMINARY COST ESTIMATE 

COXBILL DAM 

EMBANKMENT HEIGHT = 73 ft 
STORAGE = 5000 ac.ft., 2000' e.s. width 

ITEM UNIT QUANTITY UNIT COST TOTAL COST 

land acquisition: 
irrigated acre 160.0 $750.00 $120,000.00 
non-irrigated acre 386.3 $120.00 $46,356.00 

river diversion lllllp 1.0 $5,000.00 $5,000.00 
relocation of: 

trans. line l. f. 0.0 $45.00 $0.00 
pipel ine l. f. 0.0 $95.00 $0.00 
road/highway l. f. 0.0 $95.00 $0.00 

stripping acre 25.0 $600.00 $15,000.00 
borrow excavation: 

pervious cu. yd. 807,071.0 $1.00 $807,071.00 
impervious cu. yd. 271,513.0 $1.40 $380,118.20 

rock excavation: 
slurry wall cu. yd. 3,935.0 $15.00 $59,025.00 
emergency spillway cu. yd. 132,667.0 $5.00 $663,335.00 

slurry wall sq.ft. 84,353.0 $7.00 $590,471.00 
embankment placement cu. yd. 937,722.0 $0.75 $703,291.50 
internal drainage lump 1.0 $125,000.00 $125,000.00 
outlet works: 

intake (concrete) cu.yd. 50.0 $350.00 $17,500.00 
stilling basin cu. yd. 56.4 $350.00 $19,740.00 
RCP pipe - 36" dia. l.f. 538.0 $62.00 $33,356.00 
low-level intake gate l~ 1.0 $12,000.00 $12,000.00 

riprap - U/S slope sq.yd. 41,199.0 $14.00 $576,786.00 
top soil and seed acre 26.8 $1,500.00 $40,200.00 
reservoir sealing acre 7.0 $5,000.00 $35,000.00 

*************** 
SUB-TOTAL COST $4,249,249.70 

mobilization-5% $212,462.49 

contingency-15% $637,387.46 

engineering-10% $424,924.97 

**************** 
TOTAL COST $5,524,024.61 



PRELIMINARY COST ESTIMATE 

COXBILL DAM 

EMBANKMENT HEIGHT = 77 ft 
STORAGE = 11000 ac.ft., 2000' e.s. width 

ITEM UNIT QUANTITY UNIT COST TOTAL COST 

land acquisition: 
irrigated acre 160.0 $750.00 $120,000.00 
non-irrigated acre 646.9 $120.00 $77,628.00 

river diversion l~ 1.0 $5,000.00 $5,000.00 
relocation of: 

trans. line l.f. 0.0 $45.00 $0.00 
pipel ine l. f. 0.0 $95.00 $0.00 
road/highway l.f. 0.0 $95.00 $0.00 

stripping acre 25.6 $600.00 $15,360.00 
borrow excavation: 

pervious cu. yd. 924,075.0 $1.00 $924,075.00 
in.,ervious cu.yd. 300,884.0 $1.40 $421,237.60 

rock excavation: 
slurry wall cu. yd. 3,935.0 $15.00 $59,025.00 
emergency spillway cu.yd. 104,248.0 $5.00 $521,240.00 

slurry wall sq. ft. 84,353.0 $7.00 $590,471.00 
embankment placement cu.yd. 1,065,257.0 $0.75 $798,942.75 
internal drainage ll..ll1' 1.0 $125,000.00 $125,000.00 
outlet works: 

intake (concrete) cu.yd. 60.0 $350.00 $21,000.00 
stilling basin cu. yd. 56.4 $350.00 $19,740.00 
RCP pipe - 3611 dia. l.f. 562.0 $62.00 $34,844.00 
low-level intake gate l~ 1.0 $12,000.00 $12,000.00 

riprap - U/S slope sq. yd. 42,594.0 $14.00 $596,316.00 
top soi l and seed acre 35.9 $1,500.00 $53,850.00 
reservoir sealing acre 7.0 $5,000.00 $35,000.00 

*************** 
SUB-TOTAL COST $4,430,729.35 

mobi l izat i on- 5% $221,536.47 

contingency-15% $664,609.40 

engineering-10% $443,072.94 

**************** 
TOTAL COST $5,759,948.16 



PRELIMINARY COST ESTIMATE 

UPPER DAM 

EMBANKMENT HEIGHT = 51 ft 
STORAGE = 7000 ac.ft., 2000' e.s. width 

ITEM UNIT QUANTITY UNIT COST TOTAL COST 

land acquisition: 
irrigated acre 0.0 $750.00 $0.00 
non-irrigated acre 720.0 $120.00 $86,400.00 

river diversion lump 1.0 $5,000.00 $5,000.00 
relocation of: 

trans. line lo f. 21,120.0 $45.00 $950,400.00 
pipeline lof. 21,120.0 $95.00 $2,006,400.00 
road/highway lof. 2,000.0 $95.00 $190,000.00 

stripping acre 62.6 $600.00 $37,560.00 
borrow excavation: 

pervious cu. yd. 553,939.0 $1.00 $553,939.00 
impervious cu. yd. 238,751.0 $1.40 $334,251.40 

rock excavation: 
slurry wall cu. yd. 4,444.0 $15.00 $66,660.00 
emergency spillway cu. yd. 333,334.0 $5.00 $1,666,670.00 

slurry wall sq. ft. 100,000.0 $7.00 $700,000.00 
embankment placement cu. yd. 698,733.0 $0.75 $524,049.75 
internal drainage lump 1.0 $125,000.00 $125,000.00 
outlet works: 

intake (concrete) cu. yd. 50.0 $350.00 $17,500.00 
still ing basin cu. yd. 56.4 $350.00 $19,740.00 
RCP pipe - 36" dia. l.f. 366.0 $62.00 $22,692.00 
low-level intake gate lump 1.0 $12,000.00 $12,000.00 

riprap - U/S slope sq. yd. 23,614.0 $14.00 $330,596.00 
top soi l and seed acre 59.6 $1,500.00 $89,400.00 
reservoir sealing acre 11.5 $5,000.00 $57,500.00 

*************** 
SUB-TOTAL COST $7,795,758.15 

mobilization-5% $389,787.91 

contingency-15% $1,169,363.72 

engineering-10% $779 ,575 .82 

**************** 
TOTAL COST $10,134,485.60 



PRELIMINARY COST ESTIMATE 

UPPER DAM 

EMBANKMENT HEIGHT = 60 ft 
STORAGE = 11000 ac.ft., 2000' e.s. width 

ITEM UNIT QUANTITY UNIT COST TOTAL COST 

land acquisition: 
irrigated acre 0.0 $750.00 $0.00 
non· irrigated acre 1,180.0 $120.00 $141,600.00 

river diversion lunp 1.0 $5,000.00 $5,000.00 
relocation of: 

trans. line l. f. 21,120.0 $45.00 $950,400.00 
pipet ine l.f. 21,120.0 $95.00 $2,006,400.00 
road/highway l.f. 2,000.0 $95.00 $190,000.00 

stripping acre 78.2 $600.00 $46,920.00 
borrow excavation: 

pervious cu.yd. 1,077,507.0 $1.00 $1,077,507.00 
impervious cu. yd. 265,425.0 $1.40 $371,595.00 

rock excavation: 
slurry wall cu. yd. 4,444.0 $15.00 $66,660.00 
emergency spillway cu. yd. 333,334.0 $5.00 $1,666,670.00 

slurry wall sq. ft. 100,000.0 $7.00 $700,000.00 
embankment placement cu. yd. 1,220,847.0 $0.75 $915,635.25 
internal drainage lunp 1.0 $125,000.00 $125,000.00 
outlet works: 

intake (concrete) cu.yd. 54.0 $350.00 $18,900.00 
stilling basin cu. yd. 56.4 $350.00 $19,740.00 
RCP pipe • 36" dia. l.f. 420.0 $62.00 $26,040.00 
low· level intake gate lunp 1.0 $12,000.00 $12,000.00 

riprap • U/S slope sq. yd. 25,629.0 $14.00 $358,806.00 
top soil and seed acre 74.9 $1,500.00 $112,350.00 
reservoir sealing acre 11.5 $5,000.00 $57,500.00 

*************** 
SUB· TOTAL COST $8,868,723.25 

mobitization·5% $443,436.16 

contingency· 15% $1,330,308.49 

eng i neeri ng·1 0% $886,872.33 

**************** 
TOTAL COST $11,529,340.23 



PRELIMINARY COST ESTIMATE 

KATZER SITE 

EMBANKMENT HEIGHT = 28 ft 
STORAGE = 5000 ac-ft 

ITEM UNIT QUANTITY 

land acquisition: 
irrigated acre 0.0 
non-irrigated acre 697.0 

dver divers i on lump 0.0 
stripping acre 13.5 
* canal excavation cu. yd. 543,000.0 
borrow excavation: 

pervious cu. yd. 0.0 
i~rvious cu. yd. 114,060.0 

rock excavation: 
slurry wall cu. yd. 0.0 
emergency spillway cu. yd. 0.0 

slurry wall sq. ft. 0.0 
embankment placement cu. yd. 449,184.0 
seepage control lurp 1.0 
outlet works: 

intake (concrete) cu. yd. 26.1 
stilling basin cu. yd. 0.0 
RCP pipe - 24" dia. l. f. 200.0 
low-level intake gate lunp 2.0 

concrete: 
hwy 85 box culvert cu. yd. 213.3 
Ft. Laramie diversion cu. yd. 15.6 
Katzer inflow headgate cu. yd. 133.3 
siphons cu.yd. 321.4 
outflow culvert and riser cu.yd. 226.1 

riprap - U/S slope sq. yd. 14,880.0 
boring through railroad l.f. 50.0 
RCP pipe - 48" through UPRR l.f. 50.0 
canal gates - aluminum slide lurp 2.0 
diversion stop log structure tUlIp 1.0 
top soil and seed acre 59.6 
canal sealing acre 14.6 

* 75% assumed adequate for embankment placement 

UNIT COST TOTAL COST 

$750.00 $0.00 
$120.00 $83,640.00 

$5,000.00 $0.00 
$600.00 S8,100.00 

$1.20 S651,600.00 

$1.00 SO.OO 
$1.40 $159,684.00 

S15.00 SO.OO 
S5.00 SO.OO 
S7.00 SO.OO 
$0.75 $336,888.00 

$125,000.00 S125,OOO.00 

S350.00 $9,135.00 
S350.00 SO.OO 
$45.00 S9,000.00 

$12,000.00 $24,000.00 

$350.00 $74,655.00 
$350.00 S5,460.00 
$350.00 $46,655.00 
$350.00 S112,490.00 
S350.00 S79,135.00 
$14.00 S208,320.00 

S200.00 S10,000.00 
$100.00 S5,000.00 

$5,000.00 S10,000.00 
$2,500.00 S2,500.00 
S1,500.00 $89,400.00 
$5,000.00 $73,000.00 

*************** 
SUB-TOTAL COST $2,123,662.00 

mobilization-5% $106,183.10 

contingency-15% S318,549.30 

engineering-10% $212,366.20 

**************** 
TOTAL COST $2,760,760.60 



PRELIMINARY COST ESTIMATE 

KATZER SITE 

EMBANKMENT HEIGHT = 35 ft 
STORAGE = 11000 ac-ft 

ITEM UNIT QUANTITY 

land acquisition: 
irrigated acre 0.0 
non-irrigated acre 1,143.5 

river diversion lunp 0.0 
stripping acre 16.4 
* canal excavation cu.yd. 543,000.0 
borrow excavation: 

pervious cu. yd. 98,358.0 
iq>ervious cu. yd. 180,781.0 

rock excavation: 
slurry wall cu. yd. 0.0 
emergency spillway cu. yd. 0.0 

slurry wall sq. ft. 0.0 
embankment placement cu. yd. 686,389.0 
seepage control lunp 1.0 
outlet works: 

intake (concrete) cu. yd. 37.3 
stilling basin cu. yd. 0.0 
RCP pipe - 2411 dia. l.f. 250.0 
low' level intake gate lump 2.0 

concrete: 
hwy 85 box culvert cu.yd. 213.3 
Ft. Laramie diversion cu. yd. 15.6 
Katzer inflow headgate cu. yd. 133.3 
siphons cu. yd. 321.4 
outflow culvert and riser cu. yd. 237.3 

riprap • U/S slope sq. yd. 27,320.0 
boring through railroad l.f. 50.0 
RCP pipe - 48" through UPRR l.f. 50.0 
canal gates - aluminum slide Lump 2.0 
diversion stop log structure lump 1.0 
top soi l and seed acre 61.1 
canal sealing acre 14.6 

* 75% assumed adequate for embankment placement 

UNIT COST TOTAL COST 

$750.00 $0.00 
$120.00 $137,220.00 

$5,000.00 $0.00 
$600.00 $9,840.00 

$1.20 $651,600.00 

$1.00 $98,358.00 
$1.40 $253,093.40 

$15.00 $0.00 
$5.00 $0.00 
$7.00 SO.OO 
$0.75 $514,791.75 

$150,000.00 $150,000.00 

$350.00 $13,055.00 
$350.00 SO.OO 
$45.00 $11,250.00 

$12,000.00 $24,000.00 

$350.00 $74,655.00 
$350.00 $5,460.00 
$350.00 $46,655.00 
$350.00 $112,490.00 
$350.00 $83,055.00 
$14.00 $382,480.00 

$200.00 $10,000.00 
$100.00 $5,000.00 

$5,000.00 $10,000.00 
$2,500.00 $2,500.00 
$1,500.00 $91,650.00 
$5,000.00 $73,000.00 

*************** 
SUB-TOTAL COST $2,760,153.15 

mobilization-5% $138,007.66 

contingency-15% $414,022.97 

engineering-10% $276,015.32 

**************** 
TOTAL COST $3,588,199.10 
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NW END DAM REBAr-! 

SCALE : 1"= 2000' 

ES-8 (1958' USC & GS ElEV. 4144.659 
@S.E. COR. SEC. 8-22N-60W 

ES-27 (1958' USC & GS ElEV. 4134.990 
@ S.W . COR. SEC. 13-22N-8IW 

W 1/ 4 SEC. 18 
442,995 .9873N 
782,309.0746E 

AZ 890 35 1 26 11 

5288.14 

INTERSECT 

442,063.1519N 
782,311.8181E 

I ",6' 
I '0 .. 

S.E. END DAM 
441,915.4821N 
782 ,469.5126E 

S.E. COR. SEC. 7 
18 17 445669.6268N 

787,583 .1371E 

BlM R.M. S.E. & S.W. 
OF SEC. COR. 
SEE FIELD NOTES 

E 114 COR. SEC. 18 
443,033.767N 

787 ,597.0803E 

BlM R.M. E. & W. 
OF SEC. COR. 
SEE FIELD NOTES 

I 
I TOP REBAR ElEV. 4163.94 

~I 
~I 

13 18 440,355.2818N 

;.; I ~ 762,316.8524E 

R 51 W R 80 W 

DAM MONUMENTS & SEC. COR. TIES 

UPPER BUREAU DAM 
Top Of Dam EI. 4163.3 
Normal Pool EI. 4145.0 
Max. Pool EI. 4158.3 

LEGEND 
[ ,' :,,::] 

• • 

Acquisition 

Proposed Roadway 

Bridge 

Existing Ponds 

Relocated Missile 
Communications Cable 
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N.W. END DAM (REBAR) 
447.756.907N 
783.650.2350E 

TOP REBAR ELEV. 4203.346 

.;> ... " 
I ~~~ 

~-----

S.W. COR SEC. 7 ~ I . .,~(0lt-. 
445.636 .5176N I INTERSECT ~> ~.;> ~., 

SCALE : 1"= 2000' 

782.301.2679E I 445.660.4817N ~~~'~~?"'" 
786.122.0379E .;>~ O~ " 

ES-a (1958. USC &OS 
@S.E. COR. SEC. 8-22N-60W 

W 1/4 SEC . 18 
442.995.9873N 
782.309.0746E 

ELEV. 4144.659 

ES-27 (1958. USC & as ElEV. 4134.990 
@ S.W. COR. SEC. 13-22N-61W 

II S.E. END lOWER DAM 
444.523.3972N ____ -

I 787.462.7366E 
I TOP REBAR ElEV. 4185.390 

I 
I 

I 
I 

. 1 
~I 
"'I ... 
~I~ 
"'I: !;i'" 
I 
I 
I 
1 

I 
I 
I 
I 
I 
1 

~k~ 
24i 19 

AZ 89' 35' 26" 
5286.14 / 

AZ 174' 50' 48' 
1495.6759 

440,355.2616N 
782,316.8524E 

R 61 W R 60 W 

DAM MONUMENTS & SEC. COR. TIES 

LOWER BUREAU DAM 
Top Of Dam EI. 4167.4 
Normal Pool EI. 4135.2 
Max. Pool EI. 4162.4 

Acquisition 

Proposed Roadway 

Bridge 

Existing Ponds 

S.E. COR. SEC. 7 
445.669.6268N 
787.583.1371E 

BlM R.M. S.E. & S.W. 
OF SEC. COR. 
SEE FIELD NOTES 

INTERSECT 
444.415 .656N 
787,589.7718E 

1381.91 

E 1/4 COR. SEC. 18 
443.033.767N 
787.597.0803E 

BlM R.M. E. & W. 
OF SEC. COR. 
SEE FIELD NOTES 
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!c oc 
c. 
0"<: 
00 

"''0 N-, (,,)Il.. 

8-25 

8-24 

4060 

~ 
I 

LEGEM;) 

t>-":c:d SIwTy Trench 

~ Sandy Sill To Be Removed 

E=::=::=::===::=) Oaystones. ShaJes 

L"::.q Sandstone 

mi¥4 SUtstone 
~ Wa~ Table Locations 

BORING I CFFSET STATlOH (FT J # 

8-20 38+05.6 4.3' RT. 
B-21 34+99.1 4.3' LT. 

B-22 29+27.0 4.3' RT. 
B-23 • • 
B-24 17-<16.0 148.0' RT. 
8-25 9+38.2 I 8.T RT. 
B-26 1-S1.& I 1.S· RT. 
B-27 5-62.3 ! 4.r RT. 

TOP 
ELEV. 

(FT. MSU 

4139.0 
4141.1 
4124.4 

-4114.0 
4127.4 
4163.9 
4148.& 
4156.7 

• Not Found In Fietd &xvey Inspection 

BOTTOW 
ELEV. 

(FT. WSU 

4080.0 
4071.1 
4065.4 
-40~.O 

4088." 
4124..9 
4W.& 

4136.7 

4180 

4060 

........ - ~ 
A c.-ra c.am.--t 
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4180 

41&0 

414 
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4100 

4040 

o 
o 
+ 

~I 
" 400' Emergency 

'" Spilway 

EIft. 4151,0 

...................... ........ /" Existing C10und 
...... Z Sl.rface 

............. - Riprap 
/Lance Formation 

, Outcrops 

I 

_-_-r:. 

----------~~i: r~~ 

Key SItny Trench 
To Competent Bedrock 
(Depth Varies) 

'--'W,taU,...tld Bedrock Zone 

--

r;:~:-~=t:l.~~!~~~~lm~~ 
• Outcrops 

"."'"'-UmitS Of Impenioua Cor. 

Slwry Trench 

Sandy Silt To Be Ramoved 

Claystones, Shale. 

Sandstone 

Siltstone 

~ Water Table Locations 

BORING CFFSET TOP 

# STATION (FT) ELEV. 
(FT. MSU 

B-1 48+51.0 "" 4122.6 
B-2 44+14.6 17.6 RT. 4111.9 

~~- 25+63.0 ..J!,-8~~T~ 4117.0 
B-4 15+73.8 -.175.8 

~1 ---

BOTTOM 
ELEV. 

(FT. MSU 
4064.0 
4034.0 
4078.0 
4136.0 

Scale: 1"-200' 
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4150 
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4100 
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Zone C: Sand Orains-tmported 
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Principal SpiDwa 
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___ 1 ___ _ Orawdown Structure 
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TYPICAL DAM SECTION 
Scale: 1'-20' 

72' RCP @ 0.25'" 

SECTION THRU OUTLET WORKS 
Scale: 1--40' 
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--l--- --- -------
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-. 
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