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A. General 

The Owl Creek Level I Master Plan study is sponsored by the Owl Creek Irrigation District. 
Irrigated lands within the District are about 17,000 acres. The project area is illustrated in 
Figure 1.1, "Project Area Map". However, there are water rights filed on about 30,000, acres 
within the Owl Creek Basin. The study is intended to look at water supply basin wide. In 
1955, the United States Bureau of Reclamation (USBR) estimated that over the long tenn the 
average run-off was only sufficient to meet irrigation requirements for about 60% of the 
17,000 cultivated acreage needs. Needless to say, irrigators have long been desirous of 
improving the water supply in the basin. 

B. Background 

Owl Creek Irrigation District was initially fonned in 1935. It included only lands in the 
Lucerne Area served by the Cyclone Ditch System. In the 1940's, USBR began looking at 
storage possibilities in the upper basin as part of the Pick-Sloan Missouri River Basin Project 
(pS-MRBP). In 1955, the District entered into contract with the USBR to complete the Owl 
Creek Unit of the PS-MRBP. The Owl Creek Unit consisted of construction of Anchor Dam 
to provide for stored water in the Upper Basin, and construction of a primary pump station and 
re-lift pump station to supply water from the Big Hom River and Boysen Reservoir to . 
irrigators in the original Owl Creek Irrigation District. The District was expanded at that time 
to include the lands further up the basin. The expanded district was fonned with three· (3) 
distant areas, Upper, Middle and Lower (Lucerne). Irrigators in the Lower Area exchanged 
their direct flow appropriations from Owl Creek in the amount of 78.93 CFS2 for use by 
irrigators in the Upper and Middle Areas. Those rights and supply were replaced by the 
pumped water from the Big Hom River, amounting to 84 CFS. The pump stations were 
completed and turned over to the District for operation and maintenance in 1957. 

·Anchor Dam was constructed from 1957 to 1960 by the USBR. Anchor Reservoir has a 
design capacity of 17,354 AC-FT at elevation 6,441 feet. It should be noted that the original 
.Contract between the USA and Owl Creek Irrigation District for construction of Anchor 
Reservoir provided that water be stored for irrigation of 2,300 acres of land on Arapaho 
Ranch. Upon initial filling in 196011961 sinkholes collapsed, this precluded the possibility of 
filling the reservoir. The potential for sinkholes to develop was first documented by USBR in 
1955, and subsequent investigations were completed prior to construction3

• Through 1971, 
USBR conducted soils borings, perizometer placement, radioisotope studies, gravimetric 
surveys, and infrared photography analysis all in attempt to more specifically identify problem 
areas in the reservoir floor. Through the same time frame, a number of contracts were issued 
to fill in emerging sinkholes. In 1970, the major sinkhole areas were diked off, with dikes 
rising to about elevation 6,410 feet. This completed efforts by USBR to seal the reservoir 
bottom. 
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The pump stations have been operated by the District on an interim contract since 1957. 
Anchor Reservoir is operated by the District Wlder the provisions of an Amendatory Contract 
that has been in effect since 1993. One important provision limits reservoir water elevations 
to 6,400 feet providing about 5,000 AC-FT of storage. Appended to the 1993 Amendatory 
Contract between the USA and the Owl Creek Irrigation District as Exhibit B, is a document 
titled "Contract Supplement between Bureau of Reclamation and Owl Creek Irrigation 
District for the Care, Operation, and Maintenance of Anchor Dam, Dikes, and Anchor 
Reservoir Area" Article 2.4 of this document provides that reservoir releases shall be made to 
the extent practicable to keep the reservoir water surface below elevation 6,400. Standard 
Article 2 attached to the contract supplement provides "In-case of unusual conditions or 
serious deficiencies in the care and OM&R of the facilities threatening or causing interruption 
of water service, Reclamation may issue to the District a special written notice of the 
necessary repairs." The District must make the repairs or submit a plan for approval to make 
the repairs to Reclamation within 60-days. If the District fails to do either within 60-days, 
Reclamation may cause the repairs or operation changes to be made, and an appropriate share 
of cost shall be paid by the District. Another provision requires water only be provided to 
lands within the District Wlless written approval is given from the Contracting Officer of 
USBR. 

Much of the land within the Owl Creek Basin lies in the Wind River Indian Reservation 
(WRIR). With completion of the General Adjudication of water in the Big Hom River 
system, certain reservation lands were awarded an 1868-reserved water right. The water duty 
awarded to these lands is 4.3 AC-FT/Acre. The General Adjudication has created a more 
precarious water supply situation for territorial and states water rights holders. 

c. Purpose 

The original purpose of the Owl Creek reconnaissance Level I study is threefold: (1) evaluate 
the potential of providing additional water supply to the Upper and Middle Areas of the 
irrigation district and basin, (2) estimation of conveyance losses in the canyon between 
Anchor Dam and the confluence of the North Fork and South Fork of Owl Creek, and (3) 
identify water conservation measures including developing a rehabilitation plan for the Lower 
(Lucerne) Area. 

D. Setting 

The Owl Creek Irrigation District is located in Hot Springs COWlty in west central Wyoming 
along the Owl Creek Drainage Basin. The altitude of the basin ranges from about 12,500 feet 
above sea level in the headwaters to the west to about 4,300 feet near the confluence of Owl 
Creek and the Big Hom River north of Thennopolis. The climate for this particular part of 
Wyoming is semi-arid, however, due to the size of the Owl Creek Irrigation District the 
average annual precipitation and temperature is divided up into two areas: the Anchor 
Reservoir and Lower (Lucerne) Areas. The Anchor Reservoir Area receives an average 
annual precipitation of 12.2 inches and typically, this area receives about 56.0 inches of 
snowfall per year. Average temperatures at Anchor Reservoir range from an average low of 
n to an average high of 83<>P. The Lower (Lucerne) Area receives an average annual 
precipitation of 11.2 inches and receives around 30.7 inches of snowfall per year. Average 
low and high temperatures for the Lower (Lucerne) Area range from 8<>P to 92<>P. The 
majority of the moisture occurs as spring showers in April, May and JWle for both areas. 
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E. Sponsor Involvement 

The study sponsor, of the Owl Creek Irrigation District has maintained a very active role 
throughout the study. From the initial scoping meeting through the facilitated planning 
sessions in September and the November meeting, attendance by the Sponsor membership 
and other stakeholders has been very good. In addition, the Irrigation District Board has 
provided infonnal input and infonnation on numerous occasions relative to the history of 
Anchor Dam,· district operations, and crop rotation infonnation. 

F. Prior Studies 

Other work that has been reviewed and used in the completion of this study includes United 
States Bureau of Reclamation (USBR) documents, Fifth Judicial District Court documents, 
United States Geological Survey (USGS) Topographic and Surface Geology Maps, selected 
portions of the recently completed Wind RiverlBig Hom River Basin Plan, USGS methods for 
estimating basin discharge and contemporary methods for detennining crop irrigation 
requirements (CIR). A specific listing can be found in the bibliography contained in the 
Appendix. 

G. Acknowledgements 

Many individuals have contributed toward the completion of this study. In particular the 
following individuals are recognized for the time they have spent and infonnation they have 
provided to the consulting team; Joe Campbell, Matt Brown, Vern Lofink and Rose Watkins 
of the Owl Creek Irrigation District; Loren Smith, Dave Deitz and Mike Kimsey of District ill 
State Engineers Office (SEO); Gary Collins of the Tribal Water Engineers Office (TWE), and 
Ron Vore of the WWDC staff. 

H. Authority 

Nelson Engineering has completed this study under the authority of the contract signed with 
the Wyoming Water Development Commission (WWDC) and dated May 29,2003. 
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A. Surface Water Supply 

1. Upper and Middle Area 

The Owl Creek Drainage Basin is comprised of several drainages that eventually 
come together to fonn Owl Creek. These main drainages include the following: South 
Fork Owl Creek, North Fork Owl Creek, Middle Fork Owl Creek, Red Creek, Dry 
Cottonwood Creek and Mud Creek. 

The drainage basin discharges a major portion of its annual flow in the spring and 
early summer months. Late summer, fall and winter season flows can be minimal, 
relying primarily on seasonal stonns and occasionally having no stream flow during 
the winter months. The five tributaries are the ones used for determining the average 
surface water supply for the Owl Creek Drainage Basin. The South Fork Owl Creek 
and Middle Fork Owl Creek are the two creeks supplying water to Anchor Reservoir. 

During the early part; of the study, stream flow data was gathered using records from 
the following agencies: U.S. Geological Survey (USGS), U.S. Bureau of Reclamation 
(USBR) and the State Engineer's Office (SEO). These agencies currently and have in 
the past, maintained continuous stream flow gauging stations and also provide the 
stream flow data that is either available at the agencies websites or through their 
office. The USGS has the most complete data, as well as, the greatest range in lears 
recorded. Thus, the USGS historical stream flow data provided on the website was 
used in determining the annual runoff volwne and average runoff, as shown in Table 
IT.I and Table IT.2. From the average runoff volwne that each drainage basin 
historically produces, the estimated Finn Yield and the value for the Lowest Decile 
was calculated. Table IT.2 has the exact same stream flows and runoff values as Table 
IT.I, although, Table IT.2 notes the completion of Anchor Reservoir's internal dikes in 
1970, and sequentially compares the average runoffs before and after dike 
construction. In some years, records from the agencies were incomplete. Therefore, 
where possible, data was combined together from the different agencies for the sole 
purpose of increasing the years of record used in analysis. 

Two drainages of interest that have no gauging stations installed on them are Red 
Creek and Mud Creek, and hence no reliable stream flow data is available. However, 
the USGS developed several regression equations for the Wyoming Department of 
Transportation and the U.S. Bureau of Land Management for use in estimating flows 
of drainage's in the state of Wyoming. These regression equations were used to 
calculate estimates of the average annual flow for these two drainage basins. The 
regression equations come from a USGS Water-Resources Investigations Report #88-
4045, written by H.W. Lowham titled Stream Flows in Wyoming. Stream flow and 
runoff values in Tables IT.I and IT.2 do not include Red and Mud Creek stream flow 
values, but the estimated Red and Mud Creek average annual stream flows are noted 
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at the bottom of the tables. Keep in mind that the values from the regression equations 
have an average standard error of 57%. Further in-depth study of the Owl Creek 
Drainage Basin would most likely require the installation of gauging stations along 
these two creeks. It should be noted that the appropriate area of Dry Cottonwood 
Creek is included in the nmoff estimate for Red Creek. 

Although stream flow data is available, it was not always complete. For instance, due 
to decreased funding or ownership exchanges, data for some years is missing. 
Therefore, some charts do not have recent years of stream flow records. Records have 
been combined and utilized as much as possible to extend the period of record and to 
ascertain avemge, and lower decile run-off values. Currently, the USGS operates a 
gauging station about 1.5 miles down stream of Anchor Dam that does supply Real
Time stream flow data and has flow records dating back to 1960. The SEQ currently 
funds and operates two gauging stations in the Upper and Middle section of the Owl 
Creek Basin. The first is upstream of Anchor Reservoir and supplies Real-Time 
stream flow data, however, complete records only go back to year 2000. The second 
SEQ gauging station is located on Owl Creek near Arapaho Ranch, but this gauging 
station was not used in the analysis of surface water supply due to the many diversions 
along the creek for irrigation and stock purposes before this particular gauging station. 
This particular gauging station at Arapaho Ranch is a SEQ station but also has satellite 
instrumentation that is owned by the USBR to supply Real-Time stream flow data. 

Due to the problem of significant seepage and evaporation losses that occur in Anchor 
Reservoir, using the stream flow data from the USGS gauging station below Anchor 
Dam supplies the most reliable water data available. Even though Anchor Reservoir 
has a seepage problem, there is reportedly considerable seepage occurring in the 
canyon between Anchor Dam and the USGS gauging station, as well as, further down 
to the highway crossing, a distance of 5.5 miles. The SEQ has just recently installed a 
temporary gauging station at Curtis Ranch for the purpose of trying to determine the 
conveyance loss in the canyon from the USGS gauging station to the new SEQ 
gauging station. The installation and monitoring by SEQ was completed as a 
cooperative effort with this study. The seepage.that occurs in Anchor Reservoir will 
be discussed in more detail further into the report. 
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Table 11.1 
Note: - Red and Mud Creek not included in these values. 
- Dikes in Anchor Reservoir completed in 1971. 

Owl Creek Water Supply 

SOUTH FORK SUPPLY 
Inflow to Anchor Reservoir Outflow from Anchor Reservoir 

*USGS 06260200 Middle Fork Owl Creek above Anchor Reservoir *USGS 06260000 South Fork Owl Creek near Anchor, WY *USGS 06260400 South Fork Owl Creek below Anchor Reservoir 
Approximately 1.5 miles downstream of Anchor Dam 

Hot Springs County, WY Hot Springs County, WY Hot Springs County, WY 
Hydrologic Unit Code 10080007 Hydrologic Unit Code 10080007 Hydrologic Unit Code 10080007 
Latitude 43-40-00, Longitude 108-52-00 NAD27 Latitude 43-39-53, Longitude 108-52-02 NAD27 Latitude 43-39-57, Longitude 108-47-34 NAD27 
Drainage area 33.60 square miles Drainage area 87.00 square miles Drainage area 131.00 square miles 
Gauge Datum 6,500.00 feet above sea level NGVD29 Gauge Datum 6,452.11 feet above sea level NGVD29 Gauge Datum 6,120.00 feet above sea level NGVD29 

Year 
Annual mean Vol. of runoff in Annual mean Vol. of runoff in Annual mean Vol. of runoff in 

streamflow in (ft3 Is) (acre-ftlyr) 
Year 

streamflow in (ft3/s) ( acre-ftlyr) 
Year 

streamflow in (ft3 Is) (acre-ft) 
1960 0.260 188 1960 15.6 11,301 1960 13.1 9,490 
1961 0.400 290 1961 25.8 18,691 1961 16.5 11,953 
1962 1.670 1,210 1962 35.6 25,790 1962 29.3 21,226 
1963 0.440 319 1963 43.8 31,731 1963 24.3 17,604 
1964 0.002 1.45 1964 30.3 21,951 1964 21.4 15,503 

1965 57.0 41,293 1965 31.3 22,675 
Firm Yield = 300 acre-ftlyr (estimate) 1966 17.0 12,316 1966 11.3 8,186 
Average runoff = 402 acre-ftlyr 1967 62.1 44,988 1967 19.6 14,199 
Lowest 10% = 1.45 acre-ftlyr 1968 24.1 17,459 1968 19.2 13,909 

1969 22.0 15,938 1969 17.3 12,533 
1970 29.7 21,516 1970 22.4 16,228 

* Gauging Station no longer exists 1971 36.3 26,297 1971 25.5 18,473 
1972 39.4 28,543 1972 27.0 19,560 
1973 34.3 24,848 I 1973 18.7 13,547 
1974 39.0 28,253 1974 29.7 21,516 
1975 43.5 31,513 1975 15.5 11,229 
1976 37.9 27,456 1976 29.9 21,661 
1977 14.6 10,577 1977 11.9 8,621 
1978 43 .3 31,368 I 1978 20.5 14,851 
1979 24.3 17,604 1979 20.1 14,561 
1980 37.9 27,456 1980 31.2 22,603 
1981 30.4 22,023 1981 18.6 13,475 
1982 30.3 21,951 1982 30.8 22,313 
1983 41.7 30,209 1983 23.6 17,097 
1984 30.8 22,313 1984 24.8 17,966 
1992 44.2 32,020 1985 11.2 8,114 
1993 35.3 25,573 1986 36.4 26,370 
1994 12.6 9,128 1987 27.3 19,777 

Firm Yield = 9,500 acre-ftlyr (estimate) Firm Yield = 8,500 acre-ftlyr (estimate) 
Average runoff = 24,300 acre-ftlyr Average Runoff = 16,300 acre-ftlyr 
Lowest 10% = 10,300 acre-ftlyr Lowest 10% = 8,300 acre-ftlyr 

* 1985-1991 Records are incomplete and sporatic * 1988-2003 - only seasonal records available 
* Gauging Station currently operated by the State Engineers Office * Real-time stream flow data available from this station 
* 1995 - Present, only seasonal records available 

The flows of Red Creek and Mud Creek are below and have an average standard error of 57% 

Red Creek = 20.2 ft3/s, +1-10 ft3 /s NOTE: Dry Cottonwood Creek is included in Red Creek flow values. 

Mud Creek = 36.4 ft3 Is, +/-20 ft3 Is 

7 TABLE 11.1 

April 2004 

~ORTH FORK SUPPLY 

*USGS 06262300 North Fork Owl Creek at Basin Ranch 

Hot Springs County, WY 
Hydrologic Unit Code 10080007 
Latitude 43-41-21, Longitude 108-50-24 NAD27 
Drainage Area 61.00 square miles 
Gauge Datum 6,340.00 feet above sea level NGVD29 

year ll 
Annual mean Vol. of runoff in 

streamflow in (ft3 Is) ( acre-ftlyr) 
1945 24.9 18,039 
1946 13.5 9,780 
1947 22.3 16,155 
1948 15.0 10,867 
1949 14.6 10,577 
1950 16.1 11,664 
1951 13.5 9,780 
1952 22.3 16,155 
1953 14.0 10,142 
1954 6.7 4,876 
1955 5.3 3,847 
1956 9.7 6,991 
1957 35.6 25,790 
1958 20.0 14,489 
1959 8.9 6,469 
1960 5.0 3,644 
1961 11.9 8,621 
1963 24.3 17,604 
1964 15.7 11,374 
1965 14.1 10,215 
1966 4.2 3,035 
1967 20.7 14,996 
1968 16.9 12,243 
1969 7.4 5,383 
1970 10.2 7,389 
1971 11.0 7,969 
1992 14.7 10,649 
1993 15.3 11,084 
1994 3.5 2,557 

Firm Yield = 3,000 acre-ftlyr (estimate) 
Average Runoff = 10,427 acre-ftlyr 
Lowest 1D% = 3,080 acre-ftlyr 

* Gaps in y~s are due to incomplete records 
* Gauging station no longer functional 

TABLE 11.2 



Table 11.2 
Owl Creek Water Supply 

(Notes completion of dikes) 

Note: - Red and Mud Creek not included in these values. 

SOUTH FORK SUPPLY 

Inflow to Anchor Reservoir Outflow from Anchor Reservoir 1 

USGS 06260200 Middle Fork Owl Creek above Anchor Reservoir USGS 06260000 South Fork Owl Creek near Anchor, WY USGS 06260400 South Fork Owl Creek below Anchor Reservoir 
Approximately 1.5 miles downstream of Anchor Dam 

Hot Springs County, WY Hot Springs County, WY Hot Springs County,WY 
Hydrologic Unit Code 10080007 Hydrologic Unit Code 10080007 Hydrologic Unit Code 10080007 
Latitude 43-40-00, Longitude 108-52-00 NAD27 Latitude 43-39-53, Longitude 108-52-02 NAD27 Latitude 43-39-57, Longitude 108-47-34 NAD27 
Drainage area 33 .60 square miles Drainage area 87.00 square miles Drainage area 131.00 square miles 
Gauge Datum 6,500.00 feet above sea level NGVD29 Gauge Datum 6,452 .11 feet above sea level NGVD29 Gauge Datum 6,120.00 feet above sea level NGVD29 

Year 
Annual mean Vol. of runoff in 

Year 
Annual mean Vol. of runoff in 

Year 
Annual mean Vol. of runoff in 

streamflow in (fe/s) (acre-ftlyr) streamflow in (ft3/S) ( acre-ftlyr) streamflow in (ft3/s) (acre-ft) 
1960 0.260 188 1960 15.6 11 301 1960 13.1 9490 
1961 0.400 290 1961 25 .8 18691 1961 16.5 11,953 
1962 1.670 1210 1962 35.6 25790 1962 29.3 21226 
1963 0.440 319 1963 43 .8 31 731 1963 24.3 17604 
1964 0.002 1.45 1964 30.3 21951 1964 21.4 15503 

1965 57.0 41293 1965 31.3 22675 
Firm Yield = 300 acre-ftlyr (estimate) 1966 17.0 12316 1966 11.3 8186 
Avera!{e runoff = 402 acre-ftlyr 1967 62.1 44988 1967 19.6 14199 
Lowest 10% = 1.45 acre-ftlyr 1968 24.1 17,459 1968 19.2 13 909 

1969 22 .0 15938 1969 17.3 12533 
1970 29.7 21 516 1970 22.4 16228 

Firm Yield = 11 ,300 acre-ftlyr (estimate) Firm Yield = 8,200 acre-ftlyr (estimate) 
Avera!{e runoff = 23,900 acre-ftlyr Avera!{e runoff = 14,870 acre-ftlyr 
Lowest 10% = 11,300 acre-ftlyr Lowest 10% = 8,200 acre-ftlyr 

Note: In 1970 dikes were built in Anchor Res. Note: In 1970 dikes were built in Anchor Res. to isolate 
to isolate some sinkholes some sinkholes; outflows could be affected. 

1971 36.3 26297 1971 25.5 18473 
1972 39.4 28543 1972 27.0 19560 
1973 34.3 24848 1973 18.7 13,547 
1974 39.0 28253 1974 29.7 21516 
1975 43 .5 31,513 1975 15.5 11229 
1976 37.9 27456 1976 29.9 21661 
1977 14.6 10577 1977 11.9 8621 
1978 43 .3 31368 1978 20.5 14851 
1979 24 .3 17604 1979 20.1 14561 
1980 37.9 27,456 1980 31.2 22,603 
1981 30.4 22023 1981 18.6 13 475 
1982 30.3 21951 1982 30.8 22313 
1983 41.7 30209 1983 23 .6 17097 
1984 30.8 22313 1984 24.8 17966 
1992 44.2 32,020 1985 11.2 8114 
1993 35 .3 25573 1986 36.4 26370 
1994 12.6 9128 1987 27.3 19,777 

Firm Yield = 9,100 acre-ftlyr (estimate) Firm Yield = 8,100 acre-ftlyr (estimate) 
Average runoff = 24,500 acre-ftlyr Average Runoff = 17,200 acre-ftlyr 
Lowest 10% = 9,850 acre-ftlyr Lowest 10% = 8,400 acre-ftlyr 

The flows of Red Creek and Mud Creek are below and have an average standard error of 57% 

Red Creek = 20.2 ft3/S, +/-10 fe/s NOTE: Dry Cottonwood Creek is included in Red Creek flow values. 

Mud Creek = 36.4 ft3/s, +/-20 ft3/S 

1 _ Excess water was diverted to diked off areas in 1991 , 1992, 1995 and 1997. Volume of stored water lost to these diversions is unknown. ere: Personal communication with Joe Campbell and Matt Brown Oct. 29, 2003) 
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April 2004 

NO~TH FORK SUPPLY 

USGS 06262300 North Fork Owl Creek at Basin Ranch 

Hot Springs County, WY 
Hydrologic Unit Code 10080007 
Latitude 43-41-21 , Longitude 108-50-24 NAD27 
Drainage Area 61.00 square miles 
Gauge Datum 6 340.00 feet above sea level NGVD29 

Year st~ualmean Vol. of runoff in 
s amflow in (ft3/s) (acre-ftlyr) 

1945 24.9 18039 
1946 13.5 9780 
1947 22.3 16 155 
1948 15.0 10 867 
1949 14.6 10577 
1950 16.1 11664 
1951 13.5 9780 
1952 22.3 16155 
1953 14.0 10142 
1954 6.7 4876 
1955 5.3 3847 
1956 9.7 6991 
1957 35.6 25790 
1958 20.0 14489 
1959 8.9 6469 
1960 5.0 3644 
1961 11.9 8621 

1964 15.7 11374 
1965 14.1 10215 
1966 4.2 3035 
1967 20.7 14996 
1968 16.9 12243 
1969 7.4 5383 
1970 10.2 7389 
1971 11.0 7969 
1992 14.7 10 649 
1993 15.3 11084 
1994 3.5 2557 

Firm Yield = 3,000 acre-ftlyr (estimate) 
Avera!{e Runoff = 10,427 acre-ftlyr 
Lowest 10% = 3,080 acre-ftlyr 

TABLEll.2 



2. Lower (Lucerne) Area 

Water supply for the Lucerne area is provided via pumping from the Big Horn River. 
The primary pump station, located just west of U.S. Highway 20 and 3~ miles north 
of Thermopolis, consists of two pumping capabilities: 

-44 CFS is furnished to the Upper canal 
-40 CFS is furnished to the Lower canal 

The Upper Canal runs for approximately 2.9 miles to a re-lift pump station, which is 
sized to deliver 33 CFS to the Dempsey Canal. The Dempsey Canal runs northeast 
8.1 miles, distributing the water to fann turnouts (FTO) and laterals. The Lower Canal 
has an overall length of about 8.6 miles and runs north. The Lower and Dempsey 
Canal water eventually returns back into the Big Horn River via a waste way on the 
east side of U.s. Highway 20. These three main canals include irrigation structures 
such as fann turnouts, check structures, check/drop structures, gauging stations, 
siphons, and lateral turnouts. The main canal system has a combined length of about 
19.6 miles. 

The 84 CFS of water supplied to the Lower Area is a direct appropriation from the Big 
Horn River, and represents the "Exchange Water" from Owl Creek given up by 
irrigators in the Lower Area, for the benefit of the Middle and Upper Areas; all part of 
the Owl Creek Unit of the Pick-Sloan Missouri River Basin Project (PS-MRB) as 
formulated by the USBR. The 84 CFS is comprised of78.93 CFS of exchange water 
plus 5.39 CFS of abandoned water right associated with the inundated lands under 
Anchor Reservoir. The water is stored in Boysen Reservoir and released on demand 
during the irrigation season. 

B. Groundwater Supply 

Surface water development in the Owl Creek Basin can be supplemented with limited 
ground water development. Sumps and drains can be used to collect and return to use 
return flows and natural shallow alluvial flows in the Upper and Middle basin areas. Deep 
wells (1,200 to 7,500 feet) penetrating Paleozoic rocks can be used for supplemental 
supplies. Deep wells are a higher risk venture and will be relatively expensive and may 
require settling ponds to improve water quality. However, deep wells may be the best 
solution to serve remote areas that are expensive to reach, such as along Mud Creek. 

Introduction 

The Owl Creek basin is located west to northwest of Thermopolis, Wyoming and drains 
an area of 509 square miles. The climate changes with elevation from alpine tundra near 
the headwaters to steppe in the lower parts of the basin. 

Tectonic faulting and folding and extreme upper basin Absaroka volcanism combined 
with erosion has created a diverse landscape. The alluvial valley of Owl Creek and its 
tributaries is relatively narrow where the eastward flowing stream has cut through older 
more resistant rocks and the valley widens where softer shales occur. Based on surface
water quality, the basin was divided into three segments: Upper, Middle, and Lower (Ogle 
1992). The alluvial bottomland and adjacent terraces are not over four miles wide and are 
considerably ~ower in most reaches. 
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Considering the size of the alluvial valley, there is considerable infonnation available on 
ground-water occurrence and quality. 1bis memorandum is based entirely on published 
reports and existing infonnation. The primary sources of infonnation used are as follows: 

• Berry, D.W. and Litteton, R.T., 1961, Geology and Ground-Water Resources of 
the Owl Creek Area, Hot Springs County, Wyoming: U.S. Geological Survey 
Water-Supply Paper 1519.58p. 

• Eisen, C.; Libra, R.; Doremus, D; Goodwin, C; 1981, Occurrence and 
Characteristics of Ground Water in the Big Hom Basin, Wyoming; Water 
Resources Research Institute, University of Wyoming. 

• Ogle, K.M., 1996, Ground-Water and Stream-Water Interaction in the Owl Creek 
Basin, Wyoming: U.S. Geological Survey Water-Resources Investigations Report 
96-4253. 

• Ogle, K.M. 1992, Surface and Ground-Water Quality in the Owl Creek Basin, 
North Central Wyoming; U.S. Geological Survey Water-Resources Investigations 
Report 91-4108, 65p. 

• Plafcan, M. and Ogle, K.M., 1994, Water Resources of Hot Springs County, 
Wyoming: U.S. Geological Survey Water-Resources Investigations Report 93-
4141. 

Hydrogeologic Conditions 

Within the Owl Creek Basin, ground water occurs under very diverse conditions as a result of 
the geology of the area. The basin is underlain by a thick sequence of sedimentary rocks that 
range in age from Cambrian to Recent. These rocks include limestone, dolomite, sandstone 
and shale, overlain by thin sand and gravel stream channel and terrace deposits along streams. 
Complex structures resulting from folding and faulting along the southern part of the Big Hom 
Basin have exposed or caused older sedimentary rocks to occur at relatively shallow depths 
along anticlines or other structural highs. These structural highs include the Anchor and 
Embar Anticlines in the Upper segment of the basin and the Thennopolis Anticline between 
the Middle and Lower (Lucerne) Area segments. 

Paleozoic Aquifer System 

As a result of geologic conditions, the complex stratigraphy can be simplified to the three 
groups of rocks with similar hydrogeologic conditions. The oldest and most extensive rocks 
fonn the Paleozoic aquifer system. The major units in this aquifer system are the Madison 
Limestone and the Tensleep Sandstone along with other limestones, dolomites and 
sandstones. These rocks have a very low primary penneability, but fractures and solution 
cavities combined result in a very significant ability to store and transmit ground water. 1bis 
aquifer system is over 2,000 feet thick. 

The Paleozoic aquifer system receives recharge from stream infiltration and direct 
precipitation in the upper part of the basin where the old~r sedimentary rocks crop out. Also, 
there may be some recharge where streams cross the above-mentioned anticlinal structures 
and fault zones. The reservoir losses at Anchor Reservoir illustrate an extreme case of 
recharge to this older system. Ground-water movement is toward the center of the Big Hom 
Basin. Pumpage at the Hamilton Dome oil field intercepts some of this water. The large hot 
springs at Thennopolis are believed to be deeply circulating ground water transmitted and 
discharged by the Madison Limestone and/or related units. Based on potentiometric contours 
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developed by Bredehoeft and Bennett (1971), little if any of the hot spring discharge is from -
the Owl Creek Basin. Because of the solution cavities and fractured nature of this unit, it 
probably is capable of yielding over 1,000 gpm to irrigation wells especially where both the 
Madison Limestone and the Tensleep Sandstone are penetrated. Except on anticlinal 
structures, very deep and costly wells would be required and since fractures and solution 
cavities are often irregular apd unpredictable, there is a substantial risk in well development. 
Further, the quality of ground water in this unit is largely unknown, but data from adjacent 
areas suggest it is marginal for irrigation. 

The hydrogeologic characteristics of the Paleozoic sedimentary rocks result in potentially very 
severe seepage conditions for on-stream or off-stream reservoir sites. Anchor Dam and 
Reservoir is an example of what can happen at any reservoir site in the area underlain by these 
rocks at or near the surface. The overlying Triassic rocks including the Chugwater, Dinwoody 
and Phosphoria formations should also be avoided for reservoir sites. 

Mesozoic Rocks 

Intermediate age rocks of the Me$Ozoic era largely form aquitards separating the Paleozoic 
aquifer system from shallow alluvial aquifers along Owl Creek (except where structural highs 
cause older rocks to appear near the surface). The intermediate rocks range in age from 
Jurassic to Upper Cretaceous; they consist of interbedded sandstones and shales. Because of 
the extensive shale interbeds, the vertical and horizontal permeability of these rocks is very 
low. In the middle to lower part of the basin, these rocks act as an aquitard confining the 
Paleozoic aquifer system. The intermediate rocks include sandstones that are capable of 
yielding enough water for' domestic wells. Water quality often will not meet drinking water 
standards. 

. The intermediate rocks provide the best reservoir and dam foundations with respect to 
seepage. The sandstones can have a fairly high secondary permeability along fault zones and 
along anticlines where fracturing is more intense but generally have a low permeability. The 
shales form weaker foundations, but are relatively tight. 

Shallow Aquifer System 

The alluvial aquifer is Quaternary in-age and includes flood-plain deposits and terrace deposits 
along Owl Creek. Most of the irrigated land in the basin is underlain by these deposits. They 
consist of highly permeable sand and gravel stream channel deposits generally overlain by silt 
and clay soils deposited by overbank floods and slope wash from the valley sides. 

The sands and gravels are reported to have a high hydraulic conductivity ranging from about 
2,000 to over 4,000 gallons per day/feer (Berry and Littleton, 1961). However, the saturated 
thickness of these deposits is a limiting factor, along with water quality, for ground-water 
development. Generally, the alluvial aquifer yields adequate water for domestic and stock 
watering purposes. Water quality degrades downstream (along with surface water) and 
becomes poor quality in the lower half of the basin. 

Saturated thickness of the alluvial aquifer appears to be less than 40 feet and probably 
averages about 20 feet. Thicker alluvial deposits may occur in the widest section of the Owl 
Creek Valley upstream of the confluence with Mud Creek. One irrigation well is reported to 
pump 400 gpm, but most wells used for irrigation pump less than 200 gpm which is a very 
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limited amount. If saturated sand and gravels 40 feet or more in thickness are present in the 
valley, irrigation well yields of 1,000 gpm or more could locally be developed. 

Recommendations for Development of Ground-Water 

Deep Well Development 

Development of ground water independently in the Owl Creek Basin appears to be tenuous at 
best. The deep Paleozoic aquifer system is capable of supporting high capacity irrigation 
wells (greater than 1,000 gpm). However, the cost per well is very high because of the well 
depth required to penetrate both the Tensleep Sandstone and Madison Limestone. Well 
depths required to penetrate these two fonnations would range from about 1,200 feet to 7,500 
feet. The shallower depths would be restricted to structural highs. Above the confluence of 
the North and South Forks of Owl Creek, the depth of the potentiometric surface can be great. 
At Anchor Reservoir, it is in excess of 1,000 feet. At this depth, pumping costs would be 
high. Below the North and South Fork confluence, the potentiometric surface can be at or 
above ground surface, making flowing artesian wells possible. 

Quality of ground water from the deep aquifer system appears to be marginal based on data 
from adjacent areas. Generally, total dissolved solids (IDS) concentrations of water from the 
Madison Limestone ranges from 844 mgll to 9,980 mgll. Two wells at the Hamilton Dome 
producing from this unit yielded water ranging from 2,200 mgll to 3,000 mgll IDS. 
However, better quality water may occur along Owl Creek especially in the upper half of the 
basin. Anchor Reservoir has provided high quality recharge through reservoir seepage. Also, 
the streams of the upper basin provide natural high quality recharge. It may be possible to 
intercept this water before it becomes degraded through dissolution of soluble minerals. 

Deep wells may be feasible despite the potential for poor water quality. Produced water from 
Hamilton Dome oil field wells is routed into a series of settling ponds to improve water quality 
for beneficial use within the Cottonwood Creek Basin. A similar process might be used to 
improve water quality from deep wells in the Owl Creek Basin. 

Another possibility would be to locate deep wells near a new off-stream reservoir. The 
ground water developed would be mixed with surface water that would improve its quality. 
The deep wells would increase storage and yield of the project, if desirable. The ground water 
in storage could be used to reduce impacts of prolonged droughts depending on the number of 

, wells incorporated into a surface-water project. Due to the high risk attributed to capturing 
significant yields and potential cost of the wells, this option may not be cost effective. 

Shallow Ground-Water Development 

Ground-water development from the alluvial aquifer with shallow wells is generally not 
feasible because of the limited aquifer thickness. Also, water quality is marginal in the lower 
half of the basin. Despite these limitations there are several possibilities for shallow ground
water development. 

Development of agricultural drains is potentially feasible where soil drainage is poor and/or 
where the water table is at a practical depth so that open drain ditches or buried pipe drains can 
be constructed economically. Drains will accelerate irrigation return flows and improve water 
quality below the upper irrigated areas. Also, the accelerated flow will increase the amount of 
return flow because of reduced evapotranspiration. 

12 



Another possibility would be to construct swnps to collect irrigation return flows by low head 
pwnping. The swnps would be open trenches ± 300 feet long, 10-20 feet deep and about 20 
feet wide at the water surface. This type of structure can overcome the limited saturated 
thickness and be able to pwnp 1,000 gpm or more. This type of development could provide 
similar improvements to water quality as described for agricultural drains, depending on the 
pwnpage and location in the basin. 

Ground-water use from the alluvial aquifer could be developed in conjunction with surface 
water. Water developed in this manner would be subject to regulation along with senior 
surface water rights. Depending on geographic location along the drainage, irrigation use of 
the water could be very limited. This would provide opportunities to improve instream water 
quality in the basin, however. 

Summary 

Options for development of both shallow and deep ground-water supply sources have been 
examined. Deep aquifer ground-water development in Paleozoic rocks at depths of (1,200 to 
7,500 feet) is possible in the Owl Creek Basin, but may be limited due to several factors, 
including: 

• Cost. Due to the depth and expected non-unifonnity of fissures and solution 
cavities in the target aquifer, the cost of deep ground-water production wells may 
be high due to high pumping costs and the potential for non-productive wells. 
Pumping costs are generally expected to be lower in the lower basin (below the 
confluence of North and South Forks of Owl Creek) due to potential artesian 
conditions. 

• Water Quality. Water produced from deep wells is indicated· to have high IDS 
levels and may not be suitable for use directly as irrigation supply. However, there 
are indications that significant reductions in IDS may be possible by the use of 
settling ponds. 

The potential for shallow ground-water development is also relatively limited because of the 
thinness of the aquifer and the poor quality of water in the lower part of the basin. However, 
agricultural drains and swnps can be developed to increase and intercept return flows from 
surface-water irrigation. If new water supply is developed within the basin, there is a potential 
that after extended additional irrigation, water quality could degrade sufficiently and be 
detrimental to irrigated acreage. Good drainage would improve shallow ground-water quality 
in the lower part of the basin. 
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c. Water Storage 

Currently, the only water storage that is available within the Owl Creek Drainage 
Basin is Anchor Reservoir. Upon completion in 196011961, the reservoir experienced 
major seepage as a result of sinkholes that developed. Various methods were used to 
try to limit seepage. The completion of dikes in 1970 to isolate the most severe 
sinkholes become the final solution. 

Today, Anchor Reservoir still experiences seepage losses but it is suggested by 
District members that Anchor Reservoir's bottom has silted in over the years. This 
layer of silt in the reservoir is potentially acting as a plug and is sealing several 
sinkholes. Currently, Anchor Reservoir's maximum allowable water surface elevation 
is 6,400 feet and one option in enhancing the storage is to slowly increase the water 
surface elevation by increasing the top of dike elevation. This option to increase the 
water surface elevation was suggested at the planning sessions held in September 2003 
in Thermopolis. This option needs to be further analyzed by Geologists and 
Geotechnical Engineers to make sure increasing the water head (water surface 
elevation) will not open up existing sinkholes and dissolution cavities. Additional 
options for increasing re~rvoir storage are discussed in Section V. 

Anchor Reservoir is located in a high altitude, semi-arid climate. The reservoir 
experiences relatively high evaporation during the irrigation season when water 
storage is at its fullest. The average evaporation Anchor Reservoir experiences is 43.3 
inches (3.6 feet) during irrigation months May through October. However, each 
month experiences different evaporation. The Western Regional Climatic Center 
(WRCC) supplies monthly evaporation constants that were used, as shown in Table 
II.3. Table II.3 expresses the evaporation losses that result from the average water 
surface area for that particular year and irrigation month. The Dam Operator's daily 
records for water surface elevation for an entire month were averaged and used with 
the Area-Capacity Curve (Fig II-I) in order to determine what the average water 
surface area was for that particular month. Once the water surface area is known, the 
evaporation constant can be applied to calculate the volume of reservoir water that is 
lost due to evaporation. 

Estimating the seepage losses in Anchor Reservoir relied on stream flow records 
produced by the two gauging stations near the reservoir. The inflow data into the 
reservoir was supplied by the SEO gauging station just above the reservoir and the 
outflow supplied by the USGS gauging station 1.5 miles below the dam. Table II.4 
represents reservoir inflow data during the six irrigation months and Table II.6 
represents reservoir inflow data for the entire year. Notes given at the bottom of the 
tables help explain the gaps in average stream flow data. The inflows are then 
compared to the outflows recorded by the downstream USGS gauging station, as 
shown in Table II.S and Table II.7. Keep in mind that the seepage values and 
percentages shown in Table II.S and Table II.7 represent the seepage in the reservoir 
and also the conveyance losses that reportedly occur between the darn and the USGS 
gauging station. In order to pinpoint the exact seepage and eva~ration that occurs in 
the reservoir; a gauging station right below the dam discharge would have to'be 
installed. These two tables have columns that specifically show what the seepage and 
evaporation losses are, and columns that show just the estimated seepage loss and 
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May June 

Year Area, Evap., Area, Evap., 
(Acres) (Acre-ft) (Acres) (Acre-ft) 

1995 39.2 21.1 191.0 120.5 

1996 38.1 20.5 74.2 46.8 

1997 39.2 21.1 197.0 124.3 

1998 104.0 56.0 89.4 56.4 

1999 95.5 51.4 228.0 143.8 

2000 41.0 22.1 30.6 19.3 

2001 46.5 25.0 22.3 14.1 

2002 37.0 19.9 30.1 19.0 

2003 32.6 17.5 50.3 31.7 

Eva oration Constants p 
May June July 

Table 11.3 
Evaporation of Anchor Reservoir 

July August 

Area, Evap., Area, Evap., 
(Acres) (Acre-ft) (Acres) (Acre-ft) 

248.0 199.6 149.0 103.2 

47.8 38.5 19.5 13.5 

217.0 174.7 129.0 89.3 

193.0 155.4 122.0 84.5 

Records Lost 76.5 53.0 

25.8 20.8 0.0 0.0 

25.1 20.2 23 .0 15.9 

24.3 19.6 22.2 15.4 

34.0 27.4 0.0 0.0 

August September October 

6.46 in. 7.57 in. 9.66 in. 8.31 in. 5.99 in. 5.33 in. 

- Annual total evaporation is 43.3 inches for these six months. 

- Source: www.wrcc.dri.edu 

- Areas given above are the average water surface area of pool behind Anchor Dam. 

April 2004 

September October 

Area, Evap., Area, Evap., 
Annual Total 

(Acres) (Acre-ft) (Acres) (Acre-ft) 
Evaporation, (Ac-

ft) 

18.4 9.2 16.0 7.1 461 

19.3 9.6 22.1 9.8 139 

70.0 34.9 24.8 11.0 455 

45.2 22.6 48.4 21.5 396 

22.6 11.3 22.0 9.8 269 

6.5 3.2 7.0 3.1 68 

23.2 11.6 23.0 10.2 97 

22.1 11.0 22.0 9.8 95 

77 

Total Annual Evaporation Average = 229 AC-FT 
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Table 11.4 
Anchor Reservoir Seepage Loss Analysis 

(Inflows) 

- Due to incomplete flow records by the USBR and USGS during the winter months from 1984 through 2002, only April through October records are used in this analysis. 
- Source: www. .water.us s. ov 
USGS 06260000 South Fork Owl Creek near Anchor. WY 

Hot Springs County, WY 

Hydrologic Unit Code 10080007 Irrigation Season Only 
Latitude 43-39-53, Longitude 108-52-02 NAD27 
Drainage Area 87.00 square miles 
Gauge Datum 6,452.11 feet above sea level NGVD29 

Year Monthly mean stream flow, (ft?/s) Total six month Runoff, (Ac-ftlsix 

Apr. May Jun. Jul. Aug. Sep. Oct. stream flow months) 

1960 ------- 49.4 58.3 21.1 9.4 6.7 7.6 t 152.5 9,377 
1961 --... _--- 57.7 135.0 25.7 12.8 26.1 15.7 ~ 273.0 16,786 
1962 ------- 59.3 163.0 64.2 29.3 12.5 9.2 337.5 20,753 
1963 ------- 99.1 253.0 76.9 20.9 23.0 11.3 "~ 484.2 29,772 
1964 ------- 48.5 151.0 91.4 17.7 8.1 7.1 N 323.8 19,911 
1965 ------- 44.3 305.0 191.0 57.9 22.3 12.7 I, 633.2 38,934 
1966 ------- 57.9 45.2 24.5 9.5 22.5 13.3 172.9 10,629 
1967 ------- 85.4 368.0 184.0 33.4 20.9 14.1 '{ 705.8 43,398 
1968 ------- 24.7 136.0 40.1 28.1 18.0 10.1 257.0 15,802 
1969 ------- 78.9 77.8 43.6 11.0 7.1 6.7 

, 
225.1 13,839 

----+ Average Runoff = 21,920 
Dikes are built 

1970 ------- 84.4 164.0 55.1 13.2 11.6 7.8 \ 336.1 20,667 
1971 ------- 77.6 190.0 74.2 27.7 17.5 17.2 t 404.2 24,853 
1972 ------- 79.7 209.0 69.4 31.8 16.5 9.9 416.3 25,598 
1973 ------- 142.0 126.0 43.8 29.5 35.8 14.4 ~ 391.5 24,072 
1974 ------- 108.0 200.0 64.9 25.6 10.0 8.9 417.4 25,664 
1975 ------- 48.9 171.0 203.0 34.0 16.2 11.7 ( 484.8 29,809 
1976 ------- 106.0 157.0 80.5 43.9 15.3 10.7 I 413.4 25,419 
1977 ------- 39.1 50.0 16.6 10.3 11.1 6.8 133.9 8,233 
1978 ------- 59.5 236.0 125.0 34.1 14.9 16.0 485.5 29,852 
1979 ------- 67.8 91.1 45.4 32.0 14.6 9.2 260.1 15,995 
1980 -----... - 132.0 199.0 65.5 15.3 13.8 10.7 ~ 436.3 26,827 
1981 ------- 76.4 171.0 40.2 15.0 10.7 9.6 ~ 322.9 19,851 
1982 ------- 31.6 129.0 93.1 28.0 20.0 23.5 325.2 19,996 
1983 ------- 106.0 206.0 100.0 20.9 12.1 11.5 ! 456.5 28,069 
1984 ------- 88.3 143.0 63.3 26.6 10.6 11.4 ! 343.2 21 ,102 
1985 ------- 47.5 40.0 16.4 8.3 7.7 7.3 I 127.2 7,819 

----+ Average Runoff = 22,114 

1991 ------- 184.0 303.0 57.0 19.8 27.3 13.0 604.1 37,144 
1992 ------- 76.7 201.0 130.0 32.2 20.7 12.4 , 473.0 29,084 
1993 ------- 115.0 147.0 62.6 23.7 14.9 12.1 l 375.3 23,076 
1994 ------- 53.8 20.5 8.4 11.1 7.4 7.9 109.1 6,708 
1995 ------- 44.5 344.0 154.0 34.8 21.3 12.6 

t 
611.2 37,581 

1996 ------- 96.4 168.5 59.2 19.7 10.8 12.9 367.5 22,597 
2000 17.1 70.4 66.5 21.6 8.9 5.9 ------- ~ .. 190.4 11 ,707 
2001 14.2 28.7 20.8 10.7 11.9 6.6 ------- 92.9 5,712 
2002 10.0 38.5 51.0 16.1 5.4 5.5 ------- 126.5 7,778 

----+ ~verage Runoff = 20,154 
Note: - For the years of 1960 through 1995, all flowrates are from the USGS website. The flows for the years of2000 through 2002 
are from t}}.e State Engineers Office out of Riverton. The year 1996 are flows recorded by the Dam tender. 
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Table 11.5 
Anchor Reservoir Seepage Loss Analysis 

(Discharge) 

- Due to incomplete flow records by the USBR and USGS during the winter months from 1984 through 2002, only April through October records are used in this analysis. 
- Evaporation loss accounts for the months of May through October only and has an average value of 229 Ac-ftlsix months. 

Approximately 1 5 miles downstream of Anchor Dam 
Hot Springs County, WY 
Hydrologic Unit Code 10080007 Irrigation Season Only 
Latitude 43-39-57, Longitude 108-47-34 NAD27 
Drainage Area 13 1.00 square miles 
Gauge Datum 6,120.00 feet above sea level NGVD29 

Monthly mean stream flow, (ft?/s) Outflow, Seepage & Evap. I 

Year Total six month 
Losses, 

Seepage Loss, ~ 
% Seepage Loss 

stream flow (Ac-ftlsix months) (Ac-ftlsix months Apr. May Jun. Jui. Aug. Sep. Oct. (Ac-ftlsix months) 
196Q ------- 45.9 54.8 15.8 4.5 4.7 4.8 130.5 8,023 1,354 1,125 12% 
1961 ------- 52.3 86.1 19.5 10.0 19.3 6.2 193.4 11 ,890 4,896 4,667 28% 
1962 ------- 57.1 150.0 73.2 25.5 12.4 6.2 324.4 19,947 806 577 3% 
1963 ------- 76.8 84.2 61.7 22.5 23.7 11.8 280. 7 17,259 12513 12,284 42% 
1964 ------ .. 57.9 81.6 79.2 12.3 4.0 2.5 237.5 14,603 5,308 5,079 26% 
1965 ------- 45.5 130.0 79.5 52.2 20.9 12.8 340.9 20,961 17.973 17,744 I 46% 
1966 ------- 45.4 39.5 18.5 4.2 13.5 3.0 124.0 7,627 3,002 2,773 J 27% 
1967 ------- 81.9 49.3 23.0 37.7 17.2 11.9 221.0 13,589 29,809 29,580 69% 
1968 ------- 25.7 102.0 44.4 23.0 16.3 4.6 216.0 13,279 2.523 2,294 ! 15% 
1969 ------- 61.0 64.7 39.8 10.2 5.3 4.5 185.5 11 ,408 2,431 2,202 ! 16% 

Averages = -.. 13,859 8,062 7,833 28% 
Dikes are built 

1970 ------- 69.0 104.0 65.7 9.6 7.8 4.0 260.1 15,990 4.677 4,448 22% 
1971 ------- 43.9 125.0 89.3 19.8 9.6 9.9 297.5 18,292 6,561 6,332 26% 
1972 ------- 34.9 150.0 78.2 23 .5 12.5 6.6 305 .7 18,794 6,804 6,575 I 26% 
1973 ------- 18.6 120.0 33.4 19.0 17.4 8.4 216.8 13,332 10,741 10,512 44% 
1974 ------- 90.1 134.0 86.9 20.7 7.8 5.9 345.4 21 ,238 4426 4,197 i 17% 
1975 ------- 17.8 56.3 27.6 60.4 10.5 6.8 179.4 11 ,031 18,778 18,549 63% 
1976 ------- 83.1 142.0 77.0 29.5 11.4 6.9 349.9 21 ,515 3,904 3,675 15% 
1977 ------- 37.1 45.2 13.6 7.3 8.3 4.7 116.2 7,146 1.087 858 11% 
1978 ------- 20.6 49.6 101.0 43 .5 10.7 7.3 232.7 14,307 15.545 15,316 52% 
1979 ------- 48.7 99.7 33.7 25 .1 13.8 8.0 229.0 14,079 1915 1,686 11% 
1980 ------- 67.9 138.0 111.0 14.8 13.0 7.6 352 .3 21 ,662 5.165 4,936 19% 
1981 ------- 14.3 88.7 74.0 10.8 6.7 5.8 200.3 12,315 7,537 7,308 37% 
1982 ------- 32.4 126.0 124.0 31.7 19.8 20.5 354.4 21,791 -1,795 -2,024 -10% 
1983 ------- 29.6 66.2 104.0 48.8 11.1 9.6 269.3 16,557 11,512 11,283 41% 
1984 ------- 31.5 150.0 73.5 21.7 8.3 6.9 292.0 17,952 3,1S1 2,922 14% 
1985 ------- 42.5 34.7 12.6 8.1 6.3 5.1 109.3 6,723 1,096 867 11% 

Averages = -.. 15,795 6,319 6,090 25% 

Comments 

1991 ------- 55.0 154.0 87.4 27.5 13.7 8.0 345.6 21 ,250 15,894 15,665 42% Water loss due to water elevation being above 6410' during part of June (12 days). 
1992 ------- 56.9 73.3 55.3 47.8 37.1 10.4 280.8 17,266 11,818 11,589 40% Water loss due to water elevation being above 6410' during July and part of August (38 days). 
1993 _ .. ----- 33.2 51.8 38.5 54.4 13.7 10.9 202.5 12,451 10.625 10,396 46% High se~~e~ercentage, but water elevation never gets above 6410'. 
1994 ------- 50.0 21.0 4.7 9.5 4.7 5.2 95. 1 5,847 861 632 , 10% 
1995 ------- 20.7 123.0 81.4 79.4 20.3 11.6 336.4 20,684 16,897 16,668 ~ 45% Substantial water loss with water elevation above 6410' during late June and July (39 days). 
1996 ------- 87.2 151.3 76.5 18.4 9.2 11.6 354.2 21,779 818 589 3% 
2000 5.5 66.9 81.3 23.6 3.81 2.52 ------- 183.6 11 ,291 416 187 ,t 2% 
2001 2.12 31.7 17.2 12 3.62 4.6 ------- 71.2 4,380 1,332 1,103 .~ 20% 
2002 7.24 24.3 62.2 16.3 3.9 2.72 ------- 116.7 7,173 605 376 j 5% 

Averages = -.. 13,569 6,585 6,356 24% 
Notes: - For the years of 1960 thm 1995, all flows are from the USGS website. Flows for the years of 2000 thru 2002 fre from State Engineers office and 1996 fl0ws are flows recorded by Dam Tender. All other years had flow records that weren't complete. 
- The year of 1997 had water elevations above 6410' during late June, early July (26 days). However, flow records were not complete to include in chart above. 
- The year of 1999 experienced high water loss with late June and most likely July having water elevations above 6410' (16 days). Unfortunately, the month of July was lost and the year's flow records were not complete. 
- The Dam Tender's records were used to find when the water surface elevation was above 6410'. 
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- Source: www. .water.us s. ov 
USGS 06260000 South Fork Owl Creek near Anchor. WY 

Hot Springs County, WY 

Hydrologic Unit Code 10080007 

Latitude 43-39-53 , Longitude 108-52-02 NAD27 
Drainage Area 87.00 square miles 
Gauge Datum 6,452.11 feet above sea level NGVD29 

Table 11.6 
Anchor Reservoir Seepage Loss Analysis 

Reservoir Inflows 
(Based on years with complete records) 

Year Monthly mean stream flow, (ft3/s) I 

Jan. Feb. Mar. Apr. May Jun. Jui. Aug. Sep. Oct. Nov. 

1960 0.5 0.7 9.2 15.2 49.4 58.3 21.1 9.4 6.7 7.6 5.6 
1961 0.9 1.1 4.2 12.4 57.7 135.0 25.7 12.8 26.1 15.7 10.7 
1962 7.2 6.2 9.8 51.0 59.3 163.0 64.2 29.3 12.5 9.2 8.3 
1963 6.2 5.0 6.2 11.0 99.1 253.0 76.9 20.9 23.0 11.3 7.5 
1964 4.7 4.5 5.0 18.2 48.5 151.0 91.4 17.7 8.1 7.1 3.5 
1965 4.2 4.3 11.1 20.7 44.3 305.0 191.0 57.9 22.3 12.7 3.7 
1966 3.8 3.6 3.7 7.8 57.9 45.2 24.5 9.5 22.5 13 .3 7.3 
1967 4.9 4.6 6.2 10.9 85.4 368.0 184.0 33.4 20.9 14.1 7.3 
1968 4.5 4.2 5.3 8.4 24.7 136.0 40.1 28.1 18.0 10.1 6.5 
1969 2.2 1.9 3.8 23 .7 78.9 77.8 43.6 11.0 7.1 6.7 4.5 

Dikes are built 
1970 0.7 2.1 3.2 3.2 84.4 164.0 55.1 13.2 11.6 7.8 5.9 
1971 1.7 1.6 2.4 8.2 77.6 190.0 74.2 27.7 17.5 17.2 10.1 
1972 5.1 5.7 15.4 17.1 79.7 209.0 69.4 31.8 16.5 9.9 7.8 
1973 2.5 1.1 1.0 1.6 142.0 126.0 43.8 29.5 35.8 14.4 6.7 
1974 1.9 2.1 3.1 30.8 108.0 200.0 64.9 25.6 10.0 8.9 6.9 
1975 4.8 4.4 4.3 6.3 48.9 171.0 203.0 34.0 16.2 11.7 8.4 
1976 6.4 5.5 5.8 14.5 106.0 157.0 80.5 43.9 15.3 10.7 5.2 
1977 1.0 1.1 2.2 28.6 39.1 50.0 16.6 10.3 ILl 6.8 5.9 
1978 4.8 5.0 5.2 8.9 59.5 236.0 125.0 34.1 14.9 16.0 7.7 
1979 0.1 0.4 2.7 21.7 67.8 91.1 45.4 32.0 14.6 9.2 4.1 
1980 0.8 0.2 0.3 5.8 132.0 199.0 65.5 15.3 13.8 10.7 5.5 
1981 5.2 3.1 4.8 16.3 76.4 171.0 40.2 15.0 10.7 9.6 8.6 
1982 4.4 5.0 5.2 8.3 31.6 129.0 93.1 28.0 20.0 23.5 8.8 
1983 4.4 3.6 5.5 14.7 106.0 206.0 100.0 20.9 12.1 11 .5 7.6 
1984 4.5 3.8 3.3 6.9 88.3 143.0 63.3 26.6 10.6 11.4 6.7 

Dam Tender's Records 
1991 
1992 
1995 
1996 
2001 
2002 

Full Year 

Total yearly Runoff, 

Dec. stream flow (Ac-ftlyr) 

3.5 187.3 11,514 

7.4 309.7 19,044 
8.0 428.0 26,319 
5.3 525.4 32,307 
4.6 364.3 22,397 
6.2 683.4 42,019 
4.2 203.3 12,499 
4.8 744.5 45,777 
3.9 289.7 17,812 
2.1 263.3 16,188 

-----. Average Runoff = 24,588 

4.5 355.6 21 ,864 
6.8 435.0 26,747 
6.1 473.5 29,1 12 
5.0 409.5 25,181 
5.4 467.6 28,754 
7.5 520.4 31 ,997 
3.2 454.0 27,912 
2.9 175.6 10,795 
2.1 519.1 31 ,919 
1.2 290.3 17,850 
5.2 454.2 27,925 
4.7 365.5 22,475 
5.3 362.2 22,269 
5.7 498.1 30,624 
1.6 370.0 22,747 

-----. Average Runoff = 25,211 

36,746 
31 ,006 
37,164 
25,390 
5,777 
6,832 

~ Average Runoff = 23,819 
Note: - All 1960-1984 flow records above are from the USGS website. Also included are years with complete flow records from the Dam Tender's records (1991-2002). 
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- Evaporation loss accounts for the months of May through October only, and has an average value of229 Ac-ftlsix months. 

HotSpringsCoun~,VVY 

Hydrologic Unit Code 10080007 

Latitude 43-39-57, Longitude 108-47-34 NAD27 
Drainage Area 131.00 square miles 
Gauge Datum 6,120.00 feet above sea level NGVD29 

Year 
Jan. Feb. Mar. Apr. 

1960 0.0 0.0 8.7 15.6 
1961 0.0 0.0 0.0 4.5 
1962 0.0 0.0 0.1 21.4 
1963 0.0 0.9 0.6 2.9 
1964 0.8 1.0 1.8 11 .5 
1965 1.2 1.4 7.6 15.9 
1966 0.9 1.7 2.8 4.2 
1967 0.3 0.6 1.5 5.4 
1968 1.1 2.7 3.4 6.7 
1969 0.2 0.2 1.0 18.0 

1970 0.2 0.8 1.3 3.7 
1971 0.0 0.0 0.2 4.1 
1972 0.3 0.9 6.4 9.3 
1973 0.0 0.0 0.0 1.8 
1974 0.1 0.3 1.7 5.9 
1975 0.0 0.0 0.1 1.0 
1976 0.1 0.9 1.2 4.6 
1977 0.0 0.5 2.3 20.0 
1978 0.8 1.3 2.1 5.6 
1979 0.0 0.0 1.1 9.4 
1980 0.0 0.2 0.2 14.5 
1981 2.4 2.1 2.3 2.8 
1982 0.4 0.9 1.9 4.6 
1983 0.5 1.0 0.7 7.5 
1984 0.3 0.2 0.4 5.0 

Dam Tender'S Records 
1991 
1992 
1995 
1996 
200) 
2002 

Monthly mean stream flow, (ft) /s) 
May Jun. Jul. Aug. Sep. Oct. Nov. 

45 .9 54.8 15.8 4.5 4.7 4.8 2.3 
52.3 86.1 19.5 10.0 19.3 6.2 0.0 
57.1 150.0 73.2 25 .5 12.4 6.2 4.1 
76.8 84.2 61.7 22.5 23 .7 11 .8 3.5 
57.9 81.6 79.2 12.3 4 .0 2.5 1.3 
45.5 130.0 79.5 52.2 20.9 12.8 3.2 
45.4 39.5 18.5 4.2 13.5 3.0 0.7 
81.9 49.3 23 .0 37.7 17.2 11.9 3.8 
25.7 102.0 44.4 23.0 16.3 4.6 1.4 
61.0 64.7 39.8 10.2 5.3 4.5 1.8 

Dikes are built 
69.0 104.0 65.7 9.6 7.8 4.0 0.6 
43 .9 125.0 89.3 19.8 9.6 9.9 2.7 
34.9 150.0 78.2 23.5 12.5 6.6 1.7 
18.6 120.0 33.4 19.0 17.4 8.4 3.6 
90.1 134.0 86.9 20.7 7.8 5.9 0.4 
17.8 56.3 27.6 60.4 10.5 6.8 3.1 
83 .1 142.0 77.0 29.5 11.4 6.9 1.5 
37.1 45.2 13.6 7.3 8.3 4.7 2.3 
20.6 49.6 101.0 43.5 10.7 7.3 1.5 
48.7 99.7 33.7 25.1 13.8 8.0 1.9 
67.9 138.0 111.0 14.8 13.0 7.6 3.9 
14.3 88.7 74.0 10.8 6.7 5.8 8.9 
32.4 126.0 124.0 31.7 19.8 20.5 3.8 
29.6 66.2 104.0 48.8 11.1 9.6 2.5 
31.5 150.0 73.5 21.7 8.3 6.9 0.9 

Dec. 

0.0 
0.0 
1.3 
1.1 
1.8 
3.8 
0.3 
1.1 
0.4 
0.2 

0.3 
0.1 
0.0 
2.7 
0.2 
0.8 
0.4 
0.8 
0.2 
0.0 
2.6 
3.9 
1.5 
0.0 
0.2 

Table 11.7 
Anchor Reservoir Outflows 

(Based on years with complete records) 

Full Year 

Total yearly OUtflO~~ Seepage & Evap. Losses. 
stream flow (Ac-ftlyr (Ac-ftlyr) 

157.0 9,654 , },861 
197.8 12,165 t 6879 
351 .3 21,600 ; 4.719 
289.7 17,813 ' 14.494 
255.7 15,722 6675 
374.0 22,994 • 19024 
134.7 8280 f 4.219 
233.7 14,367 31410 
231.7 14,247 , 3.565 
206.9 12,720 ! 3467 

Averages = ----+ 14,956 9,631 

267.0 16,417 5447 
304.6 18727 8020 
324.2 19,935 9177 
225.0 13,832 11.349 
353.9 21,760 6.994 
184.4 11,340 206S7 
358.6 22,048 SJ64 
142.1 8,740 2- }SS 
244.2 15,01 5 16905 
241.3 14840 3010 
373.7 22976 4949 
222.6 13,685 J 8790 
367.5 22,595 -326 
281.5 17,307 I 13.317 
299.0 18,387 4.360 

Averages = ----+ 17,174 8,038 

25,863 I 10M3 
22,748 r 8,2S8 
23,805 : 13.359 
23914 \ 1.476 
3,864 1,913 
4,742 j 2090 

Averages = ----+ 17,489 6,330 
Notes: - All 1960-1984 flow records above are from the USGS website. Also included are years with complete flow records from the Dam Tender's records (1991-2002). 
- The year of 1997 had water elevations above 6410' during late June, early July (26 days). However, flow records were not complete to include in chart above. 
- The year of 1999 experienced high water loss with late June and most likely July having water elevations above 6410' (16 days). Unfortunately, the month of July was lost and the year's flow records were not complete. 
- The Dam Tender's records were used to find when the water surface elevation was above 6410'. 
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Seepage Loss, 
% Seepage Loss Comments 

(Ac-ftlyr) 

1,632 14% 
6,650 35% 
4490 17% 
14265 44% 
6446 29"10 
18795 45% 
3990 33% 

31 181 68% 
3,336 19"10 
3238 20% 
9,402 33% 

5218 24% 
7,791 29"/0 
8,948 31% 
11 120 45% 
6,765 24% 
20428 64% 
5,635 20% 
1,826 17% 

16676 53% 
2781 16% 
4720 17% 
8561 38% 
-555 -3% 

13088 43% 
4131 18% 
7,809 29% 

10654 29"/0 Water loss due to water elevation being above 6410' during part of June (12 days). 
8029 26% Water loss due to water elevation being above 6410' during July and part of August (38 days). 
13 130 36% Substantial water loss with water elevation above 6410' during late June and July (39 days). 
1247 5% 
1,684 30% 
1 861 28% 
6,101 26% 
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what the percentage of reservoir water lost to seepage is. The Dam Operator's records 
were used to increase the range of years and also to see when the reservoir's water 
surface exceeded the 6,410 feet elevation and was diverted to the area behind the 
dikes. It is noted in the tables when the water spilled over the dikes, because the 
percentage of seepage that occurred at that time was higher due to Sinkhole #3 (photo 
V.l) 

Presently, Anchor Reservoir's maximum storage is limited by the contractual 
elevation of 6,400 feet. This maximum allowable storage is limited to about 5,000 
AC-FT of water. Discussed in later sections are the detailed options for increasing 
Anchor Reservoir storage and considering alternative reservoir sites within the Owl 
Creek Basin. 

D. Irrigated Lands 

5 

1. Existing Lands 

Due to the narrow characteristics of the Owl Creek Drainage Basin, e~sting irrigated 
lands do not extend far from the source of water supply, however the distribution 
ditches are relatively long. The existing irrigated lands, as used in this report, within 
the Upper and Middle Area is 12,574 acres5

• For comparison, aerial photographs 
taken in 1995 suggest that there is 12,740 irrigated acres. This difference in acreage is 
normal for farming operations. Fluctuations in runoff most likely reflect the 
fluctuations in irrigated acreage. In 1995, the Basin's runoff was greater; hence, the 
increase in irrigated acreage. Fields that are irrigated in the Upper and Middle Area 
usually yield alfalfa hay, meadow hay or are irrigated pastures. 

An estimate supplied by the District suggests there is currently 4,880 acres irrigated in 
the Lower (Lucerne) Area. This estimated acreage differs from that documented in 
the Decree of 1955 of 4,426 acres for the lower area. This increase in irrigated land 
can be the result of modem farming efficiencies and technologies. The Lower area is 
restricted in the maximum amount of acreage that can be irrigated due to the 
contractual and physical amount of water pumped from the Big Hom River. The 
primary crops raised in the Lower Area are malt barley, com, alfalfa hay, and dry 
beans, as well as pasture. 

2. Potential Lands 

Increasing stored water available in the Owl Creek Basin is the primary way of 
increasing irrigated land acreage in the Upper and Middle Areas. This would provide 
for greater acreage by allowing irrigation earlier in the year and also prolonging the 
irrigation season later into the summer. Even if additional lands were not irrigated, it 
would be possible for the producer( s) to increase hay yield during the season as a 
result of stored water. Right now, the philosophy is, "use it while you got it", resulting 
in high consumption and in some cases inefficient use of Owl Creek water when the 
creek is flowing full. Capturing the water during peak runoff and containing it for 
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later use, would allow producers to decide whether developing more lands would be 
practical. Construction of additional distribution ditches would also need to be 
considered. Observations during field reconnaissance, indicate that in the past there 
were more irrigated land than at present. This is correlated by what is observed in the 
historical runoffs in Table II.t, which shows past years as somewhat wetter than 
presently. 

The Lower (Lucerne) Area with its contractual amoWlt of diverted water can irrigate a 
total of 4,426 acres. This acreage can change, as suggested earlier, from year to year 
due to dependencies on crop prices and cost of seed. But with the specified amoWlt of 
water pumped for this area, producers are somewhat limited in how much land can be 
cultivated for cash crops. 
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III. 
RESOURCE DEMANDS 



ID. Resource Demands 

A. Diversion Requirements 

6 

7 

1. Upper and Middle Area 

The reason for detennining the Crop Irrigation Requirement (CIR) throughout the 
District and the Owl Creek Drainage Basin is to compare water supply to the 
theoretical irrigation demands. The Upper and Middle Area of the drainage basin is 
made up of an estimated 12,574 irrigated acres including the acreage irrigated by the 
Arapaho Ranch· of 2,300 acres. The 12,574-acre value was arrived at, by using the 
1955 Contract Approval Decree between the USBR and the Owl Creek Irrigation 
District. The Decree provided for approximately 17,000 acres on the entire Owl 
Creek Drainage Basin. The total acreage includes the Upper, Middle, Arapaho Ranch 
and Lower (Lucerne) Areas. Subtracting out the Lower Area acreage results in the 
foregoing value of 12,574. Furthennore, the Contract cited a diversion requirement of 
3.06 AC-FT/Acre. As noted by the Sponsors at the September Planning Meetings, 
there are many acres of irrigated land outside the District. In response to those 
comments, a review of irrigated acreage as shown on aerial photography taken in 1995 
was conducted. That exercise resulted in an estimated total irrigated acreage of 14,405 
acres in the Upper and Middle Areas including Arapaho Ranch. 

Detennining an exact acreage to use for the different areas of the Owl Creek Basin 
resulted in comparing different documents and estimates. It is assumed that the 
overall irrigated total for the District is 17,000 acres. So all irrigated acreage in the 
district stems from the 17,000 acre basis. For example, a District letter6 estimates 
4,880 acres are irrigated in the Lucerne Area leaving 12,120 acres for the Upper and 
Middle Areas. The Contract of 1993 provides for 3,260 acres of irrigated land in the 
Lucerne Area resulting in 13,740 acres for the Upper and Middle Areas. The 
Tabulation of Exhibit A in the 1955 Contract shows 3,984.1 acres and the 2003 
Assessment role shows 4,024 acres in the Lucerne Area A very maximum acreage 
would be comprised of 14,405 for the Upper and Middle areas, based on aerial 
photography with 4,024 acres in the Lower area (2003 Assessment) for a total of 
approximately 18,430 acres. In order to keep the irrigated acreage consistent 
throughout the report, 17,000 acres total is used with 12,574 acres being in the Upper 
and Middle areas. 

CIR has been calculated following the methodology developed by Pochop, Teegarden, 
Kerr, Delaney and Hasfurther in Wyoming Water Resource Center (WWRC) 
Publication #92-06, titled Consumptive Use and Consumptive Irrigation Requirements 
in Wyoming. CIR is the consumptive use requirement of a crop minus the 
precipitation received. Table ID.1 illustrates the CIR for the Upper and Middle 
regions growing season, April through October. 

No fonnal crop reports were available on the Basin to indicate crop rotation. 
However, the District estimated that in the Upper and Middle Areas, 70% of the land 
was in hay with 30% in irrigated pastures 7• Visual observation indicated that the hay 
is divided up into 50% Alfalfa Hay and 50% Meadow Hay. When the CIR is applied 
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to the proposed crops and proposed irrigated acreage, the total monthly water demand 
(AC-FT) can be generated. Keep in mind that the Maximum, Mean and Minimum 
CIR values are shown in Table m.l. Table m.l can be used as a basis to help develop 
a monthly diversion amount schedule for the l2,574-acre region. With the increase in 
use of distribution piping and gated pipe, it is assumed that the losses within the 
system will be 30% for deep percolation and on-fann losses. With seepage, 
evaporation and diverted water upstream, the conveyance losses are assumed to be 
45%. These inefficiencies can be applied to the CIR to arrive at the total monthly 
maximum, mean and minimum diversion required from Owl Creek and its tributaries. 

Gauged records have been obtained·from South Fork Owl Creek and North Fork Owl 
Creek at locations situated upstream of the majority of diversion points. The gauged 
flows for each location have been compiled into monthly averages and compared to 
the maximum, mean and minimum diversions required according to the CIR values. 
These results are illustrated in Table m.2. As noted in Table m.2, runoff values from 
Red Creek and Mud Creek are not included because of the large average standard 
error (57%) associated with them, although the regression equations supplied by the 
USGS are the best alternative to estimating stream flow. 

2. Lower (Lucerne) Area 

Using the Contract Approval Decree of 1955 between the USBR and the Owl Creek 
Irrigation District, the allotted irrigated acreage in the Lucerne Area is 4,426 acres. 
The decree also acknowledged the agreement within the Owl Creek Irrigation District 
that the Lucerne irrigators would exchange their water rights on Owl Creek for the use 
of water provided by the Big Hom River. Pumping Plant # 1 consists of two pumps 
delivering 40 cubic feet per second (CFS) to the Lower Canal and two pumps 
delivering 44 CFS to the Upper Canal, for a total of 84 CFS being diverted out of Big 
Hom River. The re-lift pump station located at the end of the Upper Canal is 
responsible for delivering 33 CFS to the Dempsey Canal. 

Since the District has a contractual and physical limitation on the irrigation water 
pumped, the cultivated acreage and/or crops is limited. However, Table m.3 does 
suggest what the total CIR demand is during the irrigation months. As seen from 
Table m.3 during July the highest demand" period, the mean water supply appears 
ample (84 CFS supply vs. 69 CFS demand). The July maximum demand of 96 CFS 
exceeds the pumping capacity of 84 CFS. During all other months, the supply is 
adequate. Certain reaches of the canal( s) experience seepage, which ranges from 
minor to major. The monthly volume of water supplied by the pump stations, shown 
in Table m.4, contractually assumes all losses are accounted for. Therefore, if 
excessive losses are identified, it behooves the District to implement improvements. 
To arrive at a diversion requirement, losses are added to the CIR. Since more on-fann 
distribution piping and gated pipe are being used than historically, waste and deep 
percolation losses are assumed at 30% of the CIR. Because of some severe seepage 
areas, canal and distribution losses to the fann. turnout are assumed at 40% of fann 
delivery (CIR plus on-fann losses). Again, these components are totaled to arrive at 
an overall diversion requirement. 
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B. Storage Requirements 

In order to establish a basis for detennining Owl Creek Basin's need for additional water 
storage, a comparison of the average monthly stream flows from South Fork and North 
Fork Owl Creek versus the calculated diversion requirements from Table ID.I needed to 
be constructed. Table ID.2 shows the monthly maximwn, mean and minimwn diversion 
requirements for the Upper and Middle Areas and compares each monthly diversion 
requirement to the total estimated monthly supply from South Fork and North FQrk Owl 
Creek. The monthly maximwn and mean diversion requirements far exceed the average 
monthly water supply with only the minimwn diversion requirement being satisfied with 
the basin's runoff. With the large deficits shown in Table ID.2, increasing available water 
within the basin during the irrigation season is a priority and is the primary way of 
significantly reducing the water supply deficit. 

Table ill.2 water supply values are not exactly the amount of water available at the 
proposed alternative reservoir sites discussed later in the report. This is because the 
alternative reservoir sites are further downstream of the gauging stations used and 
conveyance losses and diversion tum-outs for irrigation along the creeks will decrease this 
amount of water available for storage. As of now though, the best data available for 
detennining what the storage capacity needs are for an alternative reservoir site, is the 
average monthly stream flow data produced from the gauging stations on North Fork Owl 
Creek near Basin Ranch and South Fork Owl Creek below Anchor Dam. Keep in mind 
that Red Creek and Dry Cottonwood Creek stream flow values are not included in Table 
III.2. If average stream flow data was available for Red and Dry Cottonwood Creek it 
would help reduce the deficit shown in Table ID.2. 

As it has been discussed earlier, this drainage basin on average is water short during the 
latter part of the irrigation season. During the peak of the runoff season there is typically 
an exc~ss of water that can not all be utilized effectively and the water eventually flows 
into the Big Hom River. Capturing this excess water would greatly prolong the irrigation 
season and increase water storage. Also, there is commonly some water flowing in the 
creeks during the non-irrigation season, either due to late or early season stonns. It would 
be a benefit for the basin to store the water that flows during the non-irrigation season for 
use in the following irrigation season. In the far right column of Table ID.2, it shows what 
the total deficit is for the maximwn, mean and minimwn when the average water supply is 
compared to the total calculated diversion requirements. In order to satisfY the diversion 
requirements, there has to be a reservoir that is capable of storing the deficit amount or 
close to the deficit amount. In this case, a reservoir capable of 56,226 AC-FT of storage 
is required to satisfY the maximwn diversion requirement. In contrast, a reservoir capable 
of storing 20,759 AC-FT is necessary to satisfY the mean diversion requirement. 
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Engineer's estimate includes Upper, Middl d Ar ah R h ean apl 0 anc acrea ge. 
Assumptions : Crop % Acreage 

Hay 70 8,802 
Pasture 30 3,772 

i ,E Total " 100 ",12,574 
Based on visual observation assume Hay IS 50% Meadow and 50% Alfalfa 

Crop 
Crop Total 

Max C.I.R. 
acre-ft of 

Rotation % Acreage water 

12,574 inches max 
Meadow Hay 35% 4401 4.03 1477.97 

Alfalfa 35% 4401 4.26 1562.32 
Pasture 30% 3772 4.03 1 266.83 

Com (silage) 
Com (grain) 
Sugar Beets 

Barley 
Beans 

Monthly CIR (acre-ft) 4,307.12 

Deep Percolation & on-farm losses 
30% 1,292.14 

(acre-ft:) 

Conveyance Loss (acre-ft) 45% 2,519.66 

Ac-ft 8,118.92 
Diversion Requirement 

ft3 /s 132.04 

Crop 
Crop Total 

MaxC.I.R. 
acre·ft of 

Rotation % Acreage water 

12,574 inches max 
Meadow Hay 35% 4401 9.24 3 388.77 

Alfalfa 35% 4401 9.70 3557.48 
Pasture 30% 3,772 9.24 2904.44 

Corn (silage) 
Com (grain) 
Sugar Beets 

Barley 
Beans 

Monthly CIR (acre-ft) 9,850.69 

Deep Percolation & on-farm losses 
30% 2,955.21 

(acre-ft) 

Conveyance Loss (acre-ft) 45% 5,762.65 

Ac-ft 18,568.54 
Diversion Requirement 

ft3/s 301.99 
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Table 111.1 
Upper and Middle Area of Owl Creek 

(Crop Irrigation Requirement) 

Upper & Middle = 10,274 Acres 
Arapaho Ranch = 2,300 Acres 

April 
Mean acre-ft of 

Min C.I.R. 
C.I.R. water 

inches mean inches 
1.76 645.47 0.00 
1.93 707.81 0.09 
1.76 553.26 0.00 

1,906.53 

571.96 

1,115.32 

3,593.81 

58.45 

June 
Mean acre-ft of 

Min C.I.R. 
C.I.R. water 

inches mean inches 
4.48 1 643.04 0.00 
4.79 1 756.73 0.00 
4.48 1408.21 0.00 

4,807.99 

1,442.40 

2,812.67 

9,063.05 

147.40 

acre-ft of 
water 

min 
0.00 
33.01 
0.00 

33 .01 

9.90 

19.31 

62.22 

1.01 

acre-ft of 
water 

min 
0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Total 
MaxC.I.R. 

acre-ft of 
Acreage water 

12,574 inches max 
4,401 6.18 2,266.46 
4401 6.49 2,380.15 
3,772 6.18 1,942.68 

6,589.30 

1,976.79 

3,854.74 

Ac-ft 12,420.83 

ft3 /s 202.01 

r. Total MaxC.I.R. 
acre-ft of 

,Acreage water 

i 12,574 inches max 
4401 8.52 3,124.71 
4401 8.94 3,278.75 
3,772 8.52 2,678.12 

9,081.58 

2,724.47 

5,312.72 

Ac-ft 17,118.77 

fe/s 278.41 

April 2004 

May 
Mean acre-ft of 

Min C.l.R. 
acre-ft of 

C.I.R. water water 

inches mean inches min 
2.98 1092.89 0.00 0.00 
3.20 1,173.57 0.00 0.00 
2.98 936.76 0.00 0.00 

3,203.23 0.00 

960.97 0.00 

1873.89 0.00 

6,038.08 0.00 

98.20 0.00 

July 
Mean acre-ft of 

Min C.I.R. 
acre-ft of 

C.I.R. water water 

inches mean inches min 

6.10 2237.18 2.76 1,012.23 
6.46 2,369.21 3.08 1,129.59 
6.10 1,917.43 2.76 867.56 

6,523.81 3,009.38 

1,957.14 902.81 

3,816.43 1,760.49 

12,297.39 5,672.68 

200.00 92.26 

Nelson Engineering TABLE III.] 



Engineer's estimate for the Upper, Middl dAr ah R h ean a 0 anc acreage. 
Assumptions: Crop % Acreage 

Hay 70 8,802 
Pasture 30 3,772 

.' Total iit 100 12574 
Based on visual observation assume Hay is 50% Meadow and 50% Alfalfa 

Crop 
Crop Total 

MaxC.I.R. 
acre-ft of 

Rotation % Acreage water 

12,574 inches max 
Meadow Hay 35% 4401 7.15 2622.20 

Alfalfa 35% 4401 7.54 2765.23 
Pasture 30% 3772 7.15 2247 .60 

Corn (silage) 
Corn (grain) 
Sugar Beets 

Barley 
Beans 

Monthly CIR (acre-ft) 7,635.04 

Deep Percolation & on-farm losses 
30% 2,290.51 

(acre-ft) 

Conveyance Loss (acre-ft) 45% 4466.50 

Ac-ft 14,392.05 
Diversion Requirement 

rels 234.06 

Crop 
Crop Total 

MaxC.I.R. 
acre-ft of 

Rotation % Acreage water 

12,574 inches max 
Meadow Hay 35% 4401 0.79 289.73 

Alfalfa 35% 4,401 0.83 304.40 
Pasture 30% 3772 0.79 248.32 

Corn (silage) 
Corn (grain) 
Sugar Beets 

Barley 
Beans 

Monthly CIR (acre-ft) 842.46 

Deep Percolation & on-farm losses 
30% 252.74 . (acre-ft) 

Conveyance Loss (acre-ft) 45% 492.84 

Ac-ft 1,588.03 
Diversion Requirement 

fe/s 25.83 
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Table 111.1 Continued 
Upper and Middle Area of Owl Creek 

(Crop Irrigation Requirements) 

Upper & Middle = 10,274 Acres 
Arapaho Ranch = 2,300 Acres 

August 
Mean acre-ft of 

MinC.I.R. 
~. acre-ft of Total 

MaxC.I.R. 
C.I.R. Acreage water , water 

inches mean inches !. min 12,574 inches 

4.97 1,822.71 2.39 876.51 4401 4.64 
5.29 1,940.06 2.66 975 .53 4401 4.89 
4.97 1,562.32 2.39 751.30 3772 4.64 

5325.09 2,603.34 

1,597.53 781.00 

3,115.18 1,522.96 

10,037.79 4,907.30 Ac-ft 

163.25 79.81 fbs 

October 
Mean acre-ft of 

Min C.I.R. 
I,. acre-ft of 

C.I.R. water ~ water 

inches mean inches j.ii min 

0.22 80.69 0.00 0.00 
0.24 88.02 0.00 0.00 
0.22 69.15 0.00 0.00 

237.86 0.00 

7l.36 0.00 

139.15 0.00 

448.36 0.00 

7.29 0.00 

April 2004 

September 
acre-ft of Mean acre-ft of 

Min C.I.R. 
acre-ft of 

water C.I.R. water I ~ water 

max inches mean inches min 
1,701.68 2.27 832.50 0.00 0.00 
1,793.37 2.44 894.85 0.00 0.00 
1,458.58 2.27 7l3 .57 0.00 0.00 

4,953.63 2,440.93 0.00 

1,486.09 732.28 0.00 

2,897.87 1,427.94 0.00 

9,337.60 4,601.15 0.00 

151.86 74.83 0.00 

Nelson Engineering Table IILl (continued) 
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South Fork Supply 504 2,927 

North Fork Supply 
824 2582 

Total Est. Supply 1,328 5,509 

Table 111.2 

Upper & Middle Area of Owl Creek 
Estimated Diversion Requirement 

Compared to Average Water Supply (Ac-ft) 

5,995 3,812 1,445 

406 

10,078 4,820 1,851 

Note : - Positive numbers indicate that the Estimated Water Supply is in excess of the Diversion Requirement. 
- Negative numbers represent a shortage in water supply for the Diversion Requirement. 
- Red, Dry Cottonwood and Mud Creek stream flows are not included in the table above. 

April 2004 

750 461 

314 209 
Totals 

1,064 670 25,320 



uceme) Area is 4,426 acres . Engineer's estimate for the Lower (L 

Assumptions: Crop % 

Malt Barley 19 
Com 16 

Alfalfa Hay 57 
Dry Beans 8 

Total = 
" 

100 

Crop Total 
Crop 

Rotation, % Acreage 

4,426 
Meadow Hay 0% 0 

Alfalfa 57% 2523 
Pasture 0% 0 

Com (silage) 8% 354 
Com (grain) 8% 354 
Sugar Beets 0% 0 

Barley 19% 841 
Dry Beans 8% 354 

Monthly CIR (acre-ft) 

Deep Percolation & on-farm losses 
30% 

(acre-ft) 

Conveyance Loss (acre-ft) 40% 

Ac-ft 
Diversion Requirement 

fels 

Crop 
Crop Total 

Rotation, % Acreage 

4,426 
Meadow Hay 0% 0 

Alfalfa 57% 2523 
Pasture 0% 0 

Com (silage) 8% 354 
Com (grain) 8% 354 
Sugar Beets 0% 0 

Barley 19% 841 
Dry Beans 8% 354 

Monthly CIR (acre-ft) 

Deep Percolation & on-farm losses 
30% 

(acre-ft) 

Conveyance Loss (acre-ft) 40% 

Ac-ft 
Diversion Requirement 

fels 

Acreage 

841 
708 

2,523 
354 

4,426 

Max C.I.R. 

inches 

4.26 

0.00 
0.00 

4.03 
0.00 

MaxC.LR. 

inches 

9.70 

5.25 
5.25 

9.24 
3.80 
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Table 111.3 
Lower (Lucerne) Area of Owl Creek 

(Crop Irrigation Requirement) 

<=== 

April 
acre-ft of Mean acre-ft of , acre-ft of 

Min C.LR. 
water C.I.R. water water 

max inches mean inches min 

895.60 1.93 405.75 0.09 18.92 

0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 

282.42 1.76 123.34 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 

1,178.02 529.09 18.92 

353.41 158.73 5.68 

612.57 275.13 9.84 

2,143.99 962.95 34.44 

34.87 15.66 0.56 

June 
acre-ft of Mean acre-ft of 

Min C.I.R. 
acre-ft of 

water C.LR. water water 

max inches mean inches min 

2039.28 4.79 1007.03 0.00 0.00 

154.91 2.11 62.26 0.00 0.00 
154.91 2.11 62.26 0.00 0.00 

647.52 4.48 313.95 0.00 0.00 
112.13 1.31 38.65 0.00 0.00 

3 108.75 1484.15 0.00 

932.62 445.24 0.00 

1,616.55 771.76 0.00 

5,657.92 2,701.15 0.00 

92.02 43.93 0.00 

April 2004 

May 
Total I'" acre-ft of Mean acre-ft of 1 acre-ft of 

MaxC.LR. ~in C.I.R. Acreage water C.LR. water water 

4,426 inches max inches mean inches min 

0 
2523 6.49 1,364.43 3.20 672.75 0.00 0.00 

0 
354 1.28 37.77 0.15 4.43 0.00 0.00 
354 1.28 37.77 0.15 4.43 0.00 0.00 

0 
841 6.18 433 .08 2.98 208.83 0.00 0.00 
354 0.00 0.00 0.00 0.00 0.00 0.00 

1,873 .05 890.44 0.00 

561.91 267.13 0.00 

973 .98 463.03 0.00 

Ac-ft 3,408.94 1,620.60 0.00 

fels 55.44 26.36 0.00 

July 
Total 

MaxC.LR. 
acre-ft of Mean acre-ft of 

+ C.I.R. 
acre-ft of 

Acreage water C.LR. water water 

4,426 inches max inches mean inches min 
0 

2523 8.94 1,879.50 6.46 1,358.12 3.08 647.52 
0 

354. 8.75 258 .18 6.13 180.88 2.57 75.83 
354 8.75 258.18 6.13 180.88 2.57 75.83 

0 
841 8.52 597.07 6.10 427.48 2.76 193.42 
354 9.11 268.81 6.42 189.43 2.82 83 .21 

3,261.74 2,336.78 1,075.81 

978.52 701.03 322.74 

1,696.11 1,215.13 559.42 

Ac-ft 5,936.37 4,252.94 I 1,957.98 

fels 
I 

96.55 69.17 I 31.84 

Nelson Engineering TABLE ID.3 



uceme) Area is 4,426 acres. Engineer's estimate for the Lower (L 

Assumptions: Crop % Acreage 
Malt Barley 19 841 

Com 16 708 
Alfalfa Hay 57 2,523 
Dry Beans 8 354 
Total = 100 4,426 

Crop 
Crop Total 

MaxC.l.R 
Rotation, o/! Acreage 

4,426 inches 
Meadow Hay 0% 0 

Alfalfa 57% 2,523 7.54 
Pasture 0% 0 

Com (silage) 8% 354 9.39 
Com (grain) 8% 354 9.39 
Sugar Beets 0% 0 

Barley 19% 841 7.15 
Dry Beans 8% 354 7.79 

Monthly CIR (acre-ft) 

Deep Percolation & on-farm losses 
30% 

(acre-ft) 

Conveyance Loss (acre-ft) 40% 

Ac-ft 
Diversion Requirement 

ft3/s 

Crop 
Crop Total 

Max C.l.R. 
Rotation, o/! Acreage 

4,426 inches 
Meadow Hay 0% 0 

Alfalfa 57% 2,523 0.83 
Pasture 0% 0 

Com (silage) 8% 354 0.26 
Com (grain) 8% 354 0.26 
Sugar Beets 0% 0 

Barley 19% 841 0.79 
Dry Beans 8% 354 0.00 

Monthly CIR (acre-ft) 

Deep Percolation & on-farm losses 
30% 

(acre-ft) 

Conveyance Loss (acre-ft) 40% 

Ac-ft 
Diversion Requirement 

rels 

29 

acre-ft of 
water 

max 

1,585.17 

277.07 
277.07 

501.06 
229.86 

2,870.22 

861.07 

1,492.52 

5,223.81 

84.96 

acre-ft of 
water 

max 

174.50 

7.67 
7.67 

55 .36 
0.00 

245.20 

73.56 

127.50 

446.26 

7.26 

August 
Mean acre-ft of 
C.I.R. water 

inches mean 

5.29 1,112.14 

6.74 198.87 
6.74 198.87 

4.97 348.29 
5.43 160.22 

2,018.40 

605.52 

1,049.57 

3,673.49 

59.74 

October 
Mean acre-ft of 
C.l.R. water 

inches mean 

0.24 50.46 

0.03 0.89 
0.03 0.89 

0.22 15.42 
0.00 0.00 

67.64 

20.29 

35.17 

123.11 

2.00 

Table 111.3 Continued 
Lower (Lucerne) Area of Owl Creek 

(Crop Irrigation Requirement) 

September 

Min C.I.R. 
acre-ft of Total 

MaxC.l.R 
acre-ft of Mean acre-ft of 

water Acreage water C.I.R. water 

inches min 4,426 inches max inches mean 
0 

2.66 559.23 2,523 4.89 1,028.05 2.44 512.97 
0 

3.74 110.35 354 5.88 173.50 3.30 97.37 
3.74 110.35 354 5.88 173.50 3.30 97.37 

0 
2.39 167.49 841 4.64 325.16 2.27 159.08 
2.66 78.49 354 1.67 49.28 0.50 14.75 

1,025.91 1,749.49 881.55 

307.77 524.85 264.46 

533.47 909.73 458.41 

1,867.16 Ac-ft 3,184.07 1,604.42 

30.37 fe/s 51.78 26.09 

Min C.I.R. 
acre-ft of 

water 

inches min 

0.00 0.00 

0.00 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

April 2004 

Min C.l.R. 
acre-ft of 

water 

inches min 

0.00 0.00 

0.00 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Nelson Engineering TABLE III.3 (continued) 
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Pumping Plant #1 
84 84 

Total Supply 84 84 

Max. Diversion 
35 55 

29 

26 

58 

0 

Deficit (-) 
83 84 

Table 111.4 

Lower (Lucerne) Area of Owl Creek 
Estimated Diversion Requirements 
Compared to Water Supply (ftJ/s) 

84 84 

84 84 

92 97 

-8 

44 

40 

0 32 

84 52 

Note: - Positive numbers indicate that the Supply satifies the Diversion Requirement. 
- Negative numbers represent a shortage in water supply for the Diversion Requirement. 

April 2004 

84 84 84 

84 84 84 

85 52 7 

32 

26 2 

58 82 

30 0 0 

54 84 84 
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IV. Existing Systems 

8 

A. Anchor Reservoir 

Anchor Dam is a thin arch concrete dam high on the South Fork of Owl Creek. 
Overall structural height of the dam is 208 feet with a crest elevation of 6,452.5 feet. 
As completed the dam impounds a potential storage volume of 17,354 AC-FT, at a 
water surface elevation of 6,441 feet. The reservoir was intended to store water for 
use by the Middle and Upper Areas of the Owl Creek Irrigation District as well as a 
prescribed 2,300 acres within Arapaho Ranch. The dam was constructed by the USBR 
beginning in 1957 and completed in 19608

• Upon initial filling, sinkholes developed 
in the floor of the reservoir in a number of locations and of various sizes and shapes. 
In spite of extensive efforts by USBR over the next 8-9 years, the floor of the reservoir 
was never successfully plugged to enable filling to capacity and allowing proper 
management of the water. The reservoir has provided flood control benefits and some 
irrigation storage on an annual basis. The dam operator of record is the Owl Creek 
Irrigation District. The dam is operated in compliance with the Amendatory Contract 
No. 1-07-60-W0701 titled Amendatory Contract Between the United States of 
America And The Owl Creek Irrigation District S~perseding Contract No. 14-06-600-
1730, copy is enclosed in Appendix A. Among a number of requirements imposed by 
the contract is the provision that the water level be operated to not exceed elevation 
6,400 feet under nonnal operating conditions. Based on the published Area-Capacity 
Curve enclosed as Figure IT.l, the resulting storage is about 5,000 AC-FT. Internal 
dikes (photo V.l) were completed in 1970 to prevent water from pooling over the 
Waste Rock Area, Sink Hole No. 10 and Sink Hole No.3 where excessive leakage 
had been previously documented. The internal dikes were reportedly topped out at 
elevation 6,410 feet; thus, when water level exceeds 6,410 feet it will spill into already 
defined leak areas and not be available for irrigation release. No significant work on 
repairing the reservoir has been completed since that time. A more detailed review of 
th~ USBR's efforts to investigate and seal the reservoir are contained in Section V.A. 
of this report. 

B. Distribution System 

1. Upper and Middle Area 
In the Upper and Middle Area's of the Irrigation District water is distributed through a 
series of ditches which are direct diversions from Owl Creek and its tributaries. There 
is not a stereotypical pattern of canals, laterals and sub-laterals. The series of ditches 
or canals radiate from Owl Creek similar to "ribs from a backbone". The distribution 
system is illustrated on Figures IV-I through IV-5. The ditch headgates are regulated 
by and routinely checked by the SEO Water Commissioner. The District does not 
employ a ditch rider to operate the system in the Upper and Middle Area Canal 
maintenance and FTO settings are left up to the individual producers. Typically, Owl 
Creek is in regulation by mid-June each year. Only a few of the diversion structures 
include flow measurement devices. As required by the consulting contract and 
specifically requested by the Irrigation District Board at the Scoping Meeting each 
diversion was located by GPS coordinates and inspected during the summer of 2003. 
Inspection included an assessment of the diversion structures physical condition, 
nominal measurements of the structure's dimensions, visual assessment of the 
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structures hydraulic efficiency, and photographs taken. The information is accessible 
through the GIS database. Overall, the condition of the diversion structures is poor to 
good. Many of the diversions need significant repairs or improvements. A summary 
of diversions by Area and drainage is as follows: 

Middle Area (Downstream of Hamilton Dome Highway) 

Owl Creek 19 diversion points 

Mud Creek 1 diversion point 

Upper Area (Upstream of Hamilton Dome Highway) 

Owl Creek 2 diversion points 

South Fork of Owl Creek 11 diversion points 

Red Creek 3 diversion points 

North Fork of Owl Creek 13 diversion points 

Total Diversion Points 49 

In many instances, the diversion point has migrated upstream from the original 
location due to washout and repairs over the years. There are a number of locations 
where feeder or waste ditches run from an upgradient main ditch to a lower main ditch 
to supplement its supply. In a number of locations the main ditches or canals traverse 
through porous soils, thereby experiencing significant losses. The District m~y want 
to consider these ''very leaky sections" as reaches where lining or piping is 
worthwhile. Conservation measures would enable more water to be distributed down 
canal. The ditches are not in accessible right of ways, so traversing down them for 
inspection purposes is very time consuming and difficult. Even though the overall 
distribution system is not as effective as it could be, the producers seem to be content 
with the existing layout (re: comments from September 9th and 11th, 2003 Planning 
Meetings). 

Arapaho Ranch encompasses some 2,300 acres of irrigated land and is situated near 
the lower end of the Districts Upper Area Several of the main canals including the 
Padlock, McQueen, Chessington-Wilson, Sliney # 1 , Woodward-Johnson, and Dewitt, 
either pass through the ranch or the diversion is located on the ranch. The diversions 
and canals through the ranch are reasonably well maintained. 

Generally, tribal owned lands are south of Owl Creek up to the confluence of the 
North and South Forks. Above the confluence, Tribal Lands lie south of the South 
Fork of Owl Creek and encompass the majority of Dry C0ttonwood Creek and Red 
Creek. Diversions and ditches were not inspected that serve tribal lands, other than 
Arapaho Ranch. 
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2. Lower (Lucerne) Area 

As described in Chapter ll, the lower area distribution system is comprised of one 
primary pump station (84 CFS), one re-lift pump station (33 CFS) and three main 
canals. The canals are: 

-Upper Canal 2.9 miles 
-Lower Canal 8.6 miles 
-Dempsey Canal 8.1 miles 

The distribution system is mapped digitally in the GIS database and is illustrated on 
preceding Figures IV.5 and IV .6. 

The system was inventoried in the summer of 2003 by Nelson Engineering (NE) 
personnel. The condition of the canals and main line structures are noted and 
documented and are catalogued in the GIS database. A hard copy tabulation of 
the structures and physical characteristics. of the canals is also illustrated in 
Appendix B,Tables B.1, B.2, and B.3. 

Generally speaking, the channels are in fair to good condition as the District has 
systematically kept up with the cleaning. Most important with regard to the canals, are 
noted areas of high seepage loss as shown on the maps. The district is concerned with 
implementing water conservation measures and better management of the water they 
have. At the planning meeting in November 2003, with Lower Area producers, these 
issues were discussed at length and priorities were set for implementing repairs and 
seepage control. This topic is discussed at more length in Chapter V, Alternative to 
Increase Water Supply. 

The primary pumps were refitted and replaced within the last few years and are in 
good operating condition. The re-lift pump station has been maintained similarly. 

Structures along the canals are in varying states of physical conditions as seen from 
the proposed Rehabilitation Plan in Appendix B. The most widespread needs are to 
add safety features, such as wider catwalks, handrails, grab ropes, etc. Some 
structures need repairs to operate more efficiently. For example, undersized culverts 
at certain locations restrict canal flows. Many of the fann turnouts are of the Constant 
Read Orifice (CRO) type, allowing flow measurement. 
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v. Alternatives to Increase Water Supply 

A. Increase storage in Anchor Reservoir 

1. Background 

As previously stated, in order to consider improvements to Anchor Reservoir, a full 
appreciation of geological complexities and its history should be reviewed. Anchor Reservoir 
was originally conceived as early as 1934 (Bureau, 1950). Initial studies for the project were 
conducted in 1940 (Bureau, 1971) and various studies were conducted in the years following. 
Anchor Dam was fmally constructed between 1957 and 1960 with an intended design capacity 
of 17,354 AC-FT (Bureau, 1971). It is a thin concrete arch dam having a structural height of 
208 feet and 69,350 cubic yards of concrete were used in its construction. The crest of the 
service spillway is at elevation 6,451.5. 

At the reservoir, the piezometric surface in the underlying rocks is in excess of 1,000 feet 
below the bottom of the reservoir. This condition precludes seepage mounding to the 
reservoir elevation and thus hydraulic gradient of seepage remain extremely high. 

Sinkhole #1 was identified in the reservoir area as early as 1952, and numerous sinkholes 
have developed since first filling. Anchor Reservoir has remained well below capacity ever 
since, although heavy rains in 1991 filled the reservoir to within three feet of the service 
spillway (Kurtz, 1991). This would correspond to an elevation of approximately 6,448.5, 
however the Bureau states on their website that ''the maximum reservoir elevation to date is 
believed to have been at Elevation 6,418.5 on July 5, 1967." Stains observed on the 
downstream dam face during a September 10, 2003 site visit that are believed to be due to 
seepage through the dam tend to corroborate the higher pool version. 

Dam Foundation Construction. Solution cavities and other problematic phenomena were 
noted from the beginning of construction. Two to three foot wide solution cavities were noted 
along bedding dip in a six foot thick bed of dolomite in the Tensleep Sandstone at the toe of 
the left dam abutment. Discovery of these features prompted additional investigations 
including an extensive 35-hole drilling program that uncovered additional solution cavities. In 
April 1958, Owl Creek was intentionally diverted into a solution cavity near the dam 
foundation. A total of 254 AC-FT was routed into this cavern over a two week period, with 
no trace of emergence of the water in the canyon below and no sign of any impact to water 
levels in any exploratory holes. A team of consultants recommended concreting of caverns 
and grouting of solution channels and concluded that the relatively tight shales of the 
ChugwaterlDinwoody formations underlay the rest of the reservoir. Construction proceeded 
with additional excavation and plugging of cavities. 

Sinkhole #3. In 1958, a 300-foot diameter circular crack in the reservoir area was discovered 
700 feet upstream of the right abutment. In 1961, during first filling of the reservoir, this area 
collapsed, forming Sinkhole #3 (photo V.1). Sinkhole #3 is believed to be the largest sinkhole 
fonned in the reservoir. An estimated 90,000 cubic yards of material and 880 AC-FT of water 
over a 26-hour period were consumed by the sinkhole. In one particular half-hour period, the 
estimated inflow to this sinkhole was estimated to be 2,210 cubic feet per second. Maximum 
vertical displacement was measured as 70 feet. Later that year, an inverted, graded filter was 
constructed in an attempt to plug the leak. About 45,000 cubic yards of compacted rock, 
cobbles, gravel, sand, and compacted earth was placed in the sinkhole. Additional attempts to 
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plug the hole were conducted in 1962, when 70 bales of hay, 26,000 cubic yards of soil via 
dozer, and 5,175 cubic yards of material via blasting were placed in the hole. Later that year, a 
dike was constructed around the sinkhole to allow stomge to elevation 6,375. By 1964, a total 
of 65,000 yards of material had been placed or sluiced into Sinkhole #3. In 1975, isolation 
dikes having a crest elevation of 6,415 and a volume of 55,000 cubic yards were constructed 
to isolate Sipkhole #3 and the Waste Rock Area (described below) from the reservoir. In 
1978, one of these dikes was overtopped and breached, and later reconstructed with a spillway 
capacity of75 CFS and a crest elevation of6,412.8 (Bureau, 2003). 

Sinkhole #11. Sinkhole # 11 (photo V.l) developed in 1963 along the strike of a known fault 
and was 300 feet long, 35 feet wide, and 11 feet deep. Various attempts to plug this sinkhole 
ensued, including blanketing of the sinkhole in 1965. In 1967, an additional compacted earth 
blanket and isolation dike were installed in an attempt to minimize losses. 

Waste Rock Area. Leaks were confirmed in the waste rock area (photo V.l) in 1963 and 
large reservoir losses were noted. Various efforts were made to plug numerous leaks in this 
area, and sometime before or during 1967 a dike was constructed to elevation 6,387 to isolate 
the numerous leaks in the waste rock area Numerous additional sinkholes formed in 1974, 
and in 1975, isolation dikes having a crest elevation of 6,415 and a volume of 55,000 cubic 
yards were constructed to isolate Sinkhole #3 and the Waste Rock Area from the reservoir. 

Other Sinkholes and Leaks. The above represent only a small portion of the various 
sinkholes and leaks identified by the Bureau over the years. In excess of 50 sinkholes have 
been cataloged (Jarvis, 2003). A 1991 news article (Kurtz, 1991) quoted Bureau spokesman 
Ted Christienson as follows: 

"The sinkholes generally appear 200 yards above the dam, and some years they 
do not appear at all. Other years, as many as 25 sinkholes will drain the reservoir, 
so there's no telling if the water will be available." 

Repairs via Sluiced MateriaL Several attempts to repair leaks via sluicing material were 
documented. Several internal dikes were constructed in the interior of the reservoir to 
capture sediment to be used for repairs. There is no indication in the various reports that 
these attempts have been successful long term. However, one breakthrough that 
consumed water at a rate of arl estimated 200 CFS was plugged via sluicing the following 
year with 50 cubic yards of material. The area was later ponded intentionally and 
accepted no water. The later performance of this plug is undocumented. 

Restricted Reservoir Operations. On March 30, 1992, Contract 1-07-60-W0701 was 
signed between the Bureau and the Owl Creek Irrigation District that placed operation 
restrictions on the reservoir and turned maintenance operations over to the District. To 
prevent damage to the waste rock isolation dikes and to minimize sinkholes, the reservoir 
is operated to not exceed elevation 6,415, and the Bureau must be notified anytime the 
reservoir elevation exceeds 6,400 feet (Bureau, 2003). A notch in the dikes begins 
spilling at elevation 6,412.8 feet, where storage capacity is reported as 7,572 AC-FT 
(Bureau, 2003). Under the "Sinkhole Maintenance" clause, the contract states: 

The District may make repairs to the sinkholes and dikes. Repairs that the 
District chooses not to accomplish shall be made solely at the discretion of 
Reclamation. The cost of any discretionary repairs, determined necessary by 
Reclamation, shall be paid by the United States. 
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The Bureau's website (Bureau, 2003) describes the current state of the 
reservoir as follows: 

No attempt is made to store water in the reservoir from season to season 
under present operating conditions. The dam is currently operated to 
provide flood control and extend the irrigation season with what water can 
be stored. Sinkholes continue to develop in the reservoir each summer as 
the weight of the water collapses the floor and sinkholes develop. Some 
of the sinkholes are new, whereas others are old sinkholes that reappear 
from previous years. 

Previous Research. During the 1960s and to a lesser extent the 1970s, state-of-the-art 
research was conducted on Anchor Reservoir. Research activity in the 1960s featured 
the collaborative efforts of the Bureau of Reclamation, the United States Air Force, the 
United States Geological Survey, and the u.s. Atomic Energy Commission. Advanced 
geophysical techniques for the time including high resolution gravimetric surveys, 
infrared imaging, and newly developed seismic resonance techniques developed for the 
lunar program were employed. Even military classified techniques were employed, and 
the special handling associated with their use resulted in the misplacement and loss of 
some of the collected data. Highlights of the results of some of this advanced research 
are summarized below: 

• Deep Drilling Program. Various deep wells were installed to depths of 
more than 1,000 feet to connect with the deep aquifer in the Madison 
Limestone in attempts to isolate the fate of the lost reservoir water. 
Numerous difficulties, including caving in the Chugwater Formation were 
encountered during installation. Ground-water readings were taken in 
these wells during periods of reservoir storage and showed a significant 
correlation to reservoir levels with an approximately two-week lag. These 
studies generally concluded that a ground-water mound approximately 
1,000 feet below the reservoir forms in response to losses from the 
reservoir. 

• Remote (Infrared) Sensing. Remote sensing was employed to try to detect 
anomalous heat signatures caused by buried cavities. This technique 
identified two known sinkholes areas as well as two anomalies thought to 
overlie additional cavities. Additional efforts identified linear anomalies 
thought to coincide with fracture zones and three additional circular 
features thought to coincide with potential sinkholes. 

• Gravimetric Surveys. In 1964, a 1400 station detailed survey conducted 
on a 100-foot grid over a % by 1 mile block in the lower reservoir area 
was conducted. Gravimetric surveys use extremely sensitive instruments 
to detect small changes in the Earth's gravity and can detect areas of 
anomalous density beneath the surface. This and later surveys identified 
several gravimetric lows coinciding with known areas such as Sinkhole 
#3. Unfortunately, gravimetric techniques are not usually good at 
pinpointing the vertical depth of anomalies. 
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• Seismic Resonance Surveys. Seismic resonance techniques developed to 
detect subsurface cavities on the moon were also employed in 1964 to 
confirm results of the gravimetric techniques. This early seismic method 
was successful in identifying a fault associated with a surface crack and 
confirming lows of the gravimetric method 

• Geophysical Drill Hole Logging. A very limited program of temperature 
and gamma logging was conducted prior to abandonment for fear of 
losing well probes in the holes due to caving. Gamma logs appeared to 
confirm the presence of a fault and temperature logging appeared to 
indicate that no reservoir water was entering two of the exploratory holes. 

• Dye, Radioisotope and Dissolved Oxygen Investigations. The purpose of 
these investigations was to obtain more information regarding the source 
and ultimate fate of lost reservoir water. Dye and radioactive Tritium 
were injected into sinkholes and leaks as they appeared No dye was ever 
detected, but Tritium was detected in the deep aquifer wells. High 
ground-water velocities were detected in wells on the north shore of the 
reservoir. High concentrations of dissolved oxygen in some wells 
indicated that water may be cascading down at high velocity sufficient to 
entrain air. The conclusion from all of these studies was that two water 
loss mechanisms, one rapid and one slow, may be occurring. 

Reservoir Loss Studies. Perhaps the lowest technology study conducted over the period 
of intense research may actually be the most informative and useful for this study. 
Detailed records of losses versus reservoir pool were compiled from the inflow, outflow 
and reservoir pool measurements. This data was plotted as reservoir pool elevation vs. 
loss in cubic feet per second. An example of one of these graphs from 1974 (Bureau, 
1974) is reproduced in Photo V. 2. The graphs provide several important insights not 
revealed by the high technology studies: 

• Loss Hysteresis. A negative trend is noted in the data for several years. 
Losses are generally lower when the reservoir is filling than when the 
reservoir is falling later in the season. This potentially indicates that the 
increased head in the reservoir is causing incrementally higher seepage 
rates. In other words, new seepage pathways are opening as the reservoir 
is exposed to higher reservoir head This is particularly evident in 
relatively high runoff years, including 1967, 1974 and 1975 (not shown). 
Some other years, however, tend to show a slightly opposite effect, 
indicating that some progressive sealing of leaks could be occurring. 

• Long Term Seepage Reduction. Despite the hysteresis effect, the curves 
generally show a trend towards reduction in seepage over the study 
period. This is likely to be at least partially due to the extensive repair 
efforts conducted over the period of study. In fact, the curves seem to 
show a shift in regime after 1967 at low pool elevations, which coincides 
with the end of a period of relatively intense remedial construction 
activity. After 1967, the curves show a relatively stable pattern from year 
to year, however, construction plugging continued during this interval. 
Between the period prior to 1967 and 1975, low level losses appear to 
have been reduced by approximately 50 percent. 
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• Significantly Increased Losses Above Threshold Elevations. The curves 
also show greatly increasing losses above certain threshold elevations. In 
general, these coincide with elevations of dikes that have been installed to 
isolate areas within the reservoir. The flattening of curves on this graph 
show dramatic increases in loss rates associated with these features. In 
some cases, the dramatic increase is associated with the breakthrough of 
new features. For instance, in 1973 the curve flattens substantially above 
elevation 6,385, when water collapsed a feature associated with a fault. 
This feature prevented the reservoir from rising substantially above that 
elevation. It is also possible that these curves indicate that much more 
extensive loss rates can be expected at higher pools, even if losses are not 
concentrated. 

• Low level losses. While the dramatic losses of several hundred cft and 
higher occur at high reservoir pools, the loss studies tend to indicate 
smaller, but persistent losses at low level pools. For instance, average 
loss rates of 10 CFS (7,300 AC-FT per year) are indicated at reservoir 
pools as low as elevation 6,350. This elevation corresponds to a storage 
capacity in Anchor Reservoir of approximately 260 AC-FT, or a virtually 
empty reservoir. This tends to indicate that the bulk of the average annual 
observed losses could potentially be occurring when the reservoir is 
nearly empty (at least as of 1975), despite the dramatic losses that occur 
at higher (but much rarer) pools. An explanation for these phenomena 
could be that there are very concentrated leaks at low levels in the 
reservoir. The steepness of the curves in the lower levels in most of the 
years after 1967 indicates tends to corroborate this theory since loss rate 
increases relatively slowly compared to inundated area. Another possible 
explanation is that the bulk of average losses are not in the reservoir. 
Reservoir loss data examined in previous studies and as part of this study 
are based on inflow and outflow records at USGS gauges above and 
below Anchor Reservoir. There is a considerable stretch of stream 
between the Anchor Reservoir low pool and either gauge. Significant 
losses could potentially be occurring in these stretches. If either 
explanation is correct, it is possible that a very focused patching effort 
could reduce these persistent, low-level losses, at least temporarily via 
lined ditch or similar measures. Additional analyses and data are 
required to assess this potential. Recommendations for further analysis of 
this phenomenon are presented later. 

2. Summary of Relevant Issues Related to Repairing Anchor Reservoir 

Based on a review of available studies and data on Anchor Reservoir, and new 
information collected as part of this study, the following issues are relevant or may be 
relevant to any future plan of action for repairing Anchor Reservoir: 

• Leakage rates are large and persistent. It appears that the underground system 
of voids is capable of consuming water at sustained rates at higher pool levels well 
in excess of several hundred cubic feet per second, despite repairs already made. 
As dramatic as these loss rates are, there are indications that persistent, low-level 
losses may represent the bulk of existing observed losses. 
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• Large underground voids may still exist and are subject to future collapse. It 
is not apparent that all of the potential voids or low density areas detected in 
previous investigations have collapsed or been repaired. It must be assumed that 
large voids still exist or are being formed beneath the reservoir area There is no 
evidence to suggest that formation of solution cavities has stopped beneath the 
reservOIr. If conditions are constantly degrading, then future collapses are 
possible. 

• Solution features along fault and shear zones are the primary conveyors of 
losses. _ Early theories based on extensive drilling and exploration generally all 
concluded that most of the major pathways of water loss were associated with 
fault and shear zones (Bureau, 1971). Sinkholes, solution cavities, and other 
features were surface expressions of the losses attributed to fault and shear zones. 
The project team concurs that this theory is the most likely explanation of the 
losses observed. Karst features tend to develop along imperfections in the 
susceptible rock layers, and faults and shear zones are typical causes of Karst 
features in other areas. 

• Most of the past sinkholes and .higher leakage appears to be concentrated 
near the dam, however, outlying areas are not necessarily free from 
substantial leakage. Detailed maps of recorded sinkholes and concentrated 
leakage areas show that most of the recorded activity· has been located within 
1,000 feet of the dam. However, sinkholes, cracks and other features have been 
documented as far away as 3,000 feet from the dam. Except for a linear string of 
sinkholes along the north shore of the reservoir, sinkhole patterns appear to be 
associated with lower elevations within the reservoir. A possible explanation for 
the concentration of activity near the dam is that faults and shear zones associated 
with the Anchor anticline and syncline would also be expected to be clustered near 
the dam. Another possible explanation is that areas near the dam have 
experienced the longest exposure to submergence and highest reservoir head due 
to their relatively low elevation. Outlying areas may not have had sufficient 
exposure to develop recordable sinkholes and leaks. The actual reason may be a 
combination of both explanations. Reservoir loss curves show rapidly increasing 
seepage as outlying areas are flooded and heads are increased near the reservoir, 
indicating the possibility that even though sinkholes are less common, outlying 
areas may still experience large loss rates. 

• Sinkholes in some cases show clustering patterns. Maps of sinkhole 
development coded by year observed show clustered patterns of scattered 
sinkholes spread over an isolated area or linear feature. This may indicate that 
relatively deep breakthroughs are occurring that affect a relatively broad area. 
Accumulated debris in solution cavities suddenly breaking free under reservoir 
head deep below the surface is one potential explanation. 

• Subsurface attempts to reduce leakage are not cost-effective. Earlier studies 
(Bureau, 1971) concluded that subsurface repairs such as grouting would not be 
cost effective and concluded that surface patching techniques were the only 
potentially cost-effective approach. After observing the large magnitude of the 
problem, the project team concurs with this assessment, despite significant 
advances in recent years with subsurface techniques. Furthermore, there are 
indications that units within the reservoir area are susceptible to additional 
dissolution over time, which could render any subsurface technique of repair 
ineffective and prone to failure over the long term. 
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3. Options for Increasing Storage in Anchor Reservoir 

An evaluation of techniques to increase storage in Anchor Reservoir was included as part of 
this study. The purpose of this study was to evaluate the potential for restoring all or a portion 
of the original design capacity. Based on infonnation provided by the Bureau and other 
sources, it has been nearly 30 years since any type of major research related to increasing 
storage has been conducted on Anchor Reservoir. Significant advances in technology have 
been made since then in reservoir liner, subsurface exploration, and other relevant 
technologies. 

Full Restoration of Storage 

As stated earlier, subsurface techniques to prevent leakage from Anchor are likely to be 
ineffective or, if effective, too high cost to be considered for the scale of problems associated 
with Anchor Reservoir. However, reservoirs of the same order of magnitude size of Anchor 
Reservoir have been successfully lined in recent times to reduce seepage (Heap, 2003) using 
synthetic liners. Other lining technologies include geocomposite (e.g. - bentomat), reinforced 
concrete liners, and graded earth liners. 

Based on what is known about <Anchor Reservoir,. one basic quality that any potential high 
cost liner system must possess in the opinion of the project team is the ability to render the 
reservoir geology irrelevant. This means that: 

• existing voids that could collapse under high stresses induced by reservoir 
pressure must be mitigated to prevent damage to the liner system; 

• all existing solution cavities must be effectively sealed to prevent large losses; 
and 

• seepage into the underlying rocks must be essentially zero to prevent further 
dissolution and fonnation of cavities. 

The various low-cost lining technologies potentially applicable to Anchor Reservoir are 
swnmarized below: 

• Graded Earth Liners. The Bureau over the years has utilized this technique 
to partially seal known areas of large losses (such as Sinkhole #3). Based on a 
review of published infonnation, this techniques has resulted in limited 
success. There is evidence that some patched areas have later blown out, but 
the reason for these blowouts is unclear. For instance, despite placing 65,000 
cubic yards in Sinkhole #3, a portion of which was graded filter, leakage 
problems were still experienced. Other, smaller areas patched with earth were 
also reported as later failing. One possible explanation for these failures is the 
inability of the techniques used to render the geology irrelevant as described 
above. The patches may have failed due to collapse of voids under high 
pressure; and/or seepage through the penneable patch may have dissolved 
underlying materials, creating new voids. While the patches may have failed 
for reasons unrelated to the geology, there is no evidence that this method of 
lining the reservoir would be effective. Further analyses of this method are not 
recommended. 
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• ConcretelRCC/Grout Liners (unreinforced and reinforced). Low-cost 
concrete, roller-compacted concrete, or grout could be used to line the 
reservoir areas. While this lining method is considered to be potentially more 
effective than an earth liner, there are significant potential drawbacks that 
could result in failure of such a system. First, and probably most important, is 
that a relatively thin layer of concrete will tend to crack over time, especially 
when subjected to the high loads induced by a full or substantially full 
reservoir, even if existing underlying voids are prepared beforehand. Cracking 
will greatly increase the already penneable nature of the concrete, ultimately 
resulting in a connection of the reservoir to underlying voids. This connection 
could result in dissolution and ultimate collapse of the liner in selected areas 
and catastrophic loss of reservoir pool. Reinforcing the liner to bridge smaller 
voids and prevent severe cracking would add significant cost (total costs of 
$3/square foot or higher), making it uncompetitive with synthetic liners 
described below. Further consideration of concrete liners is not 
recommended. 

• Synthetic Geomembrane Liners. Synthetic liners made of materials such as 
High Density Polyethylene (HDPE), Reinforced Polypropylene (RPP), and 
Geocomposite Liners (GCL) have been used in similar applications to seal off 
leaks in reservoirs. These liners have the potential, when properly designed 
and constructed, to essentially render the underlying geology irrelevant, and 
thus meet the criteria of providing a solution to increasing storage in Anchor 
Reservoir. Although these types of liners essentially consist of a thin piece of 
plastic (HOPE and RPP liners) or a thin piece of plastic and bentonite (GeLs), 
they have been successfully used in applications where fluid heads are similar 
to those that would be experience at Anchor Reservoir (Heap, 2003). 
However, these types of liners, while able to accommodate some defonnation 
of the underlying materials, would require significant surface preparation and 
careful placement to prevent damage to the liner. Underlying voids would 
require mitigation to prevent large defonnations induced from overlying water 
pressure from rupturing the liner. The liner must also be placed on a relatively 
fine-grained layer of soil to avoid rock punctures. The liner must also 
generally be covered with fine-grained soil to prevent damage from cows, 
vandals, and ultraviolet or meteoric degradation and aging. The cover must 
also be protected from erosion that could expose the underlying liner. Even 
with the most careful protective measures described above, geomembrane 
liners are known to leak. In critical situations, dual liners separated by a fine
grained, penneable material are typically used. The separating layer is 
designed to drain leakage from the upper liner, reducing fluid pressure on the 
second liner and thus minimizing leakage. While the above measures 
significantly increase costs, they do not necessarily preclude the use of 
synthetic liners at Anchor Reservoir. There are some significant technical 
challenges associated with such liners, however, including how to install them 
on the steep, rocky slopes near the abutment of the dam~ if they are deemed 
necessary there. A compromise between concrete liners and synthetic liners 
may need to be made in such areas. Potential synthetic liner options are 
discussed in the next section. 
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Analysis of Synthetic Liners 

Three options for synthetic liner systems were analyzed for potential use for restoring all or a 
portion of the capacity at Anchor Reservoir. These options were presented at the September 9 
and 11, 2003 project meetings and are summarized below: 

• Option 1 - Single, Covered Geomembrane. This option consists of a single 
layer of geomembrane with a protective soil cover. Extensive liner foundation 
preparation including detailed geophysical exploration of the reservoir area is 
included in the analysis of this option to minimize the chance of defonnation of 
the liner or sudden collapse of underground voids. This option is risky in that a 
single liner of this size under projected pressure heads is bound to leak. If areas of 
leakage were able to connect with subsurface voids (a likely scenario), then the 
liner would eventually be rendered ineffective. At best, this could be considered a 
temporary solution. The conceptual cost of this solution, if the entire reservoir 
area is lined is calculated approximately as $35 million (at $1.52 per square foot) 
or $3,200 per AC-FT of gained storage capacity. 

• Option 2 - Single, Uncovered Geomembrane. This option uses a more 
aggressive cost reduction strategy in that the liner is uncovered and subjected to 
faster degradation. Otherwise, all other items are the same as for Option 1. This 
option can be considered a lower capital cost alternative to Option 1. Higher 
maintenance costs will result from repairing the exposed liner, and replacement of 
the entire liner would ultimately be required. The conceptual cost of this solution, 
if the entire reservoir area is lined is calculated approximately as $30 million (at 
$1.30 per square foot) or $2,800 per AC-FT of gained storage capacity. 

• Option 3 - Double, Covered Geomembrane. This option is considered to be the 
least risky and longest lasting option because a dual, covered liner is used. A 
technical challenge is presented with this option in that the key to minimizing 
leakage of the liner system is to keep the separation layer between the two liners 
well-drained to avoid exposing the underlying liner to high fluid pressures that 
increase leakage. Draining the inevitable leakage would require pumping the 
collected leakage out of the reservoir area or providing some exit through the dam. 
The drainage layer would also require a piping system to facilitate drainage. The 
conceptual cost of this solution, if the entire reservoir area is lined is calculated 
approximately as $49 million (at $2.10 per square foot) or $4,500 per AC-FT of 
gained storage capacity. 

When compared to the alternate storage location options presented later in Section V.B, none 
of the above options are competitive with the cost of building new storage at the screened 
alternate locations. For instance, the Hamilton Dome site (Site 1), an off stream site with low 
environmental impact, favorable location, apparently sound geology, a projected service life 
that exceeds any of the above options, and a capacity roughly equal to the capacity gained by 
any of the above options is estimated to cost about $1,300 per AC-FT, or about 112 to 113 the 
cost of full reservoir liners. 
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Costs of the lining pptions only begin to become cost-competitive with alternate storage sites 
if the reservoir does not require a liner over the entire area. The following table shows the 
projected cost per acre-foot of capacity gained for various lined area assumptions for a double 
liner. The analysis examines conceptual costs associated with only restoring a portion of the 
reservoir head as well as various assumptions regarding limiting the area lined (if a portion of 
the reservoir area can be assumed to be subject to only limited leakage and dissolution): 

T bl V1 P a e . rOl )0 rti I LO C t ona mer os 
Maximum Capacity Cost of Liner at % of Inundated Area Lined ($/acre-

Storage Gained feet storage gain) 
Elevation 

(feet) (acre-feet) 50% 75% 100% 125% 
6,410 1,040 $13,518 $20,276 $27,035 $33,794 
6,420 3,715 $ 4,648 $ 6,972 $ 9,296 $11,620 
6,430 7,015 $ 3,010 $ 4,515 $ 6,020 $ 7,526 
6,440 10,975 $ 2,285 $ 3,428 $ 4,571 $ 5,714 

125% - Includes lining above Nonnal Operating Level to protection reservoir during 
(*) flood stage. / 

The table clearly shows that reservoir lining is only relatively cost effective when full reservoir 
head is restored and that even if only 50% of the reservoir requires a liner. Lining Anchor 
Reservoir would cost nearly double the amount per acre-foot of storage gain as an alternate 
site such as Site 1. In the project team's opinion, any assumption of lining less than 50% of . 
the reservoir area is dubious in tenns of a lasting, long-tenn solution due to the extensive 
presence of Karst-susceptible units and probable undocumented fault and shear zones in the 
reservoir area, and the potential for seepage to move laterally from unlined areas to undennme 
lined areas. Also, while historic records indicate a strong tendency for seepage problems to be 
located near the dam, there is also countering evidence that outlying areas have not 
experienced a sufficiently long test to develop serious leakage. In any event, partial lining of 
the reservoir would need to be justified by costly exploration prior to construction that verified 
that large expanses of the reservoir are not subject to further leakage or dissolution via fault 
and shear zones or other mechanisms. Modem geophysical techniques as well as drilling and 
trenching with geologic logging and materials testing would be utilized. Costs of 
appropriately detailed exploration are estimated to be a minimum of $200 per AC-FT of 
storage gain. There is a significant potential that the conclusion of such a study would 
recommend a full reservoir liner. 

Because of the above issues, further consideration of Options 1, 2 or 3 is not recommended. 
At the September 9 and 11 project meeting, the District, WWDC, and other attendees 
concurred with the decision to eliminate full liner options. However, District members 
expressed a strong desire to evaluate other, lower-cost options to provide smaller, interim 
increases in Anchor Reservoir storage (on the order of 1,000 to 3,000 AC-FT), primarily by 
examining a limited raising of existing dikes without a liner system. It was agreed that the 
project team would evaluate incremental improvement options. 
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4. Options for Providing Small Scale Improvements in Anchor Reservoir Storage 

Four options were examined for implementing small-scale improvements in Anchor 
Reservoir. Additionally, the option of no action was evaluated. Due to the nature of the 
existing operation contract between District users and the Bureau, and the federal ownership 
of the dam and reservoir area, any option for improving the storage at Anchor Reservoir will 
require Bureau approval and adherence to federal guidelines and regulations associated with 
federal projects. The Bureau will likely also require a risk analysis of any modification to 
Anchor Reservoir that attempted to increase storage to assure that federal facilities (Anchor 
Dam) are not at risk. The cost of compliance with these requirements and responsibility of 
payment are unknown, however, these costs could potentially exceed the con.strq.ction costs of 
small-scale options if financed by the District. Additionally, the burden of compliance could 
slow the schedule down considerably. These four options analyzed (along with conceptual 
level design and construction costs where appropriate) are summarized in the following 
sections. 

Option 1 - Raise Internal Dikes 

As requested by the district in the September, 2003 project meeting in Thennopolis, the option 
of raising the internal dikes (photo V.l) in Anchor Reservoir was considered. 

It is believed that a downstream raise of the dikes is technically feasible and could potentially 
be constructed without lowering the existing reservoir pool. Raising the pool area would 
expose additional reservoir area to seepage loss. Previous reservoir loss studies hint at losses 
in the 200 cfs or higher range above the crest of the existing dikes, but these studies were 
conducted before the dikes were constructed. Additionally, raising the internal dikes would 
likely increase the risk of development of new sinkholes in the currently inundated area due to 
increased head or deteriorating the condition of existing sinkholes, which could trigger the 
need for a risk analysis to satisfy the Bureau. Additionally, there is an incrementally increased 
risk that the larger dikes and higher heads would result in a hydraulic connection to leaks in 
the waste rock area or Sinkhole No. 3 and trigger a piping failure of the dike and catastrophic 
loss of reservoir pool into Sinkhole No. 3 or other leaks on the other sides of the dikes. This 
risk cannot be estimated with any degree of certainty without extensive geologic and 
geotechnical field investigations and analyses. The cost of analyses that the Bureau would 
find acceptable is unknown. Also, additional seepage losses would be expected, and it is 
unclear whether storage gains would offset increased losses. Previous reservoir loss studies 
(photo V.2) have shown a substantial, consistent increase in seepage rates above the crest of 
the existing dikes. The analyses described later in Option 4 would help to better quantify the 
projected losses. 

Until the analyses recommended in Option 4 can better quantify the low level losses and 
expected additional losses and benefits of this option, we do not believe it should be pursued. 
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Option 2 - Remove Portion of Internal Dikes, Line Restricted Sinkhole Area 

The internal dike system was originally constructed to prevent exposure of the southeastern 
portion of the reservoir to the reservoir pool due to substantial seepage losses observed there. 
On occasion, excess water spills over the dikes into this area and reportedly disappears 
rapidly. This option considers lining this known problem area with a liner, and then removing 
the internal dike to flood the area and increase storage. The liner would be constructed up to 
the base of the existing dikes, where a cutoff wall would need to be installed to prevent 
seepage from the unlined area from reaching the lined sinkholes via seepage under the liner. 
The necessary depth of this cutoff wall is unknown without field investigation and analysis; 
however, a depth of 50 feet is assumed for purposes of this study. 

This option has an advantage over Option 1 in that it increases storage without attempting to 
raise the reservoir pool. This may reduce or eliminate risks associated solely with higher 
reservoir pools in the existing inundated area, and is presumed likely to be more acceptable to 
the Bureau on that basis alone. However, this option likely creates new risks, including 
potential failure of the liner due to collapse of undiscovered voids, failure of the cutoff wall, 
and other factors that may require a ri~k analysis. One concern is the amount of material that 
was sluiced into Sinkhole #3. This material is likely to be soft and ·deformable, and may 
present significant problems for the liner if extensive preparations are not made. If such an 
option failed, it is presumed that the dikes would have to "be reconstructed to their former 
configuration at additional cost. 

Again the analyses of Option 4 is recommended prior to further evaluation of this option due 
to the apparent presence of significant low-level losses not addressed by this option. 

Option 3 - Soil Liner 

Regardless of the amount of losses in the canyon below the dam, significant losses from the 
existing inundated portion of the reservoir are expected to continue following historic patterns. 
Sedimentation into the reservoir may tend to reduce seepage, but even if the sediments have a 
very low hydraulic conductivity (k) of 10-5 to 10-6 cm/sec there will still be significant seepage 
because of high hydraulic gradients. With a k of 10-5 and a hydraulic gradient 1 to 10, seepage 
losses would be on the order of 10 to 100 AC-FT / year / acre. 

An attempt could be made to reduce hydraulic gradient further by importing sediment into the 
existing inundated area. Each doubling of sediment thickness would be expected to reduce 
seepage in half, assuming no loss of sediment to sinkholes or concentrated seeps. Such 
patches, as described previously, could be considered temporary fixes at best. Costs for this 
option depend largely on whether losses are concentrated to specific areas or distributed 
throughout the reservoir area Again, the analyses of Option 4 are recommended as a 
preliminary step before this option is considered further. 
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Option 4 - Operations Analysis and Optimization 

Option 4 involves targeting the existing 8,000 AC-FT estimated annual losses that appear to 
occur either within Anchor Reservoir or in the stream channel below, or both. Operations 
since the previous reservoir loss studies would be analyzed and new data collected to help 
isolate and refine where losses are occurring within and below the reservoir, as well as how 
the losses currently vary with stage in the reservoir. Option 4 would then analyze whether 
changes in reservoir operation could result in more net water available to District users 
through better management of available storage. Option 4 could also help refine whether 
Options 2 or 3 (or variations of these options) are cost effective. 

As part of Option 4, it is also recommended that a visual inspection of the reservoir bottom by 
a qualified geologic team be conducted at the end of irrigation season. The water level should 
be drained as low as possible if the above studies indicate losses are in the reservoir. Such an 
inspection may reveal the location of the apparent low-level leak and various methods for 
correcting the leak( s) could then be reviewed. If the apparent leaks cannot be located, then 
Option 7 can be considered. 

The risk of Option 4 is limited to the costs of the analyses if the conclusions are that no 
improvements to Anchor Reservoir can be made to increase available water supplies. In that 
case, Option 6 described below may be shown to be the best long-tenn course of action. 
However, the risk must be weighed against the valuable insights gained from such an analysis 
relative to the overall project. If the results of the analysis are promising, then Anchor 
Reservoir may remain an integral part of the overall solution, along with construction of 
additional storage. 

Option 5 - No Action 

Option 5 asswnes the status quo with regard to Anchor Reservoir. While there are no direct 
additional costs associated with Option 5, it is not without risk. Although the existing 
inundated area appears to have an anecdotal history of stabilized, but persistent losses since 
the internal dikes were constructed, there remain risks that subsurface conditions are in flux 
(continuous dissolution), and a sudden loss of reservoir pool could occur due to a new 
sinkhole caused by a breakthrough. Such a loss of pool could be initiated by a relatively wet 
year that significantly raises pool elevations. 

Option 6 - Divert South Fork Owl Creek Flows Around Anchor Reservoir 

This option operates on the principle that "an acre-foot of supply saved is an acre-foot of 
supply gained." While it does not increase storage, it is designed to prevent loss of water from 
the area within and down stream of Anchor Reservoir. Up to 8,000 AC-FT of annual average 
losses are known to occur between the USGS gauge above Anchor and the gauge below 
Anchor. This option seeks to avoid a portion of these losses by diverting some of South Fork 
Owl Creek flows around Anchor and into the North Fork Owl Creek. The necessary diversion 
is described later in Section V.C. A portion of the flows would be retained in Anchor to 
satisfy demand from South Fork Owl Creek users; some losses would remain. Unfortunately, 
the timing of diverted flows would generally not coincide with when they are needed, and 
downstream storage would be required to realize the most benefit. Thus, this option is 
probably only useful when combined with downstream storage. It is not recommended for 
further analysis until additional downstream storage is analyzed later in Level II. 
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Option 7 - Utilize Advanced Geophysical Techniques to Identify Low Elevation Leaks 
and Construct Temporary Patches 

District-financed repairs to low-level leaks appear to be allowed under the 1992 Bureau 
contract. If leaks can be identified, patches could be applied in an attempt to stop the 
persistent low-level losses, at least temporarily. If leaks are concentrated to a small area, and 
small patches are deemed to be effective by field investigation, then these patches may 
potentially be cost-effective. While no additional reservoir capacity would be obtained under 
this option, the reliability of existing storage could be enhanced, if successful. 

Modem geophysical techniques have much higher resolution now than when the techniques 
were originally applied to Anchor Reservoir in the 1960's. The successful identification of 
voids and faults then would be enhanced today with better resolution and identification of 
smaller-scale features. For instance, the rapid advance of computer technology has greatly 
improved the collection and processing of data using . seismic techniques, which could 
potentially be used to identify faults and voids. Techniques such as Acoustic Leak Detection 
and Electrical Resistivity Imaging may be useful in locating leaks while they are flowing. 
Even a high accuracy electromagnetic flow measurement survey of the reservoir bottom might 
prove useful in identifying concentrated leaks as they are occurring. ' 

While the above techniques are relatively low-cost and have fair potential to be effective, this 
option is not recommended for implementation until the results of Option 4 are known. 
Option 4 is designed to narrow the location of losses down in part by using existing, available 
data. After the location of losses is narrowed down, and the potential benefit of sealing low
!evelleakage is quantified, then Option 7 can be undertaken if appropriate. 

5. Conclusions 

Option 4 is the recommended course of action for Anchor Reservoir. Option 4 can be 
implemented relatively quickly if desired. Option 4 could form the basis of potentially 
justifying other options such as modified reservoir operations or Option 3 that could improve 
available water supply. For this reason, Option 4 is believed to be preferable to Option 5. 
Option 6 is recommended for analysis at a later date in Level IT in conjunction with analyses 
of increased downstream storage. Recommendations and details for implementing Option 4 
are given in the recommendation section below. At the conclusion of Option 4 analyses, the 
options identified by this study should be re-examined. 

B. Evaluation of Other Storage Sites 

1. Alternative Site Evaluation 

Evaluation of Other Storage Sites 

An alternative water storage site evaluation has been completed for this study as a first 
step toward the goal of increasing overall water storage for the Owl Creek Irrigation 
District as well as other basin irrigators. Alternative sites have been examined for 
comparison to the options for increasing storage in Anchor Reservoir described above. 
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2. Previous Storage Evaluation Studies 

Previous studies related to water storage site evaluation within the Owl Creek Basin 
consist of the following: 

• Substantiating Report on Owl Creek Unit (USBR, 1950). This report 
appears to be the original storage alternative analysis for Anchor Reservoir. 
This report includes an alternative analysis of various configurations of and 
diversion alternatives for Anchor Reservoir, but no evaluation of alternative 
sites. Based on a review of this report, it is not apparent that the Bureau 
considered site alternatives to Anchor Reservoir. 

• Community Reservoir Design Plans. An early set of engineering drawings 
estimated to be from the 1930's was brought to the project team's attention at 
the Thermopolis meeting. The drawings were plans for an off stream reservoir 
named Community Reservoir located near the confluence of North and South 
Forks of Owl Creek. The planned reservoir is much smaller than the target 
capacity identified herein as discussed later, but an overlapping, larger site was 
found and included as part of this study. 

• Summary of the Wind River Basin Water Management Studies (NRCE, 
1994). This study represents a compilation of other previous studies that 
generally targeted the Wind River Basin. The study did identify some 
potential reservoir sites primarily in the southern half of the Owl Creek Basin. 
A total of 13 sites were identified in the Owl Creek Basin having a capacity 
ranging from 2,000 to 46,500 AC-FT. Subject to meeting the storage site 
target constraints developed for this study as described later, each of these sites 
was included in the storage site evaluation. 

• WindlBighom River Basin Plan (DRS, 2003). This study identified several 
potential reservoir sites in the Owl Creek Basin primarily compiled from the 
results of other studies. A total of 15 sites were identified in the Owl Creek 
Basin having a capacity ranging from 1,000 to 46,500 AC-FT on the "long list 
of future water use opportunities." From this list, a "short list" was developed. 
The short list included one storage site, Pumpkin Draw with a storage capacity 
of 2,000 AC-FT and one site, Owl Creek South Fork No.2 with a capacity of 
20,000 AC-FT as a potential hydropower site. Subject to meeting the storage 
site target constraints developed for this study as described later, each of the 
long list sites was incorporated into this storage site evaluation. 

3. Selection of Storage Sites to be Evaluated 

The first step of the storage evaluation was to identify all candidate sites to be 
evaluated as part of this study. To narrow the focus of what sites would be considered 
candidate sites, an initial target capacity range was selected that was deemed to 
provide a balance between potential storage demand and available supply. Once a 
target capacity range was set, a target basin area was selected to further narrow the 
focus to those areas with adequate supply at a location that could feasibly serve 
identified demand. 
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Initial Target Storage Capacity Range. Sites were identified using the initial target 
range of 8,000 to 36,000-plus AC-FT of storage capacity. The range is based on a 
preliminary computation of target demand, flood storage requirements, and probable 
available supply, while taking into consideration the potential for recovering all or a 
portion of the storage in Anchor Reservoir and potentially recovering existing seepage 
losses. Where a site could provide cost efficient storage throughout a significant 
portion of this target range, the initial target capacity for purposes of preliminary 
evaluation of the site was set at approximately 20,000 AC-FT, or the maximum 
storage capacity, whichever was lower. Where sites generally had greater efficiency at 
a certain capacity within the range, that point was selected. 

Target Area. Potential storage sites were identified primarily from the group of 
previously known or District suggested sites as well as from a detailed examination of 
7.5 minute USGS topographic maps. The search for sites was generally limited to the 
topographic area that could supply the Middle or Upper Areas of the District via 
gravity on existing stream, diversion canal or pipe. The target area was further limited 
to those areas that were fed by adequate drainage area or that could be fed by gravity 
diversions from streams with adequate supply. 

Other Considerations. On-stream and off stream sites were included in the 
evaluation. The search for sites was not limited to the Owl Creek Basin so long as the 
sites met other criteria 

4. Candidate Sites 

A relatively diverse set of sites meeting the above constraints was identified that were 
distributed throughout the target area These sites possessed a wide range of 
characteristics for further evaluation. . 

The nine new sites originally identified in the project proposal were supplemented by 
an additional nine sites identified as part of this study bringing the total number of 
storage sites evaluated to 18. The 18 sites are shown in Figure V.I. One site, Anchor 
Reservoir is included for purposes of comparison to other sites. The relation of these 
sites to potential demand and the study drainage areas are presented in Figures V.2 and 
V.3, respectively. A brief description of each of the sites is provided below: 

• Site 1 (Hamilton Dome). This is an off stream site just off North Fork Owl 
Creek above the middle area (Figure V.4). It has a relatively small maximum 
storage capacity (11,000 AC-FT), but is a generally cost-effective and efficient 
site. Surplus process water from Hamilton Dome oil pumping operations 
could be potentially diverted to serve as supplemental supply. The site would 
otherwise rely on water from the North Fork. An outlet canal would route 
water to Owl Creek for use by the middle area 

• Site 2 (On-stream #3). This is an on-stream site on North Fork Owl Creek 
above the middle area (Figure V.5). It has large maximum storage capacity 
(29,000 AC-FT) and is a generally cost-effective and efficient site. Surplus 
process water from Hamilton Dome oil pumping operations could be 
potentially diverted to serve as supplemental supply. The site would otherwise 
rely on water from the North Fork and/or South Fork via diversion. The site 
would require two dams to achieve its maximum storage capacity. 
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• Site 3 (Community Reservoir). 1his is an off stream site supplied via South 
Fork Owl Creek diversion and serving the middle area (Figure V.6). It has a 
relatively small maximum storage capacity (14,000 AC-F1), and is of medium 
cost-effectiveness and efficiency. The water supply diversion from South 
Fork Owl Creek is relatively long (2.7 miles) and the gravity outlet is also 
relatively long (1.7 miles). The reservoir will not serve any of the upper basin 
without pumping. 

• Site 4 (Boghole Spring). 1his is a very efficient off stream site supplied via 
South Fork Owl Creek diversion and serving the middle area (Figure V.7). It 
has a large maximum storage capacity (37,000 AC-F1). It is much more 
efficient and larger than Site 3, but diversions to and from the reservoir are 
much longer and more difficult. The darn site is in Pumpkin Draw at the 
confluence of several branches. However, this site is difficult to reach with a 
diversion on Owl Creek and its remoteness requires a long outlet canal (--.{j 
miles long) in difficult terrain to serve the middle area. Otherwise the service 
area would be limited. 

• Site 5 (On-stream #4). 1his site (Figure V.8) is adjacent to Site 2 and very 
similar to it. It has a significantly smaller maximum capacity (16,000 AC-F1) 
and is somewhat less efficient than Site 2. Supply and demand characteristics 
are the same as Site 2. 

• Site 6 (Chokecherry Spring #1). 1his is an on-stream site on North Fork 
Mud Creek (Figure V.9) capable of supplying users on Mud Creek and the 
lower area Maximum capacity is relatively low (16,000 AC-F1) and the site 
storage is very inefficient. 

• Site 7 (Chokecherry Spring #7). 1his is an on-stream site (Figure V.10) very 
similar to Site 6 except that it is larger capacity (33,000 AC-F1) and much 
more efficient. 

• Site 8 (On-stream #5). 1his is an on-stream site on North Fork Owl Creek 
upstream of Site 5 (Figure V .11). Storage capacity of this site is moderate 
(18,000 AC-F1) and storage efficiency is relatively high. 1his can serve the 
middle area and potentially the upper area if a diversion tunnel or open cut is 
constructed through the ridge separating the North and South Forks of Owl 
Creek. 

• Site 9 (Basin Ranch). This is an off stream site just off North Fork Owl 
Creek above the upper district (Figure V.12). It has a very small storage 
capacity (8,000 AC-FT) and is very inefficient. 

• Site 10 (On-stream #1). 1his site is located just upstream of Anchor 
Reservoir in a narrow canyon (Figure V.l3) on South Fork Owl Creek. 
Storage capacity of this site is low to moderate (16,000 AC-F1) but storage 
efficiency is low. 

• Site 11 (Eagle Nest Ranch #1). 1his site is located on North Fork of Owl 
Creek at the higher end of the study area (Figure V.14). Storage capacity of 
this site is low to moderate (16,500 AC-F1) and storage efficiency is relatively 
high, however the water supply is very limited. 

• Site 12 (Red Creek). 1his site is located on Red Creek near the mouth 
(Figure V.l5). Storage capacity of this site is low (12,000 AC-F1) and 
efficiency is generally low. The site is able to serve the upper area, however, 
the Red Creek drainage basin is small and the availability of adequate supply 
at this site is likely an issue. 
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• Site 13 (On-stream #2). 1bis site is located on South Fork Owl Creek below 
Anchor Reservoir (Figure V.16). Storage capacity of this site is high (27,000 
AC-FT) but efficiency is generally low. The site is able to serve the upper 
area. 

• Site 14 (Anchor Reservoir). See Previous Section. 
• Site 15 (Eagle Nest Ranch #2). 1bis site is located on North Fork of Owl 

Creek at the higher end of the study area (Figure V.18). Storage capacity of 
this site is high (25,000 AC-FT) and storage efficiency is relatively high, 
however the water supply is very limited. 

• Site 16 (Cottonwood Creek). 1bis site is located off stream in the 
Cottonwood Creek Basin (Figure V.19). 1bis reservoir would require that 
supply be diverted from Cottonwood Creek (a basin for which the District has 
no known water rights) and routed to the North Fork Owl Creek via diversion. 
The diversion would enter the North Fork near Site 8. Storage capacity of this 
site is high (28,000 AC-FT) and storage efficiency is relatively high. 

• Site 17 (Confluence). 1bis site is located at the confluence of North and 
South Forks of Owl Creek (Figure V.20). 1bis site would require a long, 100w 
dam and has a target capacity of 28,000 Ac;-FT but could provide efficient 
storage well in excess of this amount. 

• Site 18 (On-stream #6). 1bis is an on-stream site on the North Fork Owl 
Creek between Sites 5 and 8 (Figure V .21). This site can serve the middle 
area and potentially a portion of the upper area via diversion. 

5. Site Evaluation Factors 

Each of the 18 sites were evaluated based on a set of key evaluation factors, including: 

• Geologic considerations 
• Available water supply (including feasibility of obtaining additional supply) 
• Location of the site relative to demand (including feasibility of construction 

outlet diversions) 

• Site efficiency 
• Availability of construction materials 
• Land considerations (availability, ownership, current usage) 

• Cost 
• District member input 
• Other key, generally site specific factors 
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Site # Name Site # Name 

Hamilton Dome 10 Onstream #1 

2 Onstream #3 11 Eagle Nest Ranch #1 

3 Offstream #2 12 Red Creek 

4 Boghole Spring 13 Onstream #2 

5 Onstream #4 14 Anchor Reservoir 

6 Chokecherry Spring #2 15 Eagle Nest Ranch #2 

7 Chokecherry Spring #1 16 Cottonwood Creek Figure V.1 - Sites Selected for Preliminary Evaluation 
8 Onstream #5 17 Confluence 

9 Basin Ranch 18 Onstream #6 
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Site # Name Site # 

Hamilton Dome 10 

2 Onstream #3 11 

3 Offstream #2 12 

4 Boghole Spring 13 

5 Onstream #4 14 

6 Chokecherry Spring #2 15 

7 Chokecherry Spring #1 16 

8 Onstream #5 17 

9 Basin Ranch 18 

Name 

Onstream #1 

Eagle Nest Ranch #1 

Red Creek 

Onstream #2 

Anchor Reservoir 

Eagle Nest Ranch #2 

Cottonwood Creek 

Confluence 

Onstream #6 61 
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Source: Wyoming Water Resources Center, 1999, Agricultural Land Use of Wyoming: University of Wyoming Spatial Data and 
Visualization Center, Laramie, Wyoming 
From online source at : http://wwN.sdvc.uwvo.edu/clearinghouse/agland.html 

Figure V.2 - Agricultural Land (from 1980-1982 aerial photography) 



Site # Name Site # Name 

Hamilton Dome 10 Onstream #1 

2 Onstream #3 11 Eagle Nest Ranch #1 

3 Offstream #2 12 Red Creek 

4 Boghole Spring 13 Onstream #2 

5 Onstream #4 14 Anchor Reservoir 

6 Chokecherry Spring #2 15 Eagle Nest Ranch #2 Figure V.3 - Drainage Basins 
7 Chokecherry Spring #1 16 Cottonwood Creek 

8 Onstream #5 17 Confluence 

9 Basin Ranch 18 Onstream #6 62 
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Figure V.11 - Site 8 (Onstream #5) 
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Site 11 (Eagle Nest Ranch #1) 
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Figure V.15 - Site 12 (Red Creek) 
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Figure V.17 - Site 14 (Anchor Reservoir) 
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Figure V.18 - Site 15 (Eagle Nest Ranch #2) 
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Figure V.19 - Site 16 (Cottonwood Creek) 
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Figure V.20 - Site 17 (Confluence) 
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Site' Nlme Site , Nlme Source: u.s. Geologic Survey, 1994, Bedrock Geology of Wyoming, U.S. Geological Survey, Denver, CO 
1 Haml~on Dome 10 Onslream '1 From online source at : h.11Q.;L11lww sdvc,!Jwyo,edu/24!!bedgelo,html 
2 Onstream 13 It Eagle Nest Ranch #1 
3 Offstream '2 12 Red Creek 
4 Boghole Spring 13 Onslream #2 
5 Onstream #4 14 Anchor Reservoir 
6 Chokecherry Spring #2 15 Eagle Nest Ranch #2 
7 Chokecherry Spring '1 16 Cottonwood Creek 
8 On stream 15 17 Confluence 

Figure V.22 • Site Geology and GeologiC Units with Karst Potential 
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Arapahoe Arapahoe Arapahoe Arapahoe Arapahoe Arapahoe Anchor Eagle Nest Eagle Nest Anchor Anchor Eagle Nest Arapahoe 
Quadrangle Ranch Ranch Ranch Ranch Embar Ranch Ranch Embar Reservoir Ranch Ranch Embar Embar Reservoir Reservoir Ranch Embar Ranch Embar 

North Fork North Fork South Fork South Fork North Fork North Fork North Fork North Fork North Fork South Fork North Fork South Fork South Fork Cottonwood 
Tributary (Onstream) or Supply (Offstream) Owl Owl Owl Owl Owl Mud Mud Owl Owl Owl Owl Red Creek Owl South Fork Owl Owl North Fork Owl Creek Owl Creek North Fork Owl 
Dam Statistics 

Normal High Water 
Capacity (acre-feet) 12568 26640 11923 33969 11554 9249 22748 12860 3130 7805 9734 10078 16450 17354 17354 13348 15211 20278 16260 
Estimated Minimum Additional Storage (acre-feet) 0 6512 2761 5861 8147 7852 13714 8359 8137 10945 10012 3898 14476 0 0 14916 14716 16804 6000 
Surface Area (acres) 379 592 251 533 313 151 264 322 209 140 278 177 329 430 339 283 646 280 
Average Water Depth (feet) 33 45 48 64 37 61 86 40 15 56 35 57 50 39 54 31 58 

Dam 

Proposed Type 
Loned Loned Loned 

Zoned Earthfill 
Loned 

~~~~~I 
Loned Lonea Loned Zoned Zoned zoned Zoned Concrete Thin I Concrete Thin 

Zoned Earthfill Zoned Earthfill Zoned Earthfill Zoned Earthfill Earthfill Earthfill Earthfill EarthfiU I=:uthfill Earthfill Earthfill Earthfill Earthfill Earthfill Earthfill Arch Arch 

Availability of Borrow Materials Very Good Very Good Unfavorable Unfavorable Very Good Unkown Unkown Very Good Unkown Unkown Unfavorable Unkown Unkown N/A N/A Unfavorable Unkown Favorable Very Good 

Jams 2 2 1 1 2 1 1 1 2 1 1 1 1 1 1 1 
Crest Elevation (feet) 5420 5470 5480 5530 5510 5710 5850 5790 6230 6810 7190 5830 5890 6453 6453 6850 6130 5420 5695 
Total Crest Length (feet) 1746 3051 934 1583 1916 915 844 1081 2596 561 2086 1283 1637 660 660 1886 1439 3961 3138 
Maximum Dam Height (feet) 75 110 130 160 75 170 180 100 60 135 80 135 130 208 208 95 130 65 110 
Total Volume (thousand cy) 564 1918 1341 2863 759 1445 1834 1028 248 608 650 1847 2378 69 69 1109 1729 1688 2573 

Storage Efficiency (ac-ftl1000cy) 22 14 9 12 15 6 12 13 13 13 15 5 7 250 250 12 9 12 6 
Inflow Design Flood 

Potential for flood protection Minimal Minimal Minimal Minimal Minimal Minimal Minimal Minimal Minimal Minimal Minimal Minimal Good Good Good Minimal Minimal Significant Minimal 
Estimated Peak Discharge (thousand efs) 11 84 10 20 82 37 36 78 9 75 56 37 100 69 69 60 8 150 81 

Estimated Runoff Volume (thousand acre-feet) 5.3 106.5 4.1 12.2 103.6 30.4 29.2 96.6 3.6 89.9 57.4 30.7 139.7 174.0 174.0 65.0 2.9 255.8 101 .6 
I Prooosed Flood Storaae (ac-ft' 1335 3696 919 2743 2105 848 1914 1931 856 1095 1600 1448 1992 1457 842 4753 2537 
1% Flnnrl Stnr .. nA 11% 14% 8% 8% 18% 9% 8% 15% L!U/n 14U/n 15U/n 14U/n '% 11% "Ufo 7::1% 1"% 

Approximate Flood freeboard (ft) 4 6 4 5 7 6 7 6 4 8 6 8 6 4 3 7 9 
Outlet Works 

Proposed Type Cut/cover Cut/cover Cut/cover Cut/cover Cut/cover Cut/cover Cut/cover Cut/cover Cut/cover Cut/cover Cut/cover Cut/cover Cut/cover Cut/cover Cut/cover Cut/cover Cut/cover 
conduit conduit conduit conduit conduit conduit conduit conduit conduit conduit conduit conduit conduit conduit conduit conduit conduit 

Outlet Elevation (feet) 5345 5360 5350 5370 5435 5540 5670 5690 6170 6675 7110 5695 5760 6755 6000 5355 5570 
Design Capacity (efs) 1100 500 1000 1900 500 500 500 500 500 500 500 500 500 500 500 500 300 500 500 
Approximate Dimension (feet) 10 7 10 14 7 7 7 7 7 7 7 7 7 7 5 7 7 

Service Spillway 

Integrated Unregulated Integrated Integrated Unregulated Unregulated Unregulated Unregulated 
Integratea 

Unregulated Unregulated Unregulated Unregulated Unregulated Unregulated Unregulated Integrated Unregulated Unregulated Proposed Type Outlet 
Outlet Works Concrete Outlet Works Outlet Works Concrete Concrete Concrete Concrete \/\Inrl.." Concrete Concrete Concrete Concrete Concrete Concrete Concrete Outlet Works Concrete Concrete 

Design Capacity (efs) 8300 8200 3600 2333 5200 4933 3667 2400 6667 13500 13500 4000 9933 5400 
Approximate Width (feet) 0 40 0 0 40 20 10 20 0 20 20 10 30 20 0 50 30 

Emergency Spillway 

Proposed Type Cut Channel RCC Cut Channel Cut Channel RCC RCC RCC RCC 
Cut 

RCC RCC RCC RCC RCC Cut Channel RCC Cut Channel Channel 
Design Capacity (efs) 5000 60000 5000 7000 65000 29000 25000 65000 5000 65000 45000 28000 85000 50000 4000 120000 65000 
Approximate Width (feet) 80 400 80 110 430 190 160 430 80 430 300 180 560 330 60 800 100 

Primary Reservoir Diversions 
Inlet 

Length (miles) 1.94 0 2.74 5.47 a a 0 a 0.9051136 0 0 a 0 a 0 0 L 3.25 0 0 
Terrain Favorable None Favorable Moderate None None None None Favorable None None . None None None None None l' Favorable None None 

Outlet 
Length (miles) 0.8 0 1.66 5.63 0 a 0 0 0.4280303 0 a a 0 a 0 a j 1.5 0 a 
Terrain Favorable None Favorable PotentiallY OlflicuH None None None None Favorable II None None None None None None None 1 Favorable None None 

Potential Supply Diversions 
Owl Creek North to South No No No No No No No No No No No No Yes Yes Yes No No No No 
Owl Creek South to North Yes Yes No No Yes No No Yes No No No No No No No No No No Yes 
Cottonwood Creek Yes Yes No No Yes No No No No No No No No No No No Yes Yes No 
Hamilton Dome Yes Yes Yes Yes Yes No No No No No No No No No No No No Yes No 

Drainage Areas (square miles) 
Direct Runoff to Reservoir 2.7 104.4 2.0 7.4 100.9 22.6 21 .5 92.7 1.7 84.9 49.1 22.8 145.5 129.5 93 .6 57.1 1.3 3052 985 
Primarv Reservoir Diversion 100.9 0.0 168.3 168.3 0.0 0.0 0.0 0.0 74 .2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
[Potential Supplemental Diversions 

Owl ( reek North to South ~ ~ 
Owl Creek South to North l5.5 1.l5.5 l5 .5 1 5 .C .C i.e 1 5 
~ottonwood :;reek 2 :;> .0 .0 2 .0 .0 
Hamilton Dome U kown Un kown Un <own Un <own UI kown cown 
Potential Diversions Subtotal 16.7 1'16.7 .0 .0 36 .7 1 5 Ii .2 1 5 

Total Potential Supplv 3 301 .1 l' . 3 1 '5 . 17 .7 2: .2 2126 J i6~6 1 0.7 ! 31;6.4 2, .1 
Assessment of water SUDDlv r avoraDle ravoraOle r avoraPle un avoraDle r avoraOle n avoraole n avoraole r avoraDle ravoraOle ,r avoraDle UnfavoraPle UnfaVOrable ravorable favorable f avorable Unfavorable IUnfavorable ve ",ooa r avoraPle 

Geology Probable Probable Potential Probable Probable Potential Probable Probable Probable Karst Karst Risk Potential Karst 90tential Karst 
Favorable Favorable Favorable Favorable Favorable Karst Karst Karst Karst Karst Karst Karst Karst Favorable Favorable 

Onstream I Offstream Offstream Onstream Offstream Offstream Onstream Onstream Onstream Onstream Offstream Onstream Onstream Onstream Onstream Onstream Onstream Onstream J Offstream Onstream Onstream 

Location Relative to Demand Above Above Above Middle Above Middle . Above Above Above Above Above Above Above Upper Above Upper Above Upper Above Upper Above Upper Above Upper G\bove Middle Above Middle Above Middle 
Middle Middle District District Middle Lower Lower Middle Upper Upper District District District District District District District District District 

Height Efficiency (feet/thousand ac-ftl 6.0 4.1 10.9 4.7 6.5 18.4 7.9 7.8 19.2 17.3 8.2 13.4 7.9 12.0 12.0 7.1 I 8.5 3.2 6.8 
SuJmiy Source In-basin In-basin In-basin In-basin In-basin In-basin In-basin In-basin In-basin In-basin In-basin In-basin In-basin In-basin In-basin In-basin Trans basin In-basin In-basin 
Demand 

Maximum Storage Capacity (ac-ft) 11234 28553 13552 36613 16111 15533 33394 18033 8183 16120 16500 11968 27182 17354 25180 I 28271 28390 18787 
Cost 

Total Project per cubic yard of fill $ 29.42 $ 17.73 $ 19.50 $ 16.67 $ 25.75 $ 20.88 $ 18.19 $ 22.40 $ 47.66 $ 36.57 $ 28.02 $ 16.31 $ 15.88 $ - $ 21 .15 $ 17.28 $ 17.89 $ 13.71 
Total Project per ac-tt of storage $1321 $1276 $2194 $1405 $1 692 $3261 $1 467 $1791 $3778 $2851 $1 870 $2989 $2296 $4 000 $1758 I $1 964 $1 489 $2170 

Serves as backup to Site # 4 2 15 2 8 

Excellent or more than adeCjuate 
Favorable or adequate 
Potential fatal flaw or unfavorable value 

ALTERNA TIVE RESERVOIR CHARACTERISTICS Probable fatal flaw or verv unfavorable value 
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6. Site Evaluation Steps 

In order to focus the evaluation effort on the best candidate sites, the site evaluation was 
broken into a series of three steps to progressively narrow the list of candidate sites 
considered. The three steps are described below: . 

• Step 1 - Initial Evaluation I District Screening. An initial analysis of the site 
evaluation factors was perfonned early on in the study to gather preliminary 
infonnation for presentation at a project meeting conducted in Thennopolis on 
September 9 and 11, 2003. Valuable input on many of the key factors was 
obtained from participants in the meeting as well. The preliminary evaluation 
and meeting served as an initial screening step that reduced the number of sites 
to be evaluated to nine. 

• Step 2 - Field Reconnaissance Screening. Immediately following the 
meeting, a detailed field reconnaissance of the screened sites from Step 1 was 
conducted. The collected infonnation was analyzed in the office and served to 
screen out an additional 4 sites. 

• Step 3 - Final Screening. Further analyses of the site eval~tion factors were 
perfonned in a final screening step to narrow the candidate list to the best four 
alternatives for further consideration on follow-on (Levelll) studies. 

The following sections summarize the results of the water storage site evaluation. 

7. Water Storage Site Selection Factors 

Alternative dam sites were selected through a process of elimination of high-risk sites and 
sites with relatively low efficiencies or other features that would result in relatively high 
construction costs or operational difficulties. Other factors considered include the ability to 
service District lands, water supply, and environmental impacts. 

Table V.1a summarizes general dam infonnation and the factors evaluated for each of the 18 
sites in the preliminary screening step. Table V.1a categorizes evaluation factors for all of the 
sites into one of four categories as follows: 

• Excellent or More than Adequate - The factor evaluated is better than 
average or very attractive. 

• Favorable or Adequate - The factor evaluated is favorable or adequate 
(average). 

• Potential Fatal Flaw or Unfavorable - The factor evaluated is a potential 
fatal flaw or unfavorable (below average). 

• Probable Fatal Flaw or Very Unfavorable - The factor evaluated is likely a 
fatal flaw for the site or very unattractive relative to other sites. 

For purposes of comparison, Anchor Reservoir is subdivided in Table V.1a into the 
existing condition and with a proposed liner system. The factors analyzed in the site 
evaluation process are described in more detail in the following sections. 
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8. Geologic Hazards 

Geologic hazards are considered the most important storage site selection factors in the Owl 
Creek Basin. A significant portion of the storage site target area, including Anchor Reservoir, 
consists of surficial or shallow-depth rock units subject to dissolution and fonnation of 
sinkholes (karst conditions). These same conditions have resulted in numerous seepage and 
storage loss problems at Anchor Reservoir. Additionally, several potential adverse geologic 
structures (faults and folds) are known to exist in the basin storage site target area Geologic 
features such as karst and adverse geologic structures often render potential dam sites 
unusable even when all other evaluation factors are favorable. In other cases, these features 
can result in significant design challenges and the potential for unexpected additional design 
and construction costs. The goal of evaluating geologic hazards as part of this study was to 
eliminate from consideration those sites likely to be associated with known geologic hazards. 
The remaining sites will require careful evaluation in subsequent studies to verify that they are 
not associated with a geologic hazard that cannot be reliably identified at this level and scope 
of study. Some geologic hazards typical to this part of Wyoming that were beyond the scope 

. of this study but that should be addressed by subsurface investigations in subsequent studies 
include: 

• Unmapped local subsurface faults 
• Foundation fracturing due to valley unloading 
• Weak volcanic clay beds 
• Dispersive soils 
• Expansive soils 

• Landslides 
• Liquefiable soils 

9. General Basin Geology 

The Owl Creek Basin is part of the larger Bighorn Basin, a north-northwest trending syncline 
bounded by mountain ranges on the east, west, and south. The surficial geology of the Owl 
Creek Basin includes rocks of Precambrian, Paleozoic, Mesozoic, and Cenozoic ages. The 
combined Paleozoic and younger rock sequence is over 20,000' thick in deep portions and 
generally dips gently northeast within the Owl Creek Basin, except where interrupted by 
sharply folded northwest trending anticlines and synclines found throughout the area of 
interest. Older, Paleozoic rocks are generally exposed in the southwest portion of the basin, 
and Mesozoic and Tertiary age rocks are generally exposed in the northeast portion of the 
basin. The western portion of the basin is characterized primarily by the older Paleozoic 
sedimentary rocks and Tertiary volcanics. The majority of the basin in the area of interest can 
be reduced to four general geologic categories for purposes of site evaluation: 
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• Paleozoic to Triassic Sedimentary Rocks. This rock sequence includes the 
Flathead Sandstone, Gros Venture Fonnation, Gallitin Formation, Bighorn 
Dolomite, Madison Limestone, Tensleep Sandstone, Phosphoria Formation 
limestone, chert, and siltstone; and the ChugwaterlDinwoody gypsiferous and 
dolomitic siltstones and sandstones (redbeds). As described elsewhere in this 
report, most, if not all of the units in this sequence are subject 
to dissolution (Karst) processes. Dolomite beds of the Tensleep Formation, 
gypsum beds in the ChugwaterlDinwoody Formations, and Madison 
Limestone have all been associated with large solution features where they 
have been encountered within the Owl Creek Basin and beyond. 

• Mid to Late Mesozoic Sedimentary Rocks. Units of interest in this 
sequence consist primarily of the Cody Shale, Frontier Formation, Mowry and 
Thermopolis Shales, and the Cloverly and Morrison Formations. The units of 
interest in this sequence do not appear to be associated with the Karst 
processes of the earlier Paleozoic sequence. The deformation of these and the 
earlier Paleozoic rocks began at the end of the Cretaceous during the Larimide 
Orogeny. 

• Tertiary Volcanics. Coincident and subsequent with the deformation of the 
earlier rocks, volcanic activity was also prevalent in the western part of the 
basin. Units of interest in this sequence include the Wiggins, Tepee Trail, and 
Aycross Formations. 

• Unconsolidated Sediments. Gravel pediment and fan deposits are generally 
associated with higher terraces and historic erosional patterns, and alluvial 
sediments are associated with the current creek locations and depositional 
patterns. 

a. Karst Conditions 

A significant portion of the storage site target area is underlain by the Paleozoic and 
Triassic rocks described above that are subject to dissolution and formation of 
sinkholes (Figure V.22). Essentially all the carbonate and gypsiferous rocks ranging 
in age from Cambrian to Triassic are capable of fonning karst features. Anchor 
Reservoir rests on these rocks and over 50 known sinkholes have fonned in the 
reservoir area. Any reservoir site resting on these rocks was considered to have too 
high of risk to be considered further. In some cases geologic conditions are not clear 
with respect to karst potential and these sites have been judged to be questionable. 
Those sites underlain by Upper Cretaceous Cody Shale are considered to be generally 
. safe from sinkhole development or other karst related problems, except where 
underlying karst susceptible rocks are estimated to be at shallow (less than 100 feet) 
depth. 

h. Adverse Geologic Structure 

Folding and faulting can develop geologic structures that that may require costly 
solutions during design and construction. These problems do not necessarily create 
fatal flaws, but can result in significant problems if not addressed properly, or 
unanticipated costs during design and construction if not identified initially. 
Anticlines often leave a zone of fracturing along the crest of the structure, particularly 
in brittle rocks such as sandstone. The fractures may be open and can cause seepage 
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problems such as high foundation pore pressures or reservoir losses. If not properly 
identified and addressed, they can potentially result in piping failure of an earth dam. 
Also, folding can result in downstream dips of weaker beds that may require 
expensive foundation treatment of dams and related structures. 

10. Availability of Construction Materials 

The earthfill dam type that would typically be selected for a basin similar to Owl 
Creek would be a zoned earthfi11 dam consisting of a triangular shaped clay core 
surrounded by a shell of granular fill (ideally sand and gravel or even rockfill). The 
dam wo~d include a granular filter/drain on the downstream side of the core. Ideally, 
a dam will be designed to accommodate and take advantage of locally available 
materials and foundation conditions that will minimize importation of the bulk of 
construction materials, including dam core, shell, filter/drain, erosion protection, and 
aggregate for concrete and roads. Even the quality of available aggregate can be 
important to minimize the amount of cement required to make concrete. Sites that 
require significant construction material imports can be rendered unattractive due to 
high transport and land acquisition/reclamation costs. 

For sites that have suitable foundation conditions, and spillway economics, as well as 
sufficient aggregate available, RCC (Roller-Compacted Concrete) dams should also 
be considered. 

11. Water Supply Availability 

The Owl Creek Basin presents challenges to finding reliable, adequate water supply to 
storage areas capable of meeting potential demand. Seepage losses due to the Karst 
geology both in Anchor Reservoir and below (as well as potentially other areas) are a 
key consideration to factor into the analyses. The most reliable and larger water 
supplies in the basin storage site target area are runoff of the North and South Forks of 
Owl Creek. These are both watersheds that drain high elevation basins. Also, the data 
from stream gauges provide more reliable runoff estimates than the smaller basins 
without stream gauges. In contrast, basins such as Mud Creek and Red Creek drain 
lower elevations and there are no stream gauge data available. Therefore, both the 
basin yield estimates and their reliability are important in selecting sites. 

Based on hydrologic analyses described in Section II South Fork Owl Creek has an 
estimated average annual flow (basin yield) of 24,300 AC-FT/year. Based on stream 
gauge data above and below Anchor Reservoir, approximately 8,000 AC-FT/year is 
lost to seepage and evaporation either in Anchor Reservoir or in the canyon below the 
dam, or both. Synoptic measurements have been proposed as part of future 
evaluations of Anchor Reservoir to find where these losses occur as discussed in 
Section V.A. Otherwise, the average annual yield of the South Fork below Anchor 
Dam should be considered as 16,300 AC-FT/year. 

North Fork Owl Creek has an estimated average annual yield of 10,700 AC-FT/year. 
Thus, it appears that the South and North Forks of Owl Creek are the only reliable 
sources of supply for the target reservoir size. 

The potential for trans-drainage diversions is significant, especially between the two 
main forks of Owl Creek. These diversions have the potential to significantly increase 
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the above supply numbers for a given site by combining drainages. Potential 
diversions are shown on Figure V.l and discussed further in Section V.C. 

12. Reservoir Location Relative to Demand 

To be cost effective, a site would generally be required to supply water by gravity to 
irrigation systems including at least all of the middle area Sites were graded on their 
ability to serve district irrigation areas. In general, no sites were found that could serve 
demand throughout the entire district feasibly via gravity. Specifically, sites on 
Muddy Creek or its tributaries cannot feasibly serve demand on Owl Creek above the 
lower area without costly diversions. Similarly, sites on Owl Creek 'or its upper 
tributaries cannot serve demand on Muddy Creek without costly diversions and/or 
pumping. Due to the significantly greater demand on Owl Creek above the middle 
area, sites on Owl Creek were judged more favorable. Sites that could serve the 
upper, middle and lower areas were judged to be most favorable. Options for 
supplying water for existing and potential demand in areas not served by screened 
sites via ground water wells are discussed separately in Section IT.B. 

13. Storage Capacity 

Target capacities for each site are listed in Table V.la The target capacity, as 
described previously, is the capacity closest to 20,000 AC-FT within a range of 
capacities deemed to be efficient for the particular site. Table V.l also lists a 
maximum beneficial use capacity (not including flood storage) for each site that could 
be available at the site. This maximum capacity is not necessarily the most efficient 
configuration of the reservoir, but is included for evaluation purposes. Candidate sites 
at the low end of the target capacity range may be too small to serve expected demand 
unless combined with other sites or maximum capacities are large. For purposes of 
the preliminary evaluation, sites with target capacities of 20,000 AC-FT or higher 
were considered favorable or adequate. 

14. Outlet Diversion(s) Required 

Some sites were selected that require outlet diversions to route water to demand 
locations via gravity diversion. The length and difficulty of constructing these 
diversions is an important evaluation factor and is considered on a site-specific basis. 

15. Dam Configuration 

A conceptual level dam configuration was proposed at each site that consisted of dam 
layout, dam type, and spillway type. The dam configuration was not fonnally factored 
into the evaluation except for its impact on costs as described in the next section. 
Anchor Dam (Site 14) has the advantage of having the dam configuration already 
constructed. For purposes of this evaluation, ·it was assumed that Anchor Dam 
required no upgrades to it's existing dam configuration, and that spillways are 
currently adequate for design floods if the reservoir were to be restored to full 
capacity. 
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Dam Layout. For each of the eighteen sites (except Anchor Reservoir) the most 
efficient dam layout for the site based on the target capacity was developed. Height, 
crest length, number of dams, total volume of fill, storage capacity and various other 
statistics were then computed for each site. In some cases, several layouts were tried 
to arrive at what was judged to be the most efficient layout. 

Dam Type. One common characteristic of the identified new sites is that they are all 
considered to be best suited for a zoned earthfill dam. Anchor Dam is located in a 
topographically unique location that made a thin arch concrete dam attractive. As 
described earlier, a zoned earthfill dam generally consists of a core, shell and 
filter/dmin plus associated spillways and erosion protection. 

Spillway Type. The most appropriate spillway types varied from site to site. In 
general, a cut and cover conduit buried within the dam was judged to be best suited for 
the primary outlet works in all cases. The most appropriate service spillway was 
judged to be either an integrated service spillway (combined with primary outlet 
works) or an unregulated concrete structure, depending primarily on the size of the 
reservoir drainage area Sites with small drainage areas were assumed to utilize an 
integrated serVice spillway, which reduces cost. The most appropriate emergency 
spillway type was judged to be either a cut channel or RCC spillway depending on the 
estimated Inflow Design Flood and site topography. Design floods were estimated 
using a correlation curve developed from other constructed or proposed reservoirs in 
the surrounding area 

16. Cost Factors 

Storage Efficiency 

The storage efficiency (AC-FT of storage/1 000 cy of dam fill) was estimated for each 
dam site. This provides an approximate cost comparison for the various sites when all 
other cost factors are equal. Volume of an earthfill dam is often the most important 
factor that impacts dam cost unless spillway requirements are unusually large. A 
preliminary dam volume was calculated for the 18 sites based on a selected sizing of 
the reservoir. The estimated storage efficiencies may change if the sizes of the 
reservoir are refined to reflect water supply and water demands. 

Height Efficiency' (feet of dam height /1000 AC-FT capacity). This evaluation 
factor considers the total dam height relative to the storage capacity. Higher earth fill 
dams generally have higher costs when compared to lower dams with similar storage 
capacities and similar dam volumes due to longer spillway lengths and generally more 
difficult design and construction. Higher dam heights mean higher foundation pore 
pressures, necessitating careful geologic and geotechnical exploration and design as 
well as careful construction. If the storage capacity does not increase proportionately 
to height, the higher costs described above can become a significant portion of overall 
cost. For purposes of this study, sites with height efficiencies of 10.0 or less are 
considered average or better than average. Sites with height efficiencies over 17.0 are 
considered very unfavorable. 
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Cost. The above efficiency evaluations provide an approximate look at the overall 
efficiency of a site and relate strongly to the cost of the site. To more effectively 
compare sites, a conceptual level relative cost estimate for each of the 18 sites was 
performed that incorporated additional important cost factors such as spillways 
required, diversions required, and availability of borrow. The costs computed for each 
site at this level of study should be considered approximate and for comparison 
purposes only. Costs may change considerably when a specific site is evaluated in 
more detail. Costs were compared on a cost per acre-foot capacity basis to minimize 
the impact of reservoir size. Costs below $2,0001 AC-FT are considered favorable for 
purposes of this study and in-line with or below costs for similar-purpose recently 
constructed dams in other areas of Wyoming. Costs above $3,000/AC-FT are 
considered very unfavorable for purposes of preliminary evaluation. 

C. Sites Eliminated in Initial Screening 

Preliminary information on many of the above factors was presented to WWDC, district 
members and other attendees at the meeting September 9 and 11, 2003 .. A preliminary 
version of Table V.la was included in the presentation so that attendees could compare the 
various sites side by side. The project team presented recommendations on sites to 
eliminate via the screening. Input was gathered from district members regarding the 
various sites, and this portion of the meeting was concluded with an interactive screening 
of the sites in which sites undesirable to the meeting participants were eliminated from 
further consideration. Site 18, as discussed later, was identified subsequent to this meeting 
and was not included in the initial screening. The district members generally eliminated 
all eight sites that were considered fatally flawed by the project team as follows: 

Table V.3 Eliminated Sites - Fatal Flaws 
Sites Reason Eliminated 
Eliminated 

6 Geologic hazards, cost, location and height efficiency 
7 Geologic hazards and location 
9 Geologic hazards, capacity, cost, height efficiency 
10 Geologic hazards, capacity, cost, height efficiency 
12 Geologic hazards, capacity, cost, height efficiency 
13 Geologic hazards and cost 

14 (Full See discussion in Section V.A 
Rehabilitation 

of Anchor 
Reservoir) 

Source of supply. District members did not feel that obtaining additional 
16 supply from Cottonwood Creek Basin was feasible and there were more 

attractive sites available in Owl Creek Basin. 

Retained Sites. A total of nine sites were retained for further evaluation by the project 
team. Two of these sites were combined with other sites for purposes of further evaluation 
due to their similarity. Additionally, valuable input regarding the remaining sites was 
gathered from the district members. The following table summarizes the results of the 
meeting with regard to retained sites: 

89 



1 

2/5 

3 

4 

8 

11115 

17 

Site 1 was considered favorable due to land issues since the land is not 
currently being farmed and may be favorable from an acquisition and 
permitting standpoint. The ability of this site to utilize water from Hamilton 
Dome was not generally considered a benefit due to concerns about the 

and of water. 
Sites 2 and 5 were considered to be very similar and were lumped together 
for purposes of further evaluation. District members generally expressed no 
negative concerns with either site. District members identified the potential 
of diverting Red Creek to Site 2 and possibly Site 5, and it was agreed to 
evaluate this further. 
District members generally expressed no negative concerns with Site 3. 
Members expressed that the ability of Site 3 to capture at least a portion of 
Red Creek and Lower Cottonwood Creek flows via diversion as a sitive. 
District members generally expressed no negative concerns with Site 4 other 
than concerns over the feasibility of diverting water both in and out of the 
reservoir. The possibility of diversion from the North Fork of Mlld Creek 
was identified as a possibility. It was agreed that this potential diversion 
would be evaluated in the field reconnaissance. Members expressed that the 
ability of Site 3 to capture at least a portion of Red Creek and Lower 
Cottonwood Creek flows via diversion as a 
Site 8 was considered generally favorable by district member due to 

. low cost and the to serve the district. 
Sites 11 and 15 were considered to be very similar and were lumped 
together for purposes of further evaluation. District members generally 

no concerns either site. 
Site 17 was identified as the only site that could easily capture and store 
flows from North and South Forks Owl Creek as well as Red Creek and Dry 
Cottonwood Creek Concerns were expressed, however, that the site would 
inundate existing farms and houses and a potentially significant amount of 
wetlands. 

D. Detailed Site Reconnaissance 

The project team conducted a detailed site reconnaissance immediately following the meeting 
to evaluate the retained sites in more detail. Key evaluation factors discussed previously and 
considered in more detail during the field reconnaissance included: 

• Site specific geologic hazards 
• Availability of borrow materials 
• Feasibility of constructing inlet and outlet supply canals 
• Environmental factors 
• Current Land Use 
• Cost Issues (such as relocation of roads, homes or other infrastructure) 
• Miscellaneous factors not previously considered 
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Summaries of the significant findings developed during the field reconnaissance are described 
below: 

• The Upper North Fork Sites (Sites 11/15) have previously unidentified potential 
geologic hazards. Foundation rocks at this site are volcanic in origin. Potential 
solution cavities were noted in some outcrops. The potential cause of these solution 
cavities is unknown. The existence or development of solution cavities in the 
foundation or reservoir area of either of these sites could result in reservoir losses or 
dam instability if not properly addressed. Karstic rocks may be at shallower depth 
than originally expected, especially at Site 15, increasing the potential for Karst
associated problems at this site. 

• The Upper North Fork Sites (Sites 11/15) have limited availability of local 
borrow materials. Materials for core, shell, and aggregate may all be limited at these 
sites, which would be expected to raise the cos:ts calculated in the preliminary 
evaluation substantially. Core materials could be derived from the weathered 
volcanics present on-site, but appear to be relatively limited in quantity. The 
suitability of these materials for use as dam core would need to be verified by 
geotechnical 'exploration and testing. Aggregate for concrete and dam filter/drains and 
riprap bedding is limited to what is available in the immediate vicinity of the creek. A 
substantial amount of these materials would likely need to be imported from outside 
the dam and reservoir footprint, substantially increasing cost and reservoir impacts. 
The most important material shortage is the shortage of material to construct the shell. 
There does not appear to be adequate amounts of weathered volcanics available to 
construct a homogeneous dam. Additionally, these soils are expected to be plastic in 
nature and may not be suited for use as shell material. Most of the shell material 
would probably have to be imported, or derived as rockfill from the volcanics, 
substantially raising costs since the shell would likely comprise greater than 2/3 of the 
dam volume. The combination of the above material shortages would likely push 
Sites 11/15 into the ''unfavorable'' or ''very unfavorable" categories relative to cost. 

• The proposed dams for Sites 3 and 4 would be located on a foundation subject to 
potential geologic hazards. The geology of these sites are similar and potentially 
risky. The Site 3 dam is located on or near the Owl Creek Anticline where fracturing 
can be intense. The dip direction of rocks at both sites in the proposed abutments is 
downstream. Fracturing along bedding planes and high angle fracturing associated 
with the anticline were noted. The foundation rocks include the Cloverly Formation 
overlain by the Frontier Formation. The Cloverly Formation consists of interbedded 
sandstone, siltstone and shale. The Frontier Formation consists of fine grained 
sandstone and bentonitic shale. Locally bentonite and lignite beds separate the 
sandstone and shale beds. These beds would be dipping downstream at the dam site 
that might require a more expensive dam design to prevent stability problems and 
leakage. The Cloverly Formation has a thickness varying from 0 to 240 feet thick. It 
is underlain by the Karst units and thus, there is some risk of high seepage losses if this 
formation is thin or absent along the crest of the anticline at the dam sites or reservoir 
areas. 
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• Sites 3 and 4 have limited local borrow materials available. There is no obvious 
source of plentiful construction materials for dam core, shell, filters/drains or concrete 
aggregate in the proximity of either dam and reservoir site. The sandstones from the 
Frontier Formation might be suitable for a rather poor quality rock fill. There may be 
sufficient residual soils and slope wash for core or a homogenous fill dam. Aggregate, 
filter and drain material would have to be imported. The nearest terrace gravels would 
be 2.5 to 3.0 miles or more from the dam site and would require a new haul road, in 
part. 

• The abutment for Site 17 ties into fractured rocks of a potentially adverse 
geologic structure. An anticline is located at the southeast abutment and generally 
trends beneath the dam alignment. The anticline is visible in the abutment, and 
relatively intense fracturing can be seen. 

Based on the results of the field reconnaissance and additional analysis, additional sites 
were eliminated from consideration as summarized in the following table: 

Table V.6 Eliminated Sites - Other Factors 
Sites Reason(s) for Elimination 
Eliminated in 
Field 
Reconnaissance 

3 

4 

11115 

The site has a relatively small storage capacity (13,500 AC-FT) and does not 
have a favorable height or storage efficiency. Initially estimated costs were 
unfavorable, and field reconnaissance indicated that costs are probably 
underestimated due to potential geologic hazards that could raise design and 
construction costs or render the site unusable. Lack of on-site borrow will 
also likely raise costs over initial estimates. 
The site was initially very attractive from a cost and efficiency standpoint, 
however, the same potential geologic hazards as Site 3 may be present at 
Site 4, probably increasing costs or possibly resulting in a fatal flaw. The 
supply and outlet canals for the site will be long and entail difficult 
construction in relatively steep terrain. The difficulty of constructing an 
outlet canal was probably underestimated in the initial evaluation. The inlet 
canal would likely need to be sized large enough to route flood flows to the 
reservoir to fill it, and the reservoir is sized at the high end of the range 
(36,000 acre-feet) and likely higher than available supply once the carrying 
capacity of a supply canal is factored in. If the site must be reduced in size 
because supply is not available to fill the target size, costs for the emergency 
spillway increase substantially because the initial layout took advantage of a 
low spot in a ridge that would not be available at a substantially lower 
maximum pool. All of the above tends to reduce the attractive cost and 
economics of the site. Lack of on-site borrow will also raise costs over 
initial estimates. 
These sites are likely to have geological fatal flaws or geologic problems 
that could raise costs substantially. The apparently substantial lack of local 
borrow materials would also raise costs substantially over initial estimates. 
The sites, if not fatally flawed, would likely have costs in the "unfavorable" 
or "very unfavorable" category because of the above factors. 
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E. Sites Retained 

I 

The dam and reservoir sites retained from Step 2 (field reconnaissance) consisted of 
Sites 1, 2/5, 8 and 17. Subsequent to the project meeting and field reconnaissance, a 
new site (Site 18) was identified midway between Sites 5 and 8 on the North Fork 
Owl Creek. This Site was considered to be more attractive geologically than Site 2/5 
and was proposed as an alternative to Site 215. The site is generally similar to Site 8 
relative to potential demand served and thus was included in the analysis with Site 8. 
Thus, six sites grouped into four basic alternatives (Alternatives 1, 2/5, 8/18, and 17) 
were included for evaluation in the final analysis step. The retained sites are 
summarized below: 

Table V.7 Retained Sites 
Alternatives Name 
Retained after 

I Field 
Reconnaissance 

I 

1 Hamilton Dome 
2/5 On-stream #3 / On-stream #4 
8/18 On-stream #5 / On-stream #6 
17 Confluence 

F. Availability of Adequate Supply 

For all practical purposes, Alternatives 1,2/5, and 8/18 are served by the same supply, 
either solely by North Fork Owl Creek direct flows or by direct North Fork and 
diverted South Fork flows. The South to North Fork Diversion, located above Site 8 
is short and over easy terrain, allowing the potential to divert a significant portion of 
South Fork Owl basin yield assuming are peak flows remain attenuated by Anchor 
Reservoir. Site 1 is supplied by canal and thus cannot practically receive full North 
Fork basin yields during peak runoff season. A portion of yields from Red and Dry 
Cottonwood Creeks could potentially be diverted to Site 2. Site 17 is the only site 
capable of receiving full basin yields of Red and Dry Cottonwood Creeks as well as 
North and South Forks of Owl Creek without diversions. 

Based on the hydrologic analyses presented in Section II.A, the annual supply 
available on the North Fork is approximately 11,000 AC-FT. Perhaps as much as 
15,000 AC-FT can be diverted from the South Fork. If South Fork seepage losses can 
be reduced additional water may be available. This would result in a theoretical basin 
supply yield of up to approximately 25,000 AC-FT or more to Sites 1,215 and 8/18. 
This figure exceeds the target storage capacity of Sites 1, 5, and 8/18, but is slightly 
under the capacity of Site 2. Site 17 could theoretically capture a additional yield from 
Red and Dry Cottonwood basins, respectively, in addition to the 26,000+ AC-FT Owl 
Creek yiel<;ls. The optimal size of the retained sites relative to demand and potentially 
available supply will need to be further evaluated in Level II studies, however, supply 
appears to be available to realize at least a substantial portion of each retained site's 
selected target capacity. 

All of the retained sites are located on Cody Shale, which is expected to minimize 
seepage losses relative to Anchor Reservoir and most of the other sites evaluated. 
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G. Opportunities for Increasing Storage and Operational Flexibility 

Site 1 would work well as relatively low-cost add-on storage to supplement Sites 2/5 
or 8/18 if further study indicates the need for higher capacity. For example, a Site 1/2 
combination could provide over 40,000 AC-FT of combined storage. 

Under a hypothetical operation plan, Site 2/5 or 8/18 could be filled first, and then 
allowed to spill into Site 1 when supply was sufficient. Site 1 could be drained first to 
provide irrigation water while maintaining Site 2/5 or 8/18 pool levels to maximize 
recreational opportunities. The Site 1 reservoir area could potentially be open for 
winter use or storage of Hamilton Dome process water, if available. It appears that the 
combination of Sites 1 and Site 5 would provide the most flexible combination. The 
diversion to Site 1 from Sites 5 or 8/18 would be directly from the North Fork. A Site 
115 combination would be able to serve a larger area by gravity (potentially including 
a portion of the upper district) than the Site 112 combination. A Site 118 or 1118 
combination could potentially serve even larger areas. 

H. Availability of Borrow Materials 

All of the sites appear to be ideally suited for a zoned earthfill dam and abundant 
materials appear to be available locally for their construction, except for riprap. Core 
materials would be derived from residual soils of the Cody Shale or potentially from 
weathered Cody Shale. Terrace gravels appear to be plentiful and could be processed 
for concrete aggregate, and filters and drains. Use of these materials as concrete 
aggregate may not be optimal since some of the particles appear susceptible to be 
decomposing clasts and thus susceptible to breakdown. Alluvial gravels could also be 
used, but may need to be supplemented by terrace gravels, with the possible exception 
of Site 17. Unprocessed alluvial or terrace gravels could be used as shell materials in 
most cases and may result in a slightly more efficient dam due to potentially higher 
strengths (and correspondingly steeper dam faces) than assumed in the preliminary 
analyses. 

None of the sites examined have good quality rock available for riprap. Sandstones at 
some sites may be usable but the quality is questionable without further testing. 
Sandstones typically do not result in durable riprap for upstream erosion protection 
subject to wave action. For the better sites, a roller compacted concrete face may be 
required for erosion protection. Sites along the lower North Fork of Owl Creek have 
abundant materials suitable for earth dam construction (except riprap). In contrast, 
many other sites have relatively limited available construction materials. The resultant 
longer haul distances will increase relative construction costs. 
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I. Retained Site Discussion 

Site 1 (Hamilton Dome) 
Site 1 is off stream north of the confluence of the North and South Forks of Owl 
Creek. Two small dams (maximum height of 75 feet) would be required to store 
11,000 AC-FT. The dams would be founded on Cody Shale northeast of the Owl 
Creek Anticline. Shale beds including possibly some bentonite and thin sandstone 
beds would be dipping into the left abutments of both dam sites. The site is probably 
far enough from the axis of the anticline to avoid intense fracturing that mayor may 
not be present along this structure in the Cody Shale. The site is most suitable for a 
zoned earth fill dam. Abundant terrace gravels are present for use for the filters and 
drains. Because of the small dams the terrace gravels are probably abundant enough 
for use as shell material along with weathered shale for core material. The inlet 
diversion from the North Fork Owl Creek is 1.9 miles across easy terrain. The length 
of the diversion would probably limit the size of diversion to something less than the 
2-year peak flow. 

This site is situated on the North Fork Owl Creek immediately west of the confluence 
with the South Fork. This site is capable of storing about 27,100 AC-FT plus some 
flood storage. The site requires a main dam across the North Fork Owl Creek and a 
small saddle dam to the north. The main dam would have a structural height of 110 
feet. The site has an alluvial channel section over 1,000 feet wide, underlain by sand 
and gravel alluvium that is probably 10 to 20 feet thick. Cody Shale underlies the 
abutments and the alluvium. The reservoir area is also underlain by alluvium over 
Cody Shale. The Cody Shale is composed of gray to black marine shale with some 
bentonite lenses. The upper part of this formation also contains thin limy sandstone 
beds. The crest of the Owl Creek Anticline crosses the right abutment area of the dam 
site. Usually there is intense fracturing in brittle rocks along this structure, however 
the black shales may have been plastic enough to prevent open fractures. The 
presence of potential open fractures and high seepage potential requires careful 
exploration during future studies. Also, the bedding of the shale and any interbeds is 
dipping downstream (somewhat askew to the stream channel). This will result in less 
resistance to failure along bedding planes, especially ifbentonite beds are present. 

The ridge south of the reservoir site along with left and right abutment ridges, is 
capped with terrace gravels. These are similar to Site No.1 and can be used for shell, 
filter and drain material and probably for concrete aggregate. These deposits also need 
to be explored to determine if there is a buried channel through the south ridge that 
could cause a seepage problem. Weathered shale would be a source of core material. 
Another potential source might be slope wash on the north side of the reservoir site. 
Reservoir seepage should not be a problem except along the Owl Creek Anticline. 
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This site is a smaller capacity alternative to Site 2 and the dam site is located a little 
over one mile upstream on the North Fork Owl Creek. Site 5 has the second best 
storage efficiency of all sites and has more flexibility then Site 2. It is capable of 
storing up to 20,000 AC-FT and it combines well with Site 1. The diversion to Site 1 
could be at the outlet of dam site 5. The off-stream site would not have to wait to fill 
until the on-stream site is filled. Water could be distributed to both sites throughout 
the run-off period. Also, flood storage could be maintained in the on-stream site 
during the critical period. With Site 2, the on-stream site has to partially fill before 
diverting water to the off-stream site. Site 5 will selVe part of the upper district as well 
as the middle district. Foundation conditions at Site 5 consist of flood plain alluvium 

. and terrace deposits over Cody Shale. The alluvial deposits in the flood plain 
foundation area are probably 10-20 feet thick composed of sand, gravel and overbank 
silts. Terrace gravels cap the abutment ridges over Cody Shale. The crest of the Owl 
Creek Anticline trends northwest and crosses the alluvial valley well downstream of 
the dam site, but it may impact the left abutment-saddle dike area The Cody Shale 
beds should have dips askew upstream and into the right abutment ridge. This should 
result in more favorable foundation conditions than at Site 2. ReseIVoir seepage losses 
through the Cody Shale should be minimal except possibly locally in the vicinity of 
the left abutment and saddle dike to the north. 

As at Site 2 there appears to be abundant construction materials for an earthfill dam 
from the terrace gravels capping the south ridge and from residual soils and slope 
wash. 

This site is located on the North Fork Owl Creek about two miles west of Em bar. The 
dam site would be located on or near the crest of the Embar anticline if this structure 
extends beneath the alluvial valley of the South Fork Owl Creek. This structure has 
the potential to develop seepage and strength problems but it is probably as good of 
site geologically as 2 and 5. The site is capable of storing up to 20,000 AC-FT with 
reasonably good storage efficiency. Water from the South Fork Owl Creek can be 
diverted into this reselVoir across the low divide between the two streams. 

Foundation conditions at this site consist of floodplain alluvium over Cody Shale. 
Shale beds probably dip downstream, resulting in potentially weak foundations. The 
Cody Shale is overlain by 10 to 20 feet of alluvium in the floodplain. Construction 
materials, including sand and gravel for filters and drains and shell material are readily 
available on the south ridge (terrace deposits) and in the reselVoir area Weathered 
shale is available adjacent to the floodplain on the north and south ridges for core 
material. There are no known sources of quality riprap in the vicinity. Erosion 
protection of the upstream face of the embankment could be provided by roller 
compacted concrete using the terrace gravels as aggregate. 

96 



Site 17 

Site 18 

Site 17 is located at the confluence of the North and South Forks of Owl Creek and 
represents the lowest site in the basin, as well as the site with the most available supply 
and potential storage capacity. It is the only site capable of capturing South and North 
Fork Owl Creek, Red Creek, and Dry Cottonwood Creek flows without diversion and 
would potentially provide the greatest degree of flood protection. Site 17 would 
require the relocation of as much as 1.5 miles of the paved county road that lies within 
its inundation area 

Geologic conditions are similar to Site 2. The southeast abutment of Site 17 would be 
placed against fractured rocks associated with an anticline that follows along the dam 
axis and foundation preparation would likely require special and potentially costly 
measures, however, these are not deemed to be a fatal flaw based on available 
infonnation. As with all retained sites, foundation conditions will require detailed 
subsurface exploration and analysis in subsequent studies. 
The site is ideally suited for a zoned earthfill dam. Material availability is similar to 
Sites 2 and 5, with Cody Shale available locally for dam core, and terrace and alluvial 
gravels available for filters and drains and potentially concrete aggregate. Riprap 
would have to be imported. The most efficient emergency spillway configuration 
would likely be a Roller Compacted Concrete (RCC) overflow section due to the 
relatively large flood peak flow, relatively low dam height, and lack of topography 
suitable to an earth-cut spillway. 

This site is located on North Fork Owl Creek between sites 5 and 8. Site 18 is situated 
to take advantage of the maximum thickness of Cody Shale and a syncline described 
in geologic mapping. It is assumed that open fractures would be minimal or non
existent. The site would be oriented so that the syncline axis would be beneath the site 
or upstream so that bedding would be dipping upstream. This would result in 
maximum foundation resistance to failure in the Cody Shale. 

The site would be capable of serving part of the upper district by gravity slightly more 
than site 5 and slightly less than site 8. It will operate well in conjunction with Site 1. 
Construction materials for an earth fill dam are readily available except for riprap, 
similar to other North Fork Sites in the vicinity. Essentially this site is a potential 
refinement of Sites 2, 5 and 8 with improved seepage and foundation . conditions. 

J. Trans-Drainage Diversions 

The source of water supply is an important factor in the development of new water storage in 
the Owl Creek Basin. Trans-drainage diversions have the potential to significantly increase 
the available supply for the storage alternatives described in the previous section. Both in
basin and trans-basin diversions were considered in this study due to the relatively limited 
supply. Diverting water supply from another basin is generally problematic due to water 
rights issues and environmental considerations, as well as other factors. 
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• Diversion 1 - Owl Creek South to North Fork Diversion at Embar. Ibis 
diversion would divert South Fork water to North Fork near Embar for the purpose 
of increasing supply at Sites 1, 2, 5, 8, and 18. This diversion is short and over 
easy terrain. Flows on the South Fork of Owl Creek are attenuated by Anchor 
Reservoir, opening the possibility that a substantial amount of South Fork flows 
could be diverted to the North Fork for storage at one of the target sites. Since 
each of these sites have been retained, it is recommended that this diversion be 
included in the analyses in Level IT. 

• Diversion 2 - Owl Creek North to South Fork Diversion at Embar. This 
diversion would divert North Fork water to South Fork near Embar for the purpose 
of increasing supply at Sites 3 and 4. Sites 3 and 4 were eliminated from further 
consideration, which eliminates the need to consider this diversion in Level IT 

• Diversion 3 - Owl Creek North to South Fork Diversion above Anchor. This 
diversion would divert North Fork water above Anchor Reservoir to Anchor 
Reservoir for the purpose of utilizing additional storage capacity in Anchor 
Reservoir or increasing available supply on South Fork Site 13 or off stream Sites 
3 and 4. This diversion has little potential to benefit any of the retained storage 
alternatives described in the previous section and it is not recommended for further 
consideration in Level IT. 

• Diversion 4 - Owl Creek South to North Fork Diversion above Anchor. This 
diversion would divert South Fork water above Anchor Reservoir to the North 
Fork as an alternative to the diversion at Embar. This diversion has the potential to 
avoid a portion of the apparent extensive losses at Anchor Reservoir by bypassing 
South Fork flows around Anchor for storage at alternative sites. However, a 
relatively high ridge would have to be crossed or penetrated, and at least a portion 
of the diversion would be through Karst terrain and would likely require seepage 
mitigation measures. Depending on the results of the additional studies 
recommended for Anchor Dam and the alternative storage sites, this diversion 
could prove beneficial and is recommended for inclusion in Level IT analyses 

• Diversion 5 - Cottonwood Creek Diversion. This trans-basin diversion would 
divert flow from Cottonwood Creek to North Fork Owl Creek to increase supply 
to Sites 1,2, 5, 8 and 17. Site 16 would require this diversion be constructed since 
no other supply is available. This diversion was eliminated along with Site 16 at 
the project meeting of September 9 and 11, 2003 due to potential difficulty of 
obtaining potential supply from the Cottonwood Creek Basin and water rights 
Issues. 

Several smaller, storage alternative-specific diversions were discussed in Section V.B and 
have been analyzed as part of the site analyses. The larger, trans-drainage diversion 
alternatives that should be reviewed at Level IT studies are the following: 

• Diversion 1 - Owl Creek South to North Fork Diversion at Embar. 
• Diversion 4 - Owl Creek South to North Fork Diversion above Anchor. 
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K. Environmental Overview 

Environmental analyses were conducted subsequent to the field reconnaissance screening to 
evaluate the favorability of each of the six retained sites. 

Five different new reservoir sites were evaluated. Reservoir Sites 2, 8, and 18 are located 
along the North Fork of Owl Creek and will be in-channel reservoirs. Reservoir Site 17 
will be located at the confluence of the North and South Fork of Owl Creek and will be 
an in-channel reservoir on both drainages. Reservoir Site 1 is located off-channel. 

Several agencies were contacted and their respective input solicited regarding possible 
environmental impacts and mitigation associated with the proposed project. These 
agencies included the US Fish and Wildlife Service (USFWS), the Wyoming Game and 
Fish Department (WGFD), and the Wind River Indian Reservation (Reservation). Input 
from the US Army Corps of Engineers (ACOE) was not requested because wetland 
impacts associated with the project cannot yet be determined or assessed. However, 
familiarity with regulations associated with Section 404 of the Clean Water Act allow for 
predictions on regulatory requirements. In addition, known locations of rare plants and 
wildlife species of special concern within the same township and range as the project 
were requested from the Wyoming Natural Diversity Database (WYNDD). 

1. Threatened, Endangered, Candidate, and Sensitive Species 
The USFWS provided a list of threatened species, endangered species, and candidate 
species proposed for listing that may be present in the Owl Creek Basin (USFWS 2003). 
This included bald eagles, black-footed ferrets, grizzly bears, gray wolves, Canada lynx, 
Ute ladies tresses, and yellow-billed cuckoos. 

Bald Eagles (Haliaeetus leucocephalus) - The bald eagle was listed as an endangered 
species in Wyoming in March 1967 under the Endangered Species Preservation Act of 
1966 (32 FR 4001) and listed in 1978 under the Endangered Species Act (ESA) of 1973 
(43 FR 6233). No critical habitat was designated. The Pacific States Bald Eagle Recovery 
Team was formed as a result of the 1978 listing and a recovery plan was completed in 
1986 (USFWS 1986). As a result, in part, of recovery plan implementation, populations 
of bald eagles began to increase by the mid-1980s. Consequently, the status of the bald 
eagle was changed and down-listed from endangered to threatened on 12 July 1995. 
While, habitat loss still remains a th!eat to bald eagle's full recovery, most experts agree 
that its recovery to date is encouraging (USFWS letter 2003). 

One of the most important factors influencing where bald eagles nest, is the presence of a 
reliable source of food in the late winter and early spring when nesting is initiated. Fish 
and waterfowl are the primary prey items in most bald eagle diets and ice-free areas 
along rivers, spring creeks, and wetlands that support fish and/or waterfowl are heavily 
utilized by bald eagles when other water bodies are frozen. Nests and roosts commonly 
occur in mature and old growth trees in multi-layered stands of Douglas fir, cottonwood, 
or spruce. Proximity to food, presence of suitable perches, and security from human 
activities are important habitat components for both nest and roost sites. 
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The USFWS recommends that a disturbance-free buffer zone of I-mile should be 
maintained around eagle nests and winter roost sites because activity within I-mile of 
these features may disturb the eagles and result in a take. If a I-mile disturbance-free 
buffer zone is not practicable, then project activity should be conducted outside of 
February 15-15 to protect nesting birds and November I-April 15 to protect roosting 
birds. 

Black-footed Ferrets (Mustela nigripes) - The black-footed ferret is considered by many 
to be the rarest mammal in North America. It was one of the fIrst species of American 
wildlife acknowledged as being in danger of worldwide extinction and has been federally 
l~sted as endangered under the Endangered Species Preservation Act of 1966, the 
Endangered Species Conservation.Act of 1969, and the ESA of 1973, as amended. 

Historically, the range of black-footed ferrets encompassed 12 states and 2 Canadian 
provinces, wherever the 4 species of North American prairie dogs (Cynomys spp.) 
occurred. The close association of black-footed ferrets and Cynomys spp. is well 
documented (Hillman and Clark 1980). Prairie dogs provide ferrets both food, in the. form 
of prey, and shelter, in the form of excavated burrow systems. Because of this, all active 
prairie dog colonies can be viewed as potential ferret habitat. 

Ferrets are currently residing in captive environments at several breeding facilities, 
having been removed from the wild near Meeteetse, Park County, Wyoming following 
epizootics that decimated its habitat (white-tailed prairie dogs/Cynomys leucurus) and its 
numbers. Presently, the only population of ferrets known to exist in the wild in Wyoming 
is associated with the Shirley Basin reintroduction area in Carbon County. Extensive and 
intensive efforts to locate additional populations of black-footed ferrets in Wyoming and 
throughout their former range have been conducted by numerous groups and agencies 
without success. 

Grizzly Bears (Ursus arctos horribilis) - Grizzly bears were listed as threatened under the 
ESA in 1975 in the lower 48 states. In 1982, a recovery plan for grizzly bear populations 
in the contiguous United States was completed and implemented (USFWS 1982). The 
Interagency GriZzly Bear Committee (lGBC) was formed to guide grizzly bear recovery 
in 1983. The IGBC is comprised of representatives from the USFWS, National Park 
Service (NPS), United States Forest Service (USFS) and Bureau of Land Management 
(BLM) , and the state wildlife agencies of Idaho, Montana, and' Wyoming .. Recovery 
zones and population goals were established in the Grizzly Bear Recovery Plan (USFWS 
1982) and revised Grizzly Bear Recovery Plan (USFWS 1993). These plans established 6 
grizzly bear recovery zones in the contiguous United States, one of which includes 
portions of the Absaroka Mountains west of the Owl Creek Basin. 

Craighead et al. (1982) characterized essential grizzly bear habitat as space, isolation, 
sanitation, food, denning sites, vegetation types, and safety. Grizzly bears require large 
home ranges (50-300 sq mi for females; 200-500 sq mi for males), encompassing diverse 
forests interspersed with moist meadows and grasslands in or near mountains. Food 
habits of grizzly bears in the Greater Yellowstone Area (GY A) are strongly influenced by 
seasonal variation in food availability. In general, whitebark pine nuts, graminoids, and 
ungulates are the most important foods in the grizzly bear's diet, but fish, small mammals, 
herbaceous vegetation, tubers, fruit, and insects are also used. Ungulate carcasses are also 
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an important high quality food source for bears (Mattson 1997) and will often attract and 
hold bears in localized areas for periods of several days to a week or more. Typical den 
sites are situated on high, remote, mountain slopes where deep snow functions as 
insulation and persists until spring. 

The greatest threat to grizzly bears is human-caused mortality. Grizzlies become 
habituated to humans because of attractants such as garbage, pet foods, livestock 
carcasses, and improper camping practices. These attractants usually lead to conflicts 
between people and bears, and the most common outcome is that the bear is eventually 
killed. The USFWS strongly encourages the enforcement of food storage and garbage 
disposal stipulations at construction sites in or near grizzly bear habitat in order to avoid 
human-bear conflicts (USFWS letter 2003). 

Gray Wolves (Canis lupus) - The subspecies of the northern Rocky Mountain wolf was 
initially listed as an endangered species in 1973. Due to taxonomic concerns, the entire 
species (Canis lupus) was listed as endangered in the contiguous United States outside of 
Minnesota (where it was listed as threatened) in 1978. In 1991, Congress directed the 
USFWS to prepare an EIS to consider the reintroduction of wolves into Yellowstone 
National Park (YNP) and central Idaho (USFWS 1994). The fmal EIS was completed in 
May 1994 and the final rules for the reintroduction were published in November 1994. 

All wolves within Wyoming are considered part of the non-essential experimental 
population. As such, requirements for interagency consultation under National 7 of the 
Endangered Species Act differ based on the land ownership and/or management 
responsibility where the animals occur. Within National Parks or National Wildlife 
Refuge Refuges, wolves are considered a threatened species and the full provisions of 
Section 7 apply, wolves occurring outside of National Parks or National Wildlife Refuges 
are treated as proposed rather than listed. (USFWS letter 2003a). 

Wolf distribution varies depending upon prey abundance and includes a variety of 
habitats (e.g., grasslands, sagebrush steppes, coniferous and mixed forests, and alpine 
areas). Wolves tend to be flexible in their habitat needs and are considered habitat 
generalists. The most important habitat components for wolves are an adequate ungulate 
prey base and tolerance by humans (Jimenez 2001, pers. comm.). Small mammals also 
provide an important source of food during the non-winter months. Wolf activity is 
concentrated in areas with dense populations of big game and thus, project planning 
should consider impacts to big game populations, including wintering grounds and 
migration corridors. 

Canada Lynx (Lynx canadensis) - Canada lynx were first proposed for listing as a 
threatened species under the ESA in July of 1998 and were formally listed in April 2000. 
The USFWS determined the lynx population in the United States was at risk as a result of 
human alteration and fragmentation of montane and boreal forests, low numbers as a 
result of past exploitation, inter-specific competition for prey with bobcats and coyotes, 
and elevated levels of human access to their habitat. The final rule to list lynx in the 
lower 48 states emphasized the need for management and protection of lynx habitat on 
public lands (primarily public lands administered by the USFS and BLM) in order to 
ensure the continued survival of the species in the "contiguous US distinct population 
segment". 
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Lynx are solitary carnivores generally occurring at low densities in boreal forests. 
Distribution and abundance of this species is closely tied to that of the snowshoe hares 
(Lepus americanus), their primary prey (Ruediger et al: 2000). In Wyoming, lynx occur 
primarily in spruce-fIT and lodgepole pine forests with slopes of 8-12 degrees and at 
elevations between 7,995-9,636 ft (Ruediger et ale 2000). Densely regenerating 
coniferous forests and regenerating burned areas in mixed species forests provide 
excellent habitat for snowshoe hares and, therefore, are also important habitat for lynx. 
Aspen intermixed with spruce, fIT, or lodgepole pine with extensive shrub growth and 
woody debris also provide high quality habitat for snowshoe hares. Sagebrush-grassland 
cover-types support alternative prey for lynx such as white-tailed jackrabbits, mountain 
cottontails, and ground squirrels. Lynx denning habitat consists of late successional 
spruce-fIT forests on north-facing slopes with relatively high densities of large diameter 
woody debris. Lynx travel corridors may be found in any conifer-dominated landscape. 

Records of lynx in Wyoming show the highest concentrations of confirmed observations 
in the northwest corner of the state including YNP, Grand Teton National Park, and the 
Teton, Gros Ventre, Absaroka, Beartooth, Wind River, and Wyoming Mountain Ranges 
(Reeve et ale 1986). 

Ute ladies' tresses (Spiranthes diluvialis) - The Ute ladies' tresses was designated as 
threatened under the ESA in its entire range in 1992. This species is known to occur in 
Colorado, Idaho, Montana, Nebraska, Utah, Washington, and Wyoming. In Wyoming, its 
distribution is scattered and infrequent in the western Great Plains including Converse, 
Goshen, Laramie, and Niobrara Counties; the combined area of its occupation is about 10 
acres (Fertig 2002). 

Ute ladies' tresses is a perennial herb in the Orchid family. It flowers from late July
September but may not flower every year, depending on hydrologic conditions. Suitable 
habitat for this species in Wyommg consists of "low, flat floodplain terraces or 
abandoned oxbows within 0.5-15 meters of a small stream" (Fertig 2002). Sites where 
this species has been found have are seasonally flooded or subirrigated and have a pH 
between 7.7-7.8. Soil textures range from alluvial sand to loamy-clay (Steinauer and 
Hildebrand 1998 in Fertig 2002). Moist meadows where this plant is found are generally 
dominated by common species such as redtop (Agrostis stoloni/era), quack grass (Elymus 
repens), wire rush (Juncus balticus), foxtail barley (Hordeum jubatum), and Panicum 
virgatum (Fertig 2002). The elevation range of known occurrences is 4,200-7,000 feet. 

2. Wildlife and Fish 
Mule Deer - Crucial and non-crucial mule deer winter yearlong winter range for portions 
of the Owl CreeklMeeteetse mule deer herd is present within the project area (WGFD 
2003a). Depending upon which reservoir site is selected, an unknown acreage of crucial 
and/or non-crucial winter range will be lost. WGFD generally recommends that no winter 
range loss occur. When construction activity does occur within crucial winter ranges, 
WGFD recommends that no construction activity takes place between November 15-
April 30. If the preferred reservoir site will impact crucial winter range, WGFD requests 
working cooperatively with the Wyoming Water Development Commission to develop 
adequate mitigation measures to offset negative impacts to mule deer or their habitat. 
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Pronghorn Antelope - Although WGFD did not specifically identify pronghorn antelope 
as a concern in their comment letter, statewide mapping of important habitat for this 
species showed that the project area represents pronghorn crucial winter yearlong range. 
Depending upon which reservoir site is selected, a certain amount of crucial and/or non
crucial winter yearlong range will be lost. WGFD generally recommends that no winter 
range losses occur for any big game species. 

Sage Grouse - Greater sage grouse populations are declining throughout their historic 
range and sage grouse have been petitioned for listing under the Endangered Species Act. 
WGFD has developed a management plan for this species in an attempt to prevent future 
listing under the ESA. In the Wyoming Greater Sage-Grouse Management Plan (WGFD 
2003b) identified the goal of "maintaining nesting habitat in a manner that provides 
adequate sagebrush, residual grass, and forb cover in order to maintain robust populations 
and increase depressed populations of sage grouse". 

An active sage grouse lek is located in the SENW Section 25, T44N, R98W. According 
to WGFD, impacts occurring within 2 miles of sage grouse leks should be avoided 
because these areas represent important nesting, brood-rearing, and foraging habitat. If 
the preferred reservoir site is within 2 miles of this lek, WGFD requests working 
cooperatively with the Wyoming Water Development Commission to develop adequate 
mitigation measures to offset negative impacts to sage grouse or their habitat. 

Raptors - Raptors are known to nest in the project area but no specific nest sites were 
identified. WGFD recommends a raptor nest survey be conducted prior to any 
construction work. Construction activity should be avoided within 1/2 mile of active 
raptor nests during the nesting period. 

Migratory Birds - Neo~tropical migratory birds include raptors, passerines, and shorebirds 
that breed in North America but migrate to Mexico, and Central and South America for 
the winter. In Wyoming, 162 bird species are considered neo-tropical migrants (Cerovski 
et al. 2001) with peak migration periods occurring May through early October. Nesting is 
typically initiated from mid-May to mid-June. Migratory birds are protected by the 
Migratory Bird Treaty Act. 

Fish - The fishery associated with the North and South Forks of Owl Creek within the 
project area consists mostly of mountain suckers and long nose dace. There is some 
potential for trout movement from the Big Hom River into the lower reaches of Owl 
Creek, but trout are not known to occur within the project area. According to WGFD, 
native, non-salmonid species should be afforded protection regarding movement and 
migration and should be provided with in-stream flow adequate to accomplish these 
movements. 

3. Riparian Areas, Wetlands, and Aquatic Areas 
Riparian Areas - The USFWS, WGFD, and the Reservation all recommended addressing 
potential adverse impacts on riparian areas. Riparian or streamside areas are a valuable 
natural resource and impacts to these areas should be avoided whenever possible. 
Riparian areas are the single most productive wildlife habitat in North America. WGFD 
recommends that the loss of riparian communities be minimized and all impacts to riparia 
be mitigated. 
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Wetlands - The North and South Forks of Owl Creek are expected to be determined a 
"Waters of the US" by the ACOE. Therefore, all channels of the North Fork of Owl 
Creek and all wetlands adjacent to these channels will likely be detennined to be 
jurisdictional by the ACOE. If this is the case, authorization will be necessary to 
construct a reservoir at any site that impacts wetlands and permitting will likely take the 
fonn of an "Individual Pennit". As a result of this permitting effort, mitigation will likely 
be required by the ACOE for all wetland impacts at a level of at least 1: 1 and possibly 
even higher. 

The USFWS recommends measures be taken to avoid and minimize wetland losses in 
accordance with Section 404 of the Clean Water Act, Executive Order 11990 (wetland 
protecti()n), applicable to projects on federal lands. If wetlands may be destroyed or 
degraded by the proposed action, those wetlands in the project area should be inventoried 
and fully described in terms of their functions and values. Acreage of wetlands, by type, 
should be disclosed and specific actions should be outlined to avoid, minimize, and 
compensate for all unavoidable wetland impacts. 

Aquatic Resources - The North Fork and South Fork of Owl Creek are very flood-prone, 
flashy drainages. The sections of these cre~ks flowing through the project area often have 
very low flows during autumn and are sometimes completely dewatered during the winter 
and at other times of the year. Seasonal flow reductions associated with this project have 
the possibility of further reducing (both directly and indirectly) the volume of water 
flowing in Owl Creek. According to the WGFD, the selected reservoir site and associated 
operational plan should include provisions to maintain an adequate in-stream flow. 

L. Environmental Constraints and Impacts by Alternative 

1. Threatened, Endangered, and Candidate Species 
All five (5) proposed reservoir sites are expected to have similar impacts on threatened, 
endangered, and candidate species. In the absence of detailed environmental assessments 
perfonned on each site, a "may affect" detennination must be made. A general discussion 
of potential impacts and regulatory requirements is provided below. If the proposed 
project has any federal involvement (through funding, permitting, licensing, or other 
authorization), then the federal agency(s) involved will be required to assure that its 
responsibilities under Section 7(a)(2) of the Endangered Species Act are met. 

Bald Eagles - No bald eagles nests or winter roost sites are known to occur within or near 
any of the proposed reservoir sites. According to WGFD (K. Hurley 2003, pers. comm.), 
the North and South Forks Owl Creek receive little bald eagle use because these 
drainages lack the fishery resources needed to sustain bald eagle populations. 

Black-footed Ferrets - Black-footed ferrets are not known to presently occur within the 
project area or its vicinity. Ferrets were discovered in the Meeteetse area in 1985 and 
were present until the early 1990' s when several epizootics swept through the ferret 
population and its prey base (prairie dogs) and the few remaining ferrets were captured 
and placed in captivity. The history of black-footed ferrets in the area and the presence of 
prairie dogs within portions of the project area make it possible that black-foot ferrets 
surveys will be required. 

Surveys for ferrets are recommended by the USFWS in prairie dog towns or complexes 
greater than 200 acres that will be disturbed by development or other activities. 
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According to the Black-Footed Ferret Survey Guidelines, a prairie dog complex consists 
of two or more neighboring prairie dog towns less than 7 Ian (4.3 miles) from each other. 
Because a large prairie dog colony was documented during field investigations within the 
inundation areas associated with Reservoir Sites 2 and 17, black-footed ferret surveys 
may be warranted. However, a more detailed assessment and mapping will be necessary 
to determine if this colony meets the criteria defmed in the survey guidelines. 

Grizzly Bears - The Owl Creek Basin does not lie within a grizzly bear recovery zone nor 
does not represent essential habitat for grizzly bears due to a lack of preferred foods and 
suitable den sites. Therefore, direct impacts on grizzly bears from reservoir construction 
are expected to be minimal. However, because there is a slight chance that a grizzly bear 
could move through the area en route to more suitable and secure habitat, bear-proof food 
and trash storage techniques should be employed. 

Gray Wolves - A group of three (3) wolves appears to be establishing a territory in the 
Owl Creek Mountains, to the south of the project area. They were first observed in 2003 
and are being called the "Owl Creek Pack" (USFWS 2003b). No reproductive activity 
has been documented. These wolves are not expected to be directly impacted by the 
proposed water development project but could be indirectly affected by changes to mule 
deer distribution as a result of project impacts to crucial winter range (see wildlife section 
below). Very little is actually known about these wolves, their territory, and their feeding 
pattern. 

Canada Lynx - Canada lynx are not expected to use the project area or vicinity primarily 
because the distribution of this species is closely tied to that of the snowshoe hare and 
optimal foraging habitat for snowshoe hares is not present in the Owl Creek Basin. 

Ute ladies' tresses (Spiranthes diluvialis) - Riparian and wetland areas within the project 
area are not expected to support Ute Ladies' tresses but surveys for this species should 
occur when a fmal reservoir site is selected. 

Yellow-billed Cuckoo (Coccyzus americanus) - The yellow-billed cuckoo is a candidate 
species that may occur in riparian areas west of the Continental Divide. Because the Owl 
,Creek Basin is situated east of the Continental Divide, this species is not expected to 
occur within the proposed reservoir sites. 

2. Reservoir Site #1 
Vegetative Cover-types - This reservoir site is vegetated in a sagebrush-grassland cover
type. Sagebrush grows densely in some areas while being nearly absent in other areas. 
Ground cover is predominantly grasses with a few forbs although some areas have 
considerable bare ground. No trees are present on the site. 

Mule Deer - The inundation area associated with Site 1 lies within WGFD designated 
non-crucial mule deer winter range. This means that mule deer may use this are at any 
time of year but are expected to be concentrated during the winter months. Because this 
area is not considered crucial winter range, it is not critical to mule deer survival during 
the most severe and harsh winter condition, when habitat is most limited. Developing this 
site would result in the loss of approximately 376 acres of non-crucial mule deer winter 
range. 
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Pronghorn Antelope - Site 1 lies within WGFD designated pronghorn crucial winter 
yearlong range. This indicates that the area is used by pronghorn year-round but is 
particularly important to the survival of pronghorn during the winter months. More than 
30 pronghorn were observed in the vicinity of Site 1 during field investigations in 
November 2003. Developing this site would result in the loss of 376 acres of pronghorn 
crucial winter yearlong range. 

Sage Grouse - Sage grouse likely use sagebrush, riparian, and grassland habitat within 
and adjacent to this site. According to WGFD, this site is within 2 miles of an active sage 
grouse lek and if suitable habitat is present, sage grouse may nest within the proposed 
project area. Developing this site may result in the loss of some sage grouse nesting and 
brood-rearing habitat. 

Prairie Dogs - A 2-acre white-tailed prairie dog colony is present in the vicinity of the 
southern dam. It consists of about 50 burrows but only 3 showed evidence of recent 
activity. Recent badger activity was common throughout the small prairie dog colony and 
a large number of burrows had been excavated. Several scattered inactive prairie dog 
burrows were located south of the reservoir site in the vicinity of the proposed outlet 
canal. Developing this site may result in the loss of a small number of prairie dogs and 
badger habitat. In addition, other species that depend on prairie dog colonies, such as 
rattlesnakes, burrowing owls, and mountain plovers may also be displaced. It is possible 
but unlikely that selection of this site will necessitate black-footed ferret surveys. 

Migratory Birds - Vegetative communities present in and adjacent to Site 1, including 
grasslands, shrublands, and riparian areas, represent potential neo-tropical migratory bird 
nesting habitat. The WYNDD (2003) reported that lark buntings, Brewer's sparrows, 
sage thrashers, willow flycatchers, long-billed curlews, and mountain plovers use habitat 
in the vicinity of the project area. In addition, raptors, including burrowing owls, 
Swainson's hawks, and Medins have been observed within 10 miles of the project area. 
Potential impacts associated with Site 1 will be confined to migratory birds using 
shrubland and grassland habitats. 

Wetlands - No wetlands are present within the reservoir site. However, water diverted 
from the North Fork of Owl Creek could impact wetlands located along that drainage as a 
result of dewatering or reducing the groundwater table. 

Riparian Areas - No riparian vegetation is present within the reservoir site. However, 
water diverted from the North Fork of Owl Creek could impact riparia located along that 
drainage as a result of dewatering or reducing the groundwater table. 

Aquatic Resources - No aquatic resources will be directly affected by reservoir 
construction at Site 1. However, water diverted from the North Fork of Owl Creek could 
adversely impact channel function in downstream reaches as a result of dewatering or 
reducing the groundwater table. 

3. Reservoir Site #2 
Vegetative Cover-types - The reservoir site is primarily vegetated in a sagebrush
grassland cover-type. Sagebrush grows densely in some areas while being nearly absent 
in other areas. Ground cover within the sagebrush-grassland cover-type is predominantly 
grasses with some forbs and considerable bare ground in more elevated areas away from 
the North Fork of Owl Creek. 
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The riparian zone along the North Fork of Owl Creek is dominated by cottonwood trees 
with an understory of sagebrush away from the creek and a mixture of riparian shrubs 
and immature cottonwoods in proximity to the creek. 

Mule Deer - The majority of the proposed inundation area associated with Site 2 lies 
within a combination of WGFD designated crucial winter yearlong range and non-crucial 
winter range. Mule deer may occupy the area any time of year but it is particularly 
important to the survival of deer during the winter months, when habitat is limited. 
Construction a reservoir at this site would result in the loss of approximately 450 acres of 
crucial winter yearlong range and 140 acres of non-crucial winter range. 

Pronghorn Antelope - Site 2 lies within WGFD designated pronghorn crucial and non
crucial winter yearlong range. This indicates that the area is used by pronghorn year
round but is particularly important during the winter months. More than 30 pronghorn 
were observed in the vicinity of Site 2 during field investigations in November 2003. 
Construction a reservoir at this site would result in the loss of about 200 acres of 
pronghorn crucial winter yearlong range and 400 acres of non-crucial winter yearlong 
range. 

Sage Grouse - Sage grouse likely use sagebrush, riparian, and grassland habitat within 
and adjacent to this site. According WGFD, this site is within 2 miles of an active sage 
grouse lek and if suitable habitat is present, sage grouse may nest within the reservoir 
area. Developing this site may result in the loss of sage grouse nesting and brood-rearing 
habitat. 

Prairie Dogs - A large, active prairie dog colony (about 200 acres) occupies a substantial 
portion of Site 2. In addition, scattered active prairie dogs mounds were observed east of 
the proposed spillway area. Construction at this site would result in the loss in an 
unknown number of white-tailed prairie dogs and habitat for a variety of other species 
that depend on prairie dog colonies. In addition, black-footed ferret surveys would likely 
be required by the USFWS. A more detailed assessment and mapping of prairie dog 
colonies within the site and its vicinity will be necessary to determine if black-footed 
ferret surveys are necessary. 

Migratory Birds - Vegetative communities present in and adjacent to the project area, 
including grasslands, shrublands, and riparian areas represent potential neo-tropical 
migratory bird nesting habitat. The WYNDD (2003) indicates that lark buntings, 
Brewer's sparrows, sage thrashers, willow flycatchers, long-billed curlews, and mountain 
plovers use habitat in the vicinity of the project area. In addition, raptors, including 
burrowing owls, Swainson's hawks, and Merlins have been observed within 10 miles of 
the site. 

Wetlands - An estimated 12 acres of wetlands are present along the North Fork of Owl 
Creek within the reservoir site. These wetlands occur on point bars within and adjacent to 
the active creek channel and, in a few areas, somewhat more off-channel. Wetland types 
are a combination of palustrine emergent and palustrine scrub-shrub. 
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The North Fork of Owl Creek is expected to be determined a "Waters of the US" by the 
ACOE. Therefore, all channels of the North Fork of Owl Creek and all wetlands adjacent 
to these channels will likely be determined to be jurisdictional by the ACOE and 
authorization will be necessary to construct a reservoir at this site, probably in the form of 
an "Individual Permit". As a result of this permitting effort, mitigation will likely be 
required by the ACOE for all wetland impacts at a level of at least 1: 1 and possibly even 
higher. 

Riparian Areas - Approximately 135 acres of riparian vegetation located along the North 
Fork of Owl Creek will be directly lost at Site 2. In addition, diversions of water from the 
North Fork of Owl Creek could adversely impact an unknown amount of riparia located 
upstream and downstream of the site as a result of dewatering or reducing the 
groundwater table. WGFD recommended that all impacts to riparia be mitigated. To do 
so on a 1:1 basis would require the creation of about 135 acres of riparian vegetation. 
Finding a location of suitable size and environmental characteristics (i.e., hydrology and 
soils) to mitigate these impacts would be difficult and costs of successful mitigation 
would be considerable. 

Aquatic Resources - Aquatic resources will be directly affected by reservoir construction 
at Site 2 as a result of inundating about 21,500 lineal feet of the North Fork of Owl 
Creek. Water diverted from this creek and used for irrigation could adversely affect 
downstream aquatic resources. WGFD recommends an in-stream flow be maintained in 
order to provide continued hydrologic support for upstream and downstream aquatic 
resources. 

4. Reservoir Site #8 
Vegetative Cover-types - The reservoir site is primarily vegetated in a sagebrush
grassland cover-type. Sagebrush grows densely in some areas while being nearly absent 
in other areas. Ground cover within the sagebrush-grassland cover-type is predominantly 
. grasses with some forbs and considerable bare ground in more elevated areas away from 
the North Fork of Owl Creek. 

The riparian ·zone along the North Fork of Owl Creek is dominated by cottonwood trees 
with an understory of sagebrush away from the creek and a mixture of riparian shrubs 
and immature cottonwoods in proximity to the creek. Some cottonwood regeneration was 
observed but portions of the river bottom forest appear decadent. Some dense sagebrush 
stands adjacent to the riparian zone also appear decadent. 

Mule Deer - Most of Site 8 lies within WGFD designated mule deer crucial winter 
yearlong range and the remainder represents non-crucial winter yearlong range. Mule 
deer may use the area any time of year but it is particularly important to the survival of 
deer during the winter months. Developing this site would result in the loss of 
approximately 286 acres of crucial winter range and 29 acres of non-crucial winter tange. 

Pronghorn Antelope - Site 2 lies within WGFD designated non-crucial pronghorn winter 
yearlong range. Antelope use may occur any time of year but is expected to be 
concentrated during the winter months. Developing this site would result in the loss of 
315 acres of non-crucial winter range for pronghorn. 
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Sage Grouse - Sage grouse are expected to use sagebrush, riparian, and grassland habitat 
within and adjacent to this site. No active sage grouse leks were known in the vicinity of 
this site and, therefore, nesting is unlikely even if suitable habitat is present. 

Prairie Dogs - No prairie dog colonies are present within the reservoir site. 

Migratory Birds - Vegetative communities present in and adjacent to the project area, 
including grasslands, shrub lands , and riparian areas represent potential neo-tropical 
migratory bird nesting habitat. The WYNDD (2003) indicates that lark buntings, 
Brewer's sparrows, sage thrashers, willow flycatchers, long-billed curlews, and mountain 
plovers use habitat in the vicinity of the project area. In addition, raptors, including 
burrowing owls, Swainson's hawks, and Merlins have been observed within 10 miles of 
the project area. 

Wetlands - An estimated 8 acres of wetlands are present along the North Fork of Owl 
Creek within the reservoir site. These wetlands occur on point bars within and adjacent to 
the active creek channel and, in a few areas, somewhat more off-channel. Wetland types 
are a combination of palustrine emergent and palustrine scrub-shrub. 

The North Fork of Owl Creek is expected to be determined a "Waters of the US" by the 
ACOE. Therefore, all channels of the North Fork of Owl Creek and all wetlands adjacent 
to these channels will likely be determined to be jurisdictional by the ACOE and 
authorization will be necessary to construct a reservoir at this site, probably in the form of 
an "Individual Permit". As a result of this permitting effort, mitigation will likely be 
required by the ACOE for all wetland impacts at a level of at least 1:1 and possibly even 
higher. Routine wetland delineation would be required to document wetland presence 
within the reservoir site. 

Riparian Areas - Approximately 88 acres of riparian vegetation located along the North 
Fork of Owl Creek will be directly lost at Site·8. In addition, diversions of water from the 
North Fork of Owl Creek could adversely impact an unknown amount of riparia located 
upstream and downstream of the site as a result of dewatering .or reducing the 
groundwater table. WGFD recommended that all impacts to riparia be mitigated. To do 
so on a 1: 1 basis would require the creation of about 88 acres of riparian vegetation. 
Finding a location of suitable size and environmental characteristics (i.e., hydrology and 
soils) to mitigate these impacts would be difficult and costs of successful mitigation 
would be considerable. 

Aguatic Resources - Aquatic resources will be directly affected by reservoir construction 
at Site 8 as a result of inundating about 11,000 lineal feet of the North Fork of Owl 
Creek. Water diverted from this creek and used for irrigation could adversely affect 
downstream aquatic resources. WGFD recommends an in-stream flow be maintained in 
order to provide continued hydrologic support for upstream and downstream aquatic 
resources. 

5. Reservoir Site #17 
Vegetative Cover-types - The reservoir site consists of a mix of sagebrush-grassland, 
river bottom cottonwood, agricultural meadow cover-types. Sagebrush grows densely in 
some areas while being nearly absent in other areas. Ground cover within the sagebrush
grassland cover-type is predominantly grasses with some forbs and considerable bare 
ground in more elevated areas away from the North and South Forks of Owl Creek. 
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Agricultural land is primarily located along the South Fork and consists of actively 
irrigated hayfields and irrigated and non-irrigated pasturelands. 

The riparian zone along the North and South Forks of Owl Creek is dominated by 
cottonwood trees with an understory of either sagebrush or agricultural land away from 
the creek and a mixture of riparian shrubs and immature cottonwoods in proximity to the 
creek. Some cottonwood regeneration was observed but portions of the river bottom 
forest appear decadent. Some dense sagebrush stands adjacent to the riparian zone also 
appear decadent. 

Mule Deer - About half of Site 17 lies within WGFD designated mule deer crucial winter 
yearlong range and the remainder represents non-crucial winter range outside the 
management jurisdiction of the WGFD on Reservation land. Mule . deer use of non
reservation lands occurs year-round but these areas become particularly important to the 
survival of deer during the winter months. The USFWS (b. Skates 2004, pers. comm.) 
indicated that a substantial portion of Site # 17 that occurs on Reservation land represents 
crucial winter range for both mule deer and white-tailed deer. Developing Site 17 would 
result in the loss of both crucial and non-crucial mule deer winter range both on and off 
the Reservation. 

Pronghorn Antelope - Site 17 lies within WGFD designated non-crucial pronghorn winter 
yearlong range and a very small amount within crucial winter/yearlong range. 
Approximately half of the reservoir site had no WGFD designation because it occurs 
within the Reservation. The USFWS (D. Skates 2004, pers. comm.) indicated that a 
substantial portion of Site # 1 7 that occurs on Reservation land represents winter range for 
pronghorn antelope. Pronghorn may use both reservation and non-reservation lands at 
any time of year but use is expected to be concentrated during the winter months. Non
crucial winter range is not critical to the survival of pronghorn but still represents 
important antelope habitat. Reservoir construction at this site would result in the loss of 
approximately 275 acres of non-crucial winter yearlong range, 5 acres of crucial winter 
yearlong range, and 284 acres of winter range on the Reservation. 

Sage Grouse - Sage grouse are expected to use sagebrush, riparian, and grassland habitat 
within and adjacent to this reservoir site. This site is within 2 miles of an active sage 
grouse lek and sage grouse may nest within the site if suitable habitat is present. 
Developing this site may result in the loss of sage grouse nesting and brood-rearing 
habitat. 

Prairie Dogs - A small portion of a large, active prairie dog colony (about 200 acres) is 
present on Site 17. Construction at this site would result in the loss in an unknown but 
probably small number of white-tailed prairie dogs and habitat for other species that 
depend on prairie dog colonies. Black-footed ferret surveys may be required by the 
USFWS depending on the findings of a detailed assessment and mapping of prairie dog 
colonies within the site and its vicinity. 
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Migratory Birds - Vegetative communities present in and adjacent to the project area, 
including grasslands, shrub lands , and· riparian areas represent potential neo-tropical 
migratory bird nesting habitat. The WYNDD (2003) indicates that lark buntings, 
Brewer's sparrows, sage thrashers, willow flycatchers, long-billed curlews, and mountain 
plovers use habitat in the vicinity of the project area. In addition, raptors, including 
burrowing owls, Swainson's hawks, and Medins have been observed within 10 miles of 
the project area. 

Other Wildlife - The USFWS (D. Skates 2004, pers. comm.) indicated that a few moose 
are known to winter on the portion of Site # 17 that occurs on Reservation land. Winter 
use occurs within the riparian zone of the North and South Forks of Owl Creek and in 
some wetland and willow-dominated vegetative communities between and near these 
drainages. 

Wetlands - An estimated 16 acres of wetlands are present along the North and South 
Forks of Owl Creek within the reservoir site. These wetlands occur on point bars within 
and adjacent to the active creek channel and nearby off-channel locations as well. 
Wetland types are a combination of palustrine emergent and palustrine scrub-shrub. 

Both the North and South Forks of Owl Creek are expected to be determined a "Waters 
of the US" by the ACOE. Therefore, all channels of the North and South Forks and all 
wetlands adjacent to these channels will likely be determined to be jurisdictional by the 
ACOE and authorization will be necessary to construct a reservoir at this site, probably in 
the form of an "Individual Permit". As a result of this permitting effort, mitigation will 
likely be required by the ACOE for all wetland impacts at a level of at least 1: 1 and 
possibly even higher. Routine wetland delineation would be required to document 
wetland presence within the reservoir site. 

Riparian Areas - Approximately 87 acres of riparian vegetation located along the North 
and South Forks of Owl Creek will be directly lost at Site 17. In addition, diversions of 
water from both drainages could adversely impact an unknown amount of riparia located 
upstream and downstream of the site as a result of dewatering or reducing the 
groundwater table. WGFD recommended that all impacts to riparia be mitigated. To do 
so on a 1: 1 basis would require the creation of about 87 acres of riparian vegetation. 
Finding a location of suitable size and environmental characteristics (i.e., hydrology and 
soils) 0 to mitigate these impacts would be difficult and costs of successful mitigation 
would be considerable. 

Aquatic Resources - Aquatic resources will be directly affected by reservoir construction 
at Site 17 as a result of inundating about 25,000 lineal feet of the North and South Forks 
of Owl Creek. Water diverted from these creeks and used for irrigation could adversely 
affect downstream aquatic resources. WGFD recommends an in-stream flow be 
maintained in order to provide continued hydrologic support for upstream and 
downstream aquatic resources. 

6. Reservoir Site Comparison 
A comparison of environmental constraints for all five (5) proposed reservoir sites is 
presented in Table 1. The comparison was generally qualitative in nature but was based 
upon quantitative estimations for some factors (e.g., lineal distance of creek channel, 
acreages of riparian areas and wetlands). A ranking system was developed using 
measurements on a 0-3 scale (0 being the lowest and 3 being the highest amount of 
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impact). The relative ranking for each respective environmental component for each 
reservoir site were added and yielded a total reservoir environmental impact score. 

The results of the comparison showed that Site 1 would cause the least amount of 
environmental consequences and Site 2 would have the highest. . Sites 8 and 18 were in 
the middle and Site 17 was at the upper-middle range. The mean rank of the five (5) sites 
was 15.4. 

Table V.8 Comparison of Environmental Constraints for Each of the Five (5) 
Proposed Reservoir Sites. 

Resource Site 1 Site 2 Site 8 Site 17 Site 18 
Mule Deer 1 3 3 3 
Pronghorn Antelope 2 3 2 3 
Sage Grouse 2 2 1 2 
Prairie Dog Colony 1 3 0 1 
Migratory Birds 1 3 2 2 
Riparian Vegetation 0 3 2 2 
Wetlands 0 3 2 3 
Aquatic Resources 0 3 1 3 

Subtotals 7 23 13 19 

Ranking Definitions 
Mule Deer: O=none, 1 =non-crucial winter range, 2=crucial winter range, 3=crucial 
and non-crucial winter range 
Pronghorn Antelope: O=none, 1 =non-crucial winter range, 2=crucial winter range, 
3=crucial and non-crucial winter range 
Sage Grouse O=none, 1 =low, 2=moderate, 3=high 
Prairie Dogs Colonies: O=none, 1 =low, 2=moderate, 3=high 
Migratory Bird Habitat: O=none, 1 =low, 2=medium, 3=high 
Riparian:O=none,I=<50ac,2=50-100ac,3=>100ac 
Wetlands Ranking O=none, 1 =<5ac, 2=5-10ac, 3= 1 Oac 
Aquatic Resources: O=offchanne1, 1=<15,000 lineal ft, 2=15,000-20,000 lineal ft, 
3=>20,000 lineal ft. 
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M. Conclusions 

TIris study has resulted in the identification a final set of four (4) storage alternatives to 
Anchor Reservoir to increase available storage in the Owl Creek Irrigation District. All four 
options appear to be viable, subject to further investigation, and it is recommended that they be 
advanced for further analysis in Level IT studies. The four storage options, along with their 
distinguishing characteristics and recommendations for Level IT are summarized below: 

Site Distinguishing Characteristics Specific Recommendations for Level II 
1 (Hamilton. 
Dome) • 

• 

• 

Sites 2/5 • 

• 

• 

• 
• 

8/18 • 

• 

• 

• 

17 • 
(Confluence) • 

• 
• 

• 

• 

• 

efficient, off stream storage 
low capacity (up to 11,200 AC-FT 
via diverted flows from North Fork 
Owl Creek.) 
potential to receive surplus process 
water from Hamilton Dome 
highest environmental rank and 
generally the most favorable site, 
except for storage capacity 

highest efficiency and likely lowest 
cost of all sites (particularly Site 2) 
poorest environmental ranking of all 
retained sites 
potentially adverse geologic 
structure (particularly Site 2) 
relatively low capacity (Site 5 only) 
potential to receive surplus process 
water from Hamilton Dome 
second (Site 8) and third (Site 18) 
highest environmental rankings 
both sites are more favorable than 
other retained sites in terms of 
location relative to demand because 
they have the potential to serve a 
relatively large portion of the upper 
district via diversion 
Site 18 is the most favorable site 
geologically 
Potential for Karst-associated 
problems (Site 8) 
highest potential storage capacity 
greatest potential supply 
greatest potential flood protection 
requires relocation of paved county 
road 
potentially adverse geologic 
structure 

1. Eliminate this site from consideration as a stand
alone site if refinement of target capacity 
indicates that a reservoir with a capacity 
significantly in excess of 11,200 AC-FT is 
necessary. 

2. Consider Site 1 as an add-on alternative to other 
storage alternatives to increase capacity and 
operational flexibility if refinement of needs and 
demands indicates that very large storage 
capacity is needed 

1. Investigate potential adverse geologic structure 
in conjunction with the investigation for Site 17 
(fracturing and weak foundation associated with 
anticline). Elimination of Site 17 for geologic 
reasons will likely eliminate Site 2 as well. 

2. Eliminate Site 5 in favor of Site 2 if refined 
target capacity analysis shows that a capacity 
greater than 16,000 AC-FT is required. 

1. Field investigations should include an 
investigation of the depth to geologic units with 
Karst potential at Site 8. If investigations 
indicate there is a substantial risk of developing 
a hydraulic connection to these units, Site 8 can 
be eliminated in favor of Site 18. 

2. Investigate the option of supplying the upper 
district via tunnel or channel through the ridge 
separating North and South Forks of Owl Creek. 

1. Eliminate this site from consideration if 
refinement of target capacity in Level IT 
indicates that storage capacity substantially 
under 28,000 AC-FT is required. This site is 
relatively efficient and economically attractive, 
but only at higher capacities within the target 
range. 

greatest inundation of existing 2. 
irrigated land and structures 

Subsurface investigations should examine the 
potential for significant fracturing associated 
with the anticline structure located along the 
dam axis in conjunction with Site 2/5. 

ranked in middle of retained sites 
environmentally 

The recommendations for Level IT described above provide for the further elimination of 
alternatives relatively early in the process. The most important factors for preliminary 
evaluation in Level IT are considered to be the following: 
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• Target Capacity. Refining the target- capacity to a narrower range will likely 
eliminate a portion of the selected alternatives. Refinement of the target capacity 
will depend on various factors, including refinement of needs and demands, 
economic analyses, and additional investigations regarding Anchor Reservoir 
recommended in Section V.A that may have the potential to result in the recovery 
of, at a minimum, a significant amount of lost seepage. 

• Initial Geologic Reconnaissance. Conducting a preliminaty geologic 
reconnaissance of the selected alternatives that includes some limited, carefully 
targeted subsurface investigation may also eliminate a portion of the alternatives 
from further consideration before efforts on a more detailed subsurface 
investigation are conducted. 

A preliminary screening step in Level II has the potential to narrow the alternatives to a core 
group of two to three alternatives so that subsequent analyses can be much more focused and 
efficient. 

N. Water Conservation in Lower (Lucerne) Area 

One of the primary objectives of this study is to formulate a Rehabilitation Plan and identify 
Water Conservation measures for the Lower Area An inventory of suggested improvements 
was created from data gathered during the 2003. inspection. The information was presented 
and discussed with producers at a meeting held November 19,2003. The objectives and goals 
stated at the meeting were: 

• Develop a rehabilitation plan 
• Improve water conveyance 
• Decrease seepage loss 

1. Rehabilitation Plan. The plan was presented on spreadsheets. The spread sheets are 
arranged to illustrate the improvement priority, location down canal in stations (l + 100 
= 100 feet), the feature name, description of required work, feature node number used 
in the GIS database, and photo numbers are also stored under the node number in the 
GIS database. Suggested improvements were weighed 1 through 4, with 1 being the 
highest prioritr. Major emphasis was placed on safety improvements to structures, as 
well as improving the conveyance of structures and the channel sections. Physical 
condition of the structure or feature was also a parameter. Based on input from the 
producers the priorities were slightly revised and the Draft Rehabilitation Plan is 
presented in Appendix B. 

2. Improve Water Conveyance. Other than improving some structures as noted, 
conveyance can be best enhanced through systematic channel cleaning and heavy 
vegetation cleaning and heavy vegetation removal. This work can be done under a 
Level ill funded program or as normal maintenance within the Districts Annual 
Budget. 
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3. Decrease Seepage Loss. Reducing seepage. is a very high priority to the District for a 
number of reasons including: 

• Conserves water 
• Extends better supply to bottom of the 'system 
• Enables reclamation of down-gradient boggy fields 

Severe seepage areas are identified on Figure IV.6 in red highlight. Different ditch 
lining materials can be considered for installation through these reaches. Results from 
a long term USBR study on lining types and is summarized in Appendix C. 

Further cost feasibility evaluation should be undertaken before a decision is made on 
which liner type to use on the Lower Area 

Polyacrylimide - In recent years, polyacrylimide monomer (PAM) has been added to 
irrigation water to increase soil infiltration and also to reduce furrow erosion and scour 
in the fields. More recent work, particularly in Colorado, has focused on using anionic 
polymers to reduce seepage in canals and laterals. Field tests completed to date report 
varying degrees of success, dePending on application methods, soil1:ypes, suspended 
solids in the water, condition of the canal cross-section, and other variables. . Some 
testing reports seepage reductions of 50-75% and greater. 

As a result of these field trials in Colorado, it is appropriate to investigate the 
application of polymer to the canals on Lower (Lucerne) Area The field trial work 
could be conducted as part of a LeveJ IT study. Depending on results from that study, 
initial area wide treatment could be implemented as part of a Level ill project or "spot 
treatment" could be accomplished as part of annual maintenance. Costs for treatment 
vary somewhat based on application methods, and whether repeated application or 
"spot treatment" follows the initial application. Reported costs from early work vary 
from $0.006/ff to $0.07 Iff 9 depending on the amount of cleaning required in each 
case. The best success has been reported where vegetation has been removed prior to 
polymer application. Cleaning a channel with capacity of 80-100 cfs varies from 
$1.00 - $2.001L.F. 
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VI. Conclusions and Recommendations 

A Upper and Middle Area 

Investigations, evaluations and conversations with District members has provided 
insight into certain areas that would benefit from further analysis and more in-depth 
investigations. As a general result of this study, historical average Basin runoffs that 
were compared to irrigated acreage within the Upper and Middle Area, suggests that 
the Basin consistently doesn't produce enough runoff to satisfy the maximum and 
average CIR (Table ill.1 & ill.2). This study also examines several options for 
reducing seepage and restoring capacity in Anchor Reservoir and/or the completion of 
an alternate reservoir site and its environmental impact within the Basin. Suggested 
below is a number of conclusions and recommendations that relate to further 
investigations and completion of a Level II study. The more significant ones are 
discussed below in no order of importance: 

1. There should be a seismic survey and geophysical study done on the floor of 
An~hor Reservoir. It has been over 30 years since the last ones were 
conducted and techniques and technology have changedconsidembly since 
the 1960's. 

2. Further investigation on the possibility of lining Anchor Reservoir. 

3. Funding and installation of three gauging stations. The first should be 
installed right below Anchor Dam so that seepage and evapomtion occurring 
within the reservoir can be determined; and also to determine the conveyance 
losses through the canyon by comparing readings with the USGS and SE~ (at 
Curtis Ranch) gauging stations downstream. The other two gauging stations 
need to be installed on Red and Mud Creek to improve monitoring of Basin 
runoff. The gauging station on Red Creek needs to be built downstream of the 
confluence of Red and Dry Cottonwood Creek. 

4. Additional review of land ownership within the Basin to map boundaries of 
the Wind River Indian Reservation and private land. 

5. In coopemtion with USBR increasing the height of Anchor Reservoir's 
internal dikes should be considered. This alternative will add additional water 
storage at a relatively low cost, but studies need to be done on the feasibility of 
this alternative. 

6. Investigation of the alternate reservoir sites identified in this study to help meet 
the irrigation demands in the Upper and Middle Areas. This work includes 
more specific environmental assessments for the alternate sites. 

7. Increasing inflow into selected alternate reservoir sites by the means of in
basin diversions. 

8. Supplementing surface water with ground water to increase water availability 
for alternate reservoir sites. The prospect of developing ground water on the 
Mud Creek dminage would allow a longer irrigating season for residents of 
that area 
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9. When Owl Creek Basin waters are flowing at their peak in spring and early 
summer, the irrigators cannot use all the water available. So the ability to 
retain this excess runoff water for future months would enhance crop yields. 

10. Develop a computer program that the SE~ Water Commissioner could use to 
monitor Basin runoff and the amount of water being diverted. The program 
would help calculate the water that is still available once the priority water 
rights are satisfied. 

B. Lower (Lucerne) Area 

According to the Lower Area members, the primary concern is optimizing use of the 
contractual amount of water by enhancing system conveyance. Overall· the entire 
Lower Area irrigation system is in good operating condition. Annual system cleaning 
and maintenance of canal structures has been accomplished. However, a 
Rehabilitation Plan for the Lower Area will enable the canal system to operate with 
greater efficiency and extend its life. The main problem plaguing the Lower Area is 
significant seepage of the canals. One result of this seepage is that it promotes 
fonnation of alkaline soils in the fields, making them less productive and in the worse 
case scenario, unusable. Remedying the seepage problem will result in increasing 
flow further down canal to meet the CIR. Below are options for overall canal system 
improvements. Thorough research, investigations and implementation of these 
options will require Level IT evaluation. Suggested below are conclusions and 
recommendations for the Lower Area: 

1. Investigate further the options for reducing canal and lateral seepage. 
Detennine cost to benefit ratios for the certain types of canal linings. Options 
for canal linings are Clay, Roller Compacted Concrete, Geomembrane and 
Polyacrylamide. 

2. Polyacrylamide (polymer) is currently being used in other irrigations systems 
to decrease seepage, and has been resulting in positive results. Further explore 
the possibility of applying polymer into the canal systems to reduce seepage. 
Detennine the methodologies of applying polymer and the amounts needed. 
General costs of applying polymer and the frequency of application for best 
results needs to be researched. 

3. Installation of safety features, such as, catwalks, grab ropes, and safety rails on 
canal structures are required. 

4. Strategically placed gauging stations along the canal(s) will allow 
quantification of seepage loss. 

5. Replace siphons and culverts that are sized to small and are restricting canal 
flow. 

6. Where applicable, eliminate high seepage areas by building a new section of 
canal liner or treat canal or if topography allows, install a siphon to bypass 
seepage area 
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7. Place rip-rap below structures and at certain sections of the canals that are 
developing eroded banks. 

c. Anchor Reservoir Discussion 

A large body of available information has been reviewed concerning Anchor 
Reservoir. The massive seepage losses that have prevented full use of the reservoir 
are well documented in the 15 years following construction. An intense period of 
research using state-of-the-art geologic and geophysical techniques followed 
construction, and large construction efforts to minimize seepage were also undertaken. 
The sum of these efforts may have been successful at reducing seepage as much as 50 
percent at lower reservoir elevations. However, the amount of net gain in supply is 
unclear. Earlier studies never identified feasible options for restoring capacity in 
Anchor Reservoir. 

This study reexamines various options for restoring capacity or reducing seepage in 
Anchor Reservoir,. It is believed that 30 years have passed without a significant 
evaluation of new technolpgies that might be applied to Anchor. This study has 
concluded that any long-term, low-risk attempt to restore full capacity to Anchor 
Reservoir must essentially render the underlying geology irrelevant by addressing 
potential remaining cavities that are subject to collapse; and reduce seepage to the 
point of virtually eliminating the exposure of potentially soluble underlying materials 
to reservoir pool. 

Synthetic liners were considered the most likely modem technology capable of 
achieving the above goal. The complete rehabilitation of Anchor Reservoir using a 
liner system was eliminated during this study, however, due to high relative cost and 
risk. No known lower cost technologies currently exist for restoring Anchor Reservoir 
to its original design capacity. At the request of District members, and as an 
alternative to complete rehabilitation of Anchor Reservoir, options for partial 
rehabilitation were examined, they are: 

• Option 1 - Raise Internal Dikes 
• Option 2 - Remove Internal Dike, Line Restricted Sinkhole Area 
• Option 3 - Soil Liner 
• Option 4 - Operations Analysis and Optimization 
• Option 5 - No Action 
• Option 6 - Divert South Fork Owl Creek Flows Around Anchor 

Reservoir 
• Option 7 - Utilize Advanced Geophysical Techniques to Identify Low 

Elevation Leaks and Construct Temporary Patches 

Option 4 was deemed the best immediate course of action to pursue and depending on 
results, other options could be re-examined. Other options cannot be adequately 
evaluated without the data that Option 4 provides. Option 6 was not recommended for 
immediate action, but is recommended for further analysis in Level II in conjunction 
with potential downstream storage. Anchor Reservoir remains an integral part of any 
solution that provides additional storage for the Owl Creek Irrigation District and 
Basin. Specifically, Anchor Dam and Reservoir provides or could potentially provide: 
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• Flood Protection. Residents and property on the South Fork Owl 
Creek below Anchor Reservoir and Owl Creek are protected or 
partially protected from South Fork Owl Creek flood flows due to 
ample attenuation capacity at Anchor Reservoir. 

• Enhanced Irrigation Storage when Combined with New Storage. 
The recommended storage options generally are best suited to serving 
users in the Middle Area and below. Construction of one of these 
options would leave Anchor Reservoir free to serve primarily users in 
the Upper Area located on South Fork Owl Creek. This would free 
water storage currently benefiting the Middle Area to benefit the 
Upper Area 

• Potential Wetlands Mitigation Area. The unused portion of Anchor 
Reservoir could potentially be used as a wetlands mitigation area for 
new storage developed at other sites. 

Additional studies should incorporate the operation and potential use of Anchor 
Reservoir as an integral part any water supply alternative. Specifically, Level II or 
other follow-on studies should include the following suggested scope of Option 4 with 
regard to Anchor Reservoir: 

• Ongoing Loss Monitoring and Analysis. Data collection regarding 
of ongoing losses between the South Fork Owl Creek stream gauges 
above and below Anchor Reservoir should continue. Specifically, 
both stream gauges and Anchor Reservoir pool elevations should 
continue to be monitored on a continuous basis. This data will prove 
valuable to future studies of reservoir losses. 

• Develop Historic Reservoir Loss Model. The sporadic 40-plus year 
history of inflow and outflow records combined with reservoir pool 
histories should be analyzed in a computer reservoir simulation model. 
Thus better and more current estimate of losses as a function of 
reservoir head can be made. It is believed that an analysis of this data 
will reveal a clearer picture of where the bulk of existing losses are 
occurring and have occurred in the reservoir pool. The data should be 
regressed and analyzed in conjunction with the extensive geologic data 
to formulate a clearer picture of low-level losses. 

• Streamflow Measurements Immediately Above and Below 
Anchor Reservoir. Streamflow measurements using portable 
measurement equipment should be collected immediately below 
Anchor Dam and above the reservoir to further narrow the location of 
the losses indicated by the USGS gauges. If the above analysis 
indicates significant losses in the stream segments above or below 
Anchor, additional streamflow measurements could attempt to narrow 
the stream segment where the majority of losses are occurring, and a 
patch might be implemented to reduce losses. 

• Low-level Inspection. A low-level inspection of the reservoir after 
irrigation season is~ recommended if the above analyses indicate that 
significant losses are occurring in Anchor Reservoir at low levels. 
Evidence indicates the apparent loss that -may be occurring below 
elevation 6,350 may be a concentrated leak. A low-level visual 
inspection may be able to locate this leak and assess options for repair. 
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• Examine Options for Minimizing Interim and Future Losses. The 
above studies are expected to provide a basis to better define where 
losses are occurring in the system and thereby support further analyses 
of the losses. If Anchor Reservoir is found to be the primary source of 
loss, then operations could be tailored to minimize overall losses, 
especially if Anchor were operated in tandem with new storage. 
Options to minimize losses would likely depend on whether the losses 
occur throughout the reservoir floor or are confined to areas above 
particular elevations. If the stream or portion of the stream below 
Anchor is found to be the primary source of loss, then lining the 
stream may be a feasible solution. It is possible that interim options 
could be found that would enhance overall supply from Anchor 
Reservoir until new storage is built, and this should be examined once 
data from the above model is available. 

D. Alternate Storage Site Analysis D~cussion 

Eighteen, (18) storage sites, including Anchor. Reservoir were identified, evaluated, 
and considered during the conduct of this study. After detailed scrutiny and evaluation 
all sites were eliminated except the following: 

• Site 1 Hamilton Dome 12,568 AC-FT 

• Site 2 On-stream #3 26,640 AC-FT 

• Site 5 On-stream #4 11,554 AC-FT 

• Site 8 On-stream #5 12,860 AC-FT 

• Site 18 
• Site 17 Confluence 20,278 AC-FT 

The foregoing sites, with the exception of Site #5 were subjected to an environmental 
overview and review, including on-site inspection. The sites were ranked with regard 
to various environmental impacts. The overall ranking is summarized as follows: 

Site # 
Site #1 
Site #8 
Site #18 
Site #17 
Site #2 

Points 
7 
13 
15 
19 
23 

Ranking 

Bf 
Worst 

Site #5, an on-stream site nearly the same size as Site #1, exhibiting significantly more 
environmental impact is questionable. The remaining sites 1, 2, 8, 17, and 18 are 
legitimate sites deserving of further consideration. Additional study of those sites in 
recommended as stand alone sites and/or in conjunction with further evaluation of 
alternative improvements to Anchor Reservoir. Further evaluation should also include 
additional investigation into the recommended options of trans-drainage diversion. 

The District and other Basin irrigators need to continue working with the Arapaho 
Ranch and Wind River Indian Reservation to develop additional water storage. 
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E. Groundwater Discussion 

Despite the limitations of ground-water development described in Chapter V, specific 
elements of a ground-water development plan that should be further evaluated include 
the following: 

1. Deep Aquifer Test Wells in the Mud Creek Basin. Since surface water 
development is not proposed as feasible for the Mud Creek Basin, and substantial 
shallow aquifer development is not likely, the only potential source of additional 
supply is via deep aquifer wells. Due to the potential average demand of 1,880 AC
FT/yr, the Mud Creek Basin is the most likely candidate to be served by ground-water 
within the Owl Creek Basin. The project team proposes that one or more locations in 
the Mud Creek Basin be selected for test well development in advanced studies. The 
well site( s) should be located relatively low in the basin to minimize lift requirements, 
near an anticlinal structure if possible, and near an area where settling ponds could be 
developed to improve water quality if required. Level IT should consider two potential 
locations: one above the confluence of the North, Middle and South Forks of Mud 
Creek and one below .. Water quality and solids settling tests should be included in the 
studies to assess the usability and potential for improvement of any supply found 
available. If Mud Creek deep wells prove feasible, other, more remote areas of the 
basin can be considered for further development. 

2. Shallow Groundwater Development. Shallow ground water can be developed in 
conjunction with surface water development if carefully planned. During Level IT 
studies, supplemental shallow ground-water development and drainage improvement 
studies are recommended. These studies should cover existing and potential irrigation 
service areas. The studies would include soil surveys, and supplemental shallow test 
wells and/or test pits designed to extend existing ground-water levels and -improve 
drainage and water quality. These studies should also include an analysis to estimate 
flows of drains or sumps. Existing water quality should be assessed along with the 
potential for water-quality improvement. 
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VII. 
OWL CREEK MASTER PLAN 



Vll. Owl Creek Master Plan 

A. General Discussion 

The completion of this study has provided basic information necessary to formulate a 
Master Plan for Owl Creek Basin water development and conservation. Essentially 
the Master Plan consists of the products generated during the course of work, they are: 

1. Collected history and developed· backgrolUld information of the basin relative 
to' water supply, water loss, water demand, geology, irrigation infrastructure, 
land ownerships, and water constraints. This information is presented in 
Chapters 1- N of this report. 

2. Project Map Products - This information is provided in digital format as a GIS 
database and various map products. A detailed discussion and itemization of 
information available in the GIS product is illustrated later in this Chapter. 
Many but not all of the maps appear in this text. 

3. Summary of proposed improvements and projects relative to water 
development and conservation in the Owl Creek Basin, as described in this 
report. 

B. Project Map Products 

All spatial data is in the· UTM NAD 83 Zone 12 coordinate system. The data is 
classified below in three groups; collected data, design data, and contextual data. 

1. Collected Data was gathered with a Leica GS-50+ mapping grade GPS 
received using RACAL real-time correction in the summer of 2003. The data 
is an inventory of features along Owl Creek, the Dempsey Canal, Upper 
Canal, and Lower Canal. 

In addition to attribute data, the point themes are hyperlinked to photographs and, in 
some cases, field sketches of the feature. The collected point data includes a height 
attribute, which is a calculated NGVD29 orthometric (earth surface) height, derived 
from the GPS collected GRS80 ellipsoidal heights using Corpscon 5.11.08, and 
rOlUlded to the nearest 5 feet. 

The individual themes are described as follows: 

Canal 
The Lucerne area canals: Dempsey, Upper, and Lower Canals, identified by 
name and classified by seepage. 

Diversions 
Diversions from Owl Creek identified by name and node number. Attributes 
include the condition of structural components (concrete, steel, timber) and 
safety considerations. Hyperlinks to photos of most features and field sketches. 
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Lucerne structures 
Diversions from the Lucerne area canals identified by type and node number. 
Attributes include the condition of structural components (concrete, steel, 
timber) and safety considerations. Hyperlinks to photos of most features and 
field sketches. 

Lucerne Features 
Non-structural features along the Lucerne area canals (erosion, seepage areas, 
farm turnouts). Attributes include canal condition, seepage levels, vegetation, 
and soil type. Hyperlinks to photos. 

Recording Stations 
Flow gauging stations identified by agency and node number. Attributes 
include structural and safety conditions. Hyperlinks to photos of some stations. 

Trial Diversions 
Possible diversion points for the proposed North to South Fork diversion and 
the proposed South to North Fork diversion discussed elsewhere in this report. 
Identified by node number. 

2. Design Data is comprised of possible diversions and reservoirs alternatives 
discussed in this report. 

Proposed Diversion 
Location of the proposed North to South Fork diversion and the proposed 
South to North Fork diversion discussed elsewhere in this report. Also, see 
Trial Diversions, above. 

Proposed Reservoirs 
Possible reservoirs site alternatives discussed in this report. 

3. Contextual Data consists of background layers which are included on the 
project CD, but were not produced by the consultants in conjunction with this 
project. The layers provide a spatial context for the gathered and design data. 

1995 aerial photography 
USGS Digital Ortho Quarter Quads . (DOQQ) 1: 12,000 scale 
distributed by the Wyoming Geographic Information Advisory 
Council (WGIAC) http://wgiac2.state.wy.us 

Ownership 
Wyoming Gap Analysis land ownership and management published 
December 1, 1996, 1: 100,000 scale distributed by the Wyoming 
Geographic Information Science Center (WyGISC) 
http://www.sdvc.uwyo.edul24k1landown.html 

State roads, Creeks, and Bighorn River 
U.S. Bureau of Census TIGER 1: 100,000 as distributed by WGIAC. 

123 



c. Proposed Improvements and Projects 

1. Water supply can be enhanced by a combination of proposed projects that 
constitute improvements throughout the basin. For the Upper and Middle 
Area, as discussed in Chapter V and recommended in Chapter VI, each project 
or combination of alternatives requires further and advanced study. As a part 
of a Master Plan effort, projects recommended for feasibility study (Levelll) 
include: 

e Anchor Reservoir Option 4 - Operation Analysis and Optimization 
eProposed Storage Sites 1,2,5,8, 17, and 18 
eTrans-Drainage Diversion 

-Owl Creek - South Fork to North Fork @ Embar 
-Owl Creek - South Fork to North Fork above Anchor Reservoir 

eLower (Lucerne) Area Improvements - Proposed Improvements as 
illustrated in the Draft Rehabilitation Plan, located· in Appendix B of this 
report. A project incorporating these improvement could be advanced to 
design and construction (Level III). Part of this project includes evaluation of 
canal liners contemplated for use. 

A pilot test utilizing polyacrylamide to reduce seepage in previously 
identified areas is recommended to be included as part of any Level IT study 
dealing with water conservancy. Alternatively, the District can "spot" apply 
polyacrylamide under their annual operating budget. If successful, system
wide application could be fimded as part of a Level ill program. 
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IN THE DISTRICT COURT OF HOT SPRINGS COUNTY, WYOMING 

FIFTII ruDICIAL DISTRlCT F I lED 
IN THE MA TIER OF THE OWL ) JAN 

) Civil No. 2141 HO. _______ _ 

CREEK IRRIGATION DISTRICT ) lINDA R. HARRIS 
C1IM OF DII1RICf cnJn' 

HOT !PRIIGauaY 

PETITION FOR CONFIRMATION OF Al'ffEr~l)ATQR f 
CONTRACT WITH THE UNITED STATES OF AMERICA 

AND RELATED DOCUMENTS 

O£PUTY 

COlvIES NOW Joe Campbell, the duly elected, qualified and acting Vice 

President of the Board of Commissioners of the Owl Creek Irrigation District, and 

acting for and on behalf of the Commissioners of said District in their official capacity, 

does state and petition to the Court as follows: 

1. The United States of America (hereinafter "United States") and the Owl 

Creek Irrigation District (hereinafter "District") entered into Contract No. 14-06-600-

1730 on October 28, 1955 as a prerequisite to construction of facilities for the Owl 

Creek Unit. The purpose of the Owl Creek Unit was to assure a better water supply for 

the irrigabIe- lands contained within the District. All such lands in the District lie 

within Hot Springs County, Wyoming. The Owl Creek Unit facilities which have been 

constructed include Anchor Dam and Reservoir, Lucerne Pumping facilities and all 

appurtenant facilities and improvements. Said Contract, after compliance with all 

statutory requirements, was approved and confmned by this Court by ORDER dated 

October 18,1955. 

2. Lucerne Pumping Facilities were completed in 1957 and temporarily 

transferred to the District for operation, maintenance and replacement (OM&R) 

purposes. Construction of Anchor Dam was completed in 1960. However, it could not 

be placed in service because of sink hole and leakage problems in the reservoir that 

prevented storage of water as anticipated. The October 28, 1955 Contract was not 

implemented because the project could not be declared complete. The District has 

performed OM&R on the Lucerne Pumping Plant and related facilities under an 

Interim Contract, which Interim Contract was approved and confirmed by this Court 

by virtue of Order Confirming Interim Contract, dated January 2, 1957. 

3. Since 1957, the United States has conducted extensive research on ways to 

resolve the water storage problems. Banking off the major sink holes and filling others 

resulted only in minimal use of the reservoir storage capacity. The annual water 



supply benefits anticipated in 1955 are.only partially realized by the District, and the 

District's payments should be reduced to an amount that reflects the actual benefits 

received. 

4. Consequently, it 'is necessary to modify the October 28, 1955 Contract to 

reflect the adjustment in the District's payments and to include appropriate standard 

articles and other provisions, as required by current reclamation law, policy and 

instructions. Since extensive revision of the original contract was required, the 

October 28, 1955 Contract will be superseded and replaced in its entirety by the 

documents. attached hereto and incorporated herein by this reference (hereinafter 

collectively referred to as the "Amendatory Contracts") and marked hereto as follows, 

all of which documents are dated March 30,1992: 

Exhibit "A" - Amendatory Contract Between the United 
States of America and the Owl Creek Irrigation District Superseding 
Contract No. 14-06-600-1730, now known as Amendatory Contract 
No. 1-07-60-W0701; 

Exhibit "B'" - Contract Supplement Between Bureau of 
Reclamation and Owl Creek Irrigation District for the Care, Operation 
and Maintenance of Anchor Dam, Dikes in Anchor Reservoir Area, 

, known as Supplement No.1 to Amendatory Contract No. 1-07-60-
W0701. 

Exhibit "B_1" - Lease of Land for Agricultural Grazing or 
Haying Purpose, known as Attachment to Supplement No. 1 of 
Amendatory Contract No. 1-07-60-W0701. 

Exhibit "C" - Contract for Electric Service Between the 
Bureau of Reclamation and the Owl Creek Irrigation District, known 
as Contract No. O-AA-60-POO 15. 

5. Since on or about March 9, 1935, the Owl Creek Irrigation District has 

been and is now a duly organized and operating irrigating district and public 

corporation, existing under and by virtue of the irrigation district laws of the State of 

Wyoming. A summary of the organization, operation and existence of the District may 

be found in the Order of October 18, 1955 and Petition for Confrrmation of Interim 

Contract, dated December 5, 1956 and related documents in this Court file. 

6. The October 28, 1955 Contract and the 1957 Interim Contract and the 

Amendatory Contracts address themselves to and provide for the construction, 

operation and maintenance of the necessary works and facilities for the delivery and 

distribution of water to District lands. 
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7. As required by law, an election was duly held at which a majority of the 

qualified electors present and voting did vote in favor of making and entering into the 

Amendatory Contracts. The proceedings leading up to said vote were duly held 

according to law and the By-Laws of the District, and more particularly the Court is 

infonned that: 

a. Notice of Election and Annual Meeting was duly given and mailed on 

January 13, 1992, and contained in said Notice was an item for the "Discussion and 

vote on acceptance of Bureau of Reclamation Contract on Anchor Dam." Said annual 

meeting was scheduled for February 5, 1992 at 7:00 p.m. at the address stated in said 

Notice. A copy of said Notice is attached hereto as Exhibit "D". 

b. That said Notice of Election and Annual Meeting was duly published in the 

Thermopolis Independent Record on January 23 and 30, 1992. 

c. That said arulUal meeting was held on February 5, 1992 in accordance with 

said Notice, and pursuant to By-Laws of the District a quorum was detennined to be 

present from each of the three separate and distinct areas within the District (Lucerne 

and Dempsey, Middle, and Upper). At the said meeting, upon motion duly made, 

seconded and discussed, a majority of qualified electors present and voting did vote in 

favor of entering into and authorizing the District officers to execute said Amendatory 

Contracts. 

8. That said Amendatory Contracts, which were duly executed by officials of 

the United States and the District, incurred a District indebtedness for construction 

charges to the United States requiring the District to pay to the United States an annual 

water service charge of $6,750.00 for a period of 40 years, for a total of $270,000.00. 

TIle District is also required to pay ·to the United States on a yearly basis a 

proportionate share oft~e annual OM&R costs in an amount not to exceed 1.5% of the 

-OM&R costs for Boysen Dam and Reservoir. Historically, the OM&R costs were 

between $500.00 and $1,000.00 annually. Should solutions be found to the water 

seepage problems at Anchor Reservoir, and such modifications and/or repairs are 

accomplished, the District's payments may be increased to reflect the increase in 

benefits provided and provide for repayment of such costs as are properly allocated to 

the District. In addition, the District is required to establish an emergency reserve fund 

with annual installment of not less than $4,500.00 until a basic amount of. $65,000.00 

is accumulated. 
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9. The assessments to be levieq against the individual tracts of land within the 

District and under said Amendatory Contracts do not exceed the benefits to accrue to 

such tracts of land, respectively, by reason of such contracts. 

10. Annually, and in accordance with law, the Commissioners have reported 

to the Court the proposed budget and requested assessments and have petitioned the 

Court to approve and authorize said budget and assessments, which the Court has done 

by appropriate orders. On June 26, 1992, the Commissioners filed their report for the 

proposed budget for the year 1992, and after due notice the Court held hearing thereon 

anc;l at such hearing issued its Order Determining Amounts To Be Paid by Assessments 

For The Year 1992. By reason thereof, in acting on this petition the Court does not 

need to address the question of assessments. However,. it would be appropriate for the 

Court to ratify and affirm its Order Determining Amounts to be Paid by Assessments 

for the Year 1992, dated l.uly 27, 1992 and filed July 28,1992. 

WHEREFORE, the Commissioners pray that the Court: 

1. Fix a time for the hearing of this Petition and order the Clerk of the Court 

to give and publish notice of the filing of said Petition, and of the time and place fixed 

for hearing thereon, 'said notice to be published three (3) consecutive weeks in the 

Theuuopolis Independent Record, and said notice stating the time and place fixed for 

the hearing of the Petition, the prayer thereof and that any person interested in the 

subject matter of the Petition may, on or before three (3) days prior to the date fixed for 

the hearing thereof, answer or otherwise plead thereto; 

2. ConflITl1 and approve this Petition for Confirmation of Amendatory 

Contract With the United States of America and Related Documents; 

3. Examine, approve and confirm the proceedings leading up to the execution 

of said March 30, 1992 Amendatory Contracts; 

4. Ratify and affirm its Order Determining Amounts to be Paid by 

Assessments for the Year 1992, dated July 27, 1992 and filed July 28, 1992; and 

5. For such other and further orders and relief as the Court deems proper. 

DATED this Zrr:A day of January, 1993. 

OWL CREEK IRRlGATION DISTRICT 

BY:~~ 
Jo ampbell, VIC reSIdent .. 
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VERIFICATION 

STATE OF WYOMING ) 
) ss. 

COUNTY OF HOT SPRINGS ) 

Joe Campbell, of lawful age, being fIrst duly sworn upon his oath, does state 

that he is the duly elected and acting Vice President of the Board of Commissioners of 

the Owl Creek Irrigation District, has read the above and foregoing Petition for 

Confirmation of Amendatory Contract With the United States of America and Related 

Documents, knows and understands the contents thereof and that all the statements 

herein contained are true as he verily believes. 

. ~%Pbe~P~ 
Subscribed and sworn to before me this '7 rIj ay of~~""'-!....ib--' 1993, by 

Joe Campbell. 

My commission expires: J., Itt 7(, 
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Amendatory Contract No. 1-07-60-W0701 

UNITED STATES 

DEPART!vfENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

AMENDATORY CONTMCT BET'vVEEN THE UNITED STATES 
OF AMERICA AND THE OWL CREEK IRRIGATION DISTRICT 

SUPERSEDrNGCONTRACT NO. 14-06-600-1730 

Owl Creek Unit 
Pick-Sloan NIissouri Basin Program, Wyoming 

THIS CONTRA.Cf, made this 30M day oflAaref; , 1cf!1., pursuant to the 

provisions of the Act of June 17, 1902 (32 Stat. 388), and acts amendatory thereof or 

supplementary thereto, hereinafter collectively referred to as the Federal Reclamation 

laws, is betvieen the UNITED STATES OF AlvlERICA, hereinafter called the 

United States, acting through the Secretary of the; Interior, and the O'vVL CREEK 

IRRIGATION DISTRICT, hereinafter called the District, an Irrigation District organized 

and existing pursuant to the laws of the State of \Vyoming, Vlith its principal place of 

business and office at Thennopolis, Wyoming. 



WITNEssElli: 

WI-IERE.;\S, the following preliminary statements are made for the purpose of 

explanation: 

a. The United States and the District entered into Contract 

No. 14-06-600-1730 dated October 28, 1955, as a prerequisite to construction of the 

(A.vJ Creek Unit facilities. The purpose of the Owl Creek Urnt was to assure a better 

water supply for the irrigable lands of the District. OvIl Creek Unit facilities 

constructed include Anchor Dam and Reservoir, Lucerne pumping facilities, and all 

appurtenant facilities. 

b. Irrigable lands of the District were identified in three separate and distinct 

areas as follows: Lucerne and Dempsey, 3,260 acres; :Middle, 6,846 acres; and Upper, 

1,145 acres. 

c. Lucerne pumping facilities were completed in 1957 and temporarily 

transferred to the District for operation, maintenance, and replacement (OM&R) 

purposes. Construction of Anchor Dam was completed in 1960; however, it could not 

be placed in service because of sinkhole and leakage problems in the reservoir that 

.prevented storage of water as anticipated. The October 28, 1955, contract waS not 

implemented because the project could not be declared complete. The District has 

performed OM&R on the Lucerne Pumping Plant and related facilities under an 

interim contract since 1957. 

d. The United States bas conducted extensive research on ways to resolve 

the water storage problems. Diking off the major sinkholes and filling others has 
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resulted in only minimal use of the reservoir storage capacity. This contract reflects 

the fact that annual water supply benefits anticipated in 1955 will be only partially 

realized by the District and the District's payments will be reduced to an amount 

that reflects the actual benefits received. 

c. It is necessary ·to modify Contract No. 14-06-600-1730 dated October 28, 

1955, to reflect the adjustment in the District's payments and to include appropriate 

standard articles and other provisions, as required by current Reclamation Law, 

poliCy, and instructions. Due to the extensive revision required, the original contract 

shall be superseded and replaced in its entirety. 

NOW, THEREFORE, the parties hereto agree to the following: 

SCOPE 

1. That certain Contract No. 14-06-600-1730 dated October 28, 1955, between 

the United States and the District shall be and is hereby superseded and replaced in 

entirety as follows: 

DEFINmONS 

2 .. Where used herein, unless specifically expressed otherwise or obvi'ousJy 

inconsistent with the intent hereof, the term: 
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R. '1Jruted States" shall mean the United States of America, acting through 

the Secretary of the Interior (hereinafter the "Secretary") or his duly authorized 

representative; 

b. "Contracting Officer" shall mean the Regional Director, Great Plains 

Region, Bureau of Reclamation. Unless deemed otherwise, the Contracting Officer 

shall be the Secretary's authorized representative; 

c. "Year" shall mean the period January 1 through the following 

December 31; 

d .. "Irrigation season" shall mean the period within any year from April 1 

through the following October 10; 

e. "The CNrrl Creek Unit" or "Unit Works" shall mean the Anchor Dam and 

Reservoir, the Lucerne Pumping Plant, and all appurtenant facilities constructed in 

connection therewith; 

f. "Lucerne Pumping Plant" shall include the works installed for pumping 

water directly from the Bighorn Rjver and the pumping plant and related works 

installed to relift and deliver a portion of such water to bigher elevations; 

g. ''District Water Supply" shall mean that portion of the water supply from 

the Bighorn River which can be made available at and through the Lucerne Pumping 

Plant from the natural flow of the Bighorn River and from storage in 

Boysen Rerservoir and that portion of the water supply from Owl Creek which can 

be made available at Anchor Dam from the natural flow of Ow] Creek and from 

storage in Anchor Reservoir, both as appropriated under the laws of the State of 

Wyoming for use on District lands, not to exceed, however, the amount of water that 
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may be used beneficially on the irrigated lands of the District and subject to the 

provision of Article 4b below. 

h. "Operation, Maintenance" and Replacement (OM&R) Costs" shall mean 

those expenditures incurred in connection with the operation and maintenance of the 

Lucerne Pumping Plant. Such expenditures shall include those necessary to repair or 

replace components of the existing facilities~ or to add such new components as may 

be required t~ fulfilJ the purpose and intent for which the pumping plant and related 

facilities were authorized and constructed. 

TERM OF THE CONTRACf 

3 .. This contract shall become effective on the date first above written and shall 

remain in effect for a period of 40 years unless ,terminated sooner iri accordancewitb 

the provisions of Article lIb below. This contract shal1 be renewable upon terms 

and, conditions acceptable to the parties at the time of renewal pursuant to Federal 

Reclamation laws in effect at that time. 

WATER FURNISHED TO THE DISTRICT 

4. a. For each irrigation season of the term of this contract, the United States 

shall furnish to the District and the District shall pay, pursuant to the provisions of 

Article 5 below) for the District water supply. The furnishing of water shall be made 
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at such times during the irrigation s.cason and in sucb quantities within the capacity 

of the Owl Creek Unit "as may be mutually agreed upon. 

b. .A.5 a result of drought., inaccuracy of distnoution, or other cause, there 

may occur at times during any year a. shorta~e in the water available for the landS of 

the District. In DO event" shall any liability accrue against the United States or any of 

its officers, agents, or employees for any damage, direct or in.direct., arising out of 

such shortage. 

fA YMENTSBY THE DISTRICT 

5. a. Within 30 days following the date of execution of this contract, and on 

April 1 of each year thereafter for the term of this contract, the .District shall pay 

the United Sta~es an annual water service cbarg~ of S6,750. , 

b. In addition to the annual -water service charge, the District shall also pay 

the United states, on April 1 of each year for the term of this contract, a . 

proportionate share of the annual OM&R costs) properly allocable to irrigation, far. 

the storage works of Boysen Darn and. ·Reserv6~ and related facilities. Such 

payments shall be adjusted, as determined by the Contracting Officer, to reflect any 

amounts by which the District's payment to the United States, pursuant to estimates 

for OM&R· costs for previous years J is more or less than the actual costs: Provided, 

.That sllch OM&R costs shall not exceed one and one-half (1.5) percent of the 

OM&R costs for Boysen Dam and Reservoir. 

7 



c. Shbuld methods or mca.ru be developed or become available which the 

United States determines will permit a reasonable resolution of the water seepage 

problems at Anchor Reservoir, the United States may accomplish such modifiGations 

and/or rep'airs as it determines are necessary and appropriate -to correct the water 

seepage problems. If, as a result of such modifications and/or 'repairs, the available 

w?-ter supply at Anchor Reservoir is permanently increased, the parties hereto agree 

that tills contract may be amended to increase the District's payments to reflect the 

increase in the benefits received and to provide for repayment' of such 'costs or 

portion thereof ~ are properly allocable to the District for the required 

modifications and/or repairs. If, at the time such additional water supply becoIDes 

available, the District is either unwilling to or incapable of making beneficial use of 

all or any portion thereof and a third party or parties are found that are capable of 

using and are willing to purchase such additional water supply, or any portio'n 

thereof, the United States shall have the right to sell to such third party or parties 

all or any portion of'the additional water supply that the DIstrict is either unVlilling 

to use or incapable of using. 

O'PERA TION AND MAINTENANCE TRANSFER AGREEMENT 

,6. The parties ·hereto will enter into an Operation and Maintenance Transfer 

,Agreement which shall be a supplement to this contract for the purpose of clarifying 

their respective operation and maintenance responsibilities for Anchor Dam and 

Reservoir and related facilities. Care, operation, maintenance and replacement of 
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cause 

the Lucerne Pumping Plant shall be accomplished in accordance with Article C of 

Exhibit A, attached hereto. 

FURNISHING OF WATER TO DISTRICf lANDS 

7. The District shall not furnish water in any year for the irrigation of lands 

located outside the District's established boundaries without writtenpermissioD frOID 

the Contracting Officer. 

LEVY OF ASSESS1vfENTS, TOllS·AND CHARGES 

8. The District will to be levied and collected all necessary assessments, 

tolls, and other charges and will use all of the authority and resources of the 

District to meet the obligations of the District to make in full all payments to be 

made pursuant to this contract on or before the date such payments become due 

and to meet its other obligations under this contract . 

. APPLICATION OF PAYMENTS 

9. The United States. may, at its option, and exer~ed by the Secretary, apply 

any payment or part thereof by the District to the United States to any charges 

then due and payable by the District to the United ~tates under the provisions of 

this con tract 
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DISTRICT TO SECURE AGREEMENT BY INDIVIDUAL WATER USERS 

10. The District shall secure the execution of an agreement for the excharige 

of water appurtenant to lands under the Southside and Dempsey' ditches for water 

raised by the Lucerne pump. The ~oim, execution, and filing of such" agreement 

shall be in accordance with Sections 71-409 to "71-412, inclusive, Wyo. Comp. 

Stat. 1945, as amended, and the directions of the State Engineer of Wyoming, and 

shall be subject to approval of the Secretary. 

WATER RIGHTS ADJUDICATION 

11. a. The obligation of the United States under this contract is conditioned 

upon the final determination of its rights to store and release Vlater from Anchor 

and Boysen Reservoirs in the case now pending in State District Court of the Fifth 

Judicial District entitled The General Adjudication of AJj Rights to Use Wat.er in 

the Bighorn River System and All Other Sources, State of Wyoming. Civil No. 4993. 

The parties to ""this contract acknowledge th"at "American Indian Tnoes claim prior 

and paramount rights to the use of large quantities" of water in the Bighorn River 

System. Accordingly, this contract is subject and subordinate to any such claims 

that are adjudicated and found to constitute a prior right"by a final and 

nonappealable order of a co~rt of competent jurisdiction. 

b. The District shall have the right to terminate or modify this contract as 

a" result of the final water right adjudication descnbed above if thewatcr rights of 
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either the United States or the members of the District, relative to the Lucerne 

Pumping Plant., are so subordinated that this. contract bas no or minimal cconomi~ 

benefit to the District. In the event this contract is terminated as provided herein, 

the District shall forfeit any and all rights to the use of the fa:cilities owned by the 

- United States, unless otherwise provided under separate agreement. 

DRAINAGE OF DISTRICT lANDS 

12. The United States and the District recognize that drainage works may be 

required from time to time for the preservation of clistrict lands. The District, 

'Without further cost to the Umted States, will undertake or cause the: ~dertaking of 

such additional drainage works as the Secretary and the District d~termine ~to be 

necessary. 

STANDARD CONTRACf ARTICLES 

13. The standard contract articles applicable to this contract are li~ted below . 

. -

The full text of these standard articles are attacb~d as Exhibit A and by this 

reference is hereby made a part of this contract. 

A Charges for Delinquent Payments. 

B'. General Obligation - Benefits Conditioned U.pon Payment 

C. Operation and Maintenance of Lucerne Pumping Plant - Payment of 
M.iscellaneous Costs. 
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D. Examination and Inspection of Project Works for Determining 
Adequacy of Operation and Maintenance. 

E. Emergency Reserve Fund .. 

F. Confirmation of Contract. 

G. Notices. 

H. .Contingent Upon Appropriation or Allotment of Funds. 

1. Officials Not to Benefit. 

1. - Changes -in Districfs Organization. 

K. Assignment Limited - Successors and A..ssig:ns O.bligated. 

L Books, Records, and Reports. 

·M. -COmpliance With Reclamation Urws. 

N. Administra60n of Project Lands. 

O. Quality of Water. 

P. Water and Air Pollution Control. 

Q. Water Conserva tion. 

R. - Equal Opportunity (Federal Construction Programs). 

S. Compliance With Civil Rights Laws and Regulations. 

T. Uncontrollable Forces. 
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IN WITNESS WHEREOF, the parties hereto have executed this amendatory. 
contract the day and year first above written. 

ATTEST: 

. (SEAL)' 

UNITED STATES OF AMERICk 

By ~ .. D.S. LAOVEE! 

Re;;nalir~ 
Great Plains Regjon 
Bureau of Reclamation 

'''OVIL -cREEK °IRR1GATlON DISTRICT; 
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EXHlBIT A 

STANDARD CONTRACT' ARTICLES 

A CHARGES FOR DELINQUENT PATIvlENTS 

1. The District shall be subject to interest, administrative; and penalty charges on 
delinquent installments or payments. When a payment is Dot received by the due date, 
the District shall pay an 'interest charge for each day the: payment is delinquent beyond 
the due date.' When a payment becomes 60 days delinquent, the District shall pay an 
administratjve charge to cover additional costs of billing and processing the delinquent 
payment. When a payment is delinqueot 90 days or more, the District shall pay an 
additional penalty charge of 6 percent per year for each day the payment is delinquent 
beyond the due date. Further, the District shall pay any fees incurred for debt 
collection services associated with a delinquent. paymenL 

2. The. interest charge rate shall be the greater of the rate pres~'bed quarterly in 
the Federa1 Register by the Department of the Treasury for application to overdue 
payments or the interest rate of 0.5 percent per month presCTIoed by Section 6 of the 

·Rec1amation Project Act of 1939 (Public: 
Law 76-260). The interest charge rate shall be determined as of the due date and 
remain fixed for the: duration of the delinquent period. 

3. "When a partial payment on a delinquent account is received, tb~ amount 
received shall be applied, first to the penalty, second to the administrative charges, 
third to the accrued interest, and finally to the overdue payment. 

B. GENERAL OBLIGATION - BENEFITS CONDITJONED UPON PAYMENT 

1. The obligation of the District to pay the United States as prov.ided in this 
contract is a general obligation of the District notwithstanding the manner in which the 
obligation maybe distnbuted among the District's water users- and notwithstanding the 
default of the individual water users in their Obligations to" the District. 

2. The payment of charges becoming due hereunder is a condition precedent to 
receiving benefits under this contract. The Uruted States shall not make water 
available to the 'District through project facilities during any period in which the District 
,may be in· arrears in the advance payment of any OM&R cbarges due the 
United States or in arrears for more than 12 months in the payment of any w~ter 
servi~e charges due the United States. The District shall not furnish water made 
available pursuant to this contract for lands C?r parties which are in arrears in the 
advance payment of water service 'charges or OM&R charges as levied or established 
by the District. 
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C. OPERATION AND MAINTENANCE OF LUCERNE PUMPmG PLANT 
fA Y1vfENT OF MISCELlANEOUS COSTS . 

1. ·Ca~e and OM&R· of the LU,cerne Pumping Plant shall be transferred to the 
District. Title to such transferred, works will remain in the name, of the United States. 

2. The District, without expense to' the United States, shall care for and OM&R 
such transferred works in full compliance with the terms of this contract and in such 
manner that said transferred works remain in good and efficient condition. 

3. Necessary repairs of the transferred works shall be made promptly by the 
District. in case of unusual conditions or serious deficiencies in the care and OM&R 
of the transferred works threatening or causing interruption of water service, the 
Contracting Officer may issue to the District a special wrinen notice of the necessary 
repairs. Within 60 days of receipt of such notice, the District shall either make the 
necessary repairs or submit a plan acceptable to the. Contracting Officer for 
accomplishing said repairs. If the District fails to do either within 60 days of receipt of 
said not~ce, the Contracting Officer may cause the repairs to be made and the cost 
thereof shall be paid by the District as directed by the Contracting Officer. 

4. The District shall not make any su~stantial changes in the transferred works 
vrithout first obtaining written consent of the Contracting Officer. The District shalJ 
ensure that no unauthorized encroachment occurs on project lands and rights-of-way. 

5. The District agrees to assume all liability. as to third parties arising from any 
activity by the District, its employees, agents or assigns, required by or arising from this 
contract, including but not limited to, any act, omission, neglect, or misconduct in the 
manner or method of performing any construction, care, operation, maintenance and 
replacement, supervisjon, examination, inspection, or other duties of the District. 
Liability shaU include, but not be limited to, the risk of all injuries, including death 
resulting therefrom, to person; damage to and destruction of property including the loss 
of use thereof; and any applicable costs and expenses of litigation. 

6. In the event the District is found to be operating the transferred works or any 
part tl"~ereof in violation of this contract, then, upOn the election of the Contracting 
Officer, the United States may take over from the District the care and OM&R of the 
transferred works by giving 'Written notice to the District of such election and the 
effective date thereof.. Thereafter, during the period of operation by the United States, 
upon notification by the Contracting Officer, the District shall pay to the United States, 
annually in advance, the cost of OM&R of the works as determined by the Contracting' 
Officer. Following "Written notification from the Contracting Officer, the care and 
OM&R of the works may be retransferred to the District. 

7. in addition to aU other payments to be made by the District under this 
contract, the District shall reimburse to the United States., following the receipt of a 

A-2 











1. The District will not discriminate against any employee or applicant for 
employment because of race, color, religion, sex, or national origin. The District will 
take affirmative action to ensure that applicants a.re employed, and that employees are 
treated during employment, vrithout regard .to their race, color, religion, sex, or national 
origin. Such action shall ~~lude, but not be limiterl to, the following: Employment., 
upgrading, demotion, or tran~fer; recruitment or recruitment advertising; layoff or 
termination; rates of payor other forms of compensation; and'selection for training, 
including appr~nticesbip. The District agre~s .to post in conspicuous places, a.vailable to 
~rnployees and appljcants for employment, notices to be provided by the Contracting 
Officer setting forth the provisions of this nondiscrimination clause. 

2. The District will, in all solicitations or advertisements for employees placed by 
or on behalf of the District, state that all qualified applicants will receive consideration 
for employment without discrimination because of race, color, religion, sex, or national 
origin. 

3. The District will send to each labor union or representative ofwt;Jrkers, with 
which it .has a collective bar$aining agreement or other contract or understanding, a 
notice to be provided by the Contracting Officer, advising the said labor union or 

·,,-workers' -representative -of the District'~ commitments under Section 202 'uf Executive 
Order 1124-6 of September 24, 1965, and shall post copies of the notice in conspicuous 
places available to employees and applicants for employment. 

4. The District will comply with all provisions of ExecutjveOrder 11246 of 
September 24, 1965, as amended, and of the rules, regulations, and relevant orders of 
the Secretary of Labor. 

5~ The District ""ill furnish all information and" reports required by said amended 
Executive Order and by the rules, regulations, and orders of the Secretary of Labor, or 
pursuant thereto, and will permit access to its books, records, and accounts by the 
Contracting Officer and the Secretary of Labor for purposes of investigation to 
ascertainc6i::npliance with such rules, regulations, and orders. 

6. In the event of the District's noncompliance vnth the nondiscrimination clauses 
. of this contract or with any of such rules, 'regulations, or orders, this contract may be 
canceled, terminated, or suspended, in whole or in part, and the District may be 
declared ineligible for further Government contracts in accordance with procedures 
authorized in s.a,jd amended Executive Order and such other sanctions may be imposed 
and remedies invoked' as provided in said Executive Order, or by rule, regulation, or 
order ,of the Secretary of Labor, or as otherwise provided by law. 

7. The District will include the provisions of paragraphs (1) through (7) in every 
subcontract or purchase order unless exempted by the rules, regulations, 9r orders of 
the Secretary of Labor issued pursuant to Section 204 of said amended Executive 
Order, so that such provisions will be binding upon each subcontractor or vendor. The 
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Dist~ctMll take such action with respect to a,ny subcontract or purcbase order as may 
be d.lrected by the Secretary of Labor as a means of enforcing such provisions, 
including sanctions for noncompliance: Provided, however, That in the event the 
District becomes involved in, or is threatened with, litigation with a subcontractor or 
vendor as a result of such d~ection, the District may request the United States to enter 
into such litigation to protect the· interests of the United States. 

s. COMPLIANCE WITH CNIL RIGI-ITS LAWS AND REGULATIONS 

1. The District shall comply with Title V1 of the Civil Rights Act of 1964 
(42 U.S.C. 2000d), Section 504 of the Rehabilitation Act of 1975 (public Law 93-112, 
as amended), the Age Discrimination Act of 1975 (42 U.s.C. 6101, et seq.), and any 
other applicable civil rights laws, as well as with their respective implementing 
regulations and guidelines imposed by the United States Department of the Interior 
andlor the Bureau of Reclamation. 

2. These statutes require that no person in the United Stated shall, on the 
grounds of race, color, national origin, bandicap, or age, be excluded from participation 
in, be denied the benefits of, or be othervrise subjected "to dis_crimination under any 
".~program or .activity receiving financial1iSsistance from the 'Bureau uf Reclamation. "By 
executing this contract, the District agrees to immediately take any measures necessary 
to implement this obligation, including permitting officials of the United States to 
inspect premises, programs, and documents. 

3. The District makes this agreement in consideration of and for the purpose of 
obtaining any and all Federal grants, loans, contracts, property 
discounts, or other F"ederal financial assistance extended after the date hereof to the 
District by the Bureau of Reclamation, including installment payments after such date 
on account of arrangements for Federal financial assistancewhlch were approved" 
before such date. The District recognizes and agrees that such Fe.deral assistance 'Will 
be e)..1.ended in reliance on the representations and agreements made in this article, and 
that the Unifed States reserves the right" to seek judicial enforcement thereof. 

T. lJNCONlROLLAJ3LE FORCES 

Neither party shall be considered to be in default in respect to any obligation 
hereunder, if prevented from fulfilling such obligation by reason of uncontrollable 
forces, the term "uncontrollable forces" being deemed, for the purpose of this contract, 
to mean any cause beyond the control of the party affected, including, but Dot limited 
to, drought, failure of facilities, flood, earthquake, storm, lightning, fire, epidemic, war, 
riot, civil disturbance, labor disturbance, sabotage, and restraint by court or public 
authority, which by exercise of due diligence and. foresight, such party could not 

. reasonably have been expected to avoid. Either party rengered unable to fulfill any 
obligation by reason of uncontrollable forces shall exercise due diligence to remove 
such inability with all reasonable dispatCh. 
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DUPLICATE ORIGINAL 

Contract Supplement 
. Between 

Bureau of Reclamation 
and 

Owl Creek Irrigation District 

Supplement No. 1 to 
Contract No. 1-07-60-W0701 

For the Care, Operation and Maintenance 
. of Anchor Dam, Dikes, and Anchor Reservoir Area 

This Contract Supplement is entered into this 30M day of ;ill? rc J., 

19~ benveen the Bureau of Reclamation (hereinafter referred to as "Reclamation") and 

. Owl Creek Irrigation District (hereinafter referred to as "District"), for the purpose of 

clarifying the operation and maintenance (O&M)' duties and responsibilities to be 

accomplished by the District at Anchor Dam and Dikes, Anchor Reservoir Area, and the 

related facilities. This Contract Supplement rep.la<:es existing Contract No. 1-07-60-

L0708, for Performance of Ivlinor Completion Work, Owl Creek Unit, Wyoming, dated 

June 24, 1981. 



Article 1: Background_ and Objectives 

The United States bas constructed Anchor Dam, Dikes, Reservoir, and related facilities, 

as a portion of the features of the Owl Creek Unit of the Pick-Sloan Missouri Basin 

Program. Althoug? Anchor Dam and Reservoir benefits are only partially received by 

the District, it is necessary that a program of oper9-tion, mamtenance, and surveillance 

be carried out. It has 

been determined that the District has the capability to conduct only the 'responsibilities 

and "instructions as set forth' in the following Articles below. ' 

Article 2: Statement of Work Items for Anchor Dam, Dikes, 

Reservoir and Related Features 

The dam, dikes, and reservoir areas are to be' operated and maintained by the District 

in 'accordance with the Standing Operating P~ocedures (SOP) for Anchor Dam and 

Reservoir, as revised periodically and with other speCial instructions issued to the 

District by Reclamation. In, addition, the following special instructions are furnished at 

this time. 

1. Readings: 

a. Once a month the District shall collect the daily gage readings 

from the streamflow recorder at the gaging station on the South Fork of Owl Creek 
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below Anchor Dam and report these readings to Reclamation by the fifth day of the 

following month. 

b. Except as spe~ified in I tern 2a below, the District shall take daily 

readings 5 days a week of the water surface elevation of Anchpr Reservoir, the dam's 

outlet valve, ?l1d get settings and the release rates. These readings shall be reported to 

Reclamation by the third day of the following month. 

2. Reports: 

a. Special reports are to be made by the District during high 

precipitatjon periods' and when high reservoir elevations (above 6,400) are expected. 

For other related instructions, see Item 4 below. ,Daily reports of reservoir, elevations 

are required when the elevation is expected to or does exceed 6,400. 

b. The District shall make reports on forms provided by Reclamation 

of the readings under Items la and Ib above. These reports shall" be mailed monthly 

to the Water Management Branch of the Bureau 'of Reclamation, f.O. Box 36900, 

Billings, Montana 59107-6900. 

3. Other Items to be Perlormed by the Districts: 

a. Take precautions to insure. that water in and around the dams 

outlet valves bypass piping in the gatehouse and upstream emergency gates and 

operation stems do not freeze. 

h. Keep trashracks for the hollowje"t valves and evacuation outlet free 

of debris. 
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c. Maintain gatehouse and electric lights on gatehouse access stairway. 

cL Maintain protective coatings on all metalwork at the dam. 

e.. Coat concrete on top of dam with protective coating periodicallYr 

as directed by ReclamatioIL 

f.. Maintain access stairways and ladders in a safe condition f9r O&M" 

. use. 

g. Guard against vandalism at the damsite. 

h. P~trol the dam, dikes, and reservoir area for any trespass and 

vandalism. Reports of such shall be made to Reclamation and proper law enforcement 

authorities. 

i. Maintain the dam, dikes, and reservoir area free of undesirable 

vegetation, debris, or any other nuisance. The District shall submit annual Pesticide . 

Use Proposals for review and approval by February 1 of each year to the Project 

Manager, Big Horn Basin Projects. Office, Cody, .Wyoming. 

J. Maintain fence around the reservoir and at the dam .. 

k.. Immediately report any' new sinkholes which develop in or near the 

reservoir to Project Manager, Bureau of Reclamation, Cody. Wyoming. 

1. Provide estimate of visitor use on an annual basis, 

m. Maintain access road from the top of the dam to the damtender's . 

house and vehic1epathways to and across dikes. 

n. Inspect the dam, upstream and downstrea.m slopes of dikes, and 

reservoir area at 3-months· intervals, after major inflow and release periods and after 

each seismic event in the area. The inspections of the dikes are to be conducted on 
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foot to insure a thorough review. Report any abnormal condition immediately to 

Reclamation in accordance with the SOP. 

o. Keep permanent records in a Reclamation furnished logbook of all 

reservoir releases, including changes of releases and of all maintenance and 

replacement activities as they are accomplished. 

p. Protect observation well covers from damage, including damage 

from motorized vehicles. 

q. Reservoir releases shall be made to satisfy downstream water 

rights. The quantities and timing of such releases will be coordinated with Reclamation 

and the State Engineer. 

r. When reservoir draining -is required for maintenance of sinkholes 

or other operation and maintenance activities, th~ evacuation gate outlet will be 

operated in a manner not to flush excessive amounts of sediments into the South Fork 

of Ow] Creek. 

s. Reclamation shall lease the Anchor Reservoir Area lands to the 

District for grazing purposes. 

4.. Reservoir Releases: 

Reservoir releases shall be made to the extent practicable to keep the 

reservoir .water surface below elevation 6,400. This is to prevent excessive damage to 

the dikes and to minimize the chance of creating new sinlqloles. Whenever it appears 

that elevation 6,400 may be exceeded, or precipitation in the area exceeds 3 inches in a 
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24 hour period, or the National Weather Service is forecasting this amount or more, 

the District shall make a report by telephone to Reclamation's Water lvIanagement 

Branch in the Regional Office. 

5. Sinkhole Maintenance: 

The District may make repairs to- sinkholes and dikes. Repairs that the 

District chooses not to accomplish, sh~ be· made so1ely at the discretion of 

Reclamation. The cost· of any discressionary sinkhole repairs, determined necessary by 

Reclamation, shall be paid by the United States. 

6. Selection of Damtender Position: 

The District will take initiative in the selection process whenever the need 

arises" for hiring of a damtender. Prior to notifying the indiVidual selected for the " 

position of damtender, the District will allow Reclamation to review and concur in the 

selection. 

7. Payment of Costs: 

The United States shall pay one-balf of all care, operation, maintenance, 

and replacement incurred by the District under this agreement, exc1uding the cost of 
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repairing major sinkholes. These operation costs shall be paid quarterly after receipt 

and approval of an itemized bill from the district. 

8. Operation and Maintenance Budget: 

At least 60 days prior ta each year, the district shall submit to 

Reclamation an annual O&M Budget far work proposed for the upcoming year and a 

detail of the estim,ated costs far Reclamation. ~pproval. On or before the 25th day of 

each quarter (by December 25, March 25, June 25, September 25), ~uring which the 

District shall have performed work under this agreement, the District shall submit a 

certified cost statement computing the cost of work performed, supplies, materials, 

equipment rental, labor, and such overhead and general expense, as is deemed 

applicable. Such cost statement shall be in the form approved by Reclamation and 

sh~Il be submitted to Recla~atian. Payments will be made to the District, as soon as 

possible, after ,Reclamation's appraval of such cost statement. 

9. Occupancy and Maintenance of Damtender's House and 

Outbuildings: 

a. The District shall provide for the occupation by their damtender 

and maintenance by the District of the Government-owned dwelling at the Anchor. 

Reservoir site during the term of this agreement. Reclamation shall not require rental 

payment for the occupancy of the Government-owned building by the' damtender. The 
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District shall provide that its occupant of such dwelling shall observe the activities of 

visitors in the reservoir area and report immediately any unusual or critical activity or 

event to law enforcement authorities and to Reclamation, as outlined in the SOP for 

Anchor Dam. 

b. The District shall permit reasonable access to the dwelling by 

employees of Reclamation for examination purposes. The District shall maintain the 

dwelling, outbuildings, and grounds included with the dwelling in a condition of 

cleanliness and appearance satisfactory _ to Reclamation; sign a property receipt 

describing the buildings and contents and accept responsibility for all such property; 

take reasonable care of the dwelling quarters and related property; and assume liability 

for any damage as a result of carelessness or neglect to said premises during the life of 

this agreement, including reasonable wear and tear requiring replacements. The 

United States shall nqt furnish fuel, electricity, or water to said dwelling. Upon 

termination of this agreement, the District shall surrender such property to the United 

States -and repair or replace any damaged or missing property. 

c. Upon the District's requests; Reclamation may allow the 

damtender to not live in the provided dwelling, however, a specific commuting 

limitation would be required. If non-residency is allowed by Reclamation, the District is 

to maintain the dwelling and immediate grounds in the liveable conditions as descnoed 

above. 
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Article 3. Operation and Maintenance of Lucerne Pumping Plant 

For purposes of reference only, the District will continue with the operation, 

maintenance, and replacement (OM&R) responsibility of the Ltlcerne Pumping Plant 

and related features in accordance with Contract No. 1-07-60-W0701. 

Article 4. Term 

The term of this Contract Supplement shall extend for a period of 40 years beginning 

on the date of execution of this agreement or unless terminated sooner in accordance 

with the provisions of Article 5. This Contract Supplement shall ~e renewable upon 

tenus and conditions acceptable to the parties at the end of the 40-year period 

pursuant to Federal Reclamation laws in effect at that time. 

Article 5 .. Termination 

This Contract Supplement may be terminated by either party upon giving 30 days 

wri tten notice. 
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Article 6. Standard Articles 

The following listed standard articles, applicable to this Contract Supplement, are 

a ttached as Exhibit A and by this reference are incorporated in and made a part 

hereof. 

A General 

B. Examination and Inspection of Project Works for Determining Adequacy 
of Qperation and Maintenance 

C. Emergency Reserve Fund 

D. Confirmation of Agreement 

E. Notices· 

F. Contingent Upon Appropriation or Allotment of Funds 

G. Officials Not to Benefit 

H. Changes in District's Organization 

I. Assignment Limited - Succe"ssors and Assigns Obligated 

J. Books, Records, and Reports 

K Administra tion of Prpject Lands 

L Quality of Water 

M. Water and Air Pollution Control 

N. Equal Opportunity (Federal Construction Programs) 

O. Compliance With Civil Rights, Laws, and Regulations 

P. Uncontrollable Forces 
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Signatures: 

OWL CREEK IRRIGATION DISTRICT: 

B4~~~ 
President 

ATIEST: 

BY~ 
Secretary ; 

"(SEAL) 

UNITED STATES OF AMERICk 

J~~ RegiOI(aJ ir~ , 
Great Plains Region 
Bureau of Reclamation 
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EXfIIDIT A 

STAND ARD ARTICLES 

A GENERAL 

1. The District shall care for and operate, maintain, and replace such transferred 
works in full compliance with the terms of this agreement, and in such manner that 
said transferred works remain in good and efficient condition. 

2. Necessary repairs of the facilities shall be made promptly by the District, 
excepting the conditions and exceptions in Article 2, paragraph 5. In case of unusual 
conditions or serious deficiencies in the care and OM&R of the facilities thr.eatening or 
causing interruption of water .service, Reclamation may issue to the District a special 
written notice of. the necessary repairs. Within 60 days of receipt of such notice, the 
District shall either make the necessary repairs .. or submit a plan acceptable to 
Reclamation for accomplishing said repairs. If the District fails to do either within 60 
days of receipt of said notice Reclamation ~ay cause the repairs to be made and the 
appropriate share of the cost thereof shall be paid by the District as directed by 
Reclamation. 

3. The District shall not make any substantial changes in the facilities without 
first obtaining 'Written consent from Reclamation. The District shall ensure that no 
unauthorized encroachment occurs on project lands and rights-of-way. 

4. The District agrees to assume all liability as to third parties arising from any 
activity by the District, its employees, agents or assigns, required by or arising from this 
contract, including but not limited to, any act, omission, neglect, or misconduct in the 
manner or method of performing any construction, care, operation, maintenance and 
replacement, supervision, examination, inspection, or other duties of the District. 
Liability shall include, but not be limited to, the risk of all injuries, including death 
resulting therefroID1 to person; damage to and destruction of property including the loss 
of use thereof; and any applicable costs and expenses of litigation. 

B. EXAMINATION AND INSPECfION OF PROJECT WORKS FOR DETERMINING 

ADEQUACY OF OPERATION AND 'MAINTENANCE 

1. Reclamation may, from time to time, examine the District's books, records 
and reports, and the' project works being operated by the District to assist the District 
in determining the condition of the project works and the adequacy of the OM&R 
program. Reclamation may examine any or all of the project works which were 
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constructed by the United States or project works constructed bY the District with funds 
advanced or reimbursed by the United States. 

2. Reclamation IIiayconduct special inspections of any project works being 
operated by the District and special audits of the District's books and records to 
ascertain the extent of any O-M&R deficiencies, to determine the remedial measures 
required for their correction, and to assist the District in sol~g specific problems. 
Except in an emergency, any special inspection or audit shall be made only after 
vrritten notice thereof has been delivered to the District by Reclamation. 

3. The district shall provide access to the project works, operate any mechanical 
or electrical equipment, and be available to assist in the examination, inspection or 
audit .. 

4. Reclamation shall prepare reports based on the examinations, inspections or 
a udits, and furnish copies of such reports and any recommendation to the District. 

5. Reclamation may provide the State an opportunity to observe and participate, 
at its own expense, in the examinations and inspections. The State may be provided 
copies of reports and any recommendations relating to such examinations and 
inspections. 

C. EMERGENCY RESER\TE FUND 

Upon written notice from Reclamation, the District may use funds available for 
emergencies from the Lucerne Pumping plant's emergency fund account to accomplish 
emergency repairs at Anchor Dam. -

D. CONFIRMATION OF AGREEMENT 

The District, after the execution of this agreement, shall promptly seek to secure a 
decree of a court of competent jurisdiction of the State of Wyoming confirming the 

- execution of tills agreement. The District shall furnish the United States a certified 
copy of the final decree, the validation _ proceedings, and :;ill pertinent supporting 
records of the court approving and confirming this agreement, and decreeing and 
adjudgipg it to be lawful, valid, and binding on the District. This agreement shall Dot 
be binding on the United States until such final decree has been secured. 

E. NOTICES 

Any notice, demand, or request authorized or required by -this agreement shall be 
deemed to have been given, on -behalf of the District, when mailed, postage prepaid~ or 

A-2 



delivered to the Regional Director, Great Plains Region, Bureau of Reclamation, P.O. 
Box 36900, Billings, Montana 59107-6900, and on behalf of the United States, when . , 

mailed, postage prepaid, or delivered to the Owl Creek Irrigation District, Courthouse, 
Thermopolis, Wyoming 82443. The designation of the addressee or the address may be 
changed by notice given in the same. manner as provided in, this' article for other 
notices. 

F. CONTINGENT UPON APPROPRIATION OR ALLOTIvfENT OF FUNDS 

The expenditure or advance of any money or the perfonnance of any obligation of the 
United States under this agreement shall be contingent upon appropriation or allotment 
of funds. Absence of appropriation or allotment of funds shall not relieve the "District 
from any obligations under this agreement. No 'liability shall accrue to the United 
States in case funds are not apP!opriated or allotted. 

G. OFFICIALS NOT TO BENEFIT 

No Member of or Delegate to Congress, ,Resident Commissioner, or official of the 
District shall benefit from this agreement other than as a water user or landowner in 
the same manner as other water users or landowners. 

H. CHANGES IN DISTRICT'S ORGANIZATION 

~e this agreement is in effect, no change may be made in the District's organization, 
by inclusion at exclusion of lands, dissolution, consolidation, merger or otherwise, 
except upon Reclamations written consent. 

1. ASSIGNMENT LI1vfITED-SUCCESSORS AND ASSIGNS OBLIGATED 

" The provisions of this agreement shall apply to and bind the successors and assigns of 
the parties hereto, but no assignment or transfer of this contract or any right or 
interest therein shall be valid until approved in ,writing by Reclamation. 

J. BOOKS, RECORDS, AND REPORTS 

The District shall establish and maintain accounts and other books and records 
pertaining to administration of the terrris and conditions of this agreement, including: 
The District's financial transactions, water supply data,' project operation, maintenance 
and replacement logs, and project land and right-of-way use agreements; the water 
users' land-use (crop census), lando'W11ership, land-leasing and water-use data; and oth~r 
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matters that Reclamation may require. Reports thereon shall be furnished to 
Reclamation in such form and on such date or dates as Reclamation may require. 
Subject to applicable Federal laws and regulations, each party to this agreement shall 
have the right during office hours to examine and make copies of each of the other 
party's books and records relating to matters covered by the agreement. 

K ADMINISTRA.TION OF PROJECT lANDS 

The lands and rights-of-way acquired and needed by the United States for the purposes· 
of care and OM&R of project works may be used by the District for such· purpo~es. 
The District shall ensure that no unauthorized encroachment occurs on project lands 
and rights-ai-way. The District shall Dot issue rights-of-way across project land,' issue 
land rights to project lands, or issue leases, licenses, permits, or special use agreements 
involving project land, rights-of-way, or transferred· works. All such. land use 
instruments shall only be issued by Reclamation unless .otherwise provide for under 
separa te agreement between the parties· hereto. 

L QUALITY OF WATER 

The operation and maintenance of project facilities shall be perfo~ed m such manner 
as is practicable to maintain the quality of raw water made available through such 
facilities at the highest level reasonably attainable, as determined by Reclamation. The 
United States does not warrant the quality of water and is under DO obligation to 
construct or furnish water treatment facilities to maintain or better the quality of water.' 

M. WATER AND PUR POLLUTION CONTROL 

The Distri.ct, in carrying out this agreement, shall comply' with all applicable water and 
air pollution laws and regulations of the United States and the State, and shall obtain 
all required permits or licenses from the appropriate Federal, State, or local authorities. 

N. EQUAL OPPORTITNITY 
(Federal Construction PrOgrams) 

During 'the performance of this agreement, the District agrees as follows: 

1. The District will not discriminate against any employee or applicant for 
employment because of race, color, religion, sex,' or national origin. The District will 
take affirmative action to ensure that appJjcaIl~ are employed, and that employees are 
treated during employment, without regard to their race, color, religion, sex" or national 
origin. Such action shall include, but not be limited to, the following: Employment, 
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upgrading, demotion, or transfer; recruitment or recruitment advertising; layoff or 
termination; rates of payor otber forms of compensation; and selection for training, 
including apprenticeship. The District agrees to post in conspicuous places, available to 
employees and applicants for employment, notices to be provided by Reclamation 
setting forth the provisions of this nondiscrimination clause. 

2. The District will, in all solicitations or advertisements for employees placed by 
or on behalf of the District, state that all qualified applicants will receive conSideration 
for employment Vlithout discrimination because of race, color, religion, sex, or national 
origin. 

3. The District will send to each labor union or representative of workers with 
which it has a collective bargaining agreement or other contract or understanding, a 
notice, to be provided by Reclamation, advising the said labor union or workers' 
representative of the District's commitments under Section 202 of Executive 
Order 11246 of September 24, 1965, and shall pdst copies of the notice in conspicuous 
places available to employees and applicants for employment. 

4. The District will comply with all pro~ions of ExecutiveOrder No. 11246 of 
September 24, 1%5, as amended, and of the rules, regulations, and relevant orders of 
the Secretary of Labor. 

5. The District VIill furnish all information and reports required by said amended 
Executive Order and by the rules, regulations, and orders of the Secretary of Labor, or 
pursuant thereto, and 'Nil} permit access to its books, records, and. accounts by 
Reclamation and the Secretary of Labor for purposes of investigation to ascertain 
compliance with such rules, regulations, and orders. 

6. In the event of the District's noncompliance' with the 
nondisc~nation clauses 'of this agreement or with any of the such rules, regulations, 
or orders; this agreement may be canceled, terminated, or suspended, in whole or in 
part, and the District may be declared ineligible for further Government contracts in 
accordance with procedures authorized in said amen'ded Executive Order, and such 
other sanctions may be imposed and remedies invoked as provided in said Executive 
Order, or by rule, regulation, or order of the Secretary of Labor, or as otherwise 
provided by law. 

7. The District vr.ill include the provisions of paragraphs 1 through 7 in every 
,subcontract or purchase order unless exempted by the rules, regulations, or orders of 
the Secretary of Labor issued pursuant to Section 204 of said amended Executive 
Order, so that such provisions will be binding upon each subcontractor or vendor. The 

, District will 'take such action with respect to any subcontract or purchase order as may 
be directed by the Secretary of Labor as a means of enforcing such provisions, 
including sanctions for noncompliance: Provided, however, That in the event the 
District becomes involved in, or is threatened with, litigation with a subcontractor or 
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vendor as a result of such direction, the District may request the United States to enter 
into such litigation to protect the interests of the United States. 

O. CO?vfPLIANCE WITH CIVIL RIGHTS. LAWS. AND REGULATIONS 

1. The District shall comply with Title VI of the Civil Rights Act of 1964 
(42 U.S.C. 2000d), Section 504 of the Rehabilitation Act of 1975 (public Law 93-112, 
as amended), the .A.ge Discrimination Act of 1975 (42 U.S.C. 6101, et seq.), and any 
other applicable civil rights laws, as well as with their respective implementing 
regulations and guidelines imposed by the United States Department of the Interior 
and/or the Bureau of Reclamation. 

2. These statutes require that no person in the United States shall, on the 
grounds of race, color, na'tional origin, handicap, or age, be excluded from participation 
in, be denied the benefits of, or be otherwise subjected to dis,crimination under any 
program or activity _receiving financial, assistance from the Bureau of Reclamation. By 
executing this agreement., the District agrees to immediately take any measures 
necessary to implement this obligation, including permitting officials of the 
United States to inspect premises, programs, and documents. ' 

3. The District makes this agreement in consideration of and for the purpose of 
obtaining any and all Federal grants, loans, contracts, property discounts, or other 
Federal financial assistance extended after the date hereof to the District by 
Reclamation, including installment payments after such date on account of 
arrangements for Federal financial assistance which were approved before such date. 
The District recognizes and agrees that such Federal assistance will be extended in 
reliance on the represen~ations and agreements made in this article, and that the 
~nited States reserves the right to seek judicial enforcement thereof. 

P. UNCOI'fTROLLABLE FORCES 

N either party shall be considered to be in default in respect to any obligation 
hereunder, if prevented frOID fulfilling such obligation by reason of uncontrollable 
forces, the term "uncontrollable forces" being deemed, for the purpose of this 
agreement, to mean any cause beyond the control of the 
party affected, including, but not limited to, drought, failure of facilities, flood, 

. earthquake, storm, lightning, fire, epiderDic, war, riot, civil disturbance, labor 
disturbance, sabotage, and restraint by court or public authority, which by exercise of 
due diligence and foresight, such party could not reasonably have been expected to 
avoid. Either party rendered unable to fulfill any obligation by reason of 
uncontrollable forces shall exercise due diligence to remove such inability with all 
reasonable dispatch. 
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Attachment to Supplement No. 1 of 
Amendatory Contract No. 1-07-60-W0701 

UNITED STATES 
,DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 
BIGHORN BASIN PROJECTS .OFFICE 

P.O. Box 2806 
Cody, Wyoming 82414 

LEASE OF LAND FOR AGRICUL~, GRAZING, OR RA~lN~~OSES 

THIS LEASE, Made this 3,0. day of ~~L:77';2 
, in pursuance of the Act of June 17 / 1902 (32 Scat. 388), and acts -----

amendatory thereof o:r supplementary thereto, bet~en the UNITED STATES OF 
AMERICA" hereinafter styled the United States, represented by the officer 
executing this lease, and the Owl Creek Irrigation District, ·'(hereinafter 
styled the Lessee); 

2. Witnesseth, that in consideration of the rents and cov-enants herein 
specified, it is hereby mutually agreed by the parties hereto as follows: 

3. Description of land leased.· - Subject to the conditions hereinafter 
set forth, the United States does hereby lease to the Lessee, for 
agricultural, grazing, or haying purposes, the following-described premises in 
the State of Wyoming, to wit·:' . 

Land within the Anchor Reservoir boundary fence containing 797.37 acres, mo·re 
or less, located in Sections 26, 27, & 28, T.43N., R.IOOW., 6th P.M. and 
Sections 13, 14, 15, and 23, T.8N. , R.IW.", W.R.M., containing 1'97.4 acres, 
more or less, of which 0 acres are in cropland for agricultural 
purposes, with privileges and appurtenances, subject, however, to the 
exceptions and reservations set out in the next succeeding article. 

4. Exceptions and reserVations, - There are excepted and reserved fratI 
the lease of ~~e premises described in Article 3, the following= 

a. All latlds to lolhich other rights have lawfully attached before 
the date of this lease. 

b, the right to remove fratI said lands any or all timber,'both 
standing and down. 

c. The right to take frc:xn said lands material fot" the construction 
of irrigation \WOrks, and to construct, operate, and m.aintain such 'WOrk.s 
the reon. 



d. The right to prospect and carry on developments for oil, gas, 
coal, and other minerals on said lands, under the Act of October 2, 1917 (40 
Stat. 297), and the Act of February 25. 1920 (41 Stat. 437). 

e. A right-of-way along all section lines, or other practicable 
route ·...men locations on section lines are not feasib.le, freely to give ingress 
to, passage over, and egress from all of said lands. 

f. The right -of the officers, agents, employees,. licensees, and 
permittees of the Uniced States and designees of public bodies, at all proper 
times and places, freely to have ingress to, passage over, and egress frcm all 
of said lands, for the purpose of exercising, enforcing, and protecting the 
rights described in and res-erved by this arti.cle, or for the purpose of 
operating and maintaining any Federal pt"oject t;hereon or _controlling noxious· 
weeds under agreements in compliance with P.L. 90-583. 

g. Any lands herein or impounded waters will be open to the public 
for hunting and. fishing, subject to applic-able St.ate laws and regulations, and 
to other rect"eational us e. In the above, public recreational use of the 
leased premises shall be limited to pedest.rians, ~"'tcept on designated trails, 
roads, or areas opened Ln accordance with 43 CFR, Part 420 (off-road. vehicular 
use) . 

h. Nothing contained in this lease shall restrict the issuance of 
bentonite, uranium, stone,. sand and gravel permits or right-of-way grants by 
the United States, its licensees or pet"mittees under existing laws. Where any 
substantial reduction in agricultural and grazing resources of the ieased 
premises' is made by the aforesaid actions, an appropriate refund or reduction 

. in the lease rental yill be made. The measure of such refund or reduction in 
the lease rental will be made. The measure of such refund or reduction, as 
detennined by the United States, shall be final and binding on the parties. 

s. Term of lease. -' The lease of the premises described shall be for 
the period from June 1. 1991 to December 31, 1995 inclusive, unless sooner 
t em i na ted as he re in af t.er pr ovided . 

6. Extension of lease term. - The Lessee has an option to extend the 
term of the lease as defined in the pt"eceding article, for successive 
additional' periods of 1 year each, but in no event beyond December 31, 2000', 
if such Lessee shall at the time of the 'exercise of the .option have paid all 
previous rentals due and if such option is exercised in the follo~ing manner 
and by the observance of the following conditions: 

a. Such option must be first exercised not later than 60 days prior 
to the' termination of the lease as defined in Article 5, and if so extended, 
not later t.han 60 days prior to the annual termina~ion of each extension 
the re af te r . 

b. Such option must be exercised by·payment in advance to the 
United States of the rental charges at least 60 days pt"ior .to the termination 
of the lease, accompanied by a notice that the Lessee desires to exercise such 
option, and if 80 extended, not latet" than 60 days prior t.o the annual 
t.ermination of each extension thereafter. 



7. Rental charges. - The Lessee shall' pay to the United States rental 
charges for the previously described premises as follows: The sum of $615.00 
on the execution date hereof for the. period ending December 31, 1991, and an 
annual amount due and payable onIM~BU~of each succeeding year. Rental 
charges beyond the inftial five year term will be subject to any adjustments 
required by the United States to reflect the current fair market-value. 

8. Repairs. - The Lessee lWill keep in a state of good repair such 
fences and structures as may be located on the leased premises. 

9. Miscellaneous conditions. - In the use of the leased premises the 
Lessee shall observe all of the following conditions: 

a. No unlawful business shall be caFried on. 

b. No fence, vith or without gates, shall be constructed upon or 
across -the -right-of-way of any canal or lateral operated or controlled by the 
United States. 

c. No waste shall be committed. 

d. The Lessee shall release and relinquish any and_ all claims which 
he/she at any time may have or claim to .have against the United States, its 
officers, agents, and employees on account of injury to or loss of animals 
pastured or loss of or damage to graving crops pursuant to the lease which may 
be caused or claimed in whole or in part by the existence or condit~on.of Oahe 
Unit or other irrigation and flood control works or by any cause whatsoever. 

e. Stands of alfalfa or grass, . tame or native, existing on the 
tract at the beginning of the lease. therm shall not be plowed or otherwise 
destroyed withou~ the vritten permission of the United States. 

f. The United States does not guarantee to protect the Lessee 
against trespass. The Lessee will fence the land or take such legal action 
ag·ainst trespassers as he/she deems necessary to protect this i~terest) 
subject to the provisions of paragraphs 4(g) and 9(b). The Lessee shall 
comply with th~ laws of ~he State in which the leased lands are situated with 
respect: .to the costs and maint.enance of fences. The Lessee will be permitted 
for the period of 60 days after expiration or .termination of the lease to 
remove any removable improvements placed on the land by the Lessee ·during the 
tenn of his/her lease or his/her other property and restore the premi.ses to a 
condi tion satis factory to the united States. Removal of the- Lessee's 
improvements or his/her other property and restoration of the leased premises 
within said 60 day period are the responsibility of the Lessee. It is agreed 
that all improvements or other property not removed within the 60-day period 
will t.hereafter be considered abandoned and ~ill automatically beccme property 
of the United States and subject to disposal under Federal regulations. Any 
removal of improvements or other property and restoration \Jork remaining viII 
be performed by the United States aod the Lessee. 



g. The Lessee viII not penait livestock under its control, that are 
kept upon the premises herein, to graze on any lands adjacent thereto vithout 
permission of the owner, operator,. or lessee of such adjace.nt lands. The 
Lessee will take such steps as are necessary to preven~ unauthori%ed grazing 
of stock kept on the leased premises including, but not limited to, erection 
of fences or hurdles or the herding of the livestock. 

h. The Lessee shall, -within its,legal authority, ccmply fully vith 
all applicable Federal and State laws, orders, and regulations, all as 
administered by appropriate authorities, concerning the pollution of streams, 
reservoir, ground water, or water courses with respect to thermal pollution or 
the discharge of refuse, garbage, sewage effluent, industrial was~es, oil, 
mine tailings, mineral salts, or other pollutants, and concerning the 
pollution of the air with respect to radioactiye materials or other 
pollutants~ The Lessee further agrees that it shall obtain all requir~d 
p,ermits or licenses frau the appropriate Federal,' State, or locai authorities. 

i. The Lessee shall use the land in such manner as to control the· 
gro\olth and spreading of noxious weeds and promote acceptable conservation of 
the land.' The Lessee shall further cooperate in',weed control programs in 
compliance with P.L. 90-583, ~ich authorizes representatives of public bodies 
to ente r Feder al land to control noxious weeds Wlder certain B.pe ci fie d . 
conditions. in use of pesticides on public lands herein, the Lessee shall 
comply ""ith all pro.'lisions of Federal and State pesticidela~ and any 
arne ndme nt s the re to. 

j. The Lessee agrees to do all in its power to prevent and suppress 
any fire on or threatening any lands controlled by the United States, and to 
immediately report any fire which it cannot suppress, and to place itself, its 
employees and transportation facilities at the disposal of the proper 
authorities for the purpose of fighting such fires. 

k. The Lessee shall be responsible for the control and cutting of 
weeds and hay gro\o1ing adjacent to the in ditches of roads included within the 
leased premises. 

1. The United States shall not be held responsible for any cost 
incurt'ed by the Lessee fot' such farm practices as, 'but not li!Oit.ed to, sunmer 
fallow, field cultivation, fall plowing, etc. , 

m. Any unacceptable land use practices such as, but not limited to 
overgrazing of the land included in thi.s lease are proh~bited. 

n. The United States shall not be required to construct ·ne'W 
perimeter or cross fences on the leased premises or shall not be held 
responsible to furnish material to construct such fences. 

o. No more than 125 animal unit months of grazing shall be 
permitted annually. The carrying capacity stated above is based upon average 
grazing yields and may be reduced upon written ncrtice by tq.e United St.ates in 
the occurrence of poor range condition~ induced by drought or other causes. 



,In the event such reduction in carrying capacity beccxnes necessary, the rental 
rate will be reduced proportionately. Grazing will only be permitted between 
~ and December 31s t of each year. Furthennore, no more than 10 AUMs 
will be pe nni t t ed per mon th for the months of April and Hay. The b al ance 0 f 
the 125 AUM! may be used over the remainder of the year. The Lessee will 
submit on a monthly basis the attached Actual Grazing Use Report for.·each 
month of use,to the Project Manager. 

p. The Lessee shall refrain frau any operation 'or activity not 
contemplated within the general grazing and agricultural pursuits of a lessee 
without first obtaining 'Written consent frau the Project Manager~ 

10. Subleasing. 7 The lands covered by this lease, or any portion of 
the lands covered by this lease. may be subleased to ernployee(.s) or member(s) 
of the District. 

11. Termination of lease. - This lease shall terminate and all rights 
of, the Lessee hereunder shall cease, and the Lessee shall quietly and 
peaceably deliver to the Dni.ted States, possession of the leased premises ~n. 

like condition as 'When caken, reasonable 'Wear and damage by the elements 
e.xce pc. ed: 

a. At the expiration of the term as provided by Article 5, or 

b. without notice, upon default in payment to the United States or 
any installment of rental charges as provided in Article 7, or 

c. On December 31 of any year, upon vritten notice to the Lessee. 
served 30 days in advance thereof, or 

d. After failure of the Lessee to observe any of the conditions_ of 
this lease, and on the 10th day follo\oling service of written notice on the 
Lessee of termination because of failure to observe such condition. 

The notices provided by this article shall be served by certified mail 
addres sed to the res pe ct ive po s t of fic e ad dres ses given at the fo ot of this 
lease, and the mailing of any Buch notice prope~ly enclosed, addressed~ 
stamped. and certified, shall be considered service. If the tetminati.on under 
Article ,ll(e) or Art-icle lIed) should be effe~tive at a date prior to the date 
a f the te rmlna t ion of the then current lease or extens ion, fo r \o7h ich 
prepayment of rental shall have been made, an appropriate refund (as 
conclusively determined by the Secretary of the Interior) or part of the 
rental for such then current lease or extension 'Will be made. 

12. Covenant Against Contingent Fees. - Lessee ~arrants that no pers~n 
or agency has been employed or retained to solicit or secure this contract 
upon an agreement or understan~ing for a commission, percentage. brokerage, or 
contingent fee, ,excepting bona fide employees or bona fide established 
canmercial agencies maintained by the Lessee for the purpose of securing 
bu.siness. For ,breach or violation of this warranty, the Government shall have 
the right to annul' this contract without liability or in i,ts discretion to 
require the licensee to pay, in addition to the contract price or 
consideration, the full amount oE such commission, percentage, brokerage, or 
contingent fee. 



13. Nand isc rimination CI ause. - 1'h e fo llowing pr OVl. Sl.ons gove ruing 
performance of work under Government contracts, as set out in Section 202 of 
Executive Order No. 11246, dated 'September 24,1965 (30 F.R. 12319), as 
amended, shall be applicable to this lease and for this purpose, the term 
"contract" shall be deemed to refer to this lease and the term "contractor" 
shall be deemed to refer to the Lessee. 

14. Officials not to Benefit. - No member of or Delegate to Congress or 
Resident Commissioner shall be admitted to any share or part of this contract 
or to any benefit to arise therefrom. Nothing, however, herein contained 
shall be construed to extend to any incorporated company if the contract be 
for the general benefit of such corporation or company. 

15. Successors in Interest Obligated. ~-The provisions of this lease 
shall apply to and bind the assigns of the' United States, the Park Board, and 
the heirs, executors, administrators, and assigns of -the Lessee. 

IN, WITNESS WHEREOF, the parties hereunto subscribed ,their names as 
of the date first above written. 

UNITED STATES OF AMERICA 

By 114, t,~~~ 
Project Manager , ~ , 
Bighorn Basin ~roject Office 
Bureau of Reclamation 
P.O. Box 2806 
Cody WY 82414 



Oe::ar Sir: 

UNITED STATES 
'DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

ACTUAL GRAZING USE REPORT 

In accordance with the terms' and conditions of the permit or lease' which _uthonzes your grazing use. p lease complete 

form and return to the Bighorn Basin Proj ects Office P.O. Box 2806, Cody Wyoming 82414 at the ., 
end 0 f e.ach, month, of. authorized grazing use (43 CFR 4130.6-2(d)). ,This information, _long with athe:- studies cl.,,~ 

is needed ~o evaluate the effectiveness of present manag~me:It. Use a se~arate line ror e','e:-y day that you either tum 
stock in or take livestodc out of an allotment or pasture. Your cooper_tion in proviciing aC=".l~te inior:nation will be apprec 
ated. 
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Contract No. Q-AA-60-PO015 

UNITED STATES 
DEPARn1ENr OF 'IHE INIERIOR 

EOREAP OF RECJ:.AMATION 

Pick-Sloan Missouri Basin Prcgram, WesteI:n Division, 
OWl Creek. Unit, Wyami.iq 

OJNrRAcr FOR EIECIRIC SERVICE· BETWEEN 'THE UNITED srATES 

AND CWL CREEK IRRIGATION DISI'RIcr 

'IEIS OJNrnAcr, made this :3 0 fh day of rt1 ti rch ' ,191?:, 

pursuant to the Act of June 17, 1902, (32 St:at. 388) i the Act of 

.Ceceml:er 22, 1944 (58 stat. 887), ani acts amen:Jatory thereof or supplementary 
. ' J ' 

thereto, between '!HE UNITED STATES OF AMERICA (United states), Cepartment of 

the Interior, Bureau of Reclanation (Reclanation), rePresented by the off;i.cer 

exeo.rt.in:r this Contract or a duly appointed successor, hereinafter called the 

Contracting Officer; an:l the CWL CREEK IRRIGATION DISTRIcr, hereinafter called 

the District, its sua:essoci arrl assigns; an ir.rigation district oJ:gaI1ize:l ani 

exist.in:1 urrler arrl by virtue of the laws of the state of Wyam:i.n;. . Reclamation 

. a.rrl the District are sometimes hereinafter referred to collectively as 

IlParti°' II _~ ~_...:;~. °duall "Party" es C1.I.J..J. .J..L.LU..Vl; Y as . 

2. EXPI.ANATORY RECITALS 

a. WHE:REAS, Reclamation is fuJ:ni.sh.in:1 electric service for use by 

the District for· its iJ:rigation ~irg plants urrler the previsions of 

1 Art. 1, 2 



Contract No. 14-06-700-6268 dated JRcpmbp...r 23, 1966, as am:n:led by SUfplemmt. 

No. 1 dated I)ocernbp-r 20, 1976, 'Which Contract teJ:mi.nated at midnight on 

Cecember 31, 1986; arrl 

b. WHEREAS I the District desires to continue to obtain eiect.ric 

service ar.d Reclamation is wil.li.n; to :furnish electric service for the 

operation of the pumpin:J plants; arrl 

c. WHEREAS, pursuant to Contract No. 14-06-600-1730, dated. 

Cct.aber 28, 1955, betw~ .. Reclamation an:1.the District, the District agreed to 

assume the responsibility for operation arrl. maintenarx:e of the unit works at 

an 1.n"rlete.on:ined date, arxi hass:ince, un:3.er the te:cns of the Contract 
. I . 

No. 14-06-600-2007 I date:i Ma.rch. 28, 1957" agreed to assume. the responsibility 

for the operation an:i maintenarx:e of the !llcel:ne l?llmping Plant, effective 

January 1, .1957, as defined in Corrb:act No. ~4-o6-600-1730, which includes the 

lucerne. Relift Plant, o:::>nsi.st.in; of t:w'o m:rin p..mp; ani one auxiliary p..m!p, 

presently identified as the Russel l?llmp; an:i 

d. WHEREAS, by virtue of a o::nrt:::tact between the We.stem Area I?c1wer 

Administration (We.stem), as t:ransmi.Ssian agent; .an:i the Pacific I?c1wer ar:d 

Light CoItpany (PacUiCXJl:p) urrler Contract No. 14-06-600-2437, dated 

May 16, 1962, as ~lemented or a.men:ie:::l, or -any CXJntract that supersedes this . 
r 

Contract, Western has the right urxler certain limitations to ttansmit. electric 

capacity arrl energy over Pacifico:t:p's transmi.ssian system to the extent that 

PacifiCXJrp has available excess capacity in said transmission system, ani 

Western has n:J other n:eans of f\n:ni.shin; electric service to the District 

except through Contract No. 14-06-600-2437; arx:1 

2 Art. 2 (Cbnt.) 



e. WHERFAS I the Parties desire to continue to provide electric 

service to the District's P-JIIPln; loads for gravity se.z:vice, an:l'to replace 

Contract No. 14-06-700-6268; an::l 

l'iCM, 'lREREFORE, in consideration of the IDLIb.Jal covenants set forth herein, the 

Parties agree as follCMS: 

3 • EI.ECT.RIC SERVICE 'TO BE FURNISHED 

a. Reclamation, un::le.r th~ tenns an:J.corxlitions stip..1late:l herein, 

will fuJ:'rli.sh., __ deliver I an::l:measure. electric service to the Dist:i:ict, frc.m and 

after the date 9f execution of this ,Contract at the }?Oint(s) and voltage(s) 

arrl urx:1e.r the -delivery con:litions specified in ~it A hereto. ~ 

electrical senrice shall be :furnished aver the above-described tJ:ansmissien 

system(s) of Pacifico:t:p, urrle.r the tenns arxi corxlitions of Conb:act 

No. 14 .... 06-600-2437 or any Contract that may replace or supersede this 

Contract. 

b. Electric capacity arrl p.mping- energy willl::e delivered in 

anoun:ts which the District may require, fran t.ime-to time, up to' a ma.ximum 

rate of deliveJ:Y, hereinafter called. the Contract Rate of r:elive:ry (<:::ROD), for 

p..mp:i.n; 'service as SJ?eCified. in Exhibit B hereto, generally dur:in:J the bill~ 

nx:mths of May ~ o::tober (the April IIeter readin;J date to the October 

, meter re.ad.irq date) of each year, hereinafter called the seasonal service 

lJX:lI1'th.s; Provided, 'That durin;r nonseasonal service.m=mths the ' 

3 Art. 2 (cant), 3 



District may, with the written o:msent of the Contrac::t.irx1 Officer am subject 

to the t.enns arrl a:m:li.tians specified by the Contract:.:in; Officer, use electric 

energy as required for p..IIl1pirq or for t.estin; an:l maJntenarx::e prrposes. '!he 

transfonne.rs at the ~in;r plants used in connection with electric service 

hereurrler shall l:e c:leener9-ized durin:r the ~ service m:mths, except 

for such periods 'When energy is be:i.rq used with the consent of the, Ccntract:.:in; 

Officer. 'The CROD for p..m1ping service shall be s:pecifie:l in Exhibit B. 

4 • Sa-rEIXJI.E OF RATES 

a. 'D:le District shall pay for the electric se::tVice furnished 

hereurrler in accordance' with the ra-t;es, charges, arrl. a:m:li.tions set cut in the 

attached rate schedule MRB-P9, Int&:i:m Schedule of Rates for Wholesale Finn 

Season Il:rigation Pum.Pin:;r Service for Federal Projects or arr:! rate schedule 

that supersedes this rate schedule. Reclamation w.iJ.l revise the energy charge 

to reflect c:han:1es in operation, ma.intena.n:e, an:l replacement o::S:.s p.rrsuant 

to .Article F of the General Pawer cOrrt:ract Provisions; Provided further, rrhat 

notwit:h.st.an:li.rg the provisions o.f Rate Schedule MFB-P9, the energy deliveries 

for billin; p.n:p:ses shall be determi.ned as provided in Exhibit C hereto. 

b. In add.i tion to the charges payable urrler the rate schedule 

provided herein, when Weste:rn utilizes transmission facilities other than its 

CMI1 in providirg sel:Vice urrler this Cbrrtract, an:l o::S:.s are in::::urrerl for the 

use of. such facilities, west.er.n will pay the first one mill ($O .. 001) per 

kilCNTatt-hour transmission charge aIrl the District shall pay that p:Jrtion of 

such o::S:.s, 'Which are in excess of one mill ($0 .. 001) per kil6,.ratt-hour 

4 Art. 3 (cant), 4 



transmissia!l dJarge in:mre::l in·the de.livezy of capacity arrl. energy provided 

for hereun:ler. 

c. '!he District shall cilso pay for transmission . losses 'Which are in ' 

excess of seven percent (7%) .in::utred.in the delivexy of capacity ani energy 

provided for here1lrrler. ~ transmission losses dJargeable to the District 

p.u:suant to this subarticle will, for billin3' p..lrp:)SeS, be added to the 

respective :meter ~s after inclusion of the adjustment pl:ovided for in 

Article 3 of EXhibit A . 

. d. If increases in the rate of charge for transmission service 

an:Vor transmission losses are made ~ the te:on of this Contract, or· 
J 

Reclamation notifies the District that an increase will be. :made, the District 

at any time not later than one hun:1red am eighty (180) days after the 

effective date of any such. increase, bJt rot t:hereafter, may terminate this 

Cbntract bY written n:Jti.ce to Reclamation. 'Ihe tenni.na.tion shall be effective 

as of the date the District shall t.he.re.in designate. 

5. C01PLIANCE WTIH RUlES AND RE:;UIATIONS 

'The Secretary may· fran tine to time prcmJlgate rules an:l regulations 

to implement Reclamation law. '!he District agrees to abide by such final 

rules and. regulations . lawfully adopted. 'Ihis Cbntl:a:ct is subject to all such 

lawful rules and regulations n::M or hereafter in force when nat in::onsist.ent. 

with any express an1 s:pecific provisions herein. 'lllese:rules arrl regulations 

are made a part. of this Contract. 

5 Art~ 4 (cant), 5 



6. TERM OF CINrnAcr 

a. 'lhi.s Contract shall he:pre effective up:1n the date of execution, 

and subj ect to prior ter.mi.nations as ot:.hend.se herein provided for I shall 

remain in effect until midnight, D?cemher 31., 1999 .. 

b.. 'Dle "effective date" is defined as the date of execution of this 

Cbntract. 

7 • OPERATION AND MATIr.r.ENANCE OF ~ DISIRIcr I S ~ SYSTEM 

'lhe District shall operate an:1 J:Da.ilIt:ain its pc::N.'er system In a manner 

wtU.ch will not interfere with the operation··of the system ,fran which electric 

service is supplie:l to the District here.un::ler I arrl which will o:ordinate with . 

the protective relayin; arid other protective aD:a.n3ements ·on said system. 

Reclamation may discontinue furn.ish.irg electric service to the District if, 

after reasonable notice by the Cbntrac:t.inj Officer of an tmSatisfactory 

corx:li tion an the District I S p:::M1er system, which interferes or may interfere 

with any service SUW1ie:i from the p:Nler system of Westem or from the power 

system . of West.enl' s trc3.nsmission agent I the District fails or refuSes to make 

such c:ha.n3'es as may :be I1E'CeSsary to eliminate Soch unsatisfactory o:m:tition. 

SUch a di.scont.inuan::e of electric service will r:ot relieve the· District of . 

liability for the mi.nim..lm charge provided for here~ durin; the tirr.e said 

electric service. is so di.sconti.rn.led. Nothi.n:J in this article shall be 

a::In.Stnled to rerrler Reclamation liable for any claims, demarrls I a::::sts, losses I 

causes of action, damages,. or liability of whatsoever 

6 Art. 6, 7 



kin::i or na:b.J.re, arisi.n; oo:t of or resulti.n; fran the c::x:nstJ::uctian, operatian~ 

or ma:int.enance of the District r s pc:M'Ier system or the svstem of Westel:n IS 

Transmission Agent. 

8. EXHIBrIS MADE PARI' OF a::N'mAcr 

Pursuant to this Contract, Emibits A, B, arrl C IDaY vary durin::r the 

term hereof arx:l may be renegotiate:! between the parties as required bereto. 

'The .initial Exhibits A, B, ani C are attad::led an:J eadl shall l::e in forcean:1 

effect until superseded by a subsequent exhibit. 

7 Art. 7 (Cent), 8 



9. GENERAL FCmER mNrRAcr PROVISIONS 

'The ~ 1?ower Contract Provisions date:l cctober 1, 1986, are 

attad1ed heretQ ar.d hereby made a part hereof. Where the teJ::m "O::Jrrt::ractor" 

~ in tb:e General 1?ower O::Jrrt::ract Provisions, the term "District" can be 

used i.nterchan:Jeably. 

IN W'I'niESS I WHEREDF I the Parties hereto have caused this Corrt:ract 

No. o-AA-60-PO015 to be executed the day an:l year first above 'W'ritten. 

(SEAL) 

8 Art. 9 



CERl'll lCATE 

~~, certify that I am the lad~e.d_/-
I 

of the owl Creek Irrigation District name::i as District herein; that 

i(/.'i/4 I] d· ·V~ ltl; I:;. c" 0' , "Who. signed the above o:mb::act 

,f,1 ~AA-60-POOlS an behalf of said Distri.cot, was then its 

~J~-((-.t ; that said a:mt.ract was signed for· and in behalf of 

V' said District by authority of its gov~ bc:dy arrl .is .wi:thin the saJpe of its 

corporate p:Hlers. 

(SEAL) 

Viviat). M .• Boynton J Notary Public. 
My c.ommission ~xpires .Feb. 2, 1995 
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EXHIBIT A' 
(r:eli very Foints an:i Ccrrli tions) 

1. '!his Emibit ~, made this ~ day of ~ , 19~, to 
~ec:tiZ ~ ani as a part of a:mt::ract No. o-LAA-6o-POOlS, dated 

V14~ , 1.9 tid. , hereinafter called. the Contract, shall 
effective on the date of initial se.rvice urxier the Contract an::l shall 

remain in effect tmtil superseded by an::rt:her Exhibit Ai Provided, 'That this 
Exhibit A or any supe.rsedin;r Exhi.bit A shall be terminated up:m eJt:piration of 
the Contract. 

2. (a) Points of Celivery: F.ran arrl after the date of initial service 
urrler this Contract, Reclamation, urrler terms an:l o::>rditions set forth herein, 
will :fun1ish ~ectric. servioa to the, District, at .the follCMing J:X>,:ints of 
deli vel:Y:. . 

1.. lucerne Purnpim Plant Leli very: Where the thirty
'four'thousarrl ':five 'hurdred (34,"500) Volt cirollt of the ONI 'Creek Unit 15 
attached to the cirollt of PacifiCXIrp, at or near the Illce:x:ne PuIIpin:r Plant, 
lcx:ated approx:i.lIlately 4 miles north of 'Ihe:tlIopolis I Wyam.in;. 

2. 'I.ucerne Relift Pgmpinq Plant Delivery: Where the'thirty
four thousarrl five h\.lI'l:Jred (34,500) volt cirollt of the Q;vl Creek Unit is 
attached to the ciroll t of Pacifia:r.r:p I s 'lhe:r:m:::polis-Worlan:l Line No. 1. at or 
near the lucerne Relift Plmping Plant, located approx:i.lIlately 4 miles north of 
'Ih~lis, Wyam.in;. 

(1=?) Delivery Voltages: capacity and energy furnished hereurrler will 
be delivered. to the District at nc:mi.nal voltages of 34,500 volts at the lllcerne 
PunpirB Plant delivery point a.rrl at the Illc:eme Relift Punpi.rq Plant delivel:Y 
p:>int. ' 

(c) Points of M~: 'lhe capacity'and energy will be'measured 
at 2,400 volts at the lllcerne Plmpin:r Plant an::1 at 480 volts at the Illcerne 
Relift Punpin:I Plant. 



Contract No. o-AA-60-PO01S 
OWl Creek Irrigation District 
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3. Transfornation ard System Losses: To cnnpensa.te for transfonnation 
arrl distributlon system losses at the points of deli ve:r:y and on the 
distribution systems of Pacificorp, the meter readings for the Illcen1e Pumpin3" 
Plant, the Illcerne Relift Pumpin:;J Plant will be increased two percent (2%). 

(SEAL) 

Attest: 

UNITED STATES OF AMERICA 
BUREAU OF ,AECI.AMATION 

By ~ucCd" 
TitieAct1ng Retio~al Of reo to r' 

Address -------------------

.>-4 ..... ~, IRRIGATION DISTRICI' 
(.. 

o. " V. 0 

, 



Contract No. o-AA-6o-PO015 
CMl Creek Il:rigatian District 
Page 1 of 1 

EXHIBIT B 
-(Contract Rate of I:elivezy) 

1. 'Ihi.s Eldribit B, maU3e this z/ll day of JlJwJ ,19K, to 
beeff%ive ~Je as a ~~ct.NO. e-:.AA-6D-PO015, dated 
----I/ft1.4C4:':L ' 19 , hereinafter called the Contract," shall 
beccm:{ effective an the date 0 initial service urrler the Contract and shall 
remain in effect until supersooed by another ~it B. 'lhis" Eldribit B or any 
supersedin; Ei<hibit B shall terminate up:>n the expiration of the Contract. 

2. On arrl after the effective date of this Exhibit B, the a::mtract rate 
of delivery for gravity p..m1pl.n; service shall be one thcusan::l twO hurrlred 
(1,200) kilowatts. 

(SEAL) 

UNITED STATES OF AMERICA 
BJREAU OF REt:!AMATICN 

BY.~~2 
Title'ot111i Rational !.ilr~otor 

~------------------
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EXHIBIT C 
(0perati.n:1 AgreeIIent in=1ucii.n1 Q.Janti tati ve De:t;.eDninations) 

1. 'lhis Exhibit c made this 111 day of ~ , 19..2.-,·to 
be eff~~ as a partlJ D:lntract.No. -:Ji:A-6O-PO015, dated 
!JlLU.~~ , 1.9 , hereinafter callej the Contract, shall 

became effective on the date of initial service u:rrler the Contract arrl shall 
remain in effect until superseded by a.rother Exhibit C. Reclamation rese.rves 
the right to te.I:minate this Exhibit C an::1 require the negotiation of a new 
exhibit in the event that the elecb::"ic service a.rra.n::1emeI"ltS are altered so that 
this e.xh.i.bit no lOn:3'er is in accordan::e with the altered an:a.n:3'ements or the 
principles set forth in the OJntract. 'Ihi.s Exhibit C or a.rr:! ~ . 
Exhibit c shall ,be ~ted by the expiration of this contract. 

2. ,'!he p..mpin; energy requirerrerrt:. for the District, 'for any billirq 
pe.ricd sh.2Ul be the total energy delivered durin:; the bill:ing pericd at the 
point of delivery, as measure:i arrl adjusted. if n=cessary in accordan::e with 
Exhibit A. 

UNITED STATES OF AMERICA 

~~~ D.S. LAUVD 

Title Acting Re,looal D1reot~r 

~'ot1ng Rer;looal Direotor 

(SEAL) 



Ul~ITED 5rL'T'ES 
,DEPARTMEl',lT OF THE DrrERIm 

BmtEAU OF·RECL.AY~ION 

Hi ~s curl. Rive r B.a.rln - We.rtern Di vi:sion . .. Schedul.e MRB-P9 

'INT!RIM SCHEI:ULE OF RATES FCR WH01ESAI..E· FW! SEASONAL 
IRRIGATION RJMPDlG SERVICE Frn FEDERAL FROJECTS 

Effective: 

July 1, 1956 

Available: 

In the art1a served in WyondngJ Colorado and. 'Western Nebraska.. 

Applicable: 

For use7 :1.n the operation ot irri.gation and. d.ra:inage pum:ping pl.ants 
on 1.n-igation projects in llhich t:1.tl.e in wale or in part 1..:1 Tested. in 
the United states,' for paver service supplied through one meter at one 
point of delivery. . 

Character and Conditions of Service: 

.Alter:o.a.ting, current, 60 c;rclesJ three-1Jha.:se~ delivered and metered 
a. t the lev-vol tag-e ~ide o! the t.raJ:umd..s non ~ zrob station.. 

Hont.hJ;r R.a. te : 

DEMAND CHARGE: None • 

.ENERGY CHARGE: 2.5 mill" per ldlo"Wa~hour tor all energy used. 

Season.aJ. Hinil'trum Bill: 

$2.75 per ld.lallatt of the maxi m"m 30-m.1nute integrated demaIlO. 
est.al:Jlisbed diiri.ng service months ot each yeaI' speci..O..ed in the contract • 

.Adjustments: 

For PoW'9r Factor: 

None. The C'Ustoroe r v:ill normal.ljr be required to maintain a 
po~r factor at the poi..nt c;>f delivery of, not less than 90 per
cent lagging. 

1.01011 
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UNITED STATES DEPARIMENl' OF '!HE INIERIQR 
R1REAlJ OF RECLAMATICN· 

TASIE OF CCNTENrS 

A. Cllaracter of Service 
B. DeliveJ:Y· of capacity a.rrljor Energy. in Excess of Contract Obligation 
C. a:mt.i.rruity of Electric Se.I:vice to be Furnished 
D . Multiple Points of Ce.li very . 
E. Un:::ontrollable Forces 
F. Mc:di.fication of Rates 
G Bill' a.rrl Pa'~1"'I"4-c:o • ~ .~~£~ 

H. Olarges for r.eJ..i.nquent Payments 
I. Mj ustments for Fractional· Bilil..in; l?er:icxl 
J. Mjustments for OJrtai.l.nents to Sel:vice 
K. Met.erin; 
L. Resale of .Electric Energy 
M. Power Factor 
N. Cooperation of o::>ntractin:r Parties 
o. Provisions ,Re.1.ati ve to EIrployIIe1t 
P. Transfer of Interest in Contract by Contractor 
Q. waivers 
R. Notices 
s. Contin:]ent ~ Appropriation or All~ of Funis 
T. Officials Not to Benefit 
U. . Covenant Against D:mtin;ent Fees 
V. National Environmental Policy Act 
w. . Contract SUbj ect to o::>lorado River CciIlpact 
x. Construction Safet:j Procedures 
y . Liability 

M. Ex:i.stence of Transmission Sel:vice Contract 
BB. CDrx:li tions of Transmission Sel:vice' 
Cl:.. Multiple Points of Delivery Invcl vi.n; Direct an:l 'Wheeled Deliveries 



0ct:.Cber 1, 1986 

UNITED s:rATES DEPARIMENT OF '!HE ThTERIOR 
BJREA1:i OF RECI:AMATION 

GENERAL FCWER CIJNrnAcr PROVISIONS 

A. Character of Serv"ice .. 

Electric energy supplies hereurrle.r 'Will be three-phas€., altel:nati.n;' 
a.n:rent, at a nominal :q:-equency of sixty (60) hertz (cycles per secoro) _ 

B. Celivery of capacity and/or Energy in Excess of Contract Obligation. 

'Ihe Contractor shall not use capacity an::Vor energy in cmamts greater 
that the Unite:l States' contract delivery obligation in effect' for each type 
of se:tVice prcrvided for in this cont:ract except with the specific written 
approval of the a:::>ntracting officer. Any greater use, when approved, shall 
not be d~ to .establish in the Contractor anycontinu.in:r right'thereto an:l 
the Contractor shall cease any such greater use whenever requested by the 
contracting officer or whenever the awroval expires, whichever c::x:curs first. 
Nothing in this rontract ronta.ined sqall obligate or be construed to obligate 
the United States to increase any cantractrate of delivery hereurrler. 'If' 
additional capacity an::Vor energy is not available from the United states, the 
responsibility for securirxj additional capacity an::vor·energy shall rest 
wholly with 'the Contractor. 

c. Continuity of Electric service to be Furnished. 

'The electric service, unless ot:he.n;ise specified, 'Will be fuJ:ni.shed 
continuously except (1) for fluctuations, int.e.:rruptians, or reductions due to 
uncontrollable forces, as defined herein; (2) for temporary flucbJ.ations, 
interruptions,' or re:1uctions due to operation of devices installed. for ~er 
system protection; and (3) for flucb.Jatians, temporary interruptions, or 
reductions, which, in the opinion of the contracting officer, are necessary or 
desirable for the' purposes of maintenance, repairs, replacements, installation 
of equip!-ent, or inv'est.igation arrl ,inspection.'Ihe United States f except in 
case of eJriergency as dete.nnined by the can:tracting officer, will give the 
Contractor reasonable advance notice of such temporary flucbJ.ations, 
interruptions, or re::luctions ani will reIIX)Ve the cause thereof with diligence. 
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D. Multiple Points of D:livery. 

When electric service. is furnished. at two or lIOre points of delivery 
urrler the same schedule of rates, said sd:l.edul.e of rates shall apply , 
separately to the se.rv"i.ce. supplied at each lX'int of deli veJ:Y"; Provided I 'Ihat 
where the rreter read.ir~'S are considered separately and. tn~ Contractor' 5 system 
is intercormected between :pJints of delivery durirx:r erergencies I the meter 
rea~s at any J;X>int of delivery' will be appropriately adjusted to o::xrpen.sate 
for duplication of :p:::;r.oJeI derrarrl recorded by lI'eters at alternate points of 
delivery due to emergency corrlitions W'hich are beyon::l the Contractor's control 
or teIrttx>rary o::>rdi. tions caused by scheduled outages. 

E. UnControllable Forces. ' 

Neither party shall be considerecl to be in default in respect to any 
obligation hereurrler I if prevented from fulfillirq such obligation by reason 
of uncontrollable forces, the tenn uncontrollable forces being deemed for the 
p..:lrpOSe of'this contract to mean any cause beyorrl the control of the party 
affected, includ.in; I but not limited to 1 ,failure of facilities. flcx:d., 
eart.hqt.lak.e I stonn, ligh:t::nirg, fire, epidemic war, riot , civil dist:urbance 1 

labor dist:uJ::bance, labor or material .shortage, sabotage, restraint by court or 
public authority, arrl' action or nonaction" by any governmental agency or 
authority which by exercise 'of due diligence an:i foresight Such party could 
not reasonably have been expected to avoid. Either party re.rrlered unable to 
fulfill any obligation by reason 'of uncontrollable forces shall exercise due 
diligence to rem::rve such inability with all reasonable dispatch. 

F. Mcdification of Rates. 

rrh.e rate schedule specified in this contract shall be subject, to 
successive no::lific:ation by the united States through the prcmil.gation of 
~ rate schedules. If at any time the united states promulgates a 
rate schedule supersed.irq the rate schedule then in effect urrler this 
contract, it:. will prorrptly notify the Contractor thereof. Said superseding 
rate schedule shall l::€come effective as to this contract as' of its effective 
date. 'The Contractor, by notice in writir.g given to the contract:i.n:J officer, 
may elect to te.rminate this contract effective as of such date not nore than 
three (3) years subsequent thereto as the ContraCtor shall therein specify. 
SUch notice ImJ.St be given within 180 days after notice by the united States to 
the .Contractor of prorrullgation of a supersed..ing rate schedule. Service 
provided by the unite::l states shall l::e paid for at the rew rate regardless of 
whether the Contractor exercises the option to teJ::mi.nate service. 

G. Billirn"s ard Pavments. 

'!he united states will submit bills to the Contractor on or before the 
tenth (10) day of each :m:Jnth for electric service furnished during the 
pre:ced.inj IrOnt.h, ard payments will l::e due ard paYable by the Contractor arrl 
p::>St-marke::i on or before the first day of the lICnth :i..mrre:liately succped; rq the 
date each bill is suhnitted. 
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H. O1arges for Delinquent Payments. 

(a) rrhe Contractor shall be subject to interest, administrative and 
penalty charges on delinquent instaJ.lments or payments, pursuant to section II 
of the Cebt Collection Act of 1982 (Public I.aw 97-365). When a payxrent is not 
received within 30 days 6f the due date, the Contractor shall pay an interest 
charge for each day the paYment is delinquent beyorrl the due date. When a 
payment beComes 60 days delinquent, the Contractor shall pay an administrative 
charge to caver additional a:sts of billin; an::1 processirq the delinquent 
payment.· When a payn:ent is delinquent 90 days or lIOre, the Contractor shall 
pay an additional penalty charge of 6 percent 'per year for each day the 
payment is delinquent l:Jeyorrl the due date. Further, the 'Contractor shall pay 
arrj fees ina.n::re::i for debt collection services a.sso::iated with a delinquent 
payment. 

(b) rrhe interest charge shall be the greater of the rate prescribed 
quarterly in the Federal Register by the Depa..rbnent of the Treasury. for 
application to overdue payments, or the interest rate of 0.5 pei:ce:nt per nonth 
prescribed: in section 6 of the Reclamation Project .Act of 1939 
(Public law 76-260). 'Ihe interest charge rate shall be detennined as of the 
due date a.rd remain fixed for the duration of the delinquent peric:x:l. 

(c) When a partial payment on a delinquent account· ~'receive:i, the 
anount received shall be applied first to the penalty arrl administrative 
charges I secorrl, the ao::rue· interest, an::l thiJ:d to the oven1ue payment. 

(d) TIle United states shall have the right upon not less than fifteen 
(15) days' advance written notice to discontinue furni.shi.rx:1 electric serVice 
to the O:::lntractor for nonpayment of bills ani to refuse to rest.Itne same so Ion; 
as any part of the aIIOUnt due remains unpaid. SUch a discontinuance of 
electric se:x:vice will not relieve the- Contractor of liability for the mini.mt.nn 
charge during the time electric serVice is so discontinue::l. 1he rights given 
herein to the united States shall be in addition to all other remedies 
available to the United States, either at law or in equity, for the breach of 
any of the provisions he.r€-:::>f. 

I. MjustJnents for Fractional Billing Pericd. 

(a) For a fractional part of a billirx:1 pericd. at the beginni.ng or en::l 
of service, ardfor fractional perio:is due to withdrawals of service, t.'1e 
dema.rrl or capacity charge, the k.i:l:-OVlatt-hour blcx:ks. of the energy charge, arrl 
the m.inimum charge shall each be proportionately adjusted in the ratio that 
the number of hOurs that electric sexvice is fu:rni.sh!2d to the Contractor in 
suchfract.ional billing pericrl bears. to the total number of hours in the 
billirq pericxi imrol ved. 



4 

(b) Whenever irrigation an::3/<?r drainage p.mpirq service is' supplied 
urrler this contract, adj ustIne..'1ts in the de:ma.n:1 or capacity charge, in the 
kilowatt-hcur blc:dcs of the energy c:harge, ani in the lI1inilm.:Im charge of the 
rate schedule un:::ier which service is supplied, shall be made for the 
fractional p3.rt of the bill.i.rg pericd at the beginnin; arrl en:1 of pumpin:r 
service in each year in the same manner as provided in seCtion (a) of this 
article. If p..mtp~ service is supplied in conjunction with service for other 
p.u:p::lSes ard is not metered separately, the billing de:ma.n:1 for pumping Service 
shall be considered to be the diffe.rer.ce between ,the highest 30:-minute 
integrated de:ma.n:1 measured duriN3' the billing pericd arrl the contract rate of 
delivery for firm power. 

J. Adju.sbrP-11ts for arrtailments to Service. 

Unless a..u:tailment of service is, due to a request by the Contractor, 
billing adjust::ments will be made if the delive:z:y of electric ~ is 
o.rrta.iled. because of con:litions on the power system of'the United. states, 
which system for the purpose of such adju.st:;:rrents hereurrler shall include 
transmission facilities utilized b.rt not CNmed by the United states, f.or 
pe.ricd.s of on (1) hour or 1003'er in ~tion each. 'Ihe total,numl::er of hours 
of o.rrta.iled. service in any billin; pericd shall be detennined by add.:ir.g 
(1) the sum of the number of hours of interrupted service to (2) the prcduct 
of:' therum1::er of hours of reduce:1 5eXV:lce multiplied by the p:rcerrt:age of 
said reduction l:elow the lesser of (a) the contract rate of delivery, or 
(b) the obligation of the United states to deliver finn p:;wer an:l energy as 
establiShed. urrler the operatin:j agreement entered into p.rrsuant to the 
Auxiliary J?or..ler Service article hereof, or (c) the rate of delivery required 
by the Contractor at the tilne of such re:::luction.: "'!he de:marxi or capacity 
c:harge, the kilowatt-hour blcx:ks of the energy c:harge, arrl the lrJ.ninn.IIn charge 
shall each l:e proportionately adjusted in the ratio that the total number of 
hours of such o.rrtailed service as herein determi.ned bears to the total number 
of hours in the billin3' pericd involved. 

The Contractor shall lIIake written claiin within thirty (30) days after 
receiving the ronthly bill, for a~just:ment on accotmt of any a.n:ta.ilrnent to 
service, for peria:is of one (1) hour or 1003'er in duration each, alleged to 
have cx:::a..rrred arrl which is not:-reflected in such bill. Failure to reke such 
written claim, within said thirty (30) day perioo, shall constitute a 'Waiver 
the.r8C)f. All OJ.rtailments to service, which are due to corditions on the 
po:...re.r system of the United States, shall l:e subject to the provisions of this 
article arrl the CJntractor shall l:e limite::i in its ren:edy to the relief 
granted. by this article: ProVided, 'That withdrawal of p::rwer am energy urrler 
contract provisions shall not be deemed an:t.a.i.llrent to seJ:Vice. 
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K. Meterirg. 

(a) 'llle total electric pc::rwrer an:l energy delivered to the Contractor 
will be JreaSUred by m=ter.i.rq equi~ to be ful:nished arx:l maintained by the 
United states or by its designated representative. Meters shall be sealed. an:l 
the seals shall :be broken only l.JfXJn cx:::casions when the meters are to be 
inspected, tested, or adjusted, an:i .representatives of the Contractor shall be 
afforded ri:asanable app:Jrtlmi.ty to be present up:m such oo::::asians. Meter:inq 
equiprrent shall be inspected an:1/or tested at least once each year by the 
united states or by its designated. representative arrl at any reasonable time 
up:Jn request therefor by either party. Any meter:inq equipne.nt foun::1 to be 
defective or .inaco..rrate shall be repaired an::i readjusted or replaced.. Should 
any meter fail to register, the electric p:NJer an::l energy delivered. durirq 
such pericrl of failure to register shall, for billin3" p..JrpOSeS, be estimated 
by the contractirg officer from the best information· available. Meters faurrl 
with broken seals shall be. tested. at once arrl, if appropriate, meter read..in:3's 
shall be adjusted by the United States in accordance with paragraph (b) below. 

(b) If any of the inspections an:J/or tests provided for herein disclose 
an error e..'XO?edinq two percent (2%), correction based Up:m tp.e "inaccuracy 
fcurd shall l::e :trade of the records Ot electric 5el:Vice :fUl:nished durin3' the 
p:ria:i that such inao::uraey has existed as detennined by the contractirx3' 
Officer; Provided, 'That if such .pericd of inaa:::uracy c:a.nn::rt: be determined, 
correction shall be make for the :pericd be;rinn.i.rq with the nonthly billi.n:J 
pericd .llnrrediateJ.y preced.irg the billin:; pericd du.rin; which the "test was 
made. ~ correction in bill.i.rq resul t:i.n; from correction in meter records 
shall noIJDally be made in the next .lIOI1thly bill rer:dere:1 by the United States 
to the Contractor. Payment of such bill shall cx:mstitute full adjustment of 
any claim between the parties hereto arising out of inaccuracy of meterin:3' 
equiprent. . 

L. Resale of Electric Energy. 

'!he Contractor shall not resell arrj of the electric energy delivered to 
it hereurder. 

M. Pcwer Factor. 

'The Contractor nor.mally w-ill l:e required to maintain at the p:lint of 
delivery a pc::Nler factor of not less than ninety-five percent (95%) laggirq or 
lead..in:3'; Provided. I rrnat the Cbntractor will be pe.m.i tt.Erl to operate, at a lower 
factor when coidi tions are such, as determined by the contractirx3' officer, 
that a la..Jer ~er factor will be IDUtually advantagebus to the OJntractor arrl 
to the United states. 
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N. Cbooe.ration of Contractin:r Parties. 

If, in the operation or ma.intenance. of their respective :poawer syste:In 
arrl/ or 'electrical equipnent an:1 the utilization thereof far the p.n:p:ses of 
this OJIltcact , it beccmes necessary by reason of any emergen:::y or 
extraordi..naI:y o:m::litions for either party to request the--other to furni.sh 
personnel, materials, tools, an:1 equip:oent for the ac:x:::ampli.shment thereof I the 
party so requested shall c:coperate with the other ani rerrle.r such assist:ance 
as the party so requested may detenci.ne to be aVailable. The party ma.ki.rq 
such request, up:Jn receipt of p:roperly itemized. bills from the other party, 
shall reimburse the party rerrlerin; such assistance for all costs properly an::1 
reasonably .inc:urred. by it in such perfODIE.I'X:e, including a reasonable c:harge 
for administ.rative a.rrl general e;.q;ense5, sum costs to be. deteDn.i.ne::l on the 
basis of o.rrrent charges or rates used in its own c:perations by the party 
rerrlerirg assistance. 

o. Provisions Relative to Employme..·1t.. 

(a) rrhis contract shall be subject to all the provisions arrl conditions 
of the .Act. of Congress entitled the Work H.oU:rs Act of 1962, appro'.J'ed.. 
August D, 1962 (76 stat. 357), 'Which, establishes sta.n::la.rds for hours of work 
ard overtime pay of laborers ard ne:hanics employed. on work done urrler 
OJntract for, or with the financial aid of, the United states, the same as if 
that ~ had been specifically set forth herein. 

, (b) ''!his contract shall aJ.so be subj ect to the requirements of 
Executive Order No. 11246, asarrerrled, which requires equal employnent 
opp:>rtunity by Federal o:mtractors the san:e as if that Executive order -had 
been specifically set forJl he....~in. . 

P. Transfer of Interest in Contract by Contractor. 

No voltmta:ry transfer of this contract or of the right of the Contractor 
here.urder shall be make without the written approval of the Secretary of the 
Interior; Prov'ide:1, ''llia t if the Contractor operates a proj ect financed in 
whole or in part by Rural Electrification Adm.i.nist:ration, the Contractor may 
transfer or assign its interest in the OJntract to the Rural Electrification 
Administration O+=", any Other department or agen:::y of the Fed.eral Government 
withcut such written approval; Provided further, '!hat arrj suCCPssor to or 
assignee of the rights of the Contractor, whether by voluntary transfer, 
judicial sale, foreclosure sale, 'or othe.t'W"ise, shall be subj ect to all the 
provisions arrl CDn::litiOns of this OJrrtract to the same extent as thcugh such 
sucx:essor or assignee were the original cont::ractor hereurrler; arrl, Provided 
further, 'lIla,t the execution of a IrOrtgage or trust deed, or judicial or 
'foreclosure sales made thereurrler, shall n:rt be deemed vol1mtary transfers 
within the n:ea:nirx;] of this article. ' 
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Q. Waivers. 

Arr:l waiver at any time by either party hereto of its rights with respect 
to a default or any other matter arisin; in (X)nnectian with this contrcict 
shall not be deemed to be a vaiver with respect to a:rr:! subsequent default or 
matter. 

R. NotiCes. 

Any written notice, deman:l, or request required or authorized by this 
contract shall be deemed properly given if lIJai..led, postage 'prepaid, to the 
contract.i.rg officer at the address shown on the signature page hereof, an 
behalf of the Uni te:1 states, e.xcept. wnere ot:l1enlise herein specifically 
provided, arrl to the officer signin; for the Contractor at the addI:-ess shown 
on the signature page hereof, on behalf of the Contractor. ''!he designation of 

, the person to be notified or the address of such person may be c:ha.n:3'ed at any 
time by similar notice. 

s. Contin:tent On Appropriation or AllotJnent of 'FUn::ls. 

, 'The expen:::li"b.lre of advance. of ¥1Y IIX:lneY or the performance of any 
obligation of the United states' urx:ier this contract shall. be c:ont:i.n;ent up::>n 
appropriation or allot::Irent of furrls. .Absen:e of appropriation or allotment of 
fun:is shall not relieve the Contractor fran any obligations urrler this 
contract. No liability shall accrue to the United states in case fun:is are 
rot appropriated or allotted.. . 

T. Officials Not to Benefit. 

No Member of or Celegate to Con:lxess or Resident Crmni ssioner shall be 
admitted to any share or part. of this contract or to any benefit that :may 
arise' herefram but thisrestrict.ion sball not be OJnstrued to exter:d to this 
OJnt::t:act if l1:k:1de with a OJrporation or ca:npany for its general benefit .. 

U. . O:Jvenant Against Contingent Fees. 

'The Contractor warrants' that no person or sellin; agercy has been 
employed or retained to solicit or-- secure this contract upon an agreement or 
urrle.rstan::iin; for a commission, percerrt:age, brokerage, or amti.n:1ent fee, 
exceptir:g rona fide enployees or bona fide established a:mrercial or sell.i.rB 
agencies maintained by the Contractor for the p.up:se of seo.rrirq lJusiness. 
For breach or violation of this warranty the United States shall have the 
right to annul this o::mt:ract without liability or in'its discretion to de:luct 
from the contract price or o:msideratian the full aIIO.ll1t of such. 'O'TOTDi ssian, 
~ge, brokerage, or OJntin:Ient fee. 



v. National Environmental Policy, Act. 

Facilities to be constructed hereurrler by either party heretO·shall be 
a:mstruct.ed subject to c::ornpliance with the National Environmental Policy Act 
(NEPA) of l.969 (83 Stat. 852) arx:l all other awlicable statutes anj 

regulations. For those facilities to be a:mstructed. by1:b.e Contractor, the 
Contractor shall prepare all required NEPA dca..Im=ntatian in accordance with 
the starrlards of the Bureau· of Reclamation. 

w. Contract SUbject to Colorado River Cgnpact.. 
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Where the energy sold hereurrler is generated from waters of the Colorado 
River system, this corrtract· is nade up:>n the express corrlition ani with the 
express covenant that all rights hereurrler shall be subject. to ani 'contrelle:! 
by the Colorado River Co:rIpact approved. by sect:i.on 13 (a) of the Boulder canyon 
Project Act of Cecember 21, 1928 (45 stat. 1057), arrl the parties hereto shall 
observe an:i l::e subject to. ard CX)ntrolledby said Colorado River Compac::t in the 
CX)n.st.:ruct.ion, management, arrl o:peration of the dams, reservoirs, ard 
p:1w'erplants from whic.~ electr~cal energy is to be furn.i.?hed by the United 
States to the Contractor hereun::1er, arrl in the storage, diversion, delivery, 
an:l use of water for the generation of electrical energy to· be deli vexed. by 
the Dni ted. states to the Contractor hereurrler. 

x. Construction an:1 Safety Prccedures. 

(a) '!he Contractor hereby ack:rx:Jy.Tledges that it is aware of the hazards 
inherent in high-voltage electric lines an:3. substations, an::l hereby assumes 
full resp:msibility at all times for the adoption ani use of necessary safeq 
nea.sures required to prevent accidental hann to personnel ergaged in the 
construction, inspection,' testing, or re:noval activities of the Contractor 
pursuant to the contract. 'lhe Contractor arx:l the authorized errployees, 
agents I ani suOContractors of the cOrrb:actor shall ~ly with all applicable 
safety laws ar:d building arrl construction cedes, - in::ludi.n:3' the provisions of 
the Bureau of Reclamation I 5 current "l?c::1wYer systems Safety starrlards, n 

"Construction Safety ard Health st:a.ndaJ:ds II ani IIPcwet SVstems Clearance 
" I .. 

Procedures" in effect upon the signi.n:r of the a:mtract·; Except, 'That in lieu 
of the safety prc:x;ram required. herein, the Q:mtractor my provide suEficient 
infonnation to de:m::>nstrate that the Corrt:ractor's safety prcgram is 
satisfactory to the United states. 

(b) 'lhe Q:Jntractor ard its authorized employees I agents, qnj 
sub::ontractors shall familiarize themselves with the lcx:ation arrl character of 
all the transmission facilities of the United states 'arrl interconnections of 
others': relat..ing to the const:ruction W'OJ:k :pe.rfonned by the o:mtractor urrler the 
contract. Prior to st.arti.n;r any construction, installation, or re::n::JVal-:work, 
the COntractor shall submit a plan of procedure to the United states which 
shall irrlicate th~ seqUence an:i me:thcrl of perfo:oning the work in a safe 
manner. No work "shall be perfOr.rne::l by the Contractor, its employees, agents, 
or sub::ontractors until written authorization to procee:l is obtaine:l from the 
rontract..i.n; officer. 
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(c) At all times when the C?ntractor, its employees, agents, or 
subcontractors are performing activiti~ of any type p..rrsuant to the COIILtact 
such activities shall be un::ler supervision of a qualifieCl employee, agent or' 
sub::::ontractor of the <J:>rrtract.or who shall be' authorized to represent the ' 
Contractor in all matters pe.rt:.ain.i.n; to the activity bei.ng perfoDDed. '!he 
Contractor an::i the United. states 'Will keep each other infol:IDed of the l"laIIeS of 
their desi~ted representatives at the construction site. . 

(d) Upon a:xnpletion of its work, the Contractor shall rem:JVe fran the. 
vicinity of the right-of-way of the United states all buildi.n;, l:Ubbish, used 
materials, CJncrete forms, an:l other like material belargi.n:j to it or use::i 
un:ier its direction durinq construction or installation, ·arrl .m the event of 
failure to do so, the same may be rem::JVed by the United states at the ~ 

. of the COntractor.· . 

(e) In the event the Contractor, its employees, agents, or 
subcontractors fail to CXlIIIply with any provisions of this artic;le, the 
contract.i.n:3" officer or an authorize::1 ~resentative may issue an order to stop 
all or any part of the work until such t.i.ma as the O:mtractor dem:::>nstrates 
campl.i.ance with the provision at issue. 'Ihe Contractor, its enpleyees, 
agents, or sul:x::ontractors shall make) no cla.iln for c:orrp?DSation or· damages 
resul t.i.n; from such work stoppage. . 

Y. Liability. 

'!he District agrees to assume all liability as to third parties arisin:;J 
fram any activity by the District, its employees, agents or assigns, required 
by or arisinj from this o::>ntract, includ.ing hIt not limited. to, a:rrj' act, 
arnission, neglect, or miscorrluct in the maimer or :method of perfonn:in; any 
construction, care, ~tion, maintenan::::e an::l replacement, supervision, 
examination, in.sp=ct.ion, or other duties of the District. Liability shall 
include, but not be limited to, the risk of all injuries, includ.in:r death 
resultin; therefrom, to person; daIrage to arrl dest.roction of property 
includ.in:r the loss of use thereof; an::l arr:! applicable costs· arrl· expenses of 
li tigation. 

THE FOL!.DWIN3 ProVIsIONS ARE APPLICABLE ONLY vm:EN 'lEE. ELECTRIC SERVICE 
'It) BE FORNISHED ARTICLE l?F!JQIDES 'mAT SERVICE WILL BE FORN:r.SHED ~ TEE 
FACn..J:TIES OF A 'IEIJID PARrY: 

. . -
M. Existence of Transmission service Contract. 

InasIIIl1ch as the electric service. he.reunier is to l:::e supplied over 
facilities not CM1I1ed by the United. States or CNll1€d by the Dnite:t states arrl 
·not ur:d.er the CX1I laol of the Blli-eau of Reclamation, the obligation of the 
United states to furnish electric service .hereurrler shall at all t:i..nes be 
subject to arrl CX)nt~ent upon the exi.st:.erce of a transmission serviCe 
contract grantirg the united states the right to use such facilities n:Jt CNll1€d 
by it or CNll1€d by it arrl not urrler control of the :&lreau of Reclama.:tion as are 
necessary to the rerrleri.rx;J of electric service hereurrler; Provided, 'll1at if 
the United states a~ or construct facilities which YJOUld enable it to 
ful:nish direct service to the Contractor, the United States, as its option, 
may ful:nish. the electric service hereun::ier over its CNll1 facilities. 
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BB. Conditions of TranSmission Service. 

Any1:hi.n:r to the o:mtraI:y in this contract n:rtwi t.hSta.n:li.rq, when the 
electric service urrler this contract is fu;rn.i.shed by the United states over 
the facilities of others or over facilities of the United. states not urrl.er the 
control of the :&1reau of Reclamation by'virtue of a transmission service. 
a.rran::;ernent, the electric pcwer ard energy will l:e furnished at the voltage 
available an::l urrler the OJn:titions whidl exist from tiJ:ne. to time on the 
transmi.ssion system over which the service is supplied. The United states 
will en::leavor to inform the Contractor from time. to t.i.m: of any chang'es 
conte!I1plated on t..lJ.e system over which the service is supplied. but the cost of 
any chang'es made necessa r:I to the Contractor I s system because of chang'es or 
corrli tions an the system over which the seJ:Vice is supplied, shall not l::e a 
chal:ge against or a liability of the United states; Provided., 'That if the 
Contractor, because of c:han;es or cor.ditions on the'system over which service 
hereur.der is supplied, is subj ect.ed. to the necessity of ma.ki.rg .seJ:Vice cha.rBes 
on its system at its a.m e.:x:pense in order to continue 'receivin:; ser\fice 
hereurrler, then the Contractor nay te.!:minate this contract on not less than 
sixty (60') days" written notice given to the Unitec1 states at any ~ prior 
to the ma.ki.rg of said chang'es on its system, but not thereafter-; Provided 
further, 'Ihat if the electric servi~ requirements of the Contractor, to the 
extent that the United States is obligated or detennines that it can becare 
obligated to furnish such requ.irerr.ents, are not bein:1 met or the United states 
advises the Contractor that such requirements cannot be met because of an 
insufficiency of capacity available to the United states or to the Bureau of 
Reclarration urrler a transmission service a.rran::;ement in the facilities of 
others over which service hereurrler is supplied., then the Contractor may 
te.nninate this contract on not less than sixty (60) days' written notice given 
to the United states at any tirne. prior to the date on which the needed. 
capacity ceases to l::e available, but not thereatter. 

TEE :ro~ ProvISION IS .APPLICABLE ONLY WHEN ELECTRIC SERVICE 
INVOLVES MDLTD?LE POINTS OF DELIVERY FR:l{ rom DIRECT AND WEEEIrn romrs; 

cc. Multiple Points of Celiver.r Involvincr Direct ard Wheeled Celiveries. 

When the United states has pI"OV'ided line arrl substation capacity urrler 
the terms of this contract for the p..n:pose of delivering electric service 
directly to the Contractor at specified direct points of delivel:)' arrl also has 
agreed to absorb whee.lirg allCNJanCeS ard/ or discounts up to a specified. 
IraXirnum arrount for deliveries of power over other system(s) to wheeled IX='ints 
of delivery ar:d the Contractor shifts any of its loads served hereur.der from 
direct delivery to wheeled delivery, the om ted. states will rot absorl:> the 
W'heeling o:lSts on such shifted load until the urrused capacity, as detenni.ned 
solely by the contracting officer, available at the direct deliver point (5) 
affected is fully utilized. 
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Nelson Engineering 
Jackson, Wyoming 

REHABTLlT ATTON PLAN - Dempsey Canal 

Note: Stationing 0+00 to 55+43 this part of the Dempsey is only used when Owl Creek is experiencing high flows. 

r_#:;;'1:1~~ H1m ' ~~1U£~B '·FJE;1tl~t.II! \~Ml\\\li""l" , , 
' ;eq;:,J,aNldi.,~;~;~I~li 

'1 0+00 ""Diversion Structure (Owl Creek) " 
co 

2 ,;,/" 8+13 " Eroded Bank Canal Grading 

3 11+62 Farm Turnout , 
ok 4 13+68 i' Farm Turnout 

'E, .. 
" ," 

5 ,> 27+13 >'F Overchute ,'. y, " ", " 

Ii 6 ' 42+16 ,,; .".. .overclfute 
7 ". ",' 49+51 Farm Road Culvert Crossing (4' dia.) . 
8 50+25 oS: "i Parshall Flume >'t 

9 
" " '" 

T .f 55+43 i Farm Road Culvert Crossing (4' dia.) p, ,S ', .. 

10 57+16 Farm Turnout 
11 1 60+35 Pump Outlet Safety rai l and catwalk 

12 62+84 Farm Turnout 
13 4 62+90 Cipoletti Weir Riprap 

14 63+10 Canal Cleaning Begins 

15 70+72 Canal Cleaning Ends 

16 74+51 Farm Road Culvert Crossing (5' dia.) 
17 4 81+42 Drop Structure Riprap, minor concrete repair 
18 96+19 Farm Turnout 
19 115+3 1 Farm Turnout 
20 119+87 Farm Turnout 
21 120+52 Farm Road Culvert Crossing (4' dia.) 
22 1 126+00 Seepage Area Begins Geomembrane lining 

23 135+82 Farm Turnout 
24 139+83 Farm Turnout 
25 145+45 Farm Turnout 
26 1 146+00 Seepage Area Ends Geomembrane lining 
27 2 146+00 Check Structure Safety rail, catwalk, riprap, minor steel repail 
28 146+05 Farm Road Culvert Crossing (4' dia.) 
29 159+16 Farm Road Culvert Crossing (4' dia.) 
30 161+68 Canal Cleaning Begins 
31 196+25 Canal Cleaning Ends 
32 4 210+56 Diversion Structure Construct Safety rails, replace steel 
33 226+45 Canal Cleaning Begins 
34 228+15 Canal Cleaning Ends 

35 2 241+07 Eroded Bank Canal Grading (100 ft.) 
36 251+61 Canal Cleaning Begins 
37 268+25 Farm Turnout 
38 269+05 Farm Turnout 

Note: All structural safety Improvements are of highest pnonty, even though they're not shown that way above. 
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I"':!~~'ill>'l,' __ 
217 D-#15, P-#8,9,10,11, 12, 13 
216 D-#l5, P-#7 
215 D-#15, P-#6 
214 D-#15, P-#5 
213 D-#15,P-#4 
212 D-#15, P-#2,3 
211 D-#15, P-#] 

I,' 210 'co D-#14, P-#13 '" 

209 D-#) 4, P-#12 
y. 

208 D-#14, P-# 11 
206 D-#14, P-#lO 
205 D-#14, P-#8 
204 D-#14, P-#7 
204 D-#14, P-#7 
203 D-# 14, P-#6 
202 D-#14, P-#5 
201 D-#14, P-#4 

200 D-#14, P-#3 
199 D-#14, P-#2 
198 D-#14, P-#1 
197 D-#13, P-#14 

No Photo Available 
196 D-#13, P-#13 
195 D-#13, P-# 12 

194 D-#13, P-#lO,ll 
No Photo Available 

193 D-#13, P-#7 
192 D-#13, P-#7,8,9 
191 D-#13,. P-#6 
190 D-#13, P-# 
189 D-#13, P-# 
188 D-#13, P-#3,4,5 
187 D-#13, P-#2 
186 D-#13, P-#2 
185 D-#13, P-#1 

184 D-#12, P-#8,9,1O 

183 D-#12, P-#15 
182 D-#12, P-#14 
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Nelson Engineering 

Jackson, Wyoming 
REHABILITATION PLAN - Dempsey Canal 

1#:: " pJfujhl,[:t,,,- StATIO'R ,'i"Z' ~ . ,!L;1~. ',!i, D:E.s~tcl6'& "~,~\~\., ' .,.. 
39 4 269+66 Check Structure Riprap 

40 269+74 Farm Road Culvert Crossing (4' dia.) 

41 294+59 Canal Cleaning Ends 
42 1 307+82 Seepage Area Begins Geomembrane lining 

43 308+00 Farm Turnout 
44 2 308+19 Check Structure Safety rail, catwalk 

45 1 318+78 Seepage Area Ends Geomembrane lining 

46 324+94 Farm Turnout 
47 328+53 Farm Turnout 
48 336+92 Farm Turnout 
49 353+32 Farm Road Culvert Crossing (4' dia.) 
50 357+69 Farm Turnout 
51 2 357+74 Check Structure Safety rai l, catwalk 
52 372+99 Farm Turnout 
53 2 373+06 Check Structure Safety rai l, catwalk 
54 386+91 Farm Turnout 
55 387+12 Farm Road Culvert Crossing (4' dia.) 

56 I 388+76 Seepage Area Begins Geomembrane lining 
57 1 403+28 Seepage Area Ends Geomembrane lining 
58 2 403+71 Farm Turnout Head wall needs replacement 
59 3 419+18 Farm Turnout Head wall needs repair 
60 3 419+39 Farm Bridge Timber repair, slightly restrictive 
61 431+95 Farm Turnout 
62 3 437+74 Farm Road Culvert Crossing (5' dia.) Repair timber 
63 439+42 Farm Turnout 

64 2 439+46 Check Structure Safety rail , catwalk 
65 446+22 Farm Turnout 
66 453+83 Farm Turnout 
67 2 453+87 Check Structure Safety rail, catwalk 
68 458+79 Farm Road Culvert Crossing (4' dia.) 
69 464+34 Farm Turnout 
70 2 464+54 Check Structure Safety rail, catwalk 
71 4 472+02 Farm Road Culvert Crossing (4' dia.) Additional Cover 
72 472+39 Farm Turnout 
73 2 472+58 Check Structure Safety rail, catwalk 
74 480+33 Farm Turnout 
75 481+84 Farm Turnout 
76 485+88 Farm Road Culvert Crossing (4' dia.) 
77 I 486+93 Wasteway Safety rails and catwalk 

Note: All structural safety Improvements are of hIghest pnonty, even though they're not shown that way above. 
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~Or}:e 
181 
180 
179 
178 
177 
176 

175 
174 
173 
172 
171 

170 
169 
168 
165 
164 

163 
162 
161 
160 
159 
158 
157 
156 
155 

154 
153 
152 
151 
150 
234 

233 
232 
231 

230 
229 
149 
147 
146 

, ~J:l~.tt);..,>"""" .. , 
D-#12, P-#13 
D-#12, P-#13 

D-#12, P-#8,9,10 

No Photo Available 
D-#12, P-#12 
D-#12, P-# 11 

No Photo Available 
D-#12, P-#l0 
D-#12, P-#9 
D-#12, P-#8 
D-#12, P-#7 

D-#12, P-#6 
D-#12, P-#5 
D-#12, P-#4 
D-#12, P-#4 
D-#12, P-#2 
D-#12, P-#I 

D-#ll, P-#15 
D-#ll, P-#15 

D-#ll , P-#13,14 
D-# II , P-#12 
D-#11, P-#11 
D-#Il , P-#l0 
D-#II, P-#9 
D-#l1, P-#8 

D-#11 , P-#8 
D-#I I , P-#7 
D-#l1, P-#6 
D-#Il, P-#5 
D-#ll, P-#4 
D-#17, P-#5 
D-#17, P-#4 
D-#17, P-#3 
D-#17, P-#2 
D-#17, P-#I 

D-#16, P-#13 
D-#ll, P-#3 
D-#11, P-#2 

D-#lO, P-#13 & D-#l1, P-#1 
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Nelson Engineering 
Jackson, Wyoming 

REHABILIT A nON PLAN - Upper Canal 

Note: All structural safety improvements are of highest priority, even though they're not shown that way above. 
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Nelson Engineering 
Jackson, Wyoming 

REHABILIT A nON PLAN - Lower Canal 

m~mfll'.'mill~m ~ ~ ' ~W ~k:i"'''''i1''m'''';1\!li'' ' ~,1I®:C:;:;\!Ii;'('1\lW!f ~ '1[ !i.,\~"'i§;!fu,"~It.il¥:BJI"'~:t"""" ~~WlIVJ~t; 
"" I 0+00 Pump Station 292 D-#22, P-#8 

2 I 4+30 Pump Outlet Safety rail and catwalk 228 D-#16, P-#12 

3 4+30 Lined Section Begins 228 D-#16, P-#12 

4 3 4+65 Farm Bridge Minor timber repair 43 D-#3, P-#11 

5 1 6+87 Recording Station Handrail on catwalk 42 0-#3, P-#9 

6 7+97 Lined Section Ends 40 D-#3, P-#8 

7 I 7+97 Seepage Area Begins Jeomembrane lining, Standing Water 41 D-#3, P-#8 

8 2 14+28 Eroded Bank Canal Grading (400 ft.) 39 D-#3, P-#6, 7 

9 14+43 Return Flow 38 D-#3, P-#5 

10 1 23+73 Seepage Area Ends Geomembrane lining 37 D-#3, P-#2,3,4,5 

11 23+96 Farm Turnout 36 D-#3, P-#1 

12 26+71 Farm Road Culvert Crossing (6' dia.) 35 D-#2, P-#14 

13 27+18 Pump Turnout 34 D-#2, P-#13 

14 28+85 Pump Turnout 33 D-#2, P-#12 

15 28+90 Retention Wall Begins 32 0-#2, P-# 10, 11,12 

16 30+60 Farm Turnout 30 D-#2, P-#9 

17 32+33 Farm Turnout 29 0-#2, P-#7 

18 32+85 Retention Wall Ends 28 D-#2, P-#lO,11 

19 3 33+06 Eroded Bank Canal Grading (40 ft.) 27 D-#2, P-#6 

20 35+70 Pump Turnout 26 D-#2, P-#5 

21 37+23 Farm Turnout 25 D-#2, P-#4 

22 37+59 Farm Road Culvert Crossing (6' dia.) 24 D-#2, P-#3 

23 3 40+54 Eroded Bank Canal Grading (50 ft.) 23 0-#2, P-#2 

24 43+19 Farm Turnout 22 D-#2, P-#1 

25 2 49+48 Eroded Bank Canal Grading (300 ft.) 21 D-#I, P-#12,13,14 

26 49+93 Return Flow 19 D-#I, P-#l1 

27 2 52+79 Eroded Bank Canal Grading (150 ft.) 17 0-#1, P-#lO 

28 56+05 Farm Turnout 16 0-#1, P-#9 

29 56+55 Return Flow 15 D-#I, P-#8 

30 62+26 Farm Turnout (CHO) 14 0-#1, P-#7 

31 62+27 Farm Turnout 13 D-#I, P-#7 

32 2 62+56 Check Structure Safety rail, catwalk 11 D-#l, P-#6 

33 3 71+80 Diversion Structure Construct Safety rail and catwalk 9 D-#I, P-#4, 5 

34 72+49 Farm Turnout 58 D-#4, P-#12 

35 2 72+60 Check Structure Safety rail 57 D-#4, P-#11 

36 I 74+ 15 Seepage Area Begins Geomembrane lining 56 D-#4, P-#4, 5 
Note: All structural safety Improvements are ofhlghest pnonty, even though they're not shown that way above. 
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Nelson Engineering 
Jackson, Wyoming 

REHABILITATION PLAN - Lower Canal 

,. ~~ili;tlQt,q" ~ ;~jgvAl ' ~I \ ,. ;m'l'8~R1Rill'D 
37 74+35 Pump Turnout 

38 1 78+45 Seepage Pond Geomembrane lining of canal 
39 85+74 Pump Turnout 

40 86+93 Pump Turnout 

41 90+25 Farm Road Culvert Crossing (6' dia.) 

42 94+65 Farm Turnout 

43 102+45 Pump Turnout 

44 103+09 Farm Road Culvert Crossing (6' dia.) 

45 1 103+10 Seepage Area Ends Geomembrane lining 
46 103+71 Farm Turnout 
47 104+28 Farm Turnout 
48 1 105+87 Syphon Inlet (4' dia.) Safety rail and catwalk 

49 1 107+14 Syphon Outlet (4' dia.) Safety rail and catwalk 

50 I 111+07 Under Orain Construct head walls, grading 

51 111+42 Farm Turnout 

52 1 111+85 Seepage Area Behrins Geomembrane lining 

53 122+61 Return Flow 

54 135+75 Under Orain 
55 1 187+99 Seepage Area Ends Geomembrane lining 

56 193+56 Farm Road Culvert Crossing (5' dia.) 

57 193+85 Pump Turnout 
58 200+54 Overchute 

59 200+58 Farm Turnout 
60 2 200+82 Check Structure Safety rail, catwalk 

61 210+06 Farm Road Culvert Crossing (6' dia.) 
62 4 218+56 Field Bridge Minor timber repair 

63 222+24 Farm Turnout 
64 226+42 Farm Turnout 

65 2 227+09 Check Structure Safety rail, catwalk, structure too low 
66 3 227+56 Field Bridge Construct Safety rails, major timber repair 

67 227+86 Farm Turnout 
68 230+68 Farm Road Culvert Crossing (4' dia.) 

69 239+80 Farm Turnout 
70 1 247+36 Seepage Area Begins Geomembrane lining, standing water 

71 253+16 Return Flow 

72 1 255+29 Seepage Area Ends Geomembrane lining 

73 257+20 Farm Turnout 

74 263+75 Farm Turnout 
75 264+03 Farm Road Culvert Crossing (4' dia.) 

76 264+29 Farm Turnout 
77 268+44 Farm Turnout 

Note: All structural safety tmprovements are of highest pnonty, even though they're not shown that way above. 

Page 2 

It1l'LID.LEia (im.m:. 
55 0-#4, P-#10 

54 0-#4, P-#9 

53 0-#4, P-#8 

52 0-#4, P-#7 

50 0-#4, P-#6 

49 0-#4, P-#3 

48 0-#4, P-#2 

47 0-#4, P-#1 

51 0-#4, P-#4, 5 

46 0-#3, P-#16 

45 0-#3, P-#15 

44 0-#3, P-#13 

70 0-#5, P-#9 

69 0-#5, P-#7,8 

68 0-#5, P-#5,6 

67 0-#5, P-#2 

66 0-#5, P-#4 

65 0-#5, P-#3 

64 0-#5, P-#2 

63 0-#5, P-#1 

62 0-#4, P-#15 
61 0-#4, P-#14 

60 0-#4, P-#14 
59 0-#4, P-#13 

107 0-#8, P-#I 

106 0-#7, P-#15 

105 0-#7, P-#14 
104 0-#7, P-#13 

103 0-#7, P-#12 

102 0-#7, P-#10 

101 0-#7, P-#9 
100 0-#7, P-#8 

99 0-#7, P-#7 

98 0-#7, P-#6 

96 0-#7, P-#4 

97 0-#7, P-#5 

95 0-#7, P-#3 

94 0-#7, P-#2 

93 0-#7, P-#I 

92 0-#6, P-#16 

90 0-#6, P-#15 
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Nelson Engineering 
Jackson, Wyoming 

REHABILIT AnON PLAN - Lower Canal 

rB 1l. I ~RM(1)lm~fY!.~:1Y~i'f(:)'Nt~ ' ':."",i, :i!~t~'R~i~~ i'~_~'.i,~" ' " 
78 2 268+67 Check Structure Safety rail, catwalk, riprap 
79 274+79 Farm Road Culvert Crossing (6' dia.) 
80 4 283+59 Farm Road Culvert Crossing (6' dia.) Riprap 
81 3 289+50 Farm Turnout Headgate outlet scoured, needs grading 
82 297+32 Farm Turnout 
83 297+49 Farm Road Culvert Crossing (6' dia.) 
84 297+69 Farm Turnout 
85 306+40 Farm Turnout 
86 2 306+40 Check Structure Safety rail 
87 318+53 Farm Turnout 
88 325+76 Farm Turnout 
89 326+86 Farm Turnout 
90 327+14 Farm Road Culvert Crossing (4' dia.) 
91 1 330+23 Seepage Area Begins Geomembrane lining 
92 333+31 Farm Turnout 
93 4 333+57 Check Structure Safety rail, catwalk, riprap 
94 341+81 Farm Turnout 
95 341+81 Farm Turnout 
96 343+97 Farm Turnout 
97 344+02 Farm Turnout 
98 349+32 Return Flow 
99 351+74 Canal Cleaning Begins 
100 356+29 Farm Turnout 
101 356+32 Farm Turnout 
102 357+77 Canal Cleaning Ends 
103 357+95 Farm Turnout 
104 357+94 Farm Turnout 
105 358+23 Farm Bridge 
106 358+49 Farm Turnout 
107 372+36 Farm Turnout 
108 381+ 10 Pipe Overchute 
109 382+01 Pump Turnout 
110 383+14 Return Flow 
111 384+52 Farm Road Culvert Crossing (3' dia.) 
112 386+05 Farm Turnout 
113 387+43 Farm Turnout 
114 2 387+52 Check Structure Safety rail, catwalk 
115 392+37 Farm Turnout 
116 392+47 Farm Turnout 
117 392+56 Farm Turnout 
118 1 397+09 Seepage Area Ends Geomembrane lining 
119 401+61 RetumFlow 
120 403+08 Farm Turnout 

Note: All structural safety Improvements are of highest pnonty, even though they're not shown that way above. 
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., 

89 
88 
87 
86 
85 
84 
83 
81 
82 
80 
79 
78 
77 

76 
75 
74 
130 
129 
73 
128 
127 
126 
72 
125 
124 
71 
123 
122 
121 
120 
119 
118 
117 
116 
115 
114 
113 
112 
111 

110 
109 

.!'%'I\'l!'~~ll' 

0-#6, P-#14 
0-#6, P-#13 

0-#6, P-#11,12 
0 -#6, P-#9,1O 

0-#6, P-#8 
0-#6,P-#7 
0-#6, P-#7 
0-#6, P-#5 
0-#6, P-#6 
0-#6, P-#4 
0-#6, P-#3 
0-#6, P-#2 
0-#6, P-#1 

No Photo Available 
0-#5,P-#15 
0-#5, P-#14 
0-#5, P-#13 
0-#9, P-#9 
0-#9, P-#8 

0-#5, P-#12 
0-#9, P-#7 
0-#9, P-#5 
0-#9, P-#6 

0-#5, P-#11 
0-#9, P-#5 
0-#9, P-#4 
0-#5, P-#10 
0 -#9, P-#3 
0-#9, P-#2 
0-#9, P-#1 
0-#8, P-#13 
0-#8, P-#12 
0-#8, P-#11 
0-#8, P-#10 
0-#8, P-#9 
0-#8, P-#8 
0-#8, P-#7 
0-#8, P-#6 
0-#8,P-#6 
0-#8, P-#5 

No Photo Available 
0-#8, P-#4 
0-#8, P-#3 
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121 
122 2 
123 
124 
125 
126 
127 
128 
129 2 
130 
131 3 
132 
133 
134 1 

413+40 
413+60 
414+20 
416+36 
424+57 
424+61 
424+65 
428+73 
428+94 
429+20 
431+55 
445+76 
449+48 
460+98 

REHABILITA TION PLAN - Lower Canal 

Farm Turnout 
ChecklDrop Structure S rail, catwalk 

Canal Cleaning Begins 
Low Bank 

Farm Turnout 
Canal Ends 

Return Flow 
Farm Turnout 

Check Structure rail, catwalk 
Farm Road Culvert Cro 

Eroded Bank Canal 
Farm Turnout 

Drainage Inflow 
Wasteway & Farm Turnout Safety rail and catwalk 

131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 

03-087 
November 2003 

D-#9, P-#10 
D-#9, P-#11 

No Photo Available 
D-#9, P-#12 
D-#9, P-#13 

No Photo Available 
D-#10, P-#1 
D-#10, P-#2 
D-#10, P-#3 
D-#10, P-#4 
D-#10, P-#5 
D-#10, P-#6 
D-#10, P-#7 

144 & 145 D-#10, P-#8,9,10,11,12 
Note: All structural safety improvements are of highest priority, even though they're not shown that way above. 
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EXECUTIVE SUMMARY 

The Deschutes Canal-Lining Demonstration Project is a cooperative effort among the Bureau of 
Reclamation, several irrigation districts, and several geosynthetic lining manufacturers. The purpose of 
the study is to develop low-cost canal-lining technologi~s t6 reduce seepage over severe rocky sub grade 
conditions. 

Over the first 7 years, Reclamation constructed 27 alternative canal-lining test sections using combina!ions 
of geosynthetics, shotcrete, roller compacted concrete (RCC), grout-filled mattresses, elastomeric 
coatings, and sprayed-in-place foam. This report documents the construction of two additional test 
sections in November 1999, and additional seepage studies performed in December 1999. 

The two new test sections include exposed 45-mil EPDM rubber, and exposed 30-mil EPDM rubber. 
Construction costs ranged from $0.78 to $0.87 per square foot. These construCtion costs are at the low 
end of all the test sections built to date. 

The seepage studies were performed on -the RCC-Shotcrete test section in the North Unit Main Canal. 
The seepage studies include both short-term full-scale ponding tests performed over a 1,400-ft reach of 
canal~ and long-term inflow-outflow measurements taken over a 25-mile reach of canal over a 3-year 
period. The 3 years of inflow-outflow measurements include 1996 (unlined canal), 1998 (canal invert 
lined with RCC), and 1999 {canal invert lined with RCC, sideslopes lined with shotcrete). The inflow
outflow measurements show: 

1. The unlined seepage rate for the North Unit Canal averages 1.1 ftlday which agrees well 
with our earlier estimate of 1 ftlday (Year 7 Report). The first 12Y2 miles of canal has a 

. higher unlined seepage rate (1.5 ftlday), with some isolated areas as high as 20 ftlday. 

2. The effectiveness of RCC lining of the invert only is about 30 percent, which agrees well with 
our earlier estimate of 40 percent effectiveness (Year 7 Report). 

3. The fully-lined seepage rate is 0.38 ftlday, which agrees reasonably well with the 1999 ?~ ~ 
ponding test result of 0.6 ftJday. 

4. The effectiveness ofRCC lining qfthe invert and shotcrete lining of the sideslopes is about 75 
percent, which agrees well with our earlier estimate of 70 percent (Year 7 Report). This 
effectiveness also agrees well with the 1999 ponding test which shows effectiveness of 80 to 
85 percent. 

All 29 of the test sections will continue to be monitored for maintenance requirements, durability (life 
expectancy), and effectiveness (seepage reduction) to calculate Benefit-Cost ratios. 



INTRODUCTION 

Traditional canal-lining materials typically include compacted earth, reinforced and unreiIiforced concrete, 
and (more recently) buried geomembranes. lliis report is part of an on-going investigation involving 
alternative canal-lining technologies that are less expensive, easier to construct with limited access, and 
compatible with severe rocky subgrades. Priorto this report, 27 test sections have been constructed using 
combinations of geosynthetics, shotcrete, grout-filled mattresses, soil, elastomeric coatings, and sprayed
in-place foam. These test sections now range in age from 1 to 8 years. 

This report documents the construction of two new test sections on the Ochoco Irrigation District in 
November 1999, and additional seepage studies perfonned on the North Unit Main Canal in December 
1999. Both these irrigation districts are located in central Oregon. 

All the t~st sectioIlS are being evaluated for initial construction costs, durability, life-cycle costs, 
effectiveness at reducing seepage, and CostiBenefit analysis. The unit construction costs for all 29 test 
sections are included in tables 1 and 2. 



Table 1.-Canallining costs-Arnold and North Unit Test Sections 

lining Malerial 
Subgrade* 

Geomembrane Geolextile Sholcrele Preparation Installation 
Arnold Irrigation Dlslrlct cost per cost per cost per Other cos I cost per cos I per Overhead and 

Secllon sq. fool sq. foot sq. foot per sq. fool sq. foot sq. foot pro HI Tolal 
No. Description ($) ($) ($) ($) ($) ($) (%) ($) 

A-l 4-mll PE Geocomposite with Shotcrele cover 
Unreinforced Shotcrete $0.30 $0.87 $0.26 $0.65 17% $2.43 
Polyfiber reinforced Sholcrele $0.30 $0.87 $0.06 $0.26 $0.65 17% $2.50 

A-2 3D-mil LLDPE textured geomembrane $0.25 $0.12 $0.87 $0.26 $0.65 17% $2.52 
with 16-oz. geotexlile cushion and unrelnforced Sholcrete 
cover 

A-3 Exposed 80-mil HOPE lextured geomembrane $0.70 $0.12 ' $0.26 $0.10 17% $1.38 

A-4 Exposed 30-mil PVC with geotextile UV cover cushion $0.45 $0.07 $0.26. $0.12 17% $1.05 

A-5 Exposed 45-mil Hypalon with 16-oz. geotextile cushion $0.45 $0.12 $0.26 $0.12 17% $1.11 > A-6 Exposed 36-mil Hypalon with bonded 8-oz. geotextile $0.50 $0.26 ${l.12 17% $1.03 
cushion -

A-7 4D-mil PVC with 3-lnch Groul-Filled Mattress $0.35 $0.65 $0.45 $0.12 $0.60 17% $2.54 "'- II -
A-8 3-lnch Unrein forced Grout-Filled Mattress $0.65 $0.45 $0.04 $0.50 17% $1.92 

A-9 60-mil LLDPE or HOPE with 12-oz. geotextile $0.55 $0.12 $0.21 $0.16 .$0.04 $0.45 17% $1.79 
and A-10 cushion and 3-lnch Grout-Gilled Mattress 

on sldeslopes only 

Section North Unit Irrigation DistFlct 
No. 

Description 

N-1 Spray-applied Polyurethane Foam with $2.41 $0.04 $1.25' 17% $4.33 
Urethane 500/550 protective coating 

N-2 Spray-applied Polyurethane Foam with $2.06 $0.04 $1.25 17% $3.92 
Geothane 5020 protective coating 

N-3 Tletex Geotextile with Spray-applied $0.07 $0.90 $0.04 $1.25 17% $2.64 
Geothane 5020 protective coating J 

N-4 Phillips Geotextile with Spray-applied $0.07 $0.90 $0.04 $1.25 17% $2.64 
Geolhane 5020 protective coating 

~ N-5 RCC Invert + Shotcrele sideslopes Contracl Bid Price $2.00 

N-S Shotcrele - Steel-Fiber Reinforced 
50 Ibs. per cubic yard $1.08 $0.22 $0.04 $0.65 17% $2.33 

~ 
25 Ibs. per cubic yard $1.08 $0.11 $0.04 $0.65 17% $2.20 

N-7 Shotcrete Polyfiber Reinforced 
and N-8 3 Ibs. per cubic yard $1.08 $0.12 $0.04 $0.65 17% $2.21 

1-112 Ibs. per cubic yard $1.08 $0.06 $0.04 $0.65 17% $2.14 

N-9 Unreinforced Shotcrete $1.08 $0.04 $0.65 17% $2.07 

• Costs based on minimal, moderate, and extensive subgrade preparation (Swihart et aI., May 1994). 



Table 2.-Canallining costs-Tumalo, Lugert-Altus, Juniper Flat, Ochoco, and Frenchtown Test Sections 

Lining Malerlal 

Geomembrane Subgrade 
cosl per Geolexlile cosl Sholcrele cosl other Cos I Preparation Inslallation cos I Overhead and Tolal 

~eclion sq. fool per sq. fool per sq. fool per sq. fool cost per sq. fool per sq. fool Profit per sq. fool 
No. Description ($) ($) ($) ($) ($) ($) (%) ($) 

T-1 Liquid Bool over an existing concrete nume $1.20 $0.15 $0.10 17% $1.70 

T-2 Liquid Bool over a sandblasled sleel nume $1.00 $0.15 $0.10 17% $2.16 

T-3 Liquid Bool over a broomed steel nume $1.00 $0.10 $0.10 17% $1.40 

l-1 Exposed 160-mil Teranap $0.95 $0.26 $0.10 17% $1.53 

~ J-1 Exposed 160-mil Teranap $0.95 $0.26 $0.10 17% $1.53 

0-1a Covered GCl - Benlomat ON $0.29 $0.26 $0.15 17% $0.82 

0-1b Covered GCl - Bentomal Cl $0.33 $0.26 $0.15 17% $0.87 

0-2a Exposed GCl - Benlomat ON $0.29 $0.26 $0.10 17% $0.76 

0-2b Exposed GCl - Bentomal Cl $0.33 $0.26 $0.10 17% $0.81 

0-3a Exposed 45-mll EPDM PondGard wilh 8-oz $0.30 0.06 $0.26 $0.10 17% $0.84 
ge.olexlile on sideslopes only 

0-3b Exposed 45-mil EPDM PondGard wilh 8-oz $0.30 0.06 $0.26 $0.12 17% $0.87 
geolexlile on sideslopes only and covered 
invert 

0-4 Exposed 30-mil LLDPE EnviroLiner with 8-oz $0.25 0.06 $0.26 $0.10 17% $0.78 
geotexlile on sides lopes only 

F-1 Exposed 45-mil PP over a broomed steel $0.40 $0.12 $0.10 $0.15 17% $0.90 
flume 



NEW TEST SECTIONS 

Ochoeo Irrigation District 

Background.~The Ochoco Irrigation District (OID) was organized in 1916 and is located near the city 
of Prineville in central Oregon. . 

The district provides irrigation water for 750 water users irrigating 20,150 acres. The principal sources of 
water are Ochoco Reservoir on Ochoco Creek, and Prineville Reservoir on the Crooked River. Ochoco 
Reservoir is fonned by Ochoco Dam located 5'12 miles east of the city of Prineville, while Prineville 
Reservoir is fonned by Bowman (prineville) Dam. Ochoco Dam was originally constructed in 1918-1921 
using private capital, and was then rehabilitated by Reclamation in 1949-1950 and again in 1995-1996. 
Additional project features include 50 miles of main canal, 24 miles of open laterals, 36 miles of delivery 
pipeline, and 16 miles of drains (of which 12 miles are piped). Almost all of the canals and laterals are 
unlined, with the exception of the. first 1.75 miles of the concrete-l~e,d Ochoco Feed Canal (immediately 
downstream of Ochoco Dam) followed by 5'12 miles of clay- and bentonite-lined canal. Typically, canals 
flow on a grade of 1 foot fall per 1,000 feet of length. 

The 4 test sections are located on the Main Canal north and northwest of the city of Prineville. Test 
Sections 0-1, 0-2, and 0-3 are located 6 miles northwest of Prineville, while Test Section 0-4 is 3 miles 
north town (see Figure 1). Test Sections 0-1 and 0-2 were constructed in April 1999 (see "Year 7 
Report"), while Test Sections 0-3 and 0-4 were constructed in November 1999 and are addressed in 
this report. The maximum flow through the test section area is 80 to 100 cfs at a depth of about 4 feet. 
The site for the test section was selected based on disGussions with the District. The test areas have long 
been a problem with high seepage, flooding adjacent property including some basements. Ponding tests in 
the immediate area of the test section will be perfonned in the near future to detem1ine pre- and 
postconstruction seepage rates. 
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Test Section 0-3.-

Material: 

Date installed: 

Location: 

Description: 

Prime Contractor: 

Material Suppliers: 

Subgrade prep: 

Construction: 

Exposed 45-mil EPDM Geomembrane with Geotextile Cushion on Sideslopes 
Only 

November 1999 

Ochoco Irrigation District - 6 miles northwest of Prineville 
(1530 linear feet; 63,000 square feet) 

Firestone PondGard is 45-mil unreinforced EPDM (Ethylene Propylene Diene 
Monomer) Rubber. The geotextile cushion on the sideslopes is 8-oz needle
punched nonwoven (LP-8) supplied by Layfield Plastics. Product data sheets 
are included in Appendix A-I. 

Ochoco Irrigation District 

Firestone 
Layfield Plastics 

Ochoco personnel performed extensive sub grade preparation by removing 
vegetation from the canal, restoring the ·1 Y2: 1 sideslopes (approximate), and 
cutting the V -notch anchor trench. The cost for sub grade preparation is 
estimated at $0.26 per square foot, which was chosen to match the sub grade 
preparation costs used on the previous test sections. The finished canal prism 
measures 40 to 45 feet across, plus a I-ft anchor trench on each bank. 

The EPDM geomembrane was installed directly downstream of the GCL test 
sections (0-1 and 0-2), where water leaking from the canal was saturating an 
adjacent field. The EPDM membrane is manufactured in 10-ft wide rolls, and 
the rolls are then fabricated into 50-ft by 200-ft panels, with the factory seams 
(heat vulcanized) running in the shorter dime~ion. Eight panels were delivered 
to the jobsite. Other size panels are available. The panels were accordion folded 
at the factory in the 50-ft direction. The panel was then rolled onto a 10-ft wide 
core. Each rolled panel weighs about 3000 pounds. Panels of GCL were 
shingled in the downstream direction (upstream over downstream). 

Because of hard mineral deposits (locally referred to as Ochoco Tufi), the 
sideslopes were first covered with an 8-oz geotextile cushion, before lining the 
entire canal prism with the EPDM geomembrane (see Appendix B for discussion 
of local geology). The geotextile was installed by hand by a 4-man crew. The 
EPDM panels were then unrolled (by hand) along the canal access road for 200 
feet. The 19-man crew than unfolded the panels into the canal prism to their full 
50-ft width. The crew then pulled the panel up the far canal bank. After final 
positioning, the excess width (typically 5 to 8 feet) was trimmed and discard~d. 
On canal bends, the panels were cut in half to 100-ft length. These half-size 
panels were much easier to handle and to fit to the canal. Adjacent panels were 
overlapped 6-12 inches, shingled downstream, and seamed with a special EPDM 
adhesive and tape provided by the membrane manufacturer. Finally, the EPDM 
membrane was secured by backfilling the .anchor trench. 



Difficulties: 

Unit Cost Estimate: 

Advantages: 

Di~advantages : 

Material Note: 

The first 830 linear feet of EPDM were left exposed, while the lower 700 linear 
feet were covered with 4 to 6 inches of soil in the in vert only. The invert of the 
upper 830 linear feet is expected to become covered with sediment within a 
couple of years. 

Seams - The factory vulcanized seams demonstrated excellent shear and peel 
strength. The EPDM tape field seams demonstrated relatively low strength 
(about 15 lbslinch shear and 8 lbs/inch peel), however this seam strength is 
probably adequate for this application. The EPDM tape also worked equally well 
on the Linear Low Density Polyethylene (LLDPE) geomembrane from test 
section 0-4. The complete test results are tabulated in Appendix C. 

A very large crew is needed to unfold and position the 200-ft panels. Seaming 
was very slow because of the 1 V2: 1 sideslopes and because of irregularities in the 
prepared sub grade. 

Exposed EPDM = $0.84 per square foot 
($0.30 EPDM + 0.06 cushion + 0.26 subgrade + 0.10 installation + 17% OR & 
profit) 

Exposed EPDM (with covered invert) = $0.87 per square foot 
($0.30 GeL + 0.06 cushion + 0.26 subgrade + 0.10 installation + 0.02 burial + 
17% OR & profit) 

Because of the large panels and good canal access, installation was· fast and 
simple. Irrigation districts can install this material with their own forces, which 
allows flexibility in the construction schedule to accommodate bad weather and 
fluctuating workload. Including a little hands-on training the first morning, this 
inexperienced crew installed 63,000 square feet (7V2 panels) in 1 V2 days. By 
using their own equipment and labor, the district was able to install at significantly 
less cost co~pared to hiring a contractor. Seaming is easy and requires no 
special equipment. EPDM rubber is quite flexible and conforms readily to 
sub grade irregularities. Panels canalso be installed across the canal and cut to 
fit, which would increase the number of field seams, but minimize waste. These 
smaller panels would be easier to handle, but the factory seams would be under 
stress on the sideslopes. 

The manufacturer claims average seaming speeds of 15 feet per minute on flat 
slopes with smooth sub grades. Because of our 1 V2: 1 sideslopes and slightly 
irregular sub grade , our 3-man crew averaged only about I foot per minute. Also 
the seaming materials are expensive, reportedly adding $0.02 to 0.03 per square 
foot. The 200-ft panels were difficult to deploy and position even with our 19-
man crew. Future installations might consider special ordering panels that are 
accordion folded in the 200-ft dimension, so they can be unfolded down the canal 
using mechanized equipment. Panels can also be installed across the canal; 
however, this orientation would place the factory seams in tension on the 
sideslopes. Exposed EPDM will be subject to environmental as well mechanical 
damage. 

EPDM liner delivered to the jobsite was labeled "RubberGard" which is the 
Firestone trade name for the roofing indUStry. For the canal and reservoir 
industry, Firestone will market this material as "PondGard". The only difference 



Photographs: 

is that PondGard uses a fish-friendly curing package, and can be used in 
landscaping ponds with ornamental fish. 

1 through 22 



Photograph 1.-The Ochoco Irrigation District prepared the subgrade by removing vegetation, 
restoring the 1 Vi: 1 sideslopes, and cutting the V-notch anchor trench. 

Photograph 2.-Eight rolls of EPDM geomembrane (SO-ft by 200-ft) were delivered 
to the jobsite; Rolls of geotextile cushion (foreground) measure 1S-ft by 300-ft 



Photograph 3.-Deposits of Ochoco "Tuff' are most prevalent on the sideslopes. 

Photograph 4.-Geotextile is unrolled along the canal bank and pulled into position 



Photograph 5.-Geotextile covering the sideslopes; 
Manufacturer did not require geotextile in the invert. 

Photograph 6.-Crew unrolls the EPDM geomembrane along the canal bank. 



Photograph 7.-Crew unfolds the EPDM membrane into the canal prism. 

Photograph B.-Crew pulls the EPDM membrane up the far slope. 



Photograph g.-After final positioning, excess material is trimmed and discarded. 
Note that the factory seams run across the canal (perpendicular to flow). 

Photograph 10.-Adjacent panels are shingled downstream, and primed on both surfaces. 



Photograph 11.-Firestone "Quick-Prime" acts as cleaner, primer, and adhesive. 

n._,,1 

Photograph 12.~After the primer has flashed (dried), the two panels 
are placed in contact and sealed by rolling. 



Photograph 13.-The top surface of the seam is then prfmed 
and. covered with 6-inch-wide EPDM tape. 

Photograph 14.-The tape is then rolled to seal the seam and remove any wrinkles. 



Photograph 15.-EPDM tape and primer are also used for patches. 

Photograph 16.-Lot numbers are printed onto the membrane at the factory. This roll was 
manufacturer the 88th day of 1999 (second shift). The liner thickness is 0.0454 inches. 



Photograph 17.-Trackhoe excavates cut-off trench atthe upstream transition. 

Photograph 18.-Cut-off trench is excavated around concrete turnout. 



Ph~tograph 19.-Grader backfills the anchor trench. 

-nt. d ..... __ .1 n" ~ t 

Photograph 20.-Several deer entered the canal overnight with no damage to the liner. 
Also note the close-up of the vulcanized factory seam on the right. 



Photograph 21.-Trackhoe places 4 to 6 inches of soil cover in the invert on the 
downstream half of the test section. Upstream half is left entirely exposed. 

Note the rain water that has collected in the invert overnight. 

Photograph 22.-Completed test section (upstream half without soil cover in invert). 



Test Section 0-4.-

Material: Exposed 30-mil LLDPE Geomembrane with Geotextile Cushion on Sideslopes 
Only 

Date installed: . . November 1999 

Location: Ochoco Irrigation District - 3 Miles north of Prineville 
(1150 linear feet; 48,000 square feet) 

Description: Layfield Plastics Enviro Liner is 30-mil LLDPE. The geotextile cushion on the 
sides lopes is 8-oz needle-punched nonwoven (LP-8) supplied by Layfield 
Plastics. Product data sheets are included in Appendix A-2. 

Prime Contractor: Ochoco Irrigation District 

Material Suppliers: Layfield Plastics 

Subgrade·prep: Ochoco persOlmel performed extensive subgrade preparation by removing 
vegetation from the canal, and restoring the 1 Y2: 1 sides lopes (approximate). 
The cost for sub grade preparation is estimated at $0.26 per square foot, which 
was chosen to match the subgrade preparation costs used on the earlier Arnold 
test sections. The fInished canal prism measures 40 to 45 feet across, plus a 1-
ft anchor trench on each bank. 

Construction: The LLDPE was installed in an 'area where water leaking from the canal was 
saturating a field adjacent to canal. The LLDPE membrane is manufactured in 
10-ft wide roils, and the rolls were then specially fabricated into 5 panels to 
match the canal prism. The panels measured 56- to 60-ft wide and 150- to 
350-ft long. The factory seams were wedge welded parallel to the· shorter 
dimension. The panels were according folded at the factory in the longer 
direction, and then rolled onto a 6-ft wide core. The rolled panels weigh 
between 2,000 and 4,000 pounds. Panels were shingled in the downstream 
direction (upstreruTI over downstream). 

Because of deposits of Ochoco Tuff (see Appendix B for local geology), the 
sideslopes were fIrst covered with an 8-oz geotextile cushion by a 4-man crew. 
The entire canal prism was then covered with the LLDPE geomembrane. The 
LLDPE panels were fIrst unrolled across the canal and pulled up the far bank 
with a backhoe. The panels were then unfolded down the canal by two 
backhoes operating on opposite sides of the canaL The larger panel~ were 
typically cut down into 100- to.200-ft pieces for fInal-positioning by the 8-man 
crew. Panels were cut into 50- to 75-ft lengths for fitting around bends in the 
canal. After final positioning, the excess width (typically 5 to 8 feet) was· 
trimmed and discarded~ Adjacent panels were overlapped 2 to 3 feet, shingled 
downstream, and seamed. Seaming was performed by a certified welder from 



Difficulties: 

Unit Cost Estimate: 

Advantages: 

Disadvantages: 

Photographs: 

Layfield Plastics. Seams were either wedge welded or extrusion welded. 
Patches were either extrusion welded or hot-air welded. Finany, the LLDPE 
membrane was secured by backfilling the anchor trench. All the LLDPE 
membrane will be left exposed. 

Seams - The factory wedge-weld seams demonstrated excellent shear and peel 
strength. Trial field seams (wedge-weld and extrusion-weld) were tested on
site and failed by FTB (film tear bond) indicating good strength. A trial field 
seam using the EPDM tape from test section 0-3 demonstrated relatively low 
strength (about 13 lbslinch shear and 8 lbs/inch peel), however this seam 
strength is probably adequate for this application. The complete test results are 
tabulated in Appendix C. 

Deploying the first panel was quite challenging without the benefit of on-site 
technical support. A rainstonn during deployment of this first panel delayed 
final positioning until the next morning. Pumps were then needed to remove an 
inch of water that had accUlnulated on the liner overnight. Seaming was very 
slow because of the 1 Y2: 1 sideslopes and because of irregularities in the 
prepared subgrade. Also the 30-mil LLDPE is quite thin and therefore difficult 
to weld. 

Exposed LLDPE = $0.78 per square foot 
($0.25 LLDPE + 0.06 geotextile cushion + 0.26 subgrade preparation + 0.10 
installation + 17%, OH & profit) 

Because of the large panels and good canal access, installation was quite fast. 
Irrigation districts can install this material with their own forces, which allows 
flexibility in the construction schedule to accommodate bad weather and 
fluctuating workload. Including tiIne spent figuring out how to unroll, unfold, 
and deploy that first afternoon, this inexperienced crew installed 48,000 square 
f~et in 2 days. By using their own equipment and labor, the district was able to 
install at significantly less cost compared to hiring a contractor. 

Seaming requires special equipment and a qualified welder from the lining 
manufacturer. Labor charges for the welder were $725 per day plus 
mobilization/demobilization. Seaming cannot be perfornled during periods of 
rain. The 30-mil LLDPE is quite thin and therefore difficult to weld The 
wedge welder repeatedly melted through the liner, requiring numerous patches. 
Seaming was quite slow, averaging about 1 foot per minute. LLDPE cannot be 
patched in the field without specialized equipment and a certified welding 
technician. Exposed LLDPE will be subject to environmental as well 
mechanical damage. 

1 through 18 



Photograph 1.-Unlined canal prior to construction of the LLDPE test section. 

Photograph 2.-The Ochoco Irrigation District prepared the subgrade by removing vegetation, restoring 
the1Yz:1 sideslopes, and cutting the V-notch anchor trench. 



Photograph 3.-The LLDPE was delivered to the jobsite in 5 large panels (4 shown) that were 
accordion folded and rolled onto cores. 

Photograph 4.-forklift positions the first panel and unrolls it into the panel prism. 



Photograph' 5.-Forklift pulls (unrolls) the panel up the opposite bank. 

Photograph 6.-Small· panels (up to 100 feet long) can be unfolded by hand with 
an 8-man crew. Note the geotextile cushion on the sideslopes. 



Photograph 7.-Larger panes (up to 250 feet long) are unfolded by 
two backhoes operating on opposite banks. 

Photograph B.-Large C-clamps and 2 x 4'5 are used to grip the liner. 
Chains connect the liner to the backhoe. 



Photograph g.-Panels are shingled downstream and wedge-welded 
by the membrane manufacturer's certified welding technician. 

Photograph 1 D.-Damage to the 30-mil LLDPE caused by the wedge welder. 
Thicker liners are less easily damaged and easier to weld. 



Photograph 11.-Welding technician patches the liner with hot-air welder. 

Photograph 12.-Finished patch is identified with date, time, liner manufacturer, 
technician initials, and patch number. 



Photograph 13.-Welding technician fabricates a "boot" around 
12-inch diameter pipe penetration with extrusion welder. 

Photograph 14.-Finished pipe "boot". 



Photograph 15.-Completed pipe boot around 4-inch pipe penetrati~n. 

Photograph 16.-Membrane at the upstream transition is placed in 
a 3-ft cut-off trench to prevent water from getting under the liner. 



Photograph 17.-Grader backfills the V-notch anchor trench. 

Photograph 18.-Completed test section.- exposed LLDPE geomembrane. 



SEEPAGE STUDIES 

The primary purpose of all the canal-lining alternatives is to conserve water by reducing seepage. 
Full-scale ponding tests are typically perfonned both before and after construction to determine the 
effectiveness of each test section. For 1999, two seepage tests were perfonned on the RCC-Shotcrete 
test section (N-5) on the North Unit Canal. The first test consiste~ of a full-scale postconstruction 
ponding test, and the second consisted of numerical analysis of Inflow-Outflow data from '1996 through 
1999. 

Ponding Tests 

Ponding tests previously perfonned over the fractured basalt in the North Unit Canal hav'e shown wide 
variations in the seepage rate from site to site. Over the past 8 years, ponding tests have shown 
preconstruction seepage rates from 2.3 to 20.5 ftlday, and postconstruction seepage rates from 0.4 to 3.2 
ftlday. These previous ponding tests are shown in Table 3. 

Table 3.-Previous Ponding Tests and Estimated Efficiency - North Unit Main Canal 

Type of Liner 
and Estimated Precon"struction Preconstruction Postconstruction Postconstruction 

Percent Test* 1991 1996 1994 1998 
Effectiveness section (ft3/ft2-day) (ft31ft2-day) (ft31ft2-day) (ft31ft2-day) 

Pond 1 20.45 3.18 
84% @ 1 yr. 

RCC N01 3.105.6 
Invert 3.105.4 2.53 
Only N02 

N03 2.303.8 30% @ 1 yr. 

N04 

NOS 
40% 

N06 
Shotcrete 0.44 0.40 

N07 56% @ 2 yrs. 60% @ 6yrs. 

N08 

70% N09 

* Vertical spacing represents size and location of test sections and p~nding tests. 



Most of these ponding tests were performed in areas of suspected high seepage and therefore are not 
believed representative of the entire canal. However, based on these ponding tests, the following 
conclusions were listed in the "Year 7 Report." 

I Average unlined seepage rate on North Unit = I ftlday 

2. Effectiveness of Lining inverts only = 40 percent 

3. Effectiveness of concrete lining (RCC or shotcrete) the entire canal = 70 percent 

1999 Ponding Test.-In 1999, a full-scale postconstruction ponding test was conducted over a 1,400-ft 
reach of the North Unit Canal. This 1,400-ft reach is RCC lined in the invert with shotcrete sideslopes. 
The ponding test was conducted over a 2-day period and shows an average seepage rate of 0.6 ftJday. 
The ponding data is included in Appendix D, and compared with previous data in table 4 below. 
Comparing the preconstructioI'). seepage rate of 3 to 4 ftJday with the postconstruction seepage rate of 0.6 
ftJday, the RRC/shotcrete lining has an effectiveness of 80 to 85 percent. 

Table 4.-Ponding Tests Over RCt Invert with Shotcrete Sideslopes 

Preconstruction . Preconstruction Preconstruction 
1991 1996 1999 

Type of Liner Test Section (ft31ft2-day) (ft3/ft2-day) (ft3/ft2-day) 

RCC N-1 
3.1-5.4 

3.1-5.6 

Invert 
N-2 

with 0.6 

Shotcrete N-3 2.3-3.8 
Sideslopes 

N-4 
80-85% 

N-5 



Inflow-Outflow 

To better estimate actual preconstruction seepage rates and effectiveness of various linings, inflow
outflow data has been collected for 25 miles of the North Unit Canal for the years 1996, 1998, and 1999. 
This reach of canal has accurate flow meaSurement structures at Mile 0 (river diversion), Mile 12Y2 , and 
Mile 25. The first 12Y2 miles are of special interest because 1) there are no farm turnouts, and 2) this 
section was lined with RCC invert in the fall of 1996, and with shotcrete sideslopes in the fall of 1998. 
The last 12Y2 miles remains unlined and also has no turnouts. The inflow-outflow data for these 2 sections 
are shown in tables 5 and 6. 

Table 5.-lnflow-Outflow.-North Unit Main Canal - Mile 0 through Mile 12~ 

Total Delivered Seepage 
Diverted 12.5 mile Loss Rate Effectiveness 

Year Lining (acre-ft) (acre-ft) (acre-ft) (ft/day) (percent) 

1996 Unlined 182,2.74 157,438 24,836 1.52 -

1998 Lined invert 169,908· 152,299 17,609 1.08 30 
only 

1999 Fully lined 176,434 170,177 6,257 0.38 75 

Table 6.-lnflow-Outflow - North Unit Main Canal- Mile 12~ through Mile 25 

Delivered Seepage 
12.5 mite Delivered 25 Loss Rate Effectiveness 

Year Lining (acre-ft) mile (acre-ft) (acre-ft) (ft/day) (percent) 

1996 Unlined 157,438 144,679 12,759 0.78 -
1998 Unlined 152,299 140,086 12,213 0.75 -

1999 Unlined 170,177 158,028 12,149 0.74 -

Inflow-Outflow Conclusions: 

1. The unlined seepage rate for the North Unit Canal ranges from 0.74 to 1.52 ft/day (averages 
1.1 ftI~y) which agrees well with our Year 7 estimate of 1 ft/day. The first 12~ miles of 
canal has a higher unlined seepage rate (1.52 ftlday), with some isolated areas as high as 20 
ftlday (1996 ponding test). 

2. The effectiveness of RCC lining in the invert only is about 30 percent, which agrees well with 
the Year-7 estimate of 40 percent effectiveness. 

3. The fully-lined seepage rate is 0.38 ftlday, which agrees fairly well with the 1999 ponding test 
result of 0.6 ftJday. 

4. The effectiveness of RCC lining the invert and shotcrete lining the sideslopes is about 75 
percent, which agrees well with the Year-7 esti1l1ate of 70 percent. This effectiveness also 
agrees with the 1999 ponding test which shows effectiveness of 80 to 85 percent. 



Appendix A-1 

Material Data Sheets 

Not Included 

Test Section 0-3 



Appendix A·2 

Material Data Sheets 

Not Included 

Test Section 0-4 



Appendix B 

Geology 

Not Included 

Ochoco Canal 



Appendi~' C 

Laboratory Seam Testing 

Test Sections 0-3 and 0-4 



USSR Laboratory Testing. - Material and Seam Properties 

property. Test Method Te" section 0-3 Test Section 0-4 
·E.PDM LLDPE 

Thickness, mils ASTM 0-5199 41 34 

Parent Material - Tensile ASTM D-8820 20 ipm 
Ten';le <I YIeld, ppi (pm) EPDM 1-inch strip - 53 ·(1~). _ 
Tensile CD Break, ppi (psi) LLDPE dogbone 54 (1300) --156·. "(4600)'"' 
Elongation 0 Sreak, " 500 700 

Factory Seam ASTMD-4437 @2"ipm 
Shear, ppi (psi) * 48+ (1200+) 59 (1720) 
Peel, ppi (PSI) ,. 53 (1550) 

Field Seam - EPDM Tape . ASTM 0-4437.0 2ipm 
Shear, .ppi (mode) 16.8 (Adhesive) 13.3 (Adhesive) 
Peel, ppl (mode) .. 7.5 ; (Adhealve) 8.4 (Adhesive) 

• No failur., exCeeded extension capacity of machine 

Not .. : 

/II ntpOt1ed va.. am average. calculated from 5 specimens Values for Parent Material are /ower of 
machine _ctOU-tnaeIIIM teatlng .ffect of intIow-outflow 

-



MISSION 

The mission 'of the 8ureau.of Reclamation is to manag., develop, and protect 
wat.,. and related resources In an environmentally and'. ~ically sound . 
manner in the interest of the American public. ' 



Appendix'D' 

1999 Ponding Test Results 

Not Included 

Test Section N-5. 
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