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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS
Multiply By To obtain
inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square foot (ft2) 0.09294 square meter
square mile (mi?) 2.59 square kilometer
acre 0.4047 hectare
acre-foot (acre-ft) 1,233 cubic meter
acre-foot per square mile (acre-ft/mi?) 476.1 cubic meter per square kilometer
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year
cubic foot per second (ft3/s) 0.02832 cubic meter per second
gallon per day (gal/d) 3.785 liter per day
gallon per minute (gal/min) 0.06309 liter per second
gallon per minute per foot[(gal/min)/ft} 0.207 liter per second per meter
gallon per day per squared foot [(gal/d)/ftz] 0.6791 liter per day per square meter
pound per square inch (Ib/in?) 6.895 kilopascal

Temperature can be converted to degrees Fahrenheit (°F) or degrees Celsius (°C) as follows:

°F = 9/5 (°C) + 32
°C = 5/9 (°F - 32)
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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS--Continued

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929--a geodetic datum derived from a general
adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.

Water year: In this report, "water year" refers to the 12-month period from October | through September 30. The water year is
designated by the calendar year in which it ends. Thus, the water year ending on September 30, 1989, is called "water year 1989."
Streamflow records of the U.S. Geological Survey are compiled and reported for water years.

Year: In this report, "year" refers to the calendar year (January 1 through December 31).

Abbreviated water-quality units used in this report:

mg/L milligram per liter

pCi/L picocurie per liter

ng/L microgram per liter

HS/cm microsiemens per centimeter at 25 degrees Celsius
mrem/yr milliroentgen equivalent man per year

Other abbreviations and symbols:

MCL maximum contaminant level

SMCL secondary maximum contaminant level
+ plus or minus

o alpha
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WATER RESOURCES OF THE WIND RIVER
INDIAN RESERVATION, WYOMING

By Richard L. Daddow

ABSTRACT

Comprehensive information about the water resources on the Wind River Indian Reservation,
west-central Wyoming is needed to manage the existing water uses and develop future water supplies
for Shoshone and Northern Arapahoe Tribal members and others who live on or near the reservation.
As aresult, the U.S. Geological Survey, in cooperation with the Shoshone Tribe and the Northern
Arapahoe Tribe, conducted a comprehensive study of the water resources of the reservation.

Rocks from all geologic periods except those of Silurian age are present on the reservation.
Ground water, as well as springs, are present in many of these geologic units. These units provide
water for public-supply, domestic, agricultural, and industrial uses, and are a potential source of water
for irrigation on the reservation. At least 507 wells are completed in deposits of Quaternary age on the
reservation, and most of these wells are less than 50 feet deep. Median yields from wells completed
in different deposits of Quaternary age ranged from 6 to 20 gallons per minute.

The Wind River Formation of Tertiary age is the major source of drinking water for domestic
and public-supply uses. Most of the 608 wells in this formation are completed in permeable, lenticular,
and discontinuous sandstone deposits. Inventoried well depths ranged from 37 to 994 feet, with a
median depth of 190 feet. Yields ranged from about 0.1 to 350 gallons per minute, with a median yield
of 20 gallons per minute.

One hundred and thirteen wells are completed in five Mesozoic and three Paleozoic age geologic
units. Wells completed in the Mesozoic units are usually less than 150 feet deep. Median yields ranged
from 5 gallons per minute for the Cody Shale of Cretaceous age to 55 gallons per minute for the
Nugget Sandstone of Jurassic (?) and Triassic (?) age. The Paleozoic units consist of the Tensleep
Sandstone of Pennsylvanian age and the Madison Limestone of Mississippian age and these two units
are potentially the most productive water-yielding geologic units on the reservation, with estimated
yields of as much as 1,000 gallons per minute.

Streams provide most of the water for irrigation, which is the largest water use on the
reservation. Sixty active or inactive U.S. Geological Survey streamflow-gaging stations are located on
perennial, intermittent, and ephemeral streams on or near the reservation. Statistical summaries of
streamflow data for 24 gaging stations with 10 or more years of daily discharge records indicate that
low-flow, high-flow, and flow-duration characteristics of streams on the reservation are extremely
variable. Average annual runoff was 122 to 1,150 acre-feet per square mile on streams with gaging
stations.

The chemical quality of ground water on the reservation is variable. In water sampled from the
Little Wind River and Popo Agie River flood-plain alluvium near the mountains, dissolved-solids
concentrations generally were less than 400 mg/L (milligrams per liter), and ionic compositions were
dominated by calcium and bicarbonate. With increasing distance from the mountains, dissolved-solids
concentrations ranged from about 600 to about 750 mg/L, and ionic composition consisted of a mixture
of calcium, magnesium, and sodium cations with mostly sulfate anions. These changes in the chemical
quality of water downgradient could be caused by lithologic changes in the flood-plain alluvium, a
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downgradient increase in recharge from irrigation return flow, or the increased contact time of water
with or seepage of water from the underlying Cody Shale and the Frontier Formation of Cretaceous
age, both of which contain substantial amounts of soluble minerals. Water samples collected in the
Wind River Formation had dissolved-solids concentrations ranging from 211 to 5,110 mg/L, and ionic
composition varied from mixed calcium and sodium cations with mostly bicarbonate ions to a
dominance of sodium and sulfate ions. Water samples collected in most of the Mesozoic geologic units
had median dissolved-solids concentrations ranging from 800 to 2,540 mg/L, and variable ionic
compositions. Dissolved-solids concentrations of less than 250 mg/L and ionic composition
dominated by calcium and bicarbonate ions were typical chemical-quality characteristics of the water
samples collected from five wells completed in the Tensleep Sandstone and the Madison Limestone.

Water-quality samples have been collected at 33 streamflow-gaging stations and
28 miscellaneous surface-water sites on or near the reservation. Statistical summaries of chemical-
quality data from 12 gaging stations with 4 years or more of records indicate that chemical quality of
the streams is related to changes in streamflow, geology, and downstream location. Water samples
from most perennial streams in or near mountainous areas had dissolved-solids concentrations less
than 200 mg/L and ionic composition dominated by calcium and bicarbonate ions. With increasing
distance from the mountains, water samples from most perennial streams had dissolved-solids
concentrations ranging from about 400 to about 600 mg/L and ionic composition of mostly calcium
and sodium cations and sulfate anions. Water samples from intermittent streams had dissolved solids
concentrations ranging from about 1,100 to about 3,500 mg/L and ionic composition of sodium and
calcium cations with a dominance of sulfate anions.

INTRODUCTION

The water resources of the Wind River Indian Reservation, Wyoming (fig. 1), hereinafter referred to as
the reservation, are important to the Shoshone and Northern Arapahoe tribal members and others who live on
or near the reservation. Comprehensive information of the water resources is important for the successful
management and protection of existing water uses and supplies. Detailed water-resources information also is
needed for the planning and design of new water supplies, and other related economic development on the
reservation. Uses of both ground and surface water on the reservation are extensive, diverse, and increasing due
to increases in population, industrial and agricultural growth, and recreational activities. Water-resource
management and allocation on the reservation have received a high priority because of a 1988 Supreme Court
of Wyoming decision (In regards to: The general adjudication of all rights to use water in the Big Horn River
system and all other sources, State of Wyoming; The State of Wyoming v. Shoshone and Arapahoe Tribes, et.al.;
753P.2D76, Wyoming 1988) granting a surface-water right of about 500,000 acre-ft (acre-feet) annually to the
Shoshone Tribe and Northern Arapahoe Tribe. This Federal-reserved water right has the most senior water-
rights appropriation date (1868) in the Wind River drainage basin. To obtain information that is needed to plan
for and manage the increased demands for water on the reservation, the U.S. Geological Survey (USGS), in
cooperation with the Shoshone Tribe and Northern Arapahoe Tribe, conducted a study to describe and evaluate
the water resources. Additional hydrologic data were collected as part of the study where such data were lacking
or considered inadequate or where water quality was a concern.

Purpose and Scope

The ground-water and surface-water resources and the chemical quality of these resources on the
reservation are described in this report. Site characteristics, well yields, water levels, and chemical quality of
the ground water for 14 major geologic units are described and evaluated on the basis of hydrologic data
obtained from inventoried water-supply wells and springs. An inventory and data summary were compiled for
60 streamflow-gaging stations and 39 miscellaneous surface-water sites on or near the reservation. Flow
characteristics are evaluated for streams with and without streamflow-gaging stations. A comprehensive
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summary of the type, number, and period of record of water-quality analyses is included for 33 streamflow-
gaging stations on or near the reservation. Chemical-quality data from 12 representative gaging stations with
4 or more years of chemical-quality data are statistically summarized and used to evaluate the general chemical-
quality characteristics of streams on or near the reservation. In addition, a glossary is provided after the
references to assist the reader with unfamiliar terms.

Methods of Investigation

Water-resources data for the reservation were obtained from numerous Federal and State agencies, and
private consulting firms. A detailed literature search also provided data about the geology and hydrology of the
reservation. Well records and water-quality data were obtained from the U.S. Public Health Service, Indian
Health Services (IHS), and Bureau of Indian Affairs (BIA) offices in Fort Washakie, Wyoming. Computerized
data from the USGS on water resources of the reservation also were compiled and updated.

Inventory records of the water-supply wells and springs on the reservation were comprehensively
compiled, and these data were used to identify and evaluate the ground-water resources. Nearly 1,360 wells
were inventoried (Daddow, 1992), including most of the water-supply wells drilled before 1990 that are on
reservation trust lands or lands owned by tribal members, and most water-supply wells drilled before 1966 on
private lands on the reservation. Nearly 260 springs were inventoried (Daddow, 1992), including springs
identified on 7.5-minute topographic quadrangle maps. Springs not identified on quadrangle maps but listed in
the soil and range resources inventory of the reservation (U.S. Department of the Interior, 1962) were included
in the spring inventory. Ground-water and water-quality data for the inventoried wells and springs are listed in
Daddow (1992). These inventoried wells and springs are shown on plate 1 of this report.

Onsite work for this study was conducted from August 1988 through May 1991. Discharge, flow rate,
water level, temperature, pH, or specific conductance were measured at 274 wells, 23 springs, and 42 surface-
water (stream, canal, or drain) sites. Chemical-quality samples were collected at 45 wells, 21 springs, and
34 surface-water sites. Methods and guidelines used for the collection and onsite analysis of these water-quality
samples are described in Wells and others (1990). Discharge from selected springs, streams, canals, and drains
were measured using techniques described by Rantz and others (1982).

Water-quality data evaluated and summarized in this report came from different laboratories and time
periods, and different analytical methods were used. Quality-control checks were performed on all chemical-
quality data included in this report. The quality-control methods used are described in Friedman and Erdmann
(1982, p. 103-108). The primary quality-control check, commonly called a “chemical-balance check,” was
based on the percentage difference between the sums of the milliequivalents of major cations and anions.
Chemical analyses with chemical-balance check values greater than + 6-percent difference were not accepted
and not used in this report. The only exception was for chemical analyses of water samples where the sum of
the cations and anions was less than 2.5 milliequivalents. The chemical-balance check for these chemical
analyses was based on the percentage-difference curve shown in Friedman and Erdmann (1982, p. 104, fig. 15).

Previous Studies

Numerous water-resources studies of the reservation have been completed. McGreevy and others (1969)
provided detailed hydrologic characteristics and maps of the geologic units, chemical-quality characteristics of
the ground water, an inventory of wells and springs as of 1966, and a description of the drainage problems
associated with irrigated lands on the reservation. Reports by the Bureau of Indian Affairs (1971) and Hurlbut,
Kersich, and McCullough Consulting Engineers (1975) describe the existing and potential water uses on the
reservation. A report by HKM Associates (1979) evaluates and summarizes the hydrology, water supply, and
quality of the surface-water resources on the reservation. Grasso and others (1995) describe and summarize
physical, chemical, and biological data that were collected in 1992 and 1993 from irrigation drainage areas and
wetlands of the Wind River Federal Irrigation Project area (pl. 1) on the reservation.
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Numerous hydrologic and water-resources studies have been conducted in the Owl Creek and Wind River
drainage basins, and Fremont and Hot Springs Counties. Parts of each of these drainage basins and counties are
included in the reservation area. The eastern half of the reservation was discussed in a report of the hydrology
of Coal Area 51, which includes part of both the Owl Creek and Wind River drainage basins (Peterson and
others, 1987). Berry and Littleton (1961), Lowry and others (1976), and Ogle (1992) described the water
resources and geology of the Owl Creek drainage basin, which includes the northeastern part of the reservation.
Average annual runoff, measured in inches, was developed for the Wind River drainage basin by Oltman and
Tracy (1949). Colby and others (1956) evaluated and summarized the sedimentation and chemical quality of
surface waters in the Wind River drainage basin. The occurrence and characteristics of ground water in the
Wind River drainage basin were summarized by Richter (1981). Other studies of the water resources and water
supply of the Wind River drainage basin include Bishop and Spurlock Consulting Engineers (1962), Bureau of
Reclamation (1966, 1981), and Whitcomb and Lowry (1968). Stoffer (1985) published a detailed bibliography
and index of the geology of the Wind River structural basin, including reports on water resources in the basin.
The water resources of Fremont County, which includes most of the reservation except for the northern part,
were described and evaluated in a report by Plafcan and others (1995). The water resources of Hot Springs
County, which includes the northern part of the reservation, were described and evaluated in a report by Plafcan
and Ogle (1994).

Numbering System for Wells and Springs

The wells and springs listed in the report are identified by local numbers. A local number is based on the
Federal township-range system of land subdivision. Inside the boundaries of the Wind River Indian Reservation
and the Riverton Reclamation Withdrawal Area, this land subdivision system is referenced to the Wind River
Meridian and Base Line system. Outside these boundaries, the land subdivision system is referenced to other
meridians and base lines. An example of a local number is 1S-2E-14abc01 (fig. 2). The first segment of the
local number (1S) denotes the township north or south of the Wind River Base Line. The second segment (2E)
denotes the range east or west of the Wind River Meridian. The third segment (14abc) refers to the section
number and the subdivision of that section. The subdivisions of a section are lettered a, b, ¢, and d in a
counterclockwise direction beginning in the northeast quarter (a), then northwest (b), southwest (c), and
southeast (d). The first letter following the section number denotes the quarter section (160 acres); the second
letter denotes the quarter-quarter section (40 acres); and the third letter denotes the quarter-quarter-quarter
section (10 acres). The fourth segment of the local number (01) is the sequential number after the lowercase
letters that distinguishes that well from other wells assigned a local number in the same quarter-quarter-quarter
section. Thus, the well with local number 1S-2E-14abc01 is the first well inventoried in the southwest quarter
(1/4) of the northwest 1/4 of the northeast 1/4 of section 14, Township 1 south, Range 2 east (fig. 2).

Numbering System for Surface-Water Sites

Streamflow-gaging stations are sites on streams where systematic observations of hydrologic data are
obtained. Gaging stations are identified with a unique eight-digit number assigned by the USGS. The first two
digits of this number indicate the major drainage basin where the gaging station is located. All the numbers for
gaging stations on or near the reservation start with "06", which indicates the Missouri River drainage basin.
The remaining six digits indicate the downstream position in the major drainage basin and become progressively
larger in a downstream direction. In addition, a simplified "site number" starting with the letter "G" was used
in this report to identify gaging stations.

Miscellaneous surface-water sites are located on streams, canals, drains, and other open bodies of water
where infrequent and miscellaneous types of hydrologic data are obtained. These sites are identified by a
15-digit site number that is based on the latitude and longitude of the site. The first six digits designate latitude
of the site, the next seven digits designate longitude, and the last two digits are sequence numbers to distinguish
between several sites that may be in close proximity of one another. A simplified "site number" starting with
the letter "M" was used in this report to identify the miscellaneous surface-water sites.

INTRODUCTION 5
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DESCRIPTION OF THE STUDY AREA

The reservation is in west-central Wyoming (fig. 1). Most of the reservation is located in Fremont County,
and the northeastern part is in Hot Springs County. The boundaries of the reservation have changed several
times since the original area was established in 1868. The present reservation is about 68 miles (mi) east to west,
about 65 mi north to south, and includes 1,993,000 acres (or 3,114 mi 2). The eastern boundary of the
reservation has been greatly modified from its original boundary by the Riverton Reclamation Withdrawal Area
and the Boysen State Park (fig. 1). These two areas are not considered to be part of the reservation and have not
been included in the study area of this report.

The reservation is home for about 8,000 Shoshone and Northern Arapahoe tribal members. About
85 percent of the reservation is held in trust by the U.S. Government for the Tribes or is owned by individual
tribal members. Major unincorporated communities on the reservation include Arapahoe, Crowheart, Ethete,
and Fort Washakie (fig. 1). Most of the remaining 15 percent of the reservation is private land, which includes
the city of Riverton and private property located primarily in the Crowheart area and the southern part of the
reservation.

Geographic Setting

Most of the reservation is in the western part of the Wind River Basin, which is a large structural basin.
The southwestern part of the reservation extends along the eastern flank of the Wind River Range. The northern
part of the reservation includes parts of the Absaroka Range and Owl Creek Mountains (fig. 3).

The Wind River drainage basin, which nearly coincides with the boundary of the Wind River structural
basin, is the main drainage area on the reservation (fig. 3). About 86 percent of the reservation lies in this
drainage basin. Most of the remaining 14 percent is in the Owl Creek drainage basin and several small drainage
basins of minor tributaries to the Bighorn River (fig. 3).

The physiography of the reservation is diverse, consisting of alpine, glaciated, and mountainous terrain
along the northern and southwestern edges of the reservation and foothills, high plateaus, rugged badlands,
plains, and terraced-stream valleys in the other parts of the reservation. Land-surface altitudes range from about
4,400 feet (ft) at the northern end of the Wind River Canyon in the Owl Creek Mountains to about 13,000 ft in
the Wind River Range. In the central part of the reservation, the altitude ranges from about 4,800 to 6,000 ft.

DESCRIPTION OF THE STUDY AREA 7
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Climate

The climate of the reservation ranges from desert in the central part to alpine in the bordering mountain
ranges (Martner, 1986, p. 3-6). Annual precipitation ranges from 6 to 8 in. in the central part of the reservation
and from 10 to 20 in. along the flanks of the mountain ranges. Precipitation is greater than 30 in. in the upper
zones of the Owl Creek Mountains and Absaroka Range and is greater than 50 in. near the top of the Wind River
Range (Hurlbut, Kersich, and McCullough Consulting Engineers, 1975, fig. I11.2, p. III-5). Most of the October
through March precipitation occurs as snow. Average annual snowfall is less than 20 in. in the lower elevations,
ranges from 40 to 80 in. in the Owl Creek Mountains, and is greater than 150 in. in the Wind River Range
(Martner, 1986, p. 81). Most of the mountain snowfall is stored as snowpack. Snowmelt is a major source of
streamflow on the reservation during the spring and summer. Mean-annual precipitation and temperature data
for eight weather stations on or near the reservation are listed in table 1 (Martner, 1986; Owenby and Ezell,
1992). The locations of these weather stations are shown in figure 1.

Table 1. Mean-annual precipitation and mean-annual temperature for selected weather stations on or near the Wind
River Indian Reservation, Wyoming

[Site number, site numbers used in this report. Altitude of land surface, in feet above sea level; deg, degrees; min, minutes; ft, feet; in, inches,
°F, degrees Fahrenheit; WSO, Weather Service Office; AP, airport]

Altitude Mean- Mean-
Site of land annual annual
number Latitude Longitude surface Period of precipitation  temperature
(fig. 1) Weather station (deg-min) (deg-min) (ft) record (in.) (°F)
C1 Anchor Dam 43-40 108-50 6,460 1961-79 15.2 41.3
C2 Boysen Dam 43-25 108-11 4,642 1961-90 9.29 47.4
C3 Burris 43-22 109-17 6,140 1961-90 8.93 443
Cc4 Diversion Dam 43-14 108-56 5,575 1961-90 8.97 449
C5 Fort Washakie 42-59 108-53 5,550 1951-79 11.9 422
C6 Lander WSO AP 42-49 108-44 5,370 1961-90 13.0 46.0
C7 Pavillion 43-15 108-41 5,440 1961-90 7.53 44.3
C8 Riverton 43-01 108-23 4,950 1961-90 7.74 42.6
Geologic Setting

The geologic structure of the reservation consists of the Wind River Basin, which is a large structurally
complex basin bounded on the north and southwest by upfolded and faulted mountain ranges. The structural
relief from the top of the mountains to the bottom of the structural basin is about 30,000 ft. Keefer (1970)
provides a detailed description of the geologic structure and history of the Wind River Basin and surrounding
mountain ranges. Structure-contour maps and geologic cross sections of the reservation are contained in reports
by Keefer (1970, pl. 2) and McGreevy and others (1969, pl. 2).

Rocks from all geologic periods except those of Silurian age are present within the reservation. Igneous
and metamorphic basement rocks of Precambrian age are exposed on the upper parts of most of the mountain
ranges and underlie the sedimentary rocks in the basin. Rocks of Paleozoic and Mesozoic age crop out along
the lower flanks of the mountain ranges, on numerous anticlines in the basin, and are buried in the central part
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of the basin. These rocks generally dip basinward at angles ranging from 10 to 15 degrees along the flanks of
the Wind River Range, and are vertical to overturned along the margins of anticlines and along the northern
mountains. Geologic units of Tertiary and Quaternary age crop out in most of the central part of the basin and
consist primarily of the Wind River Formation of Tertiary age and deposits of Quaternary age such as flood-
plain alluvium, slope wash and alluvium, terrace deposits, and glacial deposits. Tertiary volcaniclastic rocks of
the Absaroka Range crop out in the northwestern part of the reservation.

Generalized geology of the reservation is shown in figure 4. For a more detailed description of the
geology of the reservation the reader is directed to McGreevy and others (1969, pl. 2). The major geologic units
and percentages of reservation area in each generalized geologic-map unit is summarized in table 2. Additional
detailed information on the physical and lithologic characteristics of the geologic units listed in table 2 is
provided in reports by Keefer (1965, 1972), Keefer and Van Lieu (1966), McGreevy and others (1969,

p. 113-121), and Refolo (1983, p. 6-44).

WATER USE

Ground-water and surface-water uses are extensive and diverse throughout the reservation. Principal
water uses consist of public supply, domestic, agricultural, industrial, recreational, and fisheries.

Both ground water and surface water provide water sources for public-supply and private domestic uses
on the reservation. Wells furnish water to most of the public water-supply systems on the reservation, which
include the Arapahoe, Arapahoe Industrial Park, Trout Creek, and Boulder Flats community water-supply
systems. Surface water diverted from the South Fork Little Wind River supplies the Fort Washakie community.
A streambed infiltration system on the Little Wind River supplies water to the Ethete community. These public
water-supply systems are operated by various tribal-based organizations. The site location and estimated water
use for these systems are summarized in table 3. Water-use information for the City of Riverton and smaller
public water-supply systems on the reservation are listed in Richter (1981, p. 32-37). Ground water is the
principal water source for private domestic use on the reservation.

Agricultural water use includes water for irrigation of crops and water used in beef, dairy, poultry, and
other livestock production. Irrigation is the most common use of water on the reservation. Except for several
irrigation wells in the Riverton area and Owl Creek drainage basin, streamflow is the only source of irrigation
water. Because of recent water-rights adjudication on the reservation, the use of irrigation water has been
evaluated and summarized in detail (Roncalio, 1982). The major water use on the reservation is for irrigation
in the Wind River Federal Irrigation Project area (pl. 1). About 170,000 acre-ft of water is diverted from various
streams each year to irrigate an average of 28,000 acres in the Wind River Federal Irrigation Project area
(Donald Crook, U. S. Bureau of Indian Affairs, oral commun., 1989). Water from streams, springs, and wells
also is used for livestock.

The principal industrial water user is the petroleum industry. The reservation has 15 oil-and-gas fields.
Ground water is withdrawn from most oil-and-gas fields as a by-product of oil production and for secondary
recovery by water-flooding. Most of the ground water withdrawn is re-injected into wells at the fields, but some
of the water is released into surface-water channels and ponds.

Recreation and fisheries water use on the reservation are diverse and generally nonconsumptive. Sources
for these uses are streams, springs, lakes, and reservoirs. Washakie Mineral Hot Springs, near Ethete, has
provided water for a public swimming-pool and bath facility.

10 WATER RESOURCES OF THE WIND RIVER RESERVATION
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Table 3. Source of water and water-use data for selected public water-supply systems, Wind River Indian Reservation,

Wyoming

[Source of water: wells are identified with local well number that is described in this report; gal/d, gallon per day]

Estimated
average
daily
Public water- production
supply system Source of water (gal/d) Source of production data
Arapahoe Two wells (1S-3E-11dcd01, 1S-3E-11dcd02) 300,000 Jerry Redman, Northern Arapahoe Ultilities,
completed in the Wind River Formation of oral commun., 1990
Tertiary age
Arapahoe One well (1S-3E-23bdd03) completed in the 67,000 Jerry Redman, Northern Arapahoe Utilities,
Industrial Park Wind River Formation of Tertiary age oral commun., 1990
Trout Creek Two wells (15-2W-24dca01, 1S-2W-24dcb02) 30,000 Mike Lajuenesse, Shoshone Utility
completed in the Nugget Sandstone of Organization, oral commun., 1990
Jurassic (?) and Triassic (?) age
Boulder Flats Two wells (2S-1W-13adb01, 2S-1W-13adb02) 16,000 Eugene E. Myers, Indian Health Services,
completed in flood-plain alluvium of the North oral commun., 1990
Fork Popo Agie River
Fort Washakie Surface-water diversion from South Fork Little 700,000 Mike Lajuenesse, Shoshone Utility
Wind River about 3.1 miles west of Fort Organization, oral commun., 1990
Washakie
Ethete Streambed infiltration from Little Wind River 380,000 Jerry Redman, Northern Arapahoe Utilities,

about 1.3 miles west of Ethete

oral commun., 1990

The various water uses for the inventoried wells are summarized in the following table. Domestic use
(private water-supply systems) is the most common water use for wells on the reservation.

Water use Number of wells Percentage of total wells
Public supply 24 1.8
Domestic 674 49.7
Irrigation 10 0.7
Livestock 105 7.7
Industrial 32 24
Unused 386 284
Unknown 126 9.3
Total 1,357 100.0

GROUND-WATER RESOURCES

Ground water usually is derived from infiltration of precipitation or from surface-water seepage. Ground
water moves through the geologic units from recharge areas to discharge areas such as springs, gaining streams,
or other geologic units at rates dependent on the gradient and permeability of the geologic units. Heath (1983)
provides an excellent overview on the basic hydrology of ground water.

14 WATER RESOURCES OF THE WIND RIVER RESERVATION



Ground-water resources on the reservation occur in many different geologic units and as springs flowing
from these units. Ground water provides water for public-supply, domestic, livestock, and industrial uses on the
reservation. Ground water is a potential source of additional supply for irrigation on the reservation.

Hydrologic and water-quality characteristics of ground water from the following major geologic units
(table 2) are evaluated and summarized in this report: flood-plain alluvium, slope wash and alluvium, terrace
deposits, glacial deposits, volcaniclastic rocks, Wind River Formation, Cody Shale, Frontier Formation,
Cloverly Formation, Nugget Sandstone, Chugwater Group, Phosphoria Formation and related rocks, Tensleep
Sandstone, and Madison Limestone. These 14 major geologic units were evaluated because they supply most
of the ground water used on the reservation or have the potential to yield substantial quantities of ground water
that is suitable for human consumption and other uses.

Quaternary Deposits

Quaternary deposits containing ground water consist of flood-plain alluvium, slope wash and alluvium,
terrace deposits, and glacial deposits. Quaternary deposits provide water for domestic and public-supply uses
on the reservation. Inventory records were compiled for 507 wells completed in the Quaternary deposits on the
reservation. Selected ground-water data for wells completed in Quaternary deposits are listed in table 4. Most
of the inventoried wells completed in these deposits are less than 50 ft deep.

Flood-plain Alluvium

Flood-plain alluvium consists mostly of unconsolidated deposits of silt, sand, gravel, cobbles, and
boulders. These recent deposits occur as valley fill and adjacent low terraces in most of the major stream valleys
on the reservation. The deposits range from 5 to more than 100 ft in thickness but are generally less than 40 ft
thick (McGreevy and others, 1969, p. 149). These deposits in four drainage basins are discussed separately
because of differences in the extent of the deposits and the lithology of the underlying geologic units. The Wind
River flood-plain alluvium generally is thicker and more laterally extensive than other Quaternary deposits on
the reservation and is underlain by the Wind River Formation. Most of the middle one-third of the Little Wind
River flood-plain alluvium and the Popo Agie River flood-plain alluvium are underlain by the Cody Shale and
Frontier Formation of Cretaceous age, which both contain substantial amounts of soluble minerals. Most of the
Owl Creek flood-plain alluvium on the reservation is underlain by the Cody Shale and Frontier Formation.

Inventory records were compiled for 361 wells completed in the flood-plain alluvium deposits on the
reservation. Selected ground-water data for these inventoried wells are listed in table 4. Well depths range from
5 to 135 ft, with a median depth of 30 ft.

Water levels in wells completed in the flood-plain alluvium were evaluated on the basis of water-level
measurements in 250 wells during 1948-91. Water levels ranged from land surface to 41.6 ft below land surface,
with a median value of 8.3 ft below land surface. Seasonal recharge from seepage of irrigation water from
surface-water sources caused substantial seasonal water-level fluctuations in wells in some areas. Typically,
water levels in wells located near irrigated lands are the highest during the irrigation season, which generally is
from June to September, and the lowest before irrigation is started. For example, water levels in four wells
(IN-2W-25dbc01, IN-2W-36dda01, 1N-2W-35adc04, IN-2W-26ccc01) completed in flood-plain alluvium in
the Little Wind River drainage basin and near irrigated lands, had seasonal water-level declines of 6.2, 7.8, 8.6,
and 17.5 ft respectively, between July 1990 (irrigation season) and May 1991 (before irrigation).

In some areas on the reservation, water levels in wells completed in the flood-plain alluvium typically are
less than 5 ft below land surface for the entire year. These high water levels occur in two general areas: south
of Fort Washakie and east of Ethete. In both areas, the flood-plain alluvium generally is less than 25 ft thick, is
not near major river channels, and is underlain by the Cody Shale.

GROUND-WATER RESOURCES 15
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Yields from wells completed in the flood-plain alluvium were estimated on the basis of driller’s well-
acceptance-test and pumping-test data that were collected during 1963-88. The water-yield data from well-
acceptance tests consisted of yield measurements from 123 wells and specific-capacity determinations from
79 wells. Yield is the constant or final pumping rate in gallons per minute (gal/min) at which the well-
acceptance test was conducted. Specific capacity is the yield per unit drawdown and is reported in gallons per
minute per foot [(gal/min)/ft]. This value is determined by dividing the constant or final pumping rate by the
total drawdown during the well test. Heath (1983, p. 58-59) provides a good description about well-acceptance
tests and how they should be conducted. The pumping period for most of these well-acceptance tests was
2 hours or longer. Yields ranged from 4 to 60 gal/min, with a median value of 15 gal/min. Specific capacities
ranged from 0.2 to 40 (gal/min)/ft, with a median value of 3.0 (gal/min)/ft (table 4).

Five pumping tests were conducted in 1965 and 1966 and the resuits are reported in McGreevy and others
(1969, p. I130). Specific capacities from these five pumping tests ranged from 1 to 65 (gal/min)/ft.

Slope Wash and Alluvium

Slope wash and alluvium consists of slope wash, slope wash with interbedded or underlying alluvium, and
flood-plain alluvium on smaller perennial, intermittent, and ephemeral streams. Slope wash is defined as soil
and rock material that has been moved down a slope by mass wasting assisted by running water not confined to
fluvial channels (Bates and Jackson, 1980, p. 588). Slope wash consists mostly of fine-grained unconsolidated
deposits of clay, silt, and sand. Alluvium consists of clay, silt, sand, gravel or other unconsolidated material
deposited during recent geologic time by a stream or other body of running water as a sediment in the bed of a
stream or on the floodplain or delta, or as a fan at the base of a mountain (Bates and Jackson, 1980, p. 46). This
geologic unit is scattered throughout the reservation and ranges from about 5 to 80 ft in thickness (McGreevy
and others, 1969, p. 147).

Inventory records were compiled for 54 wells completed in the slope wash and alluvium on the reserva-
tion. Selected ground-water data for these inventoried wells are listed in table 4. Most of these wells are in the
Mill Creek area. Other wells completed in this geologic unit are in the upper Muddy Creek, Sage Creek, Beaver
Creek, and Kirby Draw drainage areas. Well depths range from 10 to 310 ft, with a median depth of 36 ft.

Water levels in wells completed in this geologic unit were evaluated on the basis of water-level measure-
ments in 30 wells during 1948-91. Water levels ranged from 1.0 to 27.4 ft below land surface with a median
value of 7.0 ft below land surface. Ground water in this unit responds to seasonal water-level fluctuations caused
by irrigation recharge. Wells completed in slope wash and alluvium in nonirrigated areas of smaller or
intermittent stream valleys usually have small (Iess than 3 ft) water-level fluctuations. Water-level fluctuations
in these wells usually correspond to seasonal changes in streamflow. For example, water levels in an
observation well (1S-5E-11bdd01), 34 ft deep, about 300 ft from Kirby Draw (an ephemeral stream) were
measured 80 times during 1965-66, 1970-83, and in 1991. Water levels in this well typically had annual water-
level fluctuations of less than 3 ft, with a mean water-level of 21.0 ft below land surface. The highest water
levels in this well generally occur each year between May and early June, a time period that corresponds to
maximum streamflows in Kirby Draw.

Yields of water from wells completed in slope wash and alluvium were evaluated on the basis of 19 yield
measurements and 8 specific-capacity determinations from well-acceptance tests conducted during 1963-89.
Yields ranged from 4 to 20 gal/min, with a median value of 6 gal/min. Specific capacities ranged from 0.4 to
15 (gal/min)/ft, with a median value of 4.3 (gal/min)/ft (table 4).

Terrace Deposits

The terrace deposits consist of unconsolidated deposits of silt, sand, gravel, cobbles, and boulders and
usually appear as bench or steplike features. These recent deposits are present on the edges of the major river
valleys and on the lower flanks of the Wind River Range on the reservation. This unit is usually less than 50 ft
thick but may be as much as 200 ft thick (Richter, 1981, p. 87).
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Inventory records were compiled for 87 wells completed in terrace deposits. Selected ground-water data
for these inventoried wells are listed in table 4. Most of the wells are northeast of the City of Riverton, in the
Crowheart area, and in the Boulder Flats area south of Ray Lake. All of these areas are extensively irrigated
with surface water. Well depths range from 5 to 200 ft, with a median depth of 36 ft.

Water-levels in wells completed in this geologic unit were evaluated on the basis of water-level
measurements in 59 wells during 1949-91. Water levels ranged from flowing conditions to a depth of 56.9 ft
below land surface, with a median value of 14.7 ft below land surface. Water levels in the terrace deposits also
change substantially because of recharge by irrigation water.

In the Boulder Flats area, numerous wells completed in this geologic unit have water levels less than 5 ft
below land surface during the entire year. These wells are in areas where the terrace deposits are usually less
than 25 ft thick and are underlain by the Cody Shale. Water levels in one observation well (2S-1E-06ddd01),
60 ft deep, were measured 79 times during 1965-66, 1970-83, and in 1991. Water levels in this well ranged from
land surface to 4.7 ft below land surface, with a mean value of 2.1 ft below land surface.

Yields of water from wells completed in the terrace deposits were evaluated on the basis of 13 yield
measurements and 10 specific-capacity determinations from well-acceptance tests conducted during 1976-89.
Yields ranged from 2 to 50 gal/min, with a median value of 20 gal/min. Specific capacities ranged from 0.1 to
40 (gal/min)/ft, with a median value of 3.8 (gal/min)/ft (table 4). Richter (1981, p. 87-88) reported that selected
wells completed in terrace deposits in the Lander and Riverton areas had maximum yields of 150 gal/min and
a maximum permeability of 1,000 (gal/d)/ft 2.

Springs flowing from this unit usually are located in the coarse-grained layers or at the base of the terrace
deposits. Most springs have flow rates less than 2 gal/min and usually flow in response to recharge by irrigation
return flow.

Glacial Deposits

Glacial deposits consist of unconsolidated glacial till and outwash deposits. Glacial deposits are a
heterogeneous mixture of clay, silt, sand, gravel, cobbles, and boulders ranging widely in size. Glacial deposits
occur in the areas of Dinwoody Lakes and Bull Lake and along the upper reaches of the North and South Forks
Little Wind River.

Inventory records were compiled for five wells completed in glacial deposits in the area of Dinwoody
Lakes. Selected ground-water data for these inventoried wells are listed in table 4. Well depths range from 10
to 124 ft, with a median depth of 45 ft. Yields of water of 15 and 20 gal/min were measured, and specific
capacities of 0.7 and 20 (gal/min)/ft were determined for two wells.

Altitude and Configuration of the Water Table for Two Selected Areas

The altitude and configuration of the water table in Quaternary deposits for two selected areas on the
reservation are shown on plates 2 and 3. These areas were studied because this is where major communities on
the reservation are located and ground-water contamination is a concern. Most of the Quaternary deposits in
these two areas are assumed to be hydraulically connected. Plate 2 contains water-table contours and depth to
water in the flood-plain alluvium, slope wash and alluvium, and terrace deposits in the Little Wind River
drainage basin, and in the slope wash and alluvium, and terrace deposits in the Mill Creek drainage basin, a
tributary of the Little Wind River. Plate 3 contains the water-table contours and depth to water in the terrace
deposits and the Meadow Creek flood-plain alluvium in the Crowheart area from Little Sand Draw to Dry Creek.
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The water-table contours shown on plates 2 and 3 are based primarily on water levels measured at selected
wells completed in Quaternary deposits in the two areas. The number of wells measured and the time period of
water-level measurements in the two areas are as follows: (1) Little Wind River and Mill Creek drainage
basins—128 wells, April 23 to May 17, 1991; (2) the Crowheart area—23 wells, May 14-17, 1991 (Daddow,
1992). Water-surface altitudes of most of the perennial stream reaches in the selected areas were used as control
for mapping the water-table contours. These perennial reaches were assumed to be hydraulically connected
with the water table. The altitude of land surface at all the wells and the water surface of perennial stream
reaches were determined from 7.5-minute topographic quadrangle maps. When water levels were measured in
the selected areas, several major irrigation canals had been recently filled with water, but irrigation of
agricultural lands had not started in any of these areas. Water-level measurements from two wells completed in
the Cody Shale and eight wells completed in the Wind River Formation also were used as control to delineate
the water-table contours in the Quaternary deposits in the Little Wind River drainage basin (pl. 2). Water-level
measurements from five wells completed in the Wind River Formation also were used as control to determine
water-table contours in the Quaternary deposits in the Crowheart area (pl. 3). These wells were assumed to be
hydraulically connected with the overlying Quaternary deposits because the wells are shallow (mostly less than
90 ft deep) and water levels in these wells were similar to water levels in wells completed in the Quaternary
deposits.

Ground water that is unconfined (under water-table conditions) moves from high water-level altitude to
lower water-level altitude, generally perpendicular to the water-table contours (Heath, 1983, p. 20-23). The
water-table contours on plates 2 and 3 show that most of the perennial stream reaches are gaining reaches (water-
table contours bend upstream) in the two selected areas, which indicates that when water levels were measured,
the reaches probably were receiving water from ground-water sources. Ground-water movement in the
Crowheart area (pl. 3) generally is a subdued reflection of the slope of the land surface. Flood-plain alluvium
of Meadow Creek was included in the water-table contour map of the Crowheart area (pl. 3) because it is
topographically similar to the adjacent terrace deposits and assumed to be hydraulically connected to the water
table in the adjacent terrace deposits. Flood-plain alluvium of Willow Creek was not included in the water-table
contour map of the Crowheart area because the flood-plain valley of this stream is substantially entrenched and
separated from the terrace deposits by outcrops of the Wind River Formation.

Tertiary Rocks

The hydrologic characteristics of the following Tertiary rocks were evaluated and summarized:
volcaniclastic rocks and the Wind River Formation of Eocene age. Because of the lack of well and spring data,
hydrologic characteristics of the following rocks were not evaluated: Indian Meadows Formation of Eocene
age and Fort Union Formation of Paleocene age. Physical and hydrologic characteristics of these rocks are
described in McGreevy and others (1969, p. 114-115).

Volcaniclastic Rocks

The major volcaniclastic rocks consist of the Wiggins, Tepee Trail, and Aycross Formations, which have
similar lithologies consisting generally of a mixture of volcaniclastic sandstone, conglomerate, mudstone, shale,
tuff, and lava flows (Bown, 1982, p. 1). These rocks are present in the northwest corner of the reservation (fig. 4)
and overlie the Wind River Formation, Paleozoic rocks, and Precambrian rocks.

On the basis of onsite investigations and available inventory records, no wells have been identified as
completed in the volcaniclastic rocks. Flow rates of 8, 14, and 37 gal/min were measured in October 1989 at
three springs flowing from the Tepee Trail Formation (table 5). Numerous other springs flowing from the Tepee
Trail Formation were observed. Some of these other springs are the major source of water for small streams in
the area.
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Wind River Formation

The Wind River Formation is exposed in most of the central part of the reservation (fig. 4) and is the major
source of drinking water for domestic and public-supply uses. The Wind River Formation was deposited
following uplift of the Wind River and Washakie Ranges and the Owl Creek Mountains. The formation is
composed of erosional debris of mixed lithology from these uplift areas. This erosional debris was deposited
as alluvial fans near the mountains. The debris also was deposited in depressional areas and as stream-valley
fill and broad flood plains in the central part of the reservation (Seeland, 1978, p. 5). The depositional pattern
of the erosional material has resulted in a formation with variable lithology and permeability throughout the
Wind River Basin.

The Wind River Formation consists of sandstone, conglomerate, shale, and mudstone with small
quantities of bentonite, tuff, and limestone (McGreevy and others, 1969, p. 142). This geologic unit varies
greatly, ranging in thickness from about 100 ft along the mountain flanks to about 5,000 ft in the central part of
the reservation. The Wind River Formation is complex in its stratigraphy and contains several major facies or
sequences. McGreevy and others (1969, p. 142-45) describe the major sequences of the Wind River Formation
in the eastern part of the reservation as an upper sequence that is generally fine grained and about 800 ft thick;
a middle coarse-grained sequence about 1,000 ft thick; and a fine-grained, basal sequence about 700 ft thick.
Along the flanks of the Wind River Range in the western part of the reservation, this formation is about 200 ft
thick and is composed of boulder conglomerate interbedded with arkosic sandstone. East of the mountain
flanks, this formation is about 2,000 ft thick with a variegated claystone and siltstone sequence underlain by an
arkosic sandstone and conglomerate sequence (Refolo, 1983, p. 41-43). Many coarse-grained permeable
sandstone and conglomerate deposits are found in the Wind River Formation, however, most of these deposits
are lenticular, discontinuous, and separated by confining shale, mudstone, and siltstone units (Richter, 1981,
p. 82; McGreevy and others, 1969, p. 143, fig. 13).

Permeability is an important physical property controlling the overall water-yield potential of the Wind
River Formation, and the Mesozoic and Paleozoic geologic units. Permeability is affected by the lithology,
sedimentary structure and deposition, and tectonic deformation of the rocks. In general, porosity and
intergranular permeability are relatively large in sandstone, limestone, and dolomite, and are small in shale and
igneous and metamorphic rocks. Tectonic deformation during structural uplift causes regional fracturing that
creates faults, fractures, and joints in the rocks. These deformed zones can provide both lateral and vertical
connections that substantially increase the overall permeability (Richter, 1981, p. 61-62).

Inventory records were compiled for 608 wells completed in the Wind River Formation. Selected ground-
water data from these inventoried wells are listed in table 5. Most of these wells are completed in mostly
permeable, lenticular, and discontinuous sandstone deposits. Well depths range from 37 to 994 ft, with a median
depth of 190 ft.

Wells completed in the Wind River Formation yield water from both unconfined and confined sandstone
layers. Wells less than 90 ft deep usually yield water from unconfined sandstone layers recharged primarily by
water from overlying Quaternary deposits and irrigation return flow. About 150 shallow wells (less than 90 ft
deep) are completed in the Wind River Formation, and most of the wells are located in the major flood-plain
valleys or on terraces. Water-levels in shallow wells were evaluated on the basis of water-level measurements
in 93 wells during 1938-91. Water levels ranged in depth from land surface to 84 ft below land surface, with a
median depth of 15.8 ft below land surface.

Wells completed in the Wind River Formation and more than 100 ft deep usually yield ground water from
confined sandstone layers. These layers usually are recharged by surface water or by infiltration of precipitation.
About 440 deep wells (more than 100 ft deep) are completed in the Wind River Formation and most of the wells
are completed as open holes or with perforated casing so that water from multiple confined sandstone layers is
obtained. Water levels in deep wells were evaluated on the basis of water-level measurements in 179 wells
during 1942-91. Water levels ranged from flowing conditions to 533 ft below land surface, with a median depth
of 45.0 ft below land surface.
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Long-term water-level records for three observation wells completed in the Wind River Formation
provide information on the water-level fluctuations in the wells and are based on measurements made in 1966
and 1967 and from 1970-83. Observation well 1S-3E-07dcd01, about 4 mi northwest of Arapahoe in the Little
Wind River drainage area, is 130 ft deep. On the basis of 63 water-level measurements, water levels in this well
ranged from 72.4 to 80.4 ft below land surface, with a mean value of 76.7 ft below land surface. Observation
well 1S-3E-29ccc01, about 3 mi southwest of Arapahoe in the Popo Agie River drainage basin, is 210 ft deep.
On the basis of 62 water-level measurements, water levels in this well ranged from 133.6 to 141.2 ft below land
surface, with a mean value of 136.4 ft below land surface. Observation well 4N-1E-18dbc01, in the Fivemile
Creek drainage basin, is 272 ft deep. On the basis of 61 water-level measurements, water levels in this well
ranged from 92.8 to 110.9 ft below land surface, with a mean value of 101.3 ft below land surface.

Some deep wells completed in the Wind River Formation are flowing or are under confined conditions.
Most of the 26 inventoried wells that flow or have been flowing, range from 225 to 450 ft deep and are located
near Arapahoe and Riverton. Flow rates of 0.1, 2.5, and 5.0 gal/min were measured at three wells. Some of the
26 inventoried wells that were flowing in the 1950’s and 1960’s were not flowing from 1989 through 1991.
Increased well drilling and pumping of wells near the flowing wells are probably major causes of the cessation
of flow. Well-interference effects on flowing wells near Arapahoe were evaluated by Robinove (1958) on the
basis of a pumping test performed in 1958 at a newly drilled, 450 ft deep, high-capacity (250 to 300 gal/min)
industrial well about 2 mi southwest of Riverton. During the pumping test, the hydraulic heads in the four
flowing wells completed in the same geologic unit declined below land surface or below the point of use. When
pumping in the industrial well ceased, one well resumed flowing and hydraulic heads in the three other wells
increased although the wells did not resume flowing (Robinove, 1958, p. 1).

Yields of water from the Wind River Formation vary greatly and are affected by the lithology of the
formation. The water-yielding characteristics of wells completed in the Wind River Formation were evaluated
from well-acceptance-test and pumping-test data that were collected during 1948-89. Yields for 266 wells
ranged from 0.1 to 350 gal/min, with a median value of 20 gal/min. Specific-capacity determinations for
151 wells ranged from 0.04 to 23 (gal/min)/ft, with a median value of 0.4 (gal/min)/ft (table 5). Three pumping
tests were conducted in 1958, 1965, and 1966, and the results are reported in McGreevy and others (1969,

p 127-36). These pump tests had specific capacities of 1.5, 1.5, and 2.3 (gal/min)/ft. Specific capacity per foot
of contribution for the Wind River Formation was estimated to have a probable range of 0.001 to
0.15 (gal/min)/ft per foot of contribution, with a mean value of 0.01 (gal/min)/ft per foot of contribution.

Mesozoic Rocks

The hydrologic characteristics of the following Mesozoic rocks were evaluated and summarized: Cody
Shale, Frontier Formation, and Cloverly Formation of Cretaceous age; Nugget Sandstone of Jurassic (?) and
Triassic (?) age; and Chugwater Group of Triassic age. Because of the lack of well and spring data, the
hydrologic characteristics of the following rocks were not evaluated: Lance, Meeteetse, and Mesaverde
Formations of Cretaceous age; Gypsum Spring and Sundance Formations of Jurassic age; and Dinwoody
Formation of Triassic age. Physical and hydrologic characteristics of these other geologic units are described
in McGreevy and others (1969, p. I15-18) and Richter (1981, p. 48-53).

Mesozoic rocks are exposed along the flanks of the Wind River Range and the Owl Creek Mountains and
dip beneath the central part of the reservation (fig. 4). Many of these units also are exposed in numerous
anticlinal structures on the reservation. These units usually contain highly fractured and deformed zones near
outcrops.

Inventory records were compiled for 94 wells completed in and 8 springs flowing from Mesozoic geologic
units on or near the reservation. Selected ground-water data for these inventoried wells and springs are listed in
table 5. Most of the water-supply wells completed in these units are less than 150 ft deep and are located near
the outcrops of these units.
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Water in the Mesozoic rocks typically is confined, but water-level data were insufficient to evaluate the
water-level conditions. These rocks are recharged primarily along outcrops by surface water and by infiltration
of precipitation. Richter (1981, p. 91-93) used potentiometric indicators such as static water levels, altitudes of
springs, and petroleum drill-stem tests to estimate that water movement in these units is generally toward the
deepest part of the Wind River Basin, which is located below Boysen Reservoir.

Cody Shale

The Cody Shale consists of marine shale and sandstone and ranges in thickness from 3,000 to 4,500 ft.
This geologic unit consists of an upper unit of interbedded sandstone and shale and a lower unit of shale. The
sandstone is gray to tan, very fine to fine grained, thin bedded to platy, and calcareous. The shale is gray to black
and commonly bentonitic and calcareous (Keefer, 1972, p. E15-16). Because of its marine depositional history,
the Cody Shale probably contains substantial amounts of soluble minerals.

The Cody Shale easily weathers and erodes to form gentle slopes and flat areas. It is exposed on the sides
of most anticlinal structures on the reservation. The Cody Shale also underlies Quaternary deposits in the Fort
Washakie, Ethete, Ray Lake, Mill Creek, Boulder Flats, and Owl Creek areas.

Inventory records were compiled for 24 wells completed in the Cody Shale. Most of these wells are
located in the Fort Washakie, Ray Lake, lower Mill Creek, and Owl Creek areas. Well depths range from 33 to
1,010 ft, with a median depth of 85 ft. Yields of water from wells completed in the Cody Shale were evaluated
on the basis of nine yield measurements and six specific-capacity determinations from well-acceptance tests
conducted during 1958-76. Yields ranged from 1.5 to 20 gal/min, with a median value of 5 gal/min. Specific
capacities ranged from 0.03 to 1.4 (gal/min)/ft, with a median value of 0.4 (gal/min)/ft (table 5).

Frontier Formation

The Frontier Formation consists of alternating layers of sandstone and shale, and ranges in thickness from
500 to 1,000 ft. The sandstones are gray to brown, fine to medium grained, thin to thick bedded, and lenticular.
The shales are gray to black, silty or sandy, and carbonaceous and are marine deposits (Keefer, 1972, p. E8 and
E21). This geologic unit is exposed on the lower flanks of the Wind River Range, Owl Creek Mountains, and
numerous anticlines.

Inventory records were compiled for 52 wells completed in and 2 springs flowing from the Frontier
Formation. Selected ground-water data for these inventoried wells and springs are listed in table 5. Most of the
wells completed in this formation are located in the Ethete, Fort Washakie, Ray Lake, lower Mill Creek, and
Owl Creek areas. The two springs are located on the northern flanks of the Owl Creek Mountains. Well depths
range from 31 to 3,760 ft, with a median depth of 94 ft. Yields of water from wells completed in this geologic
unit were evaluated on the basis of 20 yield measurements and 11 specific-capacity determinations from well-
acceptance tests conducted during 1957-90. Yields ranged from 0.5 to 40 gal/min, with a median value of
6.5 gal/min. Specific capacities ranged from0.1 to 3.3 (gal/min)/ft, with a median value of 0.2 (gal/min)/ft. The
two springs had flow rates of 0.6 and 1.2 gal/min (table 5).

Cloverly Formation

The Cloverly Formation consists of fine- to coarse-grained sandstone, shale, and thin lenticular pebble
conglomerate and ranges in thickness from 200 to 300 ft. This formation consists of an upper sandstone unit, a
middle shale unit, and a basal sandstone unit (Richter, 1981, p. 72). The Cloverly Formation is exposed on the
flanks of the Wind River Range, Owl Creek Mountains, and anticlinal structures.
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Inventory records were compiled for seven wells completed in and one spring flowing from the Cloverly
Formation. Selected ground-water data for these inventoried wells and spring are listed in table 5. Most of these
wells are located in the upper Trout Creek area near Fort Washakie. The spring is located on the northern flanks
of the Owl Creek Mountains. Well depths range from 26 to 182 ft, with a median depth of 150 ft. Yields of
water from wells completed in this geologic unit were evaluated on the basis of six yield measurements and four
specific-capacity determinations from well-acceptance tests conducted during 1963-88. Yields ranged from 5 to
20 gal/min, with a median value of 13.5 gal/min. Specific capacities ranged from 0.3 to 4 (gal/min)/ft, with a
median value of 2.7 (gal/min)/ft (table 5).

Nugget Sandstone

The Nugget Sandstone consists of fine- to medium-grained sandstone and ranges in thickness from 10 to
500 ft. This geologic unit is subdivided into an upper thin-bedded unit and a basal cross-stratified unit (Refolo,
1983, p. 21) and is exposed on the flanks of the Wind River Range.

Inventory records were compiled for five wells completed in the Nugget Sandstone. Selected ground-
water data for these inventoried wells are listed in table 5. Most of these wells are located in the upper Trout
Creek area near Fort Washakie. Well depths range from 40 to 7,240 ft, with a median depth of 63 ft. Yields of
water from wells completed in this geologic unit were evaluated on the basis of four yield measurements and
three specific-capacity determinations from well-acceptance tests conducted during 1980-90. Yields ranged
from 10 to 90 gal/min, with a median value of 55 gal/min. Specific capacities ranged from 3.3 to
8.2 (gal/min)/ft, with a median value of 4.0 (gal/min)/ft (table 5).

Chugwater Group

The Chugwater Group consists of four major stratigraphic units. The upper unit, Popo Agie Formation,
consists mostly of reddish siltstone, shale, and silty sandstone and ranges in thickness from 200 to 300 ft. The
next lower unit, Crow Mountain Sandstone, consists of red to orange, fine- to coarse-grained sandstone and
siltstone, and ranges in thickness from 10 to 90 ft. The next lower unit, Alcova Limestone, consists of very hard,
finely crystalline limestone and ranges in thickness from 5 to 20 ft. The lowest unit, Red Peak Formation,
consists of interbedded reddish siltstone, shale, mudstone, and fine-grained silty sandstone, and ranges in
thickness from 700 to 1,000 ft (McGreevy and others, 1969, p. 118). The Chugwater Group is exposed on the
flanks of the Wind River Range and Owl Creek Mountains and near the top of some anticlines.

Inventory records were compiled for six wells completed in and five springs flowing from the Chugwater
Group. Selected ground-water data for these inventoried wells and springs are listed in table 5. Most of these
wells and springs are located on the flanks of the Wind River Range and Owl Creek Mountains. Well depths
range from 37 to 101 ft, with a median depth of 66 ft. Yields of water from wells completed in this geologic
unit were evaluated on the basis of five yield measurements and four specific-capacity determinations from
well-acceptance tests conducted during 1979-90. Yields ranged from 9 to 20 gal/min, with a median value of
18 gal/min. Specific capacities ranged from 1.0 to 4.5 (gal/min)/ft, with a median value of 1.2 (gal/min)/ft.
Flow rates from four springs ranged from 2 to 75 gal/min, with a median value of 7 gal/min (table 5).

Paleozoic Rocks

The hydrologic characteristics of the following Paleozoic rocks were evaluated and summarized:
Phosphoria Formation and related rocks of Permian age, Tensleep Sandstone of Pennsylvanian age, and
Madison Limestone of Mississippian age. Because of the lack of well and spring data, the hydrologic
characteristics of the following Paleozoic rocks were not evaluated: Amsden Formation of Pennsylvanian and
Mississippian age, Darby Formation of Devonian age, Bighorn Dolomite of Ordovician age, and Gallatin
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Limestone, Gros Ventre Formation, and Flathead Sandstone of Cambrian age. Physical and hydrologic
characteristics of these other Paleozoic rocks are described in McGreevy and others (1969, p. 119-20).
Paleozoic rocks are exposed along the upper flanks and the top of the Owl Creek Mountains and the upper flanks
of the Wind River Range (fig. 4).

Inventory records were compiled for 19 wells completed in and 3 springs flowing from Paleozoic geologic
units on the reservation. Selected ground-water data for these inventoried wells and springs are listed in table 5.

Water in the Paleozoic rocks typically is confined but water-level data were insufficient to evaluate the
potentiometric water-level conditions. These rocks are recharged primarily along outcrops by surface water and
by infiltration of precipitation. Richter (1981, p. 91-93) used potentiometric indicators such as static water
levels, altitudes of springs, and petroleum drill-stem tests to estimate that water movement in these units is
generally toward the deepest part of the Wind River Basin, which is located below Boysen Reservoir.

Yield data from water-supply wells were insufficient to evaluate and summarize the water-yield
characteristics of some Paleozoic rocks. Some of the rocks, such as the Phosphoria Formation and related rocks,
Tensleep Sandstone, and Madison Limestone, are major oil-and-gas production zones. Production and drill-
stem test data from oil-and-gas wells have been summarized by Richter (1981, p. 46-88) to estimate water-yield
characteristics of some of these units.

Phosphoria Formation and related rocks

The Phosphoria Formation and related rocks consists mostly of interbedded limestone, chert, siltstone,
very fine-grained sandstone, and thin deposits of shale and phosphate rocks (Keefer and Van Lieu, 1966, p. B44)
and range in thickness from 150 to 300 ft. The Phosphoria Formation and related rocks are exposed on the east
flanks of the Wind River Range and the north flanks of the Owl Creek Mountains. These rocks erode to form
the prominent, grass-covered dip slopes called "flatirons" on the east flank of the Wind River Range. This unit
is one of the most important oil-and-gas reservoirs on the reservation and many oil-and-gas wells are completed
in this unit.

Inventory records were compiled for 13 wells completed in and 1 spring flowing from the Phosphoria
Formation and related rocks. Selected ground-water data for these inventoried wells and spring are listed in
table 5. Six of the inventoried wells are petroleum wells and are located in the northern part of the reservation.
The other seven wells and one spring are located on the flanks of the Wind River Range, Owl Creek Mountains,
and some anticlines. Well depths range from 200 to 6,750 ft., with a median depth of 1,720 ft.

Water yield data are limited for these rocks. A flow rate of 1 gal/min was measured from one flowing well
and one spring. On the basis of selected oil-and-gas well data, Richter (1981, p. 70-71) estimated that this unit
yields from 20 to 1,500 gal/min.

Tensleep Sandstone

The Tensleep Sandstone consists mostly of buff, tan, and white, fine-grained, massive to cross-bedded
sandstone and ranges in thickness from 200 to 440 ft. This formation is exposed as conspicuous cliffs along the
east flank of the Wind River Range and north flank of the Owl Creek Mountains.

Hydrologic information for the Tensleep Sandstone on the reservation is limited. The well and spring
inventory for this geologic unit consists of three water-supply wells and one spring (table 5). On the basis of
the physical characteristics of the unit and data from oil-and-gas wells in the Wind River Basin, the Tensleep
Sandstone has the potential to yield substantial quantities of water. Richter (1981, p. 56-62) estimated that
yields of water from wells completed in the Tensleep Sandstone could be as much as 2,000 gal/min. Most of
the wells with yields greater than 500 gal/min have been completed in the upper 200 ft of this formation.
McGreevy and others (1969, p. I18 and I39) estimated yields as much as 1,000 gal/min are possible from wells
completed in the Tensleep Sandstone.
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Ground-water data from three flowing wells completed in the Tensleep Formation on the east flank of the
Wind River Range about 3 mi south of the reservation were evaluated. A yield of 75 gal/min was reported for
a domestic water-supply well (33N-100W-18bdd01), 900 ft deep, southwest of Lander (Ralph Sjostrom, well
owner, oral commun., 1990). A flow rate of 14 gal/min was measured from a 2-in. core test hole 450 ft deep
(33N-100W-18cba01) completed in the upper 100 ft of the Tensleep Sandstone. A yield of 42 gal/min was
measured from an irrigation well (33N-101W-13aba01), 700 ft deep.

The Tensleep Sandstone is probably the primary water source for the Washakie Mineral Hot Springs
(Whitcomb and Lowry, 1968, p. 6), about 2.5 mi east of Fort Washakie. Flow rates of 150 gal/min from this
spring were reported by Breckenridge and Hinckley (1978, p. 18). A flow rate of 332 gal/min from this spring
was measured in October 1989.

The yields for water-supply wells completed in Paleozoic aquifers, which include the Tensleep
Sandstone in the Ten Sleep area, southeastern Bighorn Basin, about 50 mi northeast of Thermopolis, were
evaluated and summarized by Cooley (1986, p. 24). These aquifers are located on the southwestern flanks of
the Bighorn Mountains and have hydrogeologic conditions similar to the east flank of the Wind River Range.
Most wells completed in the Tensleep Formation in the Ten Sleep area are flowing wells, and flow rates
generally are less than 50 gal/min; but some wells have flow rates greater than 100 gal/min.

Madison Limestone

The Madison Limestone consists of two stratigraphic members. The upper member is about 100 ft thick
and consists of thin to massive, irregular bedded, gray to tan dolomite and limestone. The lower member is
500 to 600 ft thick and consists of mostly bluish-gray to gray, massive to thin-bedded crystalline limestone and
dolomitic limestone (Keefer and Van Lieu, 1966, p. B30-31). The Madison Limestone crops out on the east
flank of the Wind River Range and the north flank of the Owl Creek Mountains.

Hydrologic information for the Madison Limestone on the reservation is limited. The well and spring
inventory consists of three water-supply wells and one spring (table 5). On the basis of physical properties and
data from oil-and-gas wells completed in this formation, the Madison Limestone has the potential to yield
substantial quantities of water. McGreevy and others (1969, p. I19 and 139) estimated yields of as much as
1,000 gal/min are possible from wells completed in the Madison Limestone.

Ground-water data collected from three wells completed in the Madison Limestone on or near the
reservation were evaluated. Well 2N-1W-18ccc01 is an industrial water-supply well, 4,210 ft deep, and is
completed in the Madison Limestone at the Winkleman Dome oil field, which is located on the reservation about
10 mi northwest of Fort Washakie. This well does not flow but when pumped produces about 700 gal/min
(Roger Willenbrecht, Amoco Production Company, oral commun., 1990). Well 2S-2E-19ccc01 is an industrial
water-supply well, 2,930 ft deep, and is located at the Lander Hudson oil field, which is located on the
reservation about 4 mi northeast of Lander. This well flows at a rate of about 262 gal/min at a pressure of 50 to
100 Ib/in 2 (James Malone, Amoco Production Company, oral commun., 1990). Well 33N-101W-13aba02 is an
irrigation well, 1,400 ft deep, and is located on the east flank of the Wind River Range about 3 mi south of the
reservation. Flow rates for this flowing well were reported on the driller's record to be about 1,300 to
1,500 gal/min when this well was completed in July 1989. As of July 1990, this well was reported to have a
flow rate of 900 gal/min (Ralph Sjostrom, well owner, oral commun., 1990).

Yields from water-supply wells completed in the Madison Limestone and Bighorn Dolomite in the Ten
Sleep area were summarized by Cooley (1986, p. 24). Most wells completed in these two units are flowing wells

with flow rates of about 50 to 2,000 gal/min.
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Precambrian Rocks

Precambrian rocks are exposed on the top of the Owl Creek Mountains and the Wind River Range (fig. 4)
and consists of igneous and metamorphic rocks. Hydrologic characteristics of these rocks are described in
McGreevy and others (1969, p. 121). In general, Precambrian rocks yield very little water. In some areas in the
mountains, intrusively weathered and fractured Precambrian rocks (usually less than 100 ft deep) can yield
sufficient quantities of water for domestic or livestock use.

SURFACE-WATER RESOURCES

Surface-water resources on the reservation consist of streams, lakes, and reservoirs. These resources
provide water for domestic, public-supply, irrigation, livestock, and industrial uses. These resources also
provide recreational benefits and habitat for fish and other wildlife.

Streams

Streams are the major surface-water resource on the reservation. About 100 perennial streams, with a
combined total length of about 1,100 mi, flow on the reservation. Numerous unnamed intermittent and
ephemeral streams are present (Baldes, 19864, p. 1-5).

Streams originating in mountain areas usually have perennial flow. The amount and timing of flow in
these streams are controlled by climatic factors, and the physical characteristics and geologic material of the
drainage basins. Important climatic factors include precipitation, temperature, wind, and evaporation. These
factors are related to the altitude and physiographic features of the drainage basin. The most important physical
characteristic is drainage-basin size (Peterson and others, 1987, p. 30). Flow in perennial streams is derived
mostly from melting snowpack and usually is highest during peak snowmelt from May to July. Streamflow
during the rest of the year is derived mostly from ground-water discharge from flood-plain alluvium. Some
larger streams, such as Dinwoody Creek and Bull Lake Creek that flow from the east flank of the Wind River
Range, derive part of their late-season (August to October) flows from glacial icemelt (Kerr and others, 1989,

p- 18).

Most intermittent or ephemeral streams on the reservation originate in the foothills or plains in the central
and eastern parts of the Wind River Basin. An intermittent stream is a stream or reach of a stream that flows at
certain times of the year when it receives water from a spring or from a surface source such as melting snow.
An ephemeral stream is a stream or reach of a stream that flows briefly only in direct response to precipitation
and whose channel is at all times above the water table (Langbein and Iseri, 1960, p. 18). The amount and timing
of flow in these streams are controlled mostly by the quantity and intensity of precipitation, drainage-basin size,
evapotranspiration, and permeability of the surficial material. Rainfalls or snowmelt that exceed the infiltration
rate of the surficial material produce streamflow in these streams.

The Wind River is the main river draining the reservation and the entire Wind River drainage basin. The
Wind River originates in the Absaroka Range and flows in a southeasterly direction for about 114 mi to its
junction with the Little Wind River near Riverton (Bureau of Reclamation, 1981, p. 11). The Wind River then
turns north and flows into Boysen Reservoir and through the Wind River Canyon. Downstream from the outlet
of the Wind River Canyon, the river is called the Bighorn River (pl. 4). Major tributaries to the Wind River
flowing through the reservation (in downstream order), include East Fork Wind River (which forms part of the
western boundary of the reservation), Dinwoody Creek, Dry Creek, Crow Creek, Meadow Creek, Willow
Creek, Bull Lake Creek, Little Wind River, Popo Agie River (which forms part of the southern boundary of the
reservation), Beaver Creek, Fivemile Creek, and Muddy Creek (pl. 4).
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The northern part of the reservation, which is in the Owl Creek drainage basin, is drained by South Fork
Owl Creek and Owl Creek. These two perennial streams originate in the Absaroka Range and form part of the
northern boundary of the reservation (pl. 4). Owl Creek is a tributary of the Bighorn River downstream from
the reservation.

Streamflows of many larger streams on the reservation are affected and regulated by irrigation diversions
and storage structures. There are many diversions from the Wind River; the largest diversion is the Wyoming
Canal. The Wyoming Canal is the principal source of irrigation water for the Riverton Reclamation Withdrawal
Area. Other major irrigation diversions from the Wind River include the Johnstown Canal, LeClair Canal, Left
Hand Canal, and Wyoming Central Canal (pl. 4). The Washakie Reservoir dam is on the South Fork Little Wind
River and controls flow in this river. Flow in the North Fork Little Wind River is affected by a canal diversion
that transfers water into the South Fork Little Wind River. The dam at the outlet of Bull Lake controls flow in
Bull Lake Creek and also has a major effect on regulating flow in the Wind River. A small dam and canal
diversion at the outlet of Dinwoody Lakes have a major effect on the flow in Dinwoody Creek. Flow in lower
reaches of Dry, Meadow, and Willow Creeks, which are on the east flank of the Wind River Range, are affected
by a canal system that crosses and diverts some water from these streams. Flow in lower reaches of the South
Fork Owl Creek is affected by the Anchor Reservoir dam, which is on this stream.

Streams with Streamflow-Gaging Stations

Sixty active or inactive USGS streamflow-gaging stations are located on or near (within 2 mi.) the
reservation (pl. 4). The type and period of discharge record and availability of water-quality data for these
60 gaging stations are listed in table 6. Gaging stations in the Riverton Reclamation Withdrawal Area are not
included in table 6. Detailed information about the location, discharge records, and water-quality records of
gaging stations on the Riverton Reclamation Withdrawal Area and other sites outside of the reservation are listed
in a report by Ruby and others (1991). The period of record and number of water-quality analyses at 33 gaging
stations with water-quality data are listed in table 17 in a subsequent section of the report.

Discharge records are of two types: monthly or daily discharges, and annual peak discharge only.
Streamflow-gaging stations with monthly or daily discharge records are considered continuous-record stations
when discharge or stage is measured daily, weekly, or monthly for a continuous period. These gaging stations
generally are located on perennial streams and commonly have a shelter that houses a data recorder and stage
(water levels) sensing equipment. For most of these gaging stations, the daily mean streamflow is calculated on
the basis of continuous stage records and periodic measurements of instantaneous streamflow. Some of the
newer streamflow-gaging stations on the reservation are equipped with data-collection platforms, which allow
stage data to be transmitted by satellite to off-site locations so that streamflow conditions can be monitored
frequently. Gaging stations with annual peak-discharge records only are located primarily on ephemeral or
intermittent streams and measure only peak flows. Druse and others (1988) contains additional information and
the annual maximum-discharge data for the gaging stations with annual peak-discharge records listed in table 6.

Miscellaneous Surface-Water Sites

Surface-water discharge has been measured or water-quality samples have been collected occasionally at
39 miscellaneous surface-water sites on the reservation (pl. 4). These miscellaneous surface-water sites are
located on streams, irrigation canals, and irrigation drains. The year and type of record for discharge and water-
quality analyses for miscellaneous surface-water sites are listed in table 7. Miscellaneous surface-water sites
have two types of discharge records: seasonal and miscellaneous. Sixteen miscellaneous surface-water sites
have seasonal discharge measurements and are located primarily on canals or streams near diversion structures.
Cantilever gages were installed at these sites to determine stage for which discharge is estimated throughout the
irrigation season. Twenty-three sites have miscellaneous surface-water discharge measurements, which were
made when water-quality samples were collected.
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