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WATER SUPPLY OF INDIAN RESERVATIONS

GROUND-WATER RESOURCES OF THE WIND RIVER
INDIAN RESERVATION, WYOMING

By Laurexce J. McGreevy, Warren G. Hopsox, end
SavurL J. Rucker v

ABSTRACT

The area of this investigation is in the western part of the Wind River Basin
and includes parts of the Absaroka, Washakie, Wind River, and Owl Creek
Mountains. The purposes of the study were to determine the general hydrologic
properties of the rocks in the area and the occurrence and quality cf the water
in them. Structurally, the area is a downfolded basin surrounded by upfolded
mountain ranges. Igneous and metamorphic rocks of Precambrian age are ex-
posed in the mountains; folded sedimentary rocks representing all geologic
periods, except the Silurian, crop out along the margins of the basin; and rela-
tively flat-lying Tertiary rocks are at the surface in the central part of the basin.
Surficial sand and gravel deposits of Quaternary age occur along streams and
underlie numerous terraces throughout the basin.

The potential yield and quality of water from most rocks in the area are
poorly known, but estimates are possible, based on local well data and on data
concerning similar rocks in nearby areas. Yields of more than 1,000 gpm are
possible from the rocks comprising the Bighorn Dolomite (Ordovican), Darby
Formation (Devonian), Madison Limestone (Mississippian), and Tensleep Sand-
stone (Pennsylvanian). Total dissolved solids in the water range from about 300
to 3,000 ppm.

Yields of as much as several hundred gallons per minute are possible from the
Nugget Sandstone (Jurassic? and Triassie?). Yields of 20 gpm or more are pos-
sible from the Crow Mountain Sandstone (Triassic) and Sundance Formation
(Jurassic). Dissolved solids are generally high but are less than 1,000 ppm near
outcrops in some locations.

The Cloverly and Morrison (Cretaceous and Jurassic), Mesaverde (Creta-
ceous) and Lance(?) (Cretaceous) Formations may yield as mucl as several
hundred gallons per minute, but most wells in Cretaceous rocks yield less than
20 gpm. Dissolved solids generally range from 1,000 to 5,000 ppm but may be
higher. In some areas, water with less than 1,000 ppm dissolved sclids may be
available from the Cloverly and Morrison Formations.

Tertiary rocks yield a few to several hundred gallons per minute and dissolved
solids generally range from 1,000 to 5,000 ppm. Wells in the Wind River Forma-
tion (Hocene) yield about 1--500 gpm of water having dissolved solids of about
200-5,000 ppm.

I1



I2 WATER SUPPLY OF INDIAN RESERVATIONS

Yields of a few to several hundred gallons per minute are available from
alluvium (Quaternary). Dissolved solids range from about 200 tc 5,000 ppm.

Many parts of the Wind River Irrigation Project have become waterlogged.
The relation of drainage problems to geology and the character and thickness of
rocks in the irrigated areas are partly defined by sections drawn on the basis of
test drilling. The drainage-problem areas are classified according to geologic
similarities into five general groups: flood plains, terraces, underfit-stream
valleys, slopes, and transitional areas.

Drainage can be improved by open drains, buried drains, relief wells, and
pumped wells or by pumping from sumps or drains. The methods that will be
most successful depend on the local geologic and hydrologic conditions. In sev-
eral areas, the most effective means of relieving the drainage problem would be
to reduce the amount of infiltration of water by lining canals and ditches and by
reducing irrigation water applications to the optimum.

Water from underground storage in alluvium could supplement water from
surface storage in some areas. A few thousand acre-feet of water per square
mile are in storage in some of the alluvium. The use of both surface and under-
ground storage would reduce the need for additional surface-storage facilities
and also would alleviate drainage problems in the irrigated areas.

INTRODUCTION
LOCATION AND EXTENT OF THE AREA

The area of this investigation consists of about 8,500 square miles in
west-central Wyoming and includes most of central and western Fre-
mont County and part of southern Hot Springs County. It is the area
within the outer boundary of the Wind River Indian Reservation. The
area of the investigation and areas of related ground-water studies are
shown in figure 1.

PURPOSE AND SCOPE OF THE INVESTIGATION

This study was conducted by the U.S. Geological Survey at the
request of the U.S. Bureau of Indian Affairs as a part of the program
of the Department of the Interior for development of the Missouri
River basin.

The purposes of this investigation were to determine the general
hydrologic properties of geologic formations in the area and the oc-
currence and quality of ground water in them. Of particular need were
data concerning the availability of water for domestic and stock use
and data concerning drainage problems in the Wind River Irrigation
Project.

Fieldwork for this investigation was carried on during 1965 and
1966. Records of 387 wells in the area were collected and tabulated;
water samples were collected from selected wells for chemical analysis.
Specific conductances were determined in the field for some waters.
Periodic measurements of selected wells were made to observe water-
level fluctuations. Drillers’ logs were collected from loeal drillers, from
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Ficure 1.—Structural feature map showing the area of this study and areas of
related ground-water studies. Adapted from Love (1961).

the Indian Health Center on the Wind River Indian Reservation, and
from the files of the Wyoming State Engineer. Additional subsurface
information was obtained from several hundred feet of tes augering
in 1965 and from about 6,000 feet of test drilling contracted in 1966.
The general thickness and character of the alluvium and the relation
of the deposits to areas of drainage problems were determined by test
drilling in the principal valleys, mostly in the irrigated areas. Addi-
tional drilling was done in remote areas of the reservation, previously
untested for water, to determine the ground-water potential for the
stock-grazing industry. Data collected for previous studies (Morris
and others, 1959 ; Berry and Littleton, 1961) were also used in arriv-
g at the conclusions of the report.

A geologic map was compiled at a scale of 1:125,000 from existing
geologic maps of the area (pl. 2). The details, purposes, and scales of
the existing maps varied considerably and, at the scale of the com-
pilation, all geologic contacts must be considered approximate. Dis-
crepancies in contacts of Quaternary units were minimized by using
Tl4-minute topographic maps, aerial photographs, and date. from test
drilling.
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PREVIOUS INVESTIGATIONS

Reports of ground-water studies have been published on the River-
ton Irrigation Project (Morris and others, 1959), which includes an
area of about 500 square miles between the Wind River and the south
flank of the Owl Creek Mountains, and on the Owl Creek ¢rea (Berry
and Littleton, 1961), which includes an area of about 250 square miles
along the north flank of the Owl Creek Mountains. Little additional
fieldwork in these areas was doune in conjunction with this investiga-
tion. A reconnaissance of the ground-water resources of the Wind
River Basin was made by Whitcomb and Lowry (1967). The locations
of areas of these previous ground-water investigations are shown in
figure 1.

Geologic studies pertinent to this study include reports by Keefer
and Van Lieu (1966) on Paleozoic formations in the V7ind River
Basin; by Keefer (1965a) on the Upper Cretaceous, Paleocene, and
Eocene rocks of the Wind River Basin; and by Keefer and Troyer
(1964) on the geology of the Shotgun Butte area in the ncrth-central
part of the Wind River Indian Reservation. The index map on plate 2
shows the locations of areas of these studies and of areas described by
other maps and reports that provide the principal sources of geologic
data used in this study. References to other pertinent reports are
listed at the end of this report.

ACKNOWLEDGMENTS
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assisted in the collection of information and in the preparation and
review of this report. Special thanks are due John T. Myers, of the
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WELL-NUMBERING SYSTEM

Wells, springs, and test holes referred to in this report are numbered
according to their location within the Federal system of land subdivi-
sion. Each number shows the location by township, range, section, and
location within the section. The uppercase letter that begins the num-
ber designates the quadrant of the Wind River Meridian and Base
Line system. The quadrants are lettered A, B, C, and D in a counter-
clockwise direction beginning with A in the northeast quadrant. The
first numeral denotes the township; the second numeral, the range;
and the third numeral, the section in which the well or test hole is lo-
cated. The lowercase letters after the section number indicete the loca-
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tion within the section as follows: The first letter denotes the quarter
section; the second letter, the quarter-quarter section; and the third
letter, if used, the quarter-quarter-quarter section (10-acre tract).
The subdivisions of the sections are lettered a, b, ¢, and d in a counter-
clockwise direction beginning with “a” in the northeast quarter. If
more than one well is listed in the smallest subdivision used, they are
differentiated by consecutive numerals (starting with 1) that are
added to the well or test-hole number. For example, well D1-2-15abc
is in the SW1,NW1,NE1, sec. 15, T. 1 S, R. 2 E. (fig. 2).

TERMINOLOGY

Many terms and abbreviations that are used in this report may be
unfamiliar to the reader, or the terms may be used in other reports in
a less restricted or in a slightly different sense than they are used in
this report. The following definitions should clarify the intended
meanings.

Aquifer. A rock formation, bed, or zone that will yield water to
wells or springs. Tf one or more water-bearing units are hydraulically
connected, these units may be considered as one aquifer. An aquifer
may be confined (artesian) or wnconfined (water table). A confined
aquifer is overlain by relatively impermeable rock, and the water in
a well will rise above the top of the aquifer. In an unconfined aquifer,
the level to which water will rise in a well is below the top of the
aquifer.

Alluvium. Deposits that have been transported and deposited by
streams. A lluvium, as herein used, is restricted to deposits of Quater-
nary age that underlie the flood plains and terraces. Alluvium grades
into slope wash along the valley sides; deposits that are predominantly
stream laid are referred to as alluvium,

Clastic rock. A rock composed of fragments of preexisting rock.
Most. clastic rocks are shale, sandstone, conglomerate, clay, silt, sand,
or gravel.

Coefficient of storage. The coefficient of storage of an aquifer is
defined as the volume of water released from or taken into storage per
unit surface area of the aquifer per unit change in the component of
head normal to that surface (Ferris and others, 1962).

Colluvial deposits. Slope wash and material transported princi-
pally by gravity.

Cuesta. A ridge with one long and gentle slope and one relatively
steep slope.

Dissolved solids. Minerals in solution in water. As used in this re-
port, it refers to the total concentration of dissolved solids in water.

gpd. Abbreviation of gallons per day.
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gpm. Abbreviation of gallons per minute.
Infiltration. The flow or seepage of water into rocks or soil through
pores or small openings.
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Intermittent stream. A stream that flows only part of the time.

ppm. Abbreviation of parts per million; the unit of expression for
the concentration of dissolved material in water. One part per million
is one unit weight of dissolved material per million unit weights of
water.

Perennial stream. A stream that flows all the time.

Permeability. The capacity of materials to transmit water. The
measure of permeability used in this report is the field coefficient of
permeability, which is defined as the rate of flow of water in gallons
per day through a cross-sectional area of 1 square foot under a hy-
draulic gradient of 1 foot per foot at the prevailing water temperature
(Ferris and others, 1962). It is expressed in gallons per day per square
foot (gpd/ft?).

Physiography. As used in this report, it 1s restricted to description
of landforms, the topographic features.

Recharge. The process by which water moves into an cquifer, or
the amount of water that moves into an aquifer.

Specific capacity. The amount of water discharged from a well per
unit of drawdown. It is expressed as gallons per minute per foot of
drawdown (gpm/ft).

Specific conductance. A measure of the ability of a water to con-
duct electricity. Specific conductance is expressed in mhos (reciprocal
of ohms) per centimeter times 10° (micromhos per centimeter) and is
adjusted to a standard temperature of 25° C. Specific conductance is
related to the amount of dissolved solids in water, but the relation
depends on the particular minerals present. The ratio of total dis-
solved solids (in parts per million) to specific conductance (in
micromhos per centimeter at 25° C) ranges from about 14:1 to 1:1,
but is usually nearer 24: 1. Specific conductance is easily measured in
the field and provides a quick estimate of the dissolved solids.

Specific yield. The ratio of the volume of water that will drain by
gravity from = saturated material to the volume of the material. It is
expressed as a percentage

( volume of Wzvte'r v 100)
volume of material

Transmissibility. The capacity of the full saturated thickness of an
aquifer to transmit water. The measure of transmissibility used in this
report is the coefficient of transmissibility, which is defined as the rate
of flow of water, at the prevailing water temperature, in gallons per
day, through a vertical strip of the aquifer 1 foot wide extending the
full saturated height of the acquifer under a hydraulic gradient of
1 foot per foot (Ferris and others, 1962). It is expressed in gallons per
day per foot (gpd/ft). The coeflicient of transmissibility is equal to
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the product of the saturated thickness times the field co~flicient of
permeability.

Transpiration, The process by which water moves from living
plants to the atmosphere.

Underfit stream. A stream that occupies a valley that was formed
by a much larger stream. Dury (1964a, b) discusses underfit streams.

Water table. The top of the zone of saturation in an unconfined
aquifer.

GEOGRAPHIC SETTING
PHYSIOGRAPHY AND DRAINAGE

The Wind River Indian Reservation is in the western part of the
Wind River Basin, which is a structural and topographic basin typical
of the Rocky Mountain physiographic system. The southwestern boun-
dary of the reservation extends along the crest of the Wind River
Mountains; the northern part of the reservation includes parts of the
Washakie, Absaroka, and Owl Creek Mountains. The Wind River
Basin is a large structural basin that approximately coincides with the
topographic basin, Altitudes range from about 4,400 feet at the north
end of the Wind River Canyon to more than 13,000 feet on the crest of
the Wind River Mountains. In most of the central part of the basin,
the altitude is between 4,800 and 6,000 feet. Upturned rocks of Paleo-
zoic and Mesozoic age form distinct cuestas and hogbacks along the
mountain fronts, and, in the central part of the basin, nearly horizontal
rocks of Tertiary age form generally broad valleys and prominent
gravel-capped mesas and buttes. The Wind River valley is relatively
deep compared to most other stream valleys in the basin, and high
bluffs border the river in many places. Mesas and buttes form drainage
divides between the smaller streams.

The Wind River is the master stream in the area, originating in the
Absaroka Mountains in the northwest corner of the Wind River Basin.
The Wind River flows southeastward parallel to the Wind River
Mountains to its confluence with the Little Wind River near Riverton
where it turns northward, eventually flowing through the Wind River
Canyon into the Bighorn Basin where the river is called ths Bighorn
River. The larger tributaries to the Wind River head in the Wind
River and Absaroka Mountains. The principal tributaries, within the
area of this investigation, are Bull Lake Creek, the Little Wind River,
and the Popo Agie River in the southern part of the area; Crow Creek
in the northwestern part; and Fivemile Creek and Muddy Creek in the
central part.
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CLIMATE AND POPULATION

The climate ranges from humid in the Wind River and Owl Creek
Mountains to arid in the central part of the area. Mean annual temper-
ature at Riverton for the period of reference, 1931-60, is 43.5° F. Wide
ranges in seasonal temperatures are common—winter temperatures
commonly dropping far below 0° F, and summer temperatures fre-
quently exceeding 100° F. Mean annual precipitation at Riverton for
the period 1931-60 was 8.79 inches. Annual precipitation ranged from
4.85 to 14.74 inches. Mean annual precipitation at Lander, just south
of the report area at the edge of the Wind River Mountains, was 13.58
inches. The generalized areal distribution of mean annual precipita-
tion on the reservation has been mapped by the U.S. Bureau of Indian
Affairs (1962) and isshown in figure 3.

Much of the population is rural. Riverton, the largest town in the
area, has a population of about 6,900. The Wind River Reservation
is the home of more than 3,000 Shoshone and Arapahoe Indians.

OWNERSHIP OF THE LAND

Ownership of the lands of the report area has evolved from histor-
ical events discussed in Duntsch (1965), Gerharz (1949), U.S. Bureau
of Indian Affairs (1962), and U.S. Bureau of Reclamation (1950).
The first non-Indians settled in the Wind River Basin in the early
1860%s. Treaties of 1863 and 1868 with the Shoshone Indians estab-
lished the Wind River Reservation with boundaries nearly identical
to the area of this study. In 1877 the Federal Government, obtained
permission from the Shoshone Tribe to bring a tribe of Northern
Arapahoe to the reservation, temporarily, until one for th~ Arapa-
hoes could be established. The reservation was never established and
the Arapahoe and Shoshone Indians now share the Wind River
Reservation.

In 1904 the land north of the Wind River and the land southeast
of the Popo Agie River, which together consisted of about two-thirds
of the reservation, were ceded to the United States. The caded land
was opened to homesteading in 1906, and the townsite of Riverton
was established. Part of the ceded land was repurchased by the tribes,
and part was restored to tribal ownership by legislation; however,
some is still privately owned by non-Indians. Most of the land within
the outer boundary of the reservation, except for the Riverton Irriga-
tion Project and Boysen Reservoir withdrawal areas (pl. 3), is owned
by the tribes.
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PRESENT DEVELOPMENT OF GROUND WATER

Development of ground water has been principally for stock water-
ing and for domestic and public supplies. Privately owned wells fur-
nish water to oil fields and a few industries at Riverton. In the Owl
Creek valley, irrigation water from streams is supplemented with
water from wells, but in the rest of the reservation, irrigation depends
entirely on surface supplies.

Most wells are in the area of the Riverton Irrigation Project (pl. 3)
and in the areas along the Wind and Little Wind Rivers. Iixcept for
test drilling that was done for this study, many remote areas are vir-
tually untested for water. Locations of wells and data concerning the
chemical quality of water from the wells are shown on plate 1.
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Domestic and public supplies generally utilize ground water, al-
though surface water is used at some localities. Municipally owned
wells furnish water to Riverton, Pavillion, Hudson, and Shoshoni.
The wells furnishing water to Hudson are south of the reservation
boundary (Whitcomb and Lowry, 1967); Shoshoni, 3 miles east of
the reservation boundary, is supplied by wells inside the boundary.
An infiltration gallery in the bed of the South Fork Little Wind River
supplies water to Fort Washakie. Mill Creek School, 3 miles south
of Ethete, and the community of Ethete are supplied by separate infil-
tration galleries in the bed of the Little Wind River near Ethete. Co-
operative community wells are being considered to serve homers in the
Arapahoe area. In other communities and in rural areas, homes de-

pend on individually owned wells.

GEOLOGIC SETTING

STRUCTURE

The structural framework of the area consists of a downfolded
basin bounded on the north and southwest by upfolded and faulted
mountain ranges. Vertical structural displacement is more than 30,000
feet between the basin and the mountains. Keefer (1965a) gives a de-
tailed account of the structural development of the area during Lara-
mide deformation. Major structures and generalized structure con-
tours are shown on plate 2. Two deep structural troughs are separated
by a central anticlinal structure which trends northwestward through
the basin approximately parallel to the Wind River Mountains. Major
oil fields in the area are on the central anticlinal structure and on a
parallel structure of lesser magnitude to the northeast.

Formation of the basin began in Late Cretaceous time and contin-
ued into Eocene time. As the basin subsided in relation to the border-
ing highlands, sediments accumulated in the depression. Along the
margins of the basin, the rocks of Paleozoic and Mesozoic sge dip
basinward at angles ranging from about 10° on the flanks of the Wind
River Mountains to vertical or overturned along the northern moun-
tains. Rocks of early Eocene age, which occur at the surface in much
of the basin, are nearly flat lying in most of the area. Dips measured
in the lower Kocene Wind River Formation (pl. 2) indicate that the
structure of this formation is extremely subdued, but corresponds to
the structure of the underlying rocks. The subdued structure may be
partly depositional, but some deformation of the formation has oc-
curred along the margins of the basin and on the central anticlinal
structure.

318-228-— 69

2
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STRATIGRAPHY

Igneous and metamorphic rocks of Precambrian age comprise the
core of the mountain ranges and underlie sedimentary rocks within the
basin. Sedimentary rocks have a maximum thickness of more than
40,000 feet and represent all geologic periods except the Silurian.
Descriptions of sedimentary units are given in table 1, and the rela-
tion of these units to ground water are discussed in the table and in
another section. Outcrop areas of the rocks are shown on the geologic

map (pl. 2).
GROUND WATER

OCCURRENCE

Ground water occurs in rocks in the open spaces between grains, in
fractures, or in solution openings. The water is derived from precipi-
tation either directly or from seepage of surface waters. Water moves
through the rocks from recharge areas to discharge areas at rates
dependent on the gradient and the permeability of the rocks. Prinei-
ples of oceurrence are described in Meinzer (1923a) and in E. E. John-
son, Inc. (1966).

RECHARGE AND DISCHARGE

Rocks older than the Wind River Formation are recharged pri-
marily in their outcrop areas by streams and by direct infiltration of
precipitation; some movement of water between formations probably
occurs where the rocks are buried. Most discharge from the rocks is
through springs where the rocks have been cut into by streams. Dis-
charge to wells is minor because few wells tap these rocks.

The Wind River Formation crops out, or is thinlv covered by
alluvium or slope wash, in most of the basin. In their upper reaches,
streams crossing the formation generally contribute water to it. In
their lower reaches, many of these streams drain parts of the forma-
tion. Some water-bearing rocks of the formation are at higher alti-
tudes than nearby streams. Water in these rocks comes from direct
infiltration of precipitation or, in some areas, from irrigation.

Hundreds of wells tap the Wind River Formation, bnt most wells
discharge only a small amount of water. Almost 500 million gallons
of water per year are withdrawn from the formation by wells in the
Riverton well field. Figures are not available for other wells, but the
total withdrawal from the formation by wells, including those in the
Riverton well field, is estimated at 700-800 million gallons per year.

Alluvium is recharged primarily from streams and irrigation, but
some water is derived from direct infiltration of precipitation. Water
in alluvium adjacent to the streams moves to or from the streams, de-
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