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FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM OF UNITS (SD

For the convenience of readers who may want to use the International System of
Units (Sl), the data may be converted by using the following factors:

Multiply
acre
acre-foot (acre-ft)

acre-foot per square mile (acre ft/mi?)
British thermal unit per pound (BTU/Ib)

cubic foot (ft3)
cubic foot per second (ft*/s)

cubic foot per second per
square mile [(ft*/s)/mi?]

foot (ft}

foot per mile (ft/mi)

gallon per minute {gal/min)
gallon per second {(gal/s)

inch (in.)

mile {mi)

million gallons per day (Mgal/d)

pound (lb)

pound per cubic foot (Ib/ft3)
square foot (ft?)

square mile (mi?)

ton (short, 2,000 pounds)
ton per day (ton/d)

By
4,047
1,233
476
2.326
0.02832
0.02832
0.01093

0.3048
0.1894
0.06309
3.785
25.40
1.609

0.04381
3,785

453.6
16.02
0.09290
2.590
0.9072

0.0106
0.9072

To obtain
square meter
cubic meter
cubic meter per square kilometer
joule per gram
cubic meter
cubic meter per second

cubic meter per second
square kilometer

meter

meter per kilometer
liter per second
liter per second
millimeter
kilometer

cubic meter per second
cubic meter per day

gram

kilogram per cubic meter
square meter

square kilometer

metric ton

kilogram per second
metric ton per day

Temperature can be converted to degrees Fahrenheit (°F) or degrees Celsius (°C) by the following equations:

°F=9/5(°C)+32
°C=5/9(°F-32)

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum derived from a general adjustment of
the first-order level nets of both the United States and Canada, formerly called mean sea level. NGVD of 1929 is referred

to as sea level in this report.



HYDROLOGY OF AREA 50,

NORTHERN GREAT PLAINS AND
ROCKY MOUNTAIN COAL PROVINCES,

WYOMING AND MONTANA

BY

MARLIN E. LOWRY, JAMES F. WILSON, JR., AND OTHERS

Abstract

Area 50 includes the entire Powder River Basin and
the upstream parts of the Belle Fourche and Cheyenne
River basins--a total of 20,676 square miles. The informa-
tion in this report will be useful to Federal agencies in
leasing and management of Federal coal lands, to surface-
mine owners, operators and others preparing permit ap-
plications, and to regulatory authorities. The report repre-
sents a summary of the results to date of the water-
resources investigations of the U.S. Geological Survey,
conducted in cooperation with State and other Federal
agencies.

The area has abundant deposits of coal, but water is
scarce. Increased population, industrial development, and
water-based recreation are expected to have a much greater
impact on water resources than the mining and transporta-
tion of the coal. However, the most likely effect of
reclamation will be to inset into the existing hydrologic
system a unit having hydrologic properties that are com-
pletely different from the undisturbed bedrock and over-
burden. The changes could be beneficial in some ways and
detrimental in others.

The climate is semiarid in most of the area. The
terrain varies from forested mountains to sand dunes, but
most of the strippable coal deposits are located in the
semiarid plains and the tablelands near the center of the
area. Ephemeral and interrupted streams drain 80 percent
of the area and yield 40 percent of the runoff. Soils of the
plains cover 94 percent of the area. In the plains areas a
mixture of grasses and sagebrush are the predominant
vegetation; trees are scarce except in the mountains.

The area coincides approximately with the Powder
River structural basin. Rocks representing all geologic
periods are present; the coal was deposited during the
Cretaceous and Tertiary Periods. Most coal beds are
within the Fort Union and Wasatch Formations. The
near-surface deposits generally are nearly flat-lying and
uninterrupted by major faults. The average thickness of
the coal bed being mined during 1983 was 70 feet. Nearly
all of the near-surface coals are of subbituminous rank,
averaging about 8,000 British thermal units per pound,
with about 0.5 percent sulfur content. State and Federal
governments own less than one-half of the land surface;
however, the Federal government owns most of the coal.

Nearly 90 percent of the land is used for agricultural
purposes--mostly livestock grazing; 92 percent of the water
used is for irrigation. Energy-minerals development has
resulted in intense competition between agriculture and
industry for land and water.

All active coal mining in the area is in the outcrop of
the Wyodak coal bed in eastern Campbell County, Wyom-
ing. Annual coal production has increased from less than 1
million tons in 1970 to 81.2 million tons in 1982; the
projected production in 1990 is 122 million tons. Other
important mineral resources include oil, natural gas, urani-
um, bentonite, gypsum, limestone, and metals.

Surface-water data are available for 168 locations on
streams in Area 50; 132 have streamflow data, 81 have
chemical-quality data, 42 have fluvial-sediment data, and
67 have biological data. In mountain areas average-annual
runoff exceeds 200 acre-feet per square mile; in the plains
areas it is less than 10 acre-feet per square mile. Most
plains streams are dry most of the time, because they flow
only in response to rainstorms and snowmelt. Mountain
streams seldom go dry.

Intense summer thunderstorms cause most of the
floods in the plains streams, while rapid spring snowmelt is
the common cause of floods in mountain streams. Simul-
taneous flooding on all streams in the area is rare. Values
of the 100-year floods are available for 37 stations; graphs
are provided for estimating the 100-year flood at ungaged
sites, and a procedure is described for synthesizing hydro-
graphs for small streams. Analysis of streamflow and
water-level data indicates that discharge to streams from
local ground-water systems is greater than that from a
regional ground-water system.

Average dissolved-solids concentrations are signifi-
cantly greater than the national secondary drinking-water
standard of 500 milligrams per liter at nearly all stations
and exceed 2,000 milligrams per liter in samples at nearly
one-half of the stations. Dissolved-solids concentrations
generally vary seasonally with stream discharge. Streams
draining the Bighorn Mountains are the least mineralized.
Average concentrations in the Belle Fourche River are
significantly smaller downstream from Keyhole Reservoir
than upstream.

Average alkalinity concentrations exceed 100 milli-
grams per liter at all sampling stations and 200 milligrams
per liter at most stations; the risk of acid mine drainage is
thus minimized in Area 50. This large buffering capacity
of the area’s streams is accompanied by uniformly high pH
values--nearly all measurements are above 7 but less than 9.
Sodium and sulfate generally are the dominant ions, except
in mountain streams, in which calcium, magnesium, and
bicarbonate are predominant. Concentrations of calcium
and magnesium are large enough in most streams, how-
ever, to make the water very hard.

Total-phosphorus concentrations, associated with
large concentrations of suspended sediment, are large in
most streams, especially the Powder River, where they
average 0.58 milligrams per liter. Although the Belle
Fourche River often has large concentrations of total
phosphorus, algal growth is not a problem in Keyhole
Reservoir. Trace metals generally are not a problem in the
area’s streams; exceptions are large concentrations of
selenium in the South Fork Powder River and large concen-
trations of manganese and iron in some samples through-
out the area.

The discharge-weighted concentration of suspended
sediment in the Powder River at Arvada, Wyoming was
more than 22,000 milligrams per liter during the 1978 water
year, in contrast with an average of about 8,000 milligrams
per liter for the 1979-80 water years. Sediment loads
transported by the Powder River are large, eroded mostly
from the Wyoming reach and partly deposited in the
Montana reach. Sediment loads are smaller in the Belle
Fourche and Cheyenne Rivers, increase significantly in the
downstream direction, and are trapped in Keyhole and
Angostura Reservoirs. Clay-size particles comprise bet-
ween 38 and 97 percent of the sediment transported out of
Area 50; less than 8 percent is sand.

Bacteria concentrations in streams are small through-
out the area, indicating little pollution from warm-blooded
animals. The productivity and relative abundance of vari-
ous species of algae in many streams indicate some organic
enrichment--probably the result of natural conditions and
waste from livestock and wildlife.

The invertebrate communities in Clear Creek down-
stream from Buffalo and in Donkey Creek downstream
from Gillette reflect degradation of the water by sewage
effluent. In the Belle Fourche River, invertebrate com-
munities were diverse and as densly populated downstream
from a coal mine as upstream. Invertebrates also can be
used to indicate relative volume and pattern of streamflow.

Trout and other cold-water game fish are found in
mountain streams, but generally not plains streams; cat-
fish, bass, and other warm-water game fish are found in a
few plains streams, but not in mountain streams. Most of
the coal mines are near ephemeral or intermittent streams
that do not support a fishery resource; the Little Powder
River is an exception.

Stream temperature affects rates of chemical reactions
and biological processes. In Area 50 stream temperatures
range from O degrees Celsius (32 degrees Fahrenheit) in
winter to about 25 degrees Celsius (77 degrees Fahrenheit)
in summer.

Ground-water data--water levels, well yields, and
water quality--are available for about 3,000 wells in Area
50. Water levels in 800 wells completed in the Wyodak-
Anderson coal were collected during 1981 by mining com-
panies and others, resulting in a compilation of water-level
data for the coal and overburden in the mine areas of
Campbell County, Wyoming.

Ground-water supplies suitable for stock and domestic
use can be developed from wells less than 500 feet deep in
most of the area. Deeper wells generally are needed to
obtain larger yields. The Madison Limestone usually is
considered where large supplies are sought; however, be-
cause the permeability of the formation is principally
secondary, large-yield wells are not always obtained. Re-
charge to aquifers occurs mainly in the outcrop areas near
their southern, western, and eastern extents. Small quanti-
ties of water flow northward out of the area through the
Madison and Lower Cretaceous aquifers. Movement in the
coal aquifers is complex.

Eighty-four percent of the wells and springs sampled
yield water with dissolved-solids concentrations greater
than the recommended national secondary drinking-water
standard of 500 milligrams per liter. Nearly all sources
sampled, however, yield water suitable for livestock. Man-
ganese and iron concentrations in water from some aquif-
ers are large enough to be objectionable for domestic
supplies because of taste and staining problems. The
chemical quality of the ground water is controlled by the
solubility of the minerals that comprise the rocks, the
reactions that occur as water moves through the rocks, the
water temperature and pH, and the length of time during
which the water is in contact with the rocks.



1.0 INTRODUCTION
1.1 Objective

Report Summarizes Available Hydrologic Data

Existing hydrologic conditions and sources of hydrologic information are
identified to aid in the preparation and appraisal of environmental impact
studies and mine-permit applications and in making leasing decisions.

Hydrologic information and analyses are needed
to aid in making decisions to lease Federally owned
coal and for the preparation of the necessary envi-
ronmental assessments and impact study reports.
This need has become even more critical with the
enactment of Public Law 95-87, "Surface Mining
Control and Reclamation Act of 1977”. This Act
requires an appropriate regulatory agency to issue
mining permits partly on the basis of the assessment
of the hydrologic impacts in the mining-permit ap-
plication. This need is partly fulfilled by a series of
reports that broadly characterize the hydrology of
drainage basins within coal provinces nationwide.
This report is part of that series. A similar report is
available for Area 49, which is adjacent to the
northwestern border of Area:50 (Slagle and others,
1983).

Area 50 includes the entire Powder River drain-
age basin and the upstream parts of the Belle Fourche
and Cheyenne River basins. The Powder River
drainage basin does not coincide with the Powder
River structural basin (fig. 1.1-1). Most of Area 50,
which includes 20,676 square miles in Montana and
Wyoming, is in the Northern Great Plains Coal
Province; the remainder is in the Rocky Mountain
Coal Province.

This report provides general hydrologic informa-
tion by means of a brief text with accompanying
map, chart, graph, or other illustration, for each of a
series of water-resources-related topics. Collectively
the topical discussions represent a description of the
hydrology of the area. The information contained
herein will be useful to Federal agencies in the leasing
and management of Federal coal lands, to surface-

mine owners, operators, and others preparing permit
applications, and to regulatory authorities evaluating
the adequacy of the applications.

The hydrologic information presented herein or
available through sources identified in this report will
be useful in describing the hydrology of the "general
area” of any proposed mine. This hydrologic infor-
mation will be supplemented by the lease applicant’s
site-specific data as well as data from other sources.
Site-specific data are used for a detailed appraisal of
the hydrology of the area in the vicinity of the mine
and to determine the anticipated hydrologic conse-
quences of the mining operation.

This report represents a summary of the results
of water-resources investigations to date in north-
eastern Wyoming and southeastern Montana. The
U.S. Geological Survey has collected hydrologic data
and made interpretive hydrologic studies in the area
for decades. Much of the work has been done in
cooperation with State and other Federal agencies-
particularly the Wyoming State Engineer, Wyoming
Department of Agriculture, Wyoming Highway
Department, Wyoming Department of Environmen-
tal Quality, Montana Bureau of Mines and Geology,
Montana Department of Natural Resources and
Conservation, U.S. Bureau of Land Management,
U.S. Army Corps of Engineers, U.S. Environmental
Protection Agency, and U.S. Department of Energy.
To a large extent this cooperation has been responsi-
ble for achieving the present state of knowledge of
the hydrology of Area 50 and will be an important
factor in increasing that knowledge in the years
ahead.



























Ephemeral stream is a stream that flows only in
direct response to precipitation, and whose channel is
at all times above the water table.

Evapotranspiration is water withdrawn from a land
area by evaporation from water surfaces and moist soil
and by plant transpiration.

Exceedance probability is the mathematical expres-
sion of the probability that a flood equal to or greater
than a given magnitude will occur in any given year.
It is the inverse of the recurrence interval. For example,
a 100-year flood has an exceedance probability of 0.01
(1-percent chance in any year).

Flood is an overflow or inundation that comes from
a river or other body of water and causes or threatens
damage; any relatively high streamflow overtopping the
natural or artificial banks in any reach of a stream.

Fluvial sediment is sediment that is transported by,
suspended in, or deposited from water.

Gage height is the water-surface elevation referred
to some arbitrary gage datum. Gage height often is used
interchangeably with the more general term “stage,”
although gage height is more appropriate when used
with a reading on a gage.

Gaging station is a particular site on a stream, canal,
lake or reservoir where systematic observations of
hydrologic data are obtained.

Hydrograph is a graph showing stage, flow, velocity,
or other property of water with respect to time.

Infiltration is the downward entry of water into the
immediate surface of soil or other material, as contrasted
with percolation, which is movement of water through
soil layers or other surficial material.

Intermittent stream is a stream that flows only at cer-
tain times of the year when it receives water from springs
or from some surface source such as melting snow.

Interrupted stream is a stream that contains alter-
nating reaches that are either ephemeral, intermittent,
or perennial.

Micrograms per liter (ug/L) is a unit expressing the
concentration of chemical constituents in solution as
mass (micrograms) of solute per unit volume (liter) of
water. One thousand micrograms per liter is equivalent
to 1 milligram per liter.

Milligrams per liter (mg/L) is a unit for expressing
the concentration of chemical constituents in solution.
Milligrams per liter represent the mass of solute per unit
volume (liter) of water. Concentration of suspended sedi-
ment also is expressed in milligrams per liter, and is
based on the mass (dry weight) of sediment per liter of
water-sediment mixture.

Parent material is the unconsolidated organic and
mineral material from which soils form. Consolidated
bedrock is not parent material by this concept.

Particle size is the diameter, in millimeters, of any
given sediment particle. It may be determined by sieve
or sedimentation methods. (See particle-size
classification.)

Particle-size classification is a system of dividing the
sediment particles into groups, each group having
minimum and maximum dimension limits. The
classification used by the U.S. Geological Survey follows
that used by the American Geophysical Union Subcom-
mittee on Sediment Terminology as follows:

Dimension limits,

Classification in millimeters
Clay 0.00024 - 0.004
Silt 0.004 - 0.062
Sand 0.062 - 200
Gravel 2.00 - 64.0

Particle-size distribution is the proportion of material
of each particle-size class present in a given sample.

Perennial stream is a stream that flows continuously.

Permeability is a measure of the relative ease with
which a porous medium can transmit a liquid under a
potential gradient.

Porosity is the property of a rock or soil that refers
to the interstices or voids that the material contains. It
may be expressed quantitatively as the ratio of the
volume of the interstices to the total volume of the
material.

Potentiometric surface is the surface defined by the
level to which water will rise in tightly cased wells com-
pleted in an aquifer or in a stratum within an aquifer.

Recharge is the process by which water is absorbed
and added to the saturated zone (an aquifer), either
directly into a formation or indirectly by way of another
formation. Also, the quatity of water that is added to the
saturated zone.

Recurrence interval is the average interval of time
within which a flood of given magnitude will be equaled
or exceeded once. For example, the 100-year flood at a
stream station or site is the instantaneous peak
discharge that has a recurrence interval of 100 years.
The recurrence interval is the inverse of the exceedance
probability.

Sediment is fragmented solid material that
originates mostly from disintegrated rocks. It may also
include chemical and biochemical precipitates and
decomposed organic material, such as humus.

Site is a location on a stream where one or more
miscellaneous measurements of discharge have been
made and(or) one or more miscellaneous water-quality
samples collected. (See station.)

Specific conductance is a measure of the ability of
water to conduct an electrical current. It is expressed in
microsiemens per centimeter at 25 Celsius. Specific con-
ductance is related to the type and concentration of ions
in solution and can be used for approximating the
dissolved-solids concentration of the water. Commonly,
the concentration of dissolved solids (in milligrams per
liter) is about 65 percent of the specific conductance (in
microsiemens). This relation is not constant from stream
to stream, and it may vary in the same source with
changes in the composition of the water.

Specific weight is the weight per unit volume of a
substrate, such as sediment.

Stage-discharge relationship is the relation between
gage height (stage) and volume of water, per unit of time,
flowing in a channel (discharge).

Station is a location on a stream where a continuous
or repetitive record of streamflow and (or) water quality
has been collected. (See site.)

Streamflow is the discharge that occurs in a natural
channel. Although the term “discharge” can be applied
to a flow of a canal, the word “streamflow” uniquely

describes the discharge in a surface stream course. The
term “‘streamflow” is more general than “runoff” as
stream flow may be applied to discharge whether or not
it is affected by diver sion or regulation.

Sublimation is the process whereby snow is changed
to water vapor without melting.

Substrate is the physical surface upon which an
organism lives.

Suspended sediment is the sediment that at any
given time is maintained in suspension by the upward
components of turbulent currents or that exists in
suspension as a colloid.

Suspended-sediment concentration is the velocity-
weighted concentration of suspended sediment in the
sampled zone (from the water surface to a point approx-
imately 0.3 foot above the bed) expressed as milligrams
of dry sediment per liter of water-sediment mixture
(mg/L).

Suspended-sediment discharge is the rate at which
suspended sediment is transported through a cross sec-
tion of a stream.

Suspended-sediment load is the quantity of sediment
that is transported through any cross section of a stream
in a unit of time.

Terrace is a berm or discontinuous segments of a
berm, in a valley at some height above the flood plain,
representing a former abandoned flood plain of the
stream.

Transmissivity is the rate at which water of the
prevailing kinematic viscosity is transmitted through a
unit width of the aquifer under a unit hydraulic gradient.

Turbidity is the optical property of a suspension with
reference to the extent to which the penetration of light
is inhibited by the presence of insoluble material.

2.0 DEFINITION OF TERMS



3.0 PHYSIOGRAPHY
3.1 Climate

Topography Affects the Climate

Average precipitation in the mountains exceeds 25 inches per year; the plains
receive 10 to 16 inches.

The climate of the area is affected significantly
by the mountains along the Pacific coast and the Rocky
Mountains. Westerly winds prevail, and the air masses
generally move into the area from the Pacific Ocean. The
mountain ranges cause much of the moisture in the air
to precipitate before reaching the area. Continental air
masses from Canada occasionally move into the area.
During winter, these air masses wedge under the air in
place, forcing it upward and thus causing snow.

The distribution of average annual precipitation
is shown in figure 3.1-1. Most precipitation from
November through April occurs as snow. Annual
snowfall averages from 30 to 75 inches in the plains and
100 inches or greater in the mountains. Much of the snow
in the open plains is sublimated; some snow remains as
drifts in draws and shaded areas. Precipitation during
the summer occurs as light showers and occasional in-
tense thunderstorms. The distribution of normal monthly
precipitation at two National Weather Service stations,
Arvada 3 N and Midwest 1 SW, is shown in figure 3.1-2.

The amount of precipitation that occurs each
year is extremely variable. During 1936-75, the weather
station at Arvada 3 N recorded an annual maximum of
17.1 inches during 1944 and an annual minimum of 7.0
inches during 1966. During 1923-79, the station at
Midwest 1 SW recorded an annual maximum of 19.8 in-
ches during 1972 and an annual minimum of 8.4 inches
during 1951.
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Normal air temperature is minimum during late
January and is maximum during late July. Average
monthly air temperatures at Arvada 3 N and Midwest
1 SW are shown in figure 3.1-2. Soil temperatures at a
depth of 6 feet vary much less than air temperatures;
the change in soil temperature lags changes in the air
temperature by about 1 month.

Evapotranspiration is greatest during July, but
continues to be significant well into the fall because of
the warm soil. Sunshine averages about 65 percent of
possible on an annual basis, ranging from about 55 per-
cent possible during winter to about 75 percent during
late summer.

Wind is significant to the climate, with westerly
winds prevailing. Wind velocity averages about 13 miles
per hour annually, ranging from an average of 10 miles
per hour during July and August to an average of 16
miles per hour during November through April. Daytime
winds generally are stronger than nighttime winds. Oc-
casional storms cause brief periods with wind gusts
greater than 75 miles per hour. -

The foregoing description of climate is based on
areport prepared by J. D. Alyea (written commun., 1980).
Climatological data are published monthly by the Na-
tional Oceanic and Atmospheric Administration, Na-
tional Climatic Center, Asheville, N.C.































































































































































































































































Table 8.4.2-1 Trace-metal concentrations in ground water in Area 50.

Number Percent of
of analyses analyses Drinking- Maximum
exceeding exceeding water Median analyzed
Number drinking- drinking- standard value value
Dissolved- of water water (micrograms (micrograms (micrograms
trace metal analyses standards standards per liter) per liter) per liter)
Arsenic 154 1 0.6 150 1 120
Barium 95 1 1.0 11,000 100 1,100
Cadmium 165 1 6 110 2 17
Chromium 116 0 .0 150 10 50
Copper 123 0 .0 21,000 1 104
Iron 366 56 15.3 2300 100 120,000
Lead 165 6 3.6 150 2 180
Manganese 257 100 38.9 2 50 40 4,800
Mercury 122 0 .0 12 A 1.5
Selenium 159 4 2.5 110 1 31
Zinc 141 0 .0 2 5,000 20 1,800

1 National interim primary drinking-water standards (U.S. Environmental Protection Agency, 1977)
2 National secondary drinking-water regulations (U.S. Environmental Protection Agency, 1979)

8.0 GROUND WATER--Continued
8.4 Chemical Quality-Continued
8.4.2 Trace Metals



8.0 GROUND WATER--Continued
8.4 Chemical Quality--Continued
8.4.3 Ground-Water-Quality Controls

Lithology, Chemical Reactions, and Other Factors
Control Water Quality

Dissolved-solids concentrations in water usually increase with depth; in the
coal-bearing rocks dissolved-solids concentrations in water decrease with depth.

The chemical quality of ground water is controlled
by the solubility of the rocks and minerals that comprise
the aquifer, the reactions that occur as the water moves
through the aquifer, the pH and temperature of the
water, pressure, and, to some extent, the length of time
that the water is in contact with the rocks. The dif-
ferences in chemical quality that result from water
moving through different rock types are illustrated by
three curves in figure 8.4.3-1. Specific conductance, a
measure of the electrical conductance of water, is closely
related to the concentration of dissolved solids in the
water. The data used in the figure are from all of Natrona
County, Wyo. (Crist and Lowry, 1972), not just the part
in Area 50. The only difference between the rock se-
quences used in figure 8.4.3-1 and those used elsewhere
in this report is that the Fox Hills Sandstone is included
with the Upper and Lower Cretaceous shale in figure
8.4.3-1. The differences between the three curves are at-
tributed principally to differences in the lithology of the
units and to the chemical reactions that occur as the
water moves through the rocks. The increase in specific
conductance of water from wells and springs in the up-
per Tertiary sequence illustrates the increase in
dissolved solids that normally occurs as water moves
through an aquifer. The sample with the smallest specific
conductance was collected from a spring near the
recharge area; samples from wells farther from the
recharge area have larger specific conductances; and the
samples that have specific conductances larger than 900
microsiemens were collected in an area where ground
water is discharged into playa lakes and the dissolved
solids are concentrated. Travelers on the Oregon Trail
gathered salts deposited in those lakes for baking soda.
Natrona County was named for the salt that is deposited
in playas: Natron is sodium carbonate (Na, CO, ¢ 10H,0);
trona is a combination of sodium carbonate and bicar-
bonate ,(Na, CO, Na HCO, ¢ 2H,0).

In contrast to the increase in dissolved-solids concen-
tration that normally occurs as water moves through an
aquifer, there is a decrease in dissolved-solids concen-
tration in water moving through the lower Tertiary and
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Upper Cretaceous continental rocks (fig. 8.4.3-2). The
chemical quality of water in these deposits has been
described by Riffenburg (1926), Thorstenson and others
(1979), and Lee (1979). The dominant reactions that con-
trol the quality of water in these rocks are cation-
exchange softening and sulfate reduction. Cation ex-
change is a reaction in which the calcium and
magnesium in the water are exchanged for sodium from
solids such as clay, resulting in soft water. Sulfate reduc-
tion is a reaction whereby sulfate in the water is
chemically reduced in the presence of organic material
to form bicarbonate and sulfide. Water from shallow
wells has large concentrations of calcium and
magnesium, sulfate, and total solids; water from deep
wells has small concentrations of calcium and
magnesium, sulfate, and solids. Trace-metal concentra-
tions in the water are small because trace metals in
solution react with the sulfide resulting from sulfate
reduction to form a precipitate that is relatively insoluble
at the pH of the water.

The chemical quality of water in the alluvium varies
with the composition of the alluvium and with the prox-
imity to the mountains. The alluvium derived from the
more-resistant rocks in the mountains generally contains
water with smaller dissolved-solids concentrations than
occur in alluvium derived from rocks in the plains. Water
in alluvium of streams that originate in the mountains
is of better quality in the mountains than it is in the
plains. This is in part because of increased transpiration
on the broader flood plains, which results in concentra-
tion of dissolved solids in the water, and in part because
of the downstream increase in fine-grained sediment
derived from rocks in the plains.

The quality of water in each of the geologic sequences
is summarized in figure 8.4.3-3. However, the reader is
cautioned that this summary is a gross generalization
and that the quality of water from aquifers in deep parts
of the area is not well known.









9.0 WATER-DATA SOURCES
9.1 Introduction

National Water-Resource Data and Information are
Available from Four Sources at the Federal Level

Water data are collected in coal areas by a large number of organizations in
response to a wide variety of missions and needs.

Three activities within the U.S. Geological Sur-
vey help identify and improve access to the vast
amount of existing water data.

(1) The National Water Data Exchange
(NAWDEX) indexes the water data available from
more than 400 organizations and serves as a central
focal point to help those in need of water data to
determine what information already is available.

(2) The National Water Data Storage and Retrie-
val System (WATSTORE) serves as the central
repository of water data collected by the U.S. Geo-
logical Survey and contains large volumes of data on
the quantity and quality of both surface and ground
waters.

(3) The Office of Water Data Coordination
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(OWDC) coordinates Federal water-data acquisition
activities and maintains a ”"Catalog of Information
on Water Data.” To assist in identifying available
water-data activities in coal provinces of the United
States, special indexes to the catalog are being print-
ed and made available to the public.

The U.S. Environmental Protection Agency op-
erates a Water Quality Control Information System
which includes a data base called STORET. This data
base is used for the STOrage and RETrieval of data
relating to the quality of water in waterways within
and contiguous to the United States.

More detailed explanations of these four activi-
ties are given in sections 9.2, 9.3, 9.4, and 9.5.



9.0 WATER-DATA SOURCES--Continued
9.2 National Water Data Exchange (NAWDEX)

NAWDEX Simplifies Access to Water Data

The National Water-Data Exchange (NAWDEX) is a nationwide program managed by
the U.S. Geological Survey to assist users of water data or water-related
data in identifying, locating, and acquiring needed data.

NAWDEX is a national confederation of water-
oriented organizations working together to make
their data more readily accessible and to facilitate a
more efficient exchange of water data.

Services are available through a Program Office
located at the U.S. Geological Survey’s National
Center in Reston, Virginia, and a nationwide net-
work of Assistance Centers located in 45 States and
Puerto Rico, which provide local and convenient
access to NAWDEX facilities (see fig. 9.2-1). A
directory (Edwards, 1980) is available on request that
provides names of organizations and persons to
contact, addresses, telephone numbers, and office
hours for each of these locations.

NAWDEX can assist any organization or in-
dividual in identifying and locating needed water
data and referring the requestor to the organization
that retains the data required. To accomplish this
service, NAWDEX maintains a computerized Master
Water-Data Index (fig. 9.2-2), which identifies sites
for which water data are available, the type of data
available for each site, and the organization retaining
the data. A Water Data Sources Directory (fig.
9.2-3) also is maintained that identifies organizations
that are sources of water data and the locations
within these organizations from which data may be
obtained. In addition NAWDEZX has direct access to
some large water-data bases of its members and has
reciprocal agreements for the exchange of services
with others.

Charges for NAWDEX services are assessed at
the option of the organization providing the request-
ed data or data service. Search assistance services are
provided free by NAWDEX to the greatest extent
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possible. Charges are assessed, however, for those
requests requiring computer cost, extensive personnel
time, duplicating services, or other costs encountered
by NAWDEX in the course of providing services. In
all instances, charges assessed by NAWDEX Assist-
ance Centers will not exceed the direct costs incurred
in responding to the data request. Estimates of cost
are provided by NAWDEX upon request and in all
instances where costs are anticipated to be substan-
tial.

For additional information concerning the
NAWDEX program or its services contact:

Program Office
National Water Data Exchange (NAWDEX)
421 National Center
12201 Sunrise Valley Drive
Reston, VA 22092

Telephone: (703) 860-6031

or FTS 928-6031
Hours: 7:45 -4:15 EST

District Chief, WRD
U.S. Geological Survey
P.O.Box 1125
Cheyenne, WY 82003
Telephone: (307) 772-2153
FTS 328-2153

District Chief, WRD
U.S. Geological Survey
Federal Building, Drawer 10076
Helena, MT 59626
Telephone: (406) 449-5263
FTS 585-5263



























uranium exploration and development. Northeastern
Wyoming.

6. Potentiometric Maps of Shallow Aquifers in the
Powder River Basin, Northeastern Wyoming (WY062).
Prepare maps of potentiometric surfaces for shallow
ground-water aquifers, including the Wyodak Coal.
Northeastern Wyoming.

7. Sediment Yield From Natural and Reclaimed
Small Ephemeral Stream Basins in Wyoming (WY066).
Relate sediment yield to rainfall and runoff; evaluate
possible changes in the relation due to surface mining;
determine the importance of channel erosion and slope
wash as sediment sources; investigate possible sediment-
transport models. Northeastern and south-central
Wyoming.

8. Low Flow of Streamsin the Powder River Struc-
tural Basin, Wyoming (WY067). Analyze low-flow
characteristics of streams as an indicator of the amount
of water available without the use of artificial storage.
Northeastern Wyoming.

9. Chemical Quality of Surface Water in the Powder
River, Green River, Great Divide, and Hanna Basins,
Wyoming (WY071). Summarize statistically the surface-
water quality data previously collected in the principal
coal areas and recommend future water-quality data-
collection activities in these areas. Northeastern, south-
central, and southwestern Wyoming.

10. Recharge of Shallow Aquifers Through
Ephemeral Stream Channels in Wyoming (WY073).
Determine the relationship of water in the alluvium to
streamflow and to water in the bedrock aquifers;
evaluate the use of streamflow hydrographs to determine
seepage from ephemeral streams. Northeastern
Wyoming.

11. Ground-Water Quality in Wyoming (WY074).
Assemble and summarize existing information; assess
the adequacy of the information for describing the
quality of water of major aquifers and for evaluating
future changes in water quality. Statewide.

12. The Fluvial System in Energy-Minerals Areas
of Wyoming (WY076). Describe how the fluvial systems
function; determine the effects of energy-related
developments on the stability of stream channels and
drainage networks. Northeastern, south-central, and
southwestern Wyoming.

13. Hydrologic Properties of the Alluvial Deposits
Along the Powder River Between Sussex, Wyoming and
Moorhead, Montana (WY078). Describe the hydrology of
the alluvial deposits; determine the potential for develop-
ment of water from the alluvium. Northeastern
Wyoming.

14. Evaluation of the Ground-Water Observation-
Well Program for the Powder River Basin and Adjacent
Area, Northeastern Wyoming (WY079). Evaluate the ex-
isting observation-well program; recommend a revised
program to monitor ground-water levels. Northeastern
Wyoming.

15. Evaluation of the Individual and Cumulative Im-
pacts of Mine Operations on the Surface and Ground-
Water Hydrology in the Eastern Powder River Basin of
Wyoming (WY080). Northeastern Wyoming.

MONTANA

1. Water-Use Data System for Montana (MT007)
Develop and maintain a water-use data system that is
responsive to users at State and national levels.
Statewide.

2. Peak-Flow Analysis for Small Drainage Areas,
Montana (MT010). Obtain adequate data to enable
definition of the magnitude and frequency of floods to
be expected from any given small drainage basin in the
State. Statewide.

3. Bridge-Site Investigations in Montana (MT023).
Provide the Montana Department of Highways with suf-
ficient data to permit the most economical and
hydraulically safe bridge or culvert as possible.
Statewide.

4. Special Investigations, Montana (MT030). Assist
State and other Federal agenices in solving water-
resource problems on short notice. Statewide.

5. Effects of Mining and Related Activities on the
Shallow Ground-Water System (MTO048). Define the
ground-water flow systems above the Bearpaw Shale;
develop predictive models to assess the effects of mining
on the hydrologic system. Southeastern Montana.

6. Structure, Potentiometric-Surface, and Quality-of-
Water Maps of the Madison Limestone Aquifer in Cen-
tral and Eastern Montana (MT056). Complile data from
wells and test holes; prepare maps describing the altitude

and configuration of the top of the aquifer, potentiometric
surface, and quality of water. Central and eastern
Montana.

7. Water-Resources Monitoring, Northern Powder
River Coal Region, Montana (MTO059). Determine
characteristics of the regional water-resources system;
detect and document any changes in the system as a
result of coal mining. Southeastern Montana.

8. Limnological Reconnaissance of Small Reservoirs
in Montana (MT064). Characterize the present physical,
chemical, and biological conditions in selected reservoirs;
evaluate the suitability of the reservoirs for various uses.
Eastern Montana.

9. Streamflow Characteristics Related to Channel
Geometry in Ephemeral Streams, Montana (MT070). Col-
lect data on chemical characteristics; develop equations
relating channel geometry to streamflow characteristics;
determine the accuracy of the estimates. Statewide.

10. Regional Analyses of Surface-Water Quality in
the Fort Union Coal Region, Montana (MT072). Compile
and present data in a semi-interpretive format; review
and modify the data-monitoring network. Eastern
Montana.

10.0 SUPPLEMENTAL INFORMATION FOR AREA 50
10.1 Hydrologic Studies by the Geological Survey



10.0 SUPPLEMENTAL INFORMATION FOR AREA 50--Continued

10.2 List of Other Agencies

Resource Information Available from Other Agencies

Water, land, and coal resources in Area 50 are the concern of many State and
Federal agencies; these agencies are important sources of information.

The names and addresses of principal State and
Federal agencies that have additional information
about water, land, and coal resources are listed be-
low. Other agencies also have water-related mis-
sions. Those that are concerned primarily with con-
struction of water projects, such as reservoirs, or
with the use of water for specific purposes, such as
recreation, are not included, unless they also serve as
an important source of water-resources information.
Also not included are coal and oil companies operat-
ing in the area that have nonproprietary information
available.

FEDERAL AGENCIES

Wyoming State Office
U.S. Bureau of Land Management
P.O. Box 1828
Cheyenne, WY 82003

Montana State Office
U.S. Bureau of Land Management
Granite Tower, 222 N. 32nd
Billings, MT 59101

Casper District Office
U.S. Bureau of Land Management
951 Rancho Road
Casper, WY 82601

Miles City District Office
U.S. Bureau of Land Management
P.O. Box 940
Miles City, MT 59301

Wyoming State Office
U.S. Soil Conservation Service
P.O. Box 2440
Casper, WY 82602

Montana State Office
U.S. Soil Conservation Service
Post Office and Federal Bldg.
32 E. Babcock Street
Bozeman, MT 59715

U.S. Department of Energy
P.O. Box 2567
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Grand Junction, CO 81502

Western Section, Branch of
Coal Resources
Geologic Division
U.S. Geological Survey
Mail Stop 972, Box 25046
Denver Federal Center
Lakewood, CO 80225

Surveillance and Analysis Division
U.S. Environmental Protection Agency
8ES-DA
1860 Lincoln Street
Denver, CO 80295

Western Technical Center
Office of Surface Mining
1020 - 15th Street
Denver, CO 80202

Thunder Basin National Grassland
U.S. Forest Service
809 South 9th Street
Douglas, WY 82633

Northern Regional Office
U.S. Forest Service
Federal Bldg., Post Office,
and Courthouse
200 E. Broadway Street
Missoula, MT 59801

STATE AGENCIES

Wyoming State Engineer
Herschler Building
Cheyenne, WY 82002

Wyoming State Geologist
The Geological Survey of Wyoming
Box 3008, University Station
Laramie, WY 82071

Water Quality Division
Wyoming Department of
Environmental Quality



Herschler Building
Cheyenne, WY 82002

Land Quality Division
Wyoming Department of
Environmental Quality
Herschler Building
Cheyenne, WY 82002

Wyoming Water Research Center
University of Wyoming
Box 3067, University Station
Laramie, WY 82071

Montana Bureau of Mines and Geology
Montana College of Mineral
Science and Technology
Butte, MT 59701

Water Resources Division
Montana Department of Natural
Resources and Conservation
32 South Ewing
Helena, MT 59601

Energy Division
Montana Department of Natural
Resources and Conservation
25 South Ewing
Helena, MT 59601
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Water Quality Bureau
Montana Department of Health
and Environmental Sciences
Cogswell Building
Helena, MT 59601

Montana Water Resources
Research Center
Montana State University
Bozeman, MT 59717

Montana Department of State Lands
1625 - 11th Avenue
Helena, MT 59601

MAPS

Several of the agencies listed above have resource
maps available. Water-resource, geologic, coal-
resource, land-use, topographic, and other natural-
resource maps of the U.S. Geological Survey are
available for purchase from:

Western Distribution Branch
U.S. Geological Survey
Box 25286, Denver Federal Center
Lakewood, CO 80225
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10.0 SUPPLEMENTAL INFORMATION FOR

AREA 50--Continued
10.3 Index of Surface-Water Stations
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11.0 REFERENCES
11.1 Topic Listing

Bibliography Contains More Than 350 References

The scientific literature for Area 50 is extensive; the references
listed in this report are summarized by major topic.

More than 350 references are listed in section
11.2, indicating the large amount of scientific in-
formation available. Because only about 145 of the
references are cited in the text, the references are
listed below by major topic. The topics correspond
with primary and, in most instances, secondary
headings used in this report. Every reference is
listed at least once; some twice or more. The
classification of the references is not exhaustive—a
reference may include useful information about
topics other than those for which the reference is
listed. For example, the environmental impact
statements are listed only under 1.0 INTRODUC-
TION; these reports commonly contain extensive
information related to most of the other topics.

1.0 INTRODUCTION

Barrett and others (1980), Clark and others (1982),
Davis and Wood (1974), Davis (1976), Davis and
Rechard (1977), Deutsch and others (1979), Dunrud
and Osterwald (1980), Everett (1979), Gillette Area
Groundwater Monitoring Organization and North-
eastern Wyoming Chapter, American Institute of
Mining Engineers (1982), Greensdale (1980),
Hadley and Keefer (1975), Hafen and Hafen (1961),
Hudson (1975), Imhoff and others (1976), Jordan
and others (1984), Keefer (1976), Keefer and
Hadley (1976), Kilpatrick and Matchett (1982),
Lagasse and others (1982), Leopold and others
(1971), Lowry and Cummings (1966), Lusby and
Toy (1976), Mapel (1959), Melancon and others
(1979), Narten and others (1983), National
Academy of Sciences (1974), Packer (1974),
Raynolds, (1868), Rechard and Larson (1982),
Rhodes and Stone (1981), Richards (1981), Ringen
and others (1979), Slagle and others (1983), Steele
and Hillier (1981), University of Wyoming, Black
Thunder project research team (1976), U.S. Depart-
ment of the Interior (1975, 1976, 1977a, 1977b,
1977¢,1977d, 1979a, 1979b, 1979¢, 1979d, 1981a,
1981b, 1982a, 1982b, 1983), U.S. Department of the
Interior and Montana Department of State Lands
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(1980), U.S. Department of the Interior and others
(1974), Van Voast (1974), Walker (1980), Wister
(1902).

2.0 DEFINITION OF TERMS

Langbein and Iseri (1960), Lohman and others
(1972), U.S. Geological Survey (1983a, 1983b),
Young and Singleton (1977).

3.0 PHYSIOGRAPHY

3.1 Climate

Cordell (1960), Farnsworth and Thompson (1982),
Johnson and Omang (1976), Lowers (1960), Miller
and others (1973a, 1973b), National Oceanic and
Atmospheric Administration (1973), U.S. Soil Con-
servation Service (1977).

3.2 Landforms

Breckenridge and others (1974), Hammond (1964),
Keefer (1974), Lageson and others (1980), Lane and
others (1972), Schumm and Hadley (1957), Trim-
ble (1980), Wendell and others (1976).

3.3 Drainage
Leopold and Miller (1954), Leopold and others
(1964), U.S. Geological Survey (1976a, 1976b).

3.4 Soils

Conner and others (1976), Ebens and Shacklette
(1982), Montagne and others (1982), Rankl (1982),
Simonson and others (1978), Stephens (1975), U.S.
Department of Agriculture (1962, 1975), U.S.
Salinity Laboratory Staff (1954), Van Voast and
Bremmer (1976), Young and Singleton (1977).

3.5 Vegetation

Beath (1943), Breckenridge and others (1974),
Gough and others (1979), Lageson and others
(1980), Ross and Hunter (1976), Wendell and others
(1976), Young and Singleton (1977).

3.6 Geology

Averitt and Lopez (1972), Bass (1932), Bergantino (1977,
1980), Blackstone (1981), Breckenridge and others
(1974), Brown (1952), Brown and others (1982), Bryson
(1952), Bryson and Bass (1973), Cole and others



(1980, 1982), Crist and Lowry (1972), Culler (1961),
Culler and Peterson (1953), Denson and Horn
(1975), Denson and others (1978), Denson and
Keefer (1974), Dunlap (1958), Feltis (1981a, 1981b),
Feltis and others (1981), Flores (1979), Flores and
Canavello (1979), Gill and Cobban (1966), Glass
(1976, 1980b, 1981, 1982), Grose (1972), Hausel and
others (1979), Head and others (1979), Hodson and
others (1973), Keefer (1974), Kent and others
(1980), Kohout (1957), Lageson and others (1980),
Lane and others (1972), Laudon and others (1976),
Leopold and Miller (1954), Leopold and others
(1964), Levings and others (1981), Lewis and Hot-
chkiss (1981), Lewis and Roberts (1978), Love and
others (1955, 1977, 1978a, 1978b, 1978¢c, 1979,
1980), Mapel (1958, 1959), Matson and Blumer
(1973), McIntosh and Eister (1979), Morris (1956),
Obernyer (1980), Parker and Andrews (1939),
Peterson (1978, 1981), Pierce (1936), Pinchok
(1975), Robinson and others (1964), Rocky Moun-
tain Association of Geologists (1972), Sharp and
others (1964), Stoner and Lewis (1980), Swenson
and others (1976), Trimble (1980), Van Houten
(1964), Warner (1947), Wendell and others (1976).

4.0 ECONOMIC DEVELOPMENT

Bass and others (1970), Bergantino and Cole (1981),
Berryhill and others (1950), Breckenridge and
others (1974), Calef (1960), City of Gillette/Camp-
bell County Planning Commission (1978), Cole and
others (1980, 1982), Combo and others (1949), Davis
and Wood (1974), Davis (1976), Denson and Keefer
(1974), Denson and others (1973, 1978), Dobson and
Seelye (1982), Foss (1960), Freudenthal and others
(1974), Glass (1975, 1976, 1978, 1980a, 1981, 1982),
Glass and others (1975), Goodier and others (1981),
Grazis (1977a, 1977b, 1977¢, 1977d), Greensdale
(1980), Harza Engineering Company (1974), Hausel
and others (1979), House and Cahill (1967), Hud-
son (1975), Jacobs and others (1982), Keefer and
Schmidt (1973), Kilpatrick and Matchett (1982),
Lageson and others (1980), Landers and others
(1961), Lane and others (1972), Lowry and Cumm-
ings (1966), Mapel (1958, 1959), Matson and
Blumer (1973), Matson and others (1968), Montana
Coal Task Force (1973), Montana Department of
Community Affairs, coordinator (1981), Montana
State Engineer’s Office (1948, 1961), National
Research Council (1981), Northeast Wyoming
Study Team (1978), Packer (1974), Pierce and
others (1982), Pinchock (1975), Rahn (1975, 1976),
Richards (1981), Sharp and others (1964), Shown
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(1973), Smith (1981a, 1981b), Solley and others
(1983), Strickland (1981), Struck (1975), Swanson
and others (1976), Swanson and Huffman (1976),
Unfer (1951), U.S. Bureau of Land Management
(1974, 1978, 1979, 1980), U.S. Department of Com-
merce (1981), U.S. Geological Survey (1973, 1974,
1979a, 1979b, 1979¢, 1979d, 1980a, 1980b, 1982),
Ver Ploeg (1982), Wendell and others (1976), Whit-
comb and others (1966), Wyoming Department of
Administration and Fiscal Control (1981), Wyo-
ming Department of Economic Planning and
Development (1981a, 1981b), Wyoming Office of
the State Inspector of Mines (1982), Wyoming
Water Planning Program (1972, 1973b).

5.0 SURFACE-WATER DATA NETWORK
Craig and Rankl 1978), Gilbert and Buchanan
(1982), Knapton and Ferreira (1981), Omang and
others (1979, 1982), Rankl and Barker (1977),
Rucker and DeLong (1984), U.S. Geological Survey
(1976a, 1976b, 1983a, 1983b).

6.0 SURFACE-WATER QUANTITY

Boner and others (1976), Craig and Rankl (1978),
Culler (1961), Druse and others (1981), Ferreira
(1981), Follansbee and Hodges (1925), Glover
(1984), Johnson and Omang (1976), Lorens (1982),
Lowham (1976), Lowry and Rankl (1984), Matthai
(1979), Moore and Shields (1980), Omang and
others (1979, 1982), Parrett and Omang (1981), Par-
rett and others (1978, 1984), Rankl (1982), Rankl
and Barker (1977), Searcy (1959), Smith (1974),
U.S. Geological Survey (1983a, 1983b), U.S. Office
of Surface Mining (1981b), U.S. Water Resources
Council (1981), Wyoming State Engineer’s Office
(1976).

7.0 SURFACE-WATER QUALITY

7.1 Chemical Quality

Briggs and Ficke (1978), Conner and others (1976),
Druse and others (1981), Ebens and Shacklette
(1982), Ehlke and others (1982), Frickel and Shown
(1974), Geugh and others (1979), Greeson (1981a),
Hem (1970), Hembree and others (1952), Karp and
Botz (1975), Karp and others (1975), Knapton and
Ferreira (1980), Knapton and McKinley (1977),
Lorens (1982), Mackenthum (1973), McKee and
Wolf (1971), Melancon and others (1979), National
Academy of Sciences and National Academy of
Engineering (1973), Ringen and others (1979),
Rucker and DeLong (1984), U.S. Environmental
Protection Agency (1976, 1977, 1979), U.S. Geo-



logical Survey (1977, 1983a, 1983b), U.S. Public
Health Service (1962).

7.2 Suspended Sediment

Hadley and Schumm (1961), Hembree and others
(1952), Lagasse and others (1982), Langbein and
Schumm (1958), Leopold and others (1964),
Lidstone (1982), Long and Xiong (1981), Martinson
(1982), Martinson and Meade (1983), Ringen and
others (1979), Roach and Colby (1958), Rolfe and
Hadley (1964), U.S. Bureau of Reclamation (1959),
U.S. Geological Survey (1983a, 1983b).

7.3 Biology

Bahls (1979, 1980), Bahls and others (1981), Baril
and others (1978), Baxter and Simon (1970), Gore
and Johnson (1979), Greeson (1981a, 1981b, 1981c,
1981d, 1982), Klarich and Regele (1980), Klarich
and others (1980), Knapton and Bochy (1976),
Mallard (1981), McFeters and others (1974), Newell
(1977), Rehwinkel (1978), Rockett (1976), U.S. Fish
and Wildlife Service (1978, 1980), Wangsness
(1977), Wangsness and Peterson (1980), Wesche
and Johnson (1980), Wyoming Department of En-
vironmental Quality (1982).

7.4 Temperature
Aagaard (1969), Lowham and others (1975), U.S.
Geological Survey (1983a, 1983b).

8.0 GROUND WATER

8.1 Ground-Water Data

Ballance and Freudenthal (1975, 1976, 1977),
Blankennagel and others (1977), Boner and others
(1976), Botz and Bond (1966), Brown and others
(1977, 1982), Busby and others (1983), Crist and
Lowry (1972), Downey (1982a, 1982b), Gilbert and
Buchanan (1982), Head and others (1979), Hodson
(1971a, 1971b, 1974), Hodson and others (1973),
Hopkins (1976), Kohout (1957), Larson and Daddow
(1984), Lenfest (1984), Levings (1981a, 1981b,
1982a, 1982b, 1982¢), Levings and others (1981),
Lobmeyer (1980), Lobmeyer and others (1982),
Lowry (1973), Lowry and Cummings (1966), Miller
and others (1977), Perry (1931, 1932, 1935), Peter-
son (1981), Ragsdale (1982), Renick (1924), Riffen-
burg (1926), Ringen (1973, 1974), Slagle and Stim-
son (1979), Stevens (1978), Taylor (1965, 1968),
Thayer (1983), U.S. Geological Survey (1975,
1979e, 1983a, 1983b), Wells (1982), Wells and
others (1979), Whitcomb (1965), Whitcomb and
Morris, (1964), Whitcomb and others (1966).

8.2 Availability
Anderson and Kelley (1976), Bergantino (1981),
Crist and Lowry (1972), Downey (1982a), Feathers
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and others (1981), Ground-water Subgroup of
Water Work Group, Northern Great Plains
Resources Program (1974), Head and Merkel
(1977), Hodson and others (1973), King (1974),
LaRocque (1966), Levings and others (1981), Lewis
and Hotchkiss (1981), Lewis and Roberts (1978),
Littleton (1950), Lowry and Cummings (1966),
Lowry and Rank] (1984), McCary and others (1983),
Meinzer (1923), Miller (1976, 1979, 1981), Montana
Bureau of Mines and Geology and U.S. Geological
Survey (1978), Morris (1956), National Research
Council (1981), Perry (1931, 1932, 1935), Rahn
(1975, 1976), Renick (1929), Robinson and Foley
(1941), Stoner and Lewis (1980), Taylor (1965, 1968,
1978), Warner (1947), Whitcomb (1965), Whitcomb
and Morris (1964), Whitcomb and others (1966),
Wyoming Water Planning Program (1972, 1973a).

8.3 Recharge and Movement

Blackstone (1981), Boner and others (1976),
Downey (1982a), Feltis (1980a), Fitzwater (1981),
Huntoon (1976), Konikow (1976), Levings (1982a,
1982b, 1982¢, 1982d), Lobmeyer (1980), Meinzer
(1923), Miller and Strauasz (1980a, 1980b), Stone
and Snoeberger (1977), Swenson and others (1976),
U.S. Office of Surface Mining (1981a), Van Voast
and others (1978), Wyoming State Engineer’s Of-
fice (1976).

8.4 Chemical Quality

Beath (1943), Busby and others (1983), Crist and
Lowry (1972), Dockins and others (1980), Ebens and
Shaklette (1982), Everett (1979), Feder and others
(1977), Feltis (1980b, 1980c, 1980d), Hem (1970),
Hodson (1971b, 1974), Hodson and others
(1973),Keefer (1974), Kohout (1957), Larson and
Daddow (1984), Lee (1979, 1981), Littleton (1950),
National Academy of Sciences and National
Academy of Engineering (1973), Powers and others
(1974), Renick (1924), Riffenburg (1926), Thorsten-
son and others (1979), U.S. Environmental Protec-
tion Agency (1976, 1977, 1979), U.S. Geological
Survey (1977), U.S. Public Health Service (1962),
Van Voast and Bremmer (1976), Van Voast and
others (1978), Wells and others (1979).

9.0 WATER-DATA SOURCES
9.2 National Water Data Exchange (NAWDEX)
Edwards (1980)

10.0 SUPPLEMENTAL INFORMATION
10.1 Hydrologic Studies by the Geological Survey
Green (1983), Roberts (1983).
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