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CONVERSION FACTORS AND RELATED INFORMATION

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

Multiply inch-pound units

acre
acre-foot (acre-ft)

acre-foot per square mile
(acre-ft/mi?)

barrel (petroleum, 42 gallons)
British thermal unit (Btu)

British thermal unit per pound
(Btwlb)

cubic foot (ft?)

cubic foot per second (ft¥/s)
foot (ft)

gallon per minute (gal/min)
inch (in.)

mile (mi)

square foot (ft?)

square mile (mi?)

ton, short

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

By
0.4047

1,233

°F
°C

0.002100

0.1590
0.2520

0.5556

0.02832
0.02832
0.3048

0.06308

25.40

1.609
0.09294
2.590

0.9072

9/5(°C) + 32
5/9(°F — 32)

To obtain SI units

hectare
cubic meter

cubic meter per square
kilometer

cubic meter
kilogram-calorie

kilogram-calorie per
kilogram

cubic meter

cubic meter per second
meter

liter per second
millimeter

kilometer

square meter

square kilometer

megagram
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Abstract

This report describes the physical and hydrological
features of Area 51, a hydrologic division in the Rocky
Mountain Coal Province. The land surface of Area 51
is approximately 11,800 square miles, most of which is
in Wyoming but also projects slightly into Montana. The
general topography consists of two large intermontane
basins separated by interior mountains. Altitudes range
from less than 3,900 feet to more than 13,000 feet above
sea level. The major drainages of the area are the Wind
and Bighorn Rivers.

Precipitation is more closely related to altitude and
location than latitude. The intermontane basins receive
an average of 11 inches of precipitation per year; average
precipitation in the mountains exceeds 25 inches per
year. The terrain of the study area varies from desert
badlands to alpine mountains. Sagebrush and grasses
predominate within the semiarid basins; coniferous
forests predominate in the mountains. Soils differences
are mainly due to geologic and climatic conditions.

The Federal Government owns most of the land sur-
face and mineral rights in Area 51. The U.S. Bureau of
Land Management administers most of the federal
holdings. Livestock grazing is the most common land use,
although much of the land is used as wildlife habitat.
Irrigation accounts for the largest amount of water con-
sumed. Recreation, fish and wildlife habitat, and
hydroelectric production are important water uses that
are largely nonconsumptive.

The area contains a deposit of more than 18 million
tons of strippable low-sulfur, bituminous coal, as well as
other deposits of subbituminous coal. Other mineral and
geothermal resources are abundant in the area: wells tap
supplies of oil, gas, and geothermal water; uranium, ben-
tonite, gypsum, and feldspar are mined in the area.

The quantity of surface-water runoff largely depends
upon precipitation, most of which is in the form of
snowfall on the mountains. The headwaters of the ma-
jor streams are in the mountainous areas, where

precipitation is the greatest. Chemical and sediment
samples indicate excellent water quality in many
streams draining the mountains. However, the water
quality decreases in a downstream direction in many of
the plains streams. Natural processes (such as erosion)
and activities of man (such as irrigation, storage, and
waste disposal) tend to increase the dissolved-solids,
nitrogen, phosphorus, and suspended-sediment concen-
trations and also affect water temperature. Surface water
in the area of active coal mining has not been signifi-
cantly affected; acid mine drainage is not a problem.

Time-of-travel and dispersion information is
available for a 113- river-mile reach of the Wind/Bighorn
River. This information can be used to assess the capacity
of the river to transport dissolved contaminants (solutes).

Ground water is available throughout Area 51.
Ground water 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. Ground-water data are available for about
1,300 ground-water sites in the area.

Good quality ground water is not available
everywhere. Large dissolved-solids concentrations are a
problem in many wells and springs. However, wells and
springs nearer the mountain recharge areas produce less
mineralized water.

The U.S. Geological Survey has collected hydrologic
data and made interpretive studies in Area 51 since the
late 1800’s. A large extent of the present hydrologic
knowledge of the area can be attributed to work done
in cooperation with State and other Federal agencies—
particularly the Wyoming State Engineer’s Office, the
Wyoming Department of Environmental Quality, the
U.S. Bureau of Land Management, the U.S. Bureau of
Reclamation, and the U.S. Environmental Protection
Agency.



1.0 INTRODUCTION

Hydrologic Environment Can Be Drastically
Changed by Surface Mining

Knowledge of the hydrologic conditions is essential for proper planning
of mining and reclamation; a summary of the hydrology and sources of
hydrologic information for Area 51 is presented in this report.

The use of coal has increased substantially in the
United States during recent years. Development of coal
resources is often by surface mining which significantly
changes the natural landscape and may cause related
changes to the hydrology (fig. 1.0-1). The magnitude of
surface-mining impacts on the hydrologic environment
depends on factors that are unique to each site. These
factors include mining and reclamation methods, slope
of land, type of soil and rock, amount of precipitation,
quality of ground and surface waters, and rate of water
movement.

Coal mining in the area dates back into the 1890’s;
however, large commercial operations did not begin until
the early 1900’s. Although commercial coal mining in
Area 51 has a long history, production is meager when
compared to that in the state of Wyoming as a whole.
Several small surface mines have been operated in the
area, but underground mining was the most predomi-
nant method of coal extraction (Glass and others, 1975,
p- 224).

The removal of vegetation and overburden has the
potential to affect hydrologic conditions in and near the
mined area. For example, changes in vegetative cover
and in soil infiltration rates can affect the amount and
quality of surface runoff. If excavation extends below the
water table, pumping may cause ground-water levels to
decline, subsidence may occur, and nearby wells and
springs may go dry. The potential for acid mine drainage
in the area is small, compared to the Eastern United
States, because of the alkalinity of the soils in the area.

Coal is currently (1984) being mined at only one sur-
face mine in Area 51 (fig. 1.0-2). The actual land sur-
face area of present mining is quite small. The arid
climate of the coal-deposit area makes revegetation of
reclaimed areas difficult (fig. 1.0-3); climate is the most
important and least controllable factor affecting the suc-

cess of reclamation. Although the study area includes
humid mountainous regions with plentiful streamflow
(fig. 1.0-4), water supplies within the basins are limited.
The expansion of coal and other mineral production in
the area will cause severe impacts unless the lands are
adequately reclaimed. Reclamation of mined lands in the
Western coal region are discussed in Narten and others
(1983).

In recognition of the potentially adverse hydrologic
impacts of coal mining, the Surface Mining Control and
Reclamation Act of 1977 was enacted August 3, 1977
(Public Law 95-87). The Act requires an appropriate
Federal or State agency to issue mining permits partially
on the basis of the assessment of the hydrologic impacts
in the mining-permit area. As a result, hydrologic infor-
mation on a National scale is required by the Act to
enable the surface-mine industry and consultants to
prepare the required permit applications and to enable
regulatory authorities to appraise the adequacy of the
permit applications.

This report presents a broad summary of the physical
and hydrologic features of Area 51, one of the hydrologic
reporting areas in the Northern Great Plains and Rocky
Mountain Coal Provinces (see report cover). Area 51 in-
cludes parts of Wyoming and Montana. This report pro-
vides the background for the more detailed site-specific
studies that will be needed by a mining-permit applicant
to satisfy requirements of the Surface Mining and
Reclamation Act.

Wyoming and Montana have established State pro-
grams and have been granted authority from the U.S.
Office of Surface Mining to enforce the Surface Mining
Control and Reclamation Act within their States. No coal
mining is currently (1984) being done within the Mon-
tana portion of Area 51.











































































































































































ventory data about wells, springs, and other sources of
ground water. The data included are site location and
identification, geohydrologic characteristics, well-
construction history, and one-time field measurements
such as water temperature. The file is designed to ac-
commodate 255 data elements and currently contains
data for nearly 700,000 sites.

All data files of the WATSTORE system are main-
tained and managed on the central computer facility
of the Geological Survey at its National Center.
However, data may be entered into and retrieved from
WATSTORE at a number of locations that are part of
a nationwide telecommunications network.

Remote Job-Entry Sites: Almost all of the Water
Resources Division’s district offices are equipped with
high-speed computer terminals for remote access to the
WATSTORE system. Using these terminals, data can
be entered into or retrieved from the system within an
interval of several minutes to overnight, depending upon
the priority placed on the request. The number of remote
job-entry sites is increased as the need arises.

Digital-Transmission Sites: Digital recorders are
used at many field locations to record values for
parameters such as river stage, conductivity, water
temperature, turbidity, wind direction, and chloride con-
centraion. Data are recorded on 16-channel paper tape;
the tape is removed from the recorder, and the data are
transmitted over telephone lines to the receiver at
Reston, Va. The data are recorded on magnetic tape for
use on the central computer. Extensive testing of satellite
data-collection platforms indicates their feasibility for
transmitting real-time hydrologic data on a national
scale. Battery-operated radios are used as the com-
munication link to the satellite. About 200 data-relay
stations are being operated currently by the Water
Resources Division.

Central Laboratory System: The Water Resources
Division’s water-quality laboratory, located in Denver,
Colo., analyzes more than 150,000 water samples per
year. This laboratory is equipped to automatically per-
form chemical analyses ranging from determinations of
simple inorganic substances, such as chloride, to com-
plex organic compunds, such as pesticides. As each

analysis is completed, the results are verified by
laboratory personnel and transmitted via a computer ter-
minal to the central computer facilities to be stored in
the Water-Quality File of WATSTORE.

Water data are used in many ways by decision
makers for the management, development, and monitor-
ing of our water resources. In addition to its data pro-
cessing, storage, and retrieval capabilities, WATSTORE
can provide a variety of useful products ranging from
simple tables of data to complex statistical analyses. A
minimal fee, plus the actual computer cost incurred in
producing a desired product, is charged to the requester.

Computer-Printed Tables: Users most often request
data from WATSTORE in the form of tables printed by
the computer. These tables may contain lists of actual
data or condensed indexes that indicate the availability
of data stored in the files, A variety of formats is
available to display the many types of data.

Computer-Printed Graphs: Computer-printed graphs
for the rapid analysis or display of data are another
capability of WATSTORE. Computer programs are
available to produce bar graphs (histograms), line graphs,
frequency-distribution curves, X-Y point plots, site-
location-map plots, and other similar items by means of
line printers.

Statistical Analyses: WATSTORE interfaces with a
proprietary statistical package (SAS) to provide exten-
sive analyses of data such as regression analyses,
analysis of variance, transformations, and correlations.

Digital Plotting: WATSTORE also makes use of soft-
ware systems that prepare data for digital plotting on
peripheral of fline plotters available at the central com-
puter site. Plots that can be obtained include
hydrographs, frequency-distribution curves, X-Y point
plots, contour plots, and three-dimensional plots.

Data in Machine-Readable Form: Data stored in
WATSTORE can be obtained in machine-readable form
for use on other computers or for use as input to user-
written computer programs. These data are available in
the standard format of the WATSTORE system or in the
form of punched cards or card images on magnetic tape.

WATSTORE

1

Station Header File

Ground-Water
Site-Inventory File

Water-Use File

—

Daily-Values File

Peak-Flow File

1

Water-Quality File

Unit-Values File

Figure 9.3-1 Index to file stored data.

9.0 WATER-DATA SOURCES--Continued

9.3 WATSTORE




9.0 WATER-DATA SOURCES--Continued

9.4 Index to Water-Data Activities in Coal Provinces

Water Data Indexed for Coal Provinces

A special index, ““Index to Water-Data Activities in
Coal Provinces of the United States,”” has been published by the
U.S. Geological Survey’s Office of Water-Data Coordination (OWDC).

The “Index to Water-Data Activities in Coal
Provinces of the United States” was prepared to
assist those involved in developing, managing, and
regulating the Nation’s coal resources by providing
information on the availability of water-resources
data in the major coal provinces of the United
States. It is derived from the ‘“Catalog of Informa-
tion on Water Data,” which is a computerized in-
formation file about water-data acquisition ac-
tivities in the United States and its territories and
possessions, with some international activities
included.

This special index consists of five volumes
(figure 9.4-1): volume I, Eastern Coal Province;
volume II, Interior Coal Province; volume III,
Northern Great Plains and Rocky Mountain Coal
Provinees; volume IV, Gulf Coast Coal Province;
and volume V, Pacific Coast and Alaska Coal Pro-
vinces. The information presented will aid the user
in obtaining data for evaluating the effects of coal
mining on water resources and in developing plans
for meeting additional water-data needs. The
report does not contain the actual data; rather, it
provides information that will enable the user to
determine if needed data are available.

Each volume of this special index consists of
four parts: Part A, Streamflow and Stage Stations;
Part B, Quality of Surface-Water Stations; Part C,
Quality of Ground-Water Stations; and Part D,
Areal Investigations and Miscellaneous Activities.
Information given for each activity in Parts A-C
includes: (1) the identification and location of the
station, (2) the major types of data collected, (3) the

60

frequency of data collection, (4) the form in which
the data are stored, and (5) the agency or organiza-
tion reporting the activity. Part D summarizes
areal hydrologic investigations and water-data ac-
tivities not included in the other parts of the in-
dex. The agencies that submitted the information,
agency codes, and the number of activities reported
by type are shown in a table.

Those who need additional information from
the Catalog file or who need assistance in obtaining
water data should contact the National Water-Data
Exchange (NAWDEX). (See section 9.2.)

Further information on the index volumes and
their availability may be obtained from:

District Chief
U.S. Geological Survey, WRD
2120 Capitol Ave., Room 4006
P.O. Box 1125
Cheyenne, WY 82003
Telephone: (307) 772-2153
FTS: 328-2153

or
District Chief
U.S. Geological Survey, WRD
Federal Building, Room 428
301 S. Park Ave., Drawer 10076
Helena, MT 59626-0076
Telephone: (406) 449-5496
FTS: 585-5496
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10.2 Surface-Water Miscellaneous Sites

Site number: Simplified site number used in this report to identify surface-water locations.
Miscellaneous site identification number: Assigned by the U.S. Geological Survey to locations
where only one or a few measurements or samples have been obtained. 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.

Location: Latitude and longitude are given in degrees, minutes, and seconds
Miscellaneous
site Location
Site identification Latitude Longitude
No. number vt oo Station name

174 424018108300100 42 40 18 108 30 01 Twin Creek at Carr Reservoir outlet near Lander

175 433452108124500 43 34 52 108 12 45 Bighorn River at Wedding of the Water

176 434104108200500 43 41 04 108 20 05 Mud Creek at mouth near Thermopolis

177 434112108160800 43 41 12 108 16 08 Owl Creek 0.5 mile below Eagle Draw near Thermopolis
178 434128108233400 43 41 28 108 23 34 Owl Creek near Thompson Reservoir No. 1 near Thermopolis
179 434129108145400 43 41 29 108 14 54 Owl Creek 1.7 miles above Meeteetse Draw near Thermopolis
180 434134108150400 43 41 34 108 15 04 Owl Creek 3.1 miles below Eagle Draw near Thermopolis
181 434137108143500 43 41 37 108 14 35 Owl Creek 1.0 mile above Meeteetse Draw near Thermopolis
182 434152108141100 43 41 52 108 14 11 Owl Creek below Meeteetse Draw near Thermopolis

183 434204108473200 43 42 04 108 47 32 North Fork Owl Creek above Rattlesnake Creek near Anchor Dam
184 434206108133500 43 42 06 108 13 35 Owl Creek above Sunnyside Lane near Thermopolis

185 434207108281700 43 42 07 108 28 17 Owl Creek at Middleton School

186 434208108133000 43 42 08 108 13 30 Owl Creek at Sunnyside Lane near Thermopolis

187 434229108425500 43 42 29 108 42 55 South Fork Owl Creek near Ember Ranch

188 434250108401900 43 42 50 108 40 19 South Fork Owl Creek at Ember Ranch

189 434255108103200 43 42 55 108 10 32 Owl Creek at U.S. Highway 20 near Lucermne

190 434319108093100 43 43 19 108 09 31 Owl Creek at! mouth near Lucerne

191 434326108355900 43 43 26 108 35 59 South Fork Owl Creek near mouth near Arapahoe Ranch
192 434327108320500 43 43 27 108 32 05 Owl Creek at Arapahoe Ranch

193 434336108352800 43 43 36 108 35 28 South Fork Owl Creek at mouth near Arapahoe Ranch

194 434419108081900 43 44 19 108 08 19 Kirby Creek at Black Mountain Road near Lucerne

195 434730108102600 43 47 30 108 10 26 Coal Draw at mouth at Kirby

196 435030108275300 43 50 30 108 27 53 Cottonwood Creek above Grass Creek near Hamilton Dome
197 435146108091000 43 51 46 108 09 10 Cottonwood Creek at mouth at Winchester

198 435445108291500 43 54 45 108 29 15 Grass Creek near mouth near Grass Creek

199 435524108035000 43 55 24 108 03 50 Gooseberry Creek at mouth at Neiber

200 435543109081600 43 55 43 109 08 16 Middle Fork Wood River near Kirwin

201 435608109083800 43 56 08 109 08 38 Deer Creek near Kirwin

202 435919109052800 43 59 19 109 05 28 Dick Creek near Kirwin

203 440033108395600 44 00 33 108 39 56 Gooseberry Creek at State Highway 120 near Dickie

204 440155109030000 44 01 55 109 03 00 Sunshine Reservoir tributary near Meeteetse

205 440540109032900 44 05 40 109 03 29 Greybull River at Pappapou Butte near Meeteetse

206 440630108572700 44 06 30 108 57 27 Wood River at mouth near Meeteetse

207 440930108522200 44 09 30 108 52 22 Greybull River at Meeteetse

208 441551108472800 44 15 51 108 47 28 Greybull River below Cottonwood Creek near Meeteetse
209 442017108410800 44 20 17 108 41 08 Greybull River below Coyote Canyon near Meeteetse

210 442302108161800 44 23 02 108 16 18 Greybull River near Otto

211 442327108345700 44 23 27 108 34 57 Greybull River at Fenton

212 442357108255400 44 23 57 108 25 54 Greybull River at county bridge near Burlington

213 442451108325100 44 24 51 108 32 51 Bench Canal near Fenton

214 442514108293700 44 25 14 108 29 37 Greybull River at Avent School near Burlington

215 442815108032600 44 28 15 108 03 26 Greybull River at mouth at Greybull

216 443039109084800 44 30 39 109 08 48 Shoshone River in Shoshone Canyon near Cody

217 445132108195000 44 51 32 108 19 50 Shoshone River below Sand Draw near Lovell
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