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

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
acre
acre-foot
British thermal unit per pound
cubic foot
cubic foot per second

cubic foot per second per
square mile

foot

gallon per minute

gallon per minute per foot
gallon per second

inch

micromho per centimeter at
25°Celsius

mile
million gallons

million gallons per day

square mile

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

ton per square mile

ton per year

By
4,047
1,233
2.326
0.02832

0.02832

0.01093
0.3048
0.06309
0.2070
3.785

25.40

100
1.609
3,785

0.04381
3,785

2.590

0.9072
0.9072
0.3503
0.9072

To obtain
square meter
cubic meter
kilojoule per kilogram
cubic meter
cubic meter per second

cubic meter per second per
square kilometer

meter

liter per second

liter per second per meter
liter per second
millimeter

microsiemen per meter at
25° Celsius

kilometer
cubic meter

cubic meter per second
cubic meter per day

square kilometer

metric ton (megagram)
megagram per day

megagram per square kilometer

megagram per year

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)
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Abstract

The nationwide need for hydrologic information
characterizing conditions in mined and potential
mine areas has become critical with the enactment of
the Surface Mining Control and Reclamation Act of
1977. This report is designed to be useful to surface-
mine owners, operators, and others by presenting
existing hydrologic information and by identifying
sources of hydrologic information. The information
can be used to assist in the implementation of per-
mits, decisions to lease Federally owned coal, and
preparation of Environmental Assessments. A brief
text with an accompanying map, chart, graph, or
other illustration presents general hydrologic infor-
mation for each of a series of water-resources-related
topics. Summation of the topical discussions pro-
vides a description of the hydrology of the area.

Area 48 encompasses about 8,000 square miles in
south-central Montana and northwestern Wyoming,
in the northern part of the Northern Great Plains and
Rocky Mountain Coal Provinces. The land surface
in the area typically is characterized by high rugged
mountains in the southern part, rolling prairie with
abrupt ridges in the central part and relatively low
rolling mountains in the northeast. The area is
drained primarily by the Yellowstone River, Clarks
Fork Yellowstone River, Musselshell River, and Pry-
or Creek and their tributaries.

Streamflow varies seasonally, with the largest
flows commonly occurring in the spring as a result of
rainfall and snowmelt. Peak flows in the larger
prairie streams, such as the Musselshell River, gener-
ally occur in May as a result of snowmelt or during
July through September as a result of thunderstorms.
The composition of major ions and the dissolved-
solids concentrations vary with changes in stream-
flow. Base-flow concentrations of dissolved solids
ranged from 900 to 3,500 milligrams per liter. Mag-
nesium, sodium, bicarbonate, and sulfate generally
are the dominant ions. The water composition dur-
ing base flow is indicative of the ground-water qual-
ity. During direct-runoff intervals, the relative pro-
portions of calcium and bicarbonate increase and the
water contains much smaller dissolved-solids concen-
trations. Dissolved-solids concentrations during
periods of high flow ranged from 60 to 900 milli-
grams per liter.

Suspended-sediment yields vary widely as a result
of differences in sediment availability among the
basins and in stream discharges capable of transport-
ing available sediment supplies. Average annual
sediment yields at different stations ranged from 54.5

to 373 tons per square mile. Concentrations of
suspended sediment measured in the area ranged
from 2 to 109,000 milligrams per liter.

Bedrock in the area ranges in age from Precam-
brian through Tertiary and includes the Mississippian
Madison Group; the Upper Cretaceous Eagle Sand-
stone, Judith River Formation, Bearpaw Shale, Fox
Hills Sandstone, Hell Creek Formation; and the
lower Tertiary Tullock, Lebo Shale, and Tongue
River Members of the Fort Union Formation. Alluvi-
um of Quaternary age is present along most streams.
The principal coal deposits are located in the Eagle
Sandstone, Judith River Formation, and Tongue
River Member of the Fort Union Formation.

Alluvium and terrace deposits constitute major
sources of ground water in Area 48. Alluvium along
the major streams yields as much as 300 gal/min
(gallons per minute) to wells, but yields from alluvi-
um along smaller streams is generally less than 10
gal/min. Yields of 10 to 50 gal/min have been
reported from terrace deposits. Yields from sand-
stone and fractured coal contained in Tertiary rocks
are generally less than 20 gal/min. Sandstone within
the Cretaceous section yields as much as 300 gal/min
to wells but yields commonly are less than 10 gal/
min. Paleozoic and Triassic rocks within the area
have the potential for yielding extremely large quan-
tities of water, but development is restricted by large
depth. Yields of 1,000 to 3,000 gal/min are common
and yields as large as 12,000 gal/min have been
reported from the Madison Group.

Water from most aquifers generally is of the
sodium sulfate type, with dissolved-solids concentra-
tions of 126 to 16,500 milligrams per liter. Water
from the Madison aquifer generally is of the calcium
magnesium sulfate type.

Coal mining increases the potential for hydrolog-
ic problems. Increased erosion can cause channel
filling by excessive sediment deposition. The result is
a decrease in the transport capacity of the stream and
an alteration in the habitat of aquatic organisms.
Ground-water levels can decline in and near mined
areas where the excavation intersects water-yielding
materials. These declines generally will be temporary
and water levels will recover to approximate premin-
ing conditions after mining is completed. Degrada-
tion of water quality can result from the reaction of
water with fresh mineral surfaces in the unreclaimed
tailings and in replaced overburden materials.



1.0 INTRODUCTION
1.1 Objective

Report Summarizes Available Hydrologic Data

Existing hydrologic conditions and sources of information are identified to aid
in leasing decisions, and preparation and appraisal of Environmental Impact
studies and mine-permit applications.

Hydrologic information and analysis are
needed to aid in decisions to lease Federally owned
coal and for the preparation of the necessary En-
vironmental Assessments and Impact Study
Reports. The need has become even more critical
with the enactment of Public Law 95-87, the “Sur-
face Mining Control and Reclamation Act of 1977.”
This Act requires an appropriate regulatory agency
to issue mining permits based on the review of per-
mit application data to assess hydrologic impacts.
That need is partly fulfilled by this report, which
broadly characterizes the hydrology of Area 48 in
Montana and Wyoming, a part of the Northern
Great Plains and Rocky Mountain Coal Provinces
(fig. 1.1-1). This report is one of a series that
describes the hydrology of coal provinces
nationwide.

This report provides general hydrologic infor-
mation, by means of a brief text with accom-
panying map, chart, graph, or other illustration, for
each of a series of water-resources-related

topics. Summation of the topical discussions pro-
vides 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 and to surface-mine owners,
operators, and others preparing permit applica-
tions 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 information will be supplemented by
the lease applicant’s specific site data as well as
data from other sources. The purpose of the specific
site data is to provide a detailed appraisal of the
hydrology of the area in the vicinity of the mine
and the anticipated hydrologic consequences of the
mining operation.















Multiple-regression equation is an equation de-
veloped using a statistical technique by which a
relationship between a dependent variable and one or
more independent variables is derived.

Peak flow is the largest discharge attained by a
stream.

Perennial stream is a stream that flows contin-
uously.

Periphyton are the community of micro-
organisms (algae in this report) that are attached to
or live upon submerged surfaces. -

pH is the negative base 10 logarithm of the
hydrogen-ion activity in moles per liter; it is a meas-
ure of the acidity or basicity of a solution.

Phytoplankton are the plant part of the com-
munity of suspended or floating organisms, which
drift passively with water currents.

Potentiometric surface is a surface that repre-
sents the static hydraulic head. As related to an
aquifer, it is defined by the levels to which water will
rise in tightly cased wells. The water table is a
particular potentiometric surface.

Recurrence interval is the average time interval,
in years, between occurrences of a flood of equal or
greater magnitude.

Sediment is solid material that originates mostly
from disintegrated rocks and is transported by, sus-
pended in, or deposited from water; it includes
chemical and biochemical precipitates and decom-
posed organic material such as humus. The quantity,
characteristics, and cause of sediment in streams are
affected by environmental factors such as degree of
slope, length of slope, soil characteristics, land use,
and quantity and intensity of precipitation.

Site is a particular well or location on a stream
where data are collected one or more times but not at
regular intervals.

Specific conductance is a mcasure of the ability
of water to conduct an electrical current. It is ex-
pressed in micromhos per centimeter at 25° Celsius.
Specific conductance is related to the type and con-
centration of ions in solution and can be used for
approximating the dissolved-solids concentration of
the water. Commonly, the concentration of dis-
solved solids (in milligrams per liter) is about 65
percent of the specific conductance (in micromhos
per centimeter). This relationship is not constant,

and may vary in the same source with changes in the
composition of the water.

Spoil material (spoils) is overburden material
that is placed in the mine pit after completion of
mining.

Station is a particular location on a stream or a
well where data are collected at regular intervals.

Streamflow is the discharge that occurs in a
natural channel. Although the term "discharge” can
be applied to the 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 streamflow may be
applied to discharge whether or not it is affected by
diversion or regulation.

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 sedi-
ment in the sampled zone (from the water surface to
a point about 0.3 foot above the bed), expressed as
milligrams of dry sediment per liter of water-sedi-
ment mixture.

Taxonomy is the division of biology concerned
with the classification and naming of organisms. The
classification of organisms is based upon a hierarch-
ical method beginning with Kingdom and ending
with Species at the base. The less precise the classifi-
cation, the fewer features the organisms have in
common. For example, the taxonomy of a particular
mayfly, Hexagenia limbata, is the following:

Kingdom Animal
Phylum Arthropoda
Class Insecta
Order Ephemeroptera
Family Ephemeridae
Genus Hexagenia
Species limbata

Trace elements are substances that generally
occur in small concentrations compared to the major
ions.

Water year is the 12-month period from October
1 through September 30. The water year is designat-
ed by the calendar year in which it ends and which
includes 9 of the 12 months. Thus, the year ended
September 30, 1981, is the 1981 water year.



3.0 GENERAL FEATURES
3.1 Climate

Climate is Semiarid

Area 48 has a predominantly semiarid climate, with most precipitation occurring
during summer.

The climate of Area 48 is characterized by cold
dry winters in the prairie areas and cold wet winters
in the mountainous area, cool moist springs, hot
moderately dry summers, and cool dry falls. Winter
cold waves are often interrupted by extended inter-
vals of warm weather. Summers are dominated by
hot sunny days and cool nights. Average annual
temperatures, based on the record for 1941-70, range
from 42.1°F at Red Lodge, Montana, to 48.9°F at
Joliet, Montana, according to National Weather
Service records. January normally is the coldest
month. Average January temperatures range from
19.6°F at Huntley, Montana, to 23.2°F at Billings,
Montana. July normally is the warmest month.
Average July temperatures range from 64.3°F at Red
Lodge to 72.6°F at Ballantine, Montana. Several
days annually with maximum temperatures in excess
of 100°F are not uncommon in parts of Area 48.

Average annual precipitation varies from about 6
inches in the southern area near Belfry, Montana, to
about 70 inches in small areas in the southwestern
mountains. Annual precipitation generally is more
variable, more intense, and less in total amount in the
prairie areas than in the mountains. Most of the
annual precipitation occurs from April through Au-

gust, with June being the single wettest month.
Winter months in the prairie areas are the driest;
average monthly precipitation generally is less than
0.5 inch for November through February. Snow
accumulation in the mountains and ground water
provide a source of water to sustain streamflow
throughout the summer.

Average annual precipitation, for the study area
is shown in figure 3.1-1. The base period for compu-
tation is 1941-70. The distribution of precipitation
and temperature by months for Roundup and Red
Lodge is shown in figure 3.1-2.

Daily temperature and precipitation data are
published monthly as "Climatological Data for
Montana” and "Climatological Data for Wyoming”
by the National Oceanic and Atmospheric Adminis-
tration, National Climatic Center, Ashville, North
Carolina. Statistical information is presented in U.S.
Department of Commerce, National Weather Ser-
vice, NOAA Atlas No. 2, titled, "Precipitation-
frequency atlas of the Western United States” (Miller
and others, 1973).















































































































Table 7.5-1 Peak discharge for specified exceedance
probabilities at selected gaging stations.

Sta- Drain- Discharge, in cubic feet per

tion age second, for specified exceedance

No. area probability, in percent

(fig. Station (square

6.3.1-1) name nmiles) 50 10 4 2 1

2 Big Coulee Creek 232 136 893 1,690 2,520 3,580

near Lavina,
Mont.

12 Musselshell River 4,023 1,800 4,990 7,330 9,430 11,900
near Roundup,
Mont.

15 Musselshell River 10.8 48 232 424 612 847
tributary near
Musselshell,
Mont .

18 Musselshell River 4,568 1,630 4,990 7,660 10,100 13,100
at Musselshell,
Mont.

19 Work Creek near 32.5 113 829 1,680 2,650 4,010
Reed Point,
Mont.

20 Hump Creek near 7.61 41 230 446 687 1,020
Reed Point,
Mont.

25 Allen Creek near 7.17 81 372 663 969 1,410
Park City,
Mont.

30 Sunlight Creek 135 1,100 1,830 2,440 3,020 3,730
near Painter,
Wyo.

39 Clarks Fork Yel- 1,154 7,560 9, 880 10,900 11,700 12,400

lowstone River
near Belfry,

Mont .

68 Bluewater Creek 28.1 121 653 1,220 1,830 2,630
near Bridger,
Mount.

74 Clarks Fork Yel- 2,032 7,680 10,400 11,700 12,700 13,700

lowstone River
at Edgar, Mont.

76 Clarks Fork Yel- 2,093 7,680 10,400 11,700 12,700 13,700
lowstone River
near Silesia,

Mont .

80 Rock Creek’near 124 1,210 2,060 2,500 2,830 3,170
Red Lodge,
Mont.

81 West Fork Rock 63.1 532 995 1,250 1,450 1,650

Creek below
Basin Creek,
near Red Lodge,
Mont.

82 West Fork Rock 66.9 532 995 1,250 1,450 1,650
Creek near
Red Lodge, Mont.

88 Red Lodge Creek 143 583 1,830 2,790 3,670 4,690
above Cooney
Reservoir,
near Boyd,
Mont .

89 Willow Creek 53.3 250 891 1,470 2,040 2,770
near Boyd,
Mont.

100 Yellowstone 11,795 40,600 58,500 66,200 72,000 80,000
River at
Billings, Mont.

104 Pryor Creek 39.6 143 403 580 731 902
above Pryor,
Mont.

107 Pryor Creek at 117 186 524 781 1,010 1,270
Pryor, Mont.

108 West Wets Creek 8.80 115 283 413 540 705
near Billings,
Mont.

109 West Buckeye 2.64 74 253 406 553 760
Creek near
Billings,
Mont .

110 Pryor Creek 440 659 2,010 3,180 4,340 5,740
near
Billings,
Mont .

116 Crooked Creek 7.21 140 1,060 2,290 3,960 6,410
tributary
near Shepherd,
Mont .

119 Fly Creek at 285 430 2,400 4,450 6,760 9,760
Pompeys
Pillar,
Mont .

7.0 SURFACE WATER--Continued
7.5 Peak Flow at Gaged Sites



7.0 SURFACE WATER--Continued
7.6 Estimating Peak Flow at Ungaged Sites

Peak-Flow Characteristics can be Estimated for Ungaged Sites

Annual flood peaks generally are larger and more variable in the East-Central
Plains area than in the Upper Yellowstone or Southeast Plains area.

Multiple-regression equations recently have
been developed for estimating flood peaks at
ungaged stream sties within Area 48 in Montana
(Parrett and Omang, 1981). The equations
generally are applicable to unregulated streams
where the drainage basins have not been altered
significantly by man’s activities. The equations
thus may not be valid for areas where extensive
surface mining occurs or for estimating effects of
mining.

The estimating equations were developed for
different geographic areas. Within the part of Area
48 in Montana, three geographic areas are
delineated, and three corresponding sets of equa-
tions are presented in table 7.6-1. Annual flood
peaks generally are larger and more variable in
the East-Central Plains area than in the Upper
Yellowstone or Southeast Plains area. All equa-
tions use a geographical factor that must be
obtained from a map. The geographical factor is a
multiplier which represents the difference between
the predicted peak flow and the actual peak flow.
The area map (fig. 7.6-1) shows the boundaries of
the three geographic areas and the geographical
factors for each area. The estimating equations are
applicable to drainage areas of 0.5 to about 2,600
square miles.

To estimate peak flows for streams that cross
a geographic area boundary, the following
weighting technique is used. First, compute the

46

desired peak flow using the entire drainage area
for each set of equations. Determine the proportion
of drainage area that lies in each area and multiply
the peak-flow estimate from each area by the cor-
responding proportion. Add the two flow estimates
to obtain a final, weighted peak-flow estimate.

More detailed information on the use, accuracy,
and limitations of the estimating equations is
presented in the report by Parrett and Omang
(1981). Other techniques for estimating flood peaks
on the Yellowstone River, Musselshell River, and
on streams where some streamflow-gaging data are
available also are given by Parrett and Omang
(1981).

Equations using basin characteristics for
estimating peak flows are also available for the
Wyoming part of Area 48. The estimating equa-
tions were developed for two different regions
within Area 48 (fig. 7.6-1) and corresponding sets
of equations are presented in table 7.6-2. Detailed
information on use of the method for the Wyoming
area is presented in the report by Lowham (1976).

Alternative equations using channel-geometry
measurements for estimating peak flows at
ungaged sites also have been developed for the
area. These alternative equations are contained in
reports of Omang and others (1983) and Parrett and
others (1983) for the Montana part of Area 48 and
in a report of Lowham (1976) for the Wyoming part.

















































































11.0 WATER-DATA SOURCES

11.1 Introduction

NAWDEX, WATSTORE, OWDC, and STORET
Have Water-Data Information

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

Four activities, primarily within the U.S.
Geological Survey, help to identify and improve ac-
cess to the vast amount of existing water data:

(1) The National Water Data Exchange
(NAWDEX), which indexes the water data
available from more than 400 organizations and
serves as a central assistance center to help those
needing water data to determine what information
already is available.

(2) The National Water Data Storage and
Retrieval System (WATSTORE), which serves as
the central repository of water data collected by the
U.S. Geological Survey and which contains large
volumes of data on the quantity and quality of both
surface and ground waters.
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(3) The Office of Water Data Coordination
(OWDC), which coordinates Federal water-data ac-
quisition activities and maintains a “Catalog of In-
formation 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 printed and made available to the public.

(4) STORET, which catalogs data relating to
the quality of the waterways within the contiguous
United States, is maintained by the U.S. En-
vironmental Protection Agency.

A more detailed explanation of these activities
is given in sections 11.2, 11.3, 11.4, and 11.5.



11.0 WATER-DATA SOURCES--Continued
11.2 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 network of Assistance Centers
located in 45 States and Puerto Rico, which provide local and
convenient access to NAWDEX facilities (see fig. 11.2-1). 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 individual in
identifying and locating needed water data and referring the
requester to the organization that retains the data required.
To accomplish this service, NAWDEX maintains a computerized
Master Water-Data Index (fig. 11.2-2), 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. 11.2-3) also is maintained that iden-
tifies organizations that are sources of water data and the loca-
tions within these organizations from which data may be ob-
tained. In addition NAWDEX 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 requested data or data ser-
vice. Search assistance services are provided free by NAWDEX
to the greatest extent possible. Charges are assessed, however,
for those requests requiring computer cost, extensive person-
nel time, duplicating services, or other costs incurred by
NAWDEX in the course of providing services. In all instances,
charges assessed by NAWDEX Assistance Centers will not ex-
ceed the direct costs incurred in responding to the data request.
Estimates of cost are provided by NAWDEX upon request and
when costs are anticipated to be substantial.
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For additional information concerning the NAWDEX pro-
gram or its services contact:

Program Office
National Water Data Exchange NAWDEX)
U.S. Geological Survey
421 National Center
12201 Sunrise Valley Drive
Reston, Virginia 22092
Telephone: (703) 860-6031
FTS 928-6031
Hours: 7:45-4:15 Eastern Time

NAWDEX ASSISTANCE CENTER
MONTANA
U.S. Geological Survey
Water Resources Division
428 Federal Building
Drawer 10076
Helena, Montana 59626
Telephone: (406) 449-5496
FTS 585-5496
Hours: 8:00-4:45 Mountain Time

NAWDEX ASSISTANCE CENTER
WYOMING
U.S. Geological Survey
Water Resources Division
J. C. O’'Mahoney Federal Center
Room 4007, P.O. Box 1125
2120 Capitol Avenue
Cheyenne, Wyoming 82003
Telephone (307) 778-2220, Ext. 2153
FTS 328-2153
Hours: 8:00-4:30 Mountain Time
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11.0 WATER-DATA SOURCES--Continued
11.3 WATSTORE

WATSTORE Automated Data System

The National Water Data Storage and Retrieval System (WATSTORE) of the
U.S. Geological Survey provides computerized procedures and techniques for
processing water data and provides effective and efficient management of
data-releasing activities.

The National Water Data Storage and Retrieval System
(WATSTORE) was established in November 1971 to computerize
the U.S. Geological Survey’s existing water-data system and
to provide more effective and efficient management of its data-
releasing activities. The system is operated and maintained on
the central computer facilities of the Survey at its National
Center in Reston, Virginia. Data may be obtained from
WATSTORE through the Water Resources Division’s 46 district
offices. General inquiries about WATSTORE may be directed to:

Chief Hydrologist
U.S. Geological Survey
437 National Center
Reston, VA 22092
or
U.S. Geological Survey
Water Resources Division
428 Federal Building, Drawer 10076
Helena, MT 59626
or
U.S. Geological Survey
Water Resources Division
P.O. Box 1125
Cheyenne, WY 82003

The Geological Survey currently (1983) collects data at about
17,000 stage or streamflow-gaging stations, 5,200 surface-water-
quality stations, 27,000 water-level observation wells, and 7,400
ground-water-quality monitoring wells. Each year many water-
data collection sites are added and others are discontinued; thus,
large amounts of diversified data, both current and historical,
are amassed by the Survey’s data-collection activities.

The WATSTORE system consists of several files in which
data are grouped and stored by common characteristics and data-
collection frequencies. The system also is designed to permit
the inclusion of additional data files as needed. Currently, files
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are maintained for the storage of: (1) surface-water, quality-of-
water, and ground-water parameters measured on a daily or
continuous basis; (2) annual peak values for streamflow stations;
(3) chemical analyses for surface- and ground-water sites; (4)
water parameters measured more frequently than daily; and
(5) geologic and inventory data for ground-water sites. In addi-
tion, an index file of sites for which data are stored in the system
is also maintained (fig. 11.3-1). A brief description of each file
follows.

Station-Header File: All sites for which data are stored in
the Daily-Values, Peak-Flow, Water-Quality, and Unit-Values
Files of WATSTORE are indexed in this file. It contains infor-
mation pertinent to the identification, location, and physical
description of nearly 220,000 sites.

Daily-Values File: All water-data parameters measured or
observed either on a daily or on a continuous basis and
numerically reduced to daily values are stored in this file. In-
stantaneous measurements at fixed-time intervals, daily mean
values, and statistics such as daily maximum and minimum
values also may be stored. This file currently contains more than
200 million daily values, including data on streamflow, river
stages, reservoir contents, specific conductance, sediment con-
centrations, sediment discharges, and ground-water levels.

Peak-Flow File: Annual maximum (peak) streamflow
(discharge) and gage height (stage) values at surface-water sites
compose this file, which currently contains more than 400,000
observations of peak flow.

Water-Quality File: Results of more than 1.4 million analyses
of water samples are contained in this file. These analyses con-
tain data for as many as 185 different constituents that describe
the chemical, physical, biological and radiochemical
characteristics of both surface and ground waters.



Unit-Values File: Water parameters measured on a schedule
more frequent than daily are stored in this file. Rainfall, stream
discharge, and temperature data are examples of the types of
data stored in the Unit-Values File.

Ground-Water Site-Inventory File: This file is maintained
within WATSTORE independent of the files discussed above,
but it is cross-referenced to the Water-Quality File and the Daily-
Values File. It contains inventory data about wells, springs, and
other sources of ground water. The data included are site loca-
tion and identification, geohydrologic characteristics, well-
construction history, and one-time onsite measurements such
as water temperature. The file is designed to accommodate 225
data elements and currently contains data for nearly 700,000
sites.

Water-Use File: This file is also an independent file main-
tained within WATSTORE that contains aggregated estimates
of water usage by county and hydrologic unit. The Water-Use
File has the capability to store and disseminate aggregated data
on water withdrawals and returns.

All data files of the WATSTORE system are maintained and
managed on the central computer facilities of the Geological
Survey at its National Center. However, data may be entered
into or retrieved from WATSTORE at a number of locations that
are part of a nationwide telecommunication network.

Remote Job-Entry Sites: Almost all Water Resources Divi-
sion district offices are equipped with high-speed computer ter-
minals for remote access to the WATSTORE system. These ter-
minals allow each office to put data into or retrieve data from
the system within 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 concentration. Data are recorded on a
16-channel paper tape, which is removed from the recorder and
transmitted via telephone lines to the receiver at Reston,
Virginia. The data are re-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 communication link to the satellite. About
500 data-relay stations currently (1983) are being operated by
the Water Resources Division.

Central-Laboratory System: The Water Resources Division’s
two water-quality laboratories, located in Denver, Colorado, and
Atlanta, Georgia, analyze more than 150,000 water samples per
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year. These laboratories are equipped to automatically perform
chemical analyses ranging from determinations of simple in-
organic substances, such as chlorides, to complex organic com-
pounds, such as pesticides. As each analysis is completed, the
results are verified by laboratory personnel and transmitted via
a computer terminal 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 monitoring of our water
resources. In addition to its data processing, storage, and
retrieval capabilities, WATSTORE can provide a variety of
useful products ranging from simple data tables 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 in-
dexes 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 analyses 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 s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>