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Water-Resources Activities of the
U.S. Geological Survey in Wyoming,
October 1991 through September 1993

Compiled by U.S. Geological Survey

Abstract

This report describes the water-resources
activities of the U.S. Geological Survey (USGS),
Wyoming District. The activities are classified as
data-collection programs and water-resources-
appraisal projects. Much of the work is done in
cooperation with other agencies. During fiscal
years 1992 and 1993, cooperators included nine
local agencies, two Native American tribes, seven
State agencies, and nine Federal agencies. This
report is a biennial progress report to the cooperat-
ing agencies and the general public.

During fiscal year 1992, the Wyoming
District operated 166 streamflow stations,

1 reservoir station, 93 surface-water-quality sta-
tions, 34 fluvial-sediment stations, 85 ground-
water-level observation wells, and 100 ground-
water-quality sites, of which 25 were sampled dur-
ing fiscal year 1992.

Descriptions, location maps, and status
statements are given for the 4 long-term data-
collection projects and for 16 water-resources-
appraisal projects that were active (funded) during
fiscal year 1992 or 1993. Also included are lists of
14 projects that were completed between May
1991 and June 1993; and 2 projects for which
funding ended prior to 1993 and that are com-
pleted except for the final report(s). The final sec-
tion is a bibliographic listing of reports by USGS
authors about the water resources of Wyoming.

INTRODUCTION

The U.S. Geological Survey (USGS) is the Fed-
eral agency responsible for appraising the quantity,
quality, and movement of the Nation's surface-water
and ground-water resources. The Water Resources
Division Districts of the USGS maintain long-term net-
works of hydrologic-data stations and conduct interpre-
tive studies in every State, the Commonwealth of

Puerto Rico, and the American Trust Territories. Many
of the water-resources activities are carried out in coop-
eration with local, State, and other Federal agencies to
describe local and regional hydrologic systems and
processes, or to evaluate and solve hydrologic prob-
lems. The cooperating agencies commonly use the
results in water-resources management. The informa-
tion products of the investigations, however—hydro-
logic data and interpretive reports—are available to
any one, on request.

This report describes the water-resources activi-
ties of the Wyoming District during fiscal years 1992
and 1993 (October 1, 1991 through September 30,
1993). It is a biennial progress report to officials of
cooperating agencies and to the public. Cooperating
agencies during 1992-93 are listed in the front of the
report (back of title page) and are identified with each
activity described in the text. The activities are classi-
fied into two groups: (1) data-collection projects, and
(2) water-resources-appraisal projects.

The data-collection projects include (1) collect-
ing records of streamflow and reservoir storage,
(2) sampling and chemical analysis of water from
streams and ground-water wells, (3) sampling and anal-
ysis of sediment in surface water, and (4) measuring
water levels in wells. This report contains maps show-
ing the location of data-collection sites during water
year 1992, (A water year is the same as a fiscal year—
October 1 through September 30.) Hydrologic data
also are collected as part of many water-resources-
appraisal projects; location of these short-term sites are
not shown on the maps in this report.

The water-resources-appraisal projects
described are those being conducted during fiscal years
1992 and (or) 1993. Projects completed prior to fiscal
year 1993, but for which final reports were still in prep-
aration as of release of this report, are listed separately.
An extensive listing of reports of results from previous
activities is provided at the back of this report. A bro-
chure summarizing the activities of the Wyoming Dis-
trict is provided at the back of this report.

INTRODUCTION 1



ORIGIN OF THE U.S. GEOLOGICAL
SURVEY

The USGS was established by an act of Congress
on March 3, 1879, providing a permanent Federal
agency to conduct the systematic and scientific “classi-
fication of the public lands, and examination of the
geological structure, mineral resources, and products of
national domain.” An integral part of that original mis-
sion includes publishing and disseminating the earth-
science information needed to understand, to plan the
use of, and to manage the Nation's energy, land, min-
eral, and water resources.

Since 1879, the research and fact-finding role of
the USGS has expanded and been modified to meet the
changing needs of the Nation it serves. As part of that
evolution, the USGS has become the Federal Govern-
ment's largest earth-science research agency, the
Nation's largest civilian map-making agency, the pri-
mary source of data on the Nation's surface- and
ground-water resources, and the employer of the larg-
est number of professional earth scientists. Today's
programs serve a diversity of needs and users. Pro-
grams include:

* Conducting detailed assessments of the energy
and mineral potential of the Nation's land and
offshore area.

* Investigating and issuing warnings of earth-
quakes, volcanic eruptions, landslides, and
other geologic and hydrologic hazards.

* Conducting research on the geologic structure
of the Nation.

* Studying the geologic features, structure, pro-
cesses, and history of the other planets of our
solar system.

* Conducting topographic surveys of the Nation,
preparing topographic and thematic maps and
related cartographic products.

* Developing and producing digital cartographic
data bases and products.

* Collecting data on a routine basis to determine
the quantity, quality, and use of surface and
ground water.

* Conducting water-resource appraisals in order
to describe the consequences of alternative
plans for developing land and water resources.

* Conducting research in hydraulics and hydrol-
ogy, and coordinating most Federal water-data
acquisition.

» Using remotely sensed data to develop new
research techniques in cartography, geology,
and hydrology for natural-resources planning
and management.

* Providing earth-science information through
an extensive publications program.

Along with its continuing commitment to meet
the expanding and changing earth-science needs of the
Nation, the USGS remains dedicated to its original
mission: to collect, analyze, interpret, publish, and dis-
seminate information about the natural resources of the
Nation--providing earth science to the public.

MISSION OF THE WATER RESOURCES
DIVISION

The mission of the Water Resources Division is
to provide the hydrologic information and technical
evaluation needed for the optimum use and manage-
ment of the Nation's water resources for the overall
benefit of the people of the United States.

This is accomplished, in large part, through co-
operation with other Federal and non-Federal agencies,
by:

* Collecting, on a systematic basis, data needed
for the continuing determination and evalua-
tion of the quantity, quality, and use of the
Nation's water resources.

* Conducting analytical and interpretive water-
resource appraisals describing the occurrence,
availability, and the physical, chemical, and
biological characteristics of surface and
ground water.

* Conducting basic and problem-oriented
research in hydraulics, hydrology, and related
fields of science to improve the scientific
knowledge for investigations and measure-
ment techniques.

* Disseminating the water data and the results of
these investigations and research through
reports, maps, computerized information ser-
vices, and other forms of public releases.
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* Coordinating the activities of Federal agencies
in the acquisition of water data for streams,
lakes, reservoirs, estuaries, and ground water.

* Providing scientific and technical assistance in
hydrologic fields to State, local, and other Fed-
eral agencies, to licensees of the Federal Power
Commission, and to international agencies on
behalf of the U.S. Department of State.

ORIGIN OF THE WYOMING DISTRICT

The Water Resources Division of the USGS, of
which the Wyoming District is a part, has its roots in
the Irrigation Survey of 1888-90. The Sundry Civil
Appropriation Act of 1888 established an Irrigation
Survey as a part of the USGS “for the purpose of inves-
tigating the extent to which the arid region of the

United States can be redeemed by irrigation * * *71 In
1888, the Washington, D.C. office of the USGS paid
the installation costs for the first streamflow-gaging
station in Wyoming—Laramie River at Woods Land-
ing. The station was constructed and operated by the
Territorial Engineer, Elwood Mead. Between 1895
and 1901, the USGS paid operating expenses for addi-
tional stations operated by the Wyoming State Engi-
neer. A.J. Parshall became the first resident
hydrographer for the USGS in Wyoming in 1901.

These early activities were forerunners of the
Federal-State Cooperative Water-Resources Program,
first funded by Congress in 1905, and given formal rec-
ognition by Congress in 1927. The Cooperative Pro-
gram is a partnership between the USGS and State and
local agencies for water-resources investigations.

Surface-water investigations in cooperation with
the State Engineer have continued without interruption
since 1915. Early Federal cooperators included the
Reclamation Service (about 1902), the Indian Service
(1908), and the Forest Service (1910). A flood-inves-
tigations program was started in 1959 in cooperation
with the Wyoming Highway Department; this success-
ful program was completed in 1988.

Surface-water activities in Wyoming were di-
rected from Washington until 1903, when the Colorado
District was established under M.C. Hinderlider. Be-
tween 1903 and 1961, Wyoming was part of the Colo-
rado District, with local offices at various times in
Kemmerer, Sheridan, and Casper. The Wyoming Dis-
trict, Surface Water Branch, was established in 1961,
with L.A. Wiard as District Engineer.

1U.S. Statutes at Large, 1887-89, The Sundry Civil Appropriations
Act of 1888: Washington, v. 25, chap. 1069, p. 526.

The earliest known ground-water studies by the
USGS in Wyoming were done between 1901 and 1917
by G.I. Adams in Goshen Hole area; N.H. Darton and
others in the Great Plains, Bighorn Mountains, Laramie
Range, and Black Hills; and O.E. Meinzer in Lodge-
pole Valley. Investigations in cooperation with State
agencies have been carried out since 1940, when the
Wyoming Planning and Water Conservation Board
sponsored a study of the Egbert-Pine Bluffs area by
T.W. Robinson. Cooperation on hydrologic studies
with the State Engineer has continued since 1945.

Ground-water work in Wyoming was directed
from Washington until 1945, when Wyoming became
a part of the Colorado District under S.W. Lohman.
The local geologist in charge was A.M. Morgan. In
1951 the Wyoming District, Ground Water Branch,
was established with H.M. Babcock as District Geolo-
gist.

Surface-water quality work in Wyoming began
with the establishment of an office and sediment labo-
ratory in Worland in March 1946, with T.F. Hanly in
charge. The program was directed by P.C. Benedict,
Regional Engineer, in Lincoln, Nebraska. During
1948, chemical-quality and sediment stations were in
operation in the North Platte River basin under the Mis-
souri River basin program of the U.S. Department of
the Interior.

In February 1956, the office in Worland was des-
ignated as a District Office, Quality of Water Branch,
with T.F. Hanly as District Engineer. The first sedi-
ment station in the State cooperative program was es-
tablished on Rock Creek near Atlantic City with the
Wyoming Natural Resources Board in 1957. A coop-
erative chemical-quality program with the State Engi-
neer was started in 1959 to evaluate the effects of the
Kendrick Project on the North Platte River. Since
1965, the Wyoming Department of Agriculture has
been the principal State cooperator for chemical quali-
ty, and the State Engineer for sediment data.

The Branch Districts in Wyoming were com-
bined into a single Water Resources Division District
in February 1967, with L.A. Wiard as District Chief.
Subsequent District Chiefs include: R.L. Cushman
(1968), S.W. West (1973), W.W. Dudley, Jr. (1979),
R.M. Bloyd (1983), and J.E. Kircher (1987). The
present District Chief, B.D. Lewis, was appointed in
1992.

DISTRICT OPERATIONS

The water-resources activities of the Wyoming
District Office are carried out by two operating sec-
tions. The Hydrologic Surveillance and Data Manage-
ment Section designs, constructs, operates, and
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maintains the District's hydrologic-data stations and
manages the collection, analysis, publication, and stor-
age of hydrologic data. The Hydrologic Investigations
Section plans and executes water-resources investiga-
tions Statewide, including mathematical modeling of
ground-water systems, application of open-channel hy-
draulics to surface-water problems, water-resources
appraisals, hazardous-waste investigations, and evalu-
ation of the hydrologic effects of human activities such
as irrigation of croplands or surface mining of coal.
The operating sections are supported by the Adminis-
trative Services Section, Computer Support Unit, and
Publications Support Unit.

The District Office is in Cheyenne, with Field
Offices in Casper and Riverton (inside front cover and
fig. 1). Personnel of the Field Offices perform most of
the hydrologic-data collection; the Casper office is re-
sponsible for eastern Wyoming, and the Riverton office
is responsible for western Wyoming. District manag-
ers and subject-matter specialists are listed below:

District Chief Barney D. Lewis

Assistant District Chief
and Chief Hydrologic
Surveillance and Data

Management Section Stanley A. Druse

Chief, Hydrologic

Investigations Section (vacant)

Chief, Casper Field Office William R. Glass

Chief, Riverton Field Office  Myron L. Smalley

Chief, Environmental

Studies Unit Hugh W. Lowham

Chief, Hydrologic

Studies Unit Randolph B. See

Administrative Officer Doris J. Adair

Reports Specialist William B. Borchert

Computer Specialist Charles A. Eshelman

Surface-Water Specialist James G. Rankl

Quality-of-Water

Specialist George F. Ritz

Ground-Water Specialist (vacant)
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Figure 1.--Location of U.S. Geological Survey,
Water Resources Division offices in Wyoming.

SOURCES OF FUNDING

Funds for carrying out the water-resources inves-
tigations of the U.S. Geological Survey (USGS) in
Wyoming are provided by many agencies. The agen-
cies are classified by three major categories: (1) State
and local agencies that provide funds or services, or
both, generally matched on a 50-50 (percent) basis by
USGS funds (cooperative program); (2) other Federal
agencies that transfer funds to the USGS (OFA pro-
gram); and (3) USGS funds received by direct appro-
priation for activities that are national in scope (Federal
program). The distribution of these funds in Wyoming
by major category for fiscal years 1992 and 1993 is
shown in figure 2. During fiscal year 1992, about 15
percent of the funds were used for collection of hydro-
logic data and about 85 percent for interpretive hydro-
logic studies, while in 1993 the distribution is 17
percent hydrologic data and 83 percent hydrologic
studies.
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COOPERATIVE
PROGRAM
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PROGRAM
4 percent

OFA PROGRAM
67 percent

FISCAL YEAR 1992
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Figure 2.--Sources of funding.

SUMMARY OF HYDROLOGIC
CONDITIONS DURING WATER YEAR 1992

Hydrologic conditions during water year 1992 in
Wyoming was dominated by less-than-average stream-
flow throughout most of the State. Less-than-normal
precipitation was prevalent in western Wyoming with
near normal precipitation elsewhere. Although above
average precipitation prevailed during water year 1991,
water year 1992 was another year of drought conditions
that have persisted since 1988. Most of the State con-
tinued to be affected by drought, ranging from moder-
ate to extreme, as reported in the 1992 issues of the
Weekly Weather and Crop Bulletin prepared and pub-
lished by the National Oceanic and Atmospheric Ad-
ministration (NOAA) and the U.S. Department of
Agriculture Joint Agricultural Weather Facility. The
August 22, 1992 issue indicated most of the State was
affected by extreme drought as determined by the long-
term Palmer drought severity index (which predicts
prolonged, months/years, of abnormal dryness or wet-
ness). The major exception was the Bighorn Mountain
area in north-central Wyoming which improved to no
drought effect. Drought conditions caused several Wy-
oming counties to be declared federal disaster areas
during the year. Counties so designed included Crook
and two contiguous counties—Campbell and Weston;
Platte and five contiguous counties—Albany, Con-
verse, Goshen, Laramie, and Niobrara; and Sublette
and four contiguous counties—Fremont, Sweetwater,
Lincoln, and Teton.

Precipitation

Precipitation during water year 1992 was less
than normal (1951-80 average) for the western part of
the State, greater-than-normal in the north-central, and
near normal elsewhere. Precipitation and departures
from normal for the major divisions (drainage basins)
are published by NOAA. The Snake River basin, and
Green and Bear River basins in western Wyoming re-
ceived 78 and 86 percent of normal precipitation. The
[Lower] North Platte River basin in southeastern Wyo-
ming was also less than normal at 95 percent. Precipi-
tation was greater than normal in north-central
Wyoming, where the Bighorn River basins received
128 percent of normal, the Wind River 119 percent,
and the Powder River/Little Missouri/Tongue River
area, 102 percent. The [Upper] North Platte River ba-
sin in south-central Wyoming received 106 percent of
normal precipitation.

Precipitation in the mountains, in the form of
snow, provides most of Wyoming's annual water sup-
ply. Precipitation and snowpack in Wyoming's moun-
tains is reported by the U.S. Soil Conservation Service
in Basin Outlook Reports. Graphs in the June 1, 1992
issue indicated that greater-than-normal precipitation
occurred throughout most of the mountainous areas of
the State in November and May. However, most of the
remaining months were near or appreciably less than
normal. At the end of May 1992, the percent of normal
precipitation—for mountainous areas in selected ba-
sins—were as follows:

Wind River basin—75 percent
Bighorn River basin—95 percent
Upper North Platte River basin—=83 percent
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Lower North Platte/Sweetwater/and Laramie
basins—75 percent

Upper Green River basin—357 percent

The June 1, 1992 issue noted: “Water users
throughout the State face a grim water season this sum-
mer. Forecasts indicated that streamflow will be below
to much below average for the spring and summer run-
off period. Accumulated snowpack started melting
four to six weeks early this year, so most high elevation
snow is gone.”

Streamflow

Monthly and annual discharge in most streams
reflected the ongoing drought conditions prevalent in
most of the State. The exceptions were those streams
in the Bighorn Mountains, where streamflow at several
gaging stations exceeded the long-term average dis-
charge. The average discharge for water year 1992 at
selected index stations was in the lower quartile of an-
nual average discharges for the periods of record. The
average discharge during water year 1992 for North
Platte River at Wyoming-Nebraska State line was the
lowest for the period of record. Gordon W. Fassett,
Wyoming State Engineer, noted in a December 1992
written communication that the total volume of water
stored in the North Platte Reservoir system was the
lowest for that time of year since 1966. Also, system
storage had declined from more than 2 million acre-feet
at the end of 1986 Water Year to 722,900 acre-feet at
the end of the Water Year 1992.

Floods

Flooding, particularly that from snowmelt, was
moderate throughout the State during water year 1992.
The moderate maximum discharges generally reflected
the continuing drought and the earlier-than-normal
snowmelt. Maximum discharges at most streamflow-
gaging stations in Wyoming had a recurrence interval
of 2 years or less. Summer thunderstorms caused local-
ly severe flooding in several streams throughout the
State. Most noteworthy of the reports of flooding was
that of June 15 in the Crazy Woman Creek, North Fork
Powder River, and Clear Creek drainage basins, south
and east of Buffalo, Wyoming. Streams in these basins
were reported to be out of their banks. The streamflow-
gaging station, 06311400 North Fork Powder River be-
low Pass Creek, near Mayoworth had a peak of 1,090
cubic feet per second which has a recurrence interval of
about 20 years. Stan Krenz, National Weather Service,

Sheridan (oral commun.) reported 4.75 inches of pre-

cipitation for a location 20 miles south of Buffalo. He
noted that unconfirmed reports indicated total precipi-
tation as high as 6 inches.

Chemical Quality of Surface Water

Specific conductance of water samples from
streams during water year 1992 was not significantly
different from that of the previous 10 years, based on
the data from seven water-quality stations. Specific
conductance was chosen as an indicator of dissolved-
solids concentration in water, because the conductance
varies directly with the concentration and species of
ions in the water. These seven stations were selected to
represent the major river basins of Wyoming.

The mean values of specific conductance at each
station for water year 1992 was compared to the mean
value for the previous 10 water years at that station,
1982-91, using the Wilcoxon-Mann-Whitney rank sum
test. The mean values of specific conductance at these
stations for water year 1992 were not significantly dif-
ferent statistically than the mean values for the previ-
ous 10-year period.

Ground-Water Levels

Ground-water levels were measured in a state-
wide network of 85 observation wells; most wells are
in areas of extensive ground-water withdrawal—
mainly in southeastern Wyoming. In Niobrara, Gos-
hen, and eastern Laramie Counties, most withdrawals
from the High Plains aquifer are for irrigation. In Platte
County, withdrawals from alluvium also are mainly for
irrigation. In central Laramie County, water is with-
drawn from the High Plains aquifer, mainly for domes-
tic use.

Water levels were measured and continuously
recorded in 65 wells equipped with float-driven digital
water-level recorders and at 2 artesian wells equipped
with pressure-sensing transducers and electronic data
recorders. Water levels in the remaining wells in the
network were measured manually by use of a steel tape.
The changes in water levels in wells between water
year 1991 and water year 1992 were determined from
the maximum water levels (referred to only as water
levels in the following discussion) measured during
each water year.

Water levels in most observation wells through-
out the State declined between water years 1991 and
1992. Hot Springs and Sweetwater Counties were the
only counties where water levels rose in most of the ob-

6 WATER-RESOURCES ACTIVITIES OF THE USGS IN WYOMING, 1991-93



servation wells. The changes between water years
1991 and 1992 in 18 wells in Laramie County ranged
from about a 3.8-foot rise to about a 5.5-foot decline;
the median change for all observation wells in Laramie
County was 0.4-foot decline. Water-level changes in
10 wells in Platte County ranged from about a 0.4-foot
rise to a 6.0-foot decline; the median was a 0.3-foot de-
cline. Changes in 6 wells in Niobrara County ranged
from about a 0.8-foot rise to a 1.2-foot decline; the me-
dian was a 0.1-foot decline. Changes in 10 wells in
Goshen County ranged from about a 0.2-foot rise to a
2.5-foot decline; the median was a 0.6-foot decline.
Water-level declines also were predominant in obser-
vation wells in Campbell and Crook Counties, where
changes ranged from about a 2.0-foot rise to a 4.5-foot
decline; the median was a 3.7 foot decline.

Hydrographs of water levels and selected statis-
tical data are published in separate water-level reports.
The most recent report, Open-File Report 92-111 (see
Selected Publications at back of this report), is avail-
able for inspection at the U.S. Geological Survey in
Cheyenne.

Drought conditions persisted throughout most of
Wyoming during water year 1990, with only extreme
eastern and extreme northwestern Wyoming having
near normal conditions. The Weekly Weather and
Crop Bulletin, prepared and published by the National
Oceanic and Atmospheric Administration (NOAA)
and the U.S. Department of Agriculture Joint Agricul-
tural Weather Facility, reported little change from 1989
in the area affected by severe and extreme drought dur-
ing the summer months. The July 7 report showed the
area of extreme drought included all of Wyoming ex-
cept extreme eastern and extreme northwestern Wyo-
ming, and this condition prevailed through their
September report. Water year 1990 was the third con-
secutive year of drought throughout most of Wyoming.

Ground-Water Quality

The quality of ground water ordinarily changes
slowly; therefore, for most general purposes, ground-
water quality is monitored by one annual sampling or
by sampling selected sites at infrequent intervals dur-
ing the year. All wells sampled are pumped long
enough to assure that the water collected is a represen-
tative sample of the aquifer.

During 1988-92, approximately 100 water wells
were part of the ground-water- quality monitoring pro-
gram. Twenty-five of the wells were sampled each
year. No substantial changes in ground-water quality
have been detected during the 4-year period.

DATA-COLLECTION SITES

Hydrologic-data stations are maintained at se-
lected locations throughout Wyoming for obtaining
records of streamflow stage and discharge, reservoir el-
evation and storage, the quality of surface water and
ground water, ground-water levels, and well and spring
discharge. The location of stations for which hydro-
logic data were published in the report, Water-Re-
sources Data for Wyoming—water year 1992, are
shown in figures 3-5. A summary of stations operated
by the Wyoming District during water year 1992 is list-
ed in table 1.

Table 1.--Hydrologic-data stations operated by the
Wyoming District, U.S. Geological Survey, during
water year 1992

[Data stations in Wyoming, but operated by Districts in adjacent
States, are not included]

Station type ofN:t:’tti’:;s
Surface water:
Streamflow:
Continuous (daily) record 116
Seasonal (daily) record 45
Peak-flow, crest-stage record 5
Lakes and reservoirs:
Stage and contents |
Water quality:
Periodic chemical quality 87
Daily quality monitoring 6
Suspended sediment 34
Ground water:
Periodic water levels 18
Daily water levels
Chemical quality 5100
Meteorological:
Precipitation quantity, air
temperature, or both 7

Records of daily or month-end contents provided by U.S.
Bureau of Reclamation for 13 reservoirs in Wyoming
were published in USGS Water-Data Report WY-92-1
(see listings at back of this report).

STwenty-five wells sampled each year; resampled every 4
years.

DATA-COLLECTION SITES
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Every year new stations are added and others are
discontinued; thus, the USGS has Statewide coverage
of both current and historical hydrologic data. A com-
plete list of discontinued and active data-collection sta-
tions (excluding ground-water wells) is published in
the annual report, Water-Resources Data for
Wyoming. A separate index of surface-water stations
through water year 1990 also is available from the any
of the three USGS offices in Wyoming (see Open-File
Report 91-497 in Selected Publications at the back of
this report).

Most water-resources data are stored in the
USGCS National Water Information System (NWIS)
data base and are available on request. These data can
be retrieved on machine-readable media or on paper
printouts as tables, statistical summaries, or graphs.
Assistance in acquiring services or products from
NWIS can be obtained by contacting the District Office
in Cheyenne.

DATA-COLLECTION PROJECTS
Surface-water stations (WY001)

FUNDING AGENCIES: Wyoming State Engineer,
Wyoming Department of Environmental Quality,
Wyoming Water Development Commission, Wyoming
Game and Fish Department, Teton County, Uinta
County, Sheridan Area Water Supply-Joint Powers
Board, City of Evanston, City of Gillette, Shoshone
Tribe, Northern Arapahoe Tribe, Midvale Irrigation
District, U.S. Air Force, U.S. Bureau of Land Manage-
ment, U.S. Bureau of Reclamation, U.S. Army, Corps
of Engineers, U.S. Forest Service, and USGS

PROJECT LEADER: Stanley A. Druse
FIELD LOCATION: Statewide
PERIOD OF PROJECT: Ongoing

PROBLEM: Surface-water information is needed for
surveillance, planning, design, hazard warning, opera-
tion, and management in related fields such as water
supply, hydroelectric power, flood control, irrigation,
bridge and culvert design, wildlife management, pol-
lution abatement, flood-plain management, and water-
resources development. To provide this information,
an appropriate data base is necessary.

OBJECTIVES: (1) Collect sufficient surface-water
data to satisfy needs for current-purpose uses such as:
assessment of water resources, operation of reservoirs
and irrigation projects, prediction of stage or
discharge, pollution controls and disposal of wastes,
discharge data to accompany water-quality measure-

ments, compact and legal requirements, and research
or special studies; and (2) collection of data necessary
for analytical studies to define for any location the sta-
tistical properties of, and trends in, the occurrence of
water in streams and lakes for use in planning and
design.

APPROACH: Standard methods of data collection
will be used as described in the series, Techniques of
Water-Resources Investigations of the U.S. Geologi-
cal Survey, and partial-record gaging will be used
where it serves the required purpose instead of com-
plete-record gaging.

STATUS: During water year 1992, there were 166 sta-
tions in the network—116 continuous-record stations
and 50 seasonal or partial-record peak-flow stations.
The level of activity moderated during 1992, with a
net increase of 2 new continuous-record stations. The
Wyoming State Engineer’s Office operates 28 stations,
most of which are operated seasonally. Computation
and compilation of surface-water data for the water-
year 1992 data report were completed on schedule,
again allowing the Wyoming District to the Division’s
goal of having the report to the printer by April 1.
Wyoming again participated in having the data report
entered into the Headquarters-sponsored CD-ROM
project. Work continues on the District’s cableway-
safety program, to install handrails on cableway plat-
forms at a rate of about 10 per year and new main
cables at a rate of two per year. Also, a dead-load
tester was constructed, and testing of cableways has
begun. In the District’s program to eliminate mercury
manometers, three stations were converted from
manometers to stilling wells during 1992. An index of
streamflow stations operated through 1990 was pub-
lished in 1992.

PUBLICATIONS (See listings at back of this report):

U.S. Geological Survey Water-Data Reports WY-91-1 and
WY-92-1.

U.S. Geological Survey Open-File Report 91-072. Sum-
mary of data indicating gain or loss of stream-
flow across outcrops of Paleozoic formations in
northeastern Wyoming, 1974-91, by W.R. Glass
and L.G. Sultz. 1992.

U.S. Geological Survey Open-File Report 91-497. Index of
surface-water discharge, water-quality, sedi-
ment, and biological records through Septem-
ber 30, 1990, for Wyoming, by N.K. Ruby, R.J.
Sagmeister, S.L. Green, and J.D. Walgren. 1991.
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Ground-water stations (WY002)

FUNDING AGENCIES: Wyoming State Engineer,
National Park Service, and USGS

PROJECT LEADER: Hugh I. Kennedy
FIELD LOCATION: Statewide
PERIOD OF PROJECT: Ongoing

PROBLEM: Long-term ground-water-level records
are needed to evaluate the effects of climatic variations
on the recharge to and discharge from the ground-
water systems to provide a data base from which to
measure the effects of development, assist in the pre-
diction of future supplies, and provide data for man-
agement of the resource. Short-term water-level
records also are needed for ground-water resources
assessment, areal investigations, and water-use inves-
tigations.

OBJECTIVES: (1) Collect sufficient water-level data
to provide a data base so that the general hydrologic
response to climatic variations and induced stresses is
known and potential problems can be defined early
enough to allow planning and management; and

(2) provide a data base against which short-term
records acquired in areal studies can be analyzed. This
analysis must provide an assessment of the ground-
water resource, allow prediction of future conditions,
detect and define pollution and supply problems, and
provide the data base necessary for ground-water man-
agement.

APPROACH: The most advantageous locations for
long-term observations will be determined. This net-
work will be refined as records become available and
detailed areal studies of the ground-water system more
closely define the aquifers, their properties, and the
stresses to which they are subjected.

STATUS: During water year 1992, there were

85 observation wells in the network—67 continuous-
record sites and 18 periodic-record sites. The Wyo-
ming State Engineer’s Office operates about two-
thirds of the network wells. Computation and compi-
lation of the data are maintained at a near-current sta-
tus.

PUBLICATIONS (See listings at back of this repoit):

U.S. Geological Survey Water-Data Reports WY-91-1
and WY-92-1.

U.S. Geological Survey Open-File Report 92-111. Ground-
water levels in Wyoming, 1982 through Sep-
tember 1991, by H 1. Kennedy and S.L. Green.
1992.

Water-quality stations (WY003)

FUNDING AGENCIES: Wyoming Department of
Agriculture, Wyoming State Engineer, Wyoming
Department of Environmental Quality, Wyoming
Water Development Commission, Wyoming Game
and Fish Department, Fremont County Weed and Pest
Control District, City of Gillette, Shoshone Tribe,
Northern Arapahoe Tribe, National Park Service,
U.S. Bureau of Reclamation, U.S. Forest Service, and
USGS

PROJECT LEADER: George F. Ritz
FIELD LOCATION: Statewide
PERIOD OF PROJECT: Ongoing

PROBLEM: Water-resource planning and water-qual-
ity assessment require a nationwide base level of stan-
dardized information. For intelligent planning and
realistic assessment of the water resource, the chemi-
cal and physical quality of surface and ground water
must be defined and monitored.

OBIJECTIVES: (1) Provide Statewide data to a
national bank of water-quality data for broad Federal
and State planning and action programs, (2) provide
data for State and Federal management of interstate
waters, and (3) provide data for interpretation in areal
studies.

APPROACH: A network of water-quality stations
will be operated at stream sites to provide data on
average chemical concentrations, loads, and trends as
required by planning and management agencies.
Selected ground-water wells also will be sampled.

STATUS: During water year 1992, there were 93 sur-
face-water stations in the network—=6 daily-record
sites, and 87 periodic-record sites. The ground-water
monitoring program focused on the northeastern quad-
rant of the state; 25 wells of the 100-well network
were sampled for herbicides, major dissolved constitu-
ents, and field measurements. Data were compiled,
checked, and published in the Annual Data Report for
1992.

PUBLICATIONS (See listings at back of this report):

U.S. Geological Survey Water-Data Reports WY-91-1
and WY-92-1

U.S. Geological Survey Open-File Report 91-497. Index of
surface-water discharge, water-quality, sedi-
ment, and biological records through Septem-
ber 30, 1990, for Wyoming, by N.K. Ruby, R.J.
Sagmeister, S.L. Green and J.D. Walgren. 1991.
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Sediment stations (WY004)

FUNDING AGENCIES: Wyoming Water Develop-
ment Commission, Wyoming Department of Environ-
mental Quality, City of Gillette, National Park Service,
U.S. Bureau of Reclamation, U.S. Federal Highway
Administration, U.S. Forest Service, and USGS

PROJECT LEADER: George F. Ritz
FIELD LOCATION: Statewide
PERIOD OF PROJECT: Ongoing

PROBLEM: Water-resource planning and water-qual-
ity assessment require a nationwide base level of rela-
tively standardized information. Sediment
concentrations and discharges in rivers and streams
must be defined and monitored.

OBJECTIVE: (1) Provide a national bank of sediment
data for use in broad Federal and State planning and
action programs, (2) provide data for Federal and State
management of interstate water, and (3) provide data
for interpretation in areal studies.

APPROACH: A network of sediment stations will be
established and operated to provide data on areal and
temporal averages and trends of sediment concentra-
tion, sediment discharges, and particle-size distribu-
tion of sediment being transported by rivers and
streams.

STATUS: During water year 1992 there were 34 sedi-
ment stations in the network—1 continuous-record
station, and 33 stations were sampled at various inter-
vals. Suspended-sediment concentration and sand-silt
size break were analyzed in samples from the Colo-
rado and Utah Districts. Analyses for Wyoming were
checked and compiled for publication in the annual
data report, which was ready for the printer by the
Division goal of April 1. The District sediment lab
personnel participated in Division training and new
quality-assurance procedures. The lab received an
excellent rating during a technical review in 1992.

PUBLICATIONS (See listings at back of this report):

U.S. Geological Survey Water-Data Reports WY-91-1
and WY-92-1

U.S. Geological Survey Open-File Report 91-497. Index of
surface-water discharge, water-quality, sedi-
ment, and biological records through Septem-
ber 30, 1990, for Wyoming, by N.K. Ruby, R.J.
Sagmeister, S.L. Green, and J.D. Walgren. 1991.

WATER-RESOURCES-APPRAISAL
PROJECTS

Water-use data system and wetlands
compilation for Wyoming (WY007)

FUNDING AGENCIES: Wyoming State Engineer
and USGS

PROJECT LEADER: Kathy M. Ogle
FIELD LOCATION: Statewide

PERIOD OF PROJECT: Started January 1984; ongo-
ing

PROBEM: The demand for water for a variety of
competing uses in Wyoming is expected to continue to
increase. Water planners and managers at all levels of
government need detailed, accurate water-use infor-
mation. In addition, a compilation of information
about wetlands in Wyoming is needed both for
national purposes and to provide State agencies with
the uniform, detailed information they require.

OBJECTIVES: Establish a water-use data system for
Wyoming that is consistent with the USGS national
water-use data system and is responsive to the needs of
State water planners and managers. The system will
provide for the compilation, storage, retrieval, and dis-
semination of water-use and wetlands data.

APPROACH: Data on file at the Wyoming State
Engineer’s office and other State and Federal agencies
will be used as a base for the Wyoming water-use data
system and to compile wetlands information. State
agencies with water-related activities will be consulted
on a continuing basis for suggestions and review of the
program. Statewide water-use data will be compiled
by type and geographic area every 5 years for the
USGS Circular series, “Estimated Use of Water in the
United States.” Wetlands information will include
area, distribution, and type of biota.

STATUS: Wyoming water-use data for 1990 were
compiled and submitted for publication in the report
listed below. The data were entered into a geographic
information system (GIS) data base for later transfer
into the Geological Survey National Aggregated
Water-Use System. The compilation of wetlands
information will begin in 1993 and will continue for 2
years.

PUBLICATION (See listings at back of this report):

U.S. Geological Survey Circular 1081. Estimated use of
water in the United States in 1990,by W.B. Sol-
ley, C.F. Merk, and H.A. Perlman. 1993.
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Site characterization and preparation of a
remedial-action plan for the Installation
Restoration Program at F.E. Warren Air Force
Base, Wyoming (WY095)

[ o

FUNDING AGENCY: U.S. Air Force
PROJECT LEADER: L. Rodney Larson
FIELD LOCATION: Southeastern Wyoming

PERIOD OF PROJECT: December 1985 through
December 1995

PROBLEM: At EE. Warren Air Force Base, Wyo-
ming, the U.S. Air Force has used, stored, and dis-
posed of various hazardous materials, especially since
about the 1940s, with installation and operations asso-
ciated with intercontinental ballistic missiles. Studies
since 1985 show that contamination of soil, ground
water, or surface water has occurred at as many as 24
sites. The hazardous materials primarily are volatile
organic compounds. As a result of the extent of con-
tamination, and because of the threat it poses to nearby
domestic wells, EE. Warren Air Force Base was

placed on the National Priorities List in February
1990.

OBJECTIVE: Remedial investigations are being con-
ducted to determine the nature and extent of contami-
nation, to assess the impact of the contaminants on the
environment, and to summarize this information in
final reports so the U.S. Air Force may determine
appropriate remedial action for each site. The charac-
terization will include identification of contamination
in the soil, water, and air. The hydrologic and geotech-
nical properties of the sites will be measured in order
to provide data necessary to predict movement and
fate of the contaminants and to evaluate potential
cleanup methods.

APPROACH: The investigation is planned to deter-
mine the extent and movement of contaminants in the
soil, water, and air. Detailed work plans that specify
the methodology and approach are being developed
for seven operable units, each of which include one or
more spill sites grouped according to contaminant
type. The field activities will include drilling and log-
ging of observation wells and boreholes, sampling and

measurement of soil and water chemical quality, and
collection of geophysical, geotechnical, aquifer-test,
water-level, and biological data. Modeling of the
ground and surface waters will be done to assist in the
development of potentiometric-surface and ground-
water contaminant-plume maps. The characterization
also will include streamflows, surface runoff, and
biota. The data analyses concerning the characteriza-
tion of the contamination will be summarized in final
reports for each operable unit.

STATUS: During water year 1992, field investigations
of contaminants in the soil and water began for Opera-
ble Unit 1 (seven sites), Operable Unit 4 (one site),
and Operable Unit 5 (two sites). An administrative
report was completed and approved for Operable Unit
1, which is an acid dry well site. Numerous other
reports, including a Sampling and Analysis Plan, Work
Plans for Operable Units 1, 4, and 5, Safety and Health
Plans, and a Work Plan and final administrative report
for a re-utilization facility were prepared and
approved. All studies are developed through extensive
discussion and review with the U.S. Air Force and the
regulatory agencies, which include the U.S. Environ-
mental Protection Agency and the Wyoming Depart-
ment of Environmental Quality. All investigations and
reports have been completed on or ahead of schedule.
Current field investigations are being conducted at
seven land-fill areas—part of Operable Unit 3.
Reports for Operable Units 1 and 5 are in preparation.
A digital model is being developed to assist with
describing transport of trichloroethylene in shallow
ground water.

Note.—All reports described above are administrative
reports to the U.S. Air Force. They belong to the Air
Force, and are not available to the public through the

U.S. Geological Survey.
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Urban Flood Hydrology for Cheyenne,
Wyoming (WY100)

LN

FUNDING AGENCIES: City of Cheyenne, Laramie
County, and USGS

PROJECT LEADER: James G. Rankl
FIELD LOCATION: Southeastern Wyoming

PERIOD OF PROJECT: October 1986 through Sep-
tember 1994

PROBLEM: The City of Cheyenne, Wyoming, is sus-
ceptible to extreme flooding because of its location in
the foothills of the Laramie Mountains. Streams in
this area pose a significant flood hazard from intense
thunderstorms, especially during the months of July
and August. Although more than 80 years of precipi-
tation data are available, the relation between precipi-
tation and runoff has not been defined for rural areas
around Cheyenne or for urban areas within the city
limits.

OBJECTIVE: (1) Determine the relation between
rainfall and runoff for both rural and urban areas, and
(2) use the results of the rainfall and runoff relations in
conjunction with the 80 years of precipitation data to
develop predictions of peak and volume frequencies.
The peak and volume frequencies will be used by the
City of Cheyenne to design the proper size openings
for hydraulic structures.

APPROACH: Three streamflow-gaging stations
equipped with stage sensors and recording precipita-
tion gages will be installed on channels of three small
drainage basins entering the Cheyenne area. An addi-
tional site will be installed on Henderson Drain to
sample a completely urbanized area. A streamflow-
gaging station will be located about 15 miles west of
Cheyenne for collecting hydrologic data. All sites will
be equipped with a flood-alert system operated by the
National Weather Service. Hydrologic data will be
collected for 4 to 5 years.

STATUS: Recording and telemetry equipment were
removed from the gaging station on Dry Creek tribu-
tary at Converse Avenue because Converse Avenue

has been extended up the Dry Creek tributary channel.
The gage will be moved to a new site upstream when
construction is completed. Records for the streamflow
gaging stations have been processed. The project is
being revised and extended through water year 1993.
Data from the study will be published in an open-file
report

PUBLICATIONS (See listings at back of this report):

U.S. Geological Survey Water-Resources Investigations
Report 93-4022. Flood boundaries and water-
surface profiles for the computed 50-, 100-,
and 500-year floods, Childs Draw and tribu-
tary, near Cheyenne, Wyoming, August 1991,
by G.E. Ritz. In Press.
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Description and analysis of water-level
changes in the High Plains aquifer, Wyoming

(WY107)
\T,

Lo

FUNDING AGENCIES: Wyoming State Engineer
and USGS

PROJECT LEADER: Kirk A. Miller
FIELD LOCATION: Southeastern Wyoming

PERIOD OF PROJECT: April 1990 through Septem-
ber 1993

PROBLEM: In response to concerns over the status of
conditions in the High Plains (Ogallala) aquifer, Con-
gress has directed the USGS to monitor water levels in
the aquifer and to report the results annually to them.

OBIJECTIVE: The directive from Congress will be
met by preparing an annual report with information
concerning (1) changes in water levels or storage,

(2) changes in water quality with time, (3) factors such
as climatic and land-use conditions that affect the
aquifer, and (4) results of an analysis of the relations
between causative factors and changes in the aquifer.

APPROACH: This project is part of a coordinated
effort to describe water-level trends in the High Plains
aquifer in parts of Kansas, Nebraska, New Mexico,
South Dakota, Texas, and Wyoming. Water-level data
are collected and new observation wells installed
where necessary. Data collected by State agencies are
compiled and reviewed; all data are published in
annual reports.

STATUS: Water-level data from wells in the High
Plains aquifer are being collected and compiled. Data
indicative of local water-level conditions are noted and
made available to project leaders in the Nebraska Dis-
trict Office, which has responsibility for preparing the
regional report on the High Plains aquifer.

PUBLICATIONS (See listings at back of this report):

Article in U.S. Geological Survey Water-Resources Inves-
tigations Report 91-4165 (p. 50-52). Widespread
water-level declines occur during 1989-90 in
the High Plains Aquifer in Wyoming, by K.A.
Miller. 1992.

Detailed study and assessment of irrigation
drainage in the Kendrick Reclamation Project
area, Wyoming (WY111)

-

-

FUNDING AGENCY: U.S. Bureau of Reclamation
PROJECT LEADER: Randolph B. See
FIELD LOCATION: Central Wyoming

PERIOD OF PROJECT: October 1987 through Sep-
tember 1994

PROBLEM: Soil, representative plants, water, bottom
sediment and biota samples collected on or near the
Kendrick Reclamation Project have elevated concen-
trations of selenium. Surface and ground-water trans-
port of selenium, influenced by irrigation practices, are
resulting in adverse impacts to migratory birds.

OBJECTIVES: The objectives of Phase IV of the
National Irrigation Water Quality Program at the Ken-
drick Reclamation Project are to: (1) protect and
restore or replace migratory bird habitat identified as
adversely affected by irrigation drainage-induced sele-
nium impacts; (2) identify and minimize potential
public health risks associated with irrigation drainage;
(3) address existing and future uses of water in the
development of remedial alternatives; and (4) address
social and economic implications in the development
of remedial alternatives.

STATUS: All field work and reports for previous
phases of the program have been completed. U.S.
Geological Survey personnel serve as members of an
interagency task group to develop remedial planning
alternatives and continue to assist the Bureau of Recla-
mation in developing options for remediation. A sur-
face-water monitoring program is in operation, to
extend the data record for selenium concentrations in
water.

PUBLICATIONS (See listings at back of this report):

U.S. Geological Survey Water-Resources Investigations
Report 91-4131. Detailed study of selenium in
soil, representative plants, bottom sediment,
and biota in the Kendrick Reclamation Project
area, Wyoming, 1988-90, by R.B. See, D.L. Naftz,
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D.A. Peterson, J.G. Crock, J.A. Erdman, and R.C. Sev-
erson—U.S. Geological Survey, and Pedro Ramirez, Jr.
and J.A. Armstrong—U.S. Fish and Wildlife Service.
1992.

U.S. Geological Survey Open-File Report 91-533. Physi-
cal, chemical, and biological data for detailed
study of irrigation drainage in the Kendrick
Reclamation Project area, Wyoming, 1988-90,
by R.B. See, Pedro Ramirez, Jr., and D.A. Peterson.
1992.

Published scientific journal articles:
See and others (1992).
Naftz and others (1993).

Water resources of Fremont County,
Wyoming (WY124)

r

FUNDING AGENCIES: Wyoming State Engineer
and USGS

PROJECT LEADER: Maria Plafcan
FIELD LOCATION: Central Wyoming

PERIOD OF PROJECT: March 1990 through Sep-
tember 1993

PROBLEM: Ground water of poor chemical quality
has long been a problem for residents in Fremont
County. Demand for water suitable for domestic and
municipal supply has increased as previous supplies
have become unsatisfactory because of yield or water
quality. Water quality and the potential yield of aqui-
fers currently not used need to be investigated to aid
county planners.

OBIJECTIVES: (1) To describe the geohydrologic
conditions in the county; (2) to determine the general
occurrence and chemical quality of ground water; and
(3) to describe the availability of ground water and
areas of potential contamination.

APPROACH: Representative wells and springs will
be inventoried and specific conductance of ground
water and base flow will be measured. Samples of
ground water will be collected and analyzed for dis-
solved constituents. Some ground-water samples will

be analyzed to determine if specific contaminants are
in the water, Low-flow gains and losses along selected
reaches of the Wind River and tributaries will be mea-
sured at specific geologic formations to estimate
recharge and discharge. Observation wells will be
suggested for potential long-term monitoring.

STATUS: Field work was completed during 1992.
Water-quality samples were collected from wells and
springs. All samples were analyzed for major ions.
The project report is nearly completed.
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Preparation of U.S. Department of the Interior
environmental impact statement on operation
of Glen Canyon Dam, Arizona (WY125)

FUNDING AGENCY: U.S. Bureau of Reclamation
PROJECT LEADER: James E Wilson, Jr.
FIELD LOCATION: Administrative

PERIOD OF PROJECT: February 1991 through
June 1994

PROBLEM: The Secretary of the Interior has directed
that an Environmental Impact Statement (EIS) be pre-
pared on the effects of operation of Glen Canyon Dam
on the aquatic and riparian resources of the Colorado
River downstream in Glen Canyon and Grand Canyon
National Park. Sediment transported and deposited in
the river is the foundation for biological and recre-
ational resources. The dam traps about 80 percent of
the annual sediment load that formerly entered the
canyon; there is concern about the long-term net loss
of sediment. Patterns of water releases from the dam
for power generation exacerbate the problem. The
USGS is doing hydrologic and hydraulic research in
Grand Canyon, in part to provide information for the
EIS. (Note—The Colorado River basin above Glen
Canyon Dam includes the Green River basin of Wyo-
ming.)

OBJECTIVE: To serve as the USGS representative on
the interagency EIS Team, led by the U.S. Bureau of
Reclamation, including preparation of sections of the
EIS having to do with river hydraulics and sediment
transport and deposition.

APPROACH: Principal activities will include: (1)
familiarization with past and ongoing sediment-related
research in Grand Canyon and adjacent areas;

(2) liaison between the EIS team and the scientists of
the Water Resources Division National Research Pro-
gram and Arizona District, and Geologic Division;
(3) participation in all EIS team functions, including
public meetings; (4) preparation of the fluvial-sedi-
ment sections of the draft and final EIS.

STATUS: Hydrographs for the six Colorado River
gaging stations in Grand Canyon were analyzedto
evaluate downstream changes in minimum stage and
discharge of the translatory waves released daily from
the dam. The results were used in comparing potential
heights and widths of sandbars in wide and narrow
reaches of the river, for alternative dam-release pat-
terns. Field work included assisting with the USGS
time-of-travel measurements between the dam and
Lower Granite Gorge using dye tracers (1991), and
participation in a National Park Service cultural-

resources river trip to examine erosion of fluvial ter-
races (1992). The sediment sections of the draft EIS
chapters on the affected environment and environmen-
tal consequences were completed and were reviewed
by scientists of the Glen Canyon Environment Studies
and by representatives of the EIS Cooperating Agen-
cies. The draft EIS is scheduled for release for public
comment in the fall of 1993.

Water resources of Teton County, Wyoming

(WY126)
ST

r

FUNDING AGENCIES: Wyoming State Engineer
and USGS

PROJECT LEADER: Bernard T. Nolan
FIELD LOCATION: Northwestern Wyoming

PERIOD OF PROJECT: March 1991 through Sep-
tember 1994

PROBLEM: Collection and interpretation of ground-
and surface-water data are necessary to characterize
the water resources of Teton County. Land-use plan-
ners lack detailed information about the water
resources of the county. Increased development in the
Snake River basin has increased the potential for
changes in water quantity and quality. Lack of under-
standing of land-use effects on water resources could
result in unnecessary depletion or degradation of water
both in developed and in pristine areas.

OBJECTIVES: (1) To determine the current condition
of water resources in the county; (2) to identify land
uses capable of affecting water quantity and quality in
developed areas; (3) to evaluate the availability of
ground and surface water and the spatial distribution
of water-quality constituents; and (4) to determine
future ground- and surface-water monitoring require-
ments.

APPROACH: (1) Determine prior conditions by
reviewing information in USGS data bases (year 1 of
study); (2) identify major land uses and potential
effects on water quantity and quality (year 1);

(3) characterize current conditions by conducting a
representative, county-wide survey (years 1-3); and
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(4) determine the statistical distribution of the data
with histograms and fractile analysis (years 2-3).

STATUS: During 1992, the inventory of wells and
springs was completed; 81 ground-water sites were
identified. Ground-water samples were analyzed for
major ions, nutrients, and trace elements. The ground-
water-sampling phase of the study has been com-
pleted. The large number of inventoried sites will
ensure that assessments of ground-water quality and
quantity are statistically sound. The surface-water
component of the study will be addressed in fiscal year
1993. Streamflows in major streams and tributaries
will be measured to determine gains (or losses) attrib-
utable to ground-water discharge to the Snake River
(or leakage to ground water). The information will be
used to determine hydraulic characteristics of the aqui-
fer and to estimate the magnitude of ground-water
recharge to the alluvial aquifer. The project report is
on schedule.

Evaluation of changes in and potential causes
of differences in chemical quality of
streamflow, Owl Creek basin, Wyoming
(WY127)

[

FUNDING AGENCIES: Shoshone Tribe, Northern
Arapahoe Tribe, and USGS

PROJECT LEADER: Kathy Muller Ogle
FIELD LOCATION: North-central Wyoming

PERIOD OF PROJECT: April 1991 through Septem-
ber 1994

PROBLEM: A recent investigation, “Quality of sur-
face water and ground water in the Owl Creek basin,
Wind River Indian Reservation, Wyoming” (WY 114),
concluded that the quality of the major streams in the
basin degraded significantly from the upper end to the
lower end (USGS Water-Resources Investigations
Report 91-4108, listed below). The watershed
reflected three distinct segments, each with a signifi-
cantly different dissolved-solids concentration, water
type, and ratio of dissolved-solids concentration to

specific conductance. The chemical quality of stream-
flow in the middle and lower segments of Owl Creek
limits its use. Possible causes of the water-quality
changes include irrigation return flows, surficial geol-
ogy, and ground-water inflow from various aquifers.
Reservation managers need detailed information about
the extent and magnitude of the mineralized stream-
flow and how the hydrologic system in Owl Creek
basin affects water quality of streamflow.

OBJECTIVES: The general objective is to provide
water-resources data that can be used in managing the
Wind River Indian Reservation’s natural resources,
Specific objectives are: (1) To define the reaches
where the chemical quality of streamflow in the Owl
Creek basin changes,-and (2) to determine whether
irrigation return flows, surficial geology, or inflow
from bedrock aquifers are affecting the chemical qual-
ity of streamflow.

APPROACH: All data on streamflow and chemical
quality of surface and ground water in the basin will
be compiled and entered into data bases. Streamflow
water quality will be sampled during low flow in
selected reaches for specific conductance. Previously
developed ratios of dissolved-solids concentration to
specific conductance, and dissolved-solids concentra-
tions for the three basin segments will be used to iden-
tify reaches where changes in streamflow chemical
quality occur. A relational analysis will be performed
between streamflow chemical quality and the three
previously identified factors (irrigation return flows,
surficial geology, or inflow from bedrock aquifers).
Streamflow (low flow), pH, specific conductance, tem-
perature, and radon will be measured at selected sites.
Water-quality samples will be analyzed for major ions,
selected trace metals (arsenic, lithium, and bromide),
and selected isotopes (tritium, sulfur, oxygen, and deu-
terium).

STATUS: Data collection was complete during 1992.
Analysis of the data is continuing, and the project
report has been started.

RELATED PUBLICATION (See listings at back of
this report):

U.S. Geological Survey Water-Resources Investigations
Report 91-4108. Surface- and ground-water
quality in the Owl Creek basin, north-central
Wyoming, by K.M. Ogle. 1992.
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Estimates of monthly streamflow
characteristics for ungaged sites, Wind River
Indian Reservation, Wyoming (WY128)

-

L

FUNDING AGENCIES: Shoshone Tribe, Northern
Arapahoe Tribe, and USGS

PROJECT LEADER: James G. Rankl

FIELD LOCATION: Central Wyoming

PERIOD OF PROJECT: October 1990 through Sep-
tember 1994

PROBLEM: Following a 12-year legal action, the
U.S. Supreme Court in 1989 awarded 500,000 acre-
feet per year of surface water on the Wind River and
its tributaries to the Arapahoe and Shoshone Indian
Tribes. Planning and management of these waters
make accurate data important. However, only a few of
the stream sites where data are needed have stream-
flow-gaging stations. Management of surface-water
allocations requires knowledge about: (1) The quantity
of runoff that originates on the Reservation, and

(2) the magnitudes of monthly and mean-annual flows
in streams entering and leaving the Reservation.

OBJECTIVES: A refined technique for estimating
mean monthly and annual streamflows will be devel-
oped, and streamflows at selected sites will be esti-
mated, to assist the Wind River Environmental Quality
Council in the development of a streamflow-manage-
ment model.

APPROACH: About 20 ungaged sites will be selected
for estimation of mean monthly and annual discharge,
with about 10 gaged sites used for control. Monthly
measurements will be made for 1 year, Three methods
will be investigated: (1) monthly mean discharge will
be related to instantaneous discharge at nearby gaged
sites, using regression; (2) a set of mean monthly dis-
charge estimates will be made from regression equa-
tions relating mean monthly discharge to physical and
climatic variables; and (3) a set of mean monthly dis-
charge estimates will be made from regression equa-
tions using channel width. The final estimate will be a
weighted average of results for methods that are statis-
tically significant.

STATUS: During 1991 and 1992, monthly streamflow
measurements were made for October through
November and March through May. Basin character-
istics have been digitized, computed, and checked, for
all stations to be considered for the regression analy-
ses. Channel-geometry measurements have been
made on 24 streams. All of the monthly streamflow
data, both recorded and estimated, have been entered
into a statistics program. The regression models for
estimating monthly streamflow characteristics using
basin characteristics and using channel geometry have
been completed. The project report is nearly com- -
plete.

The role of natural organic solutes on the
mobility of selenium in abandoned coal mine
spoil-ground-water systems (WY132)

N

B | T

FUNDING AGENCY: Wyoming Water Resources
Center, and USGS

PROJECT LEADER: Randolph B. See
FIELD LOCATION: Northeastern Wyoming

PERIOD OF PROJECT: October 1991 through Sep-
tember 1994

PROBLEM: Natural organic solutes may increase the
mobility of selenium (Se) in high-carbon environ-
ments. Coal deposits, wetlands, and certain irrigated
soils contain significant levels of organics. Coal mines
provide a unique opportunity to investigate the effect
of organic solutes on the adsorption of several oxi-
dized forms of selenium.

OBJECTIVES: (1) Perform a detailed characteriza-
tion of carbon material and associated ground water,
using mineralogical and chemical analyses; (2) iden-
tify solid phases and associated Se species that precip-
itate in water in contact with carbon material, and to
determine the kinetics of process reactions; (3) deter-
mine the extent to which organics and Se species com-
petitively adsorb onto carbon material and a pure
mineral; and (4) evaluate the effect of redox potential
on the oxidation state of Se species in ground water
affected by carbon material.
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APPROACH: Sites will be selected from sites where
ground waters contain dissolved-selenium concentra-
tions greater than 100 micrograms per liter. Chemical
and mineralogical analyses will be completed on spoil
core and ground-water samples. Laboratory experi-
ments will characterize adsorption/desorption and pre-
cipitation/dissolution reactions. Dissolved organic
carbon fractionation analysis will be used to character-
ize hydrophobic and hydrophilic solutes in water sam-
ples.

STATUS: Geochemical characterization of spoil sam-
ples and dissolved organic carbon fractionation of
water samples will be completed during 1993.
Adsorption/desorption and precipitation/dissolution
experiments will be conducted in redox-controlled
chambers to evaluate geochemical processes control-
ling solubility of selenium. The project report will be
completed in 1994.

Characterization of water quality, water
quantity, and sediment in Goose Egg Spring,
Natrona County, Wyoming (WY133)

~

[T

FUNDING AGENCY: Wyoming Game and Fish
Department and USGS

PROJECT LEADER: George F. Ritz
FIELD LOCATION: Central Wyoming

PERIOD OF PROJECT: May 1992 through Septem-
ber 1992 (completed)

PROBLEM: Recent blasting from a limestone quarry
may have increased sediment deposition within Goose
Egg Spring. The spring is the source of water for the
Speas Fish Hatchery. Increased sedimentation could
damage pumping equipment while changes in water
quality could impair fish production.

OBJECTIVES: To determine discharge, chemical and
radiological quality of spring water, and sediment dep-
osition.

STATUS: A surface-water gage was installed on the
lower pool of Goose Egg Spring. Because of the
unstable stage-discharge relation at this gage, a second

gage was installed in the upper pool in June 1992.
Water samples collected in May and July 1992 were
analyzed for common ions, nutrients, and trace metals.
A tritium sample was collected in July 1992. Sample
cores from the bed of the upper pool were collected
from eight locations, and soil scrapings were obtained
from locations around the upper pool of Goose Egg
Spring. Mineralogical descriptions, particle-size anal-
ysis and x-ray diffraction analysis have been per-
formed on selected core and soil samples.
Stratigraphy of core samples has been determined.
Data collection and analysis are complete, and the
project report is in technical review.
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Methodology for the geomorphic
classification and design of drainage basins
and stream channels in the Powder River coal
fields of Wyoming (WY134)

[

FUNDING AGENCY: Wyoming Water Resources
Center and USGS

PROJECT LEADER: Richard L. Daddow
FIELD LOCATION: Northeastern Wyoming

PERIOD OF PROJECT: July 1992 through Septem-
ber 1094

PROBLEM: Historic surface and underground mining
activities in Wyoming often have caused changes to
the natural landscape. In some cases, these activities
have resulted in detrimental impacts, such as acceler-
ated erosion and increased sediment yields, on the
drainage basins and stream channels. Most active sur-
face coal mines in Wyoming are located in the Powder
River structural basin, where it is projected that as
much as 253 square miles of land surface could be dis-
turbed by mining. The reconstruction of drainage
basins and stream channels is critical to their long-
term hydrologic function and stability; however, the
science of drainage-basin and stream-channel design
currently is in a developmental stage.

OBJECTIVES: The study will address elements of
research topics concerning land-form reconstruction,
and erosion and sedimentation control. Specific objec-
tives are to: (1) Summarize procedures being used for
reconstruction and reclamation of drainage basins and
stream channels in the Powder River coal field in
Wyoming, especially the type and extent that the geo-
morphic approach is used for reconstruction;

(2) develop a classification system for drainage basins
and stream channels in the Powder River coal fields in
Wyoming based on the physical characteristics of
selected groups of small drainage basins; and

(3) determine the geomorphic characteristics of differ-
ent classes or types of drainage basins and stream
channels, thereby developing geomorphic methodol-
ogy and criteria for the reconstruction of drainage
basins and stream channels.

APPROACH: A literature search and review will be
made of existing methods and previous studies involv-
ing reconstruction and reclamation of drainage basins
and stream channels. The geomorphic approach will
be emphasized. Selected small drainage basins will be
delineated on 7.5-minute topographic maps or from
aerial photos, natural drainage basin characteristics
will be measured for each delineated basin, and cluster
analysis will be used to identify groups of drainage
basins with similar characteristics. Geomorphic char-
acteristics of natural drainage basins and stream chan-
nels will be analyzed and summarized for each class of
drainage basins. Based on this analysis, graphs and
other relations will be developed to provide the basic
methodology for the reconstruction of drainage basins
and stream channels.

STATUS: During 1992, selected coal mines in the
Powder River Basin were visited to interview environ-
mental specialists about drainage-basin and channel
reclamation. Additional information will be collected
during 1993. Selected Federal and State regulatory
and management agencies were contacted about drain-
age-basin and channel reclamation. Detailed search
and inventory of resource data in existing mine-permit
applications have been compiled. The study area was
narrowed to the eastern Powder River basin. The
project report will be completed in 1994.
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Synthesis and interpretation of data from
National Irrigation Water Quality Program
investigations of areas receiving irrigation
drainage (WY135)

FUNDING AGENCY: Office of the Secretary of the
Interior

PROJECT LEADER: Ralph L. Seiler
FIELD LOCATION: Administrative

PERIOD OF PROJECT: October 1992 through Sep-
tember 1994

PROBLEM: Selenium is an essential nutrient for ani-
mals; however, excessive concentrations can be toxic
to plants and animals. Irrigation can accelerate the
natural leaching of selenium and other elements in the
soil. Evaporation of irrigation drainage in closed
basins can concentrate trace elements and other agri-
cultural pollutants, producing levels toxic to aquatic
biota. Under the National Irrigation Water Quality
Program (NIWQP), twenty-five reconnaissance and
seven detailed investigations were conducted in the
western United States at sites receiving irrigation
drainage. Most data have yet to be interpreted. Data
synthesis and interpretation are required to determine
the relative importance of human and environmental
factors affecting selenium transport and accumulation
in irrigated areas.

OBJECTIVES: The overall objective is to determine
the degree to which irrigation accelerates the natural
leaching of potentially toxic constituents in selenifer-
ous soils. Specific objectives are (1) to synthesize all
data from the reconnaissance and detailed investiga-
tions in a usable format; (2) to make site-to-site com-
parisons of chemical constituents in soil, bottom
sediment, surface water, ground water, plants, and
aquatic biota; (3) to determine the relative importance
of human and environmental factors controlling sele-
nium transport and accumulation; and (4) to identify
predictable patterns of contamination.

APPROACH: The technical approach involves

(1) compilation of a relational database; (2) calcula-
tion of summary statistics for constituents common to
all sites; (3) use of geochemical and statistical com-
puter programs to determine the significance of cli-
matic, geochemical, hydrologic, and human factors;
and (4) use of geographic information systems (GIS)
to identify areas and patterns of selenium accumula-
tion and to explore linkages among factors.

STATUS: Data from 25 reconnaissance and 7 detailed
investigations Nationwide are being compiled in a

relational database. Chemical constituents common to
all study sites are being analyzed for statistical proper-

ties to assess the potential need for data transforma-
tion. Summary statistics will be calculated to allow
site-to-site comparison of chemicals in soil, bottom
sediment, surface and ground water, and aquatic biota.
Several reports of results are planned.
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Reconnaissance investigation of selenium
and other constituents in water, bottom
sediments, and biota affected by irrigation
drainage on the Wind River Indian
Reservation, Wyoming (WY136)

L I

FUNDING AGENCIES: Shoshone Tribe, Northern
Arapahoe Tribe, and USGS

PROJECT LEADER: Dennis N. Grasso
FIELD LOCATION: Central Wyoming

PERIOD OF PROJECT: October 1992 through Sep-
tember 1994

PROBLEM: Increasing concern about the quality of
irrigation drainage and its potential effects on human
health, fish, and wildlife has led to increased study of
irrigation drainage throughout the western United
States. Selenium—one constituent of concern in irri-
gation drainages—affects the reproductive success of
fish and waterfowl in wetlands through the process of
bio-accumulation. The Geological Survey of Wyo-
ming has classified soils covering about two-thirds of
the Wind River Indian Reservation (WRIR) as poten-
tially seleniferous. The underlying geologic forma-
tions (predominantly the Wind River Formation and
Cody Shale) and the soils that form on those forma-
tions support vegetation that may concentrate sele-
nium to levels potentially toxic to grazing animals.
Currently, two federally listed endangered species:
bald eagles and peregrine falcons—as well as herons
and other migratory birds—use the wetlands of the
WRIR. A reconnaissance-level study of the adjacent
Riverton Reclamation Project, conducted as part of the
National Irrigation Water Quality Program (NIWQP),
has shown that selenium concentrations in the irriga-
tion drainage may be cause for concern (USGS Water-
Resources Investigations Report 90-4187, listed
below).

OBJECTIVES: The objective of this preliminary
investigation is to determine whether irrigation drain-
age has the potential to cause harmful effects on
human health, fish, wildlife, or other water users in the
WRIR. Additional research on irrigation drainage in
the WRIR may be funded under the NIWQP if the

results of this investigation indicate hazards related to
irrigation drainage.

APPROACH: The U.S. Geological Survey (USGS)
will sample and analyze the water and bottom sedi-
ments, and the U.S. Fish and Wildlife Service
(USFWS) will sample and analyze the biota. Method-
ology for the study will follow the protocols estab-
lished for Phase II (Reconnaissance) studies of the
NIWQP. Sampling sites for water and bottom sedi-
ment have been selected at four discrete sub-areas of
the Wind River Federal Irrigation Project. The Little
Wind-Ray Lake and Coolidge Canal area, the Upper
Wind Unit-Crowheart area, the Johnstown Unit, and
the Left Hand Unit will be sampled at selected
upstream (inflow) sites and at selected ponds, wet-
lands, drains, and canals that may receive irrigation
drainage. Water and bottom sediment samples will be
collected during April or May to determine if there is a
“first-flush” leaching of accumulated salts in the soil
zone, as reported for the Kendrick Reclamation
Project area in Natrona County (USGS Water-
Resources Investigations Report 91-4131, listed
below). Water samples will be analyzed for tempera-
ture, pH and specific conductance in the field and for
major ions, trace elements, and pesticides in the lab.
Aquatic habitats recommended as collection sites
include: Goose Pond, Mill Creek Basin, and the Little
Wind River. Goose Pond and Mill Creek Basin are
closed basins.

STATUS: Surface water and bottom sediment will be
sampled by the USGS during April and May 1993,
Results will be published in the Wyoming Water-Data
Report for water year 1993. Biota will be sampled by
the USFWS during May and June 1993.

RELATED PUBLICATIONS (See listings at back of
this report):

U.S. Geological Survey Water-Resources Investigations
Report 90-4187. Reconnaissance investigation
of water quality, bottom sediment, and biota
associated with irrigation drainage in the Riv-
erton Reclamation Project, Wyoming, 1988-89,
by D.A. Peterson, T.F. Harms, Pedro Ramirez, Jr., G.A.
Allen, and A.H. Christenson. 1991.

U.S. Geological Survey Water-Resources Investigations
Report 91-4131. Detailed study of selenium in
soil, representative plants, bottom sediment,
and biota in the Kendrick Reclamation Project
area, Wyoming, 1988-90, by R.B. See, D.L. Naftz,
D.A. Peterson, J.G. Crock, J.A. Erdman, and R.C. Sev-
erson—U.S. Geological Survey, and Pedro Ramirez, Jr.
and J.A. Armstrong—U.S. Fish and Wildlife Service.
1992.
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Water resources of Lincoln County, Wyoming
(WY137)

N

F

FUNDING AGENCY: Wyoming State Engineer and
USGS

PROJECT LEADER: Cheryl A. Eddy-Miller
FIELD LOCATION: Western Wyoming

PERIOD OF PROJECT: July 1993 through Septem-
ber 1996

PROBLEM: Ground water of variable chemical qual-

ity has long been a problem of residents in the county.

Demand for water suitable for domestic and municipal

supply has increased as previous supplies have
become unsatisfactory because of yield or water qual-
ity. Water quality and the potential yield of aquifers
currently not used need to be investigated to aid
county planners.

OBIJECTIVES: To describe the geohydrologic condi-
tions in the county; to determine the general occur-
rence and chemical quality of ground water, and to
describe areas of potential contamination and the
availability of ground water.

APPROACH: Representative wells and springs will
be inventoried and specific conductance of ground
water and base flow will be measured. Samples of
ground water will be collected and analyzed for dis-
solved constituents. Some ground-water samples will
be analyzed to determine if specific contaminants are

in the water. Low-flow gains and losses along selected

reaches of the Wind-Big Horn River and tributaries
will be measured at specific geologic formations to
estimate recharge and discharge. Observation wells
will be established and monitored for water-level
changes.

STATUS: Field work is scheduled to begin during the

summer of 1993.

PROJECTS COMPLETED EXCEPT FOR
REPORT(S)

The following projects have been completed ex-
cept for approval of the final report(s). Funding for
these projects ended prior to October 1, 1992.

Project

Status
number

Project title

WYO081 Water resources of
Park County

Project report completed.
Technical review completed.
Report submitted for Direc-
tor’s approval to publish.

WY115 Hydrologicappraisal Project report completed.
of the Wind River ~ Technical review started.
Indian Reservation  Data report published.
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PROJECTS COMPLETED SINCE MAY
1991

Project . Project
number Project title report(s)’
WY070 Upper Colorado River Basin PP 1411-B

Regional Aquifer-System WRIR 92-4164

Analysis—Wyoming

WY076 Fluvial system in energy-mineral ~ WRIR 91-4153

area of Wyoming

WY091 Geohydrology of the High Plains
aquifer, Cheyenne, Wyoming

WY103 Water resources of Big Horn
County, Wyoming

WY 105 Streamflow and channel
characteristics of the Bear River at
Evanston, Wyoming

WY114 Quality of surface water and ground WRIR 91-4108
water in the Owl Creek basin,
Wind River Indian Reservation,
Wyoming

WY116 Water quality of the Powder River,
Wyoming and Montana

WRIR 92-4047
WRIR 93-4021

WRIR 93-4032

WRIR 91-4199

Administrative

WY118 Effects of in-situ oil-shale retorting
Report2

on water quality near Rock
Springs, Wyoming

WY119 Water resources of Hot Springs WRIR 93-4141

County, Wyoming

WY120 Determination of long-term Journal articles:
atmospheric deposition quality and Naftz and others
climatic changes in the Western ~ (1991); Naftz
United States using continuous ice and Smith (in
cores, Wind River Range, press); Naftz and

Wyoming others (in press)
WY121 Quantification of seepage and sedi- OFR 93-142
mentation in selected irrigation
canals on the Wind River Indian
Reservation, Wyoming
WY122 Hydrologic characteristics in Article in

fractured-rock aquifer, Rock WRIR 91-4034

Springs, Wyoming

WY129 Summary and evaluation of well and Journal article:
geologic data for pre-Tertiary Lindner-
aquifers on the Wind River Indian Lunsford and
Reservation, Wyoming Bruce (in press)

WY133 Characterization of water quality,
water quantity, and sediment in
Goose Egg Spring, Natrona
County, Wyoming

Report in
technical review

ISee listings that follow for U.S. Geological Survey Professional Papers
(PP), Water-Resources Investigations Reports (WRIR) and Open-File
Reports (OFR). Journal articles are listed under “Scientific Journals.”

2Administrative Reports are not available to the public through the U.S.
Geological Survey. This report belongs to the U.S. Department of
Energy.

WATER-RESOURCES INFORMATION

A monthly summary of the national water situa-
tion is presented in a newsletter, “National Water Con-
ditions,” available free upon request to the Hydrologic
Information Unit, U.S. Geological Survey, 419 Nation-
al Center, Reston, VA 22092. Requests for miscella-
neous water information and information about
programs in other states may be referred to Water Re-
sources Division, U.S. Geological Survey, 440 Nation-
al Center, Reston, VA 22092. Streamflow, ground-
water, and water-quality data are available in several
series of publications.

Hydrologic Data Prior to 1971

Records of streamflow, ground-water levels, and
quality of water were published for many years as Geo-
logical Survey Water-Supply Papers, as explained
below. The Water-Supply Papers are not listed in this
report; information about them can be obtained from
the Cheyenne office of the Geological Survey.

Records of daily flows of streams prior to 1971
were published in the Water-Supply Paper series, Sur-
face-Water Supply of the United States, which was
released in numbered parts as determined by natural
drainage basins. Data for Wyoming are published in
Parts 6, 9, 10, and 13. Until 1961, this was an annual
series; monthly and yearly summaries of these data
were compiled in two reports: Compilation of Records
of Surface Waters of the United States through Sep-
tember 1950, and Compilation of Records of Surface
Waters of the United States, October 1950 to Septem-
ber 1960. A 5-year compilation was published for the
period, 1965-70.

Ground-water levels and artesian pressures in
observation wells prior to 1975 were reported by geo-
graphic areas in a 5-year Water-Supply Paper series.
Data for Wyoming are in Ground-Water Levels in the
United States, Northwestern States.

Surface-water-quality data prior to 1971 were
published annually in the Water-Supply Paper series
Quality of Surface Waters of the United States, which
also was released in numbered parts as determined by
natural drainage basins. Data for Wyoming are in Parts
6,9, 10, and 13.

Hydrologic Data After 1970

Beginning with the 1971 water year, the Water-
Supply Paper series described above was replaced by a
new publication series, U.S. Geological Survey Water-
Data Reports. For Water Years 1971-74 surface-water
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records and water-quality records were published in
separate volumes. Beginning with 1975 this series
combines under one cover: streamflow data, water-
quality data for surface and ground water, and ground-
water-level data for each State. For Wyoming, the title
is Water Resources Data - Wyoming—Water Year
(date). Since 1975 the reports are numbered: U.S. Geo-
logical Survey Water-Data Report WY-(year)-1 or 2,
reports for 1971-74 are unnumbered. These reports are
listed in the next section of this report.

Flood Information

Methods for estimating the magnitude and fre-
quency of floods for streams in Wyoming are given in
Water-Resources Investigations Report 88-4045;
methods for estimating flood volumes and hydrographs
on small plains streams are described in Water-Supply
Paper 2056 (see listings that follow). The U.S. Geo-
logical Survey also has outlined flood-prone areas on
topographic maps as part of a nationwide Federal pro-
gram for managing flood losses. In Wyoming,

225 flood-prone area maps have been completed.
These maps, available at no charge from the District
Office in Cheyenne, show areas estimated to be inun-
dated by a 100-year flood. Official flood-insurance
maps are available from the Federal Emergency Man-
agement Agency (toll-free phone number
1-800-638-6620).

SELECTED PUBLICATIONS

General Information

The U.S. Geological Survey announces all its
publications in a monthly report, “New Publications of
the Geological Survey.” Subscription to this monthly
listing is available free upon request to the Mailing List
Unit, U.S. Geological Survey, 582 National Center,
Reston, VA 22092. All publications are for sale unless
specifically stated otherwise; prepayment is required.
Checks or money orders should be payable to:
“Department of the Interior—USGS.” Prices, which
are subject to change, are not included here. Informa-
tion on price and availability should be obtained from
listed sales offices before placing an order.

Additional information about Geological Survey
products and sources where they may be obtained is
given in A Guide to Obtaining USGS Information,
U.S. Geological Survey Circular 900, available with-
out cost from Branch of Distribution, U.S. Geological

Survey, Federal Center, Box 25286, Denver, CO
80225.

The Geological Survey National Center main-
tains a library with an extensive earth-sciences collec-
tion. Local libraries may obtain books, periodicals, and
maps through interlibrary loan by writing to U.S. Geo-
logical Survey Library, 950 National Center, Reston,
VA 22092, telephone (703) 860-6671.

Publications pertaining to water resources in
Wyoming are listed below. The list includes all reports
published during the last 15 years and selected older
reports. Most of these reports are available for inspec-
tion at the Geological Survey offices in Cheyenne,
Casper, and Riverton and also at large public and uni-
versity libraries. The sources for obtaining copies of
the reports are given for each report series. Because
many of the older reports are out of print, loan copies
are available from the District Office in Cheyenne.

Bulletins (B) and Professional Papers (P)

Bulletins and Professional Papers are sold by U.S.
Geological Survey, Branch of Distribution, Box
25286, Federal Center, Denver, CO 80225.

B 1959. Chloride flux and surface water discharge out of
Yellowstone National Park, 1982-1989, by D.R. Norton
and Irving Friedman. 1991.

P 501-D. Variation of permeability in the Tensleep Sand-
stone in the Bighorn basin, Wyoming, as interpreted
from core analyses and geophysical logs, by J.D. Bre-
dehoeft, in Geological Survey Research 1964, Chap. D,
by U.S. Geological Survey, p. D166-D170. 1964.

P 550-D. The White River Formation as an aquifer in south-
eastern Wyoming and adjacent parts of Nebraska and
Colorado, by M.E. Lowry, in Geological Survey
Research 1966, Chap. D, by U.S. Geological Survey,
p. D217-D222. 1966.

P 622-A. The hydraulics of overland flow on hillslopes, by
W.W. Emmett. 1970.

P 700-D. Synthesizing hydrographs for small semiarid
drainage basins, by G.S. Craig, Jr., in Geological Sur-
vey Research 1970, Chap. D, by U.S. Geological Sur-
vey, p. D238-D243. 1970.

P 1117. Scour and fill in a stream channel, East Fork River,
western Wyoming, by E.D. Andrews. 1979.

P 1130. Hydrologic and human aspects of the 1976-77
drought, by H.E. Matthai. 1979.

P 1139. A field calibration of the sediment-trapping charac-
teristics of the Helley-Smith bedload sampler, by W.W.
Emmett. 1980
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P 1164. Effects of coal mine subsidence in the Sheridan,
Wyoming area, by C.R. Dunrud and FW. Osterwald.
1980.

P 1242, Perennial-streamflow characteristics related to
channel geometry and sediment in the Missouri River
basin, by W.R. Osterkamp and E.R. Hedman. 1982.

P 1244. Fioods of May 1978 in southeastern Montana and
northeastern Wyoming, by Charles Parrett, D.D

P 1273-A. Stratigraphy and sedimentary facies of the Mad-
ison Limestone and associated rocks in parts of Mon-
tana, Nebraska, North Dakota, South Dakota, and
Wyoming, by J.A. Peterson. 1984.

P 1273-B. Correlation of Paleostructure and sediment dep-
osition in the Madison Limestone and associated rocks
in parts of Montana, North Dakota, South Dakota,
Wyoming, and Nebraska, by D.L. Brown,

R.K. Blankennagel, L.M. MacCary, and J.A. Peterson.
1984,

P 1273-C. Relationship of porosity and permeability to
petrology of the Madison Limestone in rock cores from
three test wells in Montana and Wyoming, by PA.
Thayer. 1983.

P 1273-D. Apparent water resistivity, porosity, and water
temperature of the Madison Limestone and underlying
rocks in parts of Montana, Nebraska, North Dakota,
South Dakota, and Wyoming, by L.M. MacCary. 1984.

P 1273-E. Potentially favorable areas for large-yield wells
in the Red River Formation and Madison Limestone in
parts of Montana, North Dakota, South Dakota, and
Wyoming, by L.M. MacCary, E.M. Cushing, and D.L.
Brown. 1983.

P 1273-F. Geochemical evolution of water in the Madison
aquifer in parts of Montana, South Dakota, and Wyo-
ming, by J.F. Busby, L.N. Plummer, R.W. Lee, and B.B.
Hanshaw. 1991.

P 1273-G. Geohydrology of the Madison and associated
aquifers in parts of Montana, North Dakota, South
Dakota, and Wyoming, by J.S. Downey. 1984.

P 1277-A. Hydrologic and morphologic changes in channels
of the Platte River basin in Colorado, Wyoming, and
Nebraska; a historical perspective, by H.R. Eschner,
R.F. Hadley, and K.D. Crowley. 1983.

P 1277-B. Effects of water development on surface-water
hydrology, Platte River basin in Colorado, Wyoming,
and Nebraska upstream from Duncan, Nebraska, by
J.E. Kircher, and M.R. Karlinger. 1983.

P 1330. A seismic-stratigraphic investigation of the Madi-
son and associated aquifers; application to ground-
water exploration, Powder River basin, Montana-Wyo-
ming, edited by A.H. Balch. 1988.

P 1338. Effects of organic wastes on water quality from the
processing of oil shale from the Green River Formation,
Colorado, Utah, and Wyoming, by J.A. Leenheer and
T.I. Noyes. 1986.

P 1400-A. Summary of the High Plains Regional Aquifer-
System Analysis in parts of Colorado, Kansas,
Nebraska, New Mexico, South Dakota, Texas, Okla-
homa, and Wyoming, by J.B. Weeks, E.D. Gutentag,
F.J. Heimes, and R.R. Luckey. 1988.

P 1400-B. Geohydrology of the High Plains aquifer in parts
of Colorado, Kansas, Nebraska, New Mexico, Okla-
homa, South Dakota, Texas, and Wyoming, by E.D.
Gutentag, F.J. Heimes, N.C. Krothe, R.R. Luckey, and
J.B. Weeks. 1984.

P 1400-C. Mapping irrigated cropland from Landsat for
determination of water-use from the High Plains aquifer
in parts of Colorado, Kansas, Nebraska, New Mexico.
Oklahoma, South Dakota, Texas, and Wyoming, by
G.P. Thelin and F.J. Heimes. 1987.

P 1400-D. Digital simulation of ground-water flow in the
High Plains aquifer in parts of Colorado, Kansas,
Nebraska, New Mexico, Oklahoma, South Dakota,
Texas, and Wyoming, by R.R. Luckey, E.D. Gutentag,
F.J. Heimes, and J.B. Weeks. 1986.

P 1400-E. Effects of future ground-water pumpage on the
High Plains aquifer in parts of Colorado, Kansas,
Nebraska, New Mexico, Oklahoma, South Dakota,
Texas, and Wyoming, by R.R. Luckey, E.D. Gutentag,
F.J. Heimes, and J.B. Weeks. 1988.

P 1402-A. The regional aquifer system underlying the
Northern Great Plains in parts of Montana, North
Dakota, South Dakota, and Wyoming--summary, by
J.S. Downey and G.A. Dinwiddie. 1988.

P 1402-B. Geologic framework of the ground-water system
in Jurassic and Cretaceous rocks in the Northern Great
Plains in parts of Montana, North Dakota, South
Dakota, and Wyoming, by L.O. Anna. 1986.

P 1402-C. Geochemistry of ground water in two sandstone
aquifer systems in the Northern Great Plains in parts of
Montana and Wyoming, by Thomas Henderson. 1985.

P 1402-D. Freshwater heads and ground-water temperatures
in aquifers of the Northern Great Plains in parts of Mon-
tana, North Dakota, South Dakota, and Wyoming, by
D.H. Lobmeyer. 1985.
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P 1402-E. Geohydrology of bedrock aquifers in the North-
ern Great Plains in parts of Montana, North Dakota,
South Dakota, and Wyoming, by J.S. Downey. 1986.

P 1411-B. Geohydrology of Tertiary rocks in the Upper Col-
orado River basin in Colorado, Utah, and Wyoming,
excluding the San Juan basin, by K.C. Glover, D.L.
Naftz, and L.J. Martin. In press.

P 1411-C. Geohydrology of Mesozoic rocks in the Upper
Colorado River basin in Arizona, Colorado, New Mex-
ico, Utah, and Wyoming, excluding the San Juan basin,
by G.W. Freethey and G.E. Cordy. 1991.

P 1464. Summary of the U.S. Geological Survey and U.S.
Bureau of Land Management national coal-hydrology
program, 1974-84, edited by L.J. Britton, C.L. Ander-
son, D.A. Goolsby, and B.P. Van Haveren. 1989.

Journal of Research of the Geological Survey

The Journal of Research Series has been
discontinued. Separate prints of the articles listed
below are available from the District Chief,
Cheyenne, Wyoming.

Iron in water near wastewater lagoons in Yellowstone
National Park, Wyoming, by E.R. Cox, vol. 6, no. 3, p.
319-324. 1978.

Hydrologic characteristics of the Madison Limestone, the
Minnelusa Formation, and equivalent rocks as deter-
mined by well-logging formation evaluation, Wyo-
ming, Montana, South Dakota, and North Dakota, by
W.J. Head and R.H. Merkel, vol. 5, no. 4, p. 473-485.
1977.

Water-Supply Papers (W)

Water-Supply Papers are sold by U.S. Geological
Survey, Branch of Distribution, Box 25286,
Federal Center, Denver, CO 80225.

W 1261. A postglacial chronology for some alluvial valleys
in Wyoming, by L.B. Leopold and J.P. Miller. 1954,

W 1373. Sedimentation and chemical quality of surface
waters in the Wind River basin, Wyoming, by B.R.
Colby, C.H. Hembree, and FH. Rainwater. 1956.

W 1375. Ground-water resources of the Riverton irrigation
project area, Wyoming, by D.A. Morris, O.M. Hackett,
K.E. Vanlier, and E.A. Moulder, with a section on
Chemical quality of ground water, by W.H. Durum.
1959.

W 1377. Geology and ground-water resources of Goshen
County, Wyoming, by J.R. Rapp, EN. Visher, and R.T.
Littleton, with a section on Chemical quality of
ground water, by W.H. Durum. 1957.

W 1458. Geology and ground-water resources of the Raw-
lins area, Carbon County, Wyoming, by D.W. Berry.
1960.

W 1490. Geology and ground-water resources of Platte
County, Wyoming, by D.A. Morris and H.M. Babcock,
with a section on Chemical quality of ground water,
by R.H. Langford. 1960.

W 1531. Hydrology of the upper Cheyenne River basin:
Part A. Hydrology of stock-water reservoirs in upper
Cheyenne River basin, by R.C. Culler; Part B. Sedi-
ment sources and drainage-basin characteristics in
upper Cheyenne River basin, by R.F. Hadley and S.A.
Schumm. 1961.

W 1532-A. Hydrologic effects of water spreading in Box
Creek basin, Wyoming, by R.F. Hadley, I.S. McQueen,
and others. 1961.

W 1535-E. Chemical degradation on opposite flanks of the
Wind River Range, Wyoming, by C.H. Hembree and
F.H. Rainwater. 1961.

W 1539-V. Availability of ground water in the Bear River
Valley, Wyoming, by C.J. Robinove and D.W. Berry,
with a section on Chemical quality of ground water,
by J.G. Conner. 1963.

W 1576-1. Ground-water resources of the Wind River Indian
Reservation, Wyoming, by L.J. McGreevy, W.G. Hod-
son, and S.J. Rucker, IV. 1969.

W 1596. Geology and ground-water resources of the Grey-
bull River--Dry Creek area, Wyoming, by C.J. Robin-
ove and R.H. Langford. 1963.

W 1669-E. Ground-water resources and geology of the
Lyman-Mountain View area, Uinta County, Wyoming,
by C.J. Robinove and T.R. Cummings. 1963.

W 1698. Ground-water resources and geology of northern
and western Crook County, Wyoming, by H.A. Whit-
comb and D.A. Morris, with a section on Chemical
quality of the ground water, by R.H. Langford. 1964

W 1788. Ground-water resources and geology of Niobrara
County, Wyoming, by H.A. Whitcomb, with a sec-
tion on Chemical quality of the ground water, by
T.R. Cummings. 1965.

W 1806. Ground-water resources and geology of northern
and central Johnson County, Wyoming, by H.A. Whit-
comb, T.R. Cummings, and R.A. McCullough. 1966.
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W 1807. Ground-water resources of Sheridan County, Wyo-
ming, by M.E. Lowry and T.R. Cummings. 1966.

W 1809-C. Ground water in the Upper Star Valley, Wyo-
ming, by E.H. Walker. 1965.

W 1834. Geology and ground-water resources of Laramie
County, Wyoming, by M.E. Lowry and M.A. Crist,
with a section onChemical quality of ground water
and of surface water, by J.R. Tilstra. 1967.

W 1897. Ground-water resources of Natrona County, Wyo-
ming, by M.A. Crist and M.E. Lowry. 1972.

W2009-C. Chemical quality of surface water in the Flaming
Gorge Reservoir area, Wyoming and Utah, by R.J.
Madison and K.M. Waddell. 1973.

W 2023. Selenium in waters in and adjacent to the Kendrick
Project, Natrona County, Wyoming, by M.A. Crist.
1974.

W 2039-A. Chemical quality and temperature of water in
Flaming Gorge Reservoir, Wyoming and Utah, and the
effects of the reservoir on the Green River, by E.L.
Bolke and K.M. Waddell. 1975.

W 2056. Analysis of runoff from small drainage basins in
Wyoming, by G.S. Craig, Jr. and J.G. Rankl. 1978.

W 2058. Dissolved-oxygen depletion and other effects of
storing water in Flaming Gorge Reservoir, Wyoming
and Utah, by E.L. Bolke. 1979.

W 2193. Streamflow characteristics related to channel
geometry of streams in western United States, by E.R.
Hedman and W.R. Osterkamp. 1982.

W 2199. Verification of step-backwater computations on
ephemeral streams in northeastern Wyoming, by S.A.
Druse. 1982.

W 2250. National water summary 1983—hydrologic events
and issues, by U.S. Geological Survey. 1984.

W2275. National water summary 1984—hydrologic events,
selected water-quality trends, and ground-water
resources, by U.S. Geological Survey. 1985.

W 2289. Artesian pressures and water quality in Paleozoic
aquifers in the Ten Sleep area of the Bighorn basin,
north-central Wyoming, by M.E. Cooley. 1986.

W 2300. National water summary 1985—hydrologic events
and surface-water resources, by U.S. Geological Sur-
vey. 1986.

W 2322. Leachate migration from an in-situ oil-shale retort
near Rock Springs, Wyoming, by K.C. Glover. 1988.

W2325. National water summary 1986—hydrologic events
and ground-water quality, by U.S. Geological Survey.
1988.

W2350. National water summary 1987—hydrologic events
and water supply and demand, by U.S. Geological Sur-
vey. 1990.

W 2358. Characteristics and trends of streamflow and dis-
solved solids in the Upper Colorado River basin, Ari-
zona, Colorado, New Mexico, Utah, and Wyoming, by
T.D. Liebermann, D.K. Mueller, J.E. Kircher, and A.F.
Choquette. 1989.

W 2366. A point-infiltration model for estimating runoff
from rainfall on small basins in semiarid areas in Wyo-
ming, by J.G. Rankl. 1990.

W 2375. National water summary 1988-89—Hydrologic
events and floods and droughts, by U.S. Geological
Survey. 1991.

Circulars (C)

Single copies of circulars still in print are available
free from U.S. Geological Survey, Branch of
Distribution, Box 25286, Federal Center, Denver,
CO 80225.

C 160. Sedimentation and chemical quality of water in the
Powder River drainage basin, Wyoming and Montana,
by C.H. Hembree, B.R. Colby, H.A. Swenson, and J.R.
Davis. 1952.

C 743. Land and natural resource information and some
potential environmental effects of surface mining of
coal in the Gillette area, Wyoming, by W.R. Keefer and
R.F. Hadley. 1976.

C 839. Assessment of impacts of proposed coal-resource
and related economic development on water resources,
Yampa River basin, Colorado and Wyoming—A sum-
mary, compiled and edited by T.D. Steele and D.E. Hill-
ier. 1981.

C 900. Guide to obtaining USGS information, compiled by
Kurt Dodd, H.K. Fuller, and P.F. Clark (revised).
1989.

C 1004. Estimated use of water in the United States in 1985,
by W.B. Solley, C.F. Merk, and R.R. Price. 1988.

C 1081. Estimated use of water in the United States in 1990,
by W.B. Solley, R.R. Price, and H.A. Perlman. 1993.
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Water-Resources Investigations Reports
(WRIR)

Reports in this series are available for inspection at
the Wyoming and Reston, Virginia, offices of the
U.S. Geological Survey. Selected reports may be
purchased either as microfilm or hard copy from
the National Technical Information Service (NTIS),
U.S. Department of Commerce, Springfield, VA
22161; the NTIS ordering number is given in
parentheses at the end of the citation. Further
information about these reports may be obtained
Jrom the District Chief, Water Resources Division,
Cheyenne.

WRIR 3-75. Hydrologic analysis of the valley-fill aquifer,
North Platte River valley, Goshen County, Wyoming,
by M.A. Crist. 1975. (PB-243 226/AS).

WRIR 63-75. Preliminary digital model of ground-water
flow in the Madison Group, Powder River basin and
adjacent areas, Wyoming, Montana, South Dakota,
North Dakota, and Nebraska, by L.F. Konikow. 1976.

WRIR 8-76. Digital model to predict effects of pumping
from the Arikaree aquifer in the Dwyer area, southeast-
ern Wyoming, by G.C. Lines. 1976.

WRIR 76-77. Hydrologic effects of hypothetical earth-
quake-caused floods below Jackson Lake, northwestern
Wyoming, by W.R. Glass, T.N. Keefer, and J.G. Rankl.
1976.

WRIR 76-112. Techniques for estimating flow characteris-
tics of Wyoming streams, by H.W. Lowham. 1976.
[superseded by WRIR 88-4045)

WRIR 76-118. Geohydrology of the Albin and LaGrange
areas, southeastern Wyoming, by W.B. Borchert. 1976.

WRIR 77-72. Physical, chemical, and biological relations of
four ponds in the Hidden Creek strip-mine area, Powder
River basin, Wyoming, by D.J. Wangsness. 1977, (PB-
273 512/AS)

WRIR 77-103. An analysis of salinity in streams of the
Green River basin, Wyoming, by L.L. DeLong. 1977.
(PB-275 728/AS)

WRIR 77-107. Preliminary model of the Arikaree aquifer in
the Sweetwater River basin, central Wyoming, by W.B.
Borchert. 1977.

WRIR 77-111. Hydrologic evaluation of the Arikaree For-
mation near Lusk, Niobrara and Goshen Counties,
Wyoming, by M.A. Crist. 1977.

WRIR 78-13. An analysis of stream temperatures, Green
River basin, Wyoming, by H.-W. Lowham. 1978. (PB-
284 062/AS)

WRIR 78-96. Preliminary applications of Landsat images
and aerial photography for determining land-use, geo-
logic, and hydrologic characteristics—Yampa River
basin, Colorado and Wyoming, by FJ. Heimes, G.K.
Moore, and T.D. Steele. 1978.

WRIR 78-121. The biology of Salt Wells Creek and its trib-
utaries, southwestern Wyoming, by M.J. Engelke, Jr.
1978. (PB-300 828/AS)

WRIR 78-122, Traveltime, unit-concentration, longitudinal-
dispersion, and reaeration characteristics of upstream
reaches of the Yampa and Little Snake Rivers, Colorado
and Wyoming, by D.P. Bauer, R.E. Rathbun, and
H.W. Lowham. 1979. (PB-80 129 521/AS)

WRIR 79-6. Hydrogeologic features of the alluvial deposits
in the Greybull River valley, Bighorn basin, Wyoming,
by M.E. Cooley and W.J. Head. 1979.

WRIR 79-47. Effect on sediment yield and water quality of
a nonrehabilitated surface mine in north-central Wyo-
ming, by B.H. Ringen, L.M. Shown, R.F. Hadley, and
T.K. Hinkley. 1979. (PB-299 868/AS)

WRIR 79-1291. Hydrogeologic features of the alluvial
deposits in the Nowood River drainage area, Bighorn
basin, Wyoming, by M.E. Cooley and W.J. Head. 1979.

WRIR 80-8. Analysis of stream quality in the Yampa River
basin, Colorado and Wyoming, by D.A. Wentz and T.D.
Steele. 1980. (PB-81 108 904/AS)

WRIR 80-50. Kriging analysis of mean annual precipitation,
Powder River basin, Montana and Wyoming, by M.R.
Karlinger and J.A. Skrivan. 1980. (PB-81 216 806/
AS)

WRIR 80-85. Water resources of upper Separation Creek
basin, south-central Wyoming, by L.R. Larson and E.A.
Zimmerman. 1981. (PB-81 224 263/AS)

WRIR 80-111. Evaluating methods for determining water
use in the High Plains in parts of Colorado, Kansas,
Nebraska, New Mexico, Oklahoma, South Dakota,
Texas, and Wyoming, by FJ. Heimes and R.R. Luckey.
1980. (PB-81 205 270/AS)

WRIR 80-729. Preliminary map showing freshwater heads
for the Mission Canyon and Lodgepole Limestones and
equivalent rocks of Mississippian age in the Northern
Great Plains of Montana, North and South Dakota, and
Wyoming, by R.W. Miller and S.A. Strausz. 1980.

WRIR 80-730. Preliminary map showing freshwater heads
for the Red River Formation, Bighorn Dolomite, and
equivalent rocks of Ordovician age in the Northern
Great Plains of Montana, North and South Dakota, and
Wyoming, by W.R. Miller and S.A. Strausz. 1980.

SELECTED PUBLICATIONS 31



WRIR 80-1104. Effects of pumpage on ground-water levels
as modeled in Laramie County, Wyoming, by M.A.
Crist. 1980.

WRIR 81-62. Hydrology of Salt Wells Creek--a plains
stream in southwestern Wyoming, by H.W. Lowham,
L.L. DeLong, K.R. Collier, and E.A. Zimmerman.
1982. (PB-82 201 211/AS)

WRIR 81-71. Streamflows and channels of the Green River
basin, Wyoming, by H.W. Lowham. 1982. (PB-82 207
416/AS)

WRIR 81-72. Sediment transport and source areas of sedi-
ment and runoff, Big Sandy River basin, Wyoming, by
J.E. Kircher. 1982. (PB-82 215 898/AS)

WRIR 81-75. Methodology for hydrologic evaluation of a
potential surface mine: the Red Rim site, Carbon and
Sweetwater Counties, Wyoming, by D.G. Frickel, L.M.
Shown, R.F. Hadley, and R.F. Miller. 1981.

WRIR 81-76. An empirical method for determining average
soil infiltration rates and runoff, Powder River struc-
tural basin, Wyoming, by J.G. Rankl. 1982. (PB-82
201 732/AS)

WRIR 81-692. Base flow and chemical quality of streams in
the Northern Great Plains area, Montana and Wyoming,
1977-78. by S.A. Druse, K.A. Dodge, and
W.R. Hotchkiss. 1981.

WRIR 82-40. Method for estimating historical irrigation
requirements from ground water in the high plains in
parts of Colorado, Kansas, Nebraska, New Mexico,
Oklahoma, South Dakota, Texas, and Wyoming, by F.J.
Heimes and R.R. Luckey. 1982. (PB-82 245 796/AS)

The following eight WRIR reports are part of a
series of reports that broadly characterize the
hydrology of selected drainage basins within coal
provinces, nationwide. Basins in Wyoming are
indicated in parentheses. The reports contain
numerous maps, graphs, and other illustrations,
most of which are reproduced in color. Free copies
of the reports for areas 50, 51, and 52 are
available from District Chief, U.S. Geological
Survey, 2617 E. Lincolnway, Suite B, Cheyenne,
WY 82001.

WRIR 82-682. Hydrology of Area 49, Northern Great
Plains and Rocky Mountain Coal Provinces, Montana
and Wyoming, by S.E. Slagle and others. 1983.
(Tongue River basin)

WRIR 83-146. Hydrology of Area 54, Northern Great
Plains and Rocky Mountain Coal Provinces, Colorado
and Wyoming, by Gerhard Huhn, P.B. Daddow,

G.S. Craig, Jr., and others. 1983 [1984]. (upper North
Platte River basin)

WRIR 83-545. Hydrology of Area 50, Northern Great
Plains and Rocky Mountain Coal Provinces, Wyoming
and Montana, by M.E. Lowry, J.F. Wilson, Jr., and oth-
ers. 1986 [1987]. (Powder River basin and adjacent
areas)

WRIR 83-761. Hydrology of Area 52, Northern Great
Plains and Rocky Mountain Coal Provinces, Wyoming,
Colorado, Idaho, and Utah, by H.W. Lowham and oth-
ers. 1985 [1987]. (Green River basin)

WRIR 83-765. Hydrology of Area 53, Northern Great
Plains and Rocky Mountain Coal Provinces, Colorado,
Utah, and Wyoming, by N.E. Driver and others. 1984
[1987]. (Little Snake River basin)

WRIR 84-141. Hydrology of Area 48, Northern Great
Plains and Rocky Mountain Coal Provinces, Montana
and Wyoming, by S.E. Slagle and others. 1986. (Clarks
Fork River basin)

WRIR 84-734. Hydrology of Area 51, Northern Great
Plains and Rocky Mountain Coal Provinces, Wyoming
and Montana, by D.A. Peterson and others. 1987. (part
of Wind/Bighorn River basin)

WRIR 85-153. Hydrology of Area 59, Northern Great
Plains and Rocky Mountain Coal Provinces, Colorado
and Wyoming, by N.G. Gaggiani and others. 1986.
(South Platte River basin)

The _following WRIR reports may be purchased
Jrom U.S. Geological Survey, Open-File Reports—
ESIC, Box 25425, Federal Center, Denver, CO
80225. A report listed as “In press” is not yet
available.

WRIR 82-4003. Evaluation of selected surface-water-qual-
ity stations in Wyoming, by S.J. Rucker, IV and L.L.
DeLong. 1987.

WRIR 82-4007. Hydrologic features of the alluvial deposits
in the Owl Creek valley, Bighorn basin, Wyoming, by
M.E. Cooley and W.J. Head. 1982.

WRIR 82-4008. Water quality of streams and springs, Green
River basin in Wyoming, by L.L.. DeLong. 1986.

WRIR 82-4068. Digital model of the Bates Creek alluvial
aquifer near Casper, Wyoming, by K.C. Glover. 1983.

WRIR 82-4072. A data-management system for areal inter-
pretive data for the High Plains in parts of Colorado,
Kansas, Nebraska, New Mexico, Oklahoma, South
Dakota, Texas, and Wyoming, by R.R. Luckey and C.E
Ferrigno. 1982.
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WRIR 82-4103. Time of travel and dispersion of solutes in
a 36.4-mile reach of the North Platte River downstream
from Casper, Wyoming, by G.W. Armentrout, Jr. and
L.R. Larson. 1984.

WRIR 82-4105. Evapotranspiration rates of selected sites in
alluvial valleys in the Powder River basin, Wyoming
and Montana, by L.W. Lenfest, Jr. 1986 [1988].

WRIR 82-4107. Machine-readable data files from the Mad-
ison Limestone and Northern Great Plains Regional
Aquifer-System Analysis projects, Montana, Nebraska,
North Dakota, South Dakota, and Wyoming, by J.S.
Downey. 1982.

WRIR 82-4117. Hydrology of the White Tail Butte area,
northern Campbell County, Wyoming, by M.E. Lowry
and J.G. Rankl. 1987.

WRIR 83-4024. The ground-water system in the LaGrange
aquifer near LaGrange, southeastern Wyoming, by
W.B. Borchert. 1985.

WRIR 83-4047. Hydrologic conditions in the Wheatland
Flats area, Platte County, Wyoming, by M.A. Crist.
1983.

WRIR 83-4078. Storage analysis for ephemeral streams in
semiarid regions, by K.C. Glover. 1984.

WRIR 83-4093. Major geochemical processes related to the
hydrology of the Madison aquifer system and associ-
ated rocks in parts of Montana, South Dakota, and
Wyoming, by J.F. Busby, R.W. Lee, and B.B. Hanshaw.
1983.

WRIR 83-4127. Pesticide data for Wyoming streams, by
D.L. Butler. 1987.

WRIR 83-4137. Computer program and data listing for two-
dimensional ground-water model for Laramie County,
Wyoming, by Marvin A. Crist. 1983.

WRIR 83-4150. Hydrologic evaluation of proposed ground-
water withdrawals in Muleshoe Flat near Wheatland,
southeastern Wyoming, by Dwight T. Hoxie. 1983.

WRIR 83-4235. An assessment of cumulative impacts of
mining on the hydrology of part of the Powder River
structural basin, Wyoming--progress report, by P.R.
Jordon, R.M. Bloyd, and P.B. Daddow. 1984.

WRIR 84-4026. Relationship of suspended sediment to
streamflow in the Green River basin, Wyoming, by
B.H. Ringen. 1984.

WRIR 84-4033. Generalized potentiometric-surface map of
the High Plains aquifer in Wyoming, 1981, by C.F.
Avery and R.A. Pettijohn. 1984.

WRIR 84-4034. Ground-water quality in Wyoming, by L.R.
Larson. 1984.

WRIR 84-4040. Ground-water levels and use of water for
irrigation in the Saratoga Valley, south-central Wyo-
ming, 1980-81, by L.W. Lenfest, Jr. 1986.

WRIR 84-4079. Water resources of Weston County, Wyo-
ming, by M.E. Lowry, W.J. Head, J.G. Rankl, and J.F.
Busby. 1986.

WRIR 84-4092. Statistical summary of the chemical quality
of surface water in the Powder River coal basin, Hanna
coal field, and the Green River coal region, Wyoming,
by D.A. Peterson. 1988.

WRIR 84-4172. Water quality of the North Platte River,
east-central Wyoming, by L.R. Larson. 1985.

WRIR 84-4356. Wastewater movement near four treatment
and disposal sites in Yellowstone National Park, Wyo-
ming, by E.R. Cox. 1986.

WRIR 85-4091. Divisions of potential fracture permeabil-
ity, based on distribution of structures and lineaments,
in sedimentary rocks of the Rocky Mountains—High
Plains region, western United States, by M.E. Cooley.
1986.

WRIR 85-4154. Altitude and configuration of the water
table, and depth to water near Cheyenne, Wyoming,
May 1984, by M.A. Crist. 1985.

WRIR 85-4229. Ground-water flow systems in the Powder
River structural basin, Wyoming and Montana, by J.G.
Rankl and M.E. Lowry. 1990.

WRIR 85-4246. An assessment of low flows in streams in
northwestern Wyoming, by G.W. Armentrout, Jr. and
J.F. Wilson, Jr. 1987.

WRIR 85-4281. Hydrogeology and simulation of water flow
in strata above the Bearpaw Shale and equivalents of
eastern Montana and northeastern Wyoming, by W.R.
Hotchkiss and J.F. Levings. 1986.

WRIR 85-4287. Invertebrate communities of small streams
in northeastern Wyoming, by D.A. Peterson. 1990.

WRIR 85-4305. Potentiometric-surface map of the Wyo-
dak-Anderson coal bed, Powder River structural basin,
Wyoming, 1973-84, by P.B. Daddow. 1986.

WRIR 85-4311. Recharge of shallow aquifers through
ephemeral stream channels in Wyoming, 1982-83, by
L.W. Lenfest, Jr. 1987.

WRIR 85-4314. Analysis of sediment production from two
small ephemeral streams in Wyoming, by J.G. Rankl.
1987.

WRIR 86-4016. Water quality of Fremont Lake and New
Fork Lakes, western Wyoming—a progress report, by
D.A. Peterson, R.C. Averett, and K.L. Mora. 1987.
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WRIR 86-4047. A dual-porosity model for simulating sol-
ute transport in oil shale, by K.C. Glover. 1987.

WRIR 86-4158. Geohydrology and water quality of the
Inyan Kara, Minnelusa, and Madison aquifers of the
northern Black Hills, South Dakota and Wyoming, and
Bear Lodge Mountains, Wyoming, by D.P. Kyllonen
and K. D. Peter. 1987.

WRIR 86-4063. Machine-readable files for the High Plains
Regional Aquifer-System Analysis in parts of Colo-
rado, Kansas, Nebraska, New Mexico, Oklahoma,
South Dakota, Texas, and Wyoming, by C.F. Ferrigno.
1986.

WRIR 86-4170. Selected hydrologic and physical properties
of the Mesozoic formations in the Upper Colorado
River basin in Arizona, Colorado, Utah, and Wyo-
ming—excluding the San Juan basin, by J.F. Weigel.
1987.

WRIR 86-4205. Water-table contours and depth to water in
the southeastern part of the Sweetwater River basin,
central Wyoming, by W.B. Borchert. 1987.

WRIR 86-4319. A finite-element model for simulating
hydraulic interchange of surface and ground water, by
K.C. Glover. 1988.

WRIR 86-4329. Investigations of possible effects of surface
coal mining on hydrology and landscape stability in
part of the Powder River structural basin, northwestern
Wyoming, by R.M. Bloyd, P.B. Daddow, P.R. Jordon,
K.C. Glover, and others. 1986.

WRIR 87-4018. Streamflow characteristics of the Missouri
River basin, Wyoming, through 1984, by D.A. Peter-
son. 1988.

WRIR 87-4022. Streamflow characteristics of the Green,
Bear, and Snake River basins, Wyoming, through 1984,
by D.A. Peterson. 1988.

WRIR 87-4102. Geology and potential effects of coal min-
ing in 12 coal-lease areas, Powder River structural
basin, northeastern Wyoming, by J.L. Fogg, M.W. Mar-
tin, and P.B. Daddow. 1991.

WRIR 87-4200. Geochemistry of batch-extract waters
derived from spoil material collected at the Cordero
coal mine, Powder River basin, Wyoming, by D.L.
Naftz. 1990.

WRIR 87-4222. Estimating average dissolved-solids yields
from basins drained by ephemeral and intermittent
streams—Green River basin, Wyoming, by L.L
DeLong and D.K. Wells. 1988.

WRIR 87-4225. Precipitation records and flood-producing
storms in Cheyenne, Wyoming, by J.B. Lindner-Lun-
sford. 1988.

WRIR 87-4255. Reconnaissance investigation of water
quality, bottom sediment, and biota associated with irri-
gation drainage in the Kendrick Reclamation Project
area, Wyoming, 1986-87, by D.A. Peterson, W.E.
Jones, and A.G. Morton. 1988.

WRIR 87-4264. Cost-effectiveness of the streamflow-gag-
ing program in Wyoming, by S.A. Druse and K.L.
Wahl. 1988.

WRIR 88-4021. Fremont Lake, Wyoming—Some aspects
of the inflow of water and sediment, by W.W. Emmett
and R.C. Averett. 1989.

WRIR 88-4045. Streamflows in Wyoming, by H.W.
Lowham. 1988.

WRIR 88-4046. Cumulative potential hydrologic impacts
of surface coal mining in the eastern Powder River
structural basin, northeastern Wyoming, by L.J. Martin,
D.L. Naftz, H.W. Lowham, and J.G. Rankl. 1989.

WRIR 88-4064. Flood boundaries and water-surface profile
for the computed 100-year flood, Swift Creek at Afton,
Wyoming, 1986, by J.G. Rankl and J.C. Wallace. 19809.

WRIR 88-4192. Recharge to the Madison Limestone in the
Glenrock area, east-central Wyoming, by D.A. Peter-
son. 1991.

WRIR 88-4196. Evaluation of ground-water-level changes
near Gillette, northeastern Wyoming, by M.A. Crist.
1991.

WRIR 88-4209. Use of paleoflood investigations to improve
flood-frequency analyses of plains streams in Wyo-
ming, by M.E. Cooley. 1990.

WRIR 88-4215. Procedure for evaluating observation-well
networks in Wyoming, and application to northeastern
Wyoming, 1986, by J.C. Wallace and M.A. Crist. 1989.

WRIR 89-4002. Hydrology of the Powder River alluvium
between Sussex, Wyoming, and Moorhead, Montana,
by B.H. Ringen and P.B. Daddow. 1990.

WRIR 89-4078. A concept of the shallow ground-water sys-
tem along the North Platte River, south-central Wyo-
ming, by M.A. Crist. 1990.

WRIR 89-4173. Stream-aquifer system in the Upper Bear
River Valley, Wyoming, by K.C. Glover. 1990.

WRIR 90-4154. Assessment of the hydrologic system and
hydrologic effects of uranium exploration and mining
in the southern Powder River basin uranium district and
adjacent areas, Wyoming, by M.L. Lowry, P.B. Dad-
dow, and S.J. Rucker, IV. 1993.
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WRIR 90-4186. Estimating traveltimes of boats through
bald eagle habitat along the Snake River, northwestern
Wyoming, using geographic information system tech-
niques, by J.F. Wilson, Jr. and C.A. Eshelman. 1992.

WRIR 90-4187. Reconnaissance investigation of water
quality, bottom sediment, and biota associated with irri-
gation drainage in the Riverton Reclamation Project,
Wyoming, 1988-89, by D.A. Peterson, T.F. Harms,
Pedro Ramirez, G.A. Allen, and A.H. Christenson.
1991.

WRIR 91-4000. Selenium and associated trace elements in
soil, rock, water, and streambed sediment of the pro-
posed Sandstone Reservoir, south-central Wyoming, by
D.L. Naftz and C.S.V. Barclay. 1991.

WRIR 91-4029. Trends in selected water-quality character-
istics, Powder River and tributaries, Montana and Wyo-
ming, water years 1968-88 and 1975-88, by L.E. Cary.
1991.

WRIR 91-4034. Examination of head data in a fractured and
layered system, Rock Springs, Wyoming, by K.M. Ogle
(p. 172-174); and Use of azaarene tracers to evaluate
fracture flow from an in-situ oil-shale retort, Rock
Springs, Wyoming, by L.B. Barber, Il and J.A. Leen-
heer (p. 175-181); in U.S. Geological Survey Toxic
Substances Hydrology Program—proceedings of the
technical meeting, Monterey, California, March 11-15,
1991, edited by G.E. Mallard and D.E. Aronson. 1991.

WRIR 91-4044. Water resources of Washakie County, Wyo-
ming, by D.D. Susong, M.L. Smalley, and E.R. Banta.
1993.

WRIR 91-4052. Effects of potential geothermal develop-
ment in the Corwin Springs Known Geothermal
Resources Area, Montana, on the thermal features of
Yellowstone National Park, edited by M.L. Sorey.
1991.

WRIR 91-4067. Shallow ground water in the Powder River
basin, northeastern Wyoming—Description of selected
publications, 1950-91, and indications for further study,
by J.B. Lindner-Lunsford and J.F. Wilson, Jr. 1992.

WRIR 91-4068. Techniques for estimating selected param-
eters of the U.S. Geological Survey’s precipitation-run-
off modeling system in eastern Montana and
northeastern Wyoming, by L.E. Cary. 1991.

WRIR 91-4069. Ground-water geochemistry of the near-
surface Wasatch Formation, northern Green River
basin, Sublette County, Wyoming, by D.T. Chafin and
B.A. Kimball. 1992.

WRIR 91-4108. Surface- and ground-water quality in the
Owl Creek basin, north-central Wyoming, by K.M.
Ogle. 1992.

WRIR 91-4122. Bibliography of Regional Aquifer-System
Analysis Program of the U.S. Geological Survey, 1978-
91, edited by R.J. Sun and J.B. Weeks. 1991.

WRIR 91-4131. Detailed study of selenium in soil, repre-
sentative plants, bottom sediment, and biota in the Ken-
drick Reclamation Project area, Wyoming, 1988-90, by
R.B. See, D.L. Naftz, D.A. Peterson, J.G. Crock, J.A.
Erdman, and R.C. Severson—U.S. Geological Survey;
and Pedro Ramirez, Jr. and J.A. Armstrong—U.S. Fish
and Wildlife Service. 1992.

WRIR 91-4153. Characteristics of fluvial systems in the
plains and deserts of Wyoming, by H.W. Lowham and
M.E. Smith. 1993.

WRIR 91-4165. Widespread water-level declines occur dur-
ing 1989-90 in the High Plains Aquifer in Wyoming, by
K.A. Miller (p. 50-52), in Water-level changes in the
High Plains aquifer—predevelopment to 1990, by J.T.
Dugan and D.E. Schild. 1992.

WRIR 91-4199. Chemical quality of surface water and
mathematical simulation of the surface-water system,
Powder River drainage basin, northeastern Wyoming
and southeastern Montana, by J.B. Lindner-Lunsford,
Charles Parrett, J.F. Wilson, Jr., and C.A. Eddy-Miller.
1992,

WRIR 92-4047. Geohydrology of the High Plains aquifer
system, Cheyenne urban area, Wyoming, by M.E.
Cooley and M. A. Crist. In press.

WRIR 92-4071. The phytoplankton of Fremont Lake, Wyo-
ming, by R.C. Averett, W.W. Emmett, and D.A. Peter-
son. 1993.

WRIR 92-4091. Transport of sediment by streams in the
Sierra Madre, southern Wyoming, by J.G. Rankl and
M.L. Smalley. 1992.

WRIR 92-4164. Geohydrology of Tertiary rocks in the
Green River basin in Wyoming, Utah, and Colorado, by
L.J. Martin. In press.

WRIR 93-4021. Water resources of Big Horn County, Wyo-
ming, by Maria Plafcan, E.W. Cassidy, and M.L. Smal-
ley. In press.

WRIR 93-4022. Flood boundaries and water-surface pro-
files for the computed 50-, 100-, and 500-year floods,
Childs Draw and tributary, near Cheyenne, Wyoming,
August 1991. In press.

WRIR 93-4032. Geomorphic and hydraulic assessment of
the Bear River in and near Evanston, Wyoming, by
M.E. Smith and M.L. Maderak. In press.

WRIR 93-4141. Water resources of Hot Springs County,
Wyoming, by Maria Plafcan and K.M. Ogle. In press.
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Water-Data Reports

The water-data reports listed below may be
purchased as hard copy or microfiche only from the
National Technical Information Service (NTIS), U.S.
Department of Commerce, Springfield, VA 22161.
They are available for inspection only at the
Wyorning and Reston, VA, offices of the U.S.
Geological Survey. The PB number in parentheses
is the NTIS ordering number.

Water resources data for Wyoming—water year 1971, part 1,
surface-water records. 1972. (PB-289 523/AS)

Water resources data for Wyoming—water year 1971, part 2,
water-quality records. 1972. (PB-289 524/AS)

Water resources data for Wyoming—water year 1972, part 1,
surface-water records. 1973. (PB-289 525/AS)

Water resources data for Wyoming—water year 1972, part 2,
water-quality records. 1973. (PB-289 526/AS)

Water resources data for Wyoming—water year 1973, part 1,
surface-water records. 1974, (PB-289 527/AS)

Water resources data for Wyoming—water year 1973, part 2,
water-quality records. 1974. (PB-289 528/AS)

Water resources data for Wyoming—water year 1974, part 1,
surface-water records. 1975. (PB-289 529/AS)

Water resources data for Wyoming—water year 1974, part 2,
water-quality records. 1975. (PB-289 530/AS)

WY-75-1. Water resources data for Wyoming—water year
1975. 1976. (PB-259 841/AS)

WY-76-1. Water resources data for Wyoming—water year
1976, volume 1, Missouri River basin. 1977. (PB-278
818/AS)

WY-76-2. Water resources data for Wyoming—water year
1976, volume 2, Green River basin, Bear River basin,
and Snake River basin. 1977. (PB-285 744/AS)

WY-77-1. Water resources data for Wyoming—water year
1977, volume 1, Missouri River basin. 1978. (PB-293
493/AS)

WY-77-2. Water resources data for Wyoming—water year
1977, volume 2, Green River basin, Bear River basin,
and Snake River basin. 1978. (PB-293 494/AS)

WY-78-1. Water resources data for Wyoming—water year
1978, volume 1, Missouri River basin. 1979. (PB-80
165 152/AS)

WY-78-2. Water resources data for Wyoming—water year
1978, volume 2, GreeOn River basin, Bear River basin,
and Snake River basin. 1979. (PB-80 177 587/AS)

WY-79-1. Water resources data for Wyoming—water year
1979, volume 1, Missouri River basin. 1980. (PB-81
103 129/AS)

WY-79-2. Water resources data for Wyoming—water year
1979, volume 2, Green River basin, Bear River basin,
and Snake River basin. 1980. (PB-80 212 137/AS)

WY-80-1. Water resources data for Wyoming—water year
1980, volume 1, Missouri River basin. 1981. (PB-82
153 024/AS)

WY-80-2. Water resources data for Wyoming—water year
1980, volume 2, Green River basin, Bear River basin,
and Snake River basin. 1981. (PB-82 154 337/AS)

WY-81-1. Water resources data—Wyoming—water year
1981, volume 1, Missouri River basin. 1982. (PB-83
170 944/AS)

WY-81-2. Water resources data—Wyoming—water year
1981, volume 2, Green River basin, Bear River basin,
and Snake River basin. 1982. (PB-83 170 951/AS)

WY-82-1. Water resources data—Wyoming—water year
1982. 1983. (PB-84 114 669/AS)

WY-83-1. Water resources data—Wyoming—water year
1983. 1984. (PB-85 127 371/AS)

WY-84-1. Water resources data—Wyoming—water year
1984. 1985.

WY-85-1. Water resources data—Wyoming—water year
1985. 1986. (PB-87 172 565/AS)

WY-86-1. Water resources data—Wyoming—water year
1986. 1987. (PB-87 231 056/AS)

WY-87-1. Water resources data—Wyoming—water year
1987. 1988. (PB-88 240 338/AS)

WY-88-1. Water resources data—Wyoming—water year
1988. 1989.

WY-89-1. Water resources data—Wyoming—water year
1989. 1990. (PB-90 220 252/AS)

WY-90-1. Water resources data—Wyoming—water year
1990. 1991. (PB-91 190 942/AS)

WY-91-1. Water resources data—Wyoming—water year
1991. 1992. (PB-92 191 717/AS)

WY-92-1. Water resources data—Wyoming—water year
1992. 1993,
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Hydrologic Unit Maps and Hydrologic
Investigations Atlases (HA)

Hydrologic Unit Maps and Hydrologic
Investigations Atlases are sold by U.S. Geological
Survey, Map Distribution, Federal Center, Building
810, Box 25286, Denver, CO 80225.

Hydrologic unit map of Wyoming—1974, by U.S. Geologi-
cal Survey. 1976.

HA-219. Ground-water reconnaissance of the Great Divide
and Washakie basins and some adjacent areas, south-
western Wyoming, by G.E. Welder and L.J. McGreevy.
1966.

HA-270. Ground-water resources and geology of the Wind
River basin area, central Wyoming, by H.A. Whitcomb
and ML.E. Lowry. 1968.

HA-290. Ground-water reconnaissance of the Green River
basin, southwestern Wyoming, by G.E. Welder. 1968.

HA-417. Quality of surface-water in the Bear River basin,
Utah, Wyoming, and Idaho, by K.M. Waddell and Don
Price. 1972.

HA-465. Water resources of the Powder River basin and
adjacent areas, north-eastern Wyoming, by W.G. Hod-
son, R.H. Pearl, and S.A. Druse. 1973.

HA-471. Water resources of the Laramie, Shirley and Hanna
basins and adjacent areas, southeastern Wyoming, by
M.E. Lowry, S.J. Rucker, IV, and K.L. Wahl. 1973.

HA-477. Selected hydrologic data in the Upper Colorado
River basin, by Don Price and K.M. Waddell. 1974.

HA-487. Water in the Great Basin region; Idaho, Nevada,
Utah, and Wyoming, by Don Price, T.E. Eakin, and oth-
ers. 1974,

HA-512. Water resources of the Bighorn basin, northwest-
ern Wyoming, by M.E. Lowry, H-W. Lowham, and
G.C. Lines. 1976.

HA-539. Water resources of the thrust belt of western Wyo-
ming, by G.C. Lines and W.R. Glass. 1975.

HA-558. Water resources of northwestern Wyoming, by
E.R. Cox. 1976.

HA-642. Water table in the High Plains Aquifer in 1978 in
parts of Colorado, Kansas, Nebraska, New Mexico,
Oklahoma, South Dakota, Texas, and Wyoming, by
E.D. Gutentag and J.B. Weeks. 1980.

HA-648. Bedrock geology, altitude of base, and 1980 satu-
rated thickness of High Plains Aquifer in parts of Colo-
rado, Kansas, Nebraska, New Mexico, Oklahoma,
South Dakota, Texas, and Wyoming, by J.B. Weeks and
E.D. Gutentag. 1981.

HA-652. Water-level and saturated thickness changes, pre-
development to 1980 in the High Plains Aquifer in parts
of Colorado, Kansas, Nebraska, New Mexico, South
Dakota, Texas, and Wyoming, by R.R. Luckey,

E.D. Gutentag, and J.B. Weeks. 1981.

HA-658. Dissolved solids and sodium in water from the
High Plains Aquifer in parts of Colorado, Kansas,
Nebraska, New Mexico, Oklahoma, South Dakota,
Texas, and Wyoming, by N.C. Krothe, J.W. Oliver, and
J.B. Weeks. 1982.

HA-687. Hydrogeologic framework of the Upper Colorado
River basin--excluding the San Juan basin—Colorado,
Utah, Wyoming, and Arizona, by O.J. Taylor,

J.W. Hood, and E.A. Zimmerman. 1986.

HA-698. General hydrogeology of the aquifers of Mesozoic
age, Upper Colorado River basin; excluding the San
Juan Basin; Colorado, Utah, Wyoming, and Arizona, by
G.W. Freethey, B.A. Kimball, D.E. Wilberg, and J.W.
Hood. 1988.

HA-699. Flood of August 1, 1985, in Cheyenne, Wyoming,
by S.A. Druse, M.E. Cooley, S.L. Green, and H.W.
Lowham. 1986.

HA-702. Hydrogeology of aquifers of Paleozoic age, Upper
Colorado River basin—excluding the San Juan Basin—
in Colorado, Utah, Wyoming, and Arizona, by J.B.
Lindner-Lunsford, B.A. Kimball, D.T. Chafin, and C.G.
Bryant. 1989.

Miscellaneous Investigations Maps (/)

Miscellaneous Investigations Maps are sold by
U.S. Geological Survey, Map Distribution, Federal
Center, Building 810, Box 25286, Denver, CO
80225.

1-847-A. Energy resources map of the Powder River basin,
Wyoming and Montana, by W.R. Keefer and T.W.
Schmidt. 1973.

1-847-B. Map showing streamflow volumes in northeastern
Wyoming and southeastern Montana, by D.G. Frickel
and L.M. Shown. 1974.

1-847-C. Maps showing configuration and thickness, and
potentiometric surface and water quality in the Madison
Group, Powder River basin, Wyoming and Montana, by
F.A. Swenson, W.R. Miller, W.G. Hodson, and FE.N.
Visher. 1976.

1-848-A. Land use map of the Gillette area, Wyoming, 1970,
by L.M. Shown. 1973.
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1-848-E. Maps showing occurrence of ground water in the
Gillette area, Campbell County, Wyoming, by N.J.
King. 1974.

I-848-F. Map showing some potential effects of surface
mining of the Wyodak-Anderson coal, Gillette area,
Campbell County, Wyoming, by R.F. Hadley and
W.R. Keefer. 1975.

I-1159. Maps showing formation temperatures and configu-
rations of the tops of the Minnelusa Formation and the
Madison Limestone, Powder River basin, Wyoming,
Montana, and adjacent areas, by W.J. Head, K.T. Kilty,
and R.K. Knottek. 1979.

I-1308. Generalized fence diagram showing stratigraphy
and potentiometric surface of the Tertiary formations in
southeastern Wyoming and an adjacent part of Colo-
rado, by M.E. Cooley and M.A. Crist. 1981.

I-1317. Thickness, percent sand, and configuration of shal-
low hydrogeologic units in the Powder River basin,
Montana and Wyoming, by B.D. Lewis and
W.R. Hotchkiss. 1981.

I-1687. Divisions of potential fracture permeability based
on distribution of structures and linear features in sedi-
mentary rocks, Northern Great Plains--Rocky Moun-
tain region of Montana, North Dakota, South Dakota,
Wyoming, and northern Nebraska, by M.E. Cooley.
1986.

Open-File Reports and Maps (OF)

Open-file reports, which may be in manuscript
Jorm, generally are not reproduced and distributed
in quantity. These reports are available for
inspection in the Cheyenne, Wyo., and Reston, Va.,
offices of the U.S. Geological Survey. Most
numbered open-file reports may be purchased
Jrom U.S. Geological Survey, Open-File Reports—
ESIC, Box 25425, Federal Center, Denver, CO
80225. Information on the availability of
numbered and unnumbered reports may be
obtained from the District Chief, Cheyenne,
Wyoming; free copies of some reports, such as
periodic compilations of ground-water levels, are
available from the Cheyenne office.

Numbered Open-File Reports

OF 75-614. Geohydrologic reconnaissance and measure-
ment of perennial streams crossing outcrops of the
Madison Limestone, northeastern Wyoming, 1974, by
F.C. Boner, M.E. Lowry, G.C. Lines, and J.E. Powell.
1976.

OF 76-22. Data for calibrating unsteady-flow sediment-
transport models, East Fork River, Wyoming, 1975, by
H.A. Mahoney, E.D. Andrews, W.W. Emmett,

L.B. Leopold, R.H. Meade, R.M. Myrick, and
C.F. Nordin, Jr. 1976.

OF 76-237. Floodflow characteristics at bridge site on Inter-
state 80, the Green River near Green River, Wyoming,
by G.S. Craig, Jr. 1976.

OF 76-598. Ground-water levels in Wyoming, 1975, by
W.C. Ballance and P.B. Freudenthal. 1976.

OF 77-164. Report on preliminary data for Madison Lime-
stone test wellno. 1, NEVASE 14 sec.15, T. 57 N., R. 65
W., Crook County, Wyoming, by R.K. Blankennagel,
W.R. Miller, D.L. Brown, and E.M. Cushing. 1977.

OF 77-275. Preliminary evaluation of waste-water move-
ment in and near Grand Teton National Park, Wyoming,
through October 1976, by E.R. Cox. 1977.

OF 77-676. Digital model of the Arikaree aquifer near
Wheatland, southeastern Wyoming, by D.T. Hoxie.
1977.

OF 77-686. Ground-water levels in Wyoming, 1976, by
W.C. Ballance and P.B. Freudenthal. 1977.

OF 77-872. Geochemistry of ground waters in the Powder
River coal region, by G.L. Feder, Roger Lee, J.F.
Busby, and L.G. Saindon, in Geochemical survey of the
western energy regions, Fourth annual progress report.
1977.

OF 78-605. Ground-water levels in Wyoming, 1977, by
M.D. Stevens. 1978.

OF 78-884. A computer program for simulating salinity
loads in streams, by K.C. Glover. 1978.

OF 78-985. Data for floods of May 1978 in northeastern
Wyoming and southeastern Montana, by Charles
Parrett, D.D. Carlson, G.S. Craig, Jr., and D.A. Hull.
1978.

OF 79-1277. Water-quality data for the Hanna and Carbon
basins, Wyoming, by P.B. Freudenthal. 1979.

OF 79-1278. Water-resources investigations of the U.S.
Geological Survey in Wyoming, fiscal year 1979, by
D.D. Carlson and S.L. Green. 1979.

OF 79-1280. Results of transient simulations of a digital
model of the Arikaree aquifer near Wheatland, south-
eastern Wyoming, by D.T. Hoxie. 1979.

OF 80-15. Projected effects of intermittent changes in with-
drawal of water from the Arikaree aquifer near Wheat-
land, southeastern Wyoming, by D.T. Hoxie. 1980.

38 WATER-RESOURCES ACTIVITIES OF THE USGS IN WYOMING, 1991-93



OF 80-748. Maps showing the dissolved solids concentra-
tion of waters in the Red River Formation and Mission
Canyon Limestone in North Dakota, South Dakota, and
parts of Wyoming and Montana, by Sheila Stenzel,
Rebecca Buss, and John Busby. 1980.

OF 80-1101. Behavioral and catastrophic drift of inverte-
brates in two streams in northeastern Wyoming, by
D.J. Wangsness and D.A. Peterson. 1980.

OF 80-1110. Effects of herbicide usage on water quality of
selected streams in Wyoming, by D.L. Butler. 1980.

OF 80-1189. Field data describing the movement and stor-
age of sediment in the East Fork River, Wyoming. Part
I, River hydraulics and sediment transport, 1979, by
W.W. Emmett, R.M. Myrick, and R.H. Meade. 1980.

OF 80-1190. Field data describing the movement and stor-
age of sediment in the East Fork River, Wyoming. Part
II, Bed elevations, 1979, by R.H. Meade, R.M. Myrick,
and W.W. Emmett. 1980.

OF 81-201. Water-resources investigations of the U.S. Geo-
logical Survey in Wyoming, fiscal year 1980, by S.L.
Green. 1981.

OF 81-410. Hydrologic data for the Cache Creek-Bear
Thrust Environmental Impact Statement near Jackson,
Wyoming, by G.S. Craig, Jr., B.H. Ringen, and
E.R. Cox. 1981.

OF 81-422. Water-level contours near LaGrange, southeast-
ern Wyoming and an adjacent part of Nebraska, April
30, 1980, by W.B. Borchert. 1981.

OF 82-0359. Field data describing the movement and stor-
age of sediment in the East Fork River, Wyoming: Part
IIL, River hydraulics and sediment transport, 1980, by
W.W. Emmett, R.M. Myrick, and R.H. Meade. 1982.

OF 82-0360. Field data describing the movement and stor-
age of sediment in the East Fork River, Wyoming: Part
IV, Bed elevation, 1980, by R.H. Meade, R.M. Myrick,
and W.W. Emmett. 1982.

OF 82-446. Preliminary data for Northern Great Plains test
well 1, NW1/4NE1/4 sec.11, T. 55 N., R. 77 W., Sheri-
dan County, Wyoming, by D.H. Lobmeyer, L.O. Anna,
and J.F. Busby. 1982.

OF 82-856. Ground-water data from selected wells in allu-
vial aquifers, Powder River basin, northeastern Wyo-
ming, by D.K. Wells. 1982.

OF 82-859. Ground-water levels in Wyoming, 1971 through
part of 1980, by J.O. Ragsdale. 1982.

OF 83-29. Pumpage data from irrigation wells in eastern
Laramie County, Wyoming, and Kimball County,
Nebraska, by C.F. Avery. 1983.

OF 83-254. Water-resources investigations of the U.S. Geo-
logical Survey in Wyoming, fiscal year 1981 and 1982,
compiled by S.L. Green. 1983.

OF 83-770. Water-resources investigations of the U.S. Geo-
logical Survey in Wyoming, fiscal year 1983, compiled
by S.L. Green. 1984.

OF 83-935. Linear features determined from Landsat imag-
ery in Wyoming, map, scale 1:500,000, by M.E.
Cooley. 1983 [1984].

OF 83-943. Ground-water data, Green River basin, Wyo-
ming, by E.A. Zimmerman and K.R. Collier. 1985.

OF 83-939. Ground-water quality data from the Powder
River basin, northeastern Wyoming, by L.R. Larson
and R.L. Daddow. 1984.

OF 84-622. Water-resources investigations of the U.S. Geo-
logical Survey in Wyoming, fiscal year 1984, compiled
by S.L. Green. 1984.

OF 85-161. Streamflow and suspended-sediment discharge
from two small watersheds in southwestern Wyoming
and northeastern Utah, 1984, by L.W. Lenfest, Jr. and
B.H. Ringen. 1985.

OF 85-169. Field data describing the movement and storage
of sediment in the East Fork River, Wyoming; Part V,
Bed-material tracers, 1979 and 1980, by W.W. Emmett
and R.M. Myrick. 1985.

OF 85-403. Ground-water levels in Wyoming, 1974 through
1983, by J.O. Ragsdale and C.B. Oberender. 1985.

OF 85-486. Hydraulic and sediment transport data, East
Fork River, Wyoming, 1978, by W.W. Emmett, R M.
Myrick, and H.A. Martinson. 1985.

OF 85-562. Water-resources activities of the U.S. Geologi-
cal Survey in Wyoming, fiscal year 1985, compiled by
S.L. Green. 1985.

OF 85-628. Ground-water data through 1980 for the Hanna
and Carbon basins, south-central Wyoming, by P.B.
Daddow. 1986.

OF 85-685. Use and availability of continuous streamflow
records in Wyoming, by J.R. Schuetz. 1986.

OF 86-69. Discharge and water quality of Horse Creek,
southeastern Wyoming, May-November, 1985, by J.F.
Meyer and L.W. Lenfest, Jr. 1986.

OF 87-456. Ground-water levels in Wyoming, 1976 through
1985, by H.I. Kennedy and C.B. Oberender. 1987.

OF 87-532. Water-resources activities of the U.S. Geologi-
cal Survey in Wyoming, fiscal years 1986 and 1987,
compiled by S.L. Green and J.R. Schuetz. 1987.
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OF 87-559. Preliminary surficial geology map of the Chey-
enne urban area, Laramie County, Wyoming, by M.E.
Cooley. 1987.

OF 87-763. Wyoming [ground-water quality], by K.L.
Mora, L.R. Larson, and S.J. Rucker IV (article in
Water-Supply Paper 2325). 1988.

OF 88-121. U.S. Geological Survey ground-water studies in
Wyoming, compiled by J.F. Wilson, Jr. and M.L.
Maderak (Water Fact Sheet). 1988.

OF 88-187. Ground-water levels in Wyoming, 1978 through
September 1987, by H.I. Kennedy and S.L. Green.
1988.

OF 88-481. Coal-spoil and ground-water chemical data for
two coal mines; Hanna basin and Powder River basin,
Wyoming, by L.R. Larson. 1988.

OF 89-59. Hydrologic data for Paleozoic rocks in upper
Colorado River basin, Colorado, Utah, Wyoming, and
Arizona, by A.L. Geldon. 1989.

OF 89-262. Water-resources activities of the U.S. Geologi-
cal Survey in Wyoming, fiscal years 1988 and 1989, by
D.M. Oden. 1989.

OF 90-106. Ground-water levels in Wyoming, 1980 through
September 1989, by H.I. Kennedy and S.L. Green.
1990.

OF 91-072. Summary of data indicating gain or loss of
streamflow across outcrops of Paleozoic formations in
northeastern Wyoming, 1974-91, by W.R. Glass and
L.G. Sultz. 1992.

OF 91-155. National Water-Quality Assessment program—
South Platte River basin, by K.E. Dennehy (Water Fact
Sheet). 1991.

OF 91-226. Water-resources activities of the U.S. Geologi-
cal Survey in Wyoming, October 1989 through Septem-
ber 1991, compiled by K.E. Wilson. 1991.

OF 91-394. Water-extractable geochemical data for native
and irrigated soils from the Kendrick Reclamation
Project area, Wyoming, by J.G. Crock, R.C. Severson,
and J.A. Erdman. 1991.

OF 91-497. Index of surface-water discharge, water-quality,
sediment, and biological records through September 30,
1990, for Wyoming, by N.K. Ruby, R.J. Sagmeister,
S.L. Green, and J.D. Walgren. 1991.

OF 91-533. Physical, chemical, and biological data for
detailed study of irrigation drainage in the Kendrick
Reclamation Project area, Wyoming, 1988-90, by R.B.
See, Pedro Ramirez, Jr., and D.A. Peterson. 1992.

OF 92-111. Ground-water levels in Wyoming, 1982 through
September 1991, by H.I. Kennedy and S.L. Green.
1992.

OF 92-455. Ground-water and water-quality data through
1990 for selected wells and springs on the Wind River
Indian Reservation, Wyoming, by R.L.. Daddow. 1992.

OF 93-142. Seepage, soil, and sediment data for selected
canals, Wind River Federal irrigation project, Wyo-
ming, 1990-91, by K.A. Miller. 1993

Unnumbered Open-File Reports

Babcock, H.M.,, and Keech, C.F, 1957, Estimates of under-
flow in the Niobrara River basin across the Wyoming-
Nebraska State line.

Ballance, W.C., and Freudenthal, P.B., 1975, Ground-water
levels in Wyoming, 1974.

Cox, E.R., 1973, Water resources of Yellowstone National
Park, Wyoming, Montana, and Idaho.

1973, Remote sensing in a water-resources study of
Yellowstone National Park, Wyoming, Montana, and
Idaho.

1974, Water resources of Grand Teton National Park,
Wyoming.

Crist, M.A., and Borchert, W.B., 1972, The ground-water
system in southeastern Laramie County, Wyoming.

Lowham, H.W., 1969, Sediment investigations in Big Sand
Coulee basin, Wyoming and Montana.

Lowham, H.W., and Wilson, 1.F,, Jr., 1971, Preliminary
results of time-of-travel measurements on Wind/Big-
horn River from Boysen Dam to Greybull, Wyoming.

Lowry, M.E., 1962, Development of ground water in the
vicinity of Tensleep, Wyoming.

1973, Hydrology of the uppermost Cretaceous and
lowermost Paleocene rocks in the Hilight oil field,
Campbell County, Wyoming.

O'Connell, D.J., 1969, Surface-water discharge and ground-
water levels in the East Fork River area, Sublette
County, Wyoming.

Rennick, K.B., 1966, Floods of May-June 1965, in east-cen-
tral Wyoming.

Wahl, K.L., 1970, A proposed streamflow data program for
Wyoming.
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Publications of Wyoming State Agencies

The reports listed below were prepared by the U.S.
Geological Survey in cooperation with various
State agencies and were published by the State of
Wyoming. Information about the availability of the
reports listed below can be obtained from the
District Chief, U.S. Geological Survey, Water
Resources Division, 2617 E. Lincolnway, Suite B,
Cheyenne, WY 82001

Cox, E.R., 1975, Discharge measurements and chemical
analyses of water in northwestern Wyoming: Wyoming
State Engineer's Office, Wyoming Water Planning Pro-
gram Report No. 14.

Druse, S.A., Lowham, H.W., Cooley, M.E., and Wacker,
A.M., 1988, Floodflow characteristics of Wyoming
streams—a compilation of previous investigations:
Wyoming Highway Department report.

Hodson, W.G., 1971a, Logs of wells in Campbell County:
Wyoming State Engineer's Office, Wyoming Water
Planning Program Report No. 8.

1971b, Chemical analyses of ground water in the
Powder River basin and adjacent areas, northeastern
Wyoming: Wyoming Department of Economic Plan-
ning and Development report.

1974, Records of water wells, springs, oil- and gas-
test holes, and chemical analyses of water for the Mad-
ison Limestone and equivalent rocks in the Powder
River basin and adjacent areas, northeastern Wyoming;:
Wyoming State Engineer's Office report.

Lowham, H.W., Kircher, J.E., and Boner, F.C., 1975, Tem-
peratures of Wyoming streams: Wyoming State Engi-
neer's Office, Wyoming Water Planning Program
Report No. 15.

Lowry, M.E,, and Lines, G.C., 1972, Chemical analyses of
ground water in the Bighorn basin, northwestern Wyo-
ming: Wyoming Department of Economic Planning
and Development report.

Rankl, J.G., and Barker, D.S., 1977, Rainfall and runoff data
from small basins in Wyoming: Wyoming State Engi-
neer's Office, Wyoming Water Planning Program
Report No. 17.

Rankl, J.G., and Carnevale, M.A., 1989, Traveltime and
reaeration coefficients for the North Platte River,
Casper to Orin, Wyoming: Wyoming Department of
Environmental Quality report.

Ringen, B.H., 1973, Records of ground-water levels in Wyo-
ming, 1940-1971: Wyoming State Engineer's Office,
Wyoming Water Planning Program Report No. 13.

1974, Ground-water levels in Wyoming, 1972-1973:
Wyoming State Engineer's Office, Wyoming Water
Planning Program Report No. 13, Supplement no. 1.

U.S. Geological Survey, 1971, Chemical quality of water in
southeastern Wyoming: Wyoming Department of Eco-
nomic Planning and Development report.

Wells, D.K., Busby, J.F, and Glover, K.C., 1979, Chemical
analyses of water from the Minnelusa Formation and
equivalents in the Powder River basin and adjacent
areas, northeastern Wyoming: Wyoming State Engi-
neer's Office, Wyoming Water Planning Program
Report No. 18.

Scientific Journals

Availability of most of the following reports can be
determined by contacting the publisher. Separate
prints of some of the articles may be obtained from
the District Office in Cheyenne.

Andrews, E.D., 1981, Measurement and computation of bed-
material discharge in a shallow sand-bed stream,
Muddy Creek, Wyoming: Water Resources
Research, v. 17, p. 131-141.

Bredehoeft, J.D., Belitz, K., and Sharp-Hansen, S., 1992,
The hydrodynamics of the Big Horn basin: a study of
the role of faults: American Association of Petro-
leun Geologists Bulletin, v. 76, no. 4, p. 530-546.

Emmett, W.W.,, Leopold, L.B., and Myrick, R M., 1983,
Some characteristics of fluvial processes in rivers: Pro-
ceedings, Second International Symposium on
River Sedimentation, Nanjing, China,

Oct. 11-16, 1983, p. 730-754.

Gordon, E.D., King, N.J., Haynes, G.L., Jr., and Cummings,
T.R., 1960, Occurrence and quality of water in the
northern Bridger basin and adjacent overthrust belt,
Wyoming, in Wyoming Geological Association
Guidebook, 15th Annual Field Conference,
Overthrust belt of southwestern Wyoming and
adjacent areas, 1960: p. 227-247.

Lindner-Lunsford, J.B., and Bruce, B.W.,, In press, Use of
electric logs to estimate water quality of pre-Tertiary
aquifers. Approved by USGS for publication in
Ground Water.

Lusby, G.C., and Toy, TJ., 1976, An evaluation of surface-
mine spoils area rehabilitation in Wyoming using rain-
fall simulation: Earth Surface Processes, v. 1,
p. 375-386.
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Naftz, D.L., 1988, Predictive capabilities of batch-mixing
experiments using water from a surface coal mine:
American Water Resources Association Water
Resources Bulletin, v. 24, no. 4, p. 869-877.

Naftz, D.L., Michel, Roger, and Miller, K.A., In press, Iso-
topic indicators of climate in ice cores, Wind River
Range, Wyoming. Submitted for publication in a
American Geophysical Union Geophysical
Monograph.

Naftz, D.L., and Rice, J.A., 1989, Geochemical processes
controlling selenium in ground water after mining,
Powder River Basin, Wyoming, U.S.A.: Applied
Geochemistry, v. 4, p. 565-575.

Naftz, D.L.,Rice, J.A., and Rannville, J.F,, 1991, Glacial-ice
geochemistry—A long-term record of deposition, Wind
River Range, Wyoming, U.S.A.: Water Resources
Research, v. 27, no. 6, p. 1231-38.

Naftz, D.L., See, R.B., and Ramirez, Pedro, 1993, Selenium
source identification and biogeochemical processes
controlling selenium in surface water and biota, Ken-
drick Reclamation Project, Wyoming, USA: Applied
Geochemistry, v. 8, p. 115-126.

Naftz, D.L., and Smith, M.E., In press, Ice thickness, abla-
tion rates, and other glaciological measurements of
Upper Fremont Glacier, Wyoming, USA. Approved by
USGS for publication in Journal of Glaciology.

Plummer, L.N., Busby, I.F, Lee, R.W,, and Hanshaw, B.B.,
1990, Geochemical modeling of the Madison aquifer in
parts of Montana, Wyoming, and South Dakota: Water
Resources Research, v. 26, no. 9. p. 1981-2014.

Rankl, J.G., In press, An approach for computing total sed-
iment loads transported by ephemeral flows. Approved
by USGS for publication in American Water
Resources Association Water Resources Bulle-
tin.

See, R.B., Naftz, D.L., and Qualls, C.L., 1992, GIS-assisted
regression analysis to identify sources of selenium in
streams: American Water Resources Association
Water Resources Bulletin, v. 28, no. 2, p. 315-330.

Wahl, K.L., 1976, Accuracy of channel measurements and
the implications in estimating stream flow characteris-
tics, in Modern developments in hydrometry: World
Meteorological Organization (WMO), no. 427, v. 2,
Padua, Italy, p. 311-319.

1977, Simulation of regional flood frequency curves
based on peaks of record, in Conference on Alternative
Strategies for Desert Development and Management:
United Nations Institute for Training and Research
(UNITAR) and California State Department of Water
Resources, v. 2, Sacramento, 13 p.

Wahl, K.L., and Rankl, J.G., 1993, A potential problem with
mean dimensionless hydrographs at ungaged sites, in
Proceedings, American Society of Civil Engi-
neers International Symposium on Engineer-
ing Hydrology, San Fransisco, July 26-30, 1993,

p. 246-251.

Whitcomb, H.A., Morris, D.A., Gordon, E.D., and Robin-
ove, C.J., 1958, Occurrence of ground water in the east-
ern Powder River basin and western Black Hills,
northeastern Wyoming, in Wyoming Geological
Association Guidebook, 13th Annual Field
Conference, Powder River basin, 1958
p. 245-260.

42 WATER-RESOURCES ACTIVITIES OF THE USGS IN WYOMING, 1991-93

-:US GOVERNMENT PRINTING OFFICE 1993 -839-594



